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Summary

Methods

T his study w as a longitud inal, random ised , controlled  trial. T w o  prim ary groups o f  subjects 

w ere recruited for com parison: you n g  ob ese  patients ( le ss  than 30  years o f  age) w ith  early- 

on set type 2 d iabetes (Y T 2 ), and a control group o f  b ody m ass index (B M I) m atched older  

patients (> 5 0  years) w ith  later-onset type 2 d iabetes (0 T 2 ) .  The study protocol featured a 6 

m onth crossover life sty le  intervention , in clu d ing  a separate 3 m onth dietary intervention  and 

a 3 m onth exerc ise  in tervention , assigned  in random order. The effec t o f  the entire 6 m onth  

intervention, the crossover effec t, and the effec t o f  the individual 3 m onth com p on en ts w ere  

all exam in ed . The en ergy  expenditure per w eek  during the ex erc ise  in tervention  w as m atched  

w ith the w eek ly  dietary en ergy  d eficit (-2 5 0 0  k ca l/w eek ). T w o d ays o f  testin g  w ere 

perform ed on each o cca sio n , w ith  a record o f  b aselin e p hysical activ ity  le v e ls  [v ia  the 

International Physical A ctiv ity  Q uestionnaire (IP A Q )] and a m axim um  o xygen  con sum ption  

capacity  (V 0 2 m ax) fitn ess test perform ed on on e day, and fasting m easurem ents taken on the 

other, including; anthropom etric m easurem ents (B M I, w aist to hip ratio, fat m ass, body fat 

percentage and fat free m ass), fasting  b lood  sam ples [for m easurem ent o f  g lu co se , g lycated  

haem oglob in  (HbAic) ,  lip ids, ad ipok in es and m etab o lom ics], a tw o  hour oral g lu co se  

tolerance test (O G T T ), and a b iop sy  o f  the vastus lateralis m u scle  (for m easurem ent o f  

intrinsic m itochondrial function  using h igh resolution  respirom etry). D uring the exerc ise  

intervention, the participants trained 4 tim es per w eek  at an intensity corresp ond ing  w ith  

70%  o f  their V 0 2 m a x . The m ajority o f  the exerc ise  w as perform ed on a stationary b icy c le  

ergom eter, and all training se ss io n s  w ere supervised . The ex erc ise  protocol incorporated  

training progression , w ith  supplem entary V 02m ax  tests perfom ied  at w eek  4 and w eek  8, 

w hich  w ere used to form ally  adjust the training intensity as w as appropriate. D uring the 

dietary intervention, subjects w ere provided w ith three-day food  diaries, and w ere m et every  

tw o w eek s to be w eig h ed , at w h ich  tim e they received  nutritional ad v ice  regarding the 

im plem entation  o f  a reduced ca lorie , low  fat diet.



Chapter 4 Results: Experim ent 1: Early-Onset T2D M  - Physical Characteristics  and 

A nthropom etric  A daptation  to Lifestyle Intervention.

Both groups were  inactive at baseline and had a similar calorie intake and a similarly high 

percentage o f  dietary fat intake. There were  no differences in weight, BM l, fat m ass or  waist 

c ircum ference betw een groups. Contrary  to previously  reported results, the Y T2 group 

responded to lifestyle intervention, with a reduction in waist c ircum ference  after the 6 month 

intervention, and a reduction in waist c ircum ference and fat m ass after the exercise 

intervention. In both groups, when the lifestyle intervention com ponents  were exam ined  

separately, the exercise intervention was associated with a trend tow ards greater health 

benefits.

Chapter  5 Results: Experim ent 2: W hole Body and C ellu lar Aerobic Capacity  

There were no significant differences in whole  body m axim um  aerobic capacity (VO^max) 

or cellular oxidative capacity  (intrinsic m itochondrial function) between groups at baseline. 

However, as an age related reduction in these param eters is expected, this m ay represent a 

relative deficit in the YT2 group. The YT2 subjects responded to both the exercise 

intervention and the 6 m onth  intervention with a significant increase in V O jm a x  and intrinsic 

mitochondrial function. There was a trend tow ards a slower rate o f  increase in V 0 2 m ax  in 

the Y T2 group. Participation in the dietary intervention was associated with a lesser 

mitochondrial adaptation during subsequent exercise.

C hapter  6 Results: E xperim ent 3: Insulin Resistance and Contributing Factors 

The Y T2 group had a distinctive lipid profile, with a higher circulating concentration  o f  total 

fatty acids and several individual fatty acid species (palmitic and oleic acid). The Y T2 group 

also had a lower ad iponectin  concentration. There was no difference in g lycaem ic control, 

insulin sensitivity, o r  P-cell function between groups at baseline. Both groups obtained a 

reduction in HbAic after the 6 m onth intervention, but there was a trend towards increased 

adaptation after lifestyle intervention in the older group, with additional im provem ents  in 

triglyceride profile obtained by the 0 T 2  subjects.
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1.1 B ackground
D iabetes is a serious public health issue which is associated with increased morbidity  and 

m ortality  (predom inantly  due to cardiovascular  disease) (1). D iabetes mellitus refers to  a 

num ber  o f  m etabolic  disorders characterised by a chronic  e levation in blood glucose 

concentra tion  (hyperg lycaem ia) as a result o f  abnorm al nutrient m etabolism , because o f  

defic iencies in insulin secretion or  action, o r  both (2). The two main subcategories o f  

d iabetes mellitus are, type 1 diabetes mellitus (T ID M : “ insulin dependent diabetes m elli tus”) 

and type 2 d iabetes mellitus (T2D M ; “non-insulin  dependent diabetes m ellitus” ) (3). T 2D M  

accounts for 90 -  9 5 %  o f  the cases o f  d iabetes (2), and is typically characterised by insulin 

resistance in the peripheral tissues and a progressive reduction in insulin secretion from the 

pancreas. T2D M  is a progressive heterogeneous condition  with a multi-factorial aetiology 

(2), and several com plex  metabolic  factors also contribute to the characteristic 

hyperg lycaem ia, including chronically  elevated hepatic glucose output, and other horm onal 

irregularities such as, elevated plasm a glucagon and cortisol concentrations (4).

Typical sym ptom s o f  frank and uncontrolled d iabetes include polydipsia, polyuria, w eight 

loss, blurred vision and in severe cases, ketoacidosis  (2). Diabetes is d iagnosed from a blood 

test, as a fasting (8 hours) plasm a glucose concentration  > 7.0mmol/l, a 120 minute oral 

glucose to lerance test (O G T T ) value > 11.1 mmol/1 after a 75g glucose load, or a random  

plasm a glucose > l l . I m m o l / l  in the presence o f  classic sym ptom s o f  hyperglycaem ia. A 

HbAic (glycated haem oglob in ) value > 6 .5%  is now  also considered diagnostic o f  d iabetes 

(Table 1.1).
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T able  1.1. D iagnosis o f  d iabetes. A ny one o f  the fo llow ing  criteria  are d iagnostic  (3).

•  F a s t in g  p la s m a  g lu c o se  co n c e n t ra t io n  >  7 .0 m m o l/ l__________________________________

•  120 m in u te  oral g lu c o se  to le ra n c e  te s t  va lu e  > 1 1 .1  mmol/1__________________________

» H bA ic  >  6 .5 % ________________________________________________________________________
•  R a n d o m  p la s m a  g lu c o s e  >  l l . l m m o l / l  in the  p re se n ce  o f  c lassic  sy m p to m s  o f  

________h y p e rg ly c a e m ia .______________________________________________________________________

D iabe te s  has  re a c h e d  e p id e m ic  p ro p o r t io n s  and  the  p re d ic t io n s  are  th a t  the  inc idence  o f  

d ia b e te s  w il l  c o n t in u e  to  in c re ase  (5). T h e  cu rren t  da ta  o n  w o r ld w id e  d ia b e te s  p rev a len c e  

h av e  e x c e e d e d  even  the  h ig h  end  o f  p re v io u s ly  p red ic ted  n u m b e rs ,  w ith  the  n u m b e r  o f  

p eo p le  w o r ld w id e  w i th  d ia b e te s  h a v in g  in c reased  from  153 m il l io n  in 1980 to 347  m il l io n  in 

2 0 0 8  (6). P re d ic t io n s  o f  th e  fu tu re  in c reased  inc idence  o f  d ia b e te s  are p r im a ri ly  re la ted  to 

pred ic ted  in c re ase s  in the  l i fe span  o f  the  p o p u la t io n  and  g ene ra l  p o p u la t ion  g ro w th  (7), but 

the  c u r re n t  in c reased  p re v a le n c e  o f  d ia b e te s  is o cc u r r in g  n o t  j u s t  due  to c h a n g in g  p o p u la t io n  

d e m o g ra p h ic s  (8),  b u t  b e c a u s e  o f  th e  in c re as in g  ac cu m u la t io n  o f  l ifestyle  re la ted  risk fac tors ,  

e sp ec ia l ly  o b e s i ty  (7, 9).

Insu lin  r e s is ta n c e  is co r re la te d  w i th  o b e s i ty  (10),  and  a p p ro x im a te ly  9 0 %  o f  pa t ien ts  w ith  

T 2 D M  are  o b e s e  (11).  A l th o u g h  T 2 D M  is k n o w n  to h av e  a gene t ic  co n tr ib u t io n  (12, 13), 

l i fe s ty le -re la ted  fa c to rs  su c h  as inac tiv ity ,  p o o r  d ie t and  e x c e s s  fat m ass  ac cu m u la t io n ,  are 

k ey  to  th e  p a th o g e n e s is  an d  p ro g re s s io n  o f  the  d isease .  T 2 D M  has  ty p ica l ly  p resen ted  in 

o ld e r  a d u l th o o d ,  bu t  the  g re a te s t  rate  o f  th e  cu r ren t  g ro w th  in p reva lence  is in y o u n g e r  

p o p u la t io n s  (8),  and  T 2 D M  is n o w  p re s e n t in g  in a d o le sc en ts  and  ch i ld ren  (14).  T h ese  t ren d s  

a re  o f  g rea t  c o n c e rn  as  e a r l ie r  o n s e t  in c re a se s  pa t ien t  ex p o s u re  to  the  d isease ,  inc reas ing  the  

r isk  o f  d ia b e te s  re la ted  m ic r o -  an d  m acrova& cula r  co m p lic a t io n s  (15).  H o w ev er ,  ea r ly -o n se t
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T 2D M  m ay a lso  be assoc ia ted  w ith  a d isproportionately  increased risk as a result o f  a m ore 

accelerated  and a ggressive  p ath ogen esis  (1 6 ), as th ese  patients have a strong fam ily  history

o f  d iabetes (1 7 ), and are sev ere ly  insulin  resistant (18).

A n  increase o f  physical activ ity  by 150 m inutes per w eek  has been sh ow n  to reduce the risk  

o f  T 2D M  by 58%  (19 , 2 0 ). D iet and ex erc ise  in terventions that reduce b ody fat percentage  

can increase insulin  sen sitiv ity  (2 1 ), w h ile  ex erc ise  training in creases insulin  sen sitiv ity  

irrespective o f  w eigh t loss (22). E xercise intervention  can increase m axim um  oxy g en  

con su m p tion  cap acity  (V 0 2 m ax) and m itochondrial d en sity , the latter correlating w ith  

im proved  peripheral insulin  sen sitiv ity  (2 3 ). A lthou gh  life sty le  in tervention  can be used  

e ffe c tiv e ly  in the prevention  (20 ), and treatm ent o f  later-onset T 2D M  (2 4 ), it m ay be less  

e ffe c tiv e  in the m anagem ent o f  severe ly  insulin  resistant subjects w ith  ear ly -on set T 2D M . It 

has been recently  sh ow n  that patients w ith  ear ly -on set T 2D M  did not respond m etab o lica lly  

fo llo w in g  a 12 w eek  exerc ise  in tervention , dem onstrating no w eig h t lo ss , and no

im provem ent in VO^m ax, insulin  sen sitiv ity  or g ly ca em ic  control (25 , 26).

1.2 A im

T he overall aim  o f  these stud ies w as to com pare b aselin e p a th op h ysio logy  b etw een  you n g  

and o ld er T 2D M  patients to determ ine w hether the you n ger group had any d istin ctive  

characteristics, and to com pare the resp on ses o f  each  group to d iet and exerc ise

in terventions.
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1.3 Objectives

To achieve th is  aim, the objectives o f  the study were to com pare  betw een patients with early- 

onset and later-onset T 2D M :

•  an thropom etries

•  whole  body aerobic  capacity

•  intrinsic m itochondrial function

•  insulin sensitivity (estimated from O G T T  and H O M A -IR )

•  lipid and adipokine profile

•  responsiveness to lifestyle intervention (diet and exercise) 

as well as:

•  to com pare  dietary and exercise interventions to determ ine if there was a priming 

effect related to the sequencing with diet/exercise or with exercise/diet.

To achieve these  objectives, two groups o f  subjects were  recruited for the study: a group o f  

younger  patients with early-onset T 2D M  (Y T2) and a group o f  older patients with later-onset 

T2D M  (OT2). M easurem ents  o f  clinical, biological and metabolic  profile were taken at 

baseline (involv ing  the use o f  bioelectrical impedance, V 02m ax , blood sampling, O G T T  and 

a muscle  biopsy), and again during  and after a 6 m onth  lifestyle intervention, including a 

crossover 3 m onth  dietary intervention and a 3 m onth exercise intervention, assigned in a 

random  order.
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1.4 Hypothesis

Based on w hat is know n from the current literature, it w as hypothesised  that patients w ith 

early-onset T 2D M  w ould  be m ore centrally obese  with a greater fat mass, m ore  insulin 

resistant, have a w orse  lipid and ad ipokine profile, have a low aerobic capacity  and reduced 

intrinsic mitochondrial function. It was also hypothesised  that the yo u n g er  group would  not 

be as responsive to lifestyle intervention, and that they w ould  respond better to diet than to 

exercise.

1.5 Limitations

•  The protocol used in the current study em ployed  a novel crossover lifestyle 

intervention design, and while this a llowed the prim ing influence o f  one intervention 

on another to be exam ined, it m ade the overall interpretation o f  the results more 

challenging as it introduced multiple contributing factors and subgroups.

•  High resolution respirom etry  was used to assess intrinsic m itochondria l  function as it 

measures oxidative capacity  directly. The inclusion o f  further tests o f  m itochondrial 

function, density and biogenesis  will add further value to the current study. These 

laboratory investigations are currently  being conducted  in the laboratory o f  Professor 

A ntonio Zorzano  in the Institut De Recerca B iom edica  Barcelona as part o f  a follow 

up study; the D E X L IFE  project (w w w .D E X L lF E .e u ).

•  Due to limited serum and p lasm a sam ple stocks at the t im e  o f  m etabolom ic  and 

adipokine testing apparatus availability, testing was only possible at baseline. It
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would have been interesting to examine the effect o f  lifestyle intervention on these 

parameters, and this topic will be addressed during the ongoing DEXLIFE study. 

Bioelectrical impedance was used to assess body composition, and while other more 

accurate tests are available [e.g. dual-energy X-ray absorptiometry (DEXA) or 

magnetic resonance imaging (MRl)], all tests o f  body composition were performed 

under strict fasting conditions to keep hydration status constant so as to optimize the 

accuracy o f  the test-retest results.



Chapter Two:

Literature Review
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2.1 Regulation of substra te  metabolism

2.1.1 N orm al substrate m etabolism

The com ponents  that contribute to total daily energy expenditure  include: basal metabolic  

rate (B M R ), accounting for between 60 -  75%  o f  daily energy expenditure, the therm ic effect 

o f  feeding (approxim ately  10% daily  energy expenditure), and the thermic effect o f  activity 

(approxim ately  15 - 30%  daily energy expenditure), which varies according to physical 

activity levels (Figure 2.1) (27). The m ost metabolically  active tissues with the greatest rate 

o f  energy expenditure  which contribute to B M R  include skeletal muscle, liver, brain and 

heart (28). To facilitate biological processes and energy expenditure, m icronutrients  (e.g. 

vitamins and minerals) and macronutrients  (proteins, fats and carbohydrates) are ingested, 

and m etabolised  to their constituent com ponents  (am ino acids, fatty acids and glucose). 

Postprandially, glucose is the primary' nutrient oxidised, while  lipids are predom inantly  

metabolised under basal conditions in the postabsorptive state (29). G lucose intake beyond 

acute physiological requirem ents leads to storage as g lycogen in the muscle  and liver. 

Further intake results in the conversion o f  glucose to tr iglyceride which  is stored in adipose 

tissue and elsewhere. Similarly, lipid and protein intake beyond physiological requirem ents 

results in the storage o f  the excess as fat (28).

1 1



Figure 2.1. Total daily energy expenditure: Basal metabolic rate (BM R), Thermic effect o f meals (TEM), and 
activity (modified). Casper RC. Schoeller DA. Kushner R. Hnilicka J. Gold ST. Am  J  Clin Nutr. 1991: S3: 
1143-50. (30).
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2.1.2 Blood glucose hom eostasis

The m ajority  o f  tissues can metabolise  lipids, but the brain and central nervous system, and 

red b lood cells require glucose as an energy source. W hile  the brain can utilise lactate and 

ketones (a fat derivative produced by the liver), blood glucose concentrations need to be 

m aintained w ith in  a narrow range to support essential brain function. Prolonged exposure to 

hyperg lycaem ia  causes the glycation o f  tissue proteins as well as a range o f  other adverse 

effects, u ltim ately  leading to m icro and m acrovascular  dam age. Blood glucose homeostasis 

is m ain ta ined  chiefly through the regulation o f  insulin secretion from within the Islets o f  

L angerhans in the pancreas. The islets make up approxim ate ly  1 to 2 %  o f  the pancreatic 

m ass (31). The m ost abundant pancreatic endocrine cells are the P-cells, which account for 

approx im ate ly  80%  o f  islet vo lum e (32), and produce the peptide horm one insulin, w hile  the 

a -ce lls  p roduce  glucagon.
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The pancreatic  release o f  insulin is closely coupled to changes in blood glucose 

concentrations (33), with secreted insulin increasing glucose uptake by the cells in target 

tissues, via glucose transporter m olecules  (31). The main g lucose transporter is G LU T4, 

found in m uscle  and adipose tissue. O ther glucose transporters  include GLUT-1 (transporting 

glucose across the blood-brain  barrier), G L U T -2  ( transporting glucose into the pancreatic  p- 

cells, and from k idney and intestinal ceils into the b lood stream), and G L U T -3  (transporting 

glucose into neurons) (28). U nder basal conditions, G L U T 4  is contained in cytoplasmic 

vesicles and is unavailable to extracellular glucose, but when  insulin binds to its receptor on 

the cell m em brane, a cascade o f  biochem ical reactions activate the transiocation o f  G L U T 4 

to the cell surface (34). The binding o f  insulin to its receptor activates tyrosine kinase, which 

phosphorylates the insulin receptor substrate proteins (lRS-1). lRS-1 binds to the p85 

regulatory subunit o f  phosphatidylinositol 3-kinase (PI 3-kinase) activating protein kinase B 

(AKT), which ultimately leads to G L U T 4 transiocation (35) (Figure 2.2). This results in the 

uptake o f  glucose and reduces the original s tim ulus for insulin secretion, subsequently  

reducing further insulin release in a negative feedback manner. In the absence o f  insulin, 

glucose rem.ains in the b loodstream  unable to cross the cell m em brane  to be m etabolised, and 

when the plasm a concentra tion  is above the renal glucose threshold, g lucose is e liminated 

from the body in the urine.
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Figure 2.2. Diagram o f  cell membrane including insulin receptor and G LUT4 translocation pathway (m odified).
K elley  DE, M an dah n o  U .  D iabetes. 2000: 49: 677-83. (29).
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Insulin also suppresses hepatic glucose output (25), by reducing glycogenolysis (the 

breakdown o f glycogen to form glucose), and gluconeogenesis (the production o f glucose 

from non-carbohydrate fuel e.g. amino acids). In contrast to insulin, glucagon is secreted in 

response to low blood glucose concentrations (36), raising plasm a glucose concentrations by 

increasing glycogenolysis and gluconeogenesis (37), and conversely, elevated plasma 

glucose concentrations reduce glucagon release (38). Insulin and glucagon therefore have 

opposite triggers for secretion and opposite effects on blood glucose concentrations. Other 

horm ones that increase blood glucose concentration include; cortisol (a glucocorticoid 

produced by the adrenal cortex) (39), growth horm one (40) (secreted from the anterior 

pituitary), and the catecholam ines (41) (adrenaline and noradrenaline, secreted from the 

adrenal m edulla in response to stimulation by the sym pathetic nervous system). The 

catecholam ines increase glycogenolysis (41), inhibit insulin secretion (42), and enhance 

glucagon release (37), stim ulating further liver glycogenolysis and gluconeogenesis.
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2.1.3 Insulin secretion

G lucose  passes through  the cell m em brane  o f  the pancreatic  P-cells via G L U T -2  glucose 

transporter  molecules, and is m etabolized  by the m itochondria, generating  adenosine 

triphosphate  (A TP) molecules. The initial reaction with glucokinase to phosphorylate  

glucose to g lucose-6-phosphate  acts as a rate limiting step, with g lucokinase serving as a 

glucose sensor (43). Pyruvate  is fo rm ed, which enters the m itochondria  and generates the 

A T P  that activates the c losure o f  A TP-sensit ive  potassium  channels, depolarising the cell 

m em brane  and open ing  the vo ltage-dependent calcium  channels. The influx o f  calcium into 

the P-cells s timulates the release and exocytosis  o f  insulin secretory vesicles from within the 

cell (44) (Figure 2.3). There  is a large rapid first phase insulin response to glucose (33), 

w hich  is particularly  im portant in the m ain tenance  o f  blood glucose hom eostasis  (45), 

followed by a sm aller but more sustained second phase response (33). D uring the 

endogenous  synthesis o f  insulin, the larger p recursor horm one, proinsulin, is enzym atical ly  

hydrolysed to form C-peptide  and insulin, and C-peptide  concentrations can therefore  be 

used as a surrogate m arker  o f  endogenous  insulin secretion. The circulating  insulin 

m olecules  are eventually  degraded by the liver.

A larger plasm a insulin release occurs in response to the oral adm inistra tion  o f  glucose than 

to intravenous g lucose (46). This occurs  because  o f  signalling  from the gastrointestinal tract 

and the secretion o f  incretin horm ones. Both g lucose-dependen t insulinotropic polypeptide  

(gastric inhibitory polypeptide  o r G I P )  (47), and glucagon-like peptide-1 (G L P -I )  increase P- 

cell insulin secretion in the presence o f  g lucose (48). Insulin secretion is also increased by
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other stimuli such as parasympathetic stimulation (42), while hormones such as somatostatin 

(41), and the catecholamines (42), reduce insulin secretion.

Figure 2.3. G lucose stimulated insulin secretion pathway. M atschinsky F. L iang  K K esavan  P. W ang L, 

F roguel P, I'elhoG , e l ai. J  C lin Invest. 1993: 92: 2092-8. (49).
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2.2 Pathophysiology o f  T2DM

2.2.1 Features o f  T2DM

Insulin resistance is a key metabolic characteristic o f  T2DM (25), and reduced insulin 

sensitivity is a predictor for progression to diabetes (50). In an insulin resistant state, the 

patient is unable to efficiently utilise endogenous insulin, which reduces peripheral glucose 

uptake and disposal (51), in target tissues, including muscle, adipose tissue and the liver (52). 

A number o f  techniques can be used to determine insulin resistance including the 

euglycaemic-hyperinsulinaemic clamp technique, a number o f  oral glucose tolerance test 

models which provide results comparable to those o f  the clamp technique (53, 54), or tests 

such as the homeostatic model assessment (HOMA-IR) and the quantitative insulin
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sensitivity  check  index (Q U IC K I) (55), which only  require fasting glucose and insulin 

sam ples  and are based on mathem atical m odels  that utilise estimation algorithms.

Skeletal m usc le  is an im portant site o f  glucose uptake  and it is also the prim ary site o f  

peripheral insulin resistance in T 2D M  (52). Insulin resistance in the liver reduces 

suppression o f  hepatic  glucose production, increasing basal hepatic glucose output (56). This 

arises due to  the deve lopm ent o f  defic iencies w ith in  the insulin activated G L U T 4 

translocation pathways. There is also a reduction in both the num ber and capacity o f  G L U T 4  

m olecules  in the tissues o f  patients with T 2D M  (57). In the prediabetic state insulin 

resistance is offset by a com pensatory  increase in P-cell insulin secretion (hyperinsulinaem ia) 

to m ain ta in  g lycaem ic  control (58).

N orm o g ly caem ia  can be m aintained in the pre-diabetic  state for as long as increased p-cell 

output can be sustained. However, P-cell dysfunction is also a feature o f  T2D M , and as this 

develops, and the condition  deteriorates, defic iencies in insulin secretion becom e apparent 

(52). W hen insulin secretion becom es insufficient, norm oglycaem ia  can no longer be 

maintained and a state o f  impaired g lucose tolerance  and hyperglycaem ia develops (51). 

After p rogression through pre-diabetes and further deterioration beyond the arbitrarily  agreed 

diagnostic th reshold  (fasting blood g lucose > 7 .0m m ol/l) ,  the patient is considered to have 

diabetes, and sym ptom s o f  polydipsia, polyuria, and w eigh t loss can present (2). Qualita tive 

P-cell dysfunction  also develops, w hereby  a reduction in first phase insulin secretion is seen 

as ano ther  specific  early feature o f  T 2D M  (59). The  P-cells becom e insensitive to 

fluctuations in circulating  glucose concentrations, reducing  g lucose-stim ulated  insulin
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secretion (52). Significant pancreatic dysfunction is already present before patients with 

T2DM ever present for treatment (60), which occurs in part due to a reduction in the volume 

o f GLUT-2 in the P-cells (61), and also because o f P-cell destruction (62). Islet apoptosis 

occurs (62), in addition to the distortion o f the islet architecture, with the gradual 

replacement o f normal tissue with fibrous tissue (61). Computed tomography images show 

that the pancreas o f patients with T2DM is smaller than that o f healthy individuals (63). 

Obese individuals have an increased P-cell volume, facilitating compensatory 

hyperinsulinaemia in response to insulin resistance, but there is a reduction in the P-cell 

volume o f individuals with impaired glucose tolerance and T2DM (64).

2.2.2 Obesity

Although genetic contribution is recognised in the aetiology o f T2DM (12), and a heritable 

element has been demonstrated (13), with the offspring o f patients with T2DM having 

insulin resistance and a predisposition towards elevated fasting plasma glucose 

concentrations (65), lifestyle and environmental factors, particularly obesity, are key to the 

pathogenesis and progression o f the disease (11). Obesity, which is characterized by excess 

adipose tissue, is correlated with insulin resistance (2, 58), and approximately 90% o f 

patients with T2DM are obese (11). Obesity is also associated with cardiovascular disease

(66), and other conditions such as hepatic steatosis (with the prevalence as high as 75%)

(67), and increased risk for cancer (especially pancreatic, esophageal and gastrointestinal)

(68).

Body mass index (B M I) is measured as weight (in kilograms) divided by the square o f height 

(in meters), and is used as an index o f obesity (Table 1). However, central obesity is more
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closely correlated with metabolic  dysfunction than w hole  body obesity (69). The fat located 

in the abdom inal region consists o f  both subcutaneous and in tra-abdominal o r  visceral fat 

stores (70). Visceral fat contains a high vo lum e o f  inflam m atory  m acrophages (71), and 

insulin resistance is associated with visceral fat deposition. O bese T 2D M  subjects have a 

greater degree o f  central obesity  than B M l m atched control subjects (25). W hile  BM l is 

correlated with central obesity  (72), and visceral fat (73), BM l is a better indicator o f  w hole  

body adiposity  (73). It is possible to have a normal B M l and to be centrally  obese (72), and 

insulin resistant with an abnorm ally  high body fat percentage (74). W aist  c ircum ference or 

waist to hip ratio (W H R ) m easurem ents  are used as an index o f  body weight distribution, 

with waist c ircum ference m ore strongly correla ted with visceral fat than BM l (73). in 

Caucasian  subjects, waist c ircum ference m easurem ents  >94cm  for m en and > 80cm  for 

w om en, and a W H R  >0.9 for men and >0.85 for w om en  are considered to represent central 

obesity  (75). Ethnic differences exist for body fat distribution however, with lower BM l and 

waist c ircum ference thresholds for Asian populations than for Europeans (Table 1) (75-77).

T ab le  2.1. Body m ass index. V alues and c lassification  (7 7).

Classification BIMI Europe BMl Asia
U nderw eight < 18.5 < 18.5
H ealthy w eight 18.5 - 25 18.5 - 23

O verw eight 25 - 29.9 23 - 27.5

O bese > 3 0 > 2 7 .5

Adipose tissue is not ju s t  an energy store, but can also be v iew ed as an endocrine organ, as it 

secretes several horm ones such as resistin, leptin, and adiponectin  (78). Resistin is associated 

with increased insulin resistance (79), w hile  adiponectin  has the opposite effect (80). 

A diponectin  concentrations are inversely associated  with adipose tissue volum e (80), with 

concentrations lower in obese subjects than in non-obese  subjects (81), and lower in patients
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with T 2D M  than in B M I-m atched  non-diabetic  subjects (82). Leptin increases satiety, with 

circulating  concentrations correlated with adipose tissue volume (83). Leptin concentrations 

are h igher in obese than in non-obese subjects (81), but with no difference between patients 

with  T 2D M  and B M I-m atched  non-diabetic controls (82). Cytokines that are involved in 

inflam m atory  processes are also secreted by the adipose tissue, such as interleukin-6 (lL-6) 

and tum or necrosis factor-alpha (T N F a)  (78). M acrophages in visceral adipose tissue may be 

particularly  responsible  for the release o f  these cytokines (78), w hich  contribute to the low 

grade systemic inflam m ation associated with a therosclerosis and cardiovascular  disease.

2.2.3 Lipotoxicitv

W hile adipose tissue is the prim ary site o f  lipid storage, fat can also be deposited ectopically, 

w hich results in cellular and tissue dysfunction. Dyslipidaemia, including elevated fasting 

plasm a free fatty acid (FFA ) and triglyceride concentrations, is a feature o f  obesity (80). 

F F A ’s can accum ula te  as tr iglyceride in the cytosol o f  various non-adipose tissues such as 

the liver, the pancreas (63), and skeletal m uscle  (84), and are detectable using proton 

m agnetic  resonance spectroscopy ( 'H -M R S )  im aging (85), com puted  tom ography  (63) or 

directly by histological exam ination (86). Insulin resistant subjects dem onstrate  metabolic 

inflexibility (29), with reduced switch to lipid oxidation under fasting basal conditions, 

w hich m aintain elevated plasm a FFA concentrations. This cycle is com pounded  by the fact 

that the anti-lipolytic properties o f  insulin are less effective due to insulin resistance, 

resulting in increased release o f  lipid from the adipose tissue, further increasing plasma FFA 

concentrations and in tram yocellu lar lipid accumulation.

20



The concept o f  lipotoxicity suggests that obesity  and the resultant accum ulation  o f  ectopic 

lipid contributes to the deve lopm ent o f  insulin resistance (87). Patients with T 2D M  have 

increased intram yocellular lipid accum ulation, and the degree o f  lipid accum ulation 

correlates with the degree o f  insulin resistance (86). However, certain studies have shown no 

difference in intram yocellular lipid content w hen  subjects with T 2D M  are com pared with 

BMI matched non-diabetic control subjects (85), indicating that other factors m ust also 

contribute to muscle  insulin resistance. The infusion o f  a lipid em ulsion as part o f  a clamp 

study prom ptly  increases plasm a FFA  concentrations, but the developm ent o f  insulin 

resistance occurs in a delayed m anner  (88). It is the subsequent accum ulation o f  lipid 

intermediates during the infusion, such as, ceram ide, diacylglycerol and long chain-fatty 

acy l-coenzym e A, that coincide with the reduction in glucose disposal (88). Lipid 

intermediates are thought to inhibit insulin signalling (35), and are found in elevated 

concentrations in the muscle  o f  insulin resistant patients I](89) measured from biopsy 

sam ples by m eans o f  liquid ch rom atography  and m ass spectrom etry  (90). The chronic 

accum ulation o f  lipid intermediates to harmful levels m ay  lead to insulin resistance by 

inhibiting the insulin signalling cascade and the translocation o f  G L U T 4, altering IRS-1 

phosphorylation  and preventing PI 3 -k inase-A K T  activation (35) (Figure 2.4).
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Figure 2.4. Diagram o f  ceil membrane including insulin receptor, GLUT4 translocation pathway, and lipotoxic  
elem ents (m odified). K elley  DE, M andarino LJ. D iabetes. 2000: 49: 677-83. (29).(29).
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2.2.4 M itochondrial  contribution to the pathogenesis  o f  insulin resistance 

The m itochondria  are the cell organelles (Figure 2.5), that generate most o f  the energy 

obtained from ingested nutrients (91), and are found in abundance in m etabolically  active 

cells, such as m uscle  fibres (24). The  energy contained within the carbon-hydrogen  bonds o f  

food cannot be utilised directly, and m ust instead be used to form high-energy  bonds within 

m olecules  o f  A T P  (92), w hich  can then be subsequently released in a controlled m anner  by 

hydrolysis, and used to  m eet physiological needs. N um erous chem ical reactions are involved 

in A T P production, including those  o f  glycolysis (which occurs within the cytosol o f  the 

cell), and those  o f  oxidative phosphorylation  [including activity within the tricarboxylic  acid 

cycle (Figure  2.6) and the electron transport chain (Figure 2.7) in the mitochondria] (28).
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Figure 2.5. Diagram o f  a mitochondrion displaying the double membrane, the matrix and the cristae (modified). 
Rabol R. Boushel R. Dela F. A ppl Physiol Nutr Metab. 2006: H :  675-83. (93).
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Figure 2.6. Sequence o f  the Krebs cycle; pyruvate (Pyr), acetv l coenzyme A, oxaloacetate (OAA), citric acid, 
isocilric acid, a-ketoglutaric acid (a  -K G ), succinyl coenzyme A (Suc-CoA), succinic acid, fumaric acid, maic 
acid, oxaloacetic acid (modified). Ballard JW. Whitlock MC. M ol Ecol. 2004: 13: 729-44. (91).
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Figure 2.7. The electron transport chain (modified). Ballard JH ’. Whitlock MC. Mol Ecol. 2004: 13 : 729-44. 
(91).
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As T 2D M  is a metabolic  d isorder relating to the impaired processing o f  nutrients, and the 

m itochondria  are the sites o f  substrate oxidation and the endpoints  o f  nutrient m etabolism  

(94), and as the m itochondria  dense muscle is the primar> site o f  peripheral insulin resistance 

(52), the m itochondria  have becom e the subject o f  increased interest (94). T 2D M  typically  

develops in older individuals  (8), and it has been show n that m itochondrial oxidative 

function is reduced with age (51). Therefore  as mitochondrial dysfunction correlates with  

insulin resistance (95), impaired mitochondrial function is thought to be an im portant 

contribu tor to the deve lopm ent o f  both insulin resistance and T 2D M  (85).

The accum ula tion  o f  intramyocellular lipid and lipid intermediates as part o f  T 2D M  is 

consistent with excessive lipid supply or inadequate lipid disposal through m itochondrial 

oxidation, or both (94). Patients with T2D M  also have higher c irculating concentra tions o f  

acylcarnitines than non-diabetic  control subjects (96), and as acylcarnitines are intermediates 

o f  lipid oxidation, their accum ulation is consistent with  incomplete or ineffective lipid
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metabolism . Endurance  athletes paradoxically  have an elevated intram yocellu lar  lipid 

content, but they  have a high oxidative capacity  (97), and are very  insulin sensitive (86). it 

therefore appears that a low mitochondrial oxidative capacity  in com bination  w ith  raised 

FFA concentrations and in tram yocellu lar tr iglyceride accum ulation, leads to the partial 

processing o f  tr iglyceride, resulting in the accum ula tion  o f  lipid intermediates, w h ich  impair 

insulin action (35). The accum ulation  o f  in tram yocellu lar lipid also increases the lipid load 

on the m itochondria , forcing neutral fatty acids directly into the matrix, instead o f  entry via 

the carnitine shuttle, causing  them  to becom e deprotonated , which results in the form ation o f  

lipid peroxides that dam age  the m itochondria  in a m anner o f  positive feedback  (98).

The predom inant factor influencing mitochondrial content is physical activity  (99), and while 

som e authors have show n reduced mitochondrial density in insulin resistant subjects 

com pared to B M I-m atched  control subjects, the groups in this study m ay  not have been 

sufficiently m atched , as questionnaires were  used to determ ine activity  levels without 

m easuring aerobic  fitness (100). The m ajority  o f  studies show no significant d ifferences in 

m.itochondrial conten t (85, 95, 99, 101-103), or the vo lum e o f  m itochondria l  dense Type 1 

muscle  fibres be tw een  patients with  T 2D M  and matched obese control subjects (99, 101). 

However, insulin resistant subjects have a reduced m itochondrial density  w hen com pared  to 

lean subjects (95, 103). Similarly, mitochondrial size (cross-sectional area), exam ined  in 

muscle  biopsies using  transm ission  electron m icroscopy, is sm aller in the skeletal muscle  o f  

patients with T 2 D M  com pared  with lean control subjects, but not com pared  to B M I-m atched  

controls (95). H ow ever,  the expression o f  peroxisom e proliferator-activated receptor y 

coac tiva to r-1 a  (P G C - la ) ,  a transcription factor coactivator which activates a num ber  o f
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genes relating to oxidative phosphorylation and mitochondrial biogenesis (104), is reduced in 

T2DM (105), and in non-diabetic subjects with a family history o f  T2DM (106).

Studies using magnetic resonance spectroscopy (MRS) show patients with T2DM to have 

reduced mitochondrial function compared with matched control subjects, measured as longer 

phosphocreatine recovery half-time (85). This is also shown to be a heritable component of  

T2DM as it is also observed in the lean non-diabetic offspring o f  T2DM patients (51). This 

in vivo technique measures collective mitochondrial activity but cannot distinguish between 

results that occur because o f  reduced mitochondrial density, or because o f  lower oxidative 

capacity per unit volume o f  mitochondria. As studies have shown normal mitochondrial 

content in patients with T2DM compared to BMI and V02max matched controls, the 

deficiency must relate to intrinsic mitochondrial function, and this has been demonstrated as 

a lower oxygen flux using high resolution respirometry based techniques in fresh muscle 

biopsy samples (85, 101, 107). The earliest o f  these studies (101), recruited two groups of 

participants: 10 subjects with T2DM and 8 obese BMI matched non-diabetic controls from 

which muscle biopsies o f  the vastus lateralis were obtained. The mitochondria w'ere isolated 

from the biopsy samples and oxygen flux was determined polarographically using an 

oxygraph respirometer. A true measure o f  intrinsic mitochondrial function was obtained by 

normalizing results to citrate synthase activity as an index o f  mitochondrial density, while 

maximal physiological oxygen consumption capacity was examined under the influence of 

pyruvate, malate and ADP, to bring about state 3 respiration, and alamethicin was used to 

bring about maximal (unphysiological) respiration. The subjects with T2DM obtained 

significantly lower results, but testing was conducted at 25°C, instead o f  at body temperature
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(3 7 °C ), as is usually  done. A nother study w h ich  recruited 10 T 2D M  patients, 12 o b ese  non- 

T 2D M  first-degree relatives o f  patients w ith  T 2D M , and 16 BM I m atched n on -T 2D M  

control subjects, dem onstrated sim ilar results u sing  a d ifferent protocol (85). In th is case, 

sk inned  w h o le  m u sc le  fibres w ere used, p erm eabilized  w ith  saponin. O xygen  flu x  w as  

m easured in duplicate u sing a tw o-ch am b er O xygraph (O R O B O R O S  Instrum ents), and 

resu lts w ere norm alized  to m tD N A  cop y  num bers. M alate and glutam ate w ere added as 

substrates to exam in e co m p lex  I, and su ccinate w as used to exam in e both co m p lex  I and 11, 

w h ile  A D P  w as added to bring about state 3 respiration, and FC CP w as used to determ ine  

m axim al respiratory cap acity . The results sh ow ed  that basal respiration w as 35%  low er  

am on g  T 2D M  subjects, and that m axim al uncoupled  respiration w as 31%  low er, com pared  

w ith  control subjects, w h ile  first-degree relatives had interm ediate va lu es. A s in the case o f  

the previous study, the num ber o f  subjects recruited in each group w as sm all, but protocols  

such as these in vo lv in g  in vasive  procedures in clud ing m u scle  b iop sies  tend to attract few er  

participants, and the num bers in question  w ere large enough  to clearly  dem onstrate  

sign ifican tly  d ifferent results b etw een  groups.

T he exact m ech an ism s resp onsib le for reductions in intrinsic m itochondrial function  are not 

fu lly  understood, but are thought to relate to an abnorm al m itochondrial ultrastructure (85 ). 

T his m ight be partly exp la in ed  by the low er concentration  o f  M ito fu sin -2  detected  in patients 

w ith  T 2D M , a m itochondrial m em brane protein that facilitates m itochondrial fusion , 

a llo w in g  netw orks o f  m itochondria to be form ed (1 0 2 ). T h ese low er leve ls  o f  cellu lar  

ox id a tive  capacity  are mirrored by a low er w h o le  b ody ox id a tive  cap acity  (V 0 2 m ax) in 

patients w ith  T 2D M  com pared to m atched non-d iab etic  control subjects (108 , 109). Other
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factors contributing to th is low er V 0 2 m ax include an underlying low er m axim al cardiac 

output (1 0 8 , 110), im paired peripheral vasod ilation  (111), and reduced skeletal m uscle  

o x y g en  extraction (108 ).

2 .2 .5  M etab o lom ics and branched-chain  am ino acids

“ M etab o lom ics” refers to the study and quantification  o f  com b ination s o f  m etabolites to 

c la ss ify  ch em ica l phenotypes, and to exp lain  p h ysio log ica l m echan ism s that predict d isease. 

The m etabolic  environm ent, com p osed  o f  all the constituent m etabolites o f  the b lood and 

tissu es, is reflective o f  health status, and d ifferent disorders have a d istin ctive “m etabolic  

signature”, or “ch em ica l fingerprint” . An ex ten siv e  panel o f  m etabolites can be m easured  

u sing m ass spectrom etry (1 1 2 ). Serum  or p lasm a are tested u sing gas chrom atography and 

targeted tandem  m ass spectrom etry (1 1 3 ), w ith  gas chrom atography used to separate m ixed  

com p ou n d s during vaporisation  at high tem perature (114 ), and m ass spectrom etry used to 

d etect and quantify the separated m o lecu les  w ithin  the sam ple. The m etabolites that are 

con ven tion a lly  exam in ed  include: total free fatty acids, individual free fatty acid sp ec ies, 

lipid derived  m etab o lites (e .g . cerem ide, d ig lycerid e), acylcarnitines, am ino acids, organic 

acids (e .g . pyruvate, lactate, citrate), horm ones, cytok ines, and other con ven tional 

m etab olites (e.g . k eton es) (112 ). B y  testin g  for a broad array o f  analytes w ith  a d iverse array 

o f  properties, the d iagn ostic  and prognostic pow er o f  the techn ique is increased, how ever, the 

large num ber o f  m etabolites exam in ed  adds to the com p lex ity  o f  the subsequent analysis. 

The principal com p on en ts an a lysis (P C A ) statistical technique can be used to reduce the 

m ultid im en sion al nature o f  the data, con so lid a tin g  it into clusters or “factors” that are 

correlated w ith  on e another.
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Recent studies have show n that, in addition to the accum ulation  o f  lipids, the abnormal 

m etabolism  and accum ulation o f  o ther substrates, such as am ino acids, are also associated 

with insulin resistance. To date, PC A  analysis suggests  the factor with the greatest 

correlation w ith  insulin resistance is the m etabolite  c luster containing b ranched-chain  amino 

acids (B C A A ’s) (the essential am ino acids: leucine, isoleucine and valine) (115). Patients 

w ith  T 2D M  have higher concentrations o f  circulating B C A A ’s than BMI m atched  control 

subjects, with B C A A  concentrations correlating with HbAic (116). O bese non-diabetic  

subjects have h igher circulating concentrations o f  B C A A ’s than lean subjects (112), and 

those with the greatest degree o f  insulin resistance have the highest B C A A  concentrations 

(112, 117).

B C A A ’s are not m erely  a m arker or consequence  o f  the disease, but m ay contribute  to the 

pathogenesis  o f  T 2D M , as the intravenous infusion o f  B C A A ’s in healthy subjects  reduces 

glucose disposal and glycogen synthesis  (118). Impaired glucose disposal is though t to occur 

because o f  reduced insulin action and not because o f  nutrient com petition  during m etabolism

(118). Insulin sensitivity appears to be reduced because o f  impaired insulin receptor action

(119) [by activation o f  the m am m alian  target o f  rapam ycin  (m TO R ), and ribosom al protein 

S6 kinase b e ta -1 (S 6 K I)  (112), and the serine phosphorylation  o f  IRS-1 (119)], resulting in 

impaired function within the insulin signalling cascade (119). A n am ino acid infusion also 

inhibits the suppression o f  endogenous g lucose production by the liver (119), increasing 

gluconeogenesis  and hyperg lycaem ia  (120). A nim al studies confirm the contribution o f  

B C A A ’s, with high fat diets supplem ented with B C A A ’s in rats inducing insulin resistance 

(112), w hile  the rem oval o f  leucine from the diet increases insulin sensitivity (121).
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However, human studies show that elevated concentrations o f  B CA A ’s among insulin 

resistant individuals do not occur because o f  differences in dietary protein consumption (112, 

115). This phenomenon must therefore be the result o f  either reduced anabolic use for 

protein synthesis or reduced amino acid metabolism and oxidation (115). Not only are 

BCAA concentrations correlated with insulin resistance, but elevated BCAA concentrations 

are also present prior to the development o f  insulin resistance, making it a potentially 

important prognostic biomarker (122). This was demonstrated in a cohort from the 

Framingham Heart Study where normoglycaemic individuals were followed up after 12 

years, with those who had elevated BCAA concentrations at baseline having developed 

T2DM.

2.3 Early-onset T2DM

2.3.1 The aetiologv o f  earlv-onset T2DM

T2DM has traditionally been seen as a disease o f  middle aged and older adults, but the age o f  

onset continues to fall (123). The greatest prevalence o f  diabetes still exists within older 

subjects, but the greatest rate o f  growth in prevalence is now in younger populations (8). 

Global population-based records are sparse (123), but in countries with a high prevalence o f  

T2DM, 20% o f  the cohort with diabetes is now comprised o f  young people with early-onset 

T2DM (124). T2DM is presenting at an increasingly younger age, and has even been 

described in adolescents and children (14). This phenomenon was initially identified in 

ethnic minorities (14), and minority groups still have the highest incidence o f  T2DM among 

adolescents (125), but early-onset T2DM has now become widespread (14).
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There is very little published data on the pa thophysiology o f  early-onset T 2D M . Patients 

with early-onset T 2D M  have been shown to have a greater W H R  than BMI m atched  obese 

control subjects w ithout diabetes (25), and are m ore  obese at the time o f  d iagnosis  than 

subjects with later-onset T 2D M  (18). A m o n g  patients with T 2D M , those with the youngest 

age o f  onset are the m ost obese (126) (Figure 2.8). Socioeconom ic  factors are correlated with 

the high incidence o f  T 2D M  am ong  adolescents (125), and similarly an increase in childhood 

obesity  is occurring particularly  in children from low income families (127). C om m o n ly  used 

indices o f  socioeconom ic status include education, income and occupation (128), and there is 

an inverse relationship betw een these variables and BMI, with the relationship particularly 

strong am ong Caucasian  populations (129). D ifferences in lifestyle partly account for the 

d ifferences seen between social classes. Those categorised as being within lower social 

classes report lower levels o f  physical activity (130, 131), and a m ore unhealthy diet with the 

consum ption  o f  large quantities o f  breads, oils, fats and sugars (131). It is suggested that 

healthier diets are consum ed  by individuals who are m ore highly educated and m ore affluent

(132). This m ay relate to the ability to m ake healthier food choices and a greater know ledge 

o f  health related issues, but the issue o f  econom ic  assess to healthier foods m ay also be one 

o f  the contributing factors, as certain nutrient dense foods are often m ore expensive  (132). It 

is suggested that access to specific food sources also influences the type o f  food consum ed

(133), and there is a higher prevalence o f  obesity  and chronic disease in deprived 

neighbourhoods (134), where  the residents have less access to superm arkets , and greater 

access to fast-food restaurants and convenience stores that sell cheap energy-dense  food, 

particularly in urban areas (133). In certain com m unities , it is difficult to distinguish between 

racial/ethnic factors associated with minority  groups, and specific socioeconom ic variables.

31



and there appears to be an overlap  between the two (128). It is a com plex  relationship, with 

possible contribution from ethnically  d istinctive lifestyle and dietary habits, social and 

physical environm ents, cultural norms, and race specific attitudes tow ards body image (128). 

E m ploym en t status is used as a determ inant o f  socioeconom ic status, and there is a high 

prevalence o f  metabolic  risk am ong  non-skilled workers and those w orking  in m anual labour 

jobs ,  such as construction w ork  (135). Despite the inherent degree o f  physical activity 

associated with the work, there is a m ism atch between daily physical activity levels and total 

energy intake. It is speculated that this is com pounded  by a lack o f  food choices in the 

workplace, and that w orkers from similar industries m ay also share similar lifestyles and 

values w hich  reinforce each others actions (135). It is also speculated that once established, 

there could also be further interaction between obesity and certain socioeconom ic variables, 

and that obesity  could limit certain occupational and social opportunities (128). A nother 

issue o f  note are the health inequalities that exist between different socioeconom ic groups. 

Despite the use o f  schem es such as m edical cards, inequalities in access to health services are 

noted, and access to appropriate  medical care is predominantly reported am ong individuals 

o f  higher social classes with private health insurance (136). The root causes o f  obesity 

am ong  lower social classes are multifactorial and complex, and interestingly, w hile  lower 

socioeconom ic  status is associated with obesity  and T 2D M  in developed countries, higher 

socioeconom ic  status is a risk factor in developing countries (123).
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Figure 2.8. Relationship between age o f  diagnosis with T2DM and subject BM l. Song SH. H ardisty CA. Expert 
Rev Cardiovasc Ther. 2008: 6: 315-22. (126).
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It has been hypothesised that more extreme underlying oxidative and metabohc deficiencies 

might be responsible for early-onset T2DM. The content o f  the mitochondrial fusion protein, 

Mitofusin-2, is low in patients with early-onset T2DM, and these patients do not show the 

adaptive increase in Mitofusin-2 seen in control subjects after 12 weeks o f  aerobic exercise 

training, furthermore, these subjects do not demonstrate the increase in expression o f  PGC- 

l a  in response to acute exercise that matched control subjects produce (102). Although this 

study included both an acute and chronic exercise protocol, P G C -la  related data was
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unfortunately  available only after the acute exercise protocol, which does not give a com plete  

p icture o f  adaptation, o r  the lack thereof, am ong  the early-onset T2D M  subjects. Similarly, 

there was no increase in M itofusin-2 in the early-onset T2D M  group, but as exercise is the 

main stim ulus for mitochondrial biogenesis, and it was dem onstrated  in the study that the 

exercise intervention was ineffective in a num ber o f  other respects, no increase in the 

concentration  o f  the fusion protein w ould  have been expected, and the real extent o f  any 

inherent defic iency is unclear.

Patients with  early-onset T 2D M  typically  have a strong family history o f  diabetes (17), and a 

s tronger family history than patients with later-onset T 2D M  (137). While familial lifestyle 

could explain som e o f  the prevalence, genetic predisposition to T 2D M  is evident as the lean 

non-diabetic  offspring o f  patients with T 2D M  have the risk factors o f  increased 

in tram yocellu lar lipid content and lower m itochondrial function (51). The recent w idespread  

increase in the prevalence o f  d iabetes has increased faster than can be explained by genetics 

alone, how ever, epigenetic factors could also explain som e o f  the increased disease 

prevalence. Gestational diabetes is a variant o f  T2D M  that first presents in w om en  during 

pregnancy  (especially  w hen overw eight) (3), and increases the m o ther’s risk o f  developing  

T 2D M  later in life (138), however, foetal intrauterine exposure to hyperglycaem ia  during  

pregnancy  (139) also increases the risk o f  the offspring developing T 2D M  in later years 

(140), possib ly  through D N A  m ethylation (141). In addition, infants o f  either abnorm ally  

high or low birth w eight also have a higher risk o f  developing T 2D M , with the data form ing 

a “U -shaped” curve (142), and with infants o f  low birth w eight w ho  subsequently  rapidly
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gain w eight at greatest risi< (143). Early infant nutrition is also o f  importance as breast­

feeding appears to provide a degree o f  protection against T 2D M  (144).

2.3 .2 Early-onset T2D1V1 as a high risk phenotype

The prevalence o f  diabetes com plications is related to both g lycaem ic control and the 

duration o f  d iabetes (145). The increased prevalence o f  early-onset T 2D M  is o f  great concern 

because the earlier onset increases patient exposure to the d isease, increasing the associated 

risk (15). Hyperg lycaem ia, in com bination with o ther card iovascular  risk factors (e.g. 

hypertension and dyslip idaem ia), causes progressive m ircovascular  and m acrovascu lar  

dam age, which can progress to the deve lopm ent o f  d iabetes com plica tions (146). 

M acrovascular  com plica tions include coronary  artery disease, cerebrovascular  d isease and 

peripheral vascular d isease (146). M icrovascular com plica tions can include retinopathy (147) 

[which can cause blindness (146)], as well as nephropathy  [detected as proteinurea (148), 

w hich  can eventually  result in renal failure (146)]. The third m ajor m icrovascular  

com plication  is neuropathy, which in conjunction with peripheral vascular d isease impairs 

w ound healing, and can ultimately cause foot ulceration, neuropathic  osteoarthropathy  and 

am putation  (146). N europa thy  can also affect the autonom ic  nervous system, causing  a range 

o f  further clinical syndrom es (149). Patients with early-onset T 2D M  develop sim ilar  vascular  

com plications to o lder patients with T2D M  but do so 20 years earlier (145). For exam ple , 

patients with early-onset T 2D M  have been reported to  develop  diabetes com plica tions by 

their mid thirties (15). The societal implications o f  this are serious, as the associated  cost 

increases the burden on health care systems, as well as rem oving  young productive  

individuals from the w orkforce  (123).
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Early-onset T2DM may also be associated with a disproportionately increased risk as a result 

o f a more accelerated and aggressive pathogenesis, and may not simply represent an 

otherwise equivalent disease to later-onset T2DM (16). It is reported that patients with early- 

onset T2DM are severely insulin resistant, with a substantial reduction in p-cell function 

(25), however, these comparisons were made with age and BMI-matched obese non-T2DM  

control subjects and not with subjects with later-onset T2DM, and by virtue o f the fact that 

the controls do not have a diagnosis o f  T2DM, a substantial metabolic difference would be 

expected, making it difficult to confirm if early-onset T2DM is a more aggressive form o f  

T2DM. Patients with early-onset T2DM do however have the greatest insulin or oral anti­

diabetic agent requirements (124), and worse glycaemic control upon presentation and in 

response to treatment than subjects with later-onset T2DM (18). These subjects typically 

have a higher triglyceride (25), and lower high-density lipoprotein (HDL) cholesterol 

concentration than obese control subjects without diabetes matched for BMl (17), and raised 

markers o f  endothelial dysfunction (18). Although lifestyle intervention can be used 

effectively in the prevention (20), and treatment o f later-onset T2DM (24), it may be less 

effective in the management o f early-onset T2DM. It has been shown that patients with 

early-onset T2DM did not respond metabolically after a 12 week exercise intervention, 

demonstrating no weight loss, and no improvement in V0 2 max, insulin sensitivity or 

glycaemic control (25). In that study however, it could be argued that this may not actually 

constitute a series o f  deficiencies, as the lack o f  increase in V0 2 max alone may explain the 

rest o f  the results. The lack o f  increase in V02max may suggest that the training protocol 

should have been more robust, because although the exercise was supervised, and the
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attendance rate was 95%, the intervention could have benefited from the incorporation of 

progression and a greater target exercise volume. Furthermore, the T2DM cohort were 

compared to a group o f  obese non-T2DM control subjects, and this group did not obtain any 

improvements in insulin sensitivity calculated from OGIS, or glucose disposal determined 

from the use o f  the gold standard hyperinsulinaemic-euglycaemic clamp technique. It is 

therefore difficult to establish the extent to which the observed lack o f  adaptation was due to 

underlying metabolic deficiencies, or to an intervention that could have included more 

intensive training.

Dietary compliance has also been reported to be poor among these young patients (150). A 

study examining children and adolescents (10 to 17 years o f  age) with T2DM as part o f  the 

TODAY Study, showed at follow up (2 years after initial contact), that there was poor 

compliance with treatment (lifestyle intervention and the use o f  medication), and an increase 

in cardiovascular risk factors (26). These young patients have different needs to older 

patients, and are subjected to different environmental, economic and social pressures, and it 

has been reported that m.any o f  them ignore their condition completely (124).

2.4 M anagem ent o f T2DM

2.4.1 Medical management o f  T2DM

Medication is required in the management o f  T2DM depending on the severity of 

hyperglycaemia, or subsequently as the disease develops further, with the oral glucose 

lowering medication: metformin (a biguanide), used as the first line drug treatment to reduce 

hepatic glucose output (151). As T2DM is a progressive disease, the majority o f  patients
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require  further com bination therapy over time, with the addition o f  sulfonylureas or insulin

(151). Long-acting exogenous insulin is used to raise basal insulin concentrations, with 

prandial short-acting insulin supplem enta tion  added as is required, while  sulfonylureas 

enhance  endogenous insulin release by targeting the A TP-controlled  potassium channels o f  

the P-cells. Additional treatm ent options include the use o f  incretin based therapies [e.g. 

GLP-1 analogues and dipeptidyl peptidase (D PP)-4  inhibitors, which facilitate increased 

insulin secretion in the presence o f  glucose], th iazolid inediones (which enhance  insulin 

sensitivity and lipid redistribution) (151), and bariatric surgical procedures (e.g. Roux-en-Y  

gastric  bypass surgery) in the case o f  extrem ely  obese patients, which can dramatically  

im prove diabetes status, com plete ly  resolving sym ptom s in majority  proportion o f  cases

(152), even before w eigh t loss occurs  (153). W hile other m edications are often required to 

m anage  the concom itan t features o f  T 2D M  (e.g. therapies to treat hypertension and 

dyslip idaem ia) (154), non-m edical based lifestyle intervention including diet and exercise, 

rem ains the first line intervention and can be used effectively in the prevention (20), and 

trea tm ent o f  T2D M  (24).

2.4.2 W eight loss during dietary intervention

N utrient intake type and volum e can be m anipulated  to m anage obesity, the main risk factor 

for T 2D M . A num ber o f  dietary strategies can be used, which include the following;

•  Low -fat (<30%  o f  total calorie  intake) reduced calorie diets high in fibre [which add 

dietary bulk, s lowing gastric em ptying, and increasing satiety (155)], are most 

com m only  prescribed (156-158).
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•  “ M editerranean diets” : are m oderate-fat diets (35%  o f  total calorie intake from fat, 

including a high m onounsatura ted  to saturated fat ratio), high in vegetable  (159), and 

fish content (158), and low in red m eat (159).

•  Low -carbohydrate  diets: such as the A tkins  diet, contain a h igher p roportion  o f

protein, and a lower proportion o f  carbohydrate  than standard diets (<20g  per day)

(159), which som e authors suggest increases satiety as a result o f  a ketogenic  state

(160), and has an increased therm ogenic  effect, facilitating increased w eigh t loss

(161).

• V ery-low -calorie  diets: restrict daily energy  intake to less than SOOkcal (156), are

com posed  primarily  o f  a liquid fonnula ,  and are performed for a m ax im um  o f  3 - 4

m onths  ( 157), under medical supervision (162).

•  Vegetarian diets: have the worst levels o f  com pliance (163).

A hypocaloric  diet p roduces w eight loss (159, 164), and reduces BM l (165), but an initial 

period o f  rapid weight loss during the first two w eeks can be accounted for by a reduction in 

total body water as the depletion o f  g lycogen stores is accom panied by an associated 

reduction in fluid by diuresis (166). How ever, sustained dietary intervention also reduces fat 

m ass (167), waist c ircum ference (159), abdom inal subcutaneous and visceral fat m ass  (167), 

and pancreatic  and hepatic triglyceride content (168).

The initial w eight m anagem en t goal is to stop the progression o f  weight gain, before 

proceeding to w eight loss, followed by the prevention o f  weight regain [weight m ain tenance  

within 51b (2.3 kg) o f  current weight] (156). Clinically  significant w eight loss is considered

39



to be a reduction o f  5 - 10% body weight (157), but greater volumes o f  weight loss are 

required to maximise sustained health benefits (157). A reduction in calorie intake by 500 - 

1,000 kcal/day below energy requirements, usually reducing energy intake to between 1300 

kcal/day (169) and 1800 kcal/day (159), to produce a 1 to 21b (0.45 -0 .9 1  kg) weekly weight 

loss (156), is considered safe for individuals who are not being medically supervised (157). 

Greater calorie restrictions create a greater negative energy balance and produce increased 

weight reduction (170). Weight loss varies depending on the calorie restriction imposed, the 

intervention duration, and participant compliance, with weight loss o f  11kg (171) to 15kg 

possible within 4 months (172), and up to 20.5kg in 6months (170). The weight loss from 

dietary intervention is reduced over time however (164), as motivation and compliance 

reduce, and with the worst compliance associated with the most restrictive diets (163). Some 

studies show that between 5kg (164) -  6.7kg weight loss is maintained after 1 year (171, 

173), but that dietary adherence is reduced over time, with compliance as low as 50% in 

some cases (163), and nearly half o f  the weight lost regained after 12 months (171, 173). A 

meta-analysis using a five year follow-up after dietary intervention, demonstrated that a 3kg 

weight loss was maintained, representing approximately 3% o f  original body weight, and 

20% o f  the original weight loss (174). The degree o f  attendance at support sessions is 

strongly associated with successful long term weight loss (175), and when patients are asked 

to fill out food diaries, weight loss is greatest among those with the greatest frequency o f  self 

monitoring (176), and with the most complete dietary records (176). However, obese 

subjects overestimate their energy expenditure, and underestimate their calorie intake (177). 

Obese subjects underreport their calorie intake to a greater extent than lean control subjects
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(178), and patients with T 2D M  underreport to a greater extent than B M I-m atched  obese 

subjects (179).

2.4.3 W eight loss during  exercise

Low  levels o f  se lf  reported leisure time physical activity are associated with an elevated BMI 

(180), and there is an inverse correlation betw een pedom eter  m easured steps taken per day 

and obesity  levels (181). Aerobic exercise provides a m eans by which total daily  energy 

expenditure  can be increased (182), facilitating w eight loss (183), and a reduction in fat mass 

in patients with T2D M  (24). Exercise levels o f  150 m inutes per week are associated  with 

general health benefits, but for w eight loss am ong  obese patients and w eight loss 

m aintenance, m uch larger volum es o f  exercise (up to 7 hours per week) are required (184). 

Regular physical activity is also considered a predictor o f  sustained long term w eight loss 

m aintenance, with those perform ing the greatest volum es o f  exercise experiencing  least 

w eight regain (174).

Som e studies have show n dietary intervention to be superior to exercise for w eight reduction 

(185), perhaps because the gains obtained from exercise would  be quickly  eroded i f  dietary 

intake was neglected. However, during  dietary intervention, there is a reduction in fat free 

m ass (FFM ) in addition to a reduction in fat mass, with approxim ate ly  15% o f  the weight 

loss in the form o f  FFM  (185), and as FFM contributes to B M R , and B M R  is the greatest 

contributor to daily energy expenditure, continued w eight loss w ould be hindered. However, 

w hen  dietary intervention is com bined  with regular exercise, FFM  can be preserved (185).
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Furtherm ore, high intensity aerobic exercise increases FFM  (186), with even greater muscle 

hypertrophy  associated  with resistance training (187).

Exercise tra in ing intensity is not directly  related to fat loss (188). Low intensity exercise 

predom inantly  utilises fat m etabolism  (189), but during high intensity exercise, the dem and 

for A T P  is higher, the rate o f  energy production from oxidative phosphorylation becom es 

insufficient, and there  is increased reliance on anaerobic glucose m etabolism  (glycolysis) 

(28). Flowever, despite  increased reliance on fat oxidation during low intensity exercise, 24 

hour fat oxidation is similar when  exercise interventions are matched for energy expenditure 

(182). A period o f  increased fat oxidation above resting levels persists after the completion 

o f  exercise  (190), and the greater the exercise intensity, the greater the residual oxygen 

consum ption , consistent with a m ore prolonged recovery period (191). However, the direct 

energy cost o f  an acute bout o f  exercise rem ains the m ajor contributor to the exercise 

associated  energy expenditure  (191, 192). A greater degree o f  energy expenditure  per unit 

time occurs during  high intensity exercise, but there is no d ifference in fat loss when  the 

duration o f  low intensity tra in ing is extended to match the energy expenditure  o f  higher 

intensity tra in ing (193). High intensity exercise is therefore  a m ore  time efficient w ay  o f  

training, but is associated with less com pliance  irrespective o f  fitness status or BMI, and a 

greater rate o f  injuries com pared  with lower intensity exercise (194).

2.4.4 Insulin sensitivity  response to exercise

Lifestyle m odification  incorporating an increase o f  physical activity by 150 minutes per 

w eek  has been show n to reduce the risk o f  T2D M  by 58%  (19). The  study dem onstrating  this
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(The Diabetes Prevention Program) is one o f  the large, random ized, controlled, landmark 

diabetes prevention studies. In this case, 3234 non-diabetic  subjects at high risk o f  T2DIVI 

with elevated fasting glucose concentrations were  random ly assigned to one  o f  three groups: 

placebo, drug therapy (m etform in  twice per day) or lifestyle intervention. All o f  the 

participants were  obese (m ean BM l: 34.0), the m ean age was 51 years, and the cohort 

com prised both m ales and fem ales from various representative groups, including ethnic 

minorities, recruited from 27 centres th roughou t the United States. The  target for the 

participants in the lifestyle intervention group w as to meet a physical activity  level o f  at least 

150 m inutes per week, and a 7%  reduction in baseline body w eight by 24 weeks, w hich  was 

achieved by three quarters  o f  the participants. The  mean fo llow-up time w as 2.8 years, at 

which time the incidence o f  d iabetes was I 1.0 cases per 100 person-years in the placebo 

group, 7.8 in the drug therapy group, and 4.8 in the lifestyle group.

Physiological substrate selection during acute exercise is determ ined  by the rate o f  energy 

expenditure, with glucose predom inantly  m etabolised during high intensity exercise. This 

does not reduce blood glucose levels however, as high intensity exercise is associated with 

ca techolam ine release and results in increased glycogenolysis  (28). Prolonged periods o f  

m oderate intensity exercise reduce acute blood glucose concentrations, increasing the risk o f  

hypoglycaem ia  am ong  patients taking insulin or insulin secretagogue m edica tion  (187).

A short term im m ediate  increase in insulin sensitivity occurs after a single bout o f  exercise 

and lasts from betw een 24 - 72 hours depending  on the intensity and duration  o f  the session 

(187), and acute im provem ents  in insulin sensitivity are possible after as little as 20 minutes
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o f  exercise  at an intensity co rresponding  with 70%  o f  m axim um  capacity (195). P lasm a 

insulin concentrations are reduced at the  onset o f  an acute bout o f  exercise, and rem ain  

depressed throughout (196), however, g lucose  uptake is possible during exercise as G L U T 4  

is mobilised  to the muscle  cell m em brane  via insulin independent pathways (28). W hile  an 

acute bout o f  exercise transiently increases insulin sensitivity and glucose uptake, regular 

exercise training leads to a sustained increase in insulin sensitivity (22), reducing HbAic (24, 

197). The intensity o f  regular aerobic  exercise training is related to the degree o f  

im provem ent in insulin sensitivity (188). Resistance training also increases insulin sensitivity 

(198), and the muscle hypertrophy it induces also provides a greater surface area for glucose 

disposal. W eight loss associated with lifestyle intervention increases insulin sensitivity (21), 

and reduces lipotoxic conditions [free fatty acids and their m etabolites (199), as well as 

acylcarnitines (200)], but exercise increases insulin sensitivity irrespective o f  w eigh t loss 

(22). There  is an increase in P G C - l a  expression  after an acute bout o f  exercise (25), which 

facilitates mitochondrial biogenesis  and an increase in m itochondrial volum e (99), and 

patients with T2D M  can increase their m itochondrial density using a variety o f  protocols 

[e.g. 4 (24), o r  10 (99) m onths o f  w alk ing , or 12 w eeks o f  stationary cycling (107)]. In 

addition to an increase in m itochondrial vo lum e (99), which is correlated with an increase in 

insulin sensitivity (23), exercise also increases mitochondrial function (21), increasing the 

activity o f  aerobic enzym es, including succinate dehydrogenase  (201), and cy tochrom e 

oxidase (202).
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2.4.5 Im pact o f  dietary intervention on diabetes status

Diet induced w eight loss increases insulin sensitivity, w ith as little as a 10% reduction in 

w eight leading to im provem ents (21). The m ain tenance  o f  w eigh t loss reduces the risk o f  

developing  T 2D M  (203), with  a 4 .5kg diet induced reduction in w eight (or a 5%  reduction o f  

baseline body weight) having been shown to reduce the risk o f  developing  T 2 D M  over 2 

years by 30%  in obese patients with a family history o f  T 2 D M  (204). Patients w ith  T2D M  

w ho adhere to dietary restrictions and reduce their  BMI can effectively reduce daily  blood 

glucose values, HbAic, and reduce their reliance on m edication  (165). A reduction in 

carbohydrate  ingestion reduces excursions in blood glucose  concentration and reduces 

exogenous insulin requirem ents in patients with established T 2D M . A M editerranean diet 

offers an effective alternative to a low-fat reduced calorie diet, dem onstrating  im provem ents  

in plasm a glucose concentrations in patients with T 2 D M  (159), while it has been 

dem onstrated  that a very-low-calorie  diet can norm alise  fasting  blood glucose concentration  

and insulin sensitivity in patients in as little as 7 days (168).

Im provem ents  in insulin sensitivity after dietary intervention occur in a different m anner 

from those associated with exercise, as there  is no increase in m itochondrial content, and in 

fact certain authors report that m itochondrial size is reduced, perhaps as a direct response  to 

restricted energy m etabolism  (21). Similarly, there  is no im provem ent in mitochondrial 

aerobic enzym e activity, with no change in the activity  o f  N A D H -o x id ase  (21), the electron 

transport chain enzymes: succinate dehydrogenase  (205), and cy tochrom e c oxidase, or the (3- 

oxidative enzyme: beta-hydroxyacyl CoA dehydrogenase  (172). H owever, in response  to 

dietary weight loss, there is an increase in adiponectin  concentra tion  (82), and a reduction in
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in tram yocellu lar lipid content, and the concentration  o f  lipid interm ediates (e .g . d ig lycerid e)  

(2 0 5 ), and B C A A ’s ( I 1 3 ) .

2 .4 .6  C ard iovascular adaptations to exerc ise

Patients w ith  T 2D M  are at increased risk o f  d ev e lo p in g  cardiovascular d isease  (1 , 15), and 

w h ile  strict g ly ca em ic  control d elays the d evelop m en t o f  m icrovascu lar com p lica tion s, a “U -  

sh aped ” cu rve ex ists , w ith  e x c e s s iv e ly  tight control u sing  m ed ication  increasing the risk o f  

h y p o g ly ca em ia  (2 0 6 ), and increasing the p revalence o f  cardiovascu lar even ts (2 0 7 ). L ifesty le  

in tervention  incorporating regular exerc ise  training im proves cardiovascular risk factor 

status, in clu d in g  a reduction in L D L -ch o lestero l (1 9 7 ), p lasm a trig lycerid es (2 0 2 ), vascular  

in flam m atory m arkers (C -reactive protein), proinflam m atory cyctok in es (lL -6  and IL -18) 

(1 6 9 ), and b lood pressure, and an increase in peripheral circulation  (2 0 8 ). T h ose w ith  a 

higher VO ^m ax are at low er risk for the d evelop m en t o f  cardiovascular even ts (2 0 9 ), and 

endurance training can be used e ffe c tiv e ly  to increase aerobic cap acity  in patients w ith  

T 2D M  (24 ). The greatest contributing factor to an increase in V 0 2 m a x , is an increase in 

cardiac output (2 1 0 ), w hich  occurs as a result o f  an increase in stroke v o lu m e (2 1 1 ), 

irrespective o f  w eig h t lo ss  (212 ). R esistan ce train ing is not associated  w ith  im provem ents in 

V 0 2 m a x  (1 9 2 ). S om e authors state that it is p ossib le  to increase V 0 2 m a x  u sing extended  

p eriods o f  low  in tensity  aerobic ex erc ise  training (1 9 7 ), but it is gen erally  agreed that the 

in tensity  o f  training is d irectly  proportional to im provem ents in V 0 2 m ax, w ith  h igher  

in tensity  training producing greater in creases in aerobic fitn ess (1 8 8 , 210 ). M oderate  

in ten sity  activ ity  (50  -  70%  m axim um  heart rate, or 4 0  -  60%  V 0 2 m a x ) is e ffec tiv e , but h igh
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in tensity interval training at in tensities approaching m axim um  cap acity  increases V 0 2 m ax to 

the greatest ex ten t (2 1 3 ), w ith  results detectib le in as little as 2 w eek s in som e ca ses  (214 ).

2 .4 .7  Im pact o f  dietary intervention on cardiovascu lar risk factors

U nlike w ith ex erc ise  training, there is no im provem ent in V 0 2 m a x  after dietary intervention  

(21). H ow ever, d iet induced w eig h t loss im proves cardiovascular risk by im provin g  lipid  

profile, in clud ing a reduction in serum  triglycerid e, free fatty acids (1 6 9 ), total ch o lestero l 

(215 ), L D L -ch o lestero l and very -low -d en sity -lip op ro tein  ch olestero l (2 1 6 ), and an increase  

in H D L -ch olestero l concentration  (1 6 9 ). L ow -fa t d iets reduce L D L -ch o lestero l (1 7 5 ), and 

d iets w ith  the low est con centration s o f  saturated fat, and trans fatty acids, reduce total and 

L D L -cholestero l to the greatest extent (2 1 7 ). D ietary so lu b le  fibre a lso  m akes a sm all but 

sign ifican t contribution to a reduction in L D L -ch olestero l (2 1 8 ). H D L -ch olestero l is 

increased and trig lycerid e is reduced to the greatest extent w ith low -carbohydrate d iets (1 5 9 , 

175). D iet induced w eig h t lo ss  reduces the circulating concentration  o f  C -reactive protein, 

lL -6  and IL -18 (1 6 9 ), in addition to reducing b lood pressure (219 ). A  5kg reduction in body  

w eigh t is associated  w ith  a 4 .4 m m H g  sy sto lic  and a 3 .6m m H g d iasto lic  reduction in b lood  

pressure (probably as a result o f  a reduction in sym pathetic nervous system  activ ity ) (2 1 9 ). A  

reduction in salt intake, by reducing the direct addition o f  salt to food  and to the cook in g  

process, and by reducing the con su m p tion  o f  p rocessed  fo o d s w ith a high salt content (1 5 8 ), 

can reduce b lood  pressure w ithin  5 w eek s, reducing the risk o f  heart d isease  and stroke 

(220).
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2.5 Summary

The increasing prevalence o f  early-onset T2DM  is o f  great concern, as earlier onset o f the 

disease increases patient exposure to hyperglycaem ia, increasing the risk o f  diabetes 

com plications. There is little data available on the pathophysiology o f  early-onset T2DM , but 

it has been hypothesised that it may be a more extrem e phenotype with a more aggressive 

pathogenesis and a disproportionately increased risk o f  com plications. It has been shown that 

patients with early-onset T2DM  have poor glycaem ic control and are severely insulin 

resistant compared to obese non-T2DM  control subjects. The experim ents in the following 

chapters directly com pare subjects with early (YT2) and later-onset T2DM (OT2) to 

determ ine if they are equivalent conditions, using m easurem ents o f fasting glucose 

concentration and indices o f insulin resistance and p-cell function derived from oral glucose 

tolerance test data.

As obesity (particularly central obesity) is correlated with insulin resistance and the 

developm ent o f  T2DM , and as patients with early-onset T2DM have been shown to have a 

particularly elevated BMl and waist circum ference, the question remains as to w hether early- 

onset T2DM can be accounted for purely on the basis o f  obesity status. The first com parison 

performed in the current study therefore examines anthropom etric measurem ents from YT2 

and 0 T 2  subjects, including m easurem ents o f  weight, BMI, body com position and fat 

distribution. Obesity is associated not only with an excess o f  fat deposition, but also with 

dyslipidaem ia and elevated concentrations o f  FFA ’s and triglyceride. The lipotoxicity 

hypothesis suggests that an excess o f  circulating lipid can result in intram yocellular lipid
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accum ulation, interfering with insulin signalling. The lipid profile o f  subjects in the current 

s tudy w as therefore o f  interest, to determ ine i f  there were differences betw een  groups that 

could explain the earlier onset o f  T 2D M  am ong  the younger subjects. Standard lipid profiling 

w as perform ed for F F A ’s, tr iglyceride and H D L  cholesterol, in addition to the use o f  

m etabolom ic  testing using m ass spectrom etry  to m easure an ex tensive panel o f  other lipid 

species. A s the concentration  o f  B C A A ’s (leucine, isoleucine and valine) has also previously 

been show n to correlate with insulin resistance, and to cause insulin resistance in a similar 

m anner  to an excess o f  lipid, B C A A ’s w ere  also measured as part o f  the current study. 

Furthermore, the adipose tissue derived adipokines: leptin and adiponectin , were m easured  as 

leptin relates to satiety, and adiponectin  concentration  is correlated with insulin sensitivity.

The lipotoxicity hypothesis  suggests that it is specifically the production o f  the lipid 

intermediates that results in the impaired translocation o f  G LU T4, and that their  production 

is likely to be as a result o f  impaired m itochondrial function. The m ajority  o f  studies show no 

s ignificant differences in mitochondrial content or size between patients with T 2D M  and 

B M l-m atched  controls, but a com parison  o f  intrinsic m itochondrial function betw een both 

younger and older subjects with T 2D M  was o f  interest in the current study, using  fresh 

m uscle  biopsy sam ples  and high resolution respirom etry based techniques to exam ine 

oxygen flux at different points in the electron transport chain. As it has previously  been 

show n that Y T2 subjects have a reduced P G C - l a  content, it was hypothesised  that intrinsic 

m itochondrial function w ould be lower in this cohort. O f  relevance also, are acylcarnitines 

concentrations, as they are intermediates o f  lipid m etabolism  with their abundance  reflecting 

m itochondrial oxidative status. The p redom inant factor influencing mitochondrial capacity  is

49



physical activ ity , so it w as o f  further interest to com pare m axim al ox id a tive  capacity  

(V 0 2 m ax) b etw een  subjects. V 0 2 m ax is naturally h igher in you nger subjects than in older  

subjects, but as patients w ith  ear ly -on set T 2D M  are considered  to be particularly  

m etab olica lly  com p rom ised , it w as o f  interest to com pare the cap acity  o f  both older and 

you nger subjects, and to see  i f  w h o le  body o x id a tiv e  capacity w as correlated w ith  cellu lar  

m itochondrial capacity.

E xercise training can be used to increase V 0 2 m a x , and lifesty le  intervention rem ains the first 

line intervention  used in an attem pt to  prevent and treat T 2D M . A erob ic exerc ise  facilitates  

increased en ergy  expenditure and therefore w eigh t loss, w ith  high intensity exerc ise  

provid ing the greatest rate o f  en ergy  expenditure. E xercise training has been show n to  

increase insu lin  sen sitiv ity , VO^m ax and m itochondrial b io g en esis  irrespective o f  w eigh t loss  

h ow ever, w ith  h igher in tensity  training increasing insulin sen sitiv ity  and V 0 2 m ax to the 

greatest extent. Interestingly, it w as recently  sh ow n  that patients w ith early-onset T 2D M  

w ere less resp on sive to ex erc ise  training than you n g  ob ese  n on -T 2D M  subjects, so one o f  the 

areas o f  fo cu s in the exp erim en ts to fo llo w , is the com parison  o f  adaptation to a high  

in tensity  ex erc ise  intervention b etw een  Y T 2 and 0 T 2  subjects.

T he other com p on en t o f  life sty le  in tervention  is dietary intervention, w hich  can a lso  be used  

to create a n egative en ergy  b alance to facilita te w eigh t loss. The m ost com m on ly  used  

dietary intervention  is a low -fa t (<30%  o f  total ca lorie  intake) reduced ca lorie d iet that is 

high in fibre. A  10% reduction in b od y  w eig h t ach ieved  in th is m anner can increase insulin  

sen sitiv ity , and the m aintenance o f  w e ig h t lo ss  reduces the risk o f  d ev elo p in g  T 2D M  am ong
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high risk subjects. A reduction in carbohydrate ingestion reduces excursions in blood glucose 

concentration and patients who adhere to dietary restrictions can effectively reduce their 

fasting blood glucose concentration and HbAic. The current study therefore also examines 

the response o f  both YT2 and 0 T 2  subjects to a separate calorie restricted dietary 

intervention. The overall objective was to determ ine if there were differences between 

groups at baseline and any differences in their ability to adapt to lifestyle intervention.
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Chapter Three:

Methods
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3.1 Participants
T w o groups o f  subjects were  recruited and exam ined  as part o f  the prim ary  s tudy analysis: 

y oung  patients (less than 30 years o f  age) with early-onset type 2 d iabetes (YT2), and a 

control g roup o f  B M I-m atched  older (>50 years) patients with later-onset type 2 d iabetes 

(OT2). T w o  additional reference groups were recruited for baseline examination; an age and 

BMI m atched  young obese non-diabetic  control g roup (YOb), and a matched older obese 

non-diabetic  control g roup ( 0 0 b ) .  The participants with T 2D M  were recruited from 

outpatien t clinics at St. J a m e s ’s Hospital Dublin, a large general hospital based in the city 

centre, serving the needs o f  patients from a predom inantly  lower socioeconom ic  background. 

All T 2D M  participants lived locally within the ca tchm ent area o f  the hospital, and were 

recruited by the study research physicians and the study exercise physiologist (the author). In 

addition, the nurses in the D iabetes D ay Centre  adjacent to the M etabolic Research Unit in 

St. J a m e s ’s Hospital were informed o f  the study inclusion and exclusion criteria for subjects, 

and they helped to identify patients with T2D M  that m atched the age and BMI requirements. 

O bese non-diabetic  subjects were recruited by the s taff  o f  The D epartm ent o f  Health and 

H um an Perform ance in Dublin City University  by local advertisement. Sam pling  was 

perform ed by a process o f  rolling recruitment. G iven the limited capacity  o f  the exercise 

laboratory where exercise training took place during  the intervention, only 3 subjects could 

participate in each arm o f  the intervention at any given time. W hen a subject com pleted  the 

intervention, the next available and suitable candidate  that could be identified was 

approached. Although the prevalence o f  early-onset T 2D M  is increasing, there  are still 

relatively few patients with  the condition, and effectively  every  Y T2 patient that cam e to the 

hospital for review during  the duration o f  the study w as invited to  participate. The patients
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had stable blood glucose concentra tions controlled either with diet alone or with diet and 

M etformin. M edication doses w ere  not changed  throughou t the course o f  the study. Potential 

subjects were told about the nature and purpose  o f  the study, including the benefits, risks and 

possible discomforts associated with the study procedures, and were provided with written 

information about the project. I f  the subject agreed to  participate, written informed consent 

was obtained and candidates were m edica lly  screened by a doctor. This included a medical 

history, a routine physical exam ination , m easurem ent o f  blood pressure, heart rate, and a 

resting 12-lead electrocardiogram. Ethical approval w as obtained for all procedures from the 

local ethics com m ittee  (the Research Ethics C om m ittee  o f  St. J a m e s ’s Hospital Dublin, and 

The A delaide and M eath Hospital, D ublin, Incorporating  The N ational Children 's Hospital).

3.1.1 Inclusion Criteria

Participants were included i f  they had type 2 diabetes, with oral glucose tolerance tests used 

to confirm  the diagnosis. Further inclusion criteria required patients to be obese (BM l > 30), 

weight stable and sedentary for at least one m onth  prior to the study.

3.1.2 Exclusion  Criteria

Patients with pre-diabetes or type 1 d iabetes mellitus were excluded. Patients w ho were 

g lu tam ic acid decarboxylase (G A D ) an tibody-positive  and w ho had a fasting C -peptide less 

than 2 .5ng/m l were excluded. Partic ipants  were  also excluded if  they were aged between 30 

and 50 years or if  they  took part in any regular, formal exercise or  were classified as having 

high daily  physical activity levels by  the International Physical Activity Q uestionnaire  

(IPAQ), or had a m ax im um  aerobic capacity  greater than 50ml/kg/min. Further exclusion
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criteria included pregnant w om en  o r those w om en  planning to becom e pregnant, those with 

other underly ing metabolic  disorders such as polycystic  ovary  syndrom e, any health 

condition or m usculoskeletal d isorder w hich  w ould  prevent full partic ipation in the 

intervention, or individuals w ho  were  unable  to stay in the sam e geographic  location for the 

duration o f  the study.

3.2 E xp erim en tal protocol

The study w as  a longitudinal, random ised, controlled, crossover trial, with testing  carried out 

over a 3 year period. The study protocol featured a 6 m onth lifestyle intervention, including a 

separate 3 m onth  dietary intervention and a 3 m onth  exercise intervention, assigned in 

random order (Figure 3.1). Subjects were random ised to  diet or exercise in an alternate 

m anner based on the consecutive order o f  their appearance. The energy  expend itu re  per week 

during the exercise intervention was m atched with the w eekly  dietary energy  deficit: -2500 

kcal per week. Subjects were instructed to adhere  strictly to the protocol, and not to change 

their background physical activity levels during the  interventions o r  dietary habits  outside o f  

those prescribed, a point which was strongly reinforced th roughou t the course  o f  the study. 

After initial screening, baseline testing was performed. T w o days o f  testing were  perform ed 

on each occasion, with a m ax im um  oxygen consum ption  capacity  (V O ^m ax) fitness test 

performed on one day, and fasting m easurem ents  on the other, including: an thropom etric  

m easurem ents, fasting blood sam ples (for g lucose, insulin, HbAic, lipid and adipokine 

m easurem ent),  a two hour oral glucose insulin sensitivity test (O G IS) and a b iopsy o f  the 

vastus lateralis muscle  (for m easurem ent o f  intrinsic mitochondrial function). Subjects  fasted 

for 10 hours overn ight and all procedures were conducted at the test centre  from Sam.
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Testing was repeated after 3 months at the crossover between interventions, and after a 

subsequent 3 months following the second intervention at the end o f  the study.

Figure 3.1. Study tim etable.

I i nioiiflis exercise or chef H 3 iDoiitlis exercise oi diet I
I -2 5 0 0 k c .il  V rt I -2?0C)kcal wk I

X  \  / \  /
Screening V 0 2 m a x te s t Anthropometries V 0 2 m ax te s t Anthrapom etncs V 0 2 m ax te st
A nthropom etncs B lood S an^ ling  Blood San^iling
Blood Sampling B iopsy Biopsy
Biopsy OGIS OGIS
CGIS

3.3 A nthropom etric measurem ents

Anthropom etric m easurem ents, including weight were recorded at baseline to allow for 

com parison between groups, as obesity is correlated with the prevalence o f T2DM (11). 

M easurem ents were also made after each intervention, to allow the effect o f  each to be 

examined. These m easurem ents were taken on each occasion by the study exercise 

physiologist. A measurem ent o f  subject height was also performed so that BMl could be 

calculated (subject’s weight in kilograms divided by the square o f  their height in meters), 

which provides more information than w eight alone, and is directly related with adiposity 

(73), and obesity (72). The reliability o f  weight and height m easurem ents is considered to be 

excellent (r=0.99) (221), but several following steps were also taken to ensure the accuracy 

o f testing: anthropom etric m easurem ents were taken under fasting conditions, with height 

measured in the standing position in bare feet using a stadiom eter (Seca 220, Height 

Measure, Hamburg, Germ any), to the nearest 0.1cm, and with the mean o f  two 

m easurem ents used. Fasting weight was m easured to the nearest 0.1kg using a calibrated
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clinical scales, with m easurem ents  m ade  in light c lo th ing and bare feet, and the sam e outfit 

worn for subsequent m easurem ents.

W eight and B M l are correlated with obesity, but cannot differentiate betw een  fat m ass  and 

FFM, so a bioelectrical im pedance device w as  also used (Tanita  Body C om position  

Analyser, M odel TB F-300 , Tanita Corp, Tokyo, Japan) (Figure 3.2). In addition to 

m easurem ents  at baseline, the use o f  bioelectrical im pedance w as also im portant as 

adaptation in response  to lifestyle intervention can include a reduction in fat m ass as well as 

changes in FFM (w hich can increase in response to exercise  and reduce after diet). The 

correlation betw een  m easurem ents  obtained using bioelectrical im pedance and 

hydrostatically  determ ined fat m ass readings ranges from 0.71 to 0.76. B ioelectrical 

im pedance is considered to be highly reliable (r=0.957 -  0 .987) (222), and accurate  in the 

detection o f  changes that occur in response to lifestyle intervention (222). The other benefit 

o f  bioelectrical im pedance  m easurem ents  is that its use has application in clinical settings as 

it is inexpensive, and as little training is required. The m ain  factor to consider  w hen using 

bioelectrical im pedance  is subject hydration status, as dehydration can lead to an 

overestim ation o f  fat mass. Taking this into account, all m easurem ents  were m ade  under 

fasting conditions to standardise the procedure. This m ay affect the validity o f  the absolute 

values, but a llows for an accurate relative com parison o f  subjects, and for a reliable pre-post 

intervention com parison.
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Figure 3 .2 . Tanita b ioelectr ica l im pedan ce scale.

In addition to  m easurem ents  o f  body  com position , m easurem ents  o f  fat distribution were also 

o f  interest, as central obesity  is more closely correlated with metabolic  dysfunction than 

w hole  body adiposity  (69), and waist circum ference is a m easurem ent that is strongly 

correlated with visceral fat content (73). The interclass correlation for the reproducibility o f  

waist c ircum ference m easurem ents  can be as high as 0.99 (223), with reliability at its highest 

when s taff  have been trained (221). Therefore, ail m easurem ents  were taken by an 

experienced therapist (the study exercise physiologist), and taken by the sam e person on each 

occasion (pre and post intervention). To further ensure the reliability o f  the measurem ents, 

waist and hip c ircum ference  were  measured to the nearest 0.1cm with an inelastic plastic 

fibre 150cm anthropom etric  m easuring  tape, from which waist to hip ratio (W H R ) was 

calculated (waist c ircum ference  m easurem ent in centimetres divided by hip c ircum ference 

m easurem ent in centimetres), with the m ean o f  two m easurem ents  used on each occasion. 

Waist m easurem ents  were  taken around the abdom en  at the narrowest point between the iliac 

crests and the lowest rib margin, ju s t  above the umbilicus. The subjects were  asked to exhale 

gently and to relax their  abdom en. The m easuring  tape w as held taut around the
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m easurem ent site w ithout squeezing in against the skin, ensuring that the tape was 

m aintained in a horizontal position. Hip c ircum ference was measured around the femoral 

greater trochanters and around the gluteal mass.

3.4 I P A Q

The International Physical Activity  Q uestionnaire  - Long Format (A ppendix  I) was 

adm inistered  via interview. The questions were  asked accord ing  to the order and w ord ing  o f  

the “ Self-Adm inistered Form at” . The subject w as asked to recall physical activity that they 

had participated in over the previous 7 days, including: jo b ,  household, recreation, and 

t ransport related activity. The questions exam ined  activity frequency, duration and intensity. 

T he IPAQ was used to ensure that the subjects met the inclusion criteria o f  being sedentary 

(having previously been asked if  they  considered them selves to be sedentary, and if  they 

participated in any regular, formal exercise), and was therefore only used at baseline and not 

used as an ou tcom e measure. For this reason, accelerom etry  was not used as the only 

information that was required, was that w hich  confirm ed that the subjects were below the 

activity  threshold that classified them  as sedentary. If  on the other hand, the protocol had 

included a random  subject sam ple from the general population for com parison, it w ould have 

been necessary  to establish exactly  how  active the participants were. Had the s tudy included 

a hom e based exercise intervention, it w ould  have been useful to include an objective 

m easure  o f  physical activity to determ ine  com pliance with the protocol (224), but in the 

current study, all o f  the exercise was supervised. The long form IPA Q  questionnaire  is 

considered  to have acceptable  validity (225), and although there is only m odest correlation 

w ith  objective m easurem ents  o f  physical activity (r=0.33), it is com parable  to other se lf
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reported methods, and has a high degree o f  test-retest reliability (r=0.8) (226, 227). The use 

o f accelerom etry could have added to the subject burden (228), when the protocol was 

already lengthy and included m any invasive procedures. Patients with T2DM  are 

traditionally a less com pliant cohort o f  subjects and to obtain usable data from 

accelerom eters would have relied on the subjects to remem ber to wear them  each day, to put 

them back on if taken o ff at night or while washing, to reposition them correctly, and to 

return them in a tim ely manner at the end o f  the testing period so that they could be given to 

the next participant.

3.5 M axim um  oxygen consum ption capacity testing

A m aximum oxygen consum ption capacity (VO^max) test was used to assess aerobic 

capacity and fitness. V 0 2 max testing is the gold standard m easurem ent o f aerobic capacity, 

from which all other fitness tests are extrapolated, with a coefficient o f  variation o f  3.4%  for 

V O jm ax values (229). T2DM  is a m etabolic disorder characterised by abnormal nutrient 

metabolism , and V0 2 max was therefore o f interest as it is a measure o f  maximal metabolic 

capacity. It was also o f interest at baseline as an index o f  physical capacity and activity 

status, as inactivity is correlated with m etabolic and cardiovascular risk (209). One o f  the 

com ponents that contributes to V0 2 max is peripheral oxygen extraction, and it was o f 

particular interest to com pare V 0 2 m ax between groups as m itochondrial function contributes 

to both oxygen uptake and insulin sensitivity, with aerobic exercise acting as the prim ary 

stimulatory factor for m itochondrial biogenesis. The collection o f  this data would allow for 

further examination o f  correlations between V0 2 max, insulin sensitivity and m itochondrial 

function. Despite the fact that it was expected that the V 02m ax o f  the older group would
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autom atica lly  be low er becau se o f  assum ed  age related d ifferen ces in cardiac function , it w as  

im portant to exam in e all factors that cou ld  contributed to the severe insulin  resistance  

p rev iou sly  reported am ong y ou n g  patients w ith  T 2D M  (25 ). S im ilarly, V 0 2 m a x  w as o f  

interest as an ou tcom e m easure to determ ine the e ffec tiv e n e ss  o f  the exerc ise  intervention  [as 

V 0 2 m a x  is exp ected  to increase in response to regular aerobic exerc ise  (2 4 )] , in the con text  

o f  w hich , other e lem en ts o f  p h y sio lo g ica l adaptation (or the lack thereof) cou ld  be 

interpreted.

Treadm ill based V 0 2 m a x  p rotocols often  attach patients to ce ilin g-m ou n ted  harnesses to 

ensuring subject safety  (2 3 0 ), but this is a d ifficu lt apparatus to install, and the ce ilin g s  o f  

m any b uild ing cannot support them . A b icyc le  ergom eter w as therefore used in the current 

study, w hich  w as a lso  b en eficia l as the training w as intended to be b icy c le  based to target the 

quadriceps m u sc le  group, from  w hich  the m u sc le  b iop sy  for m itochondrial iso lation  w as to  

be obtained. The m axim al progressive increm ental test to exh au stion  w as perform ed in the 

exerc ise  laboratory in St. Jam es’s H ospital by the study exerc ise  p h y sio lo g ist, u sing  a 

com puter controlled  e lectrom agn etica lly  braked m edical assessm en t b icy c le  ergom eter  

(E rgoselect 100, E rgoline, G erm any). Subjects w ere instructed to be appropriately rested (not  

to have en gaged  in any v igorous physica l activ ity  the day before), and adequately  fed  and 

hydrated prior to testing. B efore testin g , subjects w ere fam iliarised  w ith  the test procedure 

and the b icy c le  ergom eter. Subjects w ere instructed to m aintain a cy c lin g  cad en ce o f  70 to 80  

revolu tions per m inute, so that con sisten t steady state heart rate and V O 2 data cou ld  be 

co llec ted . T he pow er output o f  the subject w as kept constant throughout each stage o f  the test
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by the ergom eter apparatus which had the capacity to adjust the resistance appMed to the 

flywheel to com pensate for any fluctuation in cadence.

The sam e V 02m ax test protocol was used for each subject during testing at baseline. The 

workload at level 1 was set at 50 Watts and was then increased by 25 W atts every 3 minutes 

until volitional exhaustion. If subjects performed well during the test and were able to 

continue cycling for an extended period, or if  subjects appeared to progress well during the 

exercise training intervention, subsequent tests were individually redesigned to reduce the 

test tim e by increasing the initial load, and the resistance added at each subsequent level. The 

goal was for the test to last for 8 to 17 minutes (23 1), to avoid an excessive increase in body 

tem perature and any resultant cardiovascular drift. To further assist with this, the windows in 

the exercise laboratory were kept open and the subjects were cooled with an electric fan 

throughout.

Blood pressure and heart rate were measured at rest (after resting for five minutes, seated in 

an upright position on the ergometer), and throughout the exercise test, at the end o f each 3 

m inute level. Blood pressure was measured for safety reasons, and m easurem ents were taken 

m anually from the left arm with a sphygm om anom eter and stethoscope. Testing was 

term inated if  the subject’s systolic blood pressure rose above 250m m Hg, if their diastolic 

blood pressure rose above 120mmHg, or if  they reported light headedness, chest pain or 

nausea.
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Heart rate was measured using a heart rate monitor chest strap sensor and watch receiver 

(Cardiosport Go Heart Rate Monitor, Heahhcare Technology Ltd., UK). Uhrasound gel 

(Bluescan Ultrasound Transmission Gel, LiNA Medical, Denmark) was applied to the strap 

sensors to improve contact with the skin and to facilitate heart rate detection, with the strap 

worn immediately below the pectoral region. A heart rate figure was recorded during the last 

15 seconds o f  each exercise stage, and the highest recorded figure towards the end o f  the test 

was considered the maximum heart rate (HRmax).

The subjects were encouraged verbally throughout the test, particularly if there was any 

reduction in cycling cadence. Cycling continued until volitional exhaustion e.g. until the 

subject complained o f  excessive shortness o f  breath or leg muscle fatigue. The test was 

considered maximal and the data usable if two o f  the following criteria were satisfied: a 

HRmax equal to or greater than 95% o f  predicted HRmax (220 - age), a respiratory exchange 

ratio (the ratio o f  carbon dioxide exhaled to oxygen consumed) greater than 1.1 (indicative of 

anaerobic metabolism and fatigue), or a levelling o ff  in oxygen consumption in spite of 

further increases in power output. If the test did not meet these criteria, or if the subject 

stopped for any reason other than exhaustion, the test was repeated several days later.

Open-circuit indirect calorimetry was employed throughout the test and a system o f  

respiratory gas analysis was used to measure ventilation (L/min), oxygen consumption (VO 2 : 

L/min and ml/kg/min), and carbon dioxide production (VCO 2 : L/min). An Innocor metabolic 

analysis system (INN00500, Innovision, Denmark) (Figure 3.3) was utilised, which allowed 

automated on-line breath-by-breath measurements to be made. While cycling, the subject
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breathed in and out through a silicone rubber m outhpiece (Hans Rudolf, Inc. USA), which 

was attached to the apparatus, they w ore a nose clip (Hans Rudolf, Inc. USA), and were 

instructed to maintain a good seal around the mouth piece with their lips throughout.

Figure 3 .3 . V 0 2 m a x  testin g  apparatus, featuring an E rgo se lec t b icy c le  ergom eter and Innocor m etabolic  
an alysis system .

M easurements o f  ventilation were made at the level o f  the m outhpiece using a pressure 

differential flowm eter (pneum otachom eter) to measure respiratory flow and expired gas 

volumes. The pneum otachom eter consisted o f  a cylinder through which the subject breathed, 

within which a nylon mesh formed a screen which provided a small, fixed, known degree o f 

airflow resistance. The pressure on each side o f  the screen was measured and the reduction in 

pressure caused by the screen was used to calculate airflow. Sim ultaneous m easurem ents o f 

expired oxygen (O2) and carbon dioxide (CO2) concentrations were measured within the
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main body o f  the Innocor m achine by a laser diode absorption spectroscopy gas analyser. 

The gas sensor and flow m eter w ere  calibrated prior to each test, and am bien t room 

conditions (temperature, hum idity  and a tm ospheric  pressure) were also recorded and taken 

into account (A ppendix  II). From the m easurem ents  o f  ventilation and expired  gas 

concentrations, oxygen consum ption  and m axim um  oxygen consum ption were determ ined, 

w here  oxygen consum ption  was taken as the difference betw een am bien t O 2 and expired  O 2 

concentrations. Fifteen second V O 2 figure averages were  calculated and the m ean  o f  the four 

highest consecutive values was taken as V O ;m ax.

3.6 Blood Sam pling

Blood sam pling was perform ed under fasting conditions, to standardize the procedure so that 

the underly ing metabolic state could be exam ined w ithout contam ination from any recently  

ingested food. An intravenous cannula  w as inserted into the forearm o f  the subjects by the 

study physician, and blood sam ples were draw n by the study exercise physiologist. The 

sam ples taken after the exercise intervention were taken 48 hours after the last exercise  

session to limit the effects o f  acute exercise (22). Blood sam ples were taken for m easurem ent 

o f  glucose, insulin, HbAic, C-peptide, G A D  antibodies, HDL-cholesterol, serum triglyceride, 

nonesterified free fatty acids, leptin, adiponectin , and m etabolom ic  exam ination  o f  

acylcarnitines, am ino acids, and individual free fatty acids. All blood sam ples w ere  sent 

straight to the local hospital laboratory for testing, with the exception o f  blood sam ples  that 

were retained for exam ination o f  leptin, adiponectin, and m etabolom ics. These sam ples  that 

were retained were centrifuged at 3000 rpm for 15 minutes at 4°C (Centrifuge 5702 R, 

Eppendorf, H am burg, Germ any). The supernatant was rem oved and placed in labelled
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aliquot containers, which were stored in a freezer (Platinum 500 Freezer, AS Biomedical 

Division, Angelantoni Industrie, Italy) at -80°C.

3.7 Oral glucose tolerance test

After the initial blood sampling, subjects began a 2 hour oral glucose tolerance test (OGTT) 

by consuming a 200ml drink containing 87ml o f  water and 113ml o f  Polycal high energy 

carbohydrate liquid drink, supplement (Nutricia Zoetermeer, The Netherlands), to provide a 

75g glucose load. Subsequent blood samples were taken 30, 60, 90 and 120 minutes after 

ingestion o f  the drink. Insulin sensitivity was measured using oral glucose insulin sensitivity 

(OGIS) testing, from the OGTT data (53). This test was used as insulin resistance is one o f  

the main features o f  T2DM and the precursor step to the establishment o f  disease, and a 

comparison o f  the severity o f  disease between groups was one o f  the main study objectives. 

The OGIS test is correlated with the gold standard euglycaemic-hyperinsulinaemic clamp 

technique (r=0.77, p<0.0001), and the coefficient o f  variation is 6.4% for clamp studies and 

7.1% for OGIS (53). The OGIS technique was chosen as it does not require the infusing and 

continued titration o f  insulin, or the associated close medical supervision o f  clamp studies. 

Glucose data from minutes 0, 90 and 120, and insulin data from minutes 0 and 90, were 

imported into spreadsheets available on the World Wide Web at

http://webmet.pd.cnr.it/ogis/. The spread sheets incorporated the following formula:

CloGTT = piDo -  V[G(120) -  G( 90)] 60 ^
G(120) G(0)

P 4 ----------------------------------------  —

I (9 0 ) - I (0 )  + p2
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•  CIogtt: glucose clearance from OGTT.

• G(0), G (90), G(120): glucose concentration (mg/ml) at time Omin, 90min. and

120min respectively.

• 1(0), 1(90): insulin concentration (n/ml) at time Omin and 120min.

• V: glucose distribution volume, assumed: 10 1/m^.

• Do: oral glucose dose (g/m ).

•  P values: parameters. For SI units. pi=2.89, p2=1618, p3=779, p4=2642.

To facilitate further examination o f  diabetes status, other calculations performed to examine 

insulin resistance included the homeostatic model assessment (HOMA-IR), and the 

quantitative insulin sensitivity check index (QUICKI), which is the log o f  HOMA-IR (232). 

HOMA is correlated with the clamp technique (r= -0 .75. p<0.0001). as is QUICKI (53). The 

formulae used are as follows:

HOIMA = Fasting QlucQ.se (mmol L) x Fasting Iiisiilm (nU iiiL)
2 2 .5

QUICKI  -------------------------------------------i-------------------------------------------------
Log (Fasting Insulin, pniol L) + Log (Fasting Glucose, imnoi L)

Fasting (3-cell function was assessed as the ratio o f  glucose to insulin [insulin (|^U/ml) / 

glucose (mmol/l)]. Insulin secretion was examined as insulin concentration area under the 

curve (AUC) during the OGTT, and dynamic P-cell function was calculated using the 

insulinogenic index (IGI), as AUC for insulin divided by AUC for glucose. To take insulin 

resistance into account during the measurement, the disposition index was also used (OGIS x 

IGI).
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3.8 Glucose, insulin and lipid testing

Glucose, insulin, HbAic, C-peptide, GAD antibodies, HDL-choiesterol, and serum 

triglyceride were measured by the staff working in the St. Jam es’s Hospital biochemistry 

laboratory, using hospital grade equipment and diagnostic testing protocols. Glucose 

measurement is one o f  the most relevant measurements o f  the study as T2DM is 

characterized by hyperglycaemia, and one o f  aims o f  the study was to compare the severity 

o f  diabetes between group, using glucose to examine current disease status, and H bA ^  to 

examine glycaemic control over the previous 4 to 12 weeks. Lipid measurements (standard 

and metabolomic) were o f  interest to determine their contribution to lipotoxic conditions. 

HDL-cholesterol, serum triglyceride and nonesterified free fatty acids were some o f  the main 

lipids o f  interest, as it had previously been shown there were no differences in LDL and total 

cholesterol between YT2 and 0 T 2  subjects (18). A glucose oxidase technique was used to 

measure plasma glucose concentration (bio Merieux kit; Hitachi Modular), while 

commercially available flouroimmunoassays were used to measure serum insulin and C- 

peptide (Auto-Delfia, Wallac-Oy, Finland). A H bA ^  analyser (Hi-Auto A le  HA 8140; 

Menarini, Florence Italy) was used to quantify HbAic percentage, and a direct radioligand 

assay was used to test for GAD antibodies. Enzymatic methods were used to test for plasma 

triacylglycerols (Human liquicolor kits; Hitachi Modular; Roche Diagnostics, Basel 

Switzerland) (25), and HDL-cholesterol (Randox direct kits; Hitachi Modular). A 

spectrophotometric assay was used to test for serum free fatty acids (Randox Laboratories, 

Antrim, UK) (25).
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3.9 Adipokine ELISA procedures

The enzym e-linked im m unosorbent assay (ELISA ) procedure (Figure 3.4) was used to test 

serum sam ples for adipokines, and w as perform ed by the study physician and exercise 

physiologist. A s obesity  and lipotoxicity are considered to be key features o f  T 2D M , adipose 

tissue derived cytokines were identified as candidate  biom arkers o f  interest to provide 

another avenue o f  investigation in an attem pt to identify possible contributory causes for the 

earlier onset o f  disease in the Y T2 group. Leptin and adiponectin  were selected as their 

function is thought to relate to satiety and insulin sensitivity respectively. Com m ercia lly  

available assay kits were used for the detection o f  adiponectin  (H um an A diponectin , DuoSet 

ELISA  D evelopm ent System, Cata logue N o. DY 1065, R & D  S Y S T E M S , M inneapolis) ,  and 

leptin (H um an Leptin, DuoSet ELISA  D evelopm ent System, Catalogue No. DY398, R& D  

S Y S T E M S , M inneapolis). The validity and reliability o f  ELISA results are dependent upon 

adherence to the correct experim ental technique, and so the m anufacturers kit instructions 

were strictly adhered to. Pipettes were calibrated in advance o f  use, and pipette technique  

was practised extensively in advance  o f  testing. The Capture  A ntibodies  for each o f  the 

proteins for detection were  reconstituted and diluted in phosphate  buffered saline to their 

respective w orking  concentrations, and added to coat each well o f  an EL ISA  m icroplate (96 

Well ELISA M icroplates with F-Bottom /ST , Crystal-Clear, PS, M IC R O L O N  600 High 

Binding, Catalogue no. 6 5 5 0 6 1G, G reiner  B io-One, Germ any). The plates were covered with 

adhesive plastic and incubated at room  tem perature  overnight. Between each step, the plates 

were decanted and w ashed  3 t im es with w ash buffer [a mild detergent com posed  o f  2 50 |iL  

Tween 0.05%, 50ml PBS(xlO ), 450m l deionised water per w ash  bottle] using a laboratory 

squirt bottle. All residual fluid was rem oved from the wells by b lotting  with paper towels.
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Figure 3.4. Adiponectin assay procedure.
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300nL  R e ag en t D ilu en t added to  each well

C over & in cu b a te  fo r 20 
m inu tes at ro o m  tem p era tu re  
P ro te c t fro m  ligh t

A non-reacting protein (Reagent Diluent: 1% bovine serum albumin, in PBS) w as added to 

block any uncoated plastic that w ould act as a potential nonspecific binding site within the 

w ell. The plates were incubated for 1 hour at room temperature, before the addition o f  either 

serum sam ples or Standard in triplicate. The Standard was diluted through a process o f  serial
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dilu tion  to form  a standard curve. The plates w ere covered  and incubated for 2 hours at room  

tem perature, b efore the addition o f  an en zym e-lin k ed  D etection  A ntibody. T his w as fo llo w ed  

by the addition o f  en zym e labelled  streptavidin and Substrate S olu tion , w hich  activated  the 

bound d etection  antibody, producing a co lou r ch an ge in proportion w ith  the con centration  o f  

the bound antigen. The co lou r ch ange d evelop m en t w as halted by the addition  o f  a Stop  

R eagent (sulphuric acid; H2SO 4 7 .7% ), b efore the optical d en sity  o f  the co lou r  w as  

determ ined  u sing a m icroplate reader (V ersaM ax, M olecu lar D ev ic es  LLC, U S A ). The 

standard curve w as used to ca lcu late the protein concentration  in each sam ple.

3.10 Metabolomics

M etabolom ic exam ination  o f  b lood  p lasm a w as perform ed in the laboratory o f  on e o f  the 

study collaborators: P rofessor C hris N ew gard  at D uke U niversity  M edical C entre (the  

D epartm ent o f  P harm acology and C ancer B io lo g y , D uk e U niversity , Durham , N orth  

C arolina, U S A ). The use o f  m etab o lom ic stud ies provided  the opportunity to look  for 

additional biom arkers contributing to lip otox ic  con d ition s, b eyond  the standard lip id s tested  

for as part o f  routine hospital based screen ing. M etab o lom ic exam in ation  w as perform ed  

using targeted tandem  m ass spectrom etry (M S /M S ) (Quattro M icro instrum ent) and gas  

chrom atography/m ass spectrom etry (G C /M S ) (T race D S Q  instrum ent. T herm o E lectron  

Corporation, T exas), to exam in e a series o f  fatty acids, acy lcarnitin es, and am in o  acids, 

w hich  had been id en tified  as candidate biom arkers correlating w ith  insulin  resistance ( 1 1 2 ). 

This testin g  procedure is con sid ered  reliab le w ith  co e ffic ie n ts  o f  variation in replicate a ssays  

o f  m ajor analytes o f  less than 15% (1 1 4 ). A m in o  acids and acylcarnitines w ere rem oved  by  

precipitation w ith m ethanol. For acylcarn itin es the supernatants w ere dried and esterified
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with hot acidic methanol, while for amino acids the supernatants were dried and esterified 

with hot n-butanol. Nonesterified free fatty acids were measured by methylating plasma 

samples with iodomethane and purifying using solid-phase extraction. Analysis was 

performed by capillary GC/MS. For the measurement o f  total fatty acid species, fatty 

residues from plasma samples were transesterified in a solution o f  4% w/v acetyl chloride in 

methanol, before analysing using GC/MS. Stable-isotope-dilution was used in each case, 

whereby stable-isotope internal standards were added to facilitate quantification, by pairing 

unknown metabolites with their labelled match (113).

3.11 M uscle biopsy

Muscle biopsies were taken from the distal aspect o f  the vastus lateralis muscle (Figure 3.5) 

(by the study physician, assisted by the exercise physiologist), so that intrinsic mitochondrial 

oxidative capacity could be examined, as impaired mitochondrial function is though to 

contribute to the lipotoxic conditions that lead to insulin resistance. A baseline comparison 

between groups, and the response o f  each group to lifestyle intervention was therefore of 

interest. The vastus lateralis muscle was chosen as the site for the biopsy as it is a large 

assessable muscle that can be easily exposed to exercise, with no major arteries or nerves 

running through it. Measurement o f  mitochondrial enzyme activity is often used to estimate 

mitochondrial capacity, but this is a surrogte appoximation only, while MRS can be used to 

reliably measure phosphocreatine recovery half-time as an index o f  mitochondrial capacity 

(85), but this technique cannot distinguish between resuhs that are influenced by 

mitochondrial density, or oxidative capacity per unit volume o f  mitochondria. The use of 

respirometry was therefore chosen as it is the gold standard technique and directly measures
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o x id a t iv e  ca p a c i ty  in iso la ted  m ito c h o n d r ia .  F u r th e rm o re  h ig h  re so lu t io n  r e sp i ro m e t ry  w a s  

used  to  e n su re  th a t  the  re l iab i l i ty  an d  va l id i ty  o f  th e  resu l ts  (233).

Figure 3 .5 . V astus lateralis m uscle .

S u b jec ts  fas ted  o v e rn ig h t  p r io r  to  the  p ro ce d u re .  S u b jec ts  w o re  sho r ts  to  p ro v id e  a c c e s s  to 

the  leg, the  ta rg e t  inc is ion  s ite w a s  iden tif ied ,  and  th e  a re a  w a s  sh a v ed  an d  c le a n e d  w ith  

iodine .  S ter i le  e q u ip m e n t  w a s  u sed  and  an  asep t ic  t e c h n iq u e  w a s  a d h e re d  to  th ro u g h o u t .  T h e  

b io p sy  w as  ta k en  u n d e r  local an aes the t ic  u s in g  5 -  7m l o f  1% w /v  L id o c a in e  (L id o c a in e  

H y d ro c h lo r id e ,  B ra u n  M e d ica l  Ltd., I re land) .  W h e n  th e  s i te  w a s  su f f ic ie n t ly  an a e s th e t i s e d ,  

an inc is ion  w a s  m a d e  w ith  a s ize  10 d isp o s a b le  sca lpe l  (S w a n n - M o r to n  Ltd., S h ef f ie ld ,  

E n g la n d )  a p p ro x im a te ly  0 .5 c m  in length . A  5 m m  x  1 2 0 m m  p e rc u ta n e o u s  b io p s y  n ee d le  

(P o p p e r  and  S ons ,  Inc., U S A )  (F ig u re  3 .6 ) ,  w a s  in se rted  th ro u g h  the  g u id e  inc is ion  an d  into 

the  m usc le .

Vastus
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Figure 3.6a and 3.6b:
3.6a. M uscle biopsy needle, featuring inner cutting cylinder. 3.6b. M uscle biopsy needle, featuring a close-up  
view  o f  the biopsy chamber. ______

a. b.

The inner cutting cylinder o f  the needle was drawn up several centimetres to open the biopsy 

chamber window. The surrounding muscle was compressed manually against the needle, and 

a 20ml syringe (BD Plastipak, Ireland) was attached to the suction port o f  the needle and 

used to generate a vacuum (Figure 3.7), to allow a larger muscle sample to be drawn into the 

chamber (213). While the suction was being applied, the inner cylinder o f  the needle was 

pushed down sharply to close the window and to cut the sample. The needle was rotated 

several degrees and the procedure was repeated to allow cutting from a different angle. 

Approximately lOOmg o f  muscle tissue was obtained on each occasion.
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Figure 3.7. B iopsy procedure, featuring attached syringe.

Afterwards, the surrounding skin was cleaned with sterile water, and the incision site was 

sealed with tw o Steri-Strips (6m m  x 38m m  Steri-Strips, 3M  Health Care, USA). This was 

covered with sterile gauze, w rapped in elastic crepe bandage (7.5cm x 4 .5m  bandage, 

Novalast. M idland Bandages Ltd, Ireland), and secured with a dressing clip, to reduce 

swelling. The biopsy needles were autoclaved after use. Biopsies taken at subsequent visits 

were taken as close to the original site as possible. The biopsy taken after the exercise 

intervention w as taken 48 hours after the last exercise session so that the acute effects o f  

exercise would  not be confused with the chronic effects o f  the intervention.

3.12 Preparation of mitochondria from muscle biopsy samples

Mitochondrial testing was conducted using fresh muscle  in a b iochem istry  laboratory offsite, 

and was perform ed by the study physician and exercise physiologist. The muscle  was placed
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in an ep pendorf  tube contain ing a chilled buffering isolation m edium  [lOOmM sucrose, 9m M  

ethylenediam inetetraacetic  acid (E D T A ), lOOmM Trizma, 46m M  KCl], packed in ice as it 

was transported, and tested w ith in  2 hours o f  acquisition, to ensure that any sample 

degradation w as kept to a m in im um  before processing. To exam ine intrinsic mitochondrial 

oxidative capacity, the m itochondria  w ere  isolated from the muscle  sam ple (Figure 3.8). The 

sample was placed on a glass tile that had been chilled with ice and that contained several 

drops o f  chilled isolation m edium  solution, containing 0 .5%  bovine serum album in (BSA) 

and 0 .02%  nagarse (bacterial proteinase. Type XXIV). The sam ple w as finely chopped with 

a scalpel blade and divided into tw o  ep p en d o rf  tubes, each contain ing 1ml o f  the above 

isolation m edium  solution, and placed in a fridge on a roller at 4°C for ten minutes. The 

samples were then spun in a centrifuge at 1,500 x g, at 4°C, for three m inutes, after which 

any BSA or fat that had accum ulated  at the top o f  the ep pendorf  tubes were rem oved with a 

spatula. The supernatant w as then rem oved  with a pipette, placed in two new  ep pendorf  tubes 

and stored on ice. The process w as repeated by adding 1ml o f  isolation m edium  solution to 

each o f  the rem ain ing  muscle  pellets. The pellets were disrupted using a vortex shaker and 

were refrigerated on a roller and centrifuged as before. The supernatant w as again removed 

and tw o additional ep pendorf  tubes  were filled. The rem ain ing  m uscle  pellets were 

discarded. The four ep p en d o rf  tubes were  centrifuged at 12,000 x g, at 4°C, for ten minutes. 

The supernatant w as discarded and the rem ain ing  m itochondrial pellets w ere  retained. The 

pellets were resuspended in 20 ^tls o f  isolation m edium  (without the addition o f  BSA or 

nagarse) and com bined  together. This solution was divided into tw o ep p en d o rf  tubes, each 

containing 1 ml o f  isolation m ed ium  that did not contain proteinase, and the solution was 

“w ashed” by re-centrifuging at 12,000 x g, at 4°C, for ten minutes, to rem ove any rem ain ing

78



nagarse, to maintain the integrity o f  the inner mitochondria membrane. The supernatant was 

discarded, and the mitochondrial pellets were resuspended in 20 fxls o f  isolation medium. 

The mitochondrial protein concentration o f  the sample was measured by comparison with the 

results o f  a standard curve generated from known concentrations o f  BSA.

Figure 3 .8 . M itochondrial iso la tion

Remaining muscle pellets Ascaided

IMiiscle Sample

Supernatant discarded

Refrigefatedat4° C x lOmin

isolation medium & BSA & nagarse

Centrifuged at l,500xg, at4'C, x3 min

Si.5)ernatantrecentniugedat 12,000xg 
at.4*^ xlOtnia

Remaining mitochondrial pellets resuspendedin20|jl 
of isolation medium.

3.13 Respirometry

High resolution respirometry was used to examine intrinsic mitochondrial function, using an 

Oxygraph-2k respirometer, (OROBOROS INSTRUMENTS, Austria) (85) (Figure 3.9). Prior 

to testing, both chambers o f  the respirometer were washed with 70% ethanol in triplicate, and
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then washed with deionised w ater in triplicate to increase the validity o f  the results by 

ensuring that there was no residual material in the analyser from previous tests, and to 

provide a standardized sterile environm ent for testing. After the deionised water was 

removed from the chambers, 2mls o f Oxygraph buffer (KHE assay medium: 120mM KCl, 

5mM Hepes, Im M  EGTA, 2mM Pi, 2mM  Mg 0.1% BSA) was added to each, and the 

system was calibrated using 100% oxygen.

Figure 3.9. Oxygraph-2k respirometer.
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The m itochondria were added (17fxl o f  m itochondrial supernatant) to both chambers (to 

facilitate testing in duplicate and to increase the reliability o f  the results) and allowed to 

stabilise for ten m inutes, for basal rates o f  oxygen consum ption to be recorded. This was 

followed by the addition o f  a series o f  different substrates and inhibitors, to examine various 

enzymatic pathways and different aspects o f oxidative phosphorylation (Figure 3.10). 

Twenty microlitres o f  pyruvate and m alate (lOm M ) were added and allowed to react for 15 

minutes. Pyruvate acted as the first substrate, and m alate (an intermediate o f  the tricarboxylic 

acid cycle) was added as it becomes dim inished by the process (99). Com plex II (succinate
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dehydrogenase) was inhibited by this preparation, a llowing oxygen flux through C om plex  I 

(N A D H  dehydrogenase) to be exam ined  (State 2 respiration). 20 |ils o f  Succinate (lO m M ) 

was added and allowed to react for 15 minutes. Succinate, another intermediate o f  the 

tricarboxylic acid cycle, was added to activate C om plex  II, a llow ing  both C om plex  1 and II 

to be exam ined (85). 2 (ils o f  Rotenone ( l ^ M )  was added and the solution was allowed to 

react for a further 15 minutes. Rotenone inhibited C om plex  I so that activity through 

C om plex  11 could be exam ined  independently  (234). 2 |ils o f  adenosine d iphosphate  (ADP) 

(lOfiM) was added, until the rate o f  oxygen consum ption  returned to the level it had been at 

prior to the addition o f  Rotenone. A further 2 )ils o f  A D P  (IOO|iM) w as then added and 

allowed to react for 10 minutes. This caused a sharp increase in oxygen flux, producing 

maxim al physiological respiration (State 3) (85, 99) (Figure 3.11). 1 |il o f  o ligom ycin 

( l | jg /m l)  was added and allowed to process for a further 10 minutes. O ligom ycin  inhibits 

ATP synthase, reducing oxygen consum ption, and dem onstrating  the degree to which A T P  

production was coupled with oxygen consum ption  (85). Finally 2 ^Is o f  Carbonyl cyanide-p- 

t r if luorom ethoxyphenylhydrazone (FCCP) (lOOnM) was added and recordings were m ade 

until no further increase in oxygen consum ption occurred. F C C P w as added as an uncoupling 

agent (85), uncoupling respiration from the limitations imposed by the process o f  

phosphorylation, and bringing about m axim al electron transport chain activity and a large 

unphysiological increase in oxygen flux. Som e study protocols induce State 3 respiration 

immediately, before the addition o f  other substrates, as State 3 and m axim ally  uncoupled 

respiration are the conditions o f  m ost interest (99), but the stimulation/inhibition protocol 

used in the current study allowed a m ore sensitive exam ination o f  the  individual enzym es o f  

the electron transport chain to take place, before m axim al stimulation was brought about
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(85). Oxygen consumption was calculated relative to the protein concentration o f  the sample 

(normalised per milligram o f  mitochondrial protein). During all procedures, testing was 

conducted at 37° to replicate in vivo conditions as closely as possible, and the substrates were 

used in saturating concentrations with oxygen levels kept elevated to ensure that these factors 

did not impose any limitations upon respiration.

Figure 3.10. R espirom etry  protocol.
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Figure 3.11. Oxygraph trace.
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3.14 E xercise in tervention

During the exercise intervention, subjects trained 4 times per w eek  for 3 m onths at an 

intensity corresponding  with 70%  o f  their V 0 2M ax , expending  625 kcal per session 

(-2500 kcal per week). Ail training sessions were supervised by the study exercise 

physiologist, and perform ed in an exercise laboratory in St. J a m e s ’s Hospital. A m in im um  o f  

two thirds o f  the training tim e per session was spent exercising on a stationary bicycle 

ergom eter  (Stratus System 3300 CE, Stair M aster  Sports / Medical Products, Inc. 

W ashington, USA ), and approxim ate ly  one third o f  the time w as spent exercising on a 

treadmill (Trotter, 645 CR, M assachusetts , USA). The em phasis  o f  the training was placed 

on cycling in an attem pt to specifically target the muscle  group involved in the biopsy (the 

quadriceps muscles), and as the V 0 2 m ax  test was bicycle based. The treadmill was used to
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break up the bicycle ergom eter  training w hile  continuing to provide an exercise stimulus o f  

the sam e intensity. The target cycling w ork load  and training heart rate were  obtained by 

extrapolation from graphed V 0 2 m ax  test data. To calculate the target treadmill speed in 

kilom etres per hour, the A m erican  College o f  Sports M ed ic ine ’s training form ula  was used 

(235):

|S peed ||O .I | + |S p eed ||P e rcen tag e  G ra d ie n t||1 .8 | = IVO2 (m l.kg '.m in  ' ) -  3 .5 ||0 .0597 |

The training tim e per session varied between subjects and was dependent on their absolute 

rate o f  energy expenditure. Energy expenditure  per minute was calculated for exercise at 

70%  o f  each ind iv idual’s V 02m ax , and was used to determ ine the time required to expend 

625kcal. Those with a higher VOimax exercised at a h igher absolute pow er output while 

exercising at 70%  V O jm ax , and expended  the 625kcal per session m ore quickly. The 

training time also incorporated and accounted for the energy expenditure  associated with a 5 

m inute  warm  up and a 5 m inute  cool dow n at approxim ate ly  50%  V 02m ax . Metabolic 

equations that estimate oxygen consum ption  during exercise can overestim ate  energy 

expenditure  (236), so it is m ore beneficial to use direct m easures o f  oxygen  consum ption  

w hen  they are available, to  reduce the degree o f  estimation and extrapolation. The formula 

used to calculate energy expenditure  w as a derivative o f  the W eir  equation (237) and 

incorporated the individualized oxygen consum ption  and carbon dioxide  production values 

corresponding with exercise at 70%  m ax im um  capacity, obtained during V 0 2 m a x  testing: 

kcal =  3.941 x O 2 (litres) + 1.106 x C O 2 (litres)
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O n the first day o f  training the validity o f  the calculated target work load and the associated 

rate o f  energy expenditure  were confirm ed by perform ing  a m easurem ent o f  steady-state 

oxygen consum ption and carbon dioxide production using the Innocor metabolic  analysis 

system as the subjects cycled w hile  w earing a heart rate monitor. After the subjects had been 

exercising for 15minutes, a 10 minute gas sam ple  was recorded and the corresponding  heart 

rate noted. The exercise load was then m anipulated  slightly if  necessary to ensure  that the 

rate o f  oxygen consum ption  was at 70%  V02max, and that the planned training tim e would  

yield the correct volum e o f  energy expenditure  (625kcal). Heart rate data w as monitored 

during subsequent training sessions.

In addition to the V 0 2 m ax  tests performed at baseline, betw een interventions and at the end 

o f  the study, two supplementary V 0 2 m ax tests were also performed during the exercise 

intervention: one at w eek  4, and another at week  8. The data these tests provided was used to 

formally adjust the exercise w orkload if  any tra in ing related im provem ents  in fitness 

occurred (238), to ensure that the training stim ulus rem ained optimal, and was m aintained at 

70% o f  a potentially ever increasing V 02m ax . If  there was an increase in V 0 2 m ax  and the 

training w orkload w as increased, and the trained time w as recalculated and reduced. There 

are a num ber  o f  factors that influence energy  expenditure  rate, including gender, age and 

weight, but for the m ost part, the majority  o f  these d ifferences can be accounted for by 

difference in FFM (239). High intensity exercise, such as that em ployed  in the current study 

is often associated with an increase in FFM  (186), and a reduction in fat mass, which would  

affect energy expenditure  rate, but by reassessing VOjmax and norm alizing to body weight, 

and by taking direct m easurem ents  o f  steady-state oxygen consum ption  during exercise,
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these variables were taken into account. Prior to the exercise intervention, the subjects were 

instructed to maintain an unchanged dietary intake throughout, and they were provided with 

food diaries to fill out every two weeks during the intervention. Subjects who were assigned 

to the exercise arm o f  the study first, were also instructed to return to their pre-study 

sedentary level o f  activity upon com pletion o f  the intervention and com m encem ent o f the 

dietary intervention.

3.15 Dietary intervention

During the 3 month dietary intervention, subjects were met every two weeks by the research 

dietician on the study, they were weighed and received nutritional advice to assist them to 

reduce their caloric intake by 357 kcal per day (-2500 kcal per week), to match the energy 

expenditure o f the exercise intervention. In order to create an energy deficit by applying a 

calorie restriction, daily calorie requirem ents were first established, using the Schofield 

equation (240) to estim ate basal metabolic rate (Table 3.1). Total energy requirem ents were 

calculated by multiplying estim ated BMR by a coefficient to take into account activity status 

(Table 3.2). Advice was sought from a research dietician, and a reduced calorie, low fat, high 

fibre diet was promoted am ong subjects, in w hich specific nutrient intake, food portion size 

and cooking methods were addressed. Meal plans were discussed with participants, based on 

individual food preferences. The subjects were provided with three-day food diaries (MRC 

Human Nutrition Research food diary, UK), which were to be com pleted once every two 

weeks, and to include details o f  nutrient intake on tw o m idweek days and one weekend day. 

The returned diaries were processed using dietary analysis software (W ISP, version 3, 

Tinuviel software. United Kingdom) (241), and the subjects were instructed based on the
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data generated. The subjects w ho were assigned to the dietary arm o f  the  study first were 

instructed not to change their  physical activity habits during the intervention, and to increase 

their nutritional intake back to the pre-study level at the tim e o f  transition to the exercise 

intervention.

Table 3.1. BMR (kcal) equations. Schofield  WN. Hum Nutr C lin Nutr 1985: 39: SuppI I: 5 -4 1  (240).

Age Male Female
1 8 - 2 9  years 15.1 X W eight (kg) + 692 14.8 X W eight (kg) + 487
30 - 59 years 11.5 X W eight (kg) + 873 8.3 X W eight (kg) + 846

Table 3.2. Activity coefficients. Schofield  H'X. Hum Nutr d i n  Nutr. 1985: 39: SuppI I: 5 -4 1  (240).

Activity Status Male Female
Sedentary 1.3 1.25
Lightly active 1.6 1.5
M oderately active 1.7 1.6
Very active 2.1 1.9

3.16 Statistical analysis

Statistical analysis was performed by the author, using SPSS statistical software (version 16). 

The data are expressed as M ean ± the Standard Error o f  the M ean  (SEM ). A Shapiro-W ilk 

test was used to test data set distribution, with values greater than 0.05 confirm ing the null 

hypothesis that the data  cam e from a norm ally  distributed population. Differences between 

groups were com pared using unpaired /-tests for norm ally  distributed data and M a n n -  

W hitney U tests for nonparam etric  data. To exam ine  the effect o f  the intervention, and the 

interaction o f  age with intervention, a tw o-w ay  repeated m easures  analysis o f  variance 

(A N O V A ) was used, with time used as the w ith in-subject factor (including 2 levels: pre and 

post intervention data), and age (or group) used as the be tw een-subject factor. To exam ine 

the effect o f  the intervention in each group independently , paired /-tests were  used for 

normally distributed data and W ilcoxon signed rank tests for nonparam etric  data.
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Correlations were perform ed using Pearson and Spearman tests for norm ally distributed and 

nonparam etric data respectively. Statistical significance was set at / 7<0 .05 .
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Chapter Four:

Experiment 1: Early-Onset T2DM: Physical Characteristics and 
Anthropometric Adaptation to Lifestyle Intervention.
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4.1 Introduction

The prevalence o f  early-onset T 2D M  is increasing as is the prevalence o f  obesity. W hile it 

has been suggested that early-onset T 2D M  m ay be a unique phenom enon  and different from 

the more usual later presentation o f  T 2D M , som e obvious anthropom etric  differences existed 

between groups in previous studies which could partly explain these differences and the 

earlier onset o f  disease in the younger group, e.g. d ifferences in waist circumference. 

Similarly, it has been reported that patients with early-onset T 2D M  are not as responsive to 

lifestyle intervention and do not dem onstrate  the w eight loss that w ould  be expected. It is not 

clear w hether this lack o f  adaptation represents metabolic  deficiency, suboptimal lifestyle 

intervention protocols, a lack o f  adherence, o r  a com bination  o f  these factors.

4.2 Aims

The aim o f  this experim ent was to com pare  anthropom etric  m easurem ents  betw een patients 

with early-onset T2D M  (Y T2) and later-onset T 2D M  (OT2), and to exam ine the effect o f  a 6 

month crossover lifestyle intervention, including a separate 3 m onth  dietary intervention and 

a 3 m onth supervised, progressive exercise intervention. Additional objectives were to 

exam ine the effect o f  the intervention sequence, and to determ ine which individual 

intervention w as m ost beneficial.
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4.3 Results

4.3.1 Baseline

A total o f seventy-three subjects were screened from diabetes clinics in St. James’s Hospital 

for inclusion in the study, o f which ten subjects were excluded: 3 were found to have TIDM , 

1 had polycystic ovary syndrome, and 6 did not meet the age requirement. The remaining 

sixty-three subjects with T2DM were recruited for baseline examination: 23 YT2 and 40 

OT2 subjects (Table 4.1). In the YT2 group, 26% of the subjects were female, while in the 

0T 2 group 24% of the subjects were female. There were no significant differences in body 

weight. BMI, body fat percentage, fat mass or FFM between groups at baseline (Table 4.1). 

Although there was no significant difference in waist or hip circumference between groups, 

the YT2 group had a slightly lower WHR than the OT2 group (0.98±0.01 vs 1.02±0.01, 

p=0.002). An additional 30 obese control subjects were recruited for baseline examination: 

14 YOb and 16 0 0 b  subjects. There was no significant difference in age between the YT2 

and the YOb group (27.9±0.9 vs 24.7±1.5 years, /?=ns), or between the 0T 2  and the OOb 

group (57.2±1.2 vs 54.5±1.5 years,/?=ns). There was no significant difference between the 

BMI of the YOb (36.7±1.5) or the OOb group (33.4±0.9), when compared with the T2D1V1 

groups. Similarly, the T2DM subjects did not have a greater body fat percentage than the 

non-T2DM subjects.
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Table 4.1. Baseline anthropometric data. BMI: body mass index, FFM: fat free mass, WFIR: waist to hip ratio, 
NS = non-significant. Data expressed as Mean (Standard Error o f  Mean).

YT2 OT2
YT2 V 
OT2

N 23 40
M : F 17 : 6 31 : 9
Age 27.9 (0.9) 57.2 (1.2) 0.01
Height (cm) 174.9(2.4) 168.2(2.1) 0.04
Weight (kg) 110.2 (5.0) 102.4(2.4) NS
BMI (kg/m2) 36.3 (1.9) 36.9(1.5) NS
Body fat % 36.1 (2.1) 37.9(1.1) NS
Fat Mass (kg) 41.1 (4.0) 38.7(1.6) NS
FFM (kg) 68.7(2.5) 63.1 (1.7) NS
Waist (cm) 113.7(3.4) 114.8(1.6) NS
Hip (cm) 114.9(3.0) 112.8(1.5) NS
W HR (cm) 0 .98(0 .0 !) 1.02 (0.01) 0.002

There was no difference in daily energy intake between the T2DM  groups at baseline (Table 

4.2). The nutrient proportion o f total energy intake for the YT2 group was 45.4±1.6%  

carbohydrate, 38.7±1.6% fat. and 15.9±0.8% protein, and for the OT2 group was 41.9±1.4%  

carbohydrate, 40.4±1.2%  fat and 17.7±0.5% protein, with no difference between groups. In 

both cases this is a lower carbohydrate, and a higher fat intake than the recommended 

proportions (55% carbohydrate, 30% fat and 15% protein). W hile this is likely to merely 

reflect an unhealthy diet, there is the possibility that these patients were trying to adhere to a 

previously prescribed diabetes diet, reducing their carbohydrate intake in an attem pt to 

control their blood glucose concentration. There were also no differences in saturated fat, 

m onounsaturated fat. polyunsaturated fat, cholesterol, sugar, starch, or fibre intake between 

groups. There was no significant difference between the calorie intake or proportion o f 

nutrient intake between the T2DM subjects and the non-T2D M  subjects.
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Table 4.2. Baseline nutrient intake. Total energy intake, Carbohydrate. Fat and Protein intake. NS = non- 
significant. Data expressed as M ean (Standard Error o f  Mean).________

YT2 (n = 23) OT2 (n = 40)
YT2 V 

OT2
Calories (kcal/day) 2256.7 (221.3) 2371.8 (167.2) NS
Carbs (g/day) 256.3 (24.4) 238.3 (16.1) NS
Fat (g/day) 101.0(13.4) 101.6 (6.3) NS
Protein (g/day) 86.6 (6.9) 99.9(5 .6) NS

4.3.2 Six month effect o f  combined interventions

O f the 63 T2DM subjects recruited for the study, 2! either agreed only to participate in 

baseline examination or dropped out after baseline testing (5 YT2 and 16 0T 2), 5 dropped 

out during the first intervention (4 YT2 and 1 0T 2),  8 dropped out upon completion o f  the 

first intervention (4 YT2 and 4 0T 2),  and 4 dropped out during the second intervention (4 

OT2). There were no anthropometric differences between those who dropped out and those 

who completed the intervention. The remaining 25 subjects completed both the exercise and 

dietary intervention over a 6 month period: 10 YT2 and 15 OT2 subjects. One o f  the 

objectives o f  the lifestyle intervention was to examine the priming effect o f  intervention 

sequence, to determine if exercise followed by diet (ED) or diet followed by exercise (DE) 

was more effective. This complex design created multiple subgroups reducing the power of 

the resultant ANOVA analysis, which did not show any significant differences between 

groups. To explore the results further, all individual pre-post intervention subgroup results 

were analysed using paired /-tests, or the nonparametric equivalent where appropriate (Table 

4.3). Four YT2 and 8 0 T 2  subjects completed the 6 month intervention, participating in the 

exercise intervention prior to the dietary intervention, while another 6 YT2 and 7 OT2 

subjects completed the dietary intervention prior to the exercise intervention.
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Table 4.3. Anthropometric data pre and post 6 month intervention, incorporating intervention sequence. ED: 
Exercise intervention perlbrmed before dietary intervention. DE: Dietary intervention performed before 
exercise intervention. Data expressed as Mean (Standard Error o f  Mean). Significantly different from baseline

values (within group): P<0.05 .

YT2 OT2

ED DE ED DE

N 4 6 8 7

Pre Post Pre Post Pre Post Pre Post

100.7 96.8 131.8 126.3* 97.1 93.6* 102.5 96.8*
W eight (kg) (7.6) (6.4) (12.3) (12.3) (4.7) (4.9) (6.7) (7.8)

30.7 29.6 42.5 40.7* 31.8 30.6* 36.7 34.6*
BMI (kg/m2) (1.8) (1.7) (4.9) (4.9) (1.7) (1.5) (1.9) (2.3)

29.3 27.3 41.9 40.4 35.1 33.7 43.3 41.5
Body Fat % (2.6) (2.5) (3.8) (4.2) (3.3) (3.3) (2.2) (2.8)

30.0 26.6 58.5 54.6 34.6 32.1* 44.7 41.0
Fat Mass (kg) (4.3) (3.6) (10.9) (10.6) (4.1) (4.1) (4.8) (5.6)

70.7 70.1 75.8 74.5 62.4 61.5 57.8 55.9
FFM (kg) (3.8) (4.2) (3.9) (4.3) (3.1) (3.1) (3.1) (3.5)

108.3 100.3 119.4 115.0* 108.8 105.4* 117.0 109.3*
W aist (cm) (5.2) (4.7) (7.3) (7.0) (3.4) (3.4) (3.3) (5.3)

112.0 107.4 120.3 118.1 110.1 107.6* 115.7 111.6*
Hip (cm) (3.2) (2.2) (6.4) (7.3) (3.2) (3.0) (4.9) (4.6)

0.97 0.93 0.99 0.97 0.99 0.98 1.02 0.98
W H R (cm ) (0.03) (0.03) (0.02) (0.02) (0.02) (0.02) (0.03) (0.03)

The 0 T 2  group obtained health benefits from the 6 month intervention irrespective o f  the 

sequencing o f  the diet and exercise interventions, with a reduction in weight, BMI and waist 

circumference in each case (Table 4 .3). There w as a similar reduction in mean fat mass in 

each 0 T 2  group, but this only reached statistical significance when the exercise intervention 

was performed first (-2 .5±0.8kg, />=0.01). There were no significant changes in the YT2  

group when the exercise intervention was performed prior to the dietary intervention, but 

when the dietary intervention was performed first, there w as a significant reduction in weight
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(-5.5±1.6kg,/?=0.02), BMI (-1.77±0.5kg.m‘̂ ,p=0.02), and waist circumference (-4 .4± l. lcm , 

p=0.008) (Table 4.3). However, it is acknowledged that the small number o f  YT2 subjects 

that completed the exercise intervention prior to the diet reduces the power o f  this sub­

analysis.

Because o f  the small number o f  subjects in each subgroup, the data was also examined in a 

number o f  different ways to facilitate greater understanding o f  the effect o f  the intervention, 

including an examination o f  the combined 6 month intervention data without regard to the 

sequence o f  the sub-interventions, to increase the number o f  subjects per group (Table 4.4). 

When examined in this manner, there was no difference in weight. BMI, fat mass, waist 

circumference, or WHR between groups at baseline. After the intervention, there was a 

significant reduction in fat mass in the OT2 group only (-3. l±0.9kg. p=0.006). There was a 

similar reduction in mean fat mass in the YT2 group but this did not reach statistical 

significance. However, the YT2 group did respond to the intervention with a significant 

reduction in weight (-4.8±1.4kg, /?=0.007), BMI (-1.6±0.4kg.m'^, />=0.007), and waist 

circumference (-6.0±2.0cm, /?=0.02).
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Table 4.4. Anthropometric data pre and post 6 month intervention, irrespective o f  sequence. Data expressed as

Mean (Standard Error o f  Mean). Significantly different from baseline values (within group); P<0.05 . 

Significantly different from YT2 at baseline (between groups): / ’<0.05 t .

YT2 OT2
N 10 15
M : F 9 : 1 10 : 5

Age 28.6(1.2) 5 4 .8 (1 .2 ) t
Height (cm) 178.6(2.6) 171.2 (2.6)

Pre Post Pre Post

Weight (kg) 119.3(9.2) 114.5(8.9)* 99.6 (3.9) 95.1 (4.3)*

BMI (kg/m2) 37.8(3.5) 36.2 (3.4)* 34.1 (1.4) 32 .5(1 .4)*

Body Fat % 36.3 (2.6) 34.6 (4.8) 38.9(2.3) 37 .4(2 .4)*

Fat Mass (kg) 45.8(7.8) 42.3 (7.6) 39.3(3.3) 36 .2(3 .5)*

FFM (kg) 73.5(2.7) 72.6 (3.0) 60.3 (2 .2 ) t 58.9 (2.4)*

Waist (cm) 114.4(4.8) 108.4(4.9)* 112.6(2.5) 107.2(3.0)*

Hip (cm) 116.6(3.9) 113.3(4.4) 112.7(2.9) 109.5(2.6)*

W HR (cm) 0.98 (0.02) 0 .96(0 .02)* 1.00(0.02) 0.98 (0.02)

4.3.3 Exercise intervention

A nother o f  the study objectives was to exam ine  the exercise and dietary interventions 

separately to determ ine the independent benefits o f  each. The exercise intervention was 

therefore exam ined in isolation to establish its individual contribution. In addition to the 

subjects described above w ho com pleted  the 6 m onth intervention, one additional O T2 

subject com pleted  the exercise intervention w ithout com ple ting  the diet. Therefore  26 

subjects com pleted  the exercise intervention: 10 YT2 and 16 0 T 2  subjects. The participating 

groups had a similar weight, B M l, body fat percentage, fat mass, waist c ircum ference, and 

W H R  at baseline. There was no change in self-reported dietary habits in either group 

throughout the exercise intervention. The attendance rate at supervised exercise training 

sessions for those who com pleted  the intervention w as 87 .9±3.7%  for the Y T2 group, and
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95.8±1.7%  for the 0 T 2  group, with no significant difference between groups. Mean initial 

training time per session was 67±2.4 minutes.

After the exercise intervention, there was a reduction in mean body w eight and BMl in each 

T2DM group, but this did not reach statistical significance in the YT2 group (Table 4.5). 

However, the YT2 subjects obtained a significant reduction in body fat percentage (- 

2.0±0.7% ,/7=0.02), fat mass (-2.6±0.9kg, /?=0.02), w aist circum ference (-4.2±1.5cm ,/?=0.02) 

and W HR (from 0.99±0.02 to 0.96±0.02,/>=0.02). The cohort examined included both those 

who had com pleted the exercise intervention as their first or second intervention, but there 

was no additional priming effect from preceding the exercise intervention with diet.

Table 4.5. Anthropom etric data pre and post exercise intervention. Data expressed as Mean (Standard Error o f

Mean). Significantly different from baseline values (within group): P<0.05 . Significantly different from YT2

at baseline (between groups): P<0.05 t .

Y T 2(n  = 10) O T 2 (n  = 16)

Pre Post Pre Post

Weight (kg) 116.8(8.7) 115.2 (8.8) 99.0 (4.0) 97.7 (4.2)*

BMI (kg/m2) 37.0 (3.4) 36.5(3 .4) 33.9(1 .4) 33.4 (1.4)*

Body Fat % 35.4 (2.9) 33 .4 (3 .2 )* 38.1 (2.2) 36.5 (2.3)*

Fat Mass (kg) 43.4 (6.6) 40.8 (6.9)* 38.3(3 .2) 36.1 (3.2)*

FFM (kg) 73.4(2.8) 74.4 (2.6) 60.7(2.5) t 61.6(2.8)

Waist (cm) 113.6(5.0) 109.4(4.6)* 111.3 (3.0) 109.3 (2.9)*

Hip (cm) 114.8(3.9) 114.3(4.2) 111.8(2.7) 111.3(2.5)

W HR (cm) 0.99 (0.02) 0.96 (0.02)* 1.0 (0.02) 0.98 (0.02)
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4.3.4 Dietary intervention

In addition to the 25 subjects who com pleted the entire 6 month intervention, an additional 4 

YT2 and 7 OT2 subjects completed the dietary intervention w ithout com pleting the exercise 

intervention, bringing the total num ber o f  subjects who com pleted the dietary intervention to 

36: 14 YT2 and 22 0 T 2  subjects. The participating groups had a sim ilar body weight, BM l, 

body fat percentage, fat mass, waist circum ference, WHR and nutrient intake at baseline.

During the dietary intervention, there was a significant reduction in self-reported daily 

energy intake (YT2: -812.0±258.3kcal,/?=0.01, and 0 T 2 : -742.5±167.6kca], p=0.001), and a 

reduction in carbohydrate (YT2: -102.1±26.4g,/?=0.03, and 0 T 2 : -56.1±15.2g,/?=0.001), fat 

(YT2: -39.4±17.2g,/7=0.03, and OT2: -38.2±7.2g, /?=0.001) and protein (YT2: -17.9±7.6g, 

/7=0.04, and 0T 2 : -20.4±5.5g,/?=0.001) intake in both groups, with no significant differences 

between groups (Table 4.6).

Table 4.6. N utrien t intake pre and post d ietary  inlerv'ention. D ata expressed  as M ean (S tandard  E rror o f  M ean).

%
Significantly  d ifferen t from baseline  values (w ith in  group): / ’<0.05 . S ign ifican tly  d ifferen t from  Y T 2 at 

baseline  (betw een groups): P<0.05  f .

YT2 (n = 14) O T 2 in  =  2 2 )

Pre Post Pre Post

Calories (kcal/day) 2340.7  (267.2) 1 5 2 8 .7 (1 7 3 .8 )* 2408.6  (181.4) 1666.1 (6 5 .4 )*

C arbs (g/day) 277.9 (30.5) 175.8 (20 .7) * 240.4 (17.6) 1 8 4 .4 (8 .1 )*

Fat (s /day) 1 03 .5 (16 .7 ) 64.1 (8 .1 )* 1 0 2 .4 (6 .8 ) 64.2 (3 .1)*

Protein (g /day) 8 5 .3 (6 .9 ) 6 7 .4 (7 .8 ) * 101.4 (6 .0) 81.0 (2 .6 )*

After the intervention, a sim ilar significant reduction in body weight was observed in the 

YT2 (-2.5± 1.0kg, /7=0.03) and the 0 T 2  (-2.9±0.5kg, p=0 .001) groups, but with no significant 

fat loss in either group (Table 4.7). There was a significant reduction in waist circum ference
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in the OT2 group (-3.3± 1.0cm, />=0.001), but the reduction in the YT2 group did not reach 

statistical significance. The reduction in waist circumference in the 0T 2 group coincided 

with a reduction in FFM (-1.6±0.5kg, /7=0.006). There was no priming benefit associated 

with preceding the dietary intervention with exercise. Instead, in both groups there was a 

reduction in FFM (YT2: -2.8±0.7kg, p=0.03, 0T2: -2.4±0.8kg, />=0.02) after the dietary 

intervention, when it was performed as the second intervention after exercise.

T able  4.7. A nthropom etric  data pre and post d ietary  in tervention . D ata  expressed  as M ean (S tandard  Error o f

♦
M ean). S ignificantly  d ifferen t from  baseline  va lues (w ith in  group): / ‘<0.05 . S ignificantly  d ifferen t from YT2

at baseline (betw een  groups): P<0.05 t-
^ T 2 ( n =  14) O T 2 (n  = 22)

Pre Post Pre Post

Weight (kg) 113.0(7.0) 110.6 (6.7)* 101.2 (3.2) 98.3 (3.2)*

BMI (kg/m2) 35.8(2.7) 35.0 (2.6)* 34.8(1.0) 33.8 (1.0)*

Body Fat % 32.6(3.2) 32.9(3.1) 38.8 (1.8) 38.5(1.7)
Fat Mass (kg) 40.2 (7.1) 39.4(6.6) 39.7(2.5) 38.4 (2.6)

FFM (kg) 75.3(2.5) 73.3 (2.7) 61 .5 (1 .9 ) t 59.9 (1.8)*

Waist (cm) 109.8 (4.4) 107.7 (4.7) 113.4(2.1) 110.1 (2.4)*

Hip (cm) 113.8(3.4) 111.7(3.3) 113.0(2.1) 111.3 (2.1)*

W HR( cm ) 0.96 (0.01) 0.96 (0.02) 1.01 (0.02) 0.99(0.01)

4.5 Discussion

The main finding o f this experiment was the observation that the YT2 group responded to 

lifestyle intervention. The YT2 group had a significant reduction in waist circumference after 

the 6 month intervention, and after the exercise intervention they had a similar degree of 

adaptation to the OT2 group, with a significant reduction in fat mass and waist 

circumference, in contrast to previous findings in a similar patient group studied at our centre 

(25). In that study it was found that the subjects with early-onset T2DM failed to show any 

weight loss or improvements in insulin sensitivity after 12 weeks o f supervised exercise at
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70%  V 0 2 m a x . There are im portant d ifferen ces b etw een  the intervention  protocol in that 

study and in the current study in relation to training vo lu m e. In the other study, the vo lu m e o f  

exerc ise  m ay have been in su ffic ien t to bring about d etectab le p h y sio lo g ica l adaptation, g iven  

the low  absolute training in tensity  becau se o f  the low  aerobic cap acity  o f  the subjects. Each  

subject exerc ised  for 1 hour at 70%  V 0 2 m a x , but th ose  w ith  the low est V 0 2 m a x  w ould  

therefore have perform ed a sm aller absolute v o lu m e o f  exerc ise . In the current study, the 

vo lu m e o f  exerc ise  per training session  w as con trolled  and kept constant (625k ca l per 

se ssio n ), w ith the training tim e adjusted on an individual b asis, based on V 0 2 m ax.

A lthough  the Y T 2 group responded to lifesty le  in tervention , there are trends in the data to 

su ggest that the 0 T 2  group m ay be better responders to lifesty le  in tervention , as they w ere  

the on ly  group to obtain a sign ifican t reduction in fat m ass after the 6 m onth intervention, 

and a reduction in w aist circum ference after the dietary intervention . T he m ean ch an ges in 

fat m ass and w aist circum ference after the 6 m onth in tervention  and the dietary intervention  

resp ectively , w ere sim ilar in both groups, but did not reach statistical s ig n ifica n ce  in the Y T 2  

group. T h ese trends are in line w ith  p reviously  reported ob servation s, but it is ack n ow led ged  

that a larger sam ple s ize  m ay have negated this trend.

B ecau se o f  the dropout rate, and the resultant num ber o f  subjects in each  group that w ere  

created by form ing further subgroups, it w as d ifficu lt to ascertain  the true prim ing e ffec t o f  

the intervention sequ en ce. There w as a tend tow ards increased  6 m onth b enefit am on g  the  

Y T 2 subjects w h o  perform ed the dietary intervention prior to the ex erc ise  intervention, but 

the an alysis is lim ited  by the sam ple s iz e  in the group w h o  perform ed the exerc ise
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intervention first. In addition to exam in ing  the 6 m onth  effect o f  intervention sequence, the 3 

m onth  effect o f  a single intervention was also studied, both w hen it was perform ed as the 

first intervention and also w hen  it was perform ed as the second intervention. During the 3 

m onth exercise intervention, there was no additional prim ing  benefit associated with 

preceding the intervention with diet. It could have been hypothesized that the reduction in 

adiposity  associated with w eight loss during the dietary intervention, could have carried over 

during the exercise intervention, facilitating increased oxidative capacity  and w eight loss. 

H owever, there was no statistically significant fat loss during  the dietary intervention which 

could have countered this. It could also have been hypothesized that having taken part in the 

dietary intervention for 3 months, that subjects m ight have not com plete ly  returned to their 

pre-intervention calorie intake during  the exercise intervention, leading to additional weight 

loss. However, food diaries were carefully m aintained th roughout and there was no evidence 

to suggest a d ifference betw een baseline calorie intake, and calorie intake during the exercise 

intervention. Similarly, during the 3 m onth dietary intervention, there  was no prim ing benefit 

associated with preceding the intervention with exercise. Instead o f  a reduction in fat mass, 

there was a reduction in FFM  in both groups after the dietary  intervention, when it was 

perform ed as the second intervention. The reduction in FFM  w as not merely a reduction back 

towards baseline after an increase during the exercise intervention, as there w as no 

significant change as a result o f  exercise training. A diet induced reduction in FFM  has 

negative consequences as it reduces basal metabolic  rate (243), reducing total daily energy 

expenditure, which w ould  h inder further w eight loss. It has previously  been dem onstrated  

that as m uch  as 15% o f  diet induced w eight loss can be com posed  o f  FFM  (185). The  lack o f  

reduction in fat m ass during the dietary intervention m ay represent a form o f  inappropriate
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substrate selection for oxidation, o r  “metabolic  inflexibility” , which has been show n to be a 

feature o f  insulin resistance (29).

Fat loss after the exercise intervention was less than anticipated, suggesting that the 

participants did not remain calorie neutral th roughou t as they  reported, o r  that they reduced 

the rest o f  their total daily physical activity. It has been noted that during exercise 

interventions, that general physical activity levels outside o f  the program m e can reduce 

initially because o f  fatigue, but that it can increase above starting levels as fitness is 

increased (244). It was not suspected that there was any additional increase in total daily 

physical activity levels in the current study however, as w eight loss was well below what had 

been predicted. During the dietary intervention, there was a significant reduction in self- 

reported daily calorie intake in both the Y T2 and the O T2 groups, but in both cases the 

weight lost was less than the predicted 3.9kg, based on the associated 12 week target energy 

deficit o f  2500kcal/week. Better com pliance  with the diet w ould  have been expected as the 

calorie restriction in question  was not severe. G iven  the reported reduction in daily calorie 

intake during the dietary intervention, the associated weight loss should have been 8.8kg in 

the Y T2 group and 8.1kg in the 0 T 2  group after 12 weeks, highlighting the underestim ation 

o f  calorie intake by subjects, and the overestim ation o f  the calorie deficit they generate. It 

has been similarly observed previously that obese patients, and particularly patients with 

T2D M , under-report their  daily calorie intake (178, 179). G iven  the lack o f  fat loss as a result 

o f  the dietary intervention, the exercise intervention appears to have been associated with 

greater health benefit.
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W eight is the main variable used in clinical settings to m onitor  changes in patient 

anthropom etric  profile. These study results highlight the im portance o f  using additional 

m easures, as there was a reduction in body w eight and BMI in both groups after the dietary 

intervention, but this w as not accom panied  by a significant reduction in fat mass. Similarly, 

there was no significant reduction in w eight or BMI in the Y T2 group after the exercise 

intervention, but there was a reduction in fat m ass and waist c ircumference. Furthermore, 

after the 6 m onth  intervention, there w as a reduction in waist c ircum ference  in the YT2 

group, and despite no significant reduction in fat mass, the results suggest a healthier 

redistribution o f  adipose tissue which w ould o therwise have been undetected if  body weight 

were to have been the only outcom e m easure used.

4.6 Conclusion

It has been suggested by other authors that early-onset T 2D M  has a more aggressive 

pathogenesis  and unique characteristics different to that o f  later-onset T 2D M  (16). The 

current experim ent dem onstra ted  that both groups o f  subjects were  equally  obese at baseline, 

and had a high proportional fat intake, with no notew orthy anthropom etric  differences 

between groups. Interestingly, the Y T2 group responded to lifestyle intervention, especially 

exercise intervention, contrary to  previous findings.
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Chapter Five:

Experiment 2: Whole Body and Cellular Aerobic Capacity in Early-Onset
T2DM.

105



K

: r  ^
' . I .  ' • , '  ' • ■' ' i  ' .

-  i"

106



5.1 Introduction

Mitochondrial dysfunction is thought to contribute to the pathogenesis  o f  both insulin 

resistance and T 2D M . The concept o f  lipotoxicty has been implicated in this process, 

w hereby lipid intermediates accum ulate  and interfere with the insulin signalling cascade, 

because o f  excessive lipid ingestion and / or because o f  impaired mitochondrial function and 

inadequate lipid oxidation and disposal. Patients with T 2D M  have been shown to have low 

levels o f  whole  body oxidative capacity and aerobic fitness, and it has been dem onstrated  

that patients with early-onset T 2D M  have a blunted V 0 2 m a x  response to exercise. It has also 

been previously show n that patients with T2D M  have reduced intrinsic m itochondrial 

oxidative capacity, and that patients with early-onset T 2D M  have abnorm alities  in som e 

mitochondrial responses to aerobic exercise when com pared  to BM l matched obese n o n ­

diabetic subjects, but it remains to be seen w hether  impaired mitochondrial function 

contributes to differences between early and later-onset T2D M .

5.2 Aims

The aim o f  this experim ent was to com pare  w hole  body and cellular oxidative capacity 

(VOomax and intrinsic m itochondrial function respectively), between patients with early- 

onset T 2D M  and later-onset T2D M . A further objective w as to exam ine  adaptations in these 

parameters in response to lifestyle intervention.
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5.3 Results

5.3.1 W hole Body O xidative Capacity

5.3 .1 .1  B aselin e

T h ese results are based on the sam e cohort described  in Chapter 4. A t baseline, the O T 2  

group had a low er m axim um  heart rate than the Y T 2  group, but there w as no d ifferen ce in 

d aily  p h ysica l activ ity  lev e l, V 0 2 m ax, m axim um  ex erc ise  load, respiratory exch an ge ratio 

(R E R ) at V 0 2 m a x , or anaerobic threshold  b etw een  groups (T able 5 .1 ). A m on g  the non- 

T 2D M  subjects, V 0 2 m a x  w as sign ifican tly  h igher in the Y O b group than in the O O b, w ith  a 

23.6%  d ifferen ce b etw een  groups (/7=0.02). There w ere no d ifferen ces in V 0 2 m a x , b aseline  

physical activ ity  lev e ls , or anaerobic threshold b etw een  the T 2D M  su bjects w ho com p leted  

b aselin e stud ies on ly , th ose  w h o  com p leted  the life sty le  in tervention , and those w h o  dropped  

out. In the entire cohort, d aily  physica l activ ity  level (IP A Q , M E T -m in u tes/w eek ) w as  

n egatively  correlated w ith  w aist circum ference (;*=-0.44, p = 0 .0 1 )  and fat m ass ( /= -0 .4 8 ,  

/?= 0 .002), but there w as no correlation w ith  V 0 2 m ax.

Table 5.1. Baseline V 02m ax related data. IPAQ = international Physical, RER: respiratory exchange ratio, AT: 
anaerobic threshold, NS = non-significant. Data expressed as Mean (Standard Error o f  M ean).

YT2 (n = 23) OT2 (n = 40)
YT2 V 

OT2
IPAQ (M ET-min/wk) 1504.1 (569) 1682.9(616) NS
V 0 2m a x  (ml/kg/min) 23.8(1.3) 21.9(1 .1) NS
HRmax (bpm) 179.6(3.1) 163.7(3.3) 0.001
Load Max (Watts) 136.3 (9.1) 119.3 (7.3) NS
RER at Max 1.14(0.01) 1.18(0.02) NS
V 0 2  at AT (ml/kg/min) 17.9(1.1) 17.6(1.0) NS
AT as a % of  V 0 2 m a x  ml/kg/min (%) 75.8 (2.4) 80.9(1,6) NS
Load at AT 105.6(8.8) 95.8 (6.2) NS
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5.3 .1 .2  Six month effect o f  com bined interventions

A m ong those w ho com pleted the 6 month intervention, there was no difference in V 02m ax  

or anaerobic threshold between the YT2 and 0 T 2  groups at baseline. After the 6 month 

intervention, the YT2 group responded with a significant increase in V 02m ax (l.min ') 

(+15.2±4.2% , p = 0.006), as did the 0 T 2  group (+9.8±2.2% , /7=0.001), with no significant 

difference between groups (Table 5.2). W hile there was also an increase in the cycling load 

at V 0 2 max, and the load at anaerobic threshold in both groups, interestingly there w as also a 

reduction in the percentage o f  V 02m ax at which anaerobic threshold occurred in the YT2 

group (-8.9±2.7% , p=0.Q2).

Table 5.2. V02ir\ax relaled data pre and posl 6 nionih inlerveniion, irrespeclive o f sequence. Dala expressed as

Mean (Standard Error o f Mean). Significantly different from baseline values (within group): P<0.05 .

Significantly different from YT2 at baseline (between groups): P<0.05 f .

Y T 2 ( n =  10) O T 2 ( n =  15)

Pre Post Pre Post

VOlm ax  (l/min) 2.77 (0.1) 3.19(0.1)* 2.15(0.1) 2.36 (0.1)*

HRmax (bpm) 182.0(5.9) 169.9(5.6)* 166.0 (2 .8) t 157.8(5.3)

Load Max (Watts) 145.6(11,1) 198.3(13.5)* 121.4 (9.8) t 145.6(10.2)*

V 0 2  at AT (L/min) 2.26 (0.1) 2.35(0.2) 1.82 (0.2) 1.97(0.2)
AT as a % of  
V0 2m a x  L/min (%) 83.8(3.1) 74.9(3.5)* 83.5(3.2) 83.8(1.7)

Load at AT 120.7(10.1) 158.6(16.6)* 105.0(13.6) 122.3(15.1)*

When the subgroups and intervention sequence o f  the 6 month intervention were further 

exam ined, it was revealed that the 0 T 2  group obtained an increase in V 02m ax irrespective 

o f  the sequencing o f  the diet and exercise interventions (Table 5.3). The YT2 group did not
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o b ta in  an y  s ig n if ic an t  b en e f i t  f ro m  p e r fo rm in g  the  e x e rc is e  in te rv en t io n  p r io r  to  the  d ie ta ry  

in te rven t ion ,  bu t  w h e n  the  d ie ta ry  in te rv en t io n  w a s  p e r fo rm e d  first, a  s ig n i f ic an t  in c re ase  in 

V 0 2 m a x  (1/min) ( + 1 8 .9 ± 3 .5 % ,  /?= 0 .003) ,  an d  c y c l in g  load at V 0 2 m a x  ( + 6 6 . 7 ± 1 1,4W atts ,  

p = 0 .0 1 )  w a s  o b se rv e d .  H o w e v e r ,  it is a c k n o w le d g e d  as  be fo re  th a t  the  sm a ll  n u m b e r  o f  

sub jec ts  tha t  c o m p le te d  th e  e x e rc is e  in te rv en t io n  p r io r  to  the  d ie t  l im its  the  s ta t is t ica l  p o w e r  

o f  th is  sub -ana lys is .  In ad d i t io n ,  a n y  inc rease  in V 0 2 m a x  or  cy c l in g  load  o b ta in ed  w h e n  the  

ex e rc ise  in te rven t ion  w a s  p e r fo rm e d  se c o n d  is l ikely  to  be  a  re f lec t io n  o f  the  p ro to co l  des ign  

and  n o t  an y  fo rm  o f  m e ta b o l ic  p r im in g ,  as  a g re a te r  d e g re e  o f  ex e rc ise  s t im u lu s  w o u ld  be 

p ro v id ed  p r io r  to  the  last V 0 2 m a x  test.  S im ila r ly ,  a n y  ex e rc ise  re la ted  a d a p ta t io n  resu l t in g  

f rom  p e r fo rm in g  ex e rc ise  d u r in g  th e  firs t  3 m o n th s  w o u ld  be  e x p e c te d  to  d im in ish  na tu ra lly  

w h e n  th e  ex e rc ise  s t im u lu s  is r e m o v e d  d u r in g  the  se co n d  3 m o n th s  o f  d ie ta ry  in te rven tion .

T able  5.3. V 02m ax re la ted  data pre and post 6 m onth in terven tion , incorporating  in tervention  sequence. ED: 
E xercise in terven tion  perform ed before  d ietary  in terven tion . DE: D ietary  in te r\en tio n  perform ed  before 
exercise  in tervention . IPA Q  = In ternational Physical. RER: respirator)' exchange ratio , AT: anaerobic  threshold . 
D ata expressed  as M ean (S tandard  E rror o f  M ean). S ign ifican tly  d ifferen t from baseline  values (w ith in  group):

P<0.05 . S ignificantly  d ifferen t irom  Y T 2 at baseline  (betw een  groups): P<0.05  f .

YT2 OT2
E D (n = 4) DE (n = 6) E D (n  = 8) DE (n = 7)

Pre Post Pre Post Pre Post Pre Post

V 02m ax (l/min)
2.60
(0 .3)

2.78
(0 .3)

2.86
(0 .1)

3.40*
(0 .1)

2.27
(0 .2)

2.35*
(0 .2)

2.01
(0 .1)

2.38*
(0 .1)

HRmax (bpm)
174.5
(0 .5)

166.5
(6 .5)

185.0
(8 .1)

171.2*
(7 .8)

166.7
(4 .1)

156.3*
(7 .4)

164.8
(3 .9 )

160.5
(7 .8)

Load Max (W atts)
151.7
(15 .9)

176.7
(26.8)

142.5
(15.5)

209.2*
(14.9)

132.1
(17.9)

143.4
(18 .3)

110.7
(7 .4 )

147.9*
(10 .5)

V 0 2  at AT (L/min)
1.89
(0 .2)

1.98
(0 .4)

2.40
(0 .1)

2.50
(0 .2)

1.95
(0 .2)

2.04
(0 .3)

1.61
(0 .1 )

1.84
(0 .2)

AT as a % of 
V 02m ax L/min (%)

81.9
(8 .4)

74.9
(2 .5)

84.6
(3 .6)

74.9
(5 .0)

83.1
(4 .8)

84.1
(2 .8)

84.3
(4 .6)

83.2
(1 .0)

Load at AT
112.5
(12 .5)

152.5
(27.5)

124.0
(13.7)

161.0
(22 .3)

118.0
(19.7)

135.7
(21.4)

83.3
(8 .3 )

100.0
(14 .4)
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5.3.1.3 Exercise intervention

W hen the individual interventions were exam ined , there w as no difference in V 0 2 m a x  

(m l.kg‘'.m in  ')  or anaerobic threshold between the Y T 2 and 0 T 2  groups at baseline am ong  

those w ho  com pleted  the exercise intervention. After the exercise intervention, there w as a 

significant increase in V 0 2 m ax  (l.min ')  in each group (YT2: +14 .8±2.3% , /?=0.001, and 

OT2: +15.9±2.6% , /7=0.001) with  no significant difference between groups (Table 5.4). 

C hanges in V 02m ax  were not correlated with changes in w eight or fat mass. There w as a 

sim ilar increase in m axim al cycling load (YT2: +33 .9±4.8% , p= 0 .001 , 0 T 2 :  +37 .6±5.1% , 

/?=0.001), and the load at which anaerobic threshold  occurred (YT2: + 3 5 .2 ± 1 1.1%, p= 0 .006 , 

OT2: + 29 .8±6 .9% ,/?=0 .01)  in both groups. After the intervention, there was an increase in 

the rate o f  oxygen consum ption  at which anaerobic  threshold occurred in both groups, but 

this only reached statistical s ignificance in the 0 T 2  group. There w as no additional priming 

benefit associated with perform ing the dietary intervention prior to the exercise intervention.

Table 5.4. V02max related data pre and post exercise intervention. Data expressed as Mean (Standard Error o f

Mean). Significant!) different trom baseline values (within group): /^<0.05 . Significantly different from YT2 

at baseline (between groups): ^"<0.05 t -

YT2 (n =  10) O T 2 ( n =  16)

Pre Post Pre Post

V 0 2m a x  (l/min) 2 .9 (0 .! ) 3.33 (0.1)* 2.2 (0.1) 2.6 (0.1)*

HRmax (bpm) 182.1 (5.4) 175.4(5.7) 165.2 (4.5) 158.9 (4.7)*

Load Max (Watts) 155.5 (6.3) 209.0(12 .3)* 118.8(8.7) 160.6 (9.8)*

V 0 2  at AT (L/min) 2.16(0.2) 2.42 (0.1) 1.74 (0.1) 2 .05(0 .1)*
AT as a % of  V 02m ax L/min (%) 75.3 (4.4) 72.9 (3.2) 82.7(2.3) 83.4(1.1)

Load at AT 120.0(11.7) 155.2 (13.7)* 101.4(10.1) 131.0(12.8)*

Further exam ination o f  temporal changes in V 0 2 m a x  during the exercise intervention 

suggests a trend towards a slower rate o f  progression in the Y T2 group over the 12 w eek



period. In the OT2 group, V02max (l.m in '') increased rapidly over the first 8 weeks before 

piateauing, with a significant increase between baseline and week 4 (+7.7±1.5%, /?=0.001), 

and between week 4 and 8 (+5.9±1.6%, /?=0.002), but none between week 8 and 12 

(+1.6±2.0%,/7=NS) (Figure 5.1). However, in the YT2 group there was an earlier plateau, 

with a similar significant increase in V02max between baseline and week 4 (+8.7±1.9%, 

/7=0.001), but a more gradual increase between week 4 and 12, and no significant change 

between week 4 and 8 (+2.2±2.1%, p=NS), or between week 8 and 12 (+3.7±2.8%,/?=NS) 

(Figure 5.2). There was no difference in compliance with the exercise intervention between 

groups, at any o f the time points.

Figure 5.1. Temporal changes in VO^max during the exercise intervention in the OT2 group. Data expressed as 

Mean ±  Standard Error o f  Mean. S ignificantiv different from previous test. P<0.05
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Figure 5.2. Temporal changes in V02max during the exercise intervention in the YT2 group. Data expressed as 

Mean ± Standard Error o f Mean. Significantly different from previous test, P<0.05
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5.3.1.4 Dietary intervention

When the dietary intervention was examined in isolation, there was no difference in V02max 

(ml.kg‘ '.m in‘ ')  or anaerobic threshold between the YT2 and OT2 groups at baseline among 

those who completed the intervention. After the dietary intervention, there was no change in 

V02max in the YT2 group, but there was a reduction in the OT2 group (Table 5.5). The 

reduction in VOamax in the OT2 group was attributable to the subjects who had completed 

the exercise intervention prior to the diet.
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Table 5.5. VO^max related data pre and post dietary intervention. Data expressed as Mean (Standard Error o f

Mean). Significantly different from baseline values (within group): P < 0.05  . Significantly different from YT2 

at baseline (between groups): f< 0 .0 5  t .
YT2 ( n =  14) OT 2( n  = 22)

Pre Post Pre Post

V0 2m ax  (l/min) 2.92(0.1) 2.98(0.1) 2.3 (0.1) 2.15 (0.1)*

HRmax (bpm) 179.9(4.9) 176.3(5.0) 164.9 (3 .l ) t 162.1 (3.5)
Load Max (Watts) 16L8(I2 .5) 166.8(8.6) 134.2(11.1) 123.4(9.0)

V 0 2  at AT (L/min) 2.20(0.1) 2.06(0.1) 1.93(0.2) 1.76(0.1)*
AT as a % of  V 0 2 m ax  L/min (%) 75.9(4.1) 69.7(3.9) 84.1 (2.4) 82.0(1.3)
Load at AT 127.5(9.6) 129.0 (12.0) 110.0(11.5) 106.3(9.2)

5.3.2 In vitro oxidative capacity in m itochondria from muscle biopsies

5.3.2.1 Baseline

Intrinsic m itochondrial oxidative capacity was measured at baseline using high resolution 

respirom etry from m itochondria isolated from m uscle biopsy samples, and revealed no 

differences between the YT2 and the OT2 groups under any o f the substrate conditions 

(Table 5.6). There was no respirometry data available from the non-T2DM  subjects. The 

following correlations were observed in the com bined T2DM  cohort:

• pyruvate and m alate (P+M ) based oxidative flux was:

o positively correlated with V02m ax (m l/kg/m in) (r=0.48,/>=0.02). 

o positively correlated with daily physical activity levels (M ET-m in/wk) 

(r=0.43,/7=0.02).

o negatively correlated with body fat percentage (/-=-0.38,/)=0.045).
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•  pyruvate, m alate and su ccinate (P + M + S ) based ox id a tive  flux  was: 

o  p o sitiv e ly  correlated w ith  Q U IC K I (/•= 0 .57 ,/7= 0 .001 ). 

o  n eg a tiv e ly  correlated w ith  H O M A -IR  (/•= -0 .24 ,/7= 0 .004 ). 

o  n eg a tiv e ly  correlated w ith  fasting b lood  g lu co se  concentration  ( /^ -0 .1 8, 

p = 0 .0 4 ) .

I'able 5.6. Baseline mitochondria! oxidative flux under the influence o f  pyruvate and malate (P+M), after the 
addition o f  succinate (P+M+S), rotenone (ROT), ADP (adenosine diphosphate), oligomycin (OLIGO), and 
carbonyl cyanide-p-tritluoromethoxyphenylh\drazonc (FCCP). NS = non-significant. Data expressed as Mean 
(Standard Error o f  Mean)._____________________________________________________

Y T 2 ( n =  10) OT2 (n = 20) YT2 V OT2
P+M
(pmol OVml/mg o f  protein) 58.8(14.2) 59.0 (9.4) NS
P+M+S
(pmol On/ml/mg o f  protein) 214.6(21.1) 225.4(16.5) NS
ROT
(pmol Oi/ml/mg o f  protein) 239.8(29.7) 239.8(19.6) NS
ADP
(pmol Oi/ml/mg o f  protein) 676.3 (101.9) 559.2 (78.2) NS
OLIGO
(pmol O^/ml/mg o f  protein) 221.5 (29.6) 233.9(26.4) NS
FCCP
(pmol Oj/ml/mg o f  protein) 801.5 (93.6) 794.0(83.0) NS

5 .3 .2 .2  S ix  m onth effec t o f  com bined  interventions

There w ere no d ifferen ces in intrinsic m itochondrial function  betw een  groups at baseline, 

am ong those w ho com p leted  the six  m onth intervention. A fter the s ix  m onth intervention, 

there w as a m ean increase in all m itochondrial related param eters in both groups, but 

sign ificant results w ere on ly  obtained by the Y T 2 group (A D P: + 6 7 3 .8 + 2 2 2 .3  pm ol 

0 2 /m l/m g  o f  protein, /?=0.03, and O ligom ycin : + 2 3 8 .7 + 9 9 .8  pm ol 0 2 /m l/m g  o f  protein, 

/7= 0 .046) (Table 5 .7 ). W hen the groups w ere further d ivid ed  to exam in e the e ffec t o f  

sequence, the num bers in each subgroup w ere too low  to show  any changes. To increase the  

power, the data from  the Y T 2 and the 0 T 2  groups w ere com bined  and then re-d ivided  into
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tw o  groups based on in tervention  sequence: th ose w h o  com p leted  the 6 m onth intervention  

starting w ith the exerc ise  in tervention , and those w h o  com p leted  the intervention  starting  

w ith diet. T h ese results revealed  an increase in P + M + S  (+ 1 7 7 .9 ± 7 8 .1  pm ol 02 /m l/m g  o f  

protein, />=0.04), rotenone (+ 1 8 3 .9 ± 7 5 .8  pm ol O i/m l/m g  o f  protein, p = 0 .0 3 ) , and A D P  

(+ 5 6 1 .1 ± 1 7 3 .6  pm ol 02 /m l/m g  o f  protein, p = 0 .0 0 7 )  based ox id a tive  flux , on ly  in the 

subgroup o f  T 2D M  subjects w h o  perform ed the ex erc ise  intervention prior to the dietary  

intervention.

T able 5 .7 . M itochondrial o x id a tiv e  tlux pre and post 6  m onth in tervention  under the in flu en ce  o f  pyruvate and 
m alate (P + M ). after the addition  o f  su cc in a te  (P + M + S ). roten on e (R O T ), A D P  (ad en osin e  d iphosphate), 
o lig o m y c in  (O L IG O ), and carbonyl cy a n id e-p -tr iflu orom eth oxyp h en y lh yd razon e (FC C P ).
Data exp ressed  as M ean (Standard Error o f  M ean). S ign ifica n tly  d ifferen t from b a se lin e  v a lu es (w ith in  group):

P < 0 .0 5  . S ign ifican tly  d ifferen t from Y T 2  at b aselin e  (b e tw een  groups): P <Q .05  f .

VT2 (n = 6) OT2 (n = 8)
Pre Post Pre Post

P+M
(pm ol 0 2 /m l/m g  o f  protein) 68.0 (22.5) 109.7(42.6) 60.9(17.8) 112.9(25.3)
P+M+S
(pm ol O i/m l/m g  o f  protein) 236.6(21.1) 436.2 (132.2) 221.7 (28.2) 383.3 (72.5)
ROT
(pm ol 0 2 /m l/m g  o f  protein) 277.3 (33.0) 487.8(144.0) 237.2 (38.7) 401.2 (67.9)
ADP
(pm ol O ^/m l/m g o f  protein) 612.4(97.1) 1286.2 (206.3)* 640.8(145.8) 1117.4(135.5)
OLIGO
(pm ol 0 2 /m l/m g  o f  protein) 232.0 (37.5) 470.6(124.7)* 238.1 (43.3) 379.1 (109.2)
FCCP
(pm ol O j/m l/m g  o f  protein) 754.2 (64.7) 1290.5(236.6) 787.2 (151.9) 1165.2 (124.3)

5 .3 .2.3 E xercise intervention

W hen the individual interventions w ere exam in ed , there w ere no d ifferen ces at b aselin e  

betw een  the Y T 2 and the 0 T 2  groups w h o  com p leted  the exerc ise  in tervention . A fter the 

exerc ise  in tervention , there w a s a sim ilar m ean increase in all m itochondrial related  

param eters in both groups, but w ith  s ign ifican t resu lts on ly  in the Y T 2 group (A D P  based  

o xygen  flux; + 7 0 9 .8 ± 1 6 9 .4  p m ol 02 /m l/m g  o f  p ro te in ,/?= 0 .0 0 9 ) (T able 5 .8 ). H ow ever, there
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w as a sign ifican t increase in ox id a tive  flu x  am on g the subgroup o f  0 T 2  subjects w h o  

perform ed the exerc ise  intervention as their first intervention  (P+M  based flux: + 5 0 .0 ± 1 8 .0  

pm ol 0 2 /m l/m g  o f  protein, /p=0.03, P+M +S: + 2 6 1 .8 ± 6 8 .6  pm ol 0 2 /m l/m g  o f  protein, 

/7= 0 .009 , A D P: + 7 9 5 .0 ± 2 0 3 .4  pm ol 0 2 /m l/m g  o f  protein , ;?=0.01, and FCCP: + 8 1 4 .1 ± 2 8 5 .6  

pm ol 0 2 /m l/m g  o f  protein, /?= 0 .04), w ith  no ch an ge am on g  those w h o  perform ed exerc ise  

after the dietary intervention. In the entire cohort, an increase in A D P  o xygen  flux  w as  

correlated w ith  a reduction in fasting b lood  g lu co se  concentration  (r= -0 .5 5 ,/7 = 0 .0 3 4 ).

Table  5.8. Mitochondrial  oxidative flux pre  and post exercise interv ention under the influence o f  pyruvate and 
malate  (P+M ),  after the addit ion o f  succinate  (P+ M + S).  ro tenone (ROT), A D P (adenosine diphosphate),  
ol igom ycin  (OLIGO ),  and carbonyl cyan ide-p- tr if luorom ethoxyphen\ Ihydrazone (FCCP).
Data expressed as M ean (Standard Error o f  Mean).  SignificantU' different from baseline values (within group):

P<0.05 . Significantly different from YT2 at baseline (between groups): / ’<0.05 t -

 ̂T2 (n =  6) O T2 ( n =  12)
Pre Post Pre Post

P+M
(pmol Oo/ml/mg o f  protein) 5 6 .5 (1 0 .3 ) 100.4 (35.5) 7 4 .8 (1 7 .6 ) 93.6 (17.1)
P+M +S
(pmol O j /m l/m g  o f  protein) 2 3 5 .5 (3 1 .7 ) 4 7 8 .2 (1 2 6 .3 ) 2 9 3 .8 (6 0 .3 ) 408.9 (55.3)
RO T
(pmol O^/ml/mg o f  protein) 2 4 3 .5 (3 1 .5 ) 5 2 3 .7 (1 3 8 .4 ) 302.4 (65.1) 408.5 (43.2)
AD P
(pmol O i /m l/m g  o f  protein) 66 9 .8 (1 6 4 .9 ) 1379.6 (19 9 .8 )* 785.2 (182.2) 1155.8 (99.2)
O L IG O
(pmol 0 2 /m l /m g  o f  protein) 236.6 (43.2) 547.3 (125 .0 )* 254.2 (44.4) 371.8 (69.3)
FCCP
(pmol 0 2 /m l /m g  o f  protein) 932.2 (200.5) 1368.4 (203.1) 9 0 0 .9 (1 7 1 .6 ) 1323.1 (109.5)

5 .3 .2 .4  D ietary intervention

There w ere no d ifferen ces at baseline am on g  th ose w h o  com p leted  the dietary intervention. 

A fter the dietary intervention , there w ere no s ign ifican t ch an ges in respirom etry based  

intrinsic m itochondrial function  in either group (T able 5 .9 ). There w as a lso  no b en efit  

associated  w ith  preced ing the intervention w ith  ex erc ise . H ow ever, ch an ges in o x y g en  flux  

under the in fluence o f  P + M + S  w ere n ega tive ly  correlated w ith  ch an ges in b ody fat
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p ercentage (r= -0 .5 9 , /?= 0 .008 ), fat m ass (/-= -0 .48 , /?= 0.04), and fasting  g lu co se  concentration  

(r= -0 .5 4 ,/7 = 0 .0 2 ).

Table 5.9. M itochondrial oxidative flux pre and post dietary' intervention under the influence o f  pyruvate and 
malate (P+M ), after the addition o f  succinate (P+M +S). rotenone (ROT), ADP (adenosine diphosphate), 
oligom ycin (OLIGO). and carbonyl cyanide-p-trifluorom ethoxyphenylhydrazone (FCCP).
Data expressed as Mean and (Standard Error o f  Mean). Significantly different from baseline values (within

group): P<0.05  . Significantly different from YT2 at baseline (between groups): P<0.05 t-
YT2 (n = 7) O T2 ( n =  12)

Pre Post Pre Post
P+M
(pmol O j/m i/m g o f  protein) 8 0 .3 (2 0 ,1 ) 92.1 (24 ,5) 77.2 (16.6) 114.1 (19.6)
P +M +S
(pmol O^/ml/mg o f  protein) 289.8  (60.2) 269.2 (46,7) 2 9 1 .8 (5 0 .7 ) 362.2 (67.7)
RO T
(pmol O i/m l/m g o f  protein) 3 3 9 .7 (7 1 .4 ) 300.7 (58.9) 3 1 1 .2 (5 1 .6 ) 371.0 (77.2)
AD P
(pmol 0 2 /m l/m g o f  protein) 9 0 2 .3 (2 1 4 ,0 ) 9 6 7 .6 (1 8 3 .6 ) 840.8 (156.2) 9 7 7 .9 (1 7 3 .7 )
O L IG O
(pmol O i/m l/m g o f  protein) 365.2 (98.8) 327.8 (68.1) 2 9 1 .3 (3 7 .7 ) 2 6 3 .8 (4 9 .3 )
F CCP
(pmol 0 ;/m l/m g  o f  protein) 1048.2 (196.8) 1194.6 (211.0) 1148.4 (159.3) 1022 .5 (168 .8 )

5.4 Discussion

A s im paired m itochondrial function  has p rev iou sly  been  sh ow n  to be a feature o f  T 2D M  and 

as it is thought to contribute to the d evelop m en t o f  insulin  resistance, it w as h yp oth esised  that 

the Y T 2 group w ou ld  have reduced intrinsic m itochondrial cap acity  com pared w ith  the O T2  

group, w hich  m ight contribute in som e w ay  to the earlier on set o f  the d isease . H ow ever, 

in terestingly  there w a s no detectab le d ifferen ce in intrinsic m itochondrial ox id a tive  function  

b etw een  T 2D M  groups in the current study at b aselin e. S im ilarly  there w as no d ifferen ce in 

m axim um  w h o le  b od y  ox id a tive  capacity  b etw een  T 2D M  groups at baseline . H ow ever, 

b aselin e V 0 2 m a x  w as extrem ely  low  in both groups. It has p rev iou sly  been  sh ow n  that there 

is an age assoc ia ted  reduction in V 0 2 m ax w ith  the d ifferen ce b etw een  you n ger and older  

groups as h igh as 25 -  30%  (2 4 5 ), as w as ob served  am on g  the control subjects in the current
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study (as m axim um  heart rate and strotce v o lu m e are reduced over tim e), but as V 0 2 m ax w as  

the sam e in both T 2D M  groups, th is cou ld  reflect a relative d e fic ien cy  in th is you nger cohort. 

Furtherm ore, due to ox id a tive  stress over tim e, m itochondrial function  is b elieved  to be 

reduced w ith  age, and as there w as no d ifferen ce b etw een  the you nger and the older groups 

in the current study, th is cou ld  a lso  reflect a relative d efic it in the Y T 2 group. S tudies that 

exam in e intrinsic m itochondrial function norm alize the resu lts to m itochondrial d en sity  u sing  

an array o f  d ifferent m arkers w hich  prevents com p arison  w ith  control subjects from  other 

stud ies to put these results into context. H ow ever, stud ies that com pare both T 2D M  and n on- 

T 2D M  subjects, con sisten tly  dem onstrate reduced intrinsic m itochondrial function  am ong  

controls (85 , 101, 107). A lthough  there w as no d ifferen ce in intrinsic m itochondrial function  

per unit v o lu m e o f  protein, there cou ld  still be a d ifferen ce in m itochondrial vo lu m e or 

d en sity  b etw een  groups (m easured u sing m itochondrial D N A  cop y-nu m b er, citrate synthase, 

or cardiolip in), w hich  w ould  effec t overall m itochondrial function . H ow ever, it has been  

recently sh ow n  that there w as no d ifferen ce b etw een  Y T 2 subjects and m atched you n g  ob ese  

non-diabetic subjects, w hen  porin w as used as a m arker o f  m itochondrial v o lu m e (102 ).

A nother interesting observation  w a s the fact that the Y T 2 group responded w ell to the 

exerc ise  intervention, w ith  a 15% increase in V 0 2 m ax, and a sign ifican t increase in intrinsic 

m itochondrial function . A t baseline, intrinsic m itochondrial function  w as p o sitiv e ly  

correlated w ith  both V 0 2 m a x  and daily  physica l activ ity  leve l (M E T -m in /w k ), and after 

exerc ise  there w as an im provem ent in w h o le  b ody o x id a tiv e  cap acity  that w as mirrored at a 

cellu lar level. T h is is in contrast to previous find in gs in a sim ilar patient group w here no 

im provem ents in V 0 2 m a x  w ere detected  after a 12 w eek  ex erc ise  intervention  (2 5 ), but there
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w ere som e im portant d ifferen ces b etw een  the intervention  protocol in that study and in the 

current study in relation to training p rogression  and sp ec ific ity . In the current study, V 0 2 m a x  

w as form ally  reassessed  at w eek  4 and 8, and in the event o f  an interim  increase in V 0 2 m a x , 

the training in tensity  w as increased to  70%  o f  the n ew  V 0 2 m a x  to ensure that the subjects  

w ere never under-training. In addition , u n like in the p revious study, the m ajority o f  exerc ise  

training in the current study w as perform ed on a b icy c le  ergom eter, as the V 0 2 m ax tests  

w ere perform ed on a b icy c le  ergom eter, and as training and testin g  are both m od e-sp ec ific .

Previous stud ies have su ggested  that “exerc ise  resistan ce” is a feature o f  early-onset T 2D M , 

and although the Y T 2 group responded w e ll, there are trends w ith in  the data to su ggest that 

the rate o f  increase in V 0 2 m a x  m ay be s low er  in the Y T 2 group. It w as a lso  observed  that 

after the exerc ise  intervention , anaerobic threshold occurred at a sign ifican tly  greater rate o f  

o xygen  con su m p tion  in the O T 2 group on ly . A  later occurrence o f  anaerobic threshold is an 

indicator o f  aerobic adaptation, as greater w ork can be perform ed b efore the accum ulation  o f  

lactic acid, w h ich  reduces exerc ise  to lerance. S im ilarly , after the s ix  m onth intervention, 

anaerobic threshold occurred at a low er percentage o f  V 0 2 m a x  in the Y T 2  group.

M ost lifesty le  recom m en dation s for health , d iabetes m anagem ent, and w eigh t lo ss  su ggest a 

com bination  o f  d iet and exerc ise  (1 5 7 ). In the current p rotocol, the interventions w ere  

perform ed separately in order to m ake it p ossib le  to separately exam in e the e ffec ts  o f  each  

m odality. The ex erc ise  protocol w as con sisten t w ith  current ex erc ise  recom m en dation s for 

diabetes: m oderate to v igorou s ex erc ise  (>60%  V 0 2 m ax), at least three tim es per w eek  (w ith  

no m ore than tw o  co n secu tiv e  rest d ays b etw een  se ss io n s), for a m inim um  o f  150 m inutes
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per w eek, with more required for w eight loss (184). Physical activity guidelines report that 

general daily  unstructured physical activity contributes to health status (184), and while 

baseline daily  physical activity levels in the current study correlated negatively with fat mass, 

there w as no correlation with V 0 2 max, dem onstra ting  the need for formal h igher intensity 

exercise training for optimal cardiovascular  health and fitness. Im provem ents  in V 0 2 m ax  

after the exercise intervention were also not correlated with w eight loss, highlighting the fact 

that optimal anthropom etric  results are m ore difficult to obtain with exercise training if 

dietary intake is not also addressed.

The results show trends towards greater benefits in term s o f  m itochondrial function and 

aerobic fitness associated with the exercise intervention than with the dietary intervention. It 

could have been speculated that there could have been an increase in m itochondrial function 

as a result o f  the reduced calorie, low fat d i e t  which  could have reduced “ lipotoxic” 

conditions and the production o f  reactive oxygen  species which h inder mitochondrial 

function, but interestingly, the dietary intervention blunted any m itochondrial adaptation.

5.5 Conclusion

It had been hypothesised that the Y T2 group w ould  have a lower intrinsic m itochondrial 

capacity than the 0 T 2  group, w'hich w ould explain the earlier onset o f  disease. Interestingly, 

there was no difference in intrinsic m itochondrial function or V 0 2 m ax betw een groups at 

baseline. However, the Y T2 V 0 2 m ax  values were very low, and this m ay still reflect a 

relative defic iency in this group, as age associated d ifferences w ould  have been expected. 

Another important finding w as the fact that, contrary to prev ious observations, the YT2
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group responded well to lifestyle intervention. Im provem ents  in V 0 2 m a x  and mitochondrial 

function w ere  associated with the exercise intervention, but not with the dietary intervention.
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Chapter Six:

Experiment 3: Insulin Resistance and Contributing Factors in Early-Onset
T2DM.
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6.1 Introduction
It has been reported that early-onset T 2D M  is difficult to m anage both medically  and with 

lifestyle intervention, leading to an increased risk o f  diabetes com plications as a result o f  

inadequate g lycaem ic control. It has also been shown using the e u g ly caem ic -  

hyperinsulinaem ic clam p technique that Y T2 patients are severely insulin resistant. Possible 

explanations include:

•  early onset o f  obesity

•  rapid w eight gain

•  sustained obesity

•  poor nutrition

•  lack o f  exercise

•  or a com bination o f  these factors

A num ber  o f  other underly ing factors, including lipotoxicity, have also been implicated in 

the pathogenesis  o f  insulin resistance and T 2D M , but it rem ains unclear w hat role these play 

in early-onset T2D M .

6.2 Aims

The aim o f  this experim ent was to com pare  insulin resistance and lipid profile in patients 

with early and later-onset T 2D M , using a nu m b er  o f  indices o f  insulin resistance, and using 

both standard and novel markers o f  lipid profile. A n additional objective w as to exam ine 

acylcarnitines, B C A A ’s, and adipokines w hich  have been shown to be correlated with 

obesity and insulin resistance, and a further objective w as to assess the responsiveness o f  

these param eters to lifestyle intervention.
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6.3 Results

6.3.1 Oral G lucose Tolerance Test Data

6.3.1.1 Baseline

These results are based on the same cohort described in Chapter 4 and 5. At baseline, there 

were no differences in fasting blood glucose, H bA u, or indices o f  insulin sensitivity (OGIS- 

2hr and QUICKl) or insulin resistance (HOM A-lR) between the YT2 and the 0 T 2  groups 

(Table 6.1). Fasting glucose concentration was significantly higher among the T2DM 

subjects than among the obese control subjects (YOb: 5.0±0.16, p=0.001, OOb 5.0±0.17, 

/7=0.001), and the non-T2DM subjects were also less insulin resistant, with higher OGlS-2hr 

(YOb 395.4±23.7m l/m in/m \ p=0.001, OOb 361.6±24.27ml/min/m^ p=0.02) and QUICKl 

results (YOb 0.376±0.015,p=0.001, OOb 0.408±0.01 l,p=0.02).

There were no differences in P-cell function between the younger and older groups with 

T2DM (Table 6.1). There was no difference in fasting p-cell function between the T2DM and 

non-T2DM subjects, but dynamic P-cell function (IGI total AUC) was higher in the YOb 

group compared to the YT2 group (12.44±1.69 vs 4.75±0.85, p=O.OOI), and higher in the 

OOb group compared to the 0 T 2  group (13.04±2.54 vs 3.77±0.45, /p=0.001). Similarly, 

disposition index results were higher in the YOb group compared to the YT2 group 

(53.96±7.91 vs 14.38±2.56,/>=0.001), and higher in the OOb group compared to the OT2 

group (51.46±8.68 vs 11.40± 1.55, /7=0.001).
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An examination for various potential correlations was performed in the entire cohort, 

revealing the following:

•  0G IS -2hr was positively correlated with V 02m ax (m l/kg/m in) (/■=0.42, /?=0.01), and 

negatively correlated with body fat percentage (r=-0.44, p=0.003).

• QUICK l was negatively correlated with waist circum ference (/■=-0.34,/»=0.043).

• Fasting blood glucose concentration was positively correlated with waist 

circumference (/-=0.32,/?=0.03), and BMI (r=0.29,/7=0.049).

• HOM A-IR was positively correlated with waist circum ference (/= 0 .45 ,p=0 .002), and 

body fat percentage (r=0.32, p=0.03), and negatively correlated with V02m ax 

(ml/kg/min) (r=-0.4, /?=0.009).

Fable 6.1. Baseline OGTI' data. NS = non-significant. Data expressed as Mean and (Standard Error o f  Mean)

VT2 (n = 22) OT2 (n = 40) YT2 V OT2

Glucose (mmol/l) 8.9 (0.7) 9.6 (0.6) NS

H B A lc  (%) 8.1 (0.4) 7.5 (0.2) NS

Insulin (|iU/ml) 31.5(7.2) 27.0(4.5) NS

OGIS-2hr (ml/min/m“) 268.7 (14.2) 286.2 (15.4) NS

QUICKl 0.30(0.01) 0.31 (0.01) NS
HOMA-IR 13.4(3.4) 12.6(2.7) NS
B-cell fasting
Knll/ml)/(mmol/l)] 0.197 (0.04) 0.152 (0.02) NS
Insulin Secretion
(AUC 1 total) 10785.0 (1744.2) 9250.4 (1015.8) NS
B-cell function
(IGl total AUC) 4.75(0.85) 3.77(0.45) NS
Disposition Index
(OGIS X IGI total) 14.38 (2.56) 11.40(1.55) NS

6.3.1.2 Six month effect o f com bined interventions

There were no OGTT based differences at baseline, am ong the YT2 and 0 T 2  subjects who 

completed the six month intervention. The six month intervention resulted in a significant
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reduction in HbAic in both the YT2 and 0 T 2  groups (YT2: from 8.3±0.6 to 6.6±0.5%, 

p=0.04, and 0 T 2 : from 7.7±0,3 to 6.9±0.3% ,/>=0.03), with no significant difference between 

groups. There was also a significant increase in QUICKI (from 0.33±0.01 to 0.35±0.01, 

p=0.02) in the 0 T 2  group, and w hile there was a similar mean change in the YT2 group, 

these results did not reach statistical significance (Table 6.2). The 6 month adaptation in the 

OT2 group was attributable to the subgroup o f patients who perform ed the diet before 

exercise. After the com bined 6 month intervention, there was no significant change in P-cell 

function in the YT2 group, but there was a significant increase in dynam ic P-cell function 

(IGl total AUC) in the 0 T 2  group (from 3.1±0.5 to 5 .0± l.l,/> = 0 .02), and also an increase in 

disposition index values (from 9 .8± 1.9 to 15.8±3.5,p=0.02).

Table 6.2. OGTT data pre and post 6 month intervention. Data expressed as Mean (Standard Error o f Mean).

Significantly different from baseline values (within group): P<0.05 . Significantly different from YT2 at

baseline (between groups): / ’<0.05 f .

Y T 2 ( n =  10) O T 2 (n  = 15)

Pre Post Pre Post

Glucose (mmol/1) 8.7 (0.6) 7.9 (1.0) 9.7 (0.7) 7.9 (0.6)

H B A lc(% ) 8.3 (0.6) 6.6 (0.5)* 7.7 (0.3) 6.9 (0.3)*

Insulin (nU/m l) 42.2 (13.9) 34.2 (13.8) 26.2(7.0) 32.1 (15.1)

OGIS-2hr (ml/min/m^) 248.1 (17) 311.2 (31) 291.2 (19) 303.0(13)

QUICKI 0.32 (0.01) 0.34(0.01) 0.33(0.01) 0 .35(0 .01)*

HOMA-IR 16.9(5.9) 15.2 (8.2) 14.1 (4.6) 11.3(5.7)
B-cell fasting
[(|iU/ml)/(mmol/l)] 0.27(0.08) 0.23 (0.06) 0.14(0.03) 0.24(0.10)
Insulin Secretion
(AUC I total) 12989 (339!) 13989 (3496) 7966 (1306) 11094 (2559)
B-cell function
(IGI total AUC) 5.8 (1.6) 7.7 (2.1) 3.1 (0.5) 5 .0 ( 1 .D *

Disposition Index
(OGIS X IGl total) 16.9(4.0) 23.8(5.6) 9.8 (1.9) 15.8 (3.5)*
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6.3.1.3 Exercise intervention

W hen the effects o f  the intervention com ponents were examined in isolation, there were no 

OGTT based differences between groups at baseline among those who completed the 

exercise intervention. After the exercise intervention, there was a significant increase in 

QUICKI (from 0.33±0.01 to 0.36±0.02, p=0.047) in the YT2 group, and no significant 

change in (3-cell function in either group (Table 6.3).

Table  6.3. O G T T  data pre and post exercise intervention. Data expressed as M ean and (Standard Error o f

Mean).  Significantly different from baseline values (within group): f < 0 .0 5  . Significantly different from YT2

at baseline (between groups): P<0.05 f .

YT2 ( n =  10) O T 2 ( n  = I5)

Pre Post Pre Post

Glucose  (mmol/l) 8.21 (0.9) 7 . 34 (0 . 9 ) 8.81 (0.6) 7.81 (0.6)

H B A l c  (%) 7.46 (0.6) 6 .5 6 (0 . 3 ) 7.22 (0.3) 7.01 (0.3)

Insulin ()iU/ml) 32.94 (9.9) 21.01 (5 .8)* 2 4 .2 4 (6 . 7 ) 31.54 (14.1)

O GI S- 2h r  (ml/min/m^) 2 82 . 5 (2 3 ) 300.3 (34) 3 00 . 9 ( 15 . 5 ) 3 0 6 . 0 ( 1 4 )

Q UI CKI 0.33 (0.01) 0 . 3 6 ( 0 . 0 2 ) * 0 . 35 (0 . 01 ) 0 . 35 ( 0 . 01 )

H O M A - I R 12. 12(3 . 8) 7 . 24 ( 1 . 8 ) 11. 63(3 . 9) 11.23(4 . 8)
B-cell  fasting
|( | iL '/ml)/(mmol/l)] 0 . 24 (0 .0 7) 0 . 1 7( 0 . 0 5) 0 . 14 (0 . 03 ) 0.23 (0.10)
Insulin Secret ion
(A U C  1 total) 11946 (2930) 11759 (3436) 9 3 3 7 ( 1 4 0 6 ) 10472 (2137)
B-cell  function
(IGI total AUC) 6.2 (1.7) 7.1 (2.1) 3.9 (0.7) 4.6 (1.0)
Disposit ion Index
(OG IS X IGI total) 18.1 (4.2) 22 . 3 ( 5 . 7 ) 12. 2(2 . 3) 15. 8(3 . 4)

in the entire cohort, the following correlations were observed: 

Changes in weight after the exercise intervention were:

• correlated with changes in HOM A-IR (/•=0.45,/?=0.02).
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Changes in waist circum ference after the exercise intervention were:

• positively correlated with changes in:

o HOMA-IR(r=0.54,;?=0.006). 

o HbAic(r=0.44,/7=0.027).

•  negatively correlated with changes in:

o O G IS-2hr(r=-0.59,/>=0.004). 

o QUICKI (a-=-0.59,/7=0.004).

6.3.1.4 Dietary intervention

There were no OGTT based differences between groups at baseline am ong those who 

completed the dietary intervention. After the dietary intervention, there was a significant 

reduction in HbAjc (from 7.76±0.3 to 7 .2 1±0.3%,/?=0.02) in the OT2 group only (Table 6.4). 

There was a sim ilar level o f  reduction in mean HbAic in the YT2 group, but this did not 

reach statistical significance. The dietary intervention resulted in a significant increase in 

dynamic P-cell function (IGI total AUC) in the 0 T 2  group only (from 4.0±0.7 to 5.0±0.9, 

/)=0.02). There was no prim ing effect associated with preceding the intervention with 

exercise.
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Table 6.4. OGTT data pre and post dietary intervention. Data expressed as Mean (Standard Error o f  Mean).
5)e

Significantly different from baseline values (within group): P<0.05 . Significantly different from YT2 at 

baseline (between groups): P<0.05 f .

Y T 2 (n  = 10) O T 2 (n  = 15)

P re Post P re Post

G lucose (mmol/1) 8 .99(1 .2) 8 .25(1 .0) 9.91 (0.6) 8.40 (0.6)

H B A lc (%) 7.88 (0.6) 6.89 (0.4) 7 .76(0 .3) 7.21 (0.3)*

Insulin  (nU/ml) 33.78(12 .1) 37 .35(13.2) 27.39 (5.2) 32 .20(10.9)

O G IS -2h r (mi/min/m") 256.7 (22) 306.2 (21) 265.3 (14) 281.1 (12)

Q U IC K I 0.34 (0.02) 0.33 (0.01) 0 .33(0 .01) 0 .34(0 .01)

H O M A -IR 13.42 (5.5) 16.56(8.2) 15.25(4.0) 12.68(4.0)
B-cell fasting
|(nlJ/ml)/(mmol/l)l 0.22 (0.07) 0 .25(0 .07) 0.20 (0.08) 0.22 (0.08)
Insulin  Secretion
(AUC 1 total) 11563(3139) 12704(2820) 10007 (1648) 11234 (1858)
B-cell function
(IGl total AUC) 5.7 (1.5) 6.6 (1.5) 4.0 (0.7) 5.0 (0.9)*
D isposition Index
(O G IS x  IGl total) 17.0 (3.9) 19.7 (4.0) 12.2 (2.4) 15.1 (2.7)

In the entire cohort, a change in weight after the dietary intervention was:

•  positively correlated with a change in:

o H b A ic ( r= 0 . 53 , /7 = 0 .0 02 ) .  

o H O M A -IR (r= 0 .4 7 ,p = 0 .0 l) .

•  negatively correlated with a change in:

o QUICK! (/-=-0.59,/7=0.00I).  

o O G IS-2hr(r=-0 .43 ,p=0.03).
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6.3.2 Lipids, m etabolom ics and other parameters

6.3.2.1 Baseline

At baseline, the YT2 and the 0 T 2  groups had sim ilar HDL-cholesterol (YT2: 

0.96±0.1 mmol/1 vs OT2: 1.05±0.03mmol/l, p=ns), triglyceride (YT2: 2.01±0.2m m ol/l vs 

0T 2 : 2.1 l±0.2m m ol/l, p=ns), and FFA concentrations (YT2: 0.75±0.1m m ol/l vs 0T 2: 

0.72±0.1m m ol/l,/7=ns) (Table 6.5). There were no significant differences between the T2DM 

and the non-T2DM  subjects with regard to HDL-cholesterol or FFA concentrations, but 

triglyceride was lower am ong the obese control subjects (combined non-T2DM  cohort: 

l.22±0.16 vs T2DM cohort: 2.08±0.12 mmol/1, p=0.001). An examination for various 

potential correlations was perfonned in the entire cohort at baseline, revealing the following;

• fasting blood glucose concentration was positively correlated with:

o FFA concentration (/•=0.58,p=0.02). 

o triglyceride concentration (r=0.29, p=0.04).

• 0G IS -2h r was negatively correlated with

o FFA concentration (r=-0.73,/7=0.003). 

o triglyceride concentration (a=-0.33,/>=0.03).

Table 6.5. Baseline lipid profile data. NS = non-significant. Data expressed as Mean (Standard Error o f Mean).

YT2 (n = 22) OT2 (n = 40) YT2 V OT2

HDL (mmol/l) 0.96(0.1) 1.05(0.03) NS

Trigs (mmol/i) 2.01 (0.2) 2.11 (0.2) NS

FFA (mmol/l) 0.75(0.1) 0.72(0.1) NS
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The m etabolom ic  results revealed that the p lasm a concentration o f  total fatty acids and 

several individual fatty acid species were h igher in the Y T2 group than in the O T 2 group 

(Table 6.6). Similarly, the values am ong  Y T2 subjects  were significantly h igher than those 

am ong  non-T 2D M  subjects for total fatty acids (p=0.001), palmitic acid (/>=0.001) and oleic 

acid (p=0.001). There was no difference in branched-chain  am ino acid (B C A A ) 

concentration between the Y T2 and the 0 T 2  groups, but both groups had higher 

concentrations than was observed am ong  the non-T 2D M  subjects for L-valine (26l±10|j.M , 

p= 0 .029)  and L-leucine / isoleucine ( 170±7|ilVI, p=0 .004).  The concentration  o f  the lipid 

related acylcarnitine: C 10-O H /C 8-D C , was h igher in the Y T2 than in the 0 T 2  group, while 

the concentration  o f  the am ino acid related acylcarnitine: C3, was h igher in the 0 T 2  group. 

Due to limited sample stock accum ulation at the  time o f  testing apparatus availability, 

m etabolom ic exam ination was only possible at baseline. In the entire cohort at baseline, 

H O M A -IR  was correlated with B C A A  concentration  (/•= 0.6, p=O.OOI), as were total fatty 

acid and individual fatty acid species.

T able  6.6. B aseline  m etabolom ic profile  data, N S = non-sign ifican t. D ata expressed  as M ean (S tandard  E rror o f  
M ean).___________________________________________________________________________

VT2 (n = 22) O T 2 ( n =  16) YT2 V OT2
Total fatty acids (| iM ) 15614(918) 10808 (713) <0.001
Palmitic acid (|iM) 2664(172) 1850(170) <0.01
Oleic acid (nM) 4937(412) 3094 (213) <0.01
L-valine (nM) 305(13) 298(14) NS

L-leucine / isoleucine (|iM) 211 (10) 202 (1) NS
ClO(nM ) 0.22 (0.013) 0.22 (0.016) NS
CIO :1 (nM) 0.11 (0.008) 0.10(0.011) NS
C 8(|iM ) 0.12(0.007) 0.10(0.010) NS

C10-OH/C8-DC (nM) 0.05(0.003) 0.04 (0.003) <0.001
C5’s(nM ) 0.12 (0.010) 0.15(0.012) NS
C3(|iM ) 0.37 (0.037) 0.45 (0.027) <0.05
C4/Ci4 (|iM) 0.19 (0.020) 0.21 (0.018) NS
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At baseline, the 0 T 2  group had a significantly higher adiponectin concentration than the 

YT2 group, and a tendency towards a higher leptin concentration (Table 6.7). Due to limited 

sample stock accum ulation at the time o f  testing apparatus availability, adipokine testing was 

only possible at baseline. An examination for various potential correlations was performed in 

the entire cohort.

Leptin concentration was:

•  positively correlated with:

o BMI (/•=0.69,/?=0.001).

o body fat percentage (r=0.68, />=0.001).

o fat mass (r=0.61./>=0.001).

o waist circum ference (r=0.49, p=0.001).

o weight (/•=0.29, /7=0.02).

• negatively correlated with:

o V02m ax (r=-0.34, />=0.04).

Adiponectin concentration was:

• positively correlated with:

o HDL-cholesterol (r=  0.56, p=0.001).

• negatively correlated with:

o H O M A -IR (r=-0.29,/?=0.046).
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T ab le  6.7. B aseline  ad ipokine p rofile  data. N S  = non-signif'icant. D ata  expressed  as M ean (S tandard  E rror o f  
M ean)._____________________________________________________________________

YT2 (n = 22) OT2 (n =  40) YT2 V O T2
Leptin (ng/m l) 3 1 .5 (4 .1 ) 38.1 (2.7) N S
Adiponectin  (|ig /m l) 4.70 (0 .2) 5.11 (0.1) 0.046

6.3.2.2 Six m onth  effect o f  com bined  interventions

W hen standard iipid based tests were perform ed, there were no lipid related differences 

between groups at baseline am ong  those w ho com pleted  the six m onth  intervention (Table 

6.8). After the six month intervention, there  was a reduction in triglyceride concentration  in 

the O T2 group only (from 1.85±0.1 to 1.4 8 ± 0 .1 mmol/1, p=0 .01),  with no trend towards 

im provem ent in the YT2 group. The im provem ent in lipid profile in the 0 T 2  group was 

primarily a ttributable to those who com pleted  the dietary intervention prior to the exercise 

intervention.

Table 6.8. Lipid profile  data  pre and post 6 m onth in tervention . D ata expressed  as M ean (S tandard  E rror o f
3|C

M ean). S ignificantly  d ifferent from baseline values (w ithin group): /^<0.05 . Significantly  d ifferen t from YT2

at baseline (betw een  groups): P<0.05  f .

Y T 2 ( n =  10) O T2 (n = 15)

Pre Post Pre Post

H D L  (mmol/1) 0.92 (0.07) 0 .9 0 (0 .0 4 ) 1 .0 7 (0 .0 6 ) 1 .13 (0 .08 )

Trigs (mmol/l) 1 .68 (0 .1 ) 1 .65(0 .2 ) 1 .85(0 ,1 ) 1 .4 8 (0 .1 )*

FFA (mmol/l) 0 .7 5 (0 .0 7 ) 0 .6 7 (0 .0 1 ) 0 .72 (0.10) 0.62 (0.10)

6.3.2.3 Exercise intervention

There were  no standard lipid related differences between groups at baseline am ong  those 

who com pleted  the exercise intervention (Table 6.9). After the exercise intervention, there 

was an increase in m ean HDL-cholesterol and a reduction in mean triglyceride concentration 

in each group, but these results did not reach statistical significance. However, am ong  those
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who completed the exercise intervention as their second intervention, there was a significant 

increase in HDL-cholesterol among both the YT2 (+0.07±0.02m m ol/l, p=0.03) and the 0 T 2  

subjects (+0.15±0.05m mol/l, p=0.02).

Table 6.9. Lipid profile data pre and post exercise intervention. Data expressed as Mean (Standard Error o f

Mean). Significantly different from baseline values (within group): / ’<0.05 . Significantly different from YT2 

at baseline (between groups): P<0.05 f .

Y T 2 ( n =  10) OT2 ( n =  16)

Pre Post Pre Post

HDL (mmol/1) 0.87(0.03) 0.93 (0.04) 1.09(0.06) 1.13(0.07)

Trigs (mmol/1) 1.76 (0.26) 1.56(0.15) 1.78(0.16) 1.48(0.12)

FFA (mmol/1) 0.73(0.11) 0.77(0.10) 0.67 (0.12) 0.68(0.10)

6.3.2.4 Dietary intervention

There were no standard lipid related differences between groups at baseline among those 

who completed the dietary intervention (Table 6.10). After the dietary intervention, there 

were no significant changes in lipid profile, but there was a non-significant trend towards a 

reduction in triglyceride and FFA concentration in each group. There was no priming benefit 

associated with preceding the dietary intervention with exercise.

Changes in triglyceride concentration were;

• positively correlated with changes in: 

o weight (r=0.5 2 ,/7=0.003). 

o glucose concentration (r=0.48,/)=0.006). 

o BMI (r=0.46,p=0.009). 

o HbA,c(r=0.45,;?=0.01).
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o waist circumference (r=0.42,/?=0.02). 

o H O M A -lR(r=0 .38 ,p=0.04).

• negatively correlated with a change in: 

o OGIS-2hr (r=-0.54, p=0.006). 

o QUICK! (/•=-0.47,/?=0.02).

Table  6,10. Lipid profile data  pre and post dietary intervention. Data  expressed as M ean (Standard Error o f

Mean),  Significantly different from baseline values (within group): P<0 .05  . Significantly different from YT2 

at baseline (between groups): P<0.05 t-
V T 2  (n =  10) O T 2  (n =  22)

P re Post P re Post

H D L  (mmol/l) 0 .9 4 (0 .0 6 ) 0 .8 7 (0 .0 3 ) I.Ol (0.04) 1 .02 (0 .05 )

T r ig s  (mmol/l) 1.82 (0.18) 1 .78(0 .25) 1 .74 (0 .13 ) 1.69 (0.14)

F F A  (mmol/l) 0 .7 8 (0 .0 8 ) 0 .66 (O . l l ) 0 .7 0 (0 .1 1 ) 0.62 (0,13)

6.4 Discussion

The study results reveal that one o f  the main distinguishing features o f  patients with early- 

onset T2DM is their lipid profile. The T2DM subjects had higher triglyceride concentrations 

than the non-T2DM subjects, but the YT2 subjects also had higher circulating concentrations 

o f  total fatty acids and several individual fatty acid species: palmitic acid and oleic acid, than 

the 0 T 2  group. The YT2 group also had a higher concentration o f  circulating lipid related 

acylcarnitine, suggesting that they may be subject to a worse lipid burden for oxidation. 

BCAA concentrations have previously been shown to be elevated in insulin resistant 

individuals (112), and elevated concentrations in healthy individuals have been shown to 

predict the future development o f  diabetes (122). T2DM subjects had elevated concentrations 

o f  BCAA compared to non-T2DM subjects, but there were no BCAA differences between 

the YT2 and the 0 T 2  groups.
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The YT2 subjects also had a different adipokine profile, with a significantly lower 

concentration o f  adiponectin . H igher adiponectin  concentrations are though t to be protective 

against insulin resistance (80), with concentrations having been show n to be lower in obese 

subjects (81), and lower again in patients with  T 2D M  (82). It w as similarly shown in the 

current s tudy that adiponectin  concentration  was negatively correlated with H O M A -IR . 

Leptin is though t to play a role in regulating satiety (83), with  concentrations increasing with 

increasing levels o f  obesity  (81). W hile  there was no significant difference in leptin 

concentration (or calorie intake, or obesity  level) betw een the T2DIVI groups, there was a 

tendency tow ards a lower leptin concentration  am ong  the Y T2 subjects.

Early-onset T 2D M  has previously been described as an extrem e subphenotype  o f  diabetes, 

associated with increased risk o f  com plica tions due to severe hyperg lycaem ia  and insulin 

resistance. In the current study, the T 2D M  subjects had w orse g lycaem ic control and insulin 

resistance than the non -T 2D M  subjects, but there w as no difference in insulin resistance, P- 

cell function, HbAic or fasting blood glucose concentration betw een the Y T2 and OT2 

groups at baseline. H ow ever, for the young  group to be severely insulin resistant at such an 

early age is o f  great concern, as they  will have  greater tim e exposure to risk factors, 

increasing the risk o f  developing diabetes com plications. Fasting insulin levels were higher 

than expected  am ong  the T 2D M  subjects, and there was no difference in the basal 

insulin/glucose ratio betw een T 2D M  subjects and non -T 2D M  controls, which m ay suggest 

that despite d ifferences in dynam ic  P-cell function, a degree o f  fasting P-cell function is still 

intact. Previous studies have show n no difference in insulin concentrations between Y T2 and
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Y O b subjects, but have dem onstrated low er con centrations am ong 0 T 2  subjects  

[M C Q U A ID ], In the current study, the lack o f  d ifferen ce b etw een  groups m ay reflect the fact 

that the short duration o f  d iabetes on set w a s quite sim ilar am on g  subjects, w ithout 

s ign ifican tly  greater exp osu re am ong the O T 2 subjects. There w as a ten d en cy  tow ards an 

increase in insulin  concentration  in the 0 T 2  group after life sty le  intervention , w hich  m ay  

reflect the im provem ent in (3-cell function  w h ich  w as ob served  in th is group. A  d ifferent 

pattern o f  adaptation appears to occur am ong Y T 2 subjects h ow ever , as a trend tow ards a 

reduction in insulin concentration  w as ob served , w hich  m ay reflect a low er insulin  

requirem ent as a result o f  a ten d en cy  tow ards low er insulin  resistance.

The Y T 2 group obtained a sign ifican t reduction in H bA ic after the 6 m onth in tervention , 

contrary to previous ob servation s in a sim ilar cohort o f  subjects. H ow ever, a sign ifican t  

reduction in trig lycerid e concentration  after the 6 m onth intervention w as observed  o n ly  in 

the O T 2 group, w ith  no trend tow ards im provem ent detected  in the Y T 2 group. There w a s an 

increase in insulin  sen sitiv ity  in the Y T 2 group after the exerc ise  in tervention , but not after 

the 6 m onth intervention  as w as ob served  in the 0 T 2  group. S im ilarly , the Y T 2 group did not 

obtain the im provem ent in H bA ic or P -cell function  after the dietary intervention , or the 

im provem ent in P-cell function  after the 6 m onth intervention  that occurred in the O T 2  

group. H ow ever, th is trend m ight not h ave been apparent, had m ore Y T 2 subjects  

participated in and com p leted  the intervention . L ipid and O G T T  related prim ing e ffec ts  w ere  

obtained in each case  by p reced in g  the ex erc ise  in tervention  w ith  diet. W h ile insulin  

sen sitiv ity  w as correlated w ith  V 0 2 m ax at b aselin e , ch an ges in V 0 2 m ax w ere not correlated  

w ith ch an ges in insulin  sen sitiv ity  after the ex erc ise  intervention.
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6.5 Conclusion

The Y T2 and the 0 T 2  groups w ere  similarly  insulin resistant at baseline. The  Y T2 group had 

several d is tinguishing features including a significantly  higher concentration  o f  total fatty 

acids, palmitic acid and oleic acid, and a lower concentration  o f  adiponectin. The 

acylcarnitine data also reflects d ifferences in lipid and am ino  acid based m etabolism  between 

groups. Contrary  to previously  reported findings, the Y T 2 group responded to lifestyle 

intervention with an im provem ent in HbAic after the 6 m onth intervention. However, there 

was a trend tow ards increased adaptation  am ong  the O T 2 subjects (e.g. regarding triglyceride 

concentration). These findings further support the observation that early-onset T2D M  has 

distinctive characteristics, and is m etabolically  different from later-onset T2D M .
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Chapter Seven

Summary and Discussion
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7.1 Sum m ary

7.1.1 Study design

The current study was a longitudinal, random ised, controlled, crossover trial, which included 

testing that was carried out over a 3 year period. To determ ine i f  early-onset T 2D M  had 

distinctive characteristics and responded in a different m anner  to lifestyle intervention than 

la ter-onset T 2D M , two groups o f  obese (B M l > 30 kg/m^), sedentary  subjects with T2D M  

were recruited; a YT2 group (<30 years o f  age) and an O T2 group (>50 years o f  age). Sixty- 

three subjects took part in baseline examination: 23 Y T 2 and 40 OT2. M etform in was the 

main diabetes medication taken by participants at baseline, and m edication doses were not 

changed throughout the course  o f  the study.

A subgroup o f  participants com ple ted  the 6 m onth lifestyle intervention (10 YT2 and 15 O T2 

subjects), consisting o f  a 3 m onth exercise intervention and a separate 3 m onth dietary 

intervention, assigned in a random  order. The energy expenditure  per w eek  during the 

exercise intervention w as m atched with the weekly dietary energy deficit (-2500 kcal per 

week). During the exercise intervention, participants trained 4 t im es per week at 70%  

V 02m ax , expending  625kcal per session on a stationary bicycle ergometer. All training 

sessions were supervised, mean initial training time per session was 67±2.4  minutes, and 

training was progressive, with V 0 2 m ax  reassessed on a m onth ly  basis. During the dietary 

intervention, subjects per prescribed a low fat, reduced calorie diet, which reduced calorie 

intake by 357kcal per day. Participants filled out 3 day food diaries during  the diet, and w ere  

met every 2 weeks to be weighed. The overall 6 m onth effect o f  both interventions was
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exam in ed  (inclu d in g  the e ffec t o f  in tervention  seq u en ce), in addition  to the e ffec t  o f  the 

individual interventions (and the prim ing e ffec t o f  intervention  sequ en ce).

T esting  w as carried out over tw o  days on each  o cca sio n  (at baseline, after 3 m onths betw een  

interventions, and after 6 m onths at the end o f  the study). On on e o f  the d ays a n on-fasting  

V 0 2 m ax test w as carried out, w h ile  on  the other, fasting m easu rem ents w ere m ade, 

including: anthropom etric m easurem ents, b lood  sam pling , an O G T T , and a m u scle  b iopsy  

from  the thigh. The test param eters exam in ed  included  the fo llow in g:

•  C lin ica l: H eight, w eigh t, B M l, w a ist circum ference, hip circum ference, W H R , body  

fat percentage, fat m ass, FFM , ca lories per day, carbohydrate, fat and protein  

consum ption  per day.

•  P h y s ica l: D a ily  p hysica l activ ity  lev e ls  (M E T -m in /w k ) a ssessed  u sing the 

International P hysical A ctiv ity  Q u estion naire, V 0 2 m a x  (L /m in  and m l/k g/m in), 

m axim um  heart rate, cy c lin g  load at V 0 2 m ax, V O 2 at anaerobic threshold , and 

respiratory exch an ge ratio.

•  M etab o lic : Intrinsic m itochondrial function  m easured u sing h igh resolution

respirom etry as o x y g en  flux  under the in flu en ce o f  pyruvate and m alate, succinate, 

rotenone, A D P  (State 3 respiration: m axim al p h y sio lo g ica l respiration), o lig o m y c in , 

and FCCP (State 4  respiration: m axim al uncoupled  respiration).

•  O G T T : F asting g lu co se  and insu lin , HbAic,  Q U IC K I, H O M A -IR , and O G IS-2hr.

•  B io ch em ica l: H D L -ch o lestero l, trig lycerid e, FFA , leptin, ad iponectin , and

m etab olom ic based variables (total fatty acids, individual fatty acid  sp ec ies , B C A A ’s, 

and acylcarnitines).
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7.1.2 Results

7 . 1.2.1 Experim ent 1: (Chapter Four)

B ase line : There were no differences in daily  physical activity  levels or daily energy intake, 

and no anthropom etric  differences betw een groups at baseline.

Six m o n th : There was a similar significant reduction in weight. BMI and waist c ircum ference 

in both groups after the 6 m onth  intervention. There w as a reduction in m ean  fat m ass in both 

groups, but this only reached statistical s ignificance in the O T 2  group.

E xerc ise : After the exercise intervention, there w as a sim ilar significant reduction in fat m ass 

and waist c ircum ference in both groups. There was no prim ing effect associated with 

preceding the exercise intervention with the dietary intervention.

D ie t : After the dietary intervention, there w as a sim ilar significant reduction in self-reported 

daily energy intake in each group, and a significant reduction in w eight and BMI in both 

groups. There was no significant fat loss in e ither group. T here  was a similar reduction in 

m ean waist c ircum ference in both groups, but it only reached statistical significance in the 

O T 2 group. There was no prim ing effect associated  with preceding the dietary intervention 

with exercise.

7 . 1.2.2 Experim ent 2: (Chapter Five)

Baseline: There were no differences in V 0 2 m ax , anaerobic  threshold or intrinsic 

m itochondrial function between groups at baseline.

Six m o n th : After the 6 m onth  intervention, there was a similar significant increase in 

V 0 2 m ax  in both groups. There was an increase in intrinsic m itochondria l  function after the 6

145



m onth intervention in the Y T2 group. A dapta tion  in intrinsic mitochondrial function was 

h indered by perform ing  the dietary intervention first.

E xerc ise : After  the exercise intervention there w as a sim ilar s ignificant increase in V 0 2 m ax  

in both groups, and a significant increase in intrinsic m itochondrial function in the YT2 

group. T here  was a tendency  tow ards a s low er rate o f  increase in V 0 2 m a x  in the Y T2 group. 

There was no additional prim ing  benefit associated with perform ing the dietary intervention 

prior to the exercise intervention.

D ie t: There was no increase in V 0 2 m ax  o r intrinsic m itochondrial function in either group 

after the dietary  intervention. There was no prim ing effect associated with preceding the 

intervention with exercise.

7.1.2.3 Experim ent 3: (Chapter Six)

Baseline: T here  were no significant d ifferences in fasting blood glucose, HbAic,  indices o f  

insulin sensitivity  (O G IS-2hr, Q U IC K I and H O M A -IR ), P-cell function, HDL-cholesterol, 

triglyceride, F F A ’s, leptin, or B C A A ’s betw een groups at baseline. However, the Y T2 group 

had a significantly  h igher concentration  o f  total fatty acids, individual species o f  fatty acid 

(oleic and plamitic acid), and a lower concentration  o f  adiponectin.

Six m o n th : After  the 6 m onth  intervention, there w as a similar significant reduction in HbAic 

in both groups. There w as a significant reduction  in triglyceride in the  0 T 2  group only. 

There was a significant increase in m ean insulin sensitivity and p-cell function in the 0 T 2  

group only. Perform ing  the dietary intervention before the exercise intervention was 

associated with a trend tow ards increased benefit.
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E xerc ise : There  were no significant changes in lipid based param eters in either g roup after 

the exercise intervention. However, perform ing  the d ietary  intervention before the exercise 

intervention w as associated with an increase in H D L-cholesterol in both groups. After  the 

exercise intervention, there w as  no increase in P-cell function in either group, but there w as a 

significant increase in Q U IC K I in the YT2 group.

D iet: There were  no significant lipid based changes after the dietary intervention in either 

group. There was a s im ilar reduction in m ean  HbAic in both groups, but this only reached 

statistical s ignificance in the O T 2 group. There w as an increase in P-cell function in the O T2 

group only. There  w as no prim ing effect associated with preceding the dietary intervention 

with exercise.

7.2 Discussion

It has been previously  reported that Y T2 patients are severely  insulin resistant (25), with 

extrem ely  poor glycaem ic control upon initial presentation (18). In the current study, there 

were no an thropom etric  differences between groups, and it w as demonstrated that the Y T 2 

group was as insulin resistant as the O T2 group, with sim ilar P-cell function and a similar 

degree o f  hyperglycaem ia. For the Y T2 group to be hyperg lycaem ic  and severely insulin 

resistant at such an early age increases their risk o f  developing  com plica tions as they will 

have greater tim e exposure  to risk factors. Furthermore, d iabetes com plica tions have been 

reported in Y T2 patients with poorly controlled T 2D M  by their  mid thirties (15).

Impaired m itochondrial function has been implicated in the aetiology o f  insulin resistance 

and T2D M . The lipotoxicity hypothesis  suggests that F F A ’s accum ulate  ectopically  as
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tr iglyceride in the cytosol o f  cells o ther than adipocytes, such as in skeletal muscle cells, 

ultimately inhibiting insulin signalling. The accum ulation  o f  ectopic lipid is consistent with 

excessive lipid supply  (as a result o f  a high fat intake and obesity related dyslipidaem ia) or 

inadequate lipid disposal (as a result o f  reduced physical activity or reduced mitochondrial 

oxidative capacity), or both. A m ism atch between lipid supply and oxidative capacity leads 

to the partial processing o f  triglyceride, which results in the production o f  lipid intermediates 

(ceramide, d iacylglycerol and long-chain fatty acy l-coenzym e A), the chronic accumulation 

o f  which are though to interfere with the cascade that results in the translocation o f  G LUT4. 

It was therefore hypothesised  that am ong  equally  obese  and sedentary subjects, that the YT2 

group w ould  have impaired mitochondrial function, that w ould explain the earlier 

presentation o f  T 2D M . Interestingly how ever, there were  no differences in intrinsic 

m itochondrial function betw een groups at baseline. However, a reduction in m axim um  whole 

body oxidative capacity  and m itochondrial oxidative function has been previously shown to 

occur with age, and as there were no differences between groups, this m ay reflect a relative 

im pairm ent in the Y T 2 group.

As the lipotoxic conditions contributing to T 2D M  are thought to relate to excessive lipid 

supply or  inadequate lipid disposal, and as there were  no detectable d ifferences in intrinsic 

m itochondrial oxidative capacity  between groups, the deficiency in the Y T2 group appears to 

be related to lipid supply. The YT2 group had a h igher concentration  o f  the lipid related 

acylcarnitine, C 10-O H /C 8-D C , and as acylcarnitines are intermediates o f  lipid oxidation, 

their accum ulation  is consistent with a backlog o f  substrate for metabolism . The current 

study dem onstrated  that the Y T2 group had a w orse lipid profile, with higher c irculating
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levels o f  total and several individual species o f  fatty acid. These observations could reflect 

inherent differences between groups, or m ay reflect a d ifference in the rate at which patients 

with early-onset T2D M  becam e obese. A s fat intake, physical activity levels and 

mitochondrial function were the same betw een groups, the e levated lipid concentrations in 

the YT2 group appear to have originated from endogenous  sources, which  m ay be suggestive 

o f  excessive lipolysis. Alternatively, this may reflect inappropriate substrate selection for 

oxidation, and greater “ metabolic inflexibility” in the Y T 2  group.

Another distinctive feature o f  the YT2 group relates to  their adipokine profile, w hereby  the 

younger  group had a lower adiponectin  concentration. Adiponectin  concentration  has 

previously been shown to be inversely correlated with insulin resistance (80), as was also 

dem onstrated  in the current study, and this may represent another  contributing factor to the 

earlier onset o f  disease in the Y T2 group. B C A A ’s have recently  been implicated in the 

pathogenesis  o f  insulin resistance and have been show n to be predictive o f  the future 

developm ent o f  T2D M  (122), so it was hypothesised  tha t these might also be candidate 

biom arkers o f  interest in the Y T2 group. In the current study, concentrations o f  B C A A ’s 

were correlated with insulin resistance, but there w as no difference betw een  groups.

Lifestyle intervention is recognised as an important com ponen t o f  the m anagem ent and 

treatm ent o f  diabetes, both before and after the in troduction o f  m edication, and so both diet 

and exercise were included in the current study. It has been previously  show n that YT2 

patients are not as responsive to lifestyle intervention, with  no changes in anthropom etric  

parameters, V 02m ax , or glycaem ic control after an aerobic  exercise intervention (25). On
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this basis, it was hypothesised  that the Y T2 group w ould not respond as well as the OT2 

group to either intervention. In the current study, an individually prescribed, progressive 

exercise intervention w as used, unlike in the previously described study, and in this case, the 

YT2 group responded with a reduction in fat m ass and waist c ircum ference , an increase in 

V 02m ax , m itochondrial function and insulin sensitivity, and a reduction in HbAic. However, 

given these adaptations, further associated im provem ents  in g lycaem ic control would  have 

been expected. Furtherm ore, there were trends tow ards som e additional lifestyle related 

health benefits that were only observed in the O T 2 group, including:

•  A reduction in fat m ass and triglyceride concentration  and an increase in Q U iC K I 

and P-cell function after the  6 m onth  intervention.

•  A reduction in waist c ircum ference and HbAic, and an increase in P-cell function 

after the dietary intervention.

•  A trend tow ards a faster rate o f  increase in V 0 2 m ax  after the exercise intervention. 

H ow ever, these additional benefits m ay also have been observed in the Y T2 group, had a 

greater num ber  o f  younger  subjects taken part in, and com pleted  the lifestyle intervention, as 

there were trends tow ard  im provem ent in the Y T2 group (with the exception o f  triglyceride 

concentration, where  no changes were  observed).

O ne o f  the goals o f  this study w as to replicate com ponents  o f  the m ethodologies  used in 

previous studies that exam ined lifestyle intervention in early-onset T 2D M , and in each case, 

the num bers  o f  subjects recruited per group in these studies were  small [n=l 1 (17), n=7 (25), 

and n=7 (102)]. A lthough the prevalence o f  early-onset T 2D M  is increasing, the availability 

o f  YT2 subjects is still low, and there are still less young patients with  T 2D M  than there are
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older. S im ilarly , the num ber o f  subjects recruited in the current study w as a lso  quite low , but 

all o f  the Y T 2 subjects w h o  attended c lin ics  in St. Jam es’s H ospital during the study period  

w ere approached to take part. A  pow er ca lcu lation  w as perform ed after the com p letion  o f  the 

study to estab lish  if  a su ffic ien t num ber o f  su bjects had been recruited. A s  p revious studies  

have sh ow n  no p h ysio log ica l b en efits am ong patients w ith  ear ly -on set T 2D M  to exerc ise  

intervention (25 ), one o f  the primary variables o f  interest w as V 0 2 m a x  as an indicator o f  

intervention  e ffec tiv en ess . T he pow er calcu lation  [n =  s ( l -  P )/(a )(E S ), w here n =  sam ple  

s ize , s =  variation, P = pow er, a  =  sig n ifica n ce  lev e l, and ES =  effec t s iz e ] , revealed  that 15 

subjects w ould  have been su ffic ien t to provide 80%  pow er and 5% sign ifican ce , based on a 

20%  effec t s ize , as seen  in the control group o f  a sim ilarly  d esign ed  study (2 5 ), and a 

standard d eviation  o f  0 .8L /m in  am ong subjects w ith ear ly -on set T 2D M . The m ean dropout 

rate from  lifesty le  intervention stud ies is approxim ately  25% , and can be as high as 31%  

(2 4 2 ), so  taking into account a potential 30%  drop out rate, the target num ber o f  subjects for 

recruitm ent w ou ld  have been 4 0  (2 0  Y T 2 and 2 0  0 T 2 ) ,  and in fact 23 Y T 2 subjects were  

recruited, w ith  another 4 screened but su bsequ en tly  rejected due to the d isco v ery  o f  type 1 

diabetes and p o lycystic  ovary syndrom e. It w as predicted that w ith  this num ber o f  subjects, a 

sign ifican t increase in V 0 2 m ax w ould  be detectab le in response to life sty le  intervention, and 

indeed , a statistica lly  and c lin ica lly  sign ifican t 15% increase w as noted. W h ile this w as  

associated  w ith  a substantial m ean im provem ent in m any other variables, th ese  did not reach  

statistical sig n ifica n ce  in m any cases  in the Y T 2 group, dem onstrating w hat appears to be 

fa lse  negatives. It w as su bsequ en tly  ca lcu lated  that i f  an additional 3 Y T 2 subjects w ith  pre 

and post va lu es sim ilar to the m ean w ith in  the group had com p leted  the interventions, that 

the reduction in fat m ass after the 6 m onth in tervention , the reduction in w aist circum ference



after the dietary intervention, and the reduction in weight after the exercise intervention 

would all have reached statistical significance. Similarly, if an extra 5 YT2 subjects had 

completed the 6 month intervention, the improvement in OGlS-2hr would have reached 

statistical significance. Had an extra 5 YT2 subjects completed the 6 month intervention, it 

would have brought the total to 15, which is the number estimated from the power 

calculation. However, any increase in the number o f  subjects per group would not have 

changed the main findings of the study, which were that there were distinctive differences 

between groups at baseline, and that the YT2 group adapted to lifestyle intervention. Had 

more subjects been added, there would have been no further differences noted between 

groups at baseline, and no further differences in the pre-post delta comparison between 

groups after lifestyle intervention, assessed using ANOVA.

Only 40% o f  the subjects who completed baseline testing ended up completing both the 3 

month dietary intervention and the 3 month exercise intervention, but it was not intended that 

all o f  the subjects take part in the lifestyle intervention. Among the total cohort, a number of 

subjects, particularly in the 0 T 2  group, were recruited at the end o f  the study for baseline 

examination only to add to the strength of this examination, and some were recruited with 

only enough time to perform one intervention. When this cohort o f  subjects is excluded, the 

proportion o f  subjects who completed both interventions is increased to 60%. No subjects 

dropped out during the dietary intervention. They either dropped out after the dietary 

intervention prior to the transition to exercise, or during the exercise intervention. The drop 

out rate among those who started the exercise intervention was 25%, which is in keeping 

with most lifestyle interventions (242), and there were no anthropometric, metabolic or
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biochem ical differences, or d ifferences in physical capacity  betw een  those w ho dropped out, 

and those w ho com pleted  the intervention. D ropout from exercise w as not related to exercise 

intensity, as exercise was perform ed at 70%  V 0 2 m ax , w hile  anaerobic threshold occurred  at 

76%  V 0 2 m ax  in the Y T2 group, and 81%  V 0 2 m a x  in the O T 2 group. Patients dropped  out 

for a num ber  o f  reasons, including pregnancy, m ov ing  house and changing  job . The time 

com m itm en t that was required to com plete  the exercise intervention probably  also had a 

contributory  role however, as lack o f  tim e is the main reason given by subjects for not 

participating in regular exercise (130).

As it had been previously dem onstrated  that Y T2 subjects  were  not responsive to exercise 

intervention, it w as hypothesised that they w ould  obtain greater benefit from the dietary  

intervention in the current study. Interestingly, there w as a trend towards a greater num ber  o f  

health benefits (anthropom etric , VO^max and m itochondria l)  associated with the exercise 

intervention, despite the greater drop out rate. This could reflect the different physiological 

impact o f  the exercise intervention, or instead, the greater degree  o f  direct supervision during 

the intervention. Additional insulin sensitizing benefits were  also obtained when the exercise  

intervention w as preceded by the dietary intervention. The benefit o f  perform ing a dietary 

intervention prior to an exercise intervention, m ay be worth investigating further, particularly  

for patients w ho consider them selves to be too obese  and deconditioned to begin exercise  

training straight aw ay before losing som e weight, o r  for those recovering from acute lower 

limb injuries which prevent them  from exercising in the  short term. W hile traditional 

diabetes m anagem ent in clinical settings involves the prescription o f  m edication and referral 

to a dietician, the current study findings highlight the im portance  o f  also m aking  appropriate
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referrals so that patients can obtain personalised exercise prescription. It w ould therefore 

appear that patients with early-onset T 2D M  w ould  benefit from a low fat, reduced calorie 

diet, in addition to relatively high intensity, supervised, progressive aerobic exercise. As 

early-onset T 2D M  is considered to be a difficult condition to m anage once established, the 

em phasis  should alw ays be on disease prevention and health prom otion to keep healthy 

people  healthy (as a form o f  primary prevention), to screen individuals for treatable risk 

factors, and then ultimately to treat those with established disease, to help m anage the 

condition and prevent the developm ent o f  com plica tion  (as a form o f  secondary prevention). 

Screening for risk factors (such as elevated BM l and waist circum ference, and evidence o f  

sedentary behaviour) and “ b r ie f  intervention” can be used by all healthcare professionals in 

all settings as a starting point, with referral to physiotherapists  or exercise physiologists as 

required (246). As obesity  and diabetes are com plex  multifactorial issues, there is the need 

for a multifaceted  approach and the inclusion o f  “ real-life” interventions in schools, 

workplaces, com m unities, as well as in healthcare settings, that are cost effective, sustainable 

and scalable. Lifestyle intervention offered by public healthcare services will be increasingly 

based in Primary Care settings as they  becom e m ore established and take over the 

m anagem en t o f  chronic diseases from the acute hospita ls  (247). Intervention could take the 

form o f  a com bination  o f  one-on-one  exercise consulta tions consisting o f  exercise 

counsell ing  / coaching  and exercise prescription for self-m anagem ent, or referral to exercise 

classes incorporating a m ultidisciplinary educational com ponent, similar to those o f  Phase 3 

C ardiac Rehabilitation. The results o f  the current study dem onstrate  that this could be 

effective i f  perform ed as a 12 week intervention with  4 training sessions per w eek  o f  ju s t  

over an hour in duration. Patients could then progress on to a Phase 4 style maintenance
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program m e. The cla ss setting w ou ld  o ffer  patients the opportunity to gain exp erien ce o f  

ex erc is in g  in a su pervised  setting, and an e lem en t o f  cam araderie. E xercise con su lts  w ith  

patients should  em p hasise se lf-m an agem en t (goal settin g  and problem  so lv in g  sk ills ) and 

se lf-m on itor in g  (w eigh t, food  intake, physical activ ity  and b lood  sugar lev e ls) and 

recom m en dation s should  take into account personal p referen ces and d a ily  routines. W alk ing  

w ou ld  be a u sefu l w ay to start, w ith  progression  to brisk w alk ing, but cy c lin g  such as w as  

used in the current study w ou ld  be a good  w ay to add increased intensity, as the patient 

im proves. C yclin g  is a lso  a form  o f  n on -w eigh t bearing ex erc ise  that cou ld  be used  

e ffec tiv e ly  by T 2D M  patients w ith  peripheral neuropathy w ithout cau sin g  dam age to the 

extrem ities. R esistan ce training cou ld  be added, either in iso lation  on  certain days, or as part 

o f  a circuit, but the em p hasis should  be on high intensity aerobic ex erc ise  such as that used in 

th is study. A s part o f  the translation o f  the find in gs o f  the current study out o f  the lab, it 

w ou ld  be recom m ended  that the exerc ise  related ad v ice  g iven  to patients be in d iv idu alised , 

w ith sp ec ific  training tim es and in tensities prescribed, w hich  w ou ld  be exp ected  to y ie ld  

greater ben efits beyond th ose obtained from  the use o f  gen eric ex erc ise  gu id elin es. The  

im plem entation  o f  in dividu alised  exerc ise  prescription such as this w ould  require exerc ise  

testin g, and n ecessita te  the transition o f  procedures such as V 0 2 m ax testin g  out o f  laboratory  

settin gs and into clin ica l settin gs, so that it cou ld  be used for prescription and a lso  as an 

ou tcom e m easure. A t first g lan ce , V 0 2 m a x  testin g  can seem  like a labour in tensive p rocess, 

but the protocol recom m en dation s are that a test should  be com p leted  w ith in  8 to 17 m inutes, 

w hich  w ould  not be tim e proh ib itive in a clin ica l setting. A lthou gh  these tests can be 

perform ed q u ick ly , the equ ipm ent is ex p en siv e  and s ta ff  training is required. A  low  cost  

alternative w ould  be the use o f  shuttle run testing, a 12 m inute run or 6 m inute w alk  test.

155



which can be performed with minimal equipment, but adequate space is required. However, a 

3 minute step test could be effectively performed in an office setting if required, and exercise 

related parameters could be extrapolated from submaximal heart rate data (248). Target heart 

rates could then be given to patients, and using the intensity employed in the current study 

(70% V02max), the equivalent heart rate would be approximately 80% heart rate max (which 

patients could work up to over a number o f  weeks if necessary). While moderate intensity 

exercise is usually recommended to patients, the results o f  the current study show that high 

intensity exercise can be used effectively in the management o f  both younger and older 

patients with T2DM. This is o f  particular interest, as a lack o f  time is the main reason given 

for not participating in regular exercise (130), and high intensity training is a time efficient 

way to train and is associated with a greater rate o f  energy expenditure, and greater 

improvements in V02max and insulin sensitivity than lower intensity exercise. Another 

recommendation from the current study is the use o f  waist circumference measurements and 

bioelectrical impedance to measure body composition and fat distribution, both o f  which 

could be easily utilized in clinical settings. The results o f  the study showed that among these 

patients, weight loss does not always result in fat loss, and that even in the absence o f  weight 

loss, a reduction in fat mass can still occur.

7.3 Lim itations and Future W ork

• Most lifestyle interventions use both diet and exercise together, but as part o f  a study, 

this does not allow the individual contribution o f  either to be determined. Therefore, 

in the current study, the protocol was designed to facilitate the separate examination 

o f  diet and exercise, in addition to examining the priming effect o f  sequence. A large
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num ber o f  subjects were  recruited at baseline, but due to the dropout rate from the 

study, and the subgroups that the c rossover design created, the overall interpretation 

o f  the results becam e challenging. W hile the crossover design allowed the effect o f  

intervention sequence to be exam ined, it created com plica tions when the individual 

interventions were com pared. Had the prim ary objective been only  to com pare  diet 

and exercise, a gap between interventions could have been included to allow 

participants to return to baseline before the transition to the next intervention, but no 

definitive “w ashout period” is possible for lifestyle intervention, in contrast to the 

situation for studies o f  drug therapy. Had a larger num ber  o f  subjects been recruited, 

they could have been assigned solely to one intervention, but due to limited patient 

access and the time constraints o f  the current study, a crossover design w as used to 

increase the data yield. Future studies could use a com bination o f  various protocols to 

further exam ine different exercise intensities, durations, and frequencies for the 

optimal m anagem ent o f  early-onset T 2D M . Furthermore, it will also be necessary to 

develop “ real-life” interventions that will allow for the “translation” o f  study findings 

out o f  the laboratory and into the com m unity , to encourage  greater compliance. This 

is currently  being exam ined  as part o f  the fo llow up D E X L IF E  project (an FP7 

funded study) by collaborators in Dublin City University.

•  Due to limited sample stock accum ulation  at the tim e o f  testing  apparatus availability, 

m etabolom ic  exam ination w as only possible at baseline, but it w ould also have been 

interesting to exam ine changes in total and individual fatty acid species, and B C A A ’s 

after lifestyle intervention. Based on the results o f  the current study, it is hypothesised
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that further d ifferences in lipid profile w ould  be detected, with greater improvem ents 

occurring  in the O T 2 group. This issue is currently  being exam ined  by D EX LIFE 

collaborators from M etabolon, USA.

•  O ther studies use m arkers o f  m itochondrial function as a surrogate estimate o f  

oxidative capacity, but in the current study, a d irect m easure o f  function was obtained 

using high resolution respirometry. A lthough this measured oxidative capacity per 

unit volum e o f  mitochondrial protein, a true m easure  o f  muscle  fibre mitochondrial 

content was not obtained. A lthough there was no difference in intrinsic mitochondrial 

oxidative function between groups, there could have been a d ifference in 

mitochondrial content, and therefore  a d ifference in total m itochondrial capacity. 

H ow ever, it has previously  been show n that there was no defic iency in porin (a 

m itochondrial m em brane  protein, used as a m arker  o f  m itochondrial volume), am ong 

Y T 2 subjects when com pared to age and BMI matched non-diabetic subjects (102). 

Additional m arkers o f  m itochondrial density  (cardiolipin, citrate synthase and 

m itochondrial DNA copy-num ber) , size (exam ined  in muscle  biopsies using 

transm ission electron m icroscopy), and m orpho logy  (Mitofusin-2), w ould  also be o f  

interest, including sam ples from n on-T 2D M  control subjects, and som e o f  these are 

currently  being tested in the laboratory o f  P rofessor A ntonio  Zorzano  in the Institut 

De Recerca B iom edica  Barcelona as part o f  the follow up D E X L IFE  project.

•  The  protocol used to exam ine intrinsic m itochondrial function was based on a 

standard protocol that utilizes sugar based substrates. G iven the d ifferences in lipid
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profile between groups, it could be hypothesised that a deficiency in m itochondrial 

oxidative capacity could have been observed had lipid based substrates been used. 

H owever, studies that have included both types o f  protocol have tended to obtain 

similar results irrespective o f  the substrate used (85). To further exam ine the 

contribution o f  m itochondrial function to the pathogenesis  o f  early-onset T 2D M , 

future work could also include the use o f  phosphorous magnetic  resonance 

spectroscopy (^ 'P -M R S) to non-invasively  de term ine  A T P  turnover, testing for 

m itochondrial enzym e activity, mitochondrial biogenesis (P G C - la ) ,  m uscle  fibre 

type distribution, intram yocellular lipid accum ulation  (using 'H -M R S  imaging or by 

histological exam ination), and lipid intermediate concentration.

•  The study could have benefited from the inclusion o f  an objective m easure o f  

physical activity as questionnaires are not particularly sensitive, and as there is a risk 

o f  recall bias (228), as it is known that patients with T2D M  do not report their 

lifestyle related habits com pletely  accurately  (179). O bjective m easures o f  physical 

activity are recom m ended  (249), but are not 100% dependable  either, as the accuracy  

o f  pedom eters is highest with regard to step counts and less accurate when 

extrapolated to estimate distance and energy expenditure, with the potential for 

overestim ation to occur at low' speeds on treadmill, and underestim ation at the highest 

speeds (250). A ccelerom eters  are considered reliable at m ost speeds (r=0.87 - 0.92) 

(251). The validity is p redom inantly  based on laboratory based testing on treadmills  

however, and not in free living environm ents  (251), and while the results o f  m any  

accelerom eters do not correlate well with doubly  labelled w ater  studies (252), they
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can be used e ffe c tiv e ly  to provide inform ation regarding patterns o f  activ ity . D oubly  

labelled  w ater p rovid es an accoun t o f  average energy expenditure over relatively  

exten d ed  periods (several d ays), w h ile  accelerom eters m ake direct triaxial 

m easurem ents o f  m ovem en t (in  the form  o f  acceleration , w hich  is a ch an ge in speed  

w ith  respect to tim e), and provide sp ec ific  inform ation regarding the intensity, 

frequency and duration o f  activ ity , in addition to data on  inactivity. O ver short 

p eriods o f  an a lysis, the act o f  w earing an accelerom eter can prom pt subjects to 

increase their physical activ ity  lev e ls , w hich  can be even  m ore o f  an issue w hen using  

p ed om eters w ith  a v is ib le  d isp lay  screen (2 5 3 ), and another concern  is the risk that 

accelerom eters can fail w h ile  in the p o ssess io n  o f  subjects w hen  used over prolonged  

p eriods (2 2 8 ). A lthou gh  no ob jective m easure o f  p hysical activ ity  w as recorded  

during the current study, the va lid ity  o f  the IPA Q  results at b aselin e w as supported by 

the low  V 0 2 m ax results observed  in both groups, and by the ob esity  lev e ls  o f  

subjects. It w ould  have been interesting to record p hysical activ ity  lev e ls  throughout 

the cou rse o f  the in tervention , as during ex erc ise  training, general physical activ ity  

le v e ls  ou tsid e o f  the program m e can reduce in itia lly  due to fatigue (2 4 4 ). H ow ever, 

as subjects w ere sedentary to begin  w ith  in the current study, there w ou ld  not have 

been  m uch sco p e  for further reduction. It is a lso  su ggested  that general physical 

a ctiv ity  le v e ls  can increase tow ards the latter stages o f  ex erc ise  in terventions as 

fitn ess lev e ls  rise (2 4 4 ), but the anthropom etric data d o es not support this. S im ilarly, 

the V 0 2 m ax and w eigh t data do not su ggest that there w as any ch an ge in physical 

a ctiv ity  le v e ls  during the dietary intervention . A n y  increase in d aily  p hysica l activ ity  

le v e ls  w ou ld  not have affected  V 0 2 m ax h ow ever , as general activ ity  is usually  not o f
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su ffic ien t intensity to increase V 0 2 m ax, and in the current study, there w as no 

correlation  betw een  V 0 2 m ax and general d a ily  p hysica l activ ity  levels .

•  U se  o f  the eu g ly ca em ic-h y p er in su lin a em ic  clam p  technique w ou ld  h ave been  

preferable for testin g  insulin  resistance, but it w as not p ossib le  due to  the labour 

in tensive nature o f  the other testin g  procedures (esp ec ia lly  h igh resolution  

respirom etry, w hich  had to be perform ed on fresh m u sc le  sam p les), and the level o f  

su pervision  that w as required during the ex erc ise  in tervention . H ow ever, the O GIS  

test has been show n to correlate w ell w ith  the clam p techn iqu e (5 3 , 54).

•  B ioelectrica l im pedance w as used to ca lcu late fat m ass and FFM , and w h ile  the use 

o f  D E X A  m ay h ave provided a m ore true reflection  o f  b ody com p osition , 

b ioelectrical im pedance p rovid es a reproducible o b jectiv e  m easure. The m ain factor 

that can confound  b ioelectrica i im pedan ce readings is hydration status, but to 

overcom e this, subjects w ere tested  under sim ilar fasting  con d ition s on each occasion .

•  L ow er so c io ec o n o m ic  status is correlated w ith  a h igher in cid en ce o f  o b esity  and 

T 2D M , and w ith  a h igher in cid en ce o f  T 2D M  am on g  ad o lescen ts . S o c io eco n o m ic  

status w as not form ally  assessed  in the current study, but both groups o f  participants 

w ere recruited from  the sam e hospital w h ich  caters for inner c ity  patients that live  

loca lly  and com e from  the sam e catchm ent area. W h ile it is not su spected  that there 

w ere any so c io ec o n o m ic  d ifferen ces b etw een  groups, the study w ould  have b en efited  

from  the in clusion  o f  a questionnaire to ver ify  this, w ith  questions to determ ine
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em ploym ent status, incom e and education, such as those used in The W hitehall II 

study (254).

•  Finally, another limitation o f  the study was the gender im balance within the groups. 

H ow ever, this did not explain any differences between groups as there was a similar 

p roportion  o f  male  and female subjects in each group. Had more subjects been 

included, a m ore com prehensive  gender related exam ination m ay have been possible, 

including an exam ination o f  the effect o f  lifestyle intervention.

7.4 Conclusion

Subjects with early-onset T 2D M  have a distinctive “metabolic  signature” which 

distinguishes them from later-onset T 2D M . Lipotoxicity  has previously  been implicated in 

the pathogenesis  o f  T 2D M , and interestingly, the Y T2 group in the current study had a 

d istinctive lipid profile (relating to total and individual species o f  fatty acid), which 

correlated with insulin resistance. Furtherm ore, the YT2 group also had a distinct adipokine 

profile, w ith a lower adiponectin  concentration, which was also negatively correlated with 

insulin resistance. Because  impaired m itochondrial function has also previously been 

implicated in the developm ent o f  insulin resistance, it was hypothesised that this would be a 

p ronounced  feature o f  early-onset T 2D M , but there  were  no differences between groups. 

A lthough there was no difference in intrinsic mitochondrial function or V 0 2 m ax  betw een 

groups, these variables have been show n to decline with age, and having values sim ilar to 

those o f  the O T 2 group could constitute a relative deficiency am ong the Y T2 subjects.
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Extrem e insulin resistance in such a young group also exposes the YT2 subjects to an 

increased risk o f  developing diabetes complications.

Lifestyle intervention has previously been dem onstrated  to be effective in the m anagem en t o f  

later-onset T 2D M , but it has also recently  been show n to be less effective in the m anagem ent 

o f  early-onset T2D M . H owever, the current study dem onstrated  that patients with early-onset 

T 2D M  do respond to lifestyle intervention which includes individually  prescribed, 

supervised, progressive aerobic exercise tra in ing at 70%  V 02m ax , with  anthropom etric  

im provem ents, im provem ents in HbAic,  and im provem ents  in w hole  body and mitochondrial 

oxidative capacity.
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INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE
(October 2002)

LONG LAST 7 DAYS SELF-ADMINISTERED FORMAT

FOR USE W ITH  YOUNG AND MIDDLE-AGED ADULTS (15-69 years)

The International Physical Activity Questionnaires (IPAQ) comprises a set of 4 
questionnaires. Long (5 activity domains asked independently) and short (4 generic items) 
versions for use by either telephone or self-administered methods are available. The 
purpose of the questionnaires is to provide common instruments that can be used to obtain 
internationally comparable data on health-related physical activity.

Background on IPAQ
The development of an international measure for physical activity commenced in Geneva in 
1998 and was followed by extensive reliability and validity testing undertaken across 12 
countries (14 sites) during 2000. The final results suggest that these measures have 
acceptable measurement properties for use in many settings and in different languages, and 
are suitable for national population-based prevalence studies of participation in physical 
activity.

Using IPAQ
Use of the IPAQ instruments for monitoring and research purposes is encouraged. It is 
recommended that no changes be made to the order or wording of the questions as this will 
affect the psychometric properties of the instruments.

Translation from English and Cultural Adaptation
Translation from English is encouraged to facilitate worldwide use of IPAQ. Information on 
the availability of IPAQ in different languages can be obtained at www.ipaq.ki.se. If a new 
translation is undertaken we highly recommend using the prescribed back translation 
methods available on the IPAQ website. If possible please consider making your translated 
version of IPAQ available to others by contributing it to the IPAQ website. Further details on 
translation and cultural adaptation can be downloaded from the website.

Further Developments o f IPAQ
International collaboration on IPAQ is on-going and an International Physical Activity 
Prevalence Study is in progress. For further information see the IPAQ website.

More Information
More detailed information on the IPAQ process and the research methods used in the 
development of IPAQ instruments is available at www.ipaa.ki.se and Booth, M.L. (2000). 
Assessment o f Physical Activity: An International Perspective. Research Quarterly for 
Exercise and Sport, 71 (2): s i 14-20. Other scientific publications and presentations on the 
use of IPAQ are summarized on the website.
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INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE

We are interested in finding out about the kinds of physical activities that people do as part 
of their everyday lives. The questions will ask you about the time you spent being physically 
active in the last 7 da vs. Please answer each question even if you do not consider yourself 
to be an active person. Please think about the activities you do at work, as part of your 
house and yard work, to get from place to place, and in your spare time for recreation, 
exercise or sport.

Think about all the vigorous and moderate activities that you did in the last 7 days. 
Vigorous physical activities refer to activities that take hard physical effort and make you 
breathe much harder than normal. Moderate activities refer to activities that take moderate 
physical effort and make you breathe somewhat harder than normal.

PART 1: JOB-RELA TED PHYSICAL ACTIV ITY

The first section is about your work. This includes paid jobs, farming, volunteer work, course 
work, and any other unpaid work that you did outside your home. Do not include unpaid 
work you might do around your home, like housework, yard work, general maintenance, and 
caring for your family. These are asked in Part 3.

1. Do you currently have a job or do any unpaid work outside your home?

Yes I [

I I No Skip to PART 2: TRANSPORTATION

The next questions are about all the physical activity you did in the last 7 days as part of 
your paid or unpaid work. This does not include traveling to and from work.

2. During the last 7 days, on how many days did you do vigorous physical activities 
like heavy lifting, digging, heavy construction, or climbing up stairs as part of your 
work? Think about only those physical activities that you did for at least 10 minutes 
at a time.

  days per week

vigorous job-related physical activity Skip to question 4

3. How much time did you usually spend on one o f those days doing vigorous physical 
activities as part o f your work?

  hours per day

minutes per day

4. Again, think about only those physical activities that you did for at least 10 minutes at a time. 
During the last 7 days, on how many days did you do moderate physical activities like carrying 
light loads as part of your work? Please do not include walking.
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days per week

I I No moderate job-related physical activity — ► Skip to question 6

5. How much time did you usually spend on one of those days doing moderate 
physical activities as part of your work?

 hours per day

  minutes per day

6. During the last 7 days, on how many days did you walk for at least 10 minutes at a time as 
part of your work? Please do not count any walking you did to travel to or from work.

 days per week

I I No job-related walking SWp to PART 2: TRANSPORTATION

7. How much time did you usually spend on one o f those days walking as part o f  your work?

  hours per day

  minutes per day

PART 2: TRANSPORTATION PHYSICAL A C T IV ITY

These questions are about how you traveled from place to place, including to places like 
work, stores, movies, and so on.

8. During the last 7 days, on how many days did you travel in a motor vehicle like a train, 
bus, car, or tram?

  days per week

I I No traveling in a motor vehicle Skip to question 10

9. How much time did you usually spend on one of those days traveling in a train, bus, 
car, tram, or other kind of motor vehicle?

  hours per day

  minutes per day

Now think only about the bicycling and walking you might have done to travel to and from 
work, to do errands, or to go from place to place.
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10. During the last 7 days, on how many days did you bicycle for at least 10 minutes at a time to 
go from place to place?

 days per week

□  No bicycling from place to place Skip to question 12

11. How much time did you usually spend on one of those days to bicycle from place to 
place?

  hours per day

  minutes per day

12. During the last 7 days, on how many days did you walk for at least 10 minutes at a 
time to go from place to place?

 days per week

Skip to PART 3: 
HOUSEWORK, HOUSE 
MAINTENANCE, AND 
CARING FOR FAMILY

13. How much time did you usually spend on one of those days walking from place to place?

hours per day 

minutes per day

PART 3: HOUSEWORK, HOUSE MAINTENANCE, AND CARING FOR FAMILY

This section is about some of the physical activities you might have done in the last 7 days 
in and around your home, like housework, gardening, yard work, general maintenance work, 
and caring for your family.

14. Think about only those physical activities that you did for at least 10 minutes at a time. 
During the last 7 days, on how many days did you do vigorous physical activities like heavy 
lifting, chopping wood, shoveling snow, or digging in the garden or yard?

 days per week

vigorous activity in garden or yard — ^  Skip to question 16

I I No walking from place to place
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15. How much time did you usually spend on one o f  those days doing vigorous physical 
activities in the garden or yard?

  hours per day

  minutes per day

16. Again, think about only those physical activities that you did for at least 10 minutes at a time. 
During the last 7 days, on how many days did you do moderate activities like carrying light 
loads, sweeping, washing windows, and raking in the garden or yard?

 days per week

I I No moderate activity in garden or yard Skip to question 18

17. How much time did you usually spend on one o f  those days doing moderate physical 
activities in the garden or yard?

  hours per day

  minutes per day

18. Once again, think about only those physical activities that you did fo r at least 10 minutes at a 
time. During the last 7 days, on how many days did you do moderate activities like carrying 
light loads, washing windows, scrubbing floors and sweeping inside your home?

 days per week 

Skip to PART 4: 
RECREATION, SPORT AND 
LEISURE-TIME PHYSICAL 
ACTIVITY

19. How much time did you usually spend on one o f  those days doing moderate physical 
activities inside your home?

 hours per day

  minutes per day

I I No moderate activity inside home
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P A R T 4: RECREATION, SPORT, AN D  LEISURE-TIM E PHYSICAL ACTIVITY

This section is about ail the physical activities that you did in the last 7 days solely for recreation, 
sport, exercise or leisure. Please do not include any activities you have already m entioned.

20. N ot counting any w alking you have already m entioned, during the last 7 days, on how many 
days did you w alk for at least 10 m inutes at a tim e in you r leisure time?

 days per week

I I No walking in leisure time S k ip  to  q u e s tio n  22

21. How m uch tim e did you usually spend on one o f  those days w alking in your leisure tim e?

hours per day  

m inutes per day

22. Think about only those physical activities that you did for at least 10 m inutes at a time. 
D uring the last 7 days, on how  m any days did you do vigorous physical activities like aerobics, 
running, fast bicycling, or fast sw im m ing in your leisure tim e?

days per week

I I No vigorous activity in leisure time ^  S/c/p to  q u e s tio n  24

23. How much tim e did you usually spend on one o f  those days doing vigorous physical 
activities in your leisure tim e?

  hours per day

  m inutes per day

24. A gain, think about only those physical activities that you did for at least 10 m inutes at a time. 
During the last 7 days, on how  m any days did you do m oderate physical activities like bicycling 
at a regular pace, sw im m ing at a regular pace, and doubles tennis in your leisure time?

days per week
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No moderate activity in leisure time Skip to PART 5: TIME SPENT
SITTING

25. How much time did you usually spend on one o f  those days doing m oderate physical 
activities in your leisure time?

  hours per day

  m inutes per day

PARTS:  TIME SPENT SITTING

The last questions are about the time you spend sitting while at work, at home, while doing course 
work and during leisure time. This may include time spent sitting at a desk, visiting friends, reading 
or sitting or lying down to watch television. Do not include any time spent sitting in a motor vehicle 
that you have already told me about.

26. During the last 7 days, how much time did you usually spend sitting on a w eekday?

hours per day 

  m inutes per day

27. During the last 7 days, how much time did you usually spend sitting on a w eekend day?

  hours per day

  m inutes per day

This is the end of the questionnaire, thank you for participating.
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Appendix II

Innocor Calibration
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C alibration o f  the m etabolic an a lysis  equipm ent took  p lace prior to each test. A  on e-poin t  

autocalibration  w as perform ed on the o x y g en  sensor u sing am bient air, w h ich  w as calibrated  

to  m atch the figure 20 .93% . O n ce a year, an additional tw o  point calibration w as perform ed  

by a representative o f  the m anufacturer u sing air and pure o x y g en . T he flow m eter w as  

calibrated prior to V 0 2 m a x  testin g  u sing a syringe o f  know n vo lu m e (3 .0  litre volum eter, 

S eries 5 5 3 0 , H ans R udolf, Inc. U S A ). The syringe w as filled  and em ptied  5 tim es at 3 

d ifferent rates o f  f lo w  and the figures w ere accep ted  i f  the n ew  “gain  v a lu es” w ere in the 

range o f  0 .9  to 1.1. If  the va lu es w ere ou tsid e th is range, the n ylon  screen in the 

pneum otachom eter w as replaced. A s the v o lu m e and f lo w  m easurem ents w ere detected  

c lo ser  to their source than the gas concentration  m easu rem ents, th ey  w ere detected  m ore 

q u ick ly , and for accurate V O 2 data to be obtained , it w as n ecessary  to ensure that the gas-  

flo w  d elay  did not vary e x c e ss iv e ly . T his calibration w as perform ed by taking e leven  large, 

rapid breaths in fo llo w ed  by s lo w  exh alation s out through the m ou th p iece, to ensure that the 

readings did not vary by m ore than 20  to 4 0 m s from  day to day, as per the m anufacturers 

gu id e lin es. A m b ient room  con d ition s w ere a lso  taken into account and entered into the 

m etabolic  analyser. R oom  tem perature and h um id ity  w ere m easured u sing  an electron ic  

therm om eter /  hygrom eter (H ygro-T h erm om eter C lock  1.55AJ, M aplin  E lectronics, 

E ngland), w h ile  atm ospheric pressure w as m easured  using a dial barom eter (Tem perature  

C om pensated  Precision  Barom eter, D ip lex  ltd, E ngland).
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Appendix III

Oral presentation at the Irish Society o f  Chartered Physiotherapists Annual 
C onference (ISCP), Croke Park, Dublin, 16th Novem ber 2012.

Associated publication:
O ’Hanlon D, W anic K, Pazderska A, Shah S, C ooper D, Collura N, O 'Gorm an D, 
Nolan JJ. Changes in fat mass and w aist circum ference are the best anthropom etric  
indicators o f adaptation to lifestyle intervention in patients with type 2 diabetes. 
Innovation: Ideas into Action Physiotherapy in a challenging environm ent. Book of 
Abstracts, p 7.
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Title: Exercise management of type II diabetes in 
primary core
Authors: D McCarthy’ . C Blake',
-UCD School of Public Health. Physiotherapy and 
Populotion Science. Belfield, Dublin 4.. Ireland

Objective - The aim of this study was to assess the 
effects of a combined supervised resistance and self 
managed pedometer walking programme in type two 
diabetes mellitus patients with a follow up at four 
months post programme. Compliance with the 
programme was also assessed. This was a pilot study 
to test the feasibility of a larger study and to provide 
data for sample size calculation for this study 
Research Design and  Methods -  A total of 13 
participants were randomly assigned to an 
intervention (n = 7) or control group (n = 6). Both 
groups were well matched for HbAlc, age, height, 
weight and physical activity. The intervention group 
took part in an 8 week exercise programme that 
included twice weekly supervised resistance training 
and three times weekly pedometer (provided free of 
charge) bosed walking programme which they 
carried out unsupervised at home. Pre and post 
outcome measures included glycated haemoglobin 
(HbAlc), fasting blood glucose, BNAI, strength, 
physical activity levels and quality of life using the SF- 
36. Follow up occurred at four months post 
programme. Compliance was also assessed Ethical 
approval was given by University College Dublin 
Ethics Committee.
Results -  HbAlc decreased by 0.27% (p<0.05), 
BMI decreased (p<0.05), strength increased, 
measured by 1 RM, (p<0.05) and physical activity 
levels increased (p<0.05). There was no significant 
change In quality of life. Only one participant did not 
complete the programme. At follow up four months 
post programme 85.7% (p<0.05) were still exercising 
In the Intervention group.
Conclusions -  Combined resistance and self 
managed pedometer based walking programme lead 
to an Improvement in glycaemic control in patients 
with diabetes type two. Pedometers and putting the 
patient in control of part of their programme lead to 
high compliance and adherence rates post study A 
larger study needs to be carried out to confirm the 
above results. This is the first study to assess the effects 
of this type of programme in patients with type two 
diabetes.

Title: Changes in fat mass and waist circumference 
ore the best anthropometric indicators of adaptation 
to lifestyle Intervention in patients with type 2 diabetes. 
Authors: D O'Honlon’ '̂ . K Wanic^, A Pazdersko^,
S Shah^, D Cooper', N Collura^, D O'Gorman', JJ 
Nolan^,
-‘■DCU. Dublin. Irelond.-^MRU. SJH. Dublin. Ireiond. 
^Steno. Gentofte. Denmark

Purpose: The aim was to examine the relationship 
between weight loss, anthropometric measurements, 
and food diary outcomes after a 12 week hospital 
based lifestyle intervention among young (age 
<30years) patients with type 2 diabetes (T2DM). 
Relevance: Approximately 15% of weight lost 
through dieting is thought to be fat-free mass, making 
It is difficult to determine the true effect of lifestyle 
Intervention.
Participants: 10 obese (body mass Index > 30) 
patients with T2DM were randomised to an exercise 
Intervention, while 14 matched patients were 
random ised to a dietary Intervention matched for 
energy restriction.
M ethods: During the exercise Intervention, patients 
perform ed supervised aerobic exercise 4 days per 
week, while during the dietary Intervention, patients 
filled out food diaries and met with a dietician every 
two weeks. Anthropometric measurements were 
m ade before and after, with bioelectrical impedance  
used to examine body composition.
Analysis: Data analysis was performed using f-tests 
(SPSS version 16), and expressed as Mean SEM. 
Results: There was no change In weight after the 
exercise intervention, however, there was a reduction 
in fat mass (-2.6±0.9kg, p=0.02), and waist 
circumference (-4 .2 ' 1 5cm, p = 0.02). There was a 
significant self-reported reduction in energy intake 
during the dietary Interv'ention (-81 2r258kcal/doy, 
p -  0.01), after which there was a reduction in weight 
(-2.5* 1,0kg, p = 0.03), but no reduction in fat mass, 
or waist circumference.
Conclusion: Patients with T2DM underreport their 
calorie intake, as the reported reduction in energy 
Intake should have resulted in greater fat loss. Food 
diaries and changes in weight are therefore not the 
best Indicators of progress during lifestyle 
intervention. Exercise is better than dietary restriction 
at fat mass reduction, which is the most important 
aspect of weight reduction, even though total body

www.iscp.ie 7
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Appendix IV

Audio poster presentation at the 48th A nnual M eeting of the E uropean Association for 
the Study o f Diabetes (EASD), Berlin, G erm any, 3rd  O ctober 2012.

Associated published abstract:
O ’H anlon D, W anic K, Pazderska A, Shah S, Cooper D, C ollura N, O 'G orm an  D, 
Nolan J J .  A ltered Response to Diet and Exercise Intervention in Early-O nset Type 2 
Diabetes. Diabetologia, 2012, vol 55, pS248.
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Ihe effects and phy&iological mechanisms of free-living inleoal-walking 
training on giycaemic control in type 2 diabetes patients: a randomised, 
controlled trial
K. karstoft', K Winding*, S.H. Knudsen', B.K. Pedersen'. I S. Nielsen-.
T.l* Solomon';
'Faculty of Health Sciences, University of ( ’openhagen, Rigsho»pitalet, 
’Departmem of I'nd(Krinok»g)’, Diabetes Research ('enire. iMense 
University Hospital. Denmark.

Background and aims: In t)*pe 2 diabetes patients, free-living walking tram 
mg IS feasible but shows limited etfect upon glycaemic control vari^les. On 
the other hand, mterval trammg methods have shown huge improvements 
in glycaemic control but suffer from lower adherence rates. In this study, we 
first ev aluated the feasibility of free-living walking trainmg in type 2 diabetes 
patients; secondly, we inve.stigated the effects of interval-walking versus con­
tinuous-walking trainmg upon glycaemic control: and thirdly, we assessed 
the underlying physiok)gical mechanisms of changes in glycaemic control. 
Materials and methods: Subjects with type 2 diabetes (5A.7 ± 1.4 years, 
29.5 ± 0.<i kg/m2) were randomized to a control group (n=8). a continuous- 
walking training gn> up(n-12). or an interval walking training group (n-12). 
t raining groups were instructed to train 5 sessions per week. 60 minutes per 
session and were contn>lled with an accelerometer and a heart rate moni 
lor. Before and after the 4 month intervention, maximal oxygen consumption 
(V\)2max) was assessed, glycaemic control was measured using continuous 
glucose monitoring (CGM). and insulin secretion/sensitivity was measured 
using a hyperglycaemic clamp (5.4 mmol/1 above fasting glucose concentra 
tion).
Results: t raining groups demonstrated high and equal training adherence 
(89 ± 4%). and (raining energy--expenditure and mean training intensity 
were comparable. V02max was unchanged in the control group and con- 
tinuous-walking group, but increased in the interval-walking group (16 ± 4 
%. P<0.05). (flycaemic control (mean (XIM glucose levels) worsened in the 
contml group (delta mean r.GM glucose = 1.2 ± 0 4 mmol/1. P<O.OS), whereas 
mean and maximum CX>M glucose levels decreased in the interval - walking 
Uaimnf. grcHip (della mean CX»M glwcose = O.R ± Q.5 delU
maximum (.X>M glucose » -2.8 ± 0.8 mmol/1. P<'0.05). Ihe continuous walk 
mg training group showed no changes in glycaemic control. In the interval 
walking training gmup, the insulin sensitivity (57 ± 17 %. P<0.05) increased, 
whereas the insulin secretion did not change (3 i  6 %. P>0.05). Ihe disposi 
tion index increased comparable to the irksulin sensitivity (60 ±16% . P<O.OS). 
In the continuous walking and control group, no changes were seen in any of 
these parameters.
(Conclusion: l-ree-living walking training is feasible in type 2 diabetes pa­
tients and interval walking training is superior to energy expenditure 
matched continuous-walking training upon improving glycaemic control. 
I'urthermore, interval walking induced improvements in glycaemic contml 
seem to be dependent ixi improvements in insulin sensitivity and increased 
dispositu>n.
ClinicaJ Trial Registration Sumber: NCTO/2J4/55
Supported by: DD2, Dtimsh Agency for Science, Trvgfonden. EFSD'Amylin 
grant

601
liffects of high-intensity interval training on glucose and fat metabolism 
in healthy, s^entary middle aged men
A.M. Savolainen . K.K. Kalliokoski'. ].). Hskelinen'. V'. l.epomaki'.
I. Heinonen', K Vlrtanen', R. Parkkola', I. Kapanen% }. knuuti’. P Nuutila', 
I.e. Hannukainen ;
' Turku P trr Centre. University of Turku. Finland. -Paavo Nurmi C-entre. 
Furku. Finland.

Background and aims: Lifestyle interventions have been shown to improve 
insulin sensitivity in liver and abdominal adiptwe tissues in obese patients 
and in patients with prediabetes or type 2 diabetes mellitus. Recently, two 
weeks of low-volume, high-intensity interv-al training (HFF) has been shown 
to increase whole body insulin sensitivity and glucose metabolism in skeletal 
muscle. Ihe  aim of this study was to  investigate whether HIT also alfecLv glu 
cose and fatty acid metabolism in internal organs.
Materials and methods: !i.ight healthy, sedentary, middle ^ e d  men (mean i  
SD, age; 47 ± 5 years; BMI; 26 ± 2.9 kg-m 34 ± 4 ml-kg * min ') were
studied before and after two weeks and su  sessions iM' HFF (4-6 x 30 s all out

sprints on a cy'cle ergometer with 4 minutes of recovery). Skeletal muscle, 
liver, pancreas, abdominal subcutaneous and visceral fat tissue insulin stimu­
lated glucose uptake and fasting free fatty acid uptake were measured using 
FlXi and FITIA PF'T -methi.>ds. In addition, muscle, liver and pancreas fat 
content was assessed with magnetic resonance spectroscopy.
Results: lx>llowing HIT intervention, increased by 4.7 % (from 34 ±
4 to 33.5 ± 4 ml kg ' min student paired t test, p=0.019). Fasting serum free 
fatty acid concentralK>n (from 0.46 t  0.14 to 0.33 t  0.09 mm ol-lp=0,(>54) 
and plasma total cholesterol level (from 5.4 ± 0.7 to 4.5 ± 0.6 mmoM 
p<0.00l) decreased. Vvliole body insulin sensitivity increased by 12 % bifl 
withoiU statistical signiticance (39.1 ± 114 vs. 43.4 ± 16.3 ^imol k g ‘ m i n p  
= 0.22). Although glucose i^^take m m. quadriceps femoris increased b>' 38% 
(fn>m44± l l t o 6 0 ±  18 pmol-kg‘ min ‘.p=0.004),two weeks of HFF had no 
influerKe on glucose uptake in liver, pancreas and abdominal adipose tissues. 
Ihe results of free fatty acid uptake and MRS studies nill be presented in the 
congress.
Conclusion: Twx> weeks of k)w-volume high • intensity interval training seems 
to be an effective method to improve insulin sensitivity in skeletal muscle, 
but has no effect on glucose metabolism m internal organs in healthy middle 
aged men. Further studies are needed in patients with prediabetes and type 
2 diabetes to understand the role of exercise training in the inetalK)iisin of 
internal organs.
Ciinkal Tnal Registration Number. NCT01344928
Supported by. EFSDi No>'o Sordisk, Minisfrv of Education, Academy of Fin­
land, Orion Farmos
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-\llered response to diet and exercise intervention in early-onset type 2 
diabetes
D.l. O’Hanlon . K.. Wanic"’, A. Pazderska\ S. Shah^ IXE. Cooper', N. Collura'. 
D.l. O'Gorman*. M Nt)lan^
School of Health and Human Performance. Dublin City University. Ireland. 
'Metabolic Research Unit, St lames's Hospital. Inm ty College I>ublin.
Ireland, 'Steno Diabetes (.entre. (»entofte. Denmark.

Background and aims: We have reported that patients with ear)y-<mset type 
2 diabetes (YT2) are much more insulin resistant, and less respt>nsive to life 
style and medical interventions than patienLs with later onset diabetes (()T2). 
We have found (unpublished data) that YT2 has a different metab<Jic signa 
ture. with higher fasting concentratioru of total and sev'eral individual fatty 
acid !4>ecies than ()T2.'!he aim of this study was to further examine and com 
pare the adaptive responses to lifestyle intervention in YT2 andOT2 subiects. 
Materials and methods: YT2 and OT2 subiects were recruited for baseline 
examination, and to participate in a 6 month lifestyie intervention including 
a reduced-calorie diet (-2500kcal/week) and exercise training at 70% \'0- 
,max. Testing included a VO^max test to exhaustion, fasting anthropometric 
measurements (weight. H'aist circumference, and fat mass using bioelectncal 
impeclance). a muscle biop.sy fnwn the vastus lateralis (to examine intrinsic 
m itiK hondrial functiwi: state 3 respiration measured by respirometry) blt»od 
sampling to examine lipid profile, and  an OCi lT' to measure insulin sensitiv­
ity (based on a 2 hour CKiTT).
Results: We recruited 69 patients for evalualitin: 23 YT2 (27.9t0.9 years) and 
46 BMI-matched OF2 patients (55.3H.2 years). At baseline, there were no 
differences between groups in waist circumference. VO^max. intrinsic mito 
chondrial function, or indices of insulin sensitivity. Ihere was no difference in 
fasting tri^ycende concentration, but despite a similar diet, the YT2 patients 
had higher total cholesterol (4.7±0.2 vs 4.2±0.1mmol/l, /»=0.02). and LDl. 
cholesterol (2.8±0.2 vs 2.2±0.2mmol/l. p=0.01). A subgroup of 25 subjects 
(10 Y F2 and 15 (^T2) completed the lifestyle intervention, after which only 
the OT2 grt)up had a significant reduction in fat mass (A 3.1±0.9kg,/>=0.Gl). 
Both groups had comparable impmvements in V(.),max. HtJwever. a reduc­
tion in fasting triglyceride concentration (A 0.37±0.1 mmol/1.p=0.01), and an 
increase in insulin sensitivity ((KiIS-2hr: A 47.5l:l8.3ml/min/m^ p=0.02). 
occurred only in the OT2 group.
Conclusion: Y‘T2 resportds differently to lifestyle intervention than OT2. De­
spite equal compliance, only 0T 2  subjects exhibited a reduction in fat mass, 
>\ith improvements in fasting tnglyceride concentration and insulin sensitiv 
ity. Ihese observations suggest that metabolic factors contribute to treatment 
resistance in Y'F2 patients.
Supported by: EFSD.^'Sovo S'ordtsk grant
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Appendix V

Audio poster presentation at the A m erican Diabetes Association (ADA) A nnual 
M eeting, 72nd Scientific Sessions, Philadelphia, Pennsylvania, 11*'’ June  2012.

Associated published abstract:
O ’H anlon D, W anic K, Pazderska A, Shah S, Cooper D, C ollura N, O 'G orm an  D, 
Nolan J J . A ltered Response to Diet and Exercise Intervention in Early-O nset Type 2 
Diabetes. Diabetes, 2012, vol 61, pS182.
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EXERCISE— HUMAN

sidered among clin ica l approaches to  risk reduction in East Asians w ith  
diabetes, who have d iffe re n t profiles for macrovascular com plications 

Supported t y  Ihe M n s try  o f Heaftti. iaftcr and Wetfare. Japan

A  A  716-P
S elf-R eported  Physical A c tiv ity  is A ssociated W ith  B eta -C e ll Func­
tion In M e x ic a n  A m ericans
ZANGHUA CHEN, MARVHEIEN BLACK, RICHARD M WATANABE. ENRIQUE 
TRI60.MIWATAKAYANAGI, THOMAS A BUCHANAN, ANNY H XIANG. iflsA n - 
getes. CA. Pasadena CA 

Intensive exercise tra ining has been shown to  improve insulin sensitiv­
ity  and prevent type 2 diabetes We assessed whether daily-liv ing physical 
a c tiv ity  |PA| is associated w ith  insulin sens itiv ity  and other type 2 diabetes- 
related tra its . Subjects w ere partic ipants o f BetaGene. a study o f obesity, 
insulin resistance and beta-ceil function in Mexican Americans PA was 
self-reported and categorized into three groups according to  HH3 physical 

a c tiv ity  guidelines fo r Americans: [vigorous < 75 m ins/wk and moder­
ate < 150 m ins/wk). "M odera te  (vigorous»  75 m ins/w k or moderate 2  150 
m ins/wk), and "H igh ' (vigorous a  75 m ins/w k and moderate s  150 m ins/ 
w k ) . Trend in PA was tested for association w ith  metabolic tra its  measured 
by OGTTs, IVGTTs, BMI. DEXA and history of ges ta tio r« l diabetes (GDM) in 
women. Results were from  1.152 subjects w ith  com plete data ('Low"=501, 
‘ Moderate"=448. and 'H igh"=203) w ith  mean age 3 47  *  8 0  years mean 
B M l 29.6 kg/m^, and 73% female A fte r adjustment lo t age and sex, highes 
level o f PA was significantly associated w ith  lower 2-hr glucose, tasting and 
2-hr insulin, and higher beta-cell function irxlex (p=0 01, 0 001, 0 008, and 
0 009. respectively) Greater PA was marginally associated w ith  lower fa s t­
ing glucose and higher insulin s e n s itiv ity (p = 0 10 and 0 08, respectively), but 
w as not associated w ith  BMI or body fa t percentage (BFP) (p>0 36 for each) 
Age- and sex-adjusted mean beta-cell function index for ' lo w '.  "Moder- 
atd" and "Htgh’  PA were 8265.8526, and 9601, respectively W omen in the 
'H ig h ' ar>d "M oderate  PA groups w ere 0 6 (95% Cl 0 3-0 99) and 0 8 (95% 
Cl 0 6-11) times likely to have had GDM compared to  women in the ’ Low^ 
PA group Results were sim ilar a fte r further adjustm ent for BMI or BFP We 
conclude tha t greater daily-liv ing PA is associated w ith  an improved glucose 
and insulin profile and better beta-cell function that were not explained by 
differences in body fa t Physical ac tiv ity  may have d irect e ffec t to protect 
beta cell function 

Supported NIDDK

A  717-P
A lte red  Response to D iet and E xercise In tervention  In Early-O nset 
Type 2 D iabetes
DECIAN O'HANLON. KRZYSZTOF WANIC. AGNIESZKA PAZDERSKA, SYED 
SHAH NOELLECOLLURA. DIANE COOPER, DONALO’GORMAN JOHNJ N0L.4N, 
Dublin heland. Gentofie. Denmari 

We have reported tha t patients w ith  early-onset type 2 diabetes (YT2| 
are much more insulin resistant, and less responsive to lifes ty le  and medical 
interventions than pa tients w ith  la ter onset diabetes I0T2) We have found 
[unpublished data) tha t YT2 has a d iffe ren t metabolic signature, w ith  higher 
fasting  concentrations of to ta l and several individual la tty  acid species than 
0T2 W e recruited 69 patients for evaluation' 23 YT2 (27 9±0 9 years) and 46 
0 T 2 155 3±1.2 years). 6M I-m atched At baseline, there were no d ifferences 
betw een groups in w a is t circumference. VO^max, intrinsic m itochondrial 
function (state 3 respiration measured by respirometry), or indices o f insulin 
sensitiv ity. There was no difference in fasting  trig lyceride concentration, but 
despite  a simtlar d ie t the YT2 patients had higher to ta l chotesterol (4 7±0,2 
vs 4 2±0 1m ffio l/l. p=C 02), and LDL-cholesterol {2 8±0 2 vs 2.2±0 2mrrH)l/l, 
pcO.01 ).A subgroup o f 25 subjects (10 YT2 and 15 0T2) completed a 6 month 
lifes ty le  intervention including a reduced-calorie die t {-2500kcal/week| 
and exercise training a t 70% VOymax, a fte r which only the 0T2 group had 
a significant reduction in fa t mass (A 3 1±0 9kg. pcO 01). Both groups had 
comparable improvements in VO^max However, a reduction in fasting trig ­
lyceride concentration (A  0.37±0.1mmol/l,/7=0.01). and an increase in insulin 
sens itiv ity  [A 47 5±18.3m l/m in/m ^ p=0 02), estim ated by OGIS (based on a 
2 hour OGTT). occurred only in the 0T2 groupYT2 responds d iffe ren tly  to 
lifes ty le  intervention than 0T2 Despite equal compliance, only 0T2 subjects 
exhibited a reduction in fa t mass, w ith  improvements in fasting trig lyceride 
concentration and insulin sensitiv ity These observations suggest that m eta­
bolic factors contribute to  treatm ent resistance in YT2 patients.

Supported by EfSD

A  718-P
Active  Adults W ith  Type 1 D iabetes  Usirtg CSII Should Reduce Basal 
Insulin Infusion by 80%  not 5 0 % to Avoid Hypoglycem ia during A ero ­
b ic Exercise
ALISTAIR N LUMB, JACQUI CARR GARY PETERS, FREORiK KARPE. -.ANW GAL- 
LEN High Wycombe. UnitedKmgdom. Oxford. United lOngdom 

Rates of hypoglytaem ia associated w ith  exercise can be reduced in chil­
dren and adolescents w ith  Type 1 Diabetes using CSII by the reduction o f 
basal insulin infusion by 50% at the sta rt o f exercise However, it is not clear 
w hether this stra tegy is also useful in adults We perform ed a study of the 
e ffec t of basal insulin reduction on blood glucose during exercise in middle- 
aged patients w ith  Type 1 diabetes treated w ith  CSII Twelve adults (6 men 
and 6 women) w ith  mean age 46 years (range 34-65 years) and mean HbAlc 
o f 51 m m ol/nw l (range 42-62) were enrolled A ll partic ipants exercised regu­
larly for at least 1 hour per week and had no significant com plications o f dia­
betes VOp M AX (mean 35.0 m l/kg/m in. range 24.3-44.51 was measured at an 
in itia l v is it A t subsequent visits baseline samples w ere taken 2 hours after 
a standardised meal containing 60g carbohydrate which w as accompanied 
by the usual bolus insulin Exercise commenced 90 m inutes later. Exercise 
sessions lasted for 60 minutes at 50% VOj M AX and w ere successfully com­
pleted by all partic ipants One group o f 6 partic ipants |M 50) applied a 50% 
basal insulin infusion reduction during exercise, the other group o f 6 an 80% 
reduction (M80) A series o f studies w ere performed w ith  reductions made 
0 ,3 0 .6 0  or 90 m inutes before exercise There were no d ifferences between 
the groups in age, glycemic contro l and VO^ MAX Mean baseline blood 
glucose levels were not d ifferent between the groups (8 7 m m ol/l IM 80I v 
8 5 m m ol/i IM50), p = 0 50) There was no clear relationship betw een the 
tim ing o f basal insulin reduction and hypoglycemia in either o f the  groups, 
but overall there were signiftcantly rr>ore episodes o f hypoglyaemia (blood 
glucose < 3 6  m m ol/l) in the M 50 group than in the MBO group |86%  v 12%. 
p <0 OOljThese data suggest tha t a basal insulin infusion reduction o f 80% 
rather than 50% is preferable to avoid hypoglycemia in adults durir>g aerobic 
exercise, and th is should be reflected in clinical advice 

Suppofted by. b fe  Scan Inc

719-P
Longitudinal A ssociation b e tw e e n  TV W atch in g  and D iab etes  Risk 
M arkers  in SEARCH for D iabetes In Youth Study
CHAQ U. BEECH, TESSA CRUWt, RALPH B 0 ’fkfi0ST\HC, iR .. DAKA
DABELEA. LAWRENCE OOlAN. JILL LANOSBAUGH, ANGELA D LIESE, ELIZA­
BETH MAVER-DAVIS, RUSSELL PATE, DAVID J PET^ITT ANWAP *  MERCHANT, 

ColiiTfbia SC. W mston-S^m. /VC Aurora. CO. Cincinnati. OH. ChapQi Hill VC 
Santa Barbara. CA

Studies have shown tha t TV v^ tc h in g  is associated w ith  adverse health 
outcomes To date, few  studies have examined the e ffec t o f TV watching 
longitudinally m youth To address th is issue in diabetes, w e assessed the 
e ffec t of TV w atch ing over 60 months on A lC  and serum lipuJs among 1389 
youth (>10 yr old) w ith  new ly diagnosed type 1 ITID) and type  2 diabetes 
(T2D) partic ipating in the SEARCH for D iabetes in Youth Study. W e used 
mixed models to assess associations between TV watch ing (time varying) 
and change in A1C and serum lipids over time, adjusting fo r age, sex. race, 
parental education, household income, insurance type. BMl 2-score, fam ­
ily composition, and treatm ent fo r diabetes, dyslipidemia, and hyperten­
sion. A1C increased over time among T1D (p<0 01) and T2D (P<0.01) cases. 
A t baseline A1C was higher if partic ipants watched TV for »3 hrs /  day on 
weekdays compared w ith  those w ho  w atched less fo r tio th  TIO  and T2D 
(estimateT1D=0.20, p<0.01; estim aleT20=0 39, p=0 01). W hen considering 
tim e varying TV w atching practices. A1C was higher by 0 16 in T1D (p<0 01) 
and 0.45 in T2D (p<0.011 if partic ipants watched TV for a3 hrs./day on week­
days compared w ith  those who watched less during fo llo w  up adjusted for 
baseline TV w atch ing Triglyceride levels were higher by 7 31 rr>g/dL(p<0 01) 
among youth who watched TV for »3 hrs /day on weekdays during fo llow -up 
(but not a t baseline) than those w ho watched less in T1D cases. Other lipids 
w ere not associated w ith  TV w atch ing (p>0.05 in all models) Decreasing TV 
watch ing may contribute to  lower A1C and improved lipid profile decreasing 
cardiovascular risk in youth w ith  diabetes

For author disclosure information, see page 797 A  Guided Aucko Tour postef ^  AOA-Funded Researcti
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Appendix VI

Oral presentation at the Irish Society o f Chartered Physiotherapists Annual 
Conference (ISCP), M ullingar, 11th Novem ber 2011.

Associated published abstract:
O ’Hanlon D, W anic K, Pazderska A, O 'Gorman D, Cooper D, Collura N, Lithander F, 
Nolan JJ. D ifferential effects o f exercise and diet on metabolic param eters and physical 
fltness in early onset type 2 diabetes. Physiotherapy Ireland, 2012, vol 33, no. 1, p 54.
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Differential effects of exercise and diet on metabolic parameters 
and physical fitness in early onset type 2 diabetes.

Authors: O 'H anlonD  '-, K W anic^ Pazderska A ^ O'Gorman D C o o p e r  D', Collura N L i t h a n d e r  F ^  Nolan JJ',

Affiliations; Physiotherapy Departm ent, St James's Hospital, Dublin. D epartm ent o f Clinical Medicine,Trinity College 
Dublin. ̂ Metabolic Research Unit, St James's Hospital, Dublin.'’School o f Health and Human Performance,DCU.
' Departm ent o f Clinical Nutrition, St James's Hospital, D ublin.'’Unit o f Nutrition and Dietetics, Trinity College Dublin. 
'Steno Diabetes Centre, Denmark

Contact Details: dohanlo@stjames.ie

Purpose: The aims were to characterise the clinical and 
metabolic differences between early onset type 2 diabetes 
(E'l 2DM) and later onset 1'2DM (LT2DM ), and to 
investigate the effectiveness o f lifest>'le intervention.

Relevance: Diet and exercise are first line treatments for 
diabetes, but we have previously shown that patients with 
ET2DM are less responsive to exercise training than 
matched control subjects

Participants: 19 patients w ith  E T2DM, and 30 BM l and 
fitness matched LT2DM patients were recruited.

Methods: 10 ET2DM and 16 LT2DM patients were 
randomly assigned to a 12 week supervised exercise 
intervention at 70% V02m ax, while 14 E T2DM and 22 
LT2DM patients were randomly allocated to a 12 week 
dietary intervention matched for caloric deficit 
A.nthropomelric measuremenls, blood. sampUtvg and 
V O im ax testing (progressive incremental exercise testing 
to exhaustion using open-circuit indirect calorimetry), 
were performed before and after the interventions. Ethical 
approval was obtained for all procedures.

Analysis: Data analysis was performed using /-tests, and 
expressed as Mean ± .SEM.

Results: Patients w ith  ET2DM had significantly h^h e r 
concentrations o f total cholesterol and LDL cholesterol at 
baseline. There was sim ilar weight loss (2.8kg±0.6) 
between groups after the diet, but also a 1.5kg (±1.0. 
p = 0 .0 \ )  reduction in fat free mass (KFM). There was a 
15.8% (±1 9,/)=0.01) increase in VC>2 max in both groups 
after the exercise intervention, and the preservation o f 
FFM. Weight loss (l,02kg±0.4, p = 0 .0 2 )  occurred after 
exercise in the LT2DM  group only. Female subjects were 
more obese, had a lower V0 2 max, and did not respond as 
well to lifestyle intervention as male subjects

Conclusion: ET2DM has some unique metabolic 
characteristics. Patients w ith ET2DM and LT2DM 
respond to lifestyle intervention, but have a different 
pattern o f adaptation.

Implications: Physiotherapists are ideally positioned to 
use lifestyle inlecvenUon, and in  particular exercise 
prescription to effectively contribute to the management 
o f patients w ith diabetes.

Key words: Diabetes, Exercise, Diet

Funding acknowledgement: EFSD
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Appendix VII

Oral presentation at World Physical Therapy Conference (WCPT), Amsterdam, 22nd 
June 2011.

Associated published abstract:
O ’Hanlon D, Wanic K, Pazderska A, O'Gorman D, Cooper D, Collura N, Lithander F, 
Nolan JJ. Graded aerobic exercise intervention improves V 02m ax in early onset type 2 
diabetes. Physiotherapy. 2011, vol. 97, p eS927.
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Pal tii 'ip a iils :  T he exum ination  suh jec is  w ore the right kjioe 
jo in ts  o f  15 healthy  volunteers w ho p ro \id e d  inform ed c o n ­
sent (e igh t m ules, seven fe im le s : m ean age: 24 .3-year-o id  i. 
M oUk k Is ; T ra tiio n  at 1 0 0 N and 2tK^N w as app lied  to the 
right low er th ighs at seven kne*:' joint ajigles (the  fully 
extended position . 25®. 3 5 '.  45*. 55®. 7 0 ^  a n d 9 0 °). and the 
jo in t space w idths o b tained  from  iiiirasonographic  im ages ( B 
iTK'de I o f  the knee jo in t befo re  traction  and 10 seconds after 
tin? beeinm ng  o f traction
A nalvsis: In each  experim ental cond itions, the separation  
d istance  w a.s defined  as the d ifference be tw een  i1k» jo in t spacc 
w idth before traction  and that d iu ing  traction 
k e s iih s :  T he  m ean separation  distances (m m ) (standard  
dev iation) w ith traction  o f 2 0 0 N w eiv. in increasing  o ld e r 
o f tlw  angle . 0 3  ( 0 4 i .  1 3  ( 0 8 i .  1 3  < 07). 1 7  I l o i ­
l o  i0  9 ). I I (0  6 ). and 0.7 (0 .8 i. respectively. Tlie m ean 
separation  d istances for 25®. 35®. 45^. and  55^ w ere sig- 
nitic-antly g rea te r than  that m the fully ex tended  position  
i/7 < 0  05). and the nw an separation  d istances for 45° iukI 
55^ w ere sign ifican tly  larger than  that for 90- J p < 0 0 5 )  
Tlie angle that w as estim aled  to m a x im i/e  the separation  
d istance  from  the regression  form ula , w hich s 1k » w  s  the re la ­
tion betw een the joint angle and  the separauon  distance. 
v = —00005 .i~  + 0  0502.v +  0 .3484 . w as approx im ate ly  50° 
In cases o f  traction  at lOON. rK» s ign ilican t d ifferences w ere 
found betw een  any o f the  angles (/> >0 05)
( oiuiusiM ns: C ollagen  tibeis being iIk  m am  conijx>nent o f  
hgaiiK 'nts and ;u 'ucuiar capsu les tend  to be g radually  stre tched 
under c o n u n u ed  addition  o f  an external force Taking these 
characteristics  in to  consideration , the separation  distanLV o f  
the present study  obtiuned w ith short duration  o f traction  is 
considered  rn^t to ind icate  the anti-stretch  fo rce  o f  tissues 
s tre tched by the traction  but to  m ;unly reflect the loose leN el 
o f  p e ria rticu la rtis su es  rem oved  by the add ition  o f  the tra».'tion 
foive A ccordingly , it w as dem onstra ted  that the M L PP o f  
the norm al knee is the  flexed position  at approx im ate ly  .Vt®. 
w hich show s the largest sep iuation  distant.'e. and w ith larger 
angles than  experts  have p revunisly  indicated 
Im plicalio iis: T he hnd ings  o f this study w ill con tribu te  to  
effective conducting  o f jo in t m o b ili/a tio n  to the im p;ured 
knees.
K exw ords: Knee |o in t: M axjm ally  loose-packed  position . 
Joint traction
I  u n c l i n g  a c k i ) o M |e d ^ e n K .'n l s :  N one
Ktlik's appn>\a l:  Tins study w as approved by the eth ics 
a^m m ittee  o f  T okyo MetropiL'litan I ’n iversity

Ki‘so ;irch  R e p o r t I lx itfo rin  P re sc n iiid o n  
N iin ih e r: R R -P I .-352-1 W w liK sda> 2 2 . |i in e

K A I: .\ud iU »riin ii

<;u \ i ) i : i )  \ i  ROHK I \ I  R( isi: i \  i i ; r \  k m  i o \  
IMPR(>M:s V 0 2 M W  I M  ARIA ONSI T H  PK 2 
1)1 \HK1 I S
O 'H a n lo n  P . *. W anic K P a /d e rsk a  O 'C o rm iin  D.^, 
C o o p er D  C ollura  N L ithandei F ^ . N olan  j 7  
^Trinity College Dublin, Clinical Medicine. Dublin. Ireland, 
•St. James's Hospital, M etabolic Researt'h Unit, Dublin, 
Ireland, -^St. James Hospital. Metabolic Research Unit. 
Dublin, Ireland. ^Dublin City University', Health S. Human 
Performance. Dublin. Ireland. ^St. Jam es’s Hospital, Clin­
ical Nutrition. Dublin. Ireland. ^■'Trinity College Dublin. 
Nutrition and Dietetics. Dublin. Ireland. ^St James Hospi­
tal, M etabolic R eseanh  Unit. Department o f  Endocrinology, 
Dublin, Ireland

P iirp tise : T he  prevalence o f  type 2 d iabetes (T 2D M i has 
increased  draiiiatically and it is predic ted  that m ore than 50 
m illion  E uropeans w ill be d iagnosed by 2030 At the sam e 
tim e the age o f diagnt>sis has decreased  and the fastest g row ­
ing dem oeraph ic  a ie  th o se  aged betwe^?n 15 and 4U years. 
Earliei onset increases the patient exposure  to the d isease, 
and thei efo re  increases the risk  o f com phcaiions . particu larly  
caidioN 'ascular d isease  We recen tly  reported  that patients 
w ith early onset T 2D M  h a \e  a b lunted or absen t metaK^lic 
response to  aerobic e x e ra s e , associated  with abnorm alities 
in skeletal m uscle m itochondria l proteins The aim o f  this 
study w as to  ins esligate  the effectiveness of a g raded \ 2-w eck 
exeicise  in tervention
R d c x a ix e :  Exercise has been -Jiown to be the  ke) in terven­
tion  in the preven tion  and ea ily  treatm ent o f T 2D M  
P a r tk ip a i i t s :  T w enty-one sub iec ts  w ere  recru ited ; 6 
pa tien ts  w ith early  onset T 2D M  (28  5 ± 1 4  years. BM I 
37 5 ±  5 4 kg.'’meter^ I. 7 paUents w ith later onset T2D M  
(53 3 ± 1 , 9  years. BM I 33 5 ±  2.5 kg*'m eter"). and S 
young ohcse  non-diabetic  sub jec ts  ( 2 2 . '^ i2 .2  years. BMI 
3 5 .6 ±  1 7 kg/m eter* I S ub jects  w ere  sedentary  and weight 
stab le prioi- to  the study. T he patien ts with d iabetes w ere 
recruited  from  outpatien t clin ics in St. Jam es 's  H ospital 
DubUn. and the non-d iabetic  subjects w eie  recitiited  using 
k v a l advertisem ents in D ublin  C ity  U niversity.
M elhtK is: Tlie study w as a longitudinal. contR^lled study  
B aseline  testing  included anthix>pometric m easurem ents and 
a V 0 2 m ax  fitness test, a lte r  w hich  sub jecls  began a 12-weck 
superv ised  progressive aerobic  exercise  in tervention  tra in ­
ing four d a y s  per w eek at 7 0 ^  V 0 2 m ax . and expending 
2500 kcal per w eek S upplem entar) V’0 2 m a x  tests w ere per­
form ed at w eek  4  and w eek H of the  exercise  in ie rvenuon . and 
in the c ase  o f  any increase  in V02miLX. the train ing  intensity  
w as increased  to 7 0 ^  o f  the new V 02m ax  D ietary  intake was 
kept constiuit tliroughout and  m onito ivd  using food d iaries. 
Testing w as repeated  after the inteiAeniion
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A llal\^is: Slatistical analw is » ;is  perforiiu’d UMng SPSS 
statistical analysis sol't«aie (versK'n 16) The data » e ie  
expressed as Mean ±  the Stiuuiard E nof o f the Mean Sta­
tistical siemticance was set a t /)< 0  05 
Rcsiills: All gnxips were matched for height. »eiglu. 
V02nia.\ and BMI at baseline. V 02m ax increased signifi­
cantly after exercise training in the e;ift\ onset T2DM group 
(from 2 82 ± 0  161/minutes to J! 17 ± 0  15 1/minutes. 
/) = 0 0 l i .  the later onset T2D.M eruup tfroni 
2.?4 ±0 .21  I'minutes to 2 62 ± 0  2 2 1/minutes. p = 0 (>4i. 
and the young obese group (from 2 7 8 ± 0 . |7  l/miniites to 
3 .0 5 ± 0 'l7 l/m iiu ite s . /> = 0.0.^). by 12 40}. 11 97'?.. 9 .7«  
respectively, with no signihcant diffejvnces between grixips 
There were no ch;uiges in body weight 
( oncliisiniis; \  graded aerobic exercise intervention, w ith 
increaseJ intensity at 4 and S weeks led to improvements in 
V02niax in these v en  insulin resistant subjects in spite of 
the absence o f u eight loss
Iniplkalions: Physical litness in severely obese subjects w ith 
eaily onsd  T2DM. in spite o f severe insulin resistance and 
tissue resistance to exercise, can be improved through the 
use o f graded and personalised exercise prescription These 
findings can form tlie basis for effective early inteiAciitions 
in this v en  high risk patient gnnip
KetM ords: Type 2 diabetes. Lifestyle intervention: Exercise 
ru n d iiig  ackno»lc<lf!cnien(s: European Foundation for the 
Stud\ of Diabetes
r.thics a|>pru>:il: Fa^m the ethics coinniittee of St James's 
Hospital Dublin, and The Adelaide and Meath Hospital. 
Incorpoiating The National Children's Hospital

Reseurch Ke|Mir( Poster Disphiy
Niiinber; KR-PO-.V>fi-l7-\\«l Wwliiesdax 22 June 12:00

KAI: Kxhibil lliills 2  & J

\ H  S( I.K I IIK KNESS AS AN IM)I( A lO R  TO 
ESITM VI E (  APACH E KORDMI.^ A ( T I \ H   ̂ IN
( i m . D U E N  w r n i  ( e r i  b r m . p a i . s v

Ohata K *. Tsuboyania T Hanita T " . Ichiha^Jii N 
Nakamura T -
'G niJuati' School o f  Medicine. Kyoto Unhersily, Depurt- 
ment o f  Human Health Science. Kyoto, Japan, ~ Mukougaoka 
Special Support School. Departmenl o f  Pmgrams to Promote 
Independents, Mukou. Japan, Departmenl o f  Orthopedic 
Surgery, Graduate School o f  Medicine, Kyoto University, 
Kyoto, Japan

Piirpost: M an\ previous studies have examined muscle 
thickness in tlic context of activity measures in childi en and 
adolescents with cerebral palsy (CPi Tlie present study aim 
was to determine the clinical relevance of a muscle thickness 
assessment for the quadriceps femoris muscle iMTQ l and to 
use this to estimate capacitv for diulv activity in children w itfi 
CP,

RcloMinci': We established how assessing capacity for daily 
actis ity can contribute to iiK'tor function management in chi 1- 
dren sv ith CP
P-arlicipaiits: We examined 55 children and adislescents (.29 
females. 26 males, mean age 1 ly I mo. SD .^y 6nn)i w ith 
spastic (quadriplegia. hemiplegia, or diplegiai. athetotic, or 
hypotonicCP Our subjects, w ho ranged from levels 1 to V on 
tlie Gross NKitor Function Classification System tCMFCS) 
participated in at least one measuivinent session 
M ethods: We iiieasuied body height, weight. MTQ. and 
activity limitations in all subjects. We measured MTQ from 
B-imxle ultrasound images, and used tlie Pediatric E\"aluation 
of Disability Inventory Mobility score tPED l-M ) to e\ aluate 
activity limitations These scores were calculated at annual 
measurement sessions spanning three years Thirty -four chil­
dren p;ulicipated all three years
A iialisis: We used stepwise multiple regression analysis to 
develop an equation to estimate the piedicted PEDI-M The 
first year, we used age. sex, body weight, and MTQ to pre­
dict the actual PEDl-M scores in the 55 participants The 
M children who were measured annually over three years' 
time were divided into tw=o groups based on their PEDl-M 
score relative to the actual PEDI-M score. Tlw Friedman test 
analyzed longitudinal change in each giv>up 
Results: The stepwise muUiple regression analysis venfied 
that MTQ was an independent determinant of PEDI-M scores 
(7005) Children wtio have low predicted PEDI-M scores 
relative to the aiiual PEDl-M scores showed a significant 
deiTease in actual PEDl-M score during the three-year time 
penod (p < 0  05) In contrast, those with a relatively high pre­
dicted PEDl-M score showed a signihcant increase in the 
actual PEDl-.M score (/j < 0  0 5 i

Coiuliis'Kins; MTQ is a good predictor of daily activity in 
children with CP Sufficient MTQ is required to improve and 
maintiun daily fum.lion
linplicalioiis: MTQ assessments may help estimate capacit)
for daily activity in children w ith CP
Kc\ Mords: Cerebral palsy; Muscle thickness; Actis ity
h uiKliii)> :K'kiict»1i'dgi'iiK'iils: None
K lhks approsiil: Ethical appcAal for this study was given
by the ethics committee of Kyoto Umversit) Graduate School
;md Faculty of Medicine.
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Appendix VIII

O ral presentation at the R ehabilitation and T herapy Research Society Conference 
(RTRS), Lim erick, 13th May 2011.

This presentation won best presentation of the conference.

Associated published abstract:
O ’Hanlon D, W anic K, Pazderska A, O 'G orm an  D, Cooper D, Collura N, L ithander F, 
Nolan J J . Progressive aerobic exercise train ing  improves V 02m ax  and m itochondrial 
function in early onset type 2 diabetes. Physical T herapy Reviews. 2011, vol. 16, no. 4, p 
285.
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Seventh Annual Conference
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University o f Limerick, Ireland r t r s

Progressive aerobic exercise training improves VOjfnax and mitochondrial 
function in early onset type 2 diabetes

Declan O'Hanlon'’^, Krzysztof Wanic*'^, Agnieszka Pazderska^, Donal O'Gorman’ . Diane Cooper’ , Noelle 

CoUura^, Fiona LIthander’ , )ohn Nolan^

'Trinity College, Dublin, Ireland, ^St. James’ s Hospital, Dublin, Ireland, ^Dublin City University, Dublin, Ireland, 

‘'Steno Diabetes Centre, Copenhagen, Denmark

Backgrourx): The prevaler>ce of type 2 diabetes (T2DM) is increasing dramatically and the age of diagnosis 
continues to fall Earlier onset increases the patient exposure to the disease, increasing the risk of 
complications We recently reported that early onset T2DM (E0T2DM) is an extreme subphenotype of 
T2DM. demonstrating a blunted metabolic response to aerobic exercise and abnormalities In skeletal 
muscle mitochondrial proteins Obesity. Iipotoxiclty and impaired mitochondrial function are all thought to 
contribute to the development of T2DM The aim of this study v^as to Investigate the effect of a graded 12- 
week exercise intervention
Methods: Tv^enty-seven subjects were recruited; six young (<30 years) obese (BMI>30 kg/m^) patients 
with E0T2DM, 10 older (>50 years) obese patients with later onset T2DM and 11 young obese non- 
dlabetlc subjects Baseline testing Included measurements of weight, VO?max, and a bbpsy of the vastus 
lateralis muscle for examination of intrinsic mitochondrial oxidative function by resplrometry After testing, 
subjects began a 12-week supervised progressive aerobic exercise Intervention training, 4 days per week, 
at 70% VO?max, expending 625 kcal per sesskxi Testing was repeated after the Intervention 
Results: All groups were matched for height, weight. BMI, VO/nax and mitochondrial function at baseline 
VOpmax increased significantly (13.9±2,5%) In each group after exercise training, with no significant 
difference between groups. Intrinsic mitochondrial function increased significantly in each group with no 
differences between groups Weight toss (2 4 + 0 86 kg) vras observed In the young ottese group only 
Condusbns: Both groups with T2DW were more resistant to weight loss than the young obese group. 
Personalised exercise prescription at 70% VO^max improves aerobic capacity and intnnsic mitochondrial 
furrctlon in these very insulin resistant patients with E0T2DM In spite of the absence of weight k)ss These 
findings can form the basis for effective early Intervention In this high risk patient group.
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Appendix IX

Published abstract:

A. Pazderska, K. W anic, D. O ’H anlon, D. Cooper, N. C ollura, K.J. C larke, D.J. 
O ’G orm an, R.K. P orter, A. Zorzano, J .J . Nolan. Increased skeletal muscle 
m itochondrial respiration in patients with type 2 diabetes following dietary and 
exercise interventions. Diabetologia. 2011, vol. 54, p S248.
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bances associated with sustained exercise may lead to worsening control 
unless great care is taken to adjust carbohydrate intake and insulin dosage. 
M etabolomic is becom ing widely spread used as a new and powerful tool for 
d iscerning signiticant changes at metabolic level. In this study we wanted to 
identify: 1) the effects o f reguJar exercise practice on phenotypic characteris­
tics, and 2) the  im pact o f acute exercise on the serum  m etabolom e of patients 
with T 1D com pared to  controls
M aterial and  m ethods: A total o f4S ty^e 1 diabetic patients w ithout chronic 
com plications and 45 controls were included. From each group individuals 
were classitied as non competitive athletes (S3 sessions o f exercise per week) 
or sedentary. We obtained data ol htness levels (maximal test on a cycle- 
ergom eter), body com position (DEXA).glycemlc control and dietary intake, 
l-urther, 10 m ale with T ID  (35.1±2.7 years old) and 11 controls (32.7±2.8 
years old) w ith sim ilar cardio respiratory capacity (VO^max 33,4±7.1mL. 
kg '.m in  ' vs. 33.9±9.1, respect.) were selected to perform  an acute lest of 
exercise {30 m in of cycle-ergom eter at 80% of VO^max). Fasting serum  sam ­
ples were w ithdraw n prior and at the end o f the  exercise and were analysed 
using two ditferent platforms: 'H  N M R and  gas chrom atography- mass spec­
trom etry.
Results: In the table below are sum m arized the plienotypic characteristics of 
the total population. Athletes (T ID  and controls) showed better titness ca­
pacity and lower total and abdom inal fat, com paring to sedentary groups. 
In type 1 diabetes group, athletes elicit a tendency to better H bA lc (7,3±l.2 
vs7.7±l.3) higher total energy intake (2096±434 vs 1832+466 kcal/day) and 
a significant increase in carbohydrate consum e (2(X)±52 vs I61±56g/day, 
p=0.02) in com parison to  sedentary counterparts. In the acute exercise test, 
T ID  presented elevated levels o f insulinem ia before (18.6±I4.6 Ul/L) and 
after 30 m m  (25.l±21.5). In the untargeted m etabolom ic analysis we identi­
fied significant increm ents o f indicators of tricarboxylic acid cycle (malate, 
fumarate, succinate, citrate,a-ketoglutarate).lypolisis (glycerol) and fatty acid 
oxidation (oleic acid, palmitoleic acid, linoleic acid) in both groups, greater in 
control than in diabetes.
C onclusions: Subjects with T ID  and controls presented sim ilar metabolic 
characteristics, and the blunted response to exercise in 1 1 D group is probably 
consequence o f hiperinsulinem ia due to insulin treatm ent.
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Results: Aerobic training significantly increased maximal oxygen consunip- 
tion (2.6 vs. 3.0 L/min; p=0,008) and reduced fat mass (44.9 vs. 42.6 kilo 
grams; p=O.OI I). Aerobic training resulted in increased m itochondrial state 3 
respiration (749.1 vs. 1408.5 p m o lO ,/m g  protein; p -0 .036) and  maximal u n ­
coupled respiration (818.4 vs. 1531.5 pmol 0 ,/m g  protein; p=0.036). Follow­
ing the dietary intervention, subjects lost weight ( 111.8 vs. 106.8 kg; p= 0.028) 
and fat mass (50.0 vs. 46.8 kg; p=0.046), while VO^ max was unchanged (2.26 
vs. 2.34 L/min; p=0.39). Dietary intervention resulted in increased m ito­
chondrial state 3 respiration (642.2 vs. 1085.9 pm ol 0 , /m g  protein; p=O.OI8) 
and maximal uncoupled respiration (803.1 vs. 1172.7 pm ol 0 , /m g  protein; 
p=0.028). Insulin sensitivity m easured by OGIS was 303.0 and 352.7 pre and 
post exercise, 290 and 318 pre and post diet, not reaching statistical signifi­
cance in either group.
C 'onclusion: Skeletal muscle m itochondrial respiration is substantially im ­
proved in obese sedentary patients with type 2 diabetes by both diet and aero­
bic exercise, and to a greater extent with exercise.
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Increased skeletal nuiscle m itochondria l resp ira tion  in p a tien ts  w ith type 
2 d iabetes follow ing d ieta ry  and exercise in terven tions 
A. P azderska '. K. W anic', D O ’H anion ', D, Coo|.>er\ N .C o llu ra ', K.|. Clarke . 
P.). 0 ‘G o rm an \ R.K. Porter', Zo^zano'•^ M. Nolan';
'.Metabolic Research Unit, St laines’s Hospital.Trinity College Dublin,
•School o f Health and Hum an Performance, Dublin City University, 'School 
of Biochemistry and Immunology, Trinity College Dublin, ‘School of Health 
and H um an Performence, Dublin City University, Ireland. 'Institute for 
Research in Biomedicine. Barcelona, "Departam ent de Bioqulnica i Biologia 
Molecular, Facultat de Biologia, Universitat de Barcelona, Spain.

Background an d  aim s: Type 2 diabetes is characterized by insulin resistance, 
associated with m itochondrial dysfunction In skeletal muscle. Diet-induced 
weight loss and  aerobic exercise intervention lead to improvements in insulin 
sensitivity, We com pared m itochondrial respiration in muscle biopsies from 
sedentary patients with type 2 diabetes following cither diet or exorcise in 
tervention.
M aterials and  m ethods: 12 patients with type 2 diabetes (mean age 44.4-t-/- 
3.15 years; BMI 36.4 +/-1.8 kg/m-; weight 108.1+/-6.6 kg) participated in ei­
ther intervention, four o f whom  completed both. Both diet and exercise were 
designed to cause a 2,500 calorie deficit per week. High rescrfution respirom ­
etry was used to m easure oxygen flux capacity in isolated m itochondria from 
va.stus lateralis muscle biopsies taken pre and post interventions. Results rep­
resent mean +/■ SEM. N on-param etric tests were used for statistical analysis.

S u pported  by: F.FSD

60S
Resistance alone o r com bined  resistance p lus aerobic exercise tra in in g  
increases IRS-t expression In m uscle o f  type 2 d iabetic  su b ie its  
M..M.P. jorge'. V.N. Oliveira', A.1..D. D iniz', E.R, Ropelle^ j.B. C arvalheira^ 
F.S. Espindola , F T  jorge', B.Geloneze^;
'Internal Medicine. Federal University of Uberlandia, M inas Gerais, 
Uberlandia, 'Internal Medicine, State University of Cam pinas, Sao Paulo, 
Brazil.

Background and aim s: Exercise tra ining Is known to improve insulin sen 
sitivity and recent research has reported that com bm ed exercise can be the 
most effective modality. The purpose o f this study was to com pare the effects 
of different exercise training on lRS-1, GLUT-4, INK2, NFkB tissue expres­
sion and IKK fosforilation on skeletal muscle of type 2 subjects.
M aterials and m ethods: Forty eight t>pe 2 diabetics were random ly assigned 
to three groups o f tra ining (3 tim es/week, 60 min,'session) designated as aer­
obic group (n=12), resistance group (n=12), com bined group (n = l2 )  and a 
control group ( n - 12), Inclusion criteria was being t)^ e  2 diabetes according 
ADA diagnostic criteria, age between 30 and 70 years old and B.MI rang­
ing from 25 and 40 kg/m2. Exclusion criteria include current insulin therapy 
conditions that could preclude physical activity and corticosteroid use. M us­
cle microbiopsies were perform ed before and after training (between 60 and 
96 hours after the last bout of exerciser) to quantify IRS -1, GLUT-4, INK2. 
NFkB expression and IKK fosforilation on skeletal muscle.
Results: .After training GLUT-4, [NK2, NFkB expression and IKK fosforila­
tion  did not change but IRS-1 expression increased by 65% in the resistance 
(p < 0,05) and by 89,7% in the com bined group (p < 0 .0 l). We used the analysis 
of variance (Tu’o-way ANOVA) to assess significant differences between the 
groups and bonferroni post tests to com pare the  mean before and after the 
training.
Conclusion: The increased IRS I expression on  skeletal muscle of type 2 
diabetes persists longer than sixty hours after training on the resistance and 
com bined group despite a normal GLUT-4 muscle expression. The inhibitory 
effect of exercise on inflamm atory pathways like INK2, NFkB expression and 
IKK fosforilation was not seen 60 to 96 hours after the last bout o f exercise. 
This persistent effect o f  resistance and com bined exercise training on  IRS-1 
expression could be responsible for the best effect related on  im provem ents of 
insulin signaling transduction in these m odalities of exercise.
Supported  by: fA P E M iG
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Published abstract:

K. Wanic, A. Pazderska, S. Shah, D. O ’Hanlon, J.R. Bain, R.D. Stevens, C.B. Newgard, 
J.J. Nolan. Distinctive metabolic signature in subjects with early onset type 2 diabetes. 
Diabetologia. 2010, vol. 53, p S249.
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Insu lin  resi<«Unce and  increased  PAI-1 as factors o l non-alcoholic tal 
liver d isease in ch ild ren , adolescents and  youth m elabohc syndrotne 
\'.S . D im ltrijevic-Sreckovic ', B.M. Sreckovic% P.B. D)ord|evic',
D.M. Gostiljac', M. Crvcic', 1. Soldatovic', H.S. Pelrovic';
Diabetology, Instilute of tndocrinolog>-. Diabetes and M etabolic Diseases, 

Chnical Center of Serbia. 'Cardiology, Clinical Center Bezanijska Kosa, 
'Statistics, institute for Medical Statistics and Informatics. Chnical C enter of 
Serbia. Belgrade. Serbia.

B ackground and aim s: In m etabolic syndrom e (MS) patients, abdominal 
obesity accom panied with hyperinsulinism  and insulin resistance is related to 
hypertension and lipid status disturbance where throm botic and inllamma- 
tory  factors and low antioxidant status and tendency to  early atherosclerosis 
are present. Hepatic fat accum ulation in childhoiKl obesity is associated with 
increased visceral fat and insulin resistance (IR). IR results In fat deposition 
in the liver and occurrence o f non-alcoholic fat liver disease (NAFI.D), Ihe 
study was aim ing at determ ining NAFLD and its m ost im portant provoking 
factors in MS and pre-m etabolic (pre-MS) syndrom e patients.
M aterials and  m ethods: The study included 173 obese Individuals aged 7 
to  30 classified into 3 groups: 1-chlldren (7-15). 11-adolescents (16-20) and 
111 youth (20 30). Three of the following live criteria were used for meta 
bolic syndrom e (MS) diagnosis in adolescents: waist circumference >90Pct; 
triglycerides > l.7m m ol/l; HDL cholestero!<1.0mniol/l; hypcrtension>‘X)Pct. 
glycemia >6.0mmol/L. ATP III classification was applied for youth. Patients 
with less than three afore m entioned criteria were considered patients with 
pre-MS. O G TT  was used to evahiate the extent of disorder. Insulin sensitivity 
was determ ined by HOM A IR. PA I-1 was determ ined by plasm inogen sub­
strate assay. SCOT. SGPT and y-GT were considered liver function param ­
eters. Liver ultrasonography was used to diagnose NAFLD.
Results; NAFLD, Increasing considerably with age, was foiirui in 7.3% children, 
18.9% adolescents and 29.0% youth {p<0,05). NAFLD existed in 17.5% prc-MS 
and 29.0% MS patients NAFLD found by gmups: pre-.MS patients - 1-11.5%, 
11-17.7%, 111-20.4%; MS patients ■ 11-20.4%, 111-40,0%. Logistic regression analy­
sis iiKllcated the nx)st important NAFLD factors: body weight - odds ratio (OR) 
1.039, p<0.(X)l: LDL-cl>oleslerol OR 1.55, p<0.05; creatinine clearance OR 1.01, 
p<0.05; uric acid OR 1.00. p<0.05; insulins - Omin OR 1.012. p<0.002. I20min 
OR 1.008. p<0.001; HOMA IR OR 1.059, p<0.001; PAI-1 OR 2.79. p<0.001; SGPT 
OR 1.27, p<0.001. Patients with NAFLD had increased WC (1 10.7±11.9cm). 
LDL-cholesterol (3 .3il.0m m ol/l). triglycerides (1.81±1.15mmol/l). urk' acid 
(383.8±86.3), insulins Omin (61.1 ±81.3U/1) and 120mln (93.1 ± 108.4U/1), HO.M A 
lR(14.7±4.4±l9.3tmiol/m U/ml),PA l-l (7.3±0.6U/ml).SGPT(56.7±:0.9U/l).Y- 
GT (44.1±22.8U/1). Patients without NAFLD had normal SGPT. y-GT, uric acid 
and increased WC (98.6±16.7cm). insulins Omin (21.6±31.3U/I) and 120 rnin 
(44.3±49.5U/1), HOMA IR(6.2±3.4^m d/m U /m l), triglycerides (1.74± 1,63mmo/ 
1). PAl-1 (6.0+1.4L7ml) but lower than NAFLD patients.
C onclusion: Obesity, hyperinsulinem ia with IR (characterized by increased 
uric acid and PAl 1). SGOT and LDL-cholesterol are the most irequent risk 
factors tor NAFLD. NAFDL may be the  liver sign o fp re-M S an d  MS children, 
adolescents and youth associated with visceral obesity. IR. lipid status d istur­
bance, throm botic and inflam m atory factors.

6 1 9
Steatoheputitis is closely associated w ith insu lin  resistance and  the 
m etabo lic  syndrom e from  early  stages o f th e ir  developm ent 
Y. .Mori'. K. Ura^ K. M atsuura , Y. Itoh ', ]. Yokoyama', N. Tajima ; 
D epartm ent of Internal Medicine, likei University School of Medicine, 

Tokyo. -Departm ent o f Internal Medicine. U tsunomiya M emorial Hospital. 
Utsunomiya, lapan.

B ackground and aim s: Non alcoholic fatty liver disease (NFALD). insulin 
resistance, and the metabolic syndrom e were exam ined for correlation In in­
dividuals undergoing elaborate health checkup program s with the Influence 
of abdom inal o l^sity  being ruled out.
.Materials and m ethods: O f the 909 subjects undergoing the health  checkups, 
626 individuals who underw ent a 75 g O G TT and were evaluated by abdom i­
nal u ltrasound for fatty liver and the metabolic syndrom e were enrolled in 
the study, and 130 individuals each with fatty liver (fatty liver group-, FLG) 
and without fatty liver (non-fatty liver group; NFLG). who were matched 
for gender, age, RMl. and waist circumference, were com pared for rele\'ant 
biochem ical param eters, insulin resistance, num ber o f risk factors implicated 
per individual, and frequency of the m etabolic syndrom e detected.
Results: There was no significant difference between the FLG and the NFLG 
in the m ale to temale ratio (%), age. BMl (24.8 ± 2.9 and 24 2 ± 1.8, respec­
tively), and  waist circum ference (85.8 ± 6.6 and 84.5 ± 5.8. respectively). In 
contrast, significantly h igher values were noted in the  FLG than  in the NFLG 
with regard to the area under Ihe glucose curve at 75 g O G TT (363.0 ± 81.3 
versus 319.0 ± 70.6; P <  0.001), area u nder the insulin curve (109.0 ± 80.4 ver­
sus 76.1 ± 45.1; P < 0.001), HOMA-R index (1.73 ± 1.24 versus 1.17 ± 0.56; P
< 0.001), H bA lc, AST. ALT, TG, and LDL-C, while HDL-C was signiticantly 
lower in the FLG than in the  NFLG. Additionally, significantly higher \-alues 
were noted in the FLG than  in the  NFLG with regard to the num ber of risk 
factors Implicated per individual (1.83 ± 1.15 versus 1.37 ± 1.09; P < 0.001), 
frequency of the metabolic syndrom e detected (30/130, 23.1% versus 14/130, 
10.8%; P <  0.05).
C onclusion: Study results suggested that NAFLD is closely associated with 
insulin resistance and the m etabolic syndrom e even when the  influence of 
abdom inal obesity Is excluded. It was further suggested that, given the B.Ml of
< 25 and the waist circumteTence ot no m ore lhan  85 cm  in the subjects. 
NAFLD appears to be Implicated in the pathogenesis o f  insulin resistance and 
the metabolic syndrom e from quite early stages o f  their developm ent.

6 2 0
D istinctive m etabolic signa tu re  in subjects w ith early  onset type 2 
diabetes
K. W anic . A Pazderska', S. Shah', D. O ’H anlon’, I.R. Bain^ R.D. Stevens\ 
C.B. New gard', M. Nolan';
'St. lames's Hospital. TYinity College Dublin, M etabolic Research Unit, 
Ireland. -Duke University, Durham , USA.

Subjects with early onset type 2 diabetes have severe insulin resistance, re­
duced VO, max response to exercise, and abnorm al m itochondrial function 
relative to equally obese insulin resistant control subjects. Having previously 
used a m etabolom ics approach to dem onstrate that obese insulin resistant 
subjects have a distinct m etabolic profile com pared to lean controls, we 
have now studied subjects with early-onset type 2 diabetes. We used tar­
geted .MS/MS and GC/M S-based m etabolom ics to m easure fasting plasma 
concentrations of am ino acids and total and free latty acids in 24 subjects 
with early onset type 2 diabetes (m ean age 26.1, BMI 35.6 kg/m2), 17 obese 
controls (m ean age 22.8, BMl 34.2 kg/m2) and 28 lean controls (m ean age 
24.7, B.Ml 22.4 k g /m i). Confirm ing previous studies, the obese subjects had 
increased levels o f branched-chain and o ther am ino acids, total non-esten- 
fied fatty acids (NEFA), and several individual fatty acid species com pared to 
lean controls. Interestingly, subjects with fv'pe 2 diabetes exhibited additional 
Increases in levels o f valine, leucine/isoleucine, glutainate/glutam ine, and as­
partate/asparagine, as well as NEFA and individual fatty acids com pared to 
obese controls. Insulin resistance, measurc-d by HOM A-IR correlated with 
concentrations of valine, leucine, histidine and glutam ate

^  Springer

227



S 250 Diabetologia (2010) 53:|Suppll ]Sl-S556

P aram eter s tu d ie d  (iiM ) Early on set ty p e  2 O b e se  contro ls Lean con tro ls P value (1 vs. 2) P value (1 vs. 3)

L-valine 298 261 214 0.031 <0.001

L -leucine/iso leucine 206 170 151 0.004 <0.001

L -aspartic ac id /a sp arg in e 103 78 70 0  009 <0.001

L-glutam ic ac id /g^utam ine 101 87 71 0.04 <0.001

H istid ine 80 92 72 0 02 0.01

Total fatty acids 15424 13004 9520 0.039 <0.001

Palm itic acid (CI6K)) 2629 2125 1442 0.021 <0.001

Oleic ac id  ( C l8:1) 4881 3703 2385 0.025 <0.001

Stearic acid (C  18:0) 41 31 25 0.012 <0.001

W e conc lude tha t subjects w ith  early -onset type 2 d iabe tes  have a m etabo- 
tom ic profile d is tin g u ish in g  th em  from  B M l-m atch ed  in su lin  resistan t in d i­
viduals w ith n o rm al g iucose to lerance. F u rth e r  stud ies  are needed  to  assess 
w liether these  changes are a reflec tion  o f  altered  m itcK hondrial fu n c tio n  in 
these  subjects.
Supported bv: an EFSD /N ovo N ordisk grant

621
In su lin  re s is ta n c e  is  a sso c ia te d  w ith  m e ta b o lic  s y n d ro m e  b u t no t w ith  
a n g io g ra p h ic a lly  d e te rm in e d  c o ro n a ry  a r te ry  d ise a se  in  fem ale  p a lie n is  
A . \  o n b a n k ' % C .H . Sacly' % P. R ein ' % S. B e e r '- , C . B ochncl' V. lankov ic’
H. D rexel'-;
Vorarlberg In stitu te  for V ascular Investiga tion  a n d  iV eatment. l e ldk irch . 

A ustria , 'P riv a te  U niversity  o f  th e  P rincipality  o f  L iechtenstein , TViesen, 
L iechtenstein.

B ack g ro u n d  a n d  a im s: in su lin  resistance (IR) is th e  key feature o f  th e  m eta 
bolic s)T idrom e (M etS) and  in  p rospective s tud ies p re d ic ts  ath e ro th ro m b o tic  
events. Its assoc ia tion  w ith d irec tly  v isualised  c o ro n a ry  atherosclerosis, es 
pecially  in fem ale patien ts, is unclear. W e hypo th esised  th a t IR is associated 
w ith  b o th  angiograph ically  d e te rm in e d  c o ro n a ry  arter>’ d isease (C A D ) and  
w ith  th e  MetS.
M ateria l a n d  m e th o d s ;  W e en ro lle d  354 consecutiN'e fem ale patien ts  u n d er 
going co ro n ary  ang iography  for th e  eva luation  o f  suspec ted  o r estab lished  
stable C A D ; s ig n itk a n t C A D  was d iagnosed  in  th e  p resence o f  significant 
co ro n ary  stenoses w ith  lum en  n arro w in g  ^50% . IR w as d e te rm in e d  by the 
HOM.A index; th e  M etS was d efined  acco rd ing  to  A T P Ill crite ria .
R esults; H O M A -IR  scores w ere sign ificantly  h ig h er in M etS fem ale patient.s 
th a n  in fem ale sub jects w ith o u t th e  M etS ( 4 .9 ± 4 .7  vs. 1 .9 ±  1.1; p <0.001). 
In  co n tras t H O M A -IR  d id  no t differ sign ificantly  betw een  patien ts w ith  sig­
n ificant C A D  an d  th o se  w ho d id  no t have s ignificant C A D  3.3 ± 3 vs. 3.1 ± 
3; p  = 0.823) W h e n  bo th , th e  p resence o f  M etS a n d  o f  significant C A D  w ere 
considered . H O M A  IR was significantly  h ig h er in p a tien ts  w ith  th e  MetS 
b o th  am ong  th o se  w h o  had  significant C A D  {4.9 ± 4.8 vs. 1.9 ± 1.1; p <0.001) 
an d  am o n g  th o se  w h o  d id  no t have significant C A D  (5.0 ± 4.7 vs. 1.9 ± 1.1; p 
<0.001) w hereas it d id  not differ s ign ihcan tly  betw een  patien ts w ith  sign ifi­
can t C A D  a n d  subjects w ith o u t significant C A D  in  patien ts  w ith  th e  MetS 
(5.0 ± 4-7 vs. 4 9 ± 4.8; p  -  0 .383) n o r  in th o se  w ith o u t M etS (1.9 ± M  vs. 1.9 
± 1.0; p  = 0.860). S im ilar re su lts  w ere o b ta in ed  w ith  th e  ID F defin ition  o f  th e  
m etabo lic  syndrom e.
C o n c lu s io n : In  fem ale p a tien ts  IR is sign ificantly  associa ted  w ith  the MetS 
but not w ith  ang iograph ica lly  d e te rm in e d  co ro n ary  atherosclerosis.

M ale ria ls  a n d  m eth o d s ; A fier tak ing  th e  in fo rm ed  Lunsent o f  the subjects, 
we p e r lb rm e d  p o lysom nography  s tudies in  30 consecu tive p a tien ts  w ith  
diabe tes  a n d  obesity  acco rd ing  to  th e  A sian -Ind ian  crite ria  recru ited  from  
o u tp atien t clinics be tw een  )uly 2009 a n d  lan u a ry  2010. A pnoea- h>'popnoea 
iiKlex (A H I) > o r  -  1 0 /hour was co n sid ered  relevant for OSA d iagnosis. Sub­
jec ts w ith  A H I<  10 w ere considered  as con tro ls. We assessed A H I. hp w o rth  
sleepiness scale (ESS), body m ass index  (BM I, kg/m-'), g lycosylated h a e m o ­
glob in  (H b A lc , %), fasting  seru m  to ta l cholestero l (m g% ), H D L -(m g% ), 
L D L -choleslero l(m g% ), trig lycerides (TG ) (ing% ). H O M A  index  and  h ighly  
sensitive C reactive p ro te in  (hsCRP, m g/l).
R esults: D a ta  are p resen ted  as m ean + /- SD or m ed ian  (in terq u artile  range) 
for p a ram etric  an d  n o n p aram etric  da ta  respectively. 22 ou t o f 30 subjects 
(73'^b) o f w ith  d iabetes h ad  OSA  (A H I > o r -  lO). A H I in tlie OSA g ro u p  was 
21 (16-30) an d  5 (3-8) in co n tro ls  (p < 0.001). BMI was h ig h er in OSA (33.8 
+/■ 5.8) vs. con tro ls (29.4 +/* 3.1) (p  -  NS). P atien ts w ith  OSA had  h igher 
H bA  Ic (9.72 + /- 0.9) vs. (8.94 +/■ 0.8)( p  = 0.03). TG  (210 +1- 55.2) vs. (140.2 
-►/-41.9) ( p =  0.046), H O M A -IR  (2 .3 5 + /-  1.6) vs. (1 .9 3 + /-  l .5 )( p  = 0.046) 
a n d  hsC R P  (4.2 +/- 0 .9) vs. (2 .89 + / l .4 )( p  = 0.01). H D L cholestero l was 
low er in  OSA group  co m p ared  to  co n tro l (30 8 + /- 6.1 vs. 40.3 +/- 11.4) (p  = 
0.02). H b A lc  co rre la ted  Iv s t  w ith  A H l(p  < 0.001, r  = 0.39).
C o n c lu s io n ; Iden tifym g  the possibility  o f  previously un reco g n ised  OSA  
am ongst pa tien ts  w ith  d iabetes is im p o rtan t for trea tin g  physicians even  in  
th e  absence o f  specific sym ptom s T he h igh  p re \a le n c e  o f  OSA in  ob ese  p a ­
tien ts  w ith  ty p e  2 d iab e te s  is also associa ted  w ith  m ore  severe m etabolic  de 
ra n g em en ts  and  its trea tm e n t a lo n g  w ith  ad justm en t o f an tid iabe tic  th e ra p y  
m ay am elio ra te  so m e o f th e  associa ted  m o rb id ity  an d  m ortality.

622
O b s tru c tiv e  s leep  a p n o e a  a n d  m e ta b o lic  a b n o rm a lit ie s  In ty p e  2 d iab e te s  
S.K. W a n g n o o \  M .A. S id d iq u i', M. G u p ta ', M.S. K anw ar';
E ndocrinology, -P u lm o n a ry  M edicine , Apollo H ospital, New D elhi, India.

B ack g ro u n d  a n d  a im s; T he b u rg e o n in g  load  o f  type 2 d iabetes is a m ajor 
public hea lth  co n c e rn  in o u r  p a r t o f th e  w orld  w ith  h igh  m orbid ity , m o rta l­
ity, an d  h ea lth -ca re  costs. R ecent re p o rts  have in d ica te d  tha t th e  m ajority  o f 
pa tien ts  w ith  ty p e  2 d iab e te s  also have o b stru c tiv e  sleep  apnea (O SA). Ihe re  
is com pelling  ev idence th a t OSA  is a significant risk  facto r for ca rd iovascular 
d isease and  m ortality . B ecause b o th  d iab e te s  an d  OSA  are associa ted  w ith 
increased  ca rd iovascu la r m o rb id ity  an d  m ortality , it is possible that th e  pres­
ence o f b o th  c o n d itio n s  resu lts  in  add itive  o r even  synerg istic  health  risks. 
T he a im  o f  th is  study  was to  evaluate th e  prevalence  o f  OSA in th e  study 
popu la tion  a n d  its effect on  th e  m etabolic  profile.

^  S p rin g er
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attend for scheduled  appi^intment. 6 4 1 (18.6^^) o f ihose who scored I 
(m ost affluent) did not attend. 385 (20.9C{^)in score 2. 3 5 3 (2 0 .2 ^ f)  in 
score X  782 (2 3 .5 '^ )  in score 4  and 509 (2 6 .7 ^ )  in the score 5 (most 
deprived) gr<xip d id  n(H attend, p  =  0,0001. This show s a c lear 
decrease in a ttendance levels in those w ho are deem ed to be more 
disadvantaged . The m ost disadvantajied w om en t)verall w ere 40^^  ̂
less likely to attend than their m ost affluent counterparLs (OR 0.6, 
95%  C l (0 .5 5 -0 .7 1 ) ./)  =  0.001).

W om en o f  low er s tx io -econom ic  sta tus and those who live further 
from  an antenatal centre are less likely to  attend  for screening for 
[diabetes in pregnancy.

( K ' l O  12 \M‘i'ks  a iT o h ic  cxiTcisi* im p ro v es  in tr in sk ' 
m usele  m ilo ch o iid ria l fu n c tio n  in p a tie n ts  w ith t>pe 2 
d ialH 'tes

A. P azderska '. K. W a n ic '. D. O  H an lon '. K. C larke". S. Cnoghan '.
K Porter^, J J  N o lan '

M etiihohc R esearch Unit. S i Jam es 's Hospital. Triniry College 
Dubiin. D ub lin '. Sch<Mfl o f  B iochem istry an d  lmmuru»lo}f\.
T rim tx College D iil)lin  D uh liii'

Exercise is knouTi to increase m axim al oxygen uptake (VO^ m ax) and 
im prove insulin  resistance in patients w ith type 2 diabetes. Several 
recent studies have sht>wn that exercise enhances in vivo m itochon­
drial function. H ow ever, it rem ains unclear w hether this im provem ent 
is due to an increase in skeletal m uscle m itixrhondrial m ass or in 
intrinsic m itochondrial function. The aim  of this study wa.s to as.sess 
changes in e lectron  transport capacity  in m itochondria isolated from  
m uscle b iopsies from  patients after an e x e a is e  pm gram m e.

Six sedentary m en with ty”pe  2 diabetes (age 41 ± 1 1 .5 ; H b A lc  
8.3 ± I  .7‘X; BM l 34.4 ± 6 .7 )  participated in a 12 w-eek-s aerobic exer­
cise pn>gramTne consistm g o f  four supervised sessions/w-eek at 7 0 ^  
Vt)> m ax M uscle bi(tpsies from  vastus lateralis were obtained before 
and after (he intervention. High resolution respirom etry was used to 
m easure oxygen flux capacity  in isolated skeletal muscle minx'htindria. 
7 test w'as used for statistical analysis.

V'Ot m ax im proved follow ing the intervention (baseline V'0> max: 
2.65 U m in . post exercisc: 2.99 L/m in; /> =  0.012). Follow ing (rain­
ing. signihcant increases w ere observed in oxygen fluxes, expressed 
per m illigram  o f mitix'ht')ndrial protein (pm olO j/s/m g pro(ein). stim ­
ulated by parallel e lectn in  input from com plexes I and II in the 
presence o f  p y ru v a te -«• m alate and succtnaie (188.21 vs. 420.96; 
/> =  0.024). S im ilarly , significant increases w ere observed  in oxygen 
fluxes in the presence o f  AD P (506.61 vs. 1527.15; p  =  0.007). as 
well as in re.sponse to  uncoupling by FCCP (572.40  protein vs. 
1645.18; p  =  0 .013).

12 weeks aem bic  exercise training leads to  m iprovem enls in 
several com ponents o f  in trinsic mitoch<wdrial function in patients 
with type 2 diabetes.

( K ' l  I I 'he ro le  of .M RP8/I4  in in s ten t reslenosis  
in the  d ia be t ic  ra t

A. S to cca '. A. Duffy*. D. O ’T o o le '. T im  O 'B rie n ’

REM ED I. N U ! Cmhvay. Ire la iu i'. M edtronic, (kilw ax. Ireland '. Lung  
B io !o g \ Group. D epartm ent o f  Anesthesia, N IU  (kilH uw  Ireland

O h jec liv e : T he m ost com m on cause o f  death in diabetes m ellitus is 
card iovascular d isease. P atien ts frequently undergo vascular

intervention such  as stenting. T he occurrence o f  in sten t restenosis 
(ISR ) has been reduced by the use o f  drug  eluting sten ts in non­
diabetic patients but the incidence o f  restenosis and stent throm bosis 
rem ains higher in diabetic patients. Using a type 2 d iabe tes m ellitus 
m odel we investigated the pathogenesis of in s tem  reslenosis. 
k f s c a r c h  d esign  an d  iiiflh o d s : S tents were placed in Z ucker Fatty 
Rat (ZFR ) and w ildtype rat caro tid  arteries, and tissues w ere har­
vested 14 days post surgery' for m orphom etric analysis. U n-stented 
caro tid  arteries were harvested for m icroarray analysis. In v itro  
apc^tosis, proliferati«Mi and m igration assays w ere perform ed on Rat 
and hum an aortic  endothelial cells (EC).
Ki*sults: /.FR s developed an exaggerated  intimal response to  stem 
placem ent com pared  to  w ildtype contro ls 14 days post stent place­
m ent. M RP8 and M RP 14 w ere up-regulated in unstented ZFR carotid  
arteries in comparistHi to contn)ls, M RP8 w as alst> elevated  in EC 
exposed to high glucose conditions. EC function was im paired by 
h i ^  glucose concentrations, and this effect could  be m im icked by 
M RP8 over-expression. MRI*8 kntKkdown by siRNA significantly 
restored EC  function. M R P8 inhibition was a lso  ach ieved  using 
f^arm aco log ical blockers o f  glucose-induced pathw ays.
( 'o n d u s io n s :  ZFK s developed an exaggerated intimal respi>nse after 
stent placem ent above that observed  in controls, M RP8 was elevated 
in diabetic an im als unstented carotid  arteries and in high glucose 
treated EC. The EC functicHi im painnen t caused by e levated glucose 
levels could be m im icked by MRI*8 over-expression and reversed/ 
prevented  by M RP8 knockdow n. T hus M RP8 likely plays a role in 
exaggerated  ISR in diabetes m ellitus. and M RP8 inhibition m ay be 
useful in im proving stentm g outcom e

( K  12 A ss(K 'ia ti< m  h i‘t \U 'e n  p<N)r s le e p  q i ia l i t>  

a n d  c a r d i o v a s c u l a r  r i s k  f a c t o r s  i n  d i a b e t e s

W A, M ahim uid. M.S. D ram an. L.A. Behan. J. McEX'niiolL 
S. Sreenan

D epartm ent o f  E n d ocrino tog \ a n d  Diabetes. Contuilly Hospital. 
BUmchitrdstown. Dublin 15

Sleep njsirictiiMi has been sht>wn to contribute to  reduced glucose 
to lerance and insulin sensitivity  in non-diabetic subjects and to im pact 
on A le  in African A m ericans with type 2 diabetes (T2DM ). W e used 
the Pittsburgh S leep  (Quality Index questionnaire (FTSQ I score) to 
assess sleep  quality  in 241 patients with diabetes. Bknid pressure, 
fa.sting lip ids and H b A lc  w ere also m easured. Lt>oking at the whole 
group. 133 (55*^) had good sleep  quality  (OSQ . score < 5 ) and 108 
(45^^) had potK sleep  quality  ( I^ Q . score > 5). Fem ales had potxer 
sleep  quality  than m ales ( 7 .1 ±  4 .6  vs. 5.0 ±  3.9. p  <  0 .(K )0l). PSQ 
patients were n u x e  likely lo  have hypertension (69,4 vs. 47,4^J. 
p  =  0 .001). Log A le  (1 .93  ±  0.2 vs. 1.87 ±  0 ,2 . p  =  0 .0 1 9 ). total 
cholesterol (4 .76  ±  0.91 vs. 4.52 ±  0.83. p  =  0 .04) and log trig lyc­
erides (0.47 ±  0 .52  vs. 0 .33  ±  0.54. p  =  0.(W) were higher in PSQ 
patients but use o f  an ti-d iabetic m edications w as not significantly  
different. T ype 1 d iabetes (T ID M ) patients (.36 (1 4 .9 ^ )]  w ere m ore 
likely lo have hypertension if  they  had PSQ ((37 vs. 5 ^ .  p  =  0 .014 i], 
Patients with pain had h igher P T ^Q l score (8,7 ±  4,7 vs. 5,6 ±  4.2. 
p  =  O.CK)l) and (ended to have a h igher H b A lc  (7.07 ±  1.5 vs. 
6.79 ±  1.43. p  =  0..M). Excluding patients with pain, there was a 
significant c h e la t io n  betw een H b A lc  and PTSQI score in T ID M  
(r  =  0 .369, p  =  0 .034) but not in T2D M  ( r  =  0.1. p  =  0 .188). In 
T2DM  patients. L o g H b A lc  was significantly correlated  with PTSQI 
scfwe {r =  0.158. p  =  0 .036), In sum m ary, these data supptwi the 
suggestion that poor sleep quality  is associated w ith and m ay co n ­
tribute to pcurer g lycaem ic. lipid and blood jwessure ciMitrol in 
patients with diabetes.

^  Springer
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Title: D istinctive IMetabolic S ignature in Subjects with Early O nset Type 2 D iabetes.

Results; Subjects with early onset type 2 diabetes have severe insulin resistance, reduced V 0 2  max 
response to  exercise, and abnorm al m itochondrial function relative to  equally obese insulin resistant 
control subjects. Having previously used a m etabolom ics approach to  dem onstrate that obese insulin 
resistant subjects have a distinct m etabolic profile com pared to lean controls, we have now studied 
subjects w ith early-onset type 2 diabetes.
W e used targeted M S/M S and G C /M S-based m etabolom ics to m easure fasting plasm a concentrations 
o f  am ino acids and total and free fatty acids in 24 subjects with early onset type 2 diabetes (m ean age 
26.1, BM l 35.6 kg/m 2), 17 obese controls (m ean age 22.8, BMI 34.2 kg/m 2) and 28 lean controls 
(m ean age 24.7, BMI 22.4 kg/m2).
C onfirm ing previous studies, the obese subjects had increased levels o f  branched-chain and other 
am ino acids, total non-esterifled fatty acids (N EFA ), and several individual fatty acid species 
com pared to  lean controls. Interestingly, subjects w ith type 2 diabetes exhibited additional increases 
in levels o f  valine, leucine/isoleucine, glutam ate/glutam ine, and aspartate/asparagine, as well as 
NEFA and individual fatty acids com pared to  obese controls. Insulin resistance, m easured by 
HO M A-IR correlated  with concentrations o f  valine, leucine, histidine and glutam ate.________________

Param eter studied  (nM )
Early onset type 

2
O bese

controls
Lean

controls
P value (1 vs. 

2)
P value (1 vs. 

3)
L-valine 298 261 214 0.031 <0.001
L-leucine/isoleucine 206 170 151 0.004 <0.001
L-aspartic

acid/aspargine
103 78 70 0.009 <0.001

L-glutam ic
acid/glutam ine

101 87 71 0.04 <0.001

H istidine 80 92 72 0.02 0.01
Total fatty acids 15424 13004 9520 0.039 <0.001
Palm itic acid ( C l6:0) 2629 2125 1442 0.021 <0.001
Oleic acid (C l 8:1) 4881 3703 2385 0.025 <0.001
Stearic acid (C 18:0) 41 31 25 0.012 <0.001

W e conclude that subjects with early-onset type 2 diabetes have a m etabolom ic profile distinguishing 
them from  B M I-m atched insulin resistant individuals w ith normal glucose tolerance. Further studies 
are needed to  assess w hether these changes are a reflection o f  altered m itochondrial function in these 
subjects.
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Appendix XIII

Magazine Publication:

Decian O ’Hanlon, Diane Cooper, Donal O ’Gorman. Benefits o f exercise and physical 
activity. Exercise -  in one form or other -  is an essential component of successful 
diabetes management. Diabetes Professional. 2011, vol. 7, no. 2, p 15.
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exercise

Exercise-in one form o ro th e r - i s a n  essential 
component o f successful diabetes management

Declan O ’Hanlon, Diane Cooper and Donal O ’Corman

Benefits of exercise 
and physical activity
UFESTYlf INTERVENTION including d»et 
jn d  exercise, remains the cornerstone of 
type 2 diabetes management, reducing 
the incidence and slowing the progresson 
of impaired glucose tolerance to  type 2 
diabetes Lifestyle modification that ifKor- 
porates an increase m physical activity of 
at least i$o minutes per week reduces the 
risk o f type 2 diabetes by 58%'

Regular physical activity improves 
glucose control along with positively 
a f ^ m g  lipids, blood pressure.cardiovas­
cular events, mortality and quality of hfe 
Exercise also ir>creases total daily energy 
expenditure, contributing to  weight loss 
and weight maintenance Weight loss 
improves insulin sensitivity, but exercise 
improves insulin sensitivity even in the 
absence o f weight loss 
Current recommerulations 

The Amertcan Diabetes Association and 
The American College o f Sports Medicme

recommend a minimum of >$0 minutes 
o f moderate intensity aerobic exercise per 
week for patierrts w ith diabetes to  main­
tain general health- (see Table 1. cofumn A) 

This can be used as a starting po in t but 
for those who are obese, greater volumes 
o f exercise will be required to  bring about 
n>eaningful weight loss Longer train­
ing sessions are as effective if  split into 
several shorter sessions throughout the 
day. The acute increase in insulin sertsitiv- 
ity after exercise can last for between 24 
and 72 hours, depending on the volume 
of exercise performed, so to  this end. it 
is recomnr>ended that aerobic exercise is 
p>erformed at least every second day 

Resistance training should be performed 
tw o or three times per week in addition to 
aerobic exerctse. including up to three or 
four sets of 10*15 repetitions per exercise 
and progressing to  8-10 repetitions w ith 
heavier weights (see Table 1. cokim n B)

It is necessary to  include variety as part 
of an exercise routine to keep partici­
pants interested and to  avoid repetitive 
strain Circuit training is an excellent 
way to achieve this, it can be performed 
individually or w ith groups o f patients, 
w ith the latter adding a social element 
that facilitates motivation Simple circuits 
can consist o f 5-10 exercises (see Tabie 1. 
Column C)
Special considerations for diabetes

Moderate inter>sity exercise is safe for 
most patients, but stress test screening 
should be performed on high-nsk seden­
tary patients who wish to  participate in 
high intensity physical activity.

A number o f pre-screening tools exist, 
such as the PARmed-X Physical Activity 
Readiness Medical Examination (which 
can be accessed on http://uwfitness. 
uwateriooca/POf/parmedx pdf) This can 
be used to  stra ti^  patients and to assess

d ia be tc sprofesstonal
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exercise
Tablet

Examples of aerobic, resistance, circuit training and low-impact exercises

Aerobic exercKe i) Resistance C) Circuit tra in liig D) Low -im |»ct exercise

Walking Leg press
. . . . . .  . . .

Squats Cycling

iogging Legcurl Lunges Swimming

Swimming Knee extension Knee raises Rowing

Cycling Bench press Jumping jacks Cross trainer

Rowing Shoulder press Sit ups Resistance tra in ing

Dancing Lateral pull down Press ups
Skating Shoulder press
Cross trainer Bicep curls
Stepper machine Tricep dips

)$omin to  seven hours per week Tw o to th ree tim es per week 30sec -  3min/exercise
At least every secorKl day Three to  four sets 30-6omin/session
Moderate intensity 10-15 reps then 8-10 reps w ith

heavierweights

suitability fo r exercise 
Reststance tra in ing is not recommended 

for patients w ith  proliferative retinopathy 
because o f the risk o f retinal detachment 
Of haemorrhage The same precautiorw 
apply to  other forms of h igh-intensity 
exercise Additional safety considerations 
relate to  hydration status, the  inclusion o f 
a warm-up and medication requirements. 
Patients wt>o require insulin or insulin 
secretagogue medications should always 
check the ir blood glucose concentration 
before and after exercise. reducir>g their 
medication before exercise or consuming 
additional carbohydrate as appropriate 
Practical guidelines 

Before beginning exercise, a short (10- 
minute) iow-intensity warm-up should 
be performed, especially if  high intensity 
exercise is planned. This can consist o f 
light aerobic exercise. Upon cessation o f 
exercise, a sim ilar intensity cod down 
should be performed Stretching should be 
performed for 15-20 secorxls in a controlled 
manner after a warm-up and cool-down, 
taking care not to  overstretch This w ill 
maintain jo in t flex ib ility  ensuring su ffi­
cient flexibility to  perform the exercises in 
questiofi, and is needed as the muscles can 
become tig h t as a result o f tra in ing 

Exercise should not induce jo in t pain, 
and i f  it does, modification is required. 
Exercise specialists, exercise physiologists 
and physiotherapists are in an excellent 
position to  advise patients in this regard 
Uziw-impact or non weight-bearing 
exercise can be used in the case o f lower 
lim b jo in t pain, back pain or peripheral 
neuropathies This can include cycling, 
swimming, rowir>g, use o f cross-trainer or 
resistance tra in ing {see Tabfe 1. column D) 

The effect o f im pact can also be reduced 
by wearing a pair o f supportive shock 
absorbing runners (replacing them at 
regular intervals before they are worn

out), exercising on a so^ surface or losing 
weight through dieting.

General lifestyle-related physical activity 
(gardening, hoovering, taking the stairs, 
etc) provides a means o f increasing daily 
energy expenditure. tHJt the m ajority o f 
patients w ill require some supplemental 
formal aerotxc exercise Walking is the  eas­
iest form  of exercise w ith  patients advised 
to  accumulate 10,000 steps per day 

The t>risker the pace, the greater the 
rate o f energy expenditure Moderate 
intensity exercise should be challenging 
but comfortable, should increase the heart 
rate ar>d respiratory rate, and ger>erate a 
m ild degree o f sweating, but w ith  patients 
sufficiently in control to  be able to  speak 

Resistance tra in ing can be undertaken 
in the home using simple household items 
such as bottles o f water to  provide resist­
ance for exercise The rest period between 
sets may vary between 30-u o  seconds 

Exercise routines should be started 
slowly by setting realistic goals, espe­
cially for those who have been sedentary, 
but should be progressed continuously 
Progression can include irKreasmgthe 
exercise intensity, duration or frequency, 
and m the  case o f resistance training, 
increasing the weight or the  number 
o f repetitions. The in itia l goal is a $-10% 
reduction in body weight, at a rate o f 
between V 2 lb  per week, using both diet 
and exercise Exercise prescription should 
be specific to  encourage compliance, it 
needs to  be tailored to  meet the  patient s 
individual requirements, emphasising 
exercise for life, and should be enjoyable!

There are numerous options available 
and all tha t is required is a tittle  creativity 
on the  part o f the patient and the  health­
care professional Gyms offer a wide range 
of exercise options, but effective tra in ing 
can be performed w ith  m inimal equip- 
n ^ n t  at home

Benefits
Exercise is central to  the  prevention and 

treatment o f diat^etes Both aerobic and 
resistance tra in ing improve insulin sensi­
tiv ity  As well as treating the glucose and 
lipid abnormalities associated w ith  diatie- 
tes. exercise also has positive effects w ith  
regard to  blood pressure, cardiovascular 
risk, weight loss and weight maintenarKe. 
quality o f l i^  and mortality.

Exercising is safe for most patients 
w ith  type 2 diabetes, but the presence of 
certain complications must be consiclered 
Circuit tra in ing provides a convenient 
combination o f both aerobic exercise and 
resistarKe tra in ing.allow ing participants 
to  tra in effectively a t home w ithou t tt>e 
need for expensive equipment

For a continuous insulin sensitising 
effect, it should be performed at least 
every second day, w ith  more prolonged 
and regular sessions required for weight 
loss Exercise must be included to  optimise 
health m patients w ith  type 2 diabetes 
Dedan O’Hanlon is a physic^herapi^. exer­
cise physiologist and a PhD candidate at 
TCO. Diane Cooper is a sport and exercise 
scientist and a PhD candidate at OCU, and 
Dona! O’Corman is director. Centre for 
Preventive Medicine and lecturer in the 
School o f Hearth and Human Performance, 
OCU The authors presented a workshop 
on exercise at the  recent Innovation in 
Diabetes meeting held In the Convention 
Centre. Dublin
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Comparison of early and late onset Type 2 Diabetes.
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Abstract:

O bjec tive : Y oung adults with type 2 d iabetes have been show n to be severely insulin 

resistant with  impaired m itochondrial and V02 m ax responses to exercise. W e investigated 

underly ing m etabolom ic  profiles in young  type 2 patients as well as a range o f  control and 

com parator  groups.

Research Design and M e th o d s : W e used targeted m ass spectrom etry  to m easure fasting 

plasm a concentrations o f  am ino  acids, acyl carnitines and fatty acids in 22 subjects with 

early onset type 2 diabetes, 16 B M l-m atched  individuals with later-onset type 2 diabetes, 17 

obese and 28 lean controls  with norm al g lucose metabolism .

R esu lts : Subjects with  early -  onse t type 2 d iabetes had greater circulating concentrations o f  

valine, leucine/isoleucine, g lu tam ate /g lu tam ine, and aspartate/asparagine, as well as total and 

individual fatty acids w hen com pared  to obese controls. Insulin resistance, correlated with 

concentrations o f  valine, leucine/isoleucine and g lutam ate (Spearm an Correlation 

Coefficients 0.6 -  0.7; p < 0.001). Concentra tions o f  branched-chain  am ino  acids were 

s im ilar in the diabetes subjects with early  and late onset. Early-onset subjects had higher 

concentrations o f  total and several species o f  individual fatty acids than later onset type 2 

diabetes subjects. Principal com ponen t analysis confirm ed different metabolic  signatures 

betw een young  and typical onset type  2 diabetes.

C o n c lus ions : Subjects with early-onset type 2 diabetes have a m etabolom ic  profile 

d istinguishing them  from young B M l-m atched  individuals with normal glucose tolerance. 

W e confirm ed previously  described m etabo lom ic  d ifferences betw een  obese and lean 

individuals. W e have shown for the first time a d ifference betw een the m etabolom ics  profile 

in subjects with early or late onset diabetes.
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Introduction:

T yp e 2 d iabetes con tin u es to increase in p revalence in all age groups in clu d ing  ch ildren  and  

ad o lescen ts . T he d iagn osis o f  th is chronic d isea se  in m uch you n ger in d iv idu als than  

p rev iou sly  recogn ised  has b ecom e an in creasingly  im portant health and so c io -e c o n o m ic  

problem . (1 -5 ).

Y ou n ger T ype 2 d iabetes patients p o ssess  a m ore adverse card iovascu lar risk profile  

in clu d ing  m ore atherogenic lipid configuration  com pared w ith  age and B M I- m atched  

counterparts. (6 ,7 ). W e have dem onstrated that y ou n g  subjects w ith  typ e  2 d iabetes h ave a 

reduced V O 2 m ax response to exerc ise  and com p rom ised  m itochondrial function  relative to  

eq u ally  o b ese  insulin  resistant controls (8 ,9 ). It has been  reported that y o u n g  type 2 d iabetes  

patients are prone to d ev elo p  m icroalbum inuria and hypertension  d esp ite  eq u ivalen t or better 

g ly ca em ic  control than age-m atched  T ype I d iabetes in d iv idu als (10 ). Furtherm ore a recent 

study provided  prelim inary ev id en ce  for both structural and functional brain ab norm alities in 

a d o lescen ts w ith  T ype 2 d iabetes com pared w ith  ob ese  n orm og lycaem ic teenagers ( I I ) .  In 

light o f  exp ected  longer d isease  duration in these you n g  subjects w ith  d iabetes and their 

increased risk o f  end-organ com p lica tion s, a better understanding o f  their c lin ica l and 

m etabolic  p henotype is an urgent priority in order to im prove clin ica l care.

M etab o lom ics d escrib es b ioch em ica l phenotypes that integrate upstream  transcriptional, 

translational and post-translational p rocesses. Therefore, m etab o lom ic p rofilin g  m ay provide  

the m ost com p lete  picture o f  the b io log ica l status contributing to the phenotype o f  insulin  

resistance and T ype 2 d iabetes (12).

There is a grow in g  body o f  ev id en ce  that ob ese  and lean hum ans have d ifferent circu latin g  

m etab olom ic profiles. B ased  on n ew  research in this f ie ld , it has been  h yp oth esized  that 

altered catab olism  o f  branched chain am ino acids (B C C A ) contributes to the d evelop m en t o f  

ob esity -associa ted  insulin  resistance (13 ). W e h yp oth esized  that there m ay be a d ifferen ce or 

gradation in m etabolom ic p rofiles across the spectrum  o f  phenotypes o f  g lu co se  m etabolism  

ranging from n orm oglycaem ia  through to estab lish ed  T yp e 2 D iab etes. In addition , w e  

hypothesized  that there m ay be m etabolom ic d istin ction s b etw een  su b jects w ith  early and  

late on set T ype 2 D iabetes.
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Study Groups and Methods:

Study Subjects

Patients aged between 15 and 30 years with either obesity or Type 2 diabetes were recruited 

from the endocrinology and diabetes out-patient departments. The study was approved by the 

institution’s ethics committee. All participants provided written informed consent. We 

recruited 22 subjects with early onset type 2 diabetes, 16 individuals with late-onset type 2 

diabetes, 17 obese and 28 lean controls with normal glucose metabolism. Lean subjects were 

participants in an independent cardiovascular risk factor screening study among construction 

industry workers. We collected fasting serum samples for metabolomic profiling from all 

study participants. All subjects with type 2 diabetes and obese controls completed a 75 gram 

oral glucose tolerance test. Lean control subjects had their fasting glucose measured and 

underwent glucose tolerance test if fasting glucose was greater than 5.6 mmol/L. Individuals 

with active cardiovascular conditions, liver or kidney disease, malignancy, secondary forms 

o f diabetes and/or receiving treatment with corticosteroids were excluded from the study. 

Clinical characteristics o f the study groups are shown in Table 1.

Anthropometries and physiological measurements

Weight, height and blood pressure were measured using standard methods.

Insulin sensitivity and beta-cell function were estimated by HOMA IR and HOMA B, 

respectively. The following formulas were used: HOMA IR = (fasting insulin in mU/mL x 

fasting glucose in mM) / 22.5. HOMA_B = 20 x fasting insulin (mU/ml)/fasting glucose 

(mmol/ml) -  3.5 (14).

Laboratory analyses

All blood samples were taken after an overnight fast. We used targeted tandem mass 

spectrometry (MS/MS) and gas chromatography/mass spectrometry (GC/MS) - based 

metabolomics to measure fasting plasma concentrations of 15 amino acids, a panel of acyl 

carnitines and fatty acids in all subjects, using previously described methods (summarized in 

13).

Conventional metabolites were measured at the hospital laboratory using standard methods. 

Plasma total cholesterol and triglycerides were measured using enzymatic methods (Human 

liquicolor kits; Hitachi Modular; Roche Diagnostics, Basel Switzerland). Plasma HDL-
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cholesterol w as m easured directly by enzym atic  m ethods (R andox direct kits; Hitachi 

M odular). P lasm a glucose w as measured using a glucose oxidase m ethod (bio M erieux kit; 

Hitachi M odular) and H b A lc  was measured using ca t ion-exchange and reversed-phase 

ch rom atography  Hi- Auto A l e  analyzer system; HA 8140; Menarini, F lorence Italy). 

Statistical analysis

SPSS for W indow s statistical software (version 16.0, 2001, SPSS Inc., Chicago, IL, U SA ) 

was used in statistical analysis. Data are expressed as m eans /  standard error m eans (SEM ). 

T-test o r  M ann-W hitney  U tests were used where  appropriate. In order to reduce 

m ultid im ensionality  o f  metabolite  levels obtained by targeted M S we performed Principal 

C om ponen t A nalysis  (PC A ) assum ing  approxim ation o f  normal distribution o f  am ino acids 

and acyl carnitines in our cohort (15). The individual m etabolites were clustered into II 

principal com ponen ts  with  e igenvalues h igher than I as per Kaiser criterion (16) that 

explained m ore  than 79%  o f  the total variance. The com ponen ts  were  analyzed for 

d ifferences between the study groups with the M ann-W hitney  U test.

The concentrations o f  13 out o f  45 acylcarnitines were unm easurable  in at least 10% o f  

samples and hence they were excluded from the PCA (full list o f  attached in the online 

supplement).

Statistical significance was set at p<0.05. N o  corrections were  m ade for multiple 

comparisons.
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Results:

C onfirm ing previous studies (13), obese subjects had increased fasting plasm a concentrations 

o f branched-chain and other amino acids, total and non-esterified fatty acids (NEFA), and 

several individual fatty acid species, when com pared to lean controls.

Interestingly, subjects with early -  onset type 2 diabetes exhibited additional and signficant 

increases in concentrations o f valine, leucine/isoleucine, glutam ate/glutam ine, and 

aspartate/asparagine, as well as total and individual fatty acids compared to obese controls. 

In the entire cohort, insulin resistance, m easured by HOM A-IR, correlated with 

concentrations o f valine, leucine/isoleucine and glutam ate (Spearman Correlation 

Coefficients 0.6 -  0.7; p < 0.001) (Table 2).

In further analysis we compared BM I-m atched subjects with different ages o f  onset of 

diabetes but sim ilar glycemic control. Triglyceride concentrations were higher among 

younger Type 2 diabetes patients com pared with older Type 2 diabetes patients. 

Concentrations o f BCAA were similar in both groups. Interestingly, subjects with early- 

onset type 2 diabetes had higher concentrations o f histidine and lower concentrations o f  

serine com pared to the older group. In addition, early-onset subjects had significantly higher 

concentrations o f total fatty acids as well as several species o f individual fatty acids 

com pared with later onset type 2 diabetes subjects (Table 3). O f note, total and free fatty 

acids and several species o f both esterified and non-esterified individual fatty acids 

correlated significantly with HOM A-IR levels (data not shown). Several differences were 

also observed in circulating concentrations o f acyl carnitines (Table 4).

In order to reduce multidim ensionality o f our data we performed Principal Com ponent 

Analysis (PCA) assum ing approxim ation o f normal distribution o f amino acids and acyl 

carnitines in our cohort.

Our PCA finding regarding early-onset type 2 diabetes subjects compared with their young 

obese but norm oglycaem ic counterparts was consistent with our single amino acid data. One 

o f the com ponents shown to be significantly different (p = 0.034) between the groups 

consisted o f  branched-chain amino acids and C5 acylcarnitines (Isovaleryl carnitine, 3- 

m ethylbutyryl carnitine or 2-M ethylbutyryl carnitine). The constituents o f  this com ponent 

are considered to be downstream metabolites o f  the BCAA supporting the association o f 

altered catabolism  o f  BCAA and insulin resistance (13,17).
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Tw o principal com ponen ts  were found to differ between young  and later onset type 2 

diabetes. However, each o f  these was responsible  for only a small part o f  the overall variance 

in the data  set. The first o f  the above-m entioned  com ponen ts  included C i4 -D C /C 4-D C  

(M ethylm alonyl carnitine or  Succinyl carnitine), C3 (Propionyl carnitine), C4/CI4 (Butyryl 

carnitine or Isobutyryl carnitine), and C5's (Isovaleryl carnitine, 3-m ethylbutyry l carnitine or 

2-M ethylbutyryl carnitine) (p =  0.042). The sam e com ponen t was also different between 

typical-onset type 2 d iabetes and young obese  norm oglycaem ic  subjects (p = 0.045).

The second o f  the above-m entioned  com ponen ts  was m ostly  driven by C 5 :l  (Tiglyl 

carnitine) but also contained Histidine (p < 0.001). This com ponen t differed betw een  the 

older type 2 diabetes group and young norm oglycaem ic  obese  individuals  (p < 0.001) and 

between young people  either obese or lean (p < 0.001).

O f  note, C5's (Isovaleryl carnitine, 3 -m ethylbutyryl carnitine or 2-M ethylbutyry l carnitine) 

correlated significantly with insulin resistance m easured by H O M A  IR (Spearm an 0.28 with

p = 0.01).
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Discussion

Early onset type 2 d iabetes subjects have an adverse  metabolic and clinical phenotype when  

com pared  with later-onset type 2 d iabetes subjects (6-8). They  are at risk o f  developing 

com plica tions o f  the disease, not only  because o f  the cum ulative duration o f  diabetes but also 

due to an adverse  card iovascular  risk profile with dyslip idaem ia  and hypertension (18-21). 

In our clinical experience, type 2 d iabetes in young subjects is more difficult to m anage by 

behavioural interventions. This m ay be explained in part by severe insulin resistance and 

possibly underly ing metabolic  defects within skeletal muscle, including mitochondrial 

dysfunction (6-10). It has been previously  show n by m etabolom ic  profiling that obese and 

lean hum an  subjects have different profiles for B C A A  (13). O bese  subjects have elevated 

levels o f  B C A A  and other m etabolites that are generated from their catabolism, including C3 

and C5 acy lcarnitines (13,17). Also, elevated levels o f  B C A A  and aromatic am ino acids 

have been show n to be prognostic  for incident type 2 diabetes in tw o  separate hum an studies 

(22). V ery  recent w ork  has also shown that B C A A  are highly responsive to our most 

efficacious therapy  for type 2 diabetes, bariatric surgery (23), and that baseline levels o f  

B C A A  and related m etabolites are prognostic for ou tcom es o f  therapeutic intervention (24). 

All o f  these  findings suggest that B C A A  can contribute to deve lopm ent o f  insulin resistance. 

In anim al studies, insulin resistance triggered by a fat-rich diet or such a diet supplem ented 

with B C A A  is mediated by the accum ula tion  o f  certain acyl carnitines in m uscle  and chronic 

phosphroryla tion  o f  m T O R , JN K , and IR S lS e r3 0 7  (13; 17).

There is a grow ing  body o f  ev idence to support the hypothesis  that B C A A  contribute to the 

d eve lopm ent o f  d iabetes mellitus (17, 25). These findings provide a valuable insight into the 

pathogenesis  o f  type 2 d iabetes and underscore  the role o f  circulating am ino  acids in this 

process. [This br ie f  paragraph seem s repetitive o f  material in the preceding paragraph].

Recently, F iehn and co lleagues (26) carried out m etabolom ic  profiling o f  more than 350 

m etabolites in p lasm a from obese type  2 diabetes versus obese non-diabetic African- 

A m erican  w om en. The authors found several m etabolites to be elevated in Type 2 diabetes 

including: leucine, 2 -ketoisocaproate, valine, cystine, histidine, 2 -hydroxybutanoate , long- 

chain fatty acids (oleic, palmitoleic, palmitic), and other m etabolites (fructose, glucuronate
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etc) indicating concurren t impact o f  diabetes on interm ediary m etabolism  o f  all classes o f  

m acronutrients . They  also reported a positive association betw een H b A lc  and leucine and 

valine  concentrations in these subjects.

A cylcarn itine  m etabolism  in skeletal m uscle  is associated with insulin resistance in both 

rodents and hum ans (27, 28). The nature o f  that re lationship rem ains a focus o f  ongoing  

research. Type 2 d iabetes subjects have been show n to have increased p lasm a concentrations 

o f  certain acylcarnitines (sum m ed C 10-C 14) com pared  with non-diabetic  individuals (29). 

The concentrations o f  acylcarnitines correlated with H b A lc  levels. This may be explained by 

inefficient fatty acid beta-oxidation. A ccum ulation o f  acylcarnitines has also been show n to 

stim ula te  in flam m atory  pathw ays such as N F k B  (29).

A cylcarnitine concentrations tend to be higher in older, m ostly  overw eight m en w ith  lower 

levels o f  physical activity. R odent m odels with lipid-induced m itochondrial dysfunction 

s trengthen this observation and illustrate the role o f  m ed ium - and long-chain acylcarnitines 

(30).

M ihalik  et al. (31) exam ined  plasm a acylcarnitine profiles in lean, obese, and Type 2 

d iabetes individuals. They found similar increases in concentrations o f  long-chain 

acylcarnitines in both obese and type 2 d iabetes individuals. In addition, they dem onstra ted  

an increase in both short- and m edium -chain  acyl carnitines as well as increased C 4- 

d icarboxylcarnitine that correlated with H b A lc  levels. This suggests generalized com plex  

oxidation defects in type 2 diabetes individuals. However, m ore  recently the sam e group (32) 

com pared  acylcarnitine species, com m on am ino acids and fat oxidation byproducts and 

p lasm a am ino  acids in type 2 diabetes adolescents with normal w eight and obese 

norm oglycaem ic  youths. Their results show ed lower concentrations o f  am ino  acids in young  

type 2 d iabetes subjects com pared with normal w eight controls. M edium  to short chain 

acylcarnitines were also lower com pared with both normal w eight and obese  subjects. The 

reason for the apparent d iscordance between the e levated levels o f  am ino  acids and 

acylcarnitines observed in the current study in early-onset diabetes and the decline in these 

m etabolites in adolescents is currently  unknow n and will require further study.

Ha et al (33) m easured circulating m etabolic  intermediates associated with inflam m ation, 

oxidative stress, and arterial stiffness in men with new ly-diagnosed type 2 diabetes. A m o n g  

other findings they reported eight acylcarnitines that were increased in m en with type 2
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diabetes. Their finding suggested that decanoyl carnitine and lysoPC (C l4:0) are most 

predictive o f  the risk o f developing diabetes.

In the present study we focused particularly on the metabolic characteristics o f two groups o f 

type 2 diabetes patients, those with early onset and those with later onset o f  the disease, by 

applying a metabolom ic analysis. We measured an extensive panel o f  plasm a amino acids, 

fatty acids and acyl carnitines. Based on our findings, we conclude that subjects with early- 

onset type 2 diabetes have a m etabolom ic profile distinguishing them from young BM l- 

matched insulin resistant individuals with normal glucose tolerance. The profile components 

that mark this distinction correlate in these subjects with measures o f  insulin resistance. We 

confirm obesity-driven differences in am ino acids, acyl carnitines and fatty acids between 

obese and lean individuals. In direct analysis we observed no differences in BCAA between 

subjects with various ages o f onset o f  Type 2 diabetes. However, principal component 

analysis was highly suggestive o f some differences in metabolic signatures between these 

two groups. The differences seemed to be driven by acyl carnitines involved in catabolism o f 

BCAA. Furtherm ore, subjects with early-onset Type 2 diabetes exhibited additional increases 

in the concentrations o f  total and free fatty acids and several individual fatty acids compared 

to late-onset Type 2 diabetes individuals. Increased concentration o f histidine observed in the 

population o f early onset type 2 diabetes may have some relation to the compromised beta­

cell function present in this population when com pared with young obese normoglycaemic 

controls. The evidence to support an association comes from in vitro studies which 

dem onstrated that L-histidine-induced interactions within voltage dependent calcium 

channels can regulate glucose-induced insulin secretion by beta-cells (34). However, 

concentrations o f  histidine were neither correlated with HOM A-B nor fasting insulin levels 

in our cohort. Further studies are needed to confirm  whether the distinct m etabolomic 

profiles we have observed in these patients are a reflection o f altered m itochondrial function 

in type 2 diabetes patient diagnosed early in their life.
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T able 1 C lin ica l characteristics o f  the study groups

Parameter Nondiabetic N ondiabetic Early-onset Later-onset P P P

studied lean controls obese controls type 2 (n =22) type 2 (n =16) value value value

(n=28) (n= 17) (3) (4) 1 vs 2 2 vs 3 3 vs 4

(1) (2)

Mean SEM Mean SEM Mean SEM Mean SEM

Age (years) 24.8 0.2 22.8 0.9 26.4 0.9 55.7 1.4 0.037 0.008
<0.00

1

BMI

(kg/m-)
22.4 1.1 34.3 1 35.4 1.8 31.9 1.2

<0.00

1

NS

(0.97)

NS

(0.1)

SBP 124 2.4 116 3.3 127 2.9 131 5 NS 0.02 NS

DBF 73 1.7 72 9.3 73 1.8 75 3 NS NS NS

H D L ch o le

sterol 1.4 0.05 1.1 0.1 1.0 0.05 1.0 0.05
<0.00

1 NS NS

(mmol/l)
1

Triglycerid 

es (mmol/l)
0.5 0.1 1.6 0.2 2.5 0.3 1.4 0.1 0.001 0.02 0.003

Fasting

glucose 4.7 0.05 4.9 0.09 9.7 0.7 8.7 0.6 0.049 <0.001 NS

(mmol/l)

Fasting

insulin 5.2 0.5 20.2 9.0 33.1 11.4 35.3 12.1
<0.00

1 NS NS

(mmol/l)
1

HOMA-IR 1.1 O.i 4.6 2.2 14.9 5.1 14.5 5.8
<0.00

1
<0.001

NS

(0.7)

HOMA-B 88.0 6.8 280.6 95.5 113.2 37.3 130.5 37.9 0.001 0.001
NS

(0.1)

H b A lc (% ) N/A N/A N/A N/A 8.4 0.4 7.3 0.3 N/A N/A
NS

(0.07)
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1

Table 2 M etabolom ic profiles in early onset type 2 diabetic subjects, obese and lean controls.

Parameter studied Early onset Obese Lean P value (1 vs. 2) P value (1 vs. 3)

(HM) type 2 controls controls

L-valine 305 ±  1 261 ± 10 2 1 5 ± 5 0.029 <0.001

L-

leucine/isoleucine
211 ± 10 170 ± 7 1 5 2 ± 4 0.004 <0.001

L-aspartic

acid/aspargine
1 0 6 ± 8 78 ± 6 69 ± 4 0.008 <0.001

L-glutamic

acid/glutamine
I 0 4 ± 5 87 ± 5 71 ± 2 0.025 <0.001

Histidine 80 ± 3 92 ± 3 72 ± 2 0.004 0.013

Total fatty acids 1 5 6 1 4 ± 9 I8 13004 ± 5 9 9 9 5 2 0 ± 474 0.027 <0.001

Palmitic acid 

(C16:0)
2 6 6 4 ± 172 2 1 2 5 ±  107 1442 ± 7 8 0.013 <0.001

Oleic acid 

(C18:l)
4937 ± 4 1 2 3703 ± 332 2 3 8 5 ± 169 0.014 <0.001
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Table 3 Selected amino acids and fatty acid in early versus later onset type 2 diabetes
subjects.

Parameter 

studied ( | iM )
Early-onset type 2 (n=22) Later-onset type 2 (n= 16) P value

L-valine 305 ±  13 298 ±  14 NS

I,- leucine 

/isoleucine
211±  10 202 ±  1 N S

Histidine 80 ± 3 60 ± 3 < 0 .0 0 1

Serine 89 ± 4 1 0 2 ± 4 <0.05

Total fatty acids 1 5 6 I 4 ± 9 1 8 1 0 8 0 8 ± 7 I 3 <0.001

Palmitic  acid 

(C16:0)
2664 ±  172 I 8 5 0 ±  170 <0.01

Oleic  acid 

(C 1 8 ; l )
4 9 3 7 ± 4 1 2 3 0 9 4 ± 2 I 3 <0.01
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Table 4 Concentrations o f  selected acyl carnitines.

Parameter Nondiabetic Nondiabetic Early-onset Later-onset P value P value P value

studied lean controls obese type 2 type 2 1 vs. 2 2 vs. 3 3 vs. 4

(HM)

(1)

controls

(n=17)

(2)

(n=22)

(3)

(n= l6 )

(4)

C5 :1
0 . i l 5 ±

0.005

0 .142±

0.005

0 .150±

0.006

0.103 ± 

0.006
<0.001 N.S. <0.001

Ci4- 0.035 ± 0.040± 0.03 7± 0.017 ±
N.S. N.S. N.S.DC/C4-DC 0.003 0.003 0.003 0.004

C 5 's
0.105 ± 

0.007

0 .1 14± 

0.009

0.121 ± 

0.010

0 .148±

0.012
N.S. N.S. N.S.

C3
0.346 ± 0.332 ± 0.365 ± 0.452 ±

0.015 0.031 0.037 0.027
N.S. N.S. <0.05

C4/Ci4
0 .170±

0.010

0,161 ± 

0.013

0 .190±

0.020

0.206 ± 

0.018
N.S. N.S. N.S.
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