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Dementia is More Common in 
People with Diabetes

• 28 pooled prospective studies

• RR 1.78 for all-type dementia

• RR 1.56 for Alzheimer’s 
dementia 

• RR 2.27 for Vascular dementia

Gudala et al J Diabetes Invest 2013; 4: 640-650 



Cardiovascular Disease is Associated 
with Cognitive Decline

Standardised β-coefficient* (p-value)

All CVD -0.09 (0.008)

Stroke -0.07 (0.036)

Carotid intima media thickness -0.15 (<0.001)

Ankle brachial pressure index 0.12 (0.001)

NT-ProBNP -0.12 (0.001)

MI/angina -0.04 (0.293)

*adjusted for age, sex, baseline cognition, BP, cholesterol, smoking

Feinkohl et al Diabetes Care 2013: 36; 2279-86
Feinkohl et al PLoS One 2012: 7; e44569



Cardiovascular Risk Factors and 
Cognitive Decline

Risk Factor Effect on Decline in ‘g’ 
[Standardised β coefficient 

(p-value)]

Risk of Accelerated Cognitive 
Decline

[Odds ratio (95% CI)]

Time-weighted blood pressure -0.07 (0.067) 1.01 (0.99-1.03)

Time-weighted HbA1c -0.10 (0.005) 1.21 (1.00-1.45)

Smoking (pack years) -0.14 (<0.001) 1.64 (1.14-2.34)

Cholesterol 0.00 (0.938) -

Feinkohl et al, Diabetologia 2015: 58; 1637-45



Retinopathy and Cognitive Decline



Alcohol and Cognitive Function
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The ‘Insulin Resistance’ 
Hypothesis



Hypoglycaemia and Dementia in 
Type 2 diabetes

• Longitudinal cohort study in 
16,667 people with Type 2 
diabetes. Mean age 65 years.

• 1465 patients had at least 1 
episode of severe 
hypoglycaemia between 
1980-2002 (from hospital 
records)

• 1822 incident diagnoses of 
dementia 2003-2007

Whitmer et al JAMA 2009: 301: 1565-1572



Severe Hypoglycaemia is Associated 
with an Increased Risk of Future 

Dementia
Number of Episodes of Severe 

Hypoglycaemia
Hazard Ratio* (95% CI)

1 or more 1.44 (1.25-1.66)

1 1.26 (1.10-1.49)

2 1.80 (1.37-2.36)

3 or more 1.94 (1.42-2.64)

*adjusted for age, sex, BMI, education, 7 year HbA1c, duration of diabetes, comorbidities, diabetes treatments, years of 
insulin

Whitmore et al JAMA 2009: 301: 1565-1572



DCCT/EDIC

DCCT/EDIC Study Investigators NEJM 2007; 356:1842-1852



Profound Hypoglycaemia Causes 
Neuronal Death

Bree et al Am J Physiol Endocrinol Metab 2009; 297: E194-201



Profound Hypoglycaemia Causes 
Neuronal Death

• Cerebral cortex, hippocampus and basal 
ganglia most vulnerable to hypoglycaemia

• Rats with diabetes get 2.3-fold more neuronal 
death than non-diabetic animals

• Historically believed that neuronal death only 
occurred during EEG ‘isoelectricity’



Neuronal Death Does Not Require 
Coma

Languren et al Neurochemistry International 2013; 63:331-343



Hypoglycaemia and Dementia in 
Type 2 Diabetes

• Longitudinal cohort of 783 
adults with Type 2 diabetes, 
mean age 74 years

• Severe hypoglycaemia
associated with a 2.1-fold 
increased risk of dementia

• Dementia associated with a 
2.2-fold increased risk of 
severe hypoglycaemia

Yaffe et al JAMA Intern Med 2013; 173: 1300-1306



There is a Bi-Directional Relationship Between 
Severe Hypoglycaemia and Dementia
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Edinburgh Type 2 Diabetes Study: Baseline 
Cognition and Incident Severe Hypoglycaemia

Participants in the lowest 
tertile for ‘g’ were twice 
as likely to experience an 
episode of severe 
hypoglycaemia over 4 
years than those in the 
highest tertile-0.3
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Feinkohl et al Diabetes Care 2014: 37; 507-15



Edinburgh Type 2 Diabetes Study: Incident 
Severe Hypoglycaemia and Cognitive Decline

Feinkohl et al Diabetes Care 2014: 37; 507-15
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Severe Hypoglycaemia and 
Dementia: Confounders

People with Type 2 diabetes who have severe 
hypoglycaemia:

• Are more likely to be treated with insulin

• Have a longer duration of diabetes

• Older

• Have more complications of diabetes



What About RCTs?
• ACCORD – cognitive function 

assessed in a subset of 2977 
patients. 

• Median study duration 39 
months.

• Hypoglycaemia more common 
in intensive arm

• No effect of intensive treatment 
on cognition

• Poorer cognitive function 
associated with an increased 
risk of severe hypoglycaemia

Launer et al Lancet Neurol 2011; 10: 969-977



Problems with RCTs

• Patients with multiple comorbidities often 
excluded

• Duration of trials relatively short

• Cognition will invariably not be a primary 
outcome measure

• Usually very limited cognitive testing



Does Recurrent Severe Hypoglycaemia
Cause Cumulative Cognitive 

Impairment?

“Not Proven”



Summary

• Dementia is more common in people with diabetes

• In adults with T2DM, there is a strong association 
between recurrent severe hypoglycaemia and onset of 
dementia and cognitive decline

• This association has not been replicated in RCTs

• Reverse association also holds true – dementia and 
cognitive decline are associated with an increased risk of 
severe hypoglycaemia



Conclusions

• Cognitive function should be included as an end-
point in more RCT’s of anti-diabetic agents

• In the absence of any ‘benefit’ of severe 
hypoglycaemia in T2DM, should we not be 
prescribing anti-diabetic agents that do not cause 
hypoglycaemia in preference to insulin/SU’s?


