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Member	  of	  SACN	  working	  group	  on	  low	  carbohydrate	  
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The	  nature	  of	  type	  2	  diabetes:	  
UKPDS-‐	  Loss	  of	  control	  over	  0me 
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Beta	  cell	  func0on	  in	  type	  2	  diabetes	  
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Control	  BMI	  21	  

T2DM	  BMI	  30	  

Glucose	  produced	  by	  liver	  in	  1	  hour	  during	  overnight	  fast:	  	  
Non-‐diabe0c	  70kg	  person	  

Minutes	  



Glucose	  produced	  by	  liver	  in	  1	  hour	  during	  overnight	  fast:	  	  
Type	  2	  diabetes	  cf.	  normal	  	  

	  

Minutes	  

Taylor	  et	  al,	  	  JCI	  1996;	  Singal	  	  et	  al	  AJP	  2002	  
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Six	  hours	  of	  liver	  glucose	  produc0on	  in	  T2DM	  



The twin-cycle hypothesis:  type 2 diabetes 
Positive calorie 

balance 

↑ liver fat 

↑ basal insulin 
secretion 

↑ fat in 
blood 
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glucose 

Liver 
cycle 

Pancreas 
cycle 

↑ islet fat 

↓ acute insulin 
response Taylor, Diabetologia 2008; 51: 1781 

↑ liver insulin 
resistance 



The twin-cycle hypothesis:  type 2 diabetes 
Positive calorie 
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Taylor, Diabetologia 2008; 51: 1781 

↑ liver insulin 
resistance 

↑ liver fat 
↑ fat in 
blood 

↑ islet fat 
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Using	  a	  very	  low	  calorie	  diet	  as	  a	  tool	  to	  understand	  
ae0ology	  of	  type	  2	  diabetes:	  	  Tes0ng	  the	  Twin	  Cycle	  Hypothesis	  
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9.2  → 5.9 mmol/l (p=0.003) 

Lim et al, Diabetologia 2011!

All	  hypoglycaemic	  agents	  stopped	  

Associated	  with:	  
	  	  
Rapid	  fall	  in	  liver	  fat	  
Rapid	  normalisa0on	  of	  liver	  insulin	  sensi0vity	  
	  
Gradual	  fall	  in	  pancreas	  fat	  
Gradual	  return	  of	  first	  phase	  insulin	  response	  
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 DiRECT – a study in routine NHS General Practice 

0            12 months               24 
months 

INTERVENTION 
15kg weight loss then maintain 

CONTROL 
Best management by guidelines 

149 people 

149 people 



Results:	  weight	  changes	  over	  12	  months	  

-‐14.5	  kg	  
+1.0	  kg	   +1.9	  kg	  



Before	  	   A[er	  



Remissions by weight-loss category at 12 
months 

Lean et al, Lancet 2017!



Stop	  an0-‐
diabe0c	  
drugs	  
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Protocol for pathophysiological studies 

Baseline	   Post-‐
weight	  
loss	  

12	  
months	  

Weight	  loss	   Weight	  maintenance	  SFR	  

HbA1c	  <48mmol/mol	  	  
+	  FPG	  <7.0mM	  

Responders	  

Non-‐responders	  
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Change in plasma VLDL1-triglyceride conentration 
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Change in pancreas fat 
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Change in acute insulin secretion  
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Healthy	  
beta	  cell	  
	  	  

	  	  

	  	  

	  	  

Loss	  of	  
specialised	  
func0on	  

Null	  cell	  

	  	  

	  	  Pinnick	  2010;	  	  	  Talchai	  2012;	  	  	  White	  2013;	  	  	  White,	  Diabetes	  Care	  2016	  

Dedifferen0a0on	  explains	  the	  beta	  cell	  in	  type	  2	  diabetes	  

Metabolic	  stress	  	  

Reversible	  if	  metabolic	  stress	  removed	  	  	   Irreversible	  	  





Newcastle ladies ~1980 

Newcastle	  Public	  Library	  



Newcastle ladies – Daily Mail 2010 
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BMI distribution in UK – 1980 and 2010 

36%	  -‐	  over	  25	  
7%	  	  	  -‐	  over	  30	  

65%	  -‐	  over	  25	  
25%	  -‐	  over	  30	  

1980 

2010 

Rosenbaum S et al. Ann Hum Biol 1985 
CMO’s Report 2014 



BMI	  distribu0on	  of	  individuals	  with	  type	  2	  diabetes	  

20	   25	   30	   40	  35	  

Taylor & Holman, Clin Sci 128: 405-410 2015 



Personal vs population 
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Taylor & Holman, Clin Sci 128: 405-410 2015 



Personal vs population 
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The Personal Fat Threshold 

Taylor & Holman, Clin Sci 128: 405-410 2015 





Reid	  code	  when	  the	  processes	  underlying	  T2DM	  	  
have	  been	  reversed?	  

Diabetes	  resolved	   	  –	   	  21263	  or	  212H	  

Diabetes	  in	  remission	  –	  C10P	  



Current	  defini0on	  of	  diabetes	  
ADA	  1997	  and	  WHO	  1999	  

Fas0ng	  venous	  plasma	  glucose	  ≥7.0	  mmol/l	  
or	  	  

HbA1c	  ≥	  6.5%	  (≥	  48mmol/mol)	  
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Reversal	  –	  of	  underlying	  pathophysiology	  	  
Low	  risk	  (QRISK	  5.4%)	  

High	  risk	  (QRISK	  19.8%)	  

Pre-‐diabetes	   Post-‐diabetes	  

Pre-‐diabetes,	  diabetes	  and	  post-‐diabetes	  
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Fas0ng	  venous	  plasma	  glucose	  <7.0	  mmol/l	  
	  	  

HbA1c	  <48mmol/mol	  	  (<6.5%	  )	  

Defining	  remission	  of	  diabetes	  

Two	  non-‐diabe0c	  test	  results,	  at	  least	  2	  months	  apart	  	  
then	  reviewed	  annually	  

McCombie	  et	  al,	  BMJ	  2017;	  358:	  J4030	  	  



Single-‐prac0ce	  model	  	  

Re-‐badge	  some	  Clinics	  	  
Minimal	  GP	  Eme	  input	  –	  
stopping	  medicaEon.	  	  
	  	  

Op0ons	  for	  prac0cal	  roll-‐out	  across	  UK	  	  
	  

Establish	  GP	  ‘hubs’	  	  

With	  regular	  Diabetes	  Remission	  
Clinics	  
Efficiencies	  and	  economies	  	  

Staged	  na0onal	  roll	  out	  

Enrol	  pracEces	  in	  phases	  	  
	  	  

Out-‐source	  

eg	  to	  providers	  of	  successful	  
DPP	  systems	  
Must	  include	  funded	  training	  
for	  long	  term	  weight	  
maintenance	  in	  Primary	  Care	  	  
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Ae0ology	  of	  T2DM	  is	  now	  clear	  
T2DM	  is	  potenJally	  reversible	  in	  Primary	  Care	  

AcJon	  required	  to	  provide	  support	  for	  all	  with	  T2DM	  

Regulatory	  control	  of	  food	  provision	  essenJal	  

	  


