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Diabetes prevalence: Spain

Valdés et al Med Clin (Barc) 2007 129 352



National Diabetes Surveillance System. Available at: http://www.cdc.gov/diabetes



Ramachandran et al. Lancet 2010; 375: 408–18



Diabetes prevalence: world(/106)
Projected values

Meetoo et al. British Journal of Nursing 2007;16:1002
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Action to Control Cardiovascular 
Risk in Diabetes (ACCORD): 
Severe Hypoglycemia

Annual rates: intensive 3.3% vs. standard 1.1%.
Interaction of hypoglycemia with treatment:

9,546 persons without severe hypoglycemia
Mortality risk 24% ↑ in intensive treatment group

705 persons with >1 severe hypoglycemia
Mortality ~3‐fold greater than among those not experiencing 
hypoglycemia
Mortality risk 60% ↓ in intensive treatment group

Bloomgarden Z. Diabetes Care. 2008 Sep;31(9):1913‐9. 



ACCORD: severe hypoglycemia

Bonds et al. BMJ 2010;340:b4909



Hypoglycemia vs. mortality: 
metaregression analysis

Mannucci et al. Nutrition, Metabolism & 
Cardiovascular Diseases (2009) 19, 604

Mortality 
Odds 
Ratio

Severe 
hypoglycemia, % 
in intervention 
groups

Proactive, 
UKPDS, 
ADVANCE

↓ 0.08 to 
0.24 

0.2‐0.8%

ACCORD, 
VADT

0.24 to 
0.36

1.5‐3.0%



ACCORD: CVD deathsIntensive Standard
CVD death 135 94
Unexpected/sudden 86 67
Myocardial 
infarction

19 13
CHF 23 16
CV procedure 10 3
Arrhythmia 4 10
Stroke 9 11
Other CVD 8 10

Two thirds were unexpected/sudden death

ACCORD: mortality

ACCORD Study Group. N Engl J Med. 2008;358:2545‐2559.



Adverse effect of insulin intensification from oral 
monotherapy, mortality risk vs. A1c, n=20,005

Currie et al. Lancet, 2010



ACCORD: mortality vs. on‐trial A1c

Higher mortality on 
standard treatment with 
A1c >8% or <7%

Higher mortality on 
intensive treatment with:

Lesser 1‐year A1c ↓
Worse mean A1c

Diabetes Care 2010 ;33:983‐990



ACCCORD microvascular outcomes

Accord microvascular. Lancet 2010;376:419



Accord microvascular. Lancet 2010;376:419

Glycemic groups: to transition



Glycemic groups: to study end

Accord microvascular. Lancet 2010;376:419



Microalbuminuria vs. glycemia

Accord microvascular. Lancet 2010;376:419



Macroalbuminuria vs. glycemia

Accord microvascular. Lancet 2010;376:419



Cataract surgery vs. glycemia

Accord microvascular. Lancet 2010;376:419



Loss of light touch vs. glycemia

Accord microvascular. Lancet 2010;376:419
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Patients
With

a Major 
Coronary

Event
(%)

0

12

8

10

68%
Risk 

Reduction
34%
Risk 

Reduction

Placebo Gemfibrozil Placebo Gemfibrozil

10.7

3.4
4.1

2.7

6

2

Diabetic Patients Nondiabetic Patients

4

n=135, P < .2 n=3946, P < .02

Frick HM et al, N Engl J Med 1987.
Koskinen P et al, Diabetes Care  1992.



Patients
With a 

Documented 
MI or Ischemia

(%)

Placebo Bezafibrate

22.6

7.5

n=164, P < .01

Diabetic Patients

0

25

15

20

10

5

67%
Risk 

Reduction

Elkeles RS et al, Diabetes Care 1998.



Gemfibrozil : CV Death, Nonfatal MI, and Stroke

VAHIT Study, Rubins et al, N Engl J Med 1999;341:410-8

24% ↓ (8% absolute)  

24% ↓ (5% 
absolute) 



Fenofibrate Intervention and Event Lowering
in Diabetes (FIELD)

Lancet 2005; 366: 1849–61



Fenofibrate Intervention and Event Lowering
in Diabetes (FIELD)

Lancet 2005; 366: 1849–61



Fenofibrate Intervention and Event Lowering
in Diabetes (FIELD)

Reduction in non‐fatal MI, ↑CV mortality
Reduction in total CVD, revascularization
Effects on CVD after adjusting for concomitant statins

CHD events ↓ 19%: p = 0.01
Total CVD events ↓ 15%: p = 0.004

Risk reduction associated with starting statins
CHD: ↓ 49% (p<0.001)
CVD: ↓ 26% (p= 0.004)

Lancet 2005; 366: 1849–61



Fenofibrate Intervention and Event Lowering
in Diabetes (FIELD): renal and eye effects

2∙6% more patients albuminuria regression or not 
progressing
1.6% fewer patients required laser photocoagulation
Subset analysis: low HDL group greater benefit, 
particularly with high triglyceride 

Lancet 2005; 366: 1849–61,  Diabetes Care 2009;32:493–498



Fenofibrate Intervention and Event Lowering
in Diabetes (FIELD)

Keech et al. Lancet 2007; 370: 1687–97

Macular edema

Proliferative retinopathy



ACCORD Randomization: glycemia, 
blood pressure, lipids

(all on simvastatin 20 mg)

Fenofibrate
160 mg

Accord microvascular. Lancet 2010;376:419



ACCORD Lipid Trial

N Engl J Med 2010



ACCORD Lipid: CVD outcomes

N Engl J Med 2010



ACCORD Lipid: Retinopathy 
Progression

ACCORD Study Group. N Engl J Med. 2010;363:233‐4
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Vision 
Deterioration

1,148 patients with HTN and type 2 diabetes were allocated to tight (<150/85 mmHg; n=758) or less tight 
(<180/105 mmHg; n=390) BP control and followed for a median of 8.4 years. Mean BP achieved in tight control 
group was 144/82 mmHg and 154/87 mmHg for the less tight group.
UKPDS=United Kingdom Prospective Diabetes Study.   
UKPDS Group. UKPDS 38. BMJ. 1998;317:703–713.
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CV Mortality

≤90 mmHg (n=501)

≤85 mmHg (n=501)

≤80 mmHg (n=499)

Diastolic Target

P=.11
P=.016

P=.005

DBP of ≤80 mmHg vs ≤90 mmHg resulted in a 51% reduction in major CV events.
HOT=Hypertension Optimal Treatment. Subgroup of 1,501 patients, mean age 62 years, with HTN and diabetes at 
baseline were randomized to target DBP of 90, 85, or 80 mmHg—and a low dose of acetylsalicylic acid or placebo. 
Felodipine was baseline therapy with the addition of ACEIs or β-blockers and diuretics as needed.
Hansson L et al. Lancet. 1998;351:1755–1762.



ACCORD blood pressure study

ACCORD Study Group. N Engl J Med 2010



ACCORD blood pressure: risks
N BP ↓

BP
↓
pulse

↑ K K<3.
2

↑
crea
tStan‐

dard
2371 133/71 1 3 1 27 367

Inten‐
sive

2362 119/64 17 12 9 49 561

ACCORD Study Group. N Engl J Med 2010



ACCORD Study Group. N Engl J Med 2010

ACCORD blood pressure: benefit



ADVANCE 2x2 factorial blood pressure and 
glycemia intervention

Glycemic treatment: A1c 7.5% reduced 0.61%
Perindopril/indapamide: 145/81 reduced 7/3

Blood 
pressure\Glucose tx

intensive standard

Perindopril/indapamide 2783 2786

Placebo  2788 2783

Zoungas et al. Diabetes Care 2009;32:2068



Zoungas et al. Diabetes Care 2009;32:2068

Zoungas et al. Diabetes Care 2009;32:2068

ADVANCE: blood pressure & glycemic treatment 



ADVANCE: outcomes 

Zoungas et al. Diabetes Care 2009;32:2068

Significant benefit with intensive 
glucose or ACEI‐diuretic or both



ADVANCE: outcomes 

Zoungas et al. Diabetes Care 2009;32:2068

Significant benefit only seen with 
combined intensive glucose and 

ACEI‐diuretic group
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Zoungas et al. Diabetes Care 2009;32:2068
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Factors influencing A1c

Gallagher, Le Roith, Bloomgarden. J Diabetes  2009;1:9



J Diabetes Complic 2002;16:313

A1

Correlation of hemoglobin glycation
with mean blood glucose



J Diabetes Complic 2002;16:313

A1

Correlation of hemoglobin glycation
with mean blood glucose



Age vs. A1c
“In [Framingham and 
NHANES] nondiabetic
and NGT populations, 
the relationship between 
age and A1C remained …
adjusting for sex, BMI, 
fasting glucose, and 2‐h 
postload glucose.”

Pani et al, Diabetes Care 2008; 31:1991



By age 
quartile:
Younger
Older

2107 
participants
, mean age 
69,
AROC = 0.63

Rancho Bernardo Study: Kramer Diabetes Care 2010;33:101‐3



64 persons developing diabetes over 10 yr: Baseline 
prevalence of A1c 5.7‐6.4, FBG 100‐125, 2hBG 140‐199

Prospective study: 593 
Finns, born 1935, from 
1996‐2008.

No baseline 
glycemic
abnormality 

Cederberg et al. Diabetes Care 2010;33:2077



Overlap of pre‐diabetes by IFG and A1C in 
NHANES among U.S. adults without diabetes
A1C alone would 
reclassify 37.6 
million Americans 
with IFG to not
pre‐diabetes but 
add 8.9 million 
without IFG (?IGT)

Mann et al. Diabetes Care 2010;33:2190



AACE STATEMENT ON USE OF A1c FOR 
DIAGNOSIS OF DIABETES

A1c an … optional …criterion, not primary
Use traditional glucose criteria when feasible
Do not use A1c for DM1 or GDM
A1C may be misleading in ethnic populations (for 
example, African American patients).
A1C may be misleading … hemoglobinopathy, Fe 
deficiency, hemolysis, thalassemia… hepatic, renal 
disease
Use standardized, validated A1c assays

Endocrine Practice 2010; 16:155‐6





Frequency analysis: Glucose 
grouping vs. A1c N=623 insulin- treated DM2: 

7- point SMBG x 3 d vs. A1c

224 patients with MPG 110-140 mg/dl:
10% had A1c <6.0 %
10% had A1c > 8.1%

Shrom, Choi, Ilag, Bloomgarden, Journal of Diabetes, 2010



Frequency analysis: A1c grouping 
vs. mean glucose N=623 insulin- treated DM2: 

7- point SMBG x 3 d vs. A1c

260 patients with A1c 6.5-7.5%:
10% had MPG < 115 mg/dl
10% had MBG > 171 mg/dl 

Shrom, Choi, Ilag, Bloomgarden, Journal of Diabetes, 2010
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STAR 3 ‐multicenter, randomized, controlled trial



Results Over Time:  Adults ≥ 19 years

1.0%

= MDI= SAP
n  = 166 n  = 163

Values are means ± SE. Comparisons between 
SAP group and MDI group are significant for 
each time period (P<0.001).



A1C Reduction is Correlated with Increased Sensor Use
Patients who used sensors ≥81% of the time reduced their mean A1C by 

1.2% at 1 year vs. baseline

n =27  n =46 n =108 n =56

Values are the difference between the means ± SE. p=0.003 for association between sensor wear and A1C reduction at 1 
year.  Only 7 participants had sensor use of 20% or less, with a change in A1C of ‐0.43 at 1 year vs. baseline.



STAR 3 Conclusions

Sensor‐augmented insulin pump therapy 
resulted in…

A1C (mean) reduction 4x greater than MDI (0.8% v. 0.2%) 
without an increase in severe hypoglycemia

SAP: from 8.3 % to 7.5%.          MDI:  from 8.3 % to 8.1%.

1.0% A1C (mean) reduction in adults

Patients wearing sensors ≥81% of the time reduced their mean 
A1C by 1.2% (reduction from baseline to 1 year)

Glycemic improvements were seen early (3 months) and were 
sustained at 1 year 



Integrated Infusion Set and Sensor
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