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major genes were implicated in Alzheimer’s disease 
(presenilin 1 and presenilin 2). Van Duijn and co-authors31 
showed that the mutation in these major genes—ie, 
amyloid precursor protein gene, presenilin 1, and 
presenilin 2 combined—amounted to less than 0·5% of 
all dementia cases in the population. In quantitative 
terms the apolipoprotien E polymorphism was more 
promising, although it probably does not account for 
more than 10–15% of all cases. Other genes are being 
investigated and are likely to explain some of the 
underlying mechanisms of the disease, probably jointly 
with non-genetic risk factors.

Thinking about the cause of Parkinson’s disease has 
been somewhat of a roller coaster. In the 1970s, genes 
were implicated (based on a few small twin studies), then 
in the 1980s, 1-methyl-4-phenyl-tetrahydropyridine (MPTP) 
exposure made the environmental case. In the 1990s, 
thinking reverted back to genetic causes with the discovery 
of the alpha-synuclein and Parkin genes and later Park7 
and many other genes. More recently the environmental 
hypothesis has made a comeback through fi ndings in the 
Rotterdam Study and in other studies.

Until quite recently, our view was, in common with 
most epidemiologists, that a single gene would never 
explain much of the major disease in the elderly 
population and that even genetic polymorphisms are 
unlikely to play a large part in these complex diseases. 
That was until a signifi cant role of the Y402H allele of the 
complement factor H gene in age-related macular 
degeneration was identifi ed, with a population 
attributable risk in The Rotterdam Study of more than 
50%, major associations with all stages of macular 
degeneration, and interaction with smoking and 
infl ammatory markers.32–34

Was Kraepelin right?
The idea that abnormalities in circulation play a part in 
dementia is at least a century old. In his memoirs written 
in the second decade of the 20th century, Emil Kraepelin35 
(fi gure 4) wrote that although his colleague and co-worker 
Alois Alzheimer had found important neuropathological 
correlates of dementia, most cases were due to 
arteriosclerosis. Our search for vascular causes of 
dementia can therefore be summarised with the question: 
“Was Kraepelin right?” The fi rst evidence for a strong 
involvement of vascular factors, not only in vascular 
dementia but also in Alzheimer’s disease, came from the 
cross-sectional observations that atherosclerosis was 
strongly associated with cerebral white-matter lesions, 
cardiovascular clinical disease with cognitive function, 
and atherosclerosis at various sites with Alzheimer’s 
disease.36–38 Longitudinal studies made clear that silent 
and non-silent strokes predict dementia and that stroke 
is often a precursor of dementia.22

Follow-up in the Rotterdam Study showed a strong 
predictive value of diabetes mellitus and concentrations 
of insulin-like growth factor-1 for Alzheimer’s disease 

and of insulin concentrations for cognitive function.39–41 
Atrial fi brillation was associated with an increased risk of 
white-matter lesions, stroke, and dementia. Blood 
pressure predicted white-matter lesions, especially deep 
periventricular lesions.42 The association of blood 
pressure with dementia was less straightforward. We 
observed a positive association before the age of 80 years 
and a negative one in people aged 80 years or older.

Most cardiovascular risk factors were predictive of 
Alzheimer’s disease and other dementias. Low intake of 
antioxidants was associated with increased dementia 
risk.43 Serum homocysteine levels predicted dementia as 
well as white-matter lesions and silent brain-infarcts.44–46

Smoking was shown to be associated with an increased 
risk of dementia. Overall, risk was doubled compared with 
that of non-smokers, and this risk increased in a dose-
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Figure !: Incidence of dementia, stroke, Parkinson’s disease, and  age-related macular degeneration (AMD) in 
the Rotterdam Study

Figure ": On the Starnberg lake, from left to right: Alzheimer, Kraepelin, Gaupp, and Nissl 
Reproduced with permission of Springer-Verlag.35

Rotterdam study, Lancet Neuro 2006 
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that are also common in younger adults): coronary heart 
disease and stroke, Parkinson’s disease, Alzheimer’s 
disease and other dementias, macular degeneration and 
glaucoma, diabetes mellitus, and osteoporosis.

Lessons from the study
Common diseases
One thing became very clear in the fi rst phase of the 
study: neurological diseases in elderly people are 
extremely common. Figure 2 shows the the prevalence of 
stroke, dementia (Alzheimer’s disease and other 
dementias combined), Parkinson’s disease, and macular 
degeneration, by age.4–8 We summarised these fi ndings, 
with other prevalence studies, in 2000;9 the table shows 
these data extrapolated to the current European Union. A 
more recent analysis has provided similar fi ndings.10As 
an example, more than 40% of participants aged 95 years 
and older had a clinical diagnosis of dementia (assessed 
with a detailed clinical neurological work-up). This 
fi nding is likely to be an underestimate of disease 
frequency; although we had a high participation rate, the 
prevalence of dementia is probably even higher in those 
who did not take part because patients with dementia are 
less likely to participate in population studies.11

Given the increased risk of these diseases with age and 
the probable continued increase in life expectancy, we 
expect these prevalence fi gures to substantially rise in the 
next decade, both in absolute numbers and in proportions 
of the population a! ected. Although the specifi c 
prevalences might vary in di! erent places and 
populations, the general pattern of a rise in prevalence is 
likely to be closely similar. This pattern is not just 
happening in North America and western Europe, but is 
a worldwide trend (with the unfortunate exception of 
sub-Saharan Africa), and in absolute numbers the rise in 
Alzheimer’s disease and Parkinson’s disease will be led 
by China and India.12

Morbidity incidence
The force of morbidity (or incidence rate) of neurological 
diseases is strong, which translates into a high risk of 
these diseases. Incidence rates for stroke, dementia, 
Parkinson’s disease, and macular degeneration increase 
with age (fi gure 3).13–18 This fi nding should not surprise us 
much in view of the rise in prevalence, except that the rise 
in incidence seems to continue in very old people; there 
is no evidence of levelling o!  of the occurrence of new 
cases of dementia, stroke, or Parkinson’s disease at a very 
old age. There are few data like these, but if confi rmed 
this fi nding is important. The increase, which could be 
due in part to the changing mortality patterns in other 
diseases, suggests that there is not a specifi c window of 
exposure (ie, a certain age) and that the cause is such that 
the diseases are not running out of suitable candidates—
ie, susceptibles—over time. It also means that if an 
individual does not have dementia at the age of 90 years, 
they are not immune and are still at risk of the disease. 

Imaging
The more imaging we did in the population, the more we 
saw that not all abnormal pathological changes shown on 
the scans had direct harmful consequences.19 Most of the 
brain infarcts were silent, like most myocardial infarctions 
in elderly people, and most white-matter lesions did not 
seem to have any direct e! ects; a person can have 
substantial brain atrophy and many plaques in the carotid 
arteries before clinical symptoms emerge. However, this 
fi nding does not mean that all pathological signs are 
harmless. On the contrary, in the long term silent brain-
infarcts predict clinical stroke, dementia, and depression; 
white-matter lesions predict cognitive decline, dementia, 
and depression; increased thickness of the intima-media 
wall predicts stroke and dementia; and brain atrophy 
predicts dementia and depression.20–28

Genes
In 1991, John Hardy, with the help of many others, 
published the fi rst evidence for a mutation in the amyloid 
precursor protein gene on chromosome 21 that is 
associated with Alzheimer’s disease29 and cerebral 
haemorrhage.30 Subsequently, mutations in two other 

Men Women Total

Dementia 1 550 000 2 980 000 4 530 000

Stroke 1 620 000 1 690 000 3 310 000

Macular degeneration 720 000 1 210 000 1 930 000

Parkinson’s disease 490 000 660 000 1 150 000

Table: Absolute number of neurological diseases in the elderly 
population of the European Union8,9
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Figure !: Prevalence of dementia, stroke, Parkinson’s disease, and age-related macular degeneration (AMD) 
in the Rotterdam Study

~127,000 cases in UK 
 
~10,000 cases in Scotland 

Parkinson’s UK, 2012 
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Parkinson’s disease is a neurodegenerative movement disorder 

Motor 
 
Tremor 
Bradykinesia 
Rigidity 
 
Non-motor 
 
Depression 
Dementia 
Constipation 
Anosmia   



Parkinson’s remains an incurable disorder 



Pathology of Parkinson’s 
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Encephalitis Lethargica 



Twin studies suggest that Parkinson’s not very heritable 



MPTP 



Therapies developed based on toxin models 

Environmental trigger(s)  
 

Toxin 



Early genetic studies 

Mjones 1949 

Found 41% of 194 PD patients reported a positive family history,  
Concluded that PD could be an autosomal dominant trait with  
high penetrance. 



LOCUS  MODE  TYPE  GENE   FUNCTION 
 
PARK1/4  AD  LO/EOPD  α-synuclein  Unknown 

  
 

Parkinson’s disease genetic loci 



LOCUS  MODE  TYPE  GENE   FUNCTION 
 
PARK1/4  AD  LO/EOPD  α-synuclein  Unknown 
PARK2  AR  EOPD  Parkin   Ubiquitin ligase 
PARK3  AD  LOPD  Unknown 
PARK5  AD  LOPD  UCH-L1   DUB 
PARK6  AR  EOPD  PINK1   Kinase 
PARK7  AR  EOPD  DJ-1   Oxidative chaperone 
PARK8  AD  LOPD  LRRK2   Kinase 
PARK9  AR  EOPD*  ATP13A2   ATPase 
PARK10  Complex  LOPD  Unknown 
PARK11  Complex  LOPD  GIGYF2 (controversial) 
PARK12  X-linked  LOPD  Unknown 
PARK13  AD  LOPD  HtrA2/Omi   Serine protease 
PARK14  AR  EOPD*  PLA2G6   Phospholipase A2 
PARK15  AR  EOPD*  FBXO7   F Box protein 
PARK16  Complex  LOPD  Unknown 
PARK17  Complex  LOPD  GAK   Kinase 
PARK18  Complex  LOPD  HLA   immune recognition 
PARK19  AD  LOPD  VPS35   endosomal-Golgi trafficking 
PARK20  AD  LOPD  EIF4G1   mRNA translation-initiation    
 

Parkinson’s disease genetic loci 

* Complex syndrome 



Cancer genetics – 30 years ago 

Robert Weinberg discovered first human proto-oncogene, Ras 
 
An oncogene is a gene that has the potential to cause cancer –  often mutated 
or expressed at high levels 
 
Ras mutations are found in a large number of human cancers 



Ras signaling network in cells 



“Marsala Kindred” 

Autosomal recessive PD 
Early-onset (age at onset 32-47) 

Slowly progressive 
Sustained response to Levodopa 



Homozygous Mutations in PTEN-induced kinase 1 

Exon 7  W437OPA 

Hetero- 
zygote 

Homo- 
zygote 

Wild 
type 



Protein Phosphorylation 
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Proof of concept in CML 

Chronic myeloid leukaemia – 
blast phase 


