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Define ‘Variability’ 



LOW GLYCEMIC VARIABILITY 

HIGH GLYCEMIC VARIABILITY 

VERY LOW GLYCEMIC VARIABILITY 



So what’s the big deal, we’ve known 
since DCCT that A1C is the marker 

for risk of complications… 



Polling Question 1: 

What percentage of the risk of retinopathy in 
DCCT was explained by knowing A1C and diabetes 
duration? 
 ~ 90% 
 ~ 70% 
 ~ 50% 
 ~ 30% 
 ~ 10% 



…Really? 

“ However, the total glycemic exposure (A1C and duration 
of diabetes) explains only 11% of the variation in 
retinopathy risk, …so that other factors may 
presumably explain the remaining 89% of the variation 
in risk among subjects independent of A1C.” 

Lachin JM, et al. Diabetes 2008;57:995-1001 



Relationship Between Increasing 
A1C and Retinopathy 

R
et

in
op

at
hy

 

… it all started with an article in Diabetes in 1995 

DCCT Study Group. Diabetes August 1995 44:968-983 
 



9% 

DCCT Study Group.  
Diabetes August 1995 44:968-983 
 



What’s the 
difference? 

9% 



Have there been studies which show 
glucose variability to be a risk factor 

independent of A1C? 



• In at least 16 studies performed over the last 15 years, 
glycemic variability has been associated with 
• Overall mortality 
• Intensive care unit mortality 
• Cardiovascular risk (including Stroke risk) 
• Retinopathy 
• Nephropathy 
…..and more 

Numerous Studies on PPG/PCG and CV Risk 

Standl E, Schnell O, Ceriello A. Diabetes Care 2011;34 (Suppl 2):S120 



Glycemic variability in normal and impaired 
glucose tolerance, and type 2 diabetes 

Wang C, et al. Clinical Endocrinology [Epub ahead of print; Aug 13, 2011]  



Fasting, 2-hr 
Post challenge 
plasma glucose 
(PCPG) and A1C 

• Both FPG and 2-hour PCPG 
increase as A1C increases 

• 2-hour PCPG increases at a 
rate 4 X greater than FPG 
accounting for > % A1C.  

• People at IDF and ACE 
targets for A1C(<6.5%) had 
lower 2-hour PCPG than 
those at ADA target (<7.0%)  

Worle H. et al Arch Intern Med 2004:164;1927 



Polling Question 2: 

Glucose variability is not considered much of a 
problem in type 2 patients as their glucose levels 
are pretty stable? 
 True 
 False 



Variability of Blood Glucose Results  
in Type 1 and Type 2 Diabetes  

 

Kovatchev BP, Cox DJ, Gonder-Frederick L. 
Diab Technol & Therapeutics 2002;4:295-303 

• N=277 T1DM, and 323 T2DM 
• Avg of 230 SMBG and 3 A1c 

readings over 3 months 
• Calculated indices of   hypo- 

and hyperglycemic episodes 



Variability of Blood Glucose Results              
in Type 1 and Type 2 Diabetes  

 

Kovatchev BP, et al  Diab Technol & Therapeutics 2002;4:295-303 
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187 183 



Glucose excursions in ‘stable’ patients with type 2 
diabetes on oral agents 
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Glucose Values (mean, 5th to 95th percentile)  
for each patient during the study 

Hay LC, Wilmshurst EG, Fulcher G.,et al. Diab Techol Ther 2003; 5:19-26 

During CGM, 
glucose 
excursions 
showed 
significant 
variation  in 
nearly every 
patient despite 
their being 
‘controlled’ 
and ‘stable’  
by current 
definitions 



Polling Question 3: 

Which of the following is a way to measure and 
quantify glycemic variability? 
 Standard Deviation  
 Mean Amplitude of Glycemic Excursions 
 Continuous Overlapping Net Glycemic Action 
 1 and 2 
 All the above 



“So many measures, I just can’t     
  count them all…” 

Hill NR, et al Diabetes Technology & Therapeutics 2011;13:921 



Mean Amplitude of Glycemic 
Excursions (MAGE) 

No diabetes; very low variability 
MAGE=34 

Type 2 Diabetes;  low variability 
MAGE=81 

Type 1 Diabetes; high variability 
MAGE=241 



So how might variability affect 
processes we know are 

involved in complications? 



Overload in the mitochondria results in increased Reactive 
Oxygen Species (ROS) 

Ceriello A. Diabetes 2005; 54:1-7 
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 • Human umbilical vein endothelial 
cells were incubated in 5 mmol or 
20 mmol or alternating 5 and 20 
mmol/L solutions of glucose and  
tested for markers of cell damage   

• At 7 days and 14 days, there were 
significantly more damaged cells 
with the higher glucose 
concentration and even more 
damaged cells when the glucose 
was alternated between 5 and 20 
mmol/L each day.  

Quagliaro L, et al.  Diabetes 2003; 52:2795-2804 



Increased oxidative stress has been 
demonstrated in people with type 2diabetes 

• 21 patients were studied with urinary 
excretion rates of 8-iso-prostaglandin 
F2α (marker of oxidative stress) 

• Glucose fluctuations monitored with 
CGMS; calculated Mean Amplitude of 
Glycemic Excursions (MAGE) 

• “Glucose fluctuations during      
postprandial periods exhibited a 
more specific triggering effect on 
oxidative stress than chronic 
sustained hyperglycemia” 

Monnier, et al JAMA 2006;295:1681 



Is there controversy about the importance 
of glycemic variability? 

• Kilpatrick et al used DCCT 7-point profiles to 
assess glycemic variability and were unable to 
connect glycemic variability with outcomes 

• Other studies connect  A1C variability with 
complications, and still others have connected 
glucose variability with A1C variability 

• SOOoooo…what about the DCCT dataset? 



Are superoxides and tissue 
damage the only problems 
with glucose oscillations? 



Relationship between glucose 
variability and hypoglycemia 

Monnier L, et al Diabetes Technology & Therapeutics 2011;13:813 





 
Blood Glucose Variability and Quality of Life 

in T2DM 

• Overall blood glucose and day to day variability 
were both negatively correlated with mean 
Quality- of-Life (QOL) ratings   

• “Data provide additional evidence for benefits of 
maintaining a low and stable glucose profile and 
support conducting further studies of BG 
variability and QOL.” 

Testa MA, et al Presented at ADA, June 2003 



“Glycemic variability may be associated with lower 
quality of life and negative moods” 



…and reduction in glucose and glycemic 
variability can affect how you THINK! 

• In older patients with 
T2DM, the coefficient of 
variation of PPG values 
was strongly associated 
with global cognition as 
well as executive and 
attention functioning 

• Tight control of PPG 
levels may be useful for 
preventing derangement 
in cognitive functioning. 
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Abbatecola AM, et al. Neurology 2006; 67:235 



So what should we do to minimize 
glucose variability 



…you can use drugs 

• Patients with type 2 
diabetes received 
pramlintide prior to a 
meal which resulted in 
lower prandial 
excursions of glucose 
and lower levels of 
oxidative metabolite 
nitrotyrosine 
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Type 2 diabetes; N = 19; Mean ±SE; AUC0-4h 
significant at P<0.05 compared to placebo. 
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Ceriello A, et al.  
Diabetes Metab Res Rev 2008;24:103 



… you can use insulin pumps 

Patient started insulin pump July 20th 

Unger, J. Diabetes Management  In Primary Care (2007) 



…you can use continuous glucose 
monitoring (CGM) 
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CGM Blinded

GVI: 1.59
PGS: 259

Unblinded Days 1-3

GVI: 1.45
PGS: 201

Unblinded Days 4-6

GVI: 1.29
PGS: 116

CGM
Meter

Garg S, et al “Improvement in Glycemic Excursions With a Transcutaneous,                  
Real-Time Continuous Glucose Sensor” Diab Care 2006;29:44-50 

Continuous glucose monitoring from blinded to unblinded 



… or you can use SMBG to find out 
how food affects your glucose 

Different responses to 
oral glucose (open 
circles) and white 
bread (dark triangles) 
among healthy adults 

Vega-Lopez, et al.  
Diabetes Care 2007;30:1412 



When should I check 
blood glucose? 





What you get at best… 



Polling Question 4: 

Which of the following SMBG regimens has been 
shown to result in a significant decrease in A1C? 
 Pre- and post meals and at bedtime; 3 days/mo 
 Fasting and post meals once every two weeks 
 Pre- and post meals two days per week 
 1 and 2 
 All the above 
 



Structured testing: Other examples 

• There are many schedules and 
suggested schedules and 
various studies document their 
effectiveness 

• In general, the more times the 
patient tests before and after 
meals the better the outcome 

Bonomo  K, et al Diab Res & Clin Pract 2010;87:249 
Schewedes U, et al Diab Care 2002; 25:1928 



Structured Testing: 7 Point Profiles 
• 7-Point Profiles: testing 

before & after meals & bed-
time three days in a row.   

• One study suggested the 
three days before the 
quarterly physician visit 

• One study suggested doing 
these once/month  

• Both weekdays and weekend 
days should be evaluated. 

Polonsky W, et al Diab Care 2011;34:262 
Parkin C., Davidson JA. J Diab Sci Technol 2009;3:500 



Take Home Messages 
 

• Chronic elevations of glucose produce toxicity to major end organs; 
oxidative stress and superoxides are major culprits of glucotoxicity 

• Glucose excursions are associated with cardiovascular risk and 
increased risk for many diabetes complications 

• Lowering glucose variability should be a therapeutic goal 

• Good glucose control means controlling glucose at all times,           
not  just fasting 

• SMBG can guide providers to make medication changes 

• SMBG can guide patients to make changes in food and exercise 

• In short…. 



The Best  
Helping Hand… 

Is At the End 
of  Your Arm! 

When it Comes to Glucose Control… 



THANK YOU 
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