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Alzheimer’s Disease Continuum

The progression of Alzheimer’s disease from brain changes that are unnoticeable to the person affected to brain 
changes that cause problems with memory and eventually physical disability is called the Alzheimer’s disease continuum.

On this continuum, there are three broad phases: preclinical Alzheimer’s disease, mild cognitive impairment (MCI) 
due to Alzheimer’s disease and dementia due to Alzheimer’s disease, also called Alzheimer’s dementia (see  
Figure 1).37-40 The Alzheimer’s dementia phase is further broken down into mild, moderate and severe dementia. 

While we know the Alzheimer’s disease continuum starts with preclinical Alzheimer’s disease (no symptoms)  
and ends with severe Alzheimer’s dementia (severe symptoms), how long individuals spend in each part of  
the continuum varies. The length of each part of the continuum is influenced by age, genetics, biological sex  
and other factors.41

Preclinical Alzheimer’s Disease  
In this phase, individuals may have measurable brain changes that indicate the earliest signs of Alzheimer’s  
disease (biomarkers), but they have not yet developed symptoms such as memory loss. Examples of Alzheimer's 
biomarkers include abnormal levels of beta-amyloid as shown on positron emission tomography (PET) scans42 and 
in analysis of cerebrospinal fluid (CSF),43 changes in tau protein in CSF and plasma, and decreased metabolism of 
glucose as shown on PET scans.44 When the early changes of Alzheimer’s disease occur, the brain compensates 
for them, enabling individuals to continue to function normally. 

Although research settings have the tools and expertise to identify some of the early brain changes of 
Alzheimer’s, additional research is needed to fine-tune the tools’ accuracy before they become available for 
widespread use in hospitals, doctors’ offices and other clinical settings. It is important to note that not all 
individuals with evidence of Alzheimer’s-related brain changes go on to develop symptoms of MCI or dementia 
due to Alzheimer’s.45-46 For example, some individuals have beta-amyloid plaques at death but did not have 
memory or thinking problems in life.47 

MCI Due to Alzheimer’s Disease 
People with MCI due to Alzheimer’s disease have biomarker evidence of Alzheimer’s brain changes plus new  
but subtle symptoms such as problems with memory, language and thinking. These cognitive problems may be 
noticeable to the individual, family members and friends, but not to others, and they may not interfere with 
individuals’ ability to carry out everyday activities. The subtle problems with memory, language and thinking 
abilities occur when the brain can no longer compensate for the damage and death of neurons caused by 
Alzheimer’s disease.
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widespread use in hospitals, doctors’ offices and other clinical settings. It is important to note that not all 
individuals with evidence of Alzheimer’s-related brain changes go on to develop symptoms of MCI or dementia 
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People with MCI due to Alzheimer’s disease have biomarker evidence of Alzheimer’s brain changes plus new  
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noticeable to the individual, family members and friends, but not to others, and they may not interfere with 
individuals’ ability to carry out everyday activities. The subtle problems with memory, language and thinking 
abilities occur when the brain can no longer compensate for the damage and death of neurons caused by 
Alzheimer’s disease.

Fewer than 1 in 5 Americans  
(18%) are familiar with mild 
cognitive impairment (MCI).

MORE THAN NORMAL AGING:  
UNDERSTANDING MILD  
COGNITIVE IMPAIRMENT 
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• 10 years later still living at home, 
conversant about current events, 
somewhat inaccurate

2 cases - trajectories of cognitive decline
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Differential Diagnosis of Dementia

• Alzheimer’s disease


• Lewy Body Dementia


• Vascular Dementia


• Fronto-temporal dementia - (behavioral, semantic, logopenic)


• Tauopathies: progressive supranuclear palsy (falls, impaired upgaze); 
corticobasal ganglion degeneration (generally unilateral)


• Normal Pressure Hydrocephalus (magnetic gain, urinary incontinence)


• CJD and other rapidly progressive dementias


• Autoimmune encephalitis
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DSM-IV and DSM-5 criteria for dementia

from UpToDate



Evaluation

• Forgetting proper names


• short term memory (repeating questions, new compensatory techniques 
under equal load)


• Word finding difficulty


• Visual perceptual deficits


• Changes in emotion


• Gait instability


• Urinary incontinence


• Rule out on depression, although new onset depression can be AD or FTD



Evaluation
• review medications: beta blockers, anti-cholinergics for prostatism, recent change in 

statin prescription


• MOCA (18 - 25 Mild Cognitive Impairment; 10-17 moderate cognitive impairment) / 
Depression screen


• Blood Tests for Reversible Causes: vitamin B12, TSH


• neuroimaging (MRI / CT)


• if rapidly progressive, consider anti-TPO, autoimmune panel (Mayo Clinic), CJD testing


• LP (to rule out NPH and rule in amyloid) 
-large volume LP (30 cc) with timed gait test before and after tap. Would only pursue if 
the patient is a surgical candidate.


• FDG-PET imaging (very rarely used; covered by Medicare if AD vs. FTD)


• Apolipoprotein E genotyping (not clinically useful if considering aducanumab) 
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TOTAL SCORE    (      /30) 

 

Name   ͟   ͟   ͟   ͟   ͟   ͟   ͟   ͟   ͟   ͟   ͟   ͟   ͟   ͟   ͟            
Sex     ͟   ͟   ͟   ͟   ͟           Age     ͟   ͟   ͟                     
Education   ͟   ͟   ͟   Date of exam   ͟   ͟  ͟   ͟   ͟    
Administered by   ͟   ͟   ͟   ͟   ͟   ͟   ͟   ͟   ͟   ͟   ͟   ͟   ͟   ͟             

SCORE  

MONTREAL COGNITIVE ASSESSMENT (MOCA-B)           
BASIC   

Adapted by : Parunyou Julayanont  MD           
Copyright    : Z. Nasreddine MD  Final Version  June 04, 2014 
 

VISUOPERCEPTION 

 

scissors T-shirt banana lamp candle 

watch cup leaf key spoon 

 

3 points  if  N = 9-10   
2 points  if  N = 6-8   
1 point    if  N = 4-5   
0 point    if  N = 0-3       N    ͟͟      

 

 (     /3) 
 

EXECUTIVE FUNCTION  

 (     /1)          

IMMEDIATE RECALL 

 

No point 

Perform 2 tria ls even i f 
1st tria l is successful 

 

 ROSE CHAIR HAND BLUE SPOON 

1st  trial      

2nd trial      

 

  [    ] time (± 2 hr)        [    ] day        [    ] month        [    ] year       [    ] place         [    ] city   ORIENTATION            (     /6)     

 (     /2)          FLUENCY 
2 points if  N = 13 or more                
1 point   if  N = 8-12           
0 point   if  N =  7 or less       

 N           items      
 

Name maximum numbers of FRUITS in 1 minute 

1.………….            2.…………….            3.…………….        4.…………....           5.……………         6.…………… 
7.………….            8.…………….            9.…………….       10.…………....         11.……………       12.…………… 
13.………….       14.…………….           15.…………….       16.…………....         17.……………       18.…………… 

ABSTRACTION   (     /3)     
To what category these objects belong to ?     ( e.g.  orange - banana = frui t )                  
[       ]     train -  boat               [     ]    north  -   south               [      ]   drum  -  flute      

ERROR   ͟   ͟  N            
No point if 2 errors or more  

ATTENTION    (     /1) 1 5 8 3 9 2 0 3 9 4 0 2 1 6 8 7 4 6 7 5 
 

Identify drawings. No more than 60 
seconds.  See complementary sheet. 

 (     /4) NAMING Identify animals. See complementary sheet.     [   ]  zebra      [   ]  peacock    [   ]  tiger     [   ]  butterfly 

START 
TIME 

TOTAL TIME    ͟͟ ͟  ͟͟ ͟ ͟   min    ͟͟ ͟  ͟͟ ͟ ͟   sec 

Provide 3 ways  to pay using 1 dollar coins, 5 dollar and 10 dollar bills for an object that costs exactly 

“13 Dollars”      

 [     ]  1……………………………      [     ]   2. …………………………      [     ]   3. …………………………     

           (     /3)     CALCULATION 
(3 points if 3 ways, 2 points if 2 ways, 1 point if 1 way, 0 point if no correct way) 

 

Recall  with       
No cue 

ROSE 

[    ] 

CHAIR 

[    ] 

HAND 

[    ] 

BLUE 

[    ] 

SPOON 

[    ] 

Recall with 
category cue 

[    ] [    ] [    ] [    ] [    ] 

Recall with 
multiple choice cue [    ] [    ] [    ] [    ] [    ] 

 

DELAYED RECALL   (     /5)     

 

Points are awarded for 
reca l l  with No cue 
(1point for each item) 

 

Name the numbers in circles. 
See complementary sheet. 

Name the numbers in circles & squares:    3 8 5 1 3 0 2 9 2 0 4 9 7 8 6 1 5 7 6 4             

See complementary sheet.    1 5 8 3 9 2 0 3 9 4 0 2 1 6 8 7 4 6 7 5 

ERROR   ͟   ͟   N                   
2 points if  2 errors or less          
1 point  if   3 errors               
0 point  if   4 errors or more 

   (     /2) 
END TIME           

Add 1 point if education < 4 year AND add 1 point if illiterate 

MOCA - Training required 9/1/2020
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Jack, et al., Neuron. (2013)

Atrophy of brain tissue

(Structural MRI)

(Raj et al., 2012; Seeley et al., 2009). It is tau-related neurodegen-
eration that is ultimately responsible for clinical symptoms
(a position reinforced by the poor association between the topo-
graphic distribution of amyloid and clinical phenotype in atypical
forms of AD [Rabinovici et al., 2008; Wolk et al., 2012]). This view
does not conflict with the amyloid cascade hypothesis in that it
acknowledges the central role of Ab in disease pathogenesis.
As outlined in a recent review (Jack et al., 2013a) and in the
section on AD pathogenesis, while tauopathy and Abothapy
may arise independently, evidence suggests that Ab drives tau
pathology, not the reverse. This view also does not imply that
therapeutic interventions targeting Ab in late-onset disease are
misguided, given the essential role Ab plays in pathogenesis in
late-onset (as well as early-onset) AD.

AD Biomarkers
A biomarker is a physiological, biochemical, or anatomic param-
eter that can be objectively measured as an indicator of normal
biologic processes, pathological processes, or responses to a
therapeutic intervention. At present five AD biomarkers are well
enough established to be used in clinical trials and in modern
diagnostic criteria (Albert et al., 2011; Dubois et al., 2010; Jack
et al., 2011a; McKhann et al., 2011; Sperling et al., 2011a). Two
of these are cerebrospinal fluid (CSF) proteins and three are
brain imagingmeasures. These fivebiomarkers fall into twomajor
mechanistic categories. First are measures of Ab deposition:
these are CSF Ab42, which decreases with increasing amyloid
plaque load (Bouwman et al., 2009; Fagan et al., 2007; Mattsson
et al., 2009; Shaw et al., 2009; Visser et al., 2009), and positron
emission tomography (PET) amyloid imaging (Drzezga, 2010;
Klunk et al., 2004; Nordberg et al., 2013; Rodrigue et al., 2012;
Rowe et al., 2010; Villemagne et al., 2011) (Figure 1A). These
two biomarkers of amyloid are highly correlated when measured
in the same individuals (Fagan et al., 2006; Jagust et al., 2009;
Tolboom et al., 2009; Weigand et al., 2011). The validity of these
biomarkers of amyloid plaque deposition has been established
by autopsy correlation studies (Clark et al., 2011; Fleisher et al.,
2011; Ikonomovic et al., 2008; Sojkova et al., 2011; Strozyk
et al., 2003; Tapiola et al., 2009).
The second major AD biomarker category is neurodegenera-

tion, defined as progressive loss of neurons and their processes
with a corresponding progressive impairment in neuronal func-
tion. The three major AD neurodegnerative biomarkers are
increased levels of CSF total (t-tau) and phosphorylated (p-tau)
tau (Fagan et al., 2009; Mattsson et al., 2009; Shaw et al., 2009;
Visser et al., 2009), atrophy on structural MRI (Desikan et al.,
2009; Dickerson and Wolk, 2012; Hua et al., 2008; Morra et al.,
2008, 2009; Vemuri et al., 2009), and hypometabolism on FDG
PET (Jagust et al., 2010). The validity of these biomarkers of neu-
rodegeneration due to AD is supported by autopsy correlation
studies. A caveat is that direct tissue-to-image correlation can
be established between tissue stains and in vivo or ex vivo

Figure 1. Voxel-Based Comparisons of Amyloid PET, FDG PET, and
Structural MRI Illustrate Differences between Subjects with
Alzheimer’s Disease and Cognitively Normal Elderly
AD (n = 50) and cognitively normal elderly subjects (n = 50) were from theMayo
Clinic and were matched on age and gender.
(A) Amyloid PET maps (thresholded at FWE, p < 0.001 without partial volume
correction) illustrate greater retention of Pittsburgh Compound B (PIB) in AD
versus cognitively normal elderly in most brain areas; primary sensory-motor,
visual, and medial temporal lobe are spared.
(B) FDG PET maps (thresholded at FWE, p < 0.001 without partial volume
correction) illustrate decreased FDG uptake in the basal temporal, lateral
temporal-parietal, lateral prefrontal, and posterior cingulate-precuneus in AD
compared to cognitively normal elderly. This spatial pattern constitutes an ‘‘AD
signature’’ in FDG PET.
(C) Structural MRI maps (thresholded at FWE, p < 0.05) illustrate gray matter
loss in the medial, basal, and lateral temporal, lateral parietal, occipital, insula,

and precuneus in AD compared to cognitively normal elderly. This spatial
pattern constitutes an ‘‘AD signature’’ in structural MRI. All voxel-wise
comparisons generated with SPM5. 3D displays are by Brain Net Viewer
(http://www.nitrc.org/projects/bnv/). The color bar scale indicates the t test
differences between the groups.

Neuron 80, December 18, 2013 ª2013 Elsevier Inc. 1349
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Imaging Neurodegeneration in Living Seniors



Jack, et al., Neuron. (2013)

Glucose uptake

(FDG PET) 

(Raj et al., 2012; Seeley et al., 2009). It is tau-related neurodegen-
eration that is ultimately responsible for clinical symptoms
(a position reinforced by the poor association between the topo-
graphic distribution of amyloid and clinical phenotype in atypical
forms of AD [Rabinovici et al., 2008; Wolk et al., 2012]). This view
does not conflict with the amyloid cascade hypothesis in that it
acknowledges the central role of Ab in disease pathogenesis.
As outlined in a recent review (Jack et al., 2013a) and in the
section on AD pathogenesis, while tauopathy and Abothapy
may arise independently, evidence suggests that Ab drives tau
pathology, not the reverse. This view also does not imply that
therapeutic interventions targeting Ab in late-onset disease are
misguided, given the essential role Ab plays in pathogenesis in
late-onset (as well as early-onset) AD.

AD Biomarkers
A biomarker is a physiological, biochemical, or anatomic param-
eter that can be objectively measured as an indicator of normal
biologic processes, pathological processes, or responses to a
therapeutic intervention. At present five AD biomarkers are well
enough established to be used in clinical trials and in modern
diagnostic criteria (Albert et al., 2011; Dubois et al., 2010; Jack
et al., 2011a; McKhann et al., 2011; Sperling et al., 2011a). Two
of these are cerebrospinal fluid (CSF) proteins and three are
brain imagingmeasures. These fivebiomarkers fall into twomajor
mechanistic categories. First are measures of Ab deposition:
these are CSF Ab42, which decreases with increasing amyloid
plaque load (Bouwman et al., 2009; Fagan et al., 2007; Mattsson
et al., 2009; Shaw et al., 2009; Visser et al., 2009), and positron
emission tomography (PET) amyloid imaging (Drzezga, 2010;
Klunk et al., 2004; Nordberg et al., 2013; Rodrigue et al., 2012;
Rowe et al., 2010; Villemagne et al., 2011) (Figure 1A). These
two biomarkers of amyloid are highly correlated when measured
in the same individuals (Fagan et al., 2006; Jagust et al., 2009;
Tolboom et al., 2009; Weigand et al., 2011). The validity of these
biomarkers of amyloid plaque deposition has been established
by autopsy correlation studies (Clark et al., 2011; Fleisher et al.,
2011; Ikonomovic et al., 2008; Sojkova et al., 2011; Strozyk
et al., 2003; Tapiola et al., 2009).
The second major AD biomarker category is neurodegenera-

tion, defined as progressive loss of neurons and their processes
with a corresponding progressive impairment in neuronal func-
tion. The three major AD neurodegnerative biomarkers are
increased levels of CSF total (t-tau) and phosphorylated (p-tau)
tau (Fagan et al., 2009; Mattsson et al., 2009; Shaw et al., 2009;
Visser et al., 2009), atrophy on structural MRI (Desikan et al.,
2009; Dickerson and Wolk, 2012; Hua et al., 2008; Morra et al.,
2008, 2009; Vemuri et al., 2009), and hypometabolism on FDG
PET (Jagust et al., 2010). The validity of these biomarkers of neu-
rodegeneration due to AD is supported by autopsy correlation
studies. A caveat is that direct tissue-to-image correlation can
be established between tissue stains and in vivo or ex vivo

Figure 1. Voxel-Based Comparisons of Amyloid PET, FDG PET, and
Structural MRI Illustrate Differences between Subjects with
Alzheimer’s Disease and Cognitively Normal Elderly
AD (n = 50) and cognitively normal elderly subjects (n = 50) were from theMayo
Clinic and were matched on age and gender.
(A) Amyloid PET maps (thresholded at FWE, p < 0.001 without partial volume
correction) illustrate greater retention of Pittsburgh Compound B (PIB) in AD
versus cognitively normal elderly in most brain areas; primary sensory-motor,
visual, and medial temporal lobe are spared.
(B) FDG PET maps (thresholded at FWE, p < 0.001 without partial volume
correction) illustrate decreased FDG uptake in the basal temporal, lateral
temporal-parietal, lateral prefrontal, and posterior cingulate-precuneus in AD
compared to cognitively normal elderly. This spatial pattern constitutes an ‘‘AD
signature’’ in FDG PET.
(C) Structural MRI maps (thresholded at FWE, p < 0.05) illustrate gray matter
loss in the medial, basal, and lateral temporal, lateral parietal, occipital, insula,

and precuneus in AD compared to cognitively normal elderly. This spatial
pattern constitutes an ‘‘AD signature’’ in structural MRI. All voxel-wise
comparisons generated with SPM5. 3D displays are by Brain Net Viewer
(http://www.nitrc.org/projects/bnv/). The color bar scale indicates the t test
differences between the groups.
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graphic distribution of amyloid and clinical phenotype in atypical
forms of AD [Rabinovici et al., 2008; Wolk et al., 2012]). This view
does not conflict with the amyloid cascade hypothesis in that it
acknowledges the central role of Ab in disease pathogenesis.
As outlined in a recent review (Jack et al., 2013a) and in the
section on AD pathogenesis, while tauopathy and Abothapy
may arise independently, evidence suggests that Ab drives tau
pathology, not the reverse. This view also does not imply that
therapeutic interventions targeting Ab in late-onset disease are
misguided, given the essential role Ab plays in pathogenesis in
late-onset (as well as early-onset) AD.

AD Biomarkers
A biomarker is a physiological, biochemical, or anatomic param-
eter that can be objectively measured as an indicator of normal
biologic processes, pathological processes, or responses to a
therapeutic intervention. At present five AD biomarkers are well
enough established to be used in clinical trials and in modern
diagnostic criteria (Albert et al., 2011; Dubois et al., 2010; Jack
et al., 2011a; McKhann et al., 2011; Sperling et al., 2011a). Two
of these are cerebrospinal fluid (CSF) proteins and three are
brain imagingmeasures. These fivebiomarkers fall into twomajor
mechanistic categories. First are measures of Ab deposition:
these are CSF Ab42, which decreases with increasing amyloid
plaque load (Bouwman et al., 2009; Fagan et al., 2007; Mattsson
et al., 2009; Shaw et al., 2009; Visser et al., 2009), and positron
emission tomography (PET) amyloid imaging (Drzezga, 2010;
Klunk et al., 2004; Nordberg et al., 2013; Rodrigue et al., 2012;
Rowe et al., 2010; Villemagne et al., 2011) (Figure 1A). These
two biomarkers of amyloid are highly correlated when measured
in the same individuals (Fagan et al., 2006; Jagust et al., 2009;
Tolboom et al., 2009; Weigand et al., 2011). The validity of these
biomarkers of amyloid plaque deposition has been established
by autopsy correlation studies (Clark et al., 2011; Fleisher et al.,
2011; Ikonomovic et al., 2008; Sojkova et al., 2011; Strozyk
et al., 2003; Tapiola et al., 2009).
The second major AD biomarker category is neurodegenera-

tion, defined as progressive loss of neurons and their processes
with a corresponding progressive impairment in neuronal func-
tion. The three major AD neurodegnerative biomarkers are
increased levels of CSF total (t-tau) and phosphorylated (p-tau)
tau (Fagan et al., 2009; Mattsson et al., 2009; Shaw et al., 2009;
Visser et al., 2009), atrophy on structural MRI (Desikan et al.,
2009; Dickerson and Wolk, 2012; Hua et al., 2008; Morra et al.,
2008, 2009; Vemuri et al., 2009), and hypometabolism on FDG
PET (Jagust et al., 2010). The validity of these biomarkers of neu-
rodegeneration due to AD is supported by autopsy correlation
studies. A caveat is that direct tissue-to-image correlation can
be established between tissue stains and in vivo or ex vivo

Figure 1. Voxel-Based Comparisons of Amyloid PET, FDG PET, and
Structural MRI Illustrate Differences between Subjects with
Alzheimer’s Disease and Cognitively Normal Elderly
AD (n = 50) and cognitively normal elderly subjects (n = 50) were from theMayo
Clinic and were matched on age and gender.
(A) Amyloid PET maps (thresholded at FWE, p < 0.001 without partial volume
correction) illustrate greater retention of Pittsburgh Compound B (PIB) in AD
versus cognitively normal elderly in most brain areas; primary sensory-motor,
visual, and medial temporal lobe are spared.
(B) FDG PET maps (thresholded at FWE, p < 0.001 without partial volume
correction) illustrate decreased FDG uptake in the basal temporal, lateral
temporal-parietal, lateral prefrontal, and posterior cingulate-precuneus in AD
compared to cognitively normal elderly. This spatial pattern constitutes an ‘‘AD
signature’’ in FDG PET.
(C) Structural MRI maps (thresholded at FWE, p < 0.05) illustrate gray matter
loss in the medial, basal, and lateral temporal, lateral parietal, occipital, insula,

and precuneus in AD compared to cognitively normal elderly. This spatial
pattern constitutes an ‘‘AD signature’’ in structural MRI. All voxel-wise
comparisons generated with SPM5. 3D displays are by Brain Net Viewer
(http://www.nitrc.org/projects/bnv/). The color bar scale indicates the t test
differences between the groups.
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Treatment - cognitive phase

• Acetylcholinesterase inhibitors (titrate after 1 month)


• donepezil: 5 mg or 10 mg PO qd


• galantamine ER 8 mg, 16 mg, then 24 mg PO qd


• rivastigimine 4.6 mg / 9.5 mg / 13.3 mg patches 
- also FDA approved for parkinson’s disease dementia


• adverse effect (10%): nausea / vomiting, diarrhea usually in first few 
days. Taking on full stomach will alleviate.


• adverse effect: vivid dreams - taking after breakfast will alleviate


• adverse effect: urinary urgency - timed urination



Treatment - behavioral phase
• memantine (behavioral changes) - starter pack for 1st 

month, then 10 mg bid


• optimize sleep - sleep hygiene, melatonin 1 h before 
bedtime


• Caregiver counseling - behavioral techniques to de-
escalate irritability, agitation including distraction and 
anchoring with music, pictures, and other sens


• anti-psychotics (off-label with black box warning) 
- check EKG and refer to geriatric psychiatrist or 
neurologist 
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Evidence from longitudinal observational studies 
has accumulated during the past few decades and has 
shown that several potentially modifiable risk factors 
and protective factors — including vascular factors, 
lifestyle-related factors and psychosocial factors (FIG. 1) 
— are linked to late-life dementia and AD4,14. Although 
the scientific evidence for the effects of some factors 
is quite robust, the results for others remain inconclu-
sive. For instance, several studies consistently reported 
an increased risk of dementia and AD in association 
with vascular and metabolic risk factors such as hyper-
tension, hypercholesterolaemia and obesity at midlife, 
diabetes mellitus, and cardiovascular and cerebrovas-
cular diseases (including stroke, clinically silent brain 
infarcts and cerebral microvascular lesions). These 
studies have also clarified how the effect of specific risk 
factors and protective factors largely depends on age. 
For example, hypertension, obesity and hypercholes-
terolaemia at middle age (<65 years) are risk factors 
for late-life dementia and AD, whereas low blood pres-
sure, low BMI and low blood total cholesterol late in 
life (age >75 years) have been associated with subse-
quent development of dementia and AD4. This asso-
ciation is probably because these parameters decrease 
in the early, asymptomatic stages of dementia and AD, 

probably as a consequence of the disease process — a 
concept defined as ‘reverse causality’ (REFS4,15,16). Reverse 
causality is especially important in AD, which develops 
for many years or decades before it can be diagnosed. 
Consequently, observational studies conducted in 
cohorts of elderly adults who were cognitively healthy 
at the study baseline might have included participants 
who already had AD neuropathology, and this ongo-
ing neurodegenerative process could have affected the 
apparent effects of some risk exposures of interest.  
The neurodegenerative process and disease-related 
behavioural changes might also affect biological factors 
such as weight and blood pressure, which often decline 
several years before dementia diagnosis17. Thus, an 
association between such factors and the subsequent 
occurrence of dementia could reflect reverse causa-
tion. For some factors, such as diabetes mellitus, the 
association with an increased risk of dementia and AD 
has been shown over the entire adult lifespan, with a 
stronger risk of dementia associated with the occur-
rence of diabetes in midlife than in late life4. Overall,  
the time-dependent effect of specific risk factors 
implies that a life-course approach (that is, investigation 
of the effects of risk factors throughout the lifespan) is 
crucial to understand the effect of a specific exposure  
on the risk of dementia and AD. Such an approach  
enables the identification of time windows when expo-
sure to specific risk factors has the greatest effect on the 
risk of dementia.

With regard to pharmacological agents, evidence  
from observational studies has shown that anti- 
hypertensive medications can reduce the risk of cogni-
tive decline and dementia. This protective effect has 
been confirmed in RCTs, although the usefulness of 
blood pressure lowering for dementia prevention and 
the blood pressure values that define optimal con-
trol are not yet well established for individuals over 
80 years of age18. For other medications — including 
statins, NSAIDs and hormone replacement therapy 
(HRT; comprising estrogens alone or in combination 
with progestin) — the protective effect suggested by 
some observational studies has not been confirmed in 
RCTs, and in some cases (namely, NSAIDs and HRT) 
trial results even suggest a detrimental effect of agents 
on cognition4.

Numerous studies have reported that depression 
increases the risk of dementia and AD. Several psy-
chosocial factors — including feelings of hopelessness 
and loneliness, stress, and sleeping disorders — are also 
gaining increasing interest independently from depres-
sion, although more evidence is needed to substantiate 
their role as risk factors. Evidence also remains limited 
for other factors such as obstructive sleep apnoea and 
occupational exposure (for example, to heavy metals  
or extremely low-frequency electromagnetic fields).

A systematic appraisal of all risk factors for dementia 
and AD is beyond the scope of this Review. Instead, 
we focus on lifestyle-related factors, including physical 
exercise, mentally stimulating activities (such as educa-
tional attainment, occupational complexity and engage-
ment in mentally stimulating leisure activities), social 
activities, smoking habit, diet and alcohol use.
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Education

Physical, cognitive and social activity

Hypertension, obesity and dyslipidaemia

APOE, other genetic factors and familial aggregation

Unhealthy diet, alcohol misuse, smoking, diabetes mellitus and depression

Age (years)

Concepts proposed to explain mechanisms associated with protection 
against dementia:
 • Brain reserve
 • Cognitive reserve

Risk factor interactions and clusters:
• APOE*ε4 can magnify effects of other risk factors, including lack of physical 

activity, poor diet, smoking and alcohol drinking
• People with a greater number of risk factors have an increased risk (assessed by 
   CAIDE score)

Mechanisms associated with dementia progression:
• Neuronal damage
• Vascular insults
• Inflammation

Factors commonly associated with dementia onset in late life (>75 years of age):
• Decline in blood pressure levels
• Decline in body weight
• Decline in blood levels of lipids
• Memory complaints

Fig. 1 | Risk and protective factors for dementia and Alzheimer disease across  
the lifespan. Some factors can differentially affect the risk of dementia and 
Alzheimer disease in an individual depending on the time of exposure within the life 
course. For example, hypertension, obesity and dyslipidaemia increase dementia risk 
when a person is exposed during midlife. By contrast, other factors such diet affect 
risk across the lifespan. CAIDE, Cardiovascular Risk Factors, Aging and Dementia.
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between genetic and lifestyle factors: in some obser-
vational studies, APOE*ε4 carriers have been reported 
to have an increased vulnerability to the detrimental 
effects of smoking, high alcohol consumption, phys-
ical inactivity and high intake of saturated fat, which 
indicates that people with this genetic risk profile might 
benefit more than other individuals from a healthy life-
style44,45. High levels of education might also reduce the 
risk of dementia among APOE*ε4 carriers, and having 
an occupation that is intellectually demanding can 
counteract the increased risk of cognitive decline due 
to low education46. However, other studies have shown 
more pronounced effects of risk factors such as smok-
ing on risk of dementia among APOE*ε4 non-carriers47 
or no interactions at all for some risk factors such  
as overweight48.

The frequent co-occurrence of risk factors and pro-
tective factors for dementia and the increasing attention 
on presymptomatic and early-symptomatic stages of 
the syndrome have stimulated the development of risk 
scores to estimate the overall risk of dementia in individ-
uals. These risk scores are based on the aggregation of 
several factors, including vascular and lifestyle-related 
risk factors49–51, and can be used to identify people who 
could benefit from preventive interventions in RCTs 
that aim to mitigate lifestyle-related risk factors. Two 
systematic reviews identified more than 50 different 
dementia risk prediction scores or algorithms for prog-
nostic or diagnostic purposes52,53. Most of these risk 
scores were developed on the basis of data from obser-
vational studies. The majority of available dementia 
risk scores facilitate short-term prediction of dementia 
within the next 5–10 years on the basis of late-life risk 
factors51. Some of these late-life dementia risk scores 
include parameters that could be early non-cognitive 
signs of impending dementia, such as low blood pres-
sure, low BMI or low cholesterol. Whether the popu-
lations identified with the use of these scores would 
benefit from lifestyle interventions remains unknown. 
Risk scores that are based on factors assessed during 

midlife might be better than late-life scores at identify-
ing at-risk individuals who do not have brain pathology, 
as dementia-related changes are less likely to be present 
at younger ages. Only a few midlife risk scores are avail-
able that are designed to estimate dementia risk within 
20–40 years, and these scores include risk factors such 
as physical inactivity, unhealthy dietary habits, smoking, 
hypertension, hyperlipidaemia, obesity or pre-existing 
medical conditions (such as cardiovascular factors, 
metabolic factors or depression). The only dementia 
risk score that has been used, thus far, to select at-risk 
participants for lifestyle trials is the Cardiovascular 
Risk Factors, Aging and Dementia (CAIDE) risk score. 
The CAIDE risk score has been validated in different 
populations and is based on easily available midlife risk 
factors with the view to predict dementia risk within 
20 years54,55 (FIG. 2). Other validated risk scores that 
assess potentially modifiable risk factors include the 
Lifestyle for Brain Health (LIBRA) score, which com-
prises midlife risk factors and is currently being used 
in the Innovative Midlife Intervention for Dementia 
Deterrence (IN-MINDD) feasibility study56, and the 
Australian National University Alzheimer’s Disease Risk 
Index (ANU-ADRI) score, which has been validated 
for short-term (up to 6 years) prediction of dementia 
among elderly adults in an observational setting57.

Clinical trials of lifestyle interventions
To date, intervention studies that have aimed to pre-
vent cognitive impairment and dementia have mainly 
been single-domain trials, in which single risk factors 
(lifestyle-related or vascular) were targeted with medi-
cations or non-pharmacological interventions (reviewed 
elsewhere58). Results have often been negative or modest, 
and several RCTs have had considerable methodological 
limitations.

Single-domain lifestyle interventions. In contrast 
to the positive results from observational studies that 
examined the capacity for diet, physical activities and 
cognitive activities to prevent cognitive impairment or 
dementia, evidence from RCTs has been limited. Many 
interventions are either conducted in small groups of 
participants, have a short duration or both, especially in 
the case of physical activity.

TABLE 1 describes the trials of the effects of single- 
domain lifestyle intervention (dietary, physical activity 
or cognitive training) on cognition, cognitive impair-
ment or dementia that have been completed to date. To 
reduce the risk of bias, we included only trials with the 
following attributes: randomized allocation to inter-
vention and control conditions; cognitive assessment 
done both before and after the intervention; study  
duration of at least 1 year; and a sample size of at least 
500 participants.

The evidence from these single-domain interventions 
is very limited. Only one RCT of dietary intervention 
fulfilled our selection criteria: the Older People And n-3 
Long-chain polyunsaturated fatty acids (OPAL) study, 
which investigated the effect of daily omega-3 supple-
ment compared with olive oil supplement over 2 years 
and found no difference between the groups59.

The CAIDE dementia risk score
Risk factor Points
Age <47 years

47–53 years
>53 years

0
3
4

Education ≥10 years
7–9 years
<7 years

0
2
3

Sex Female
Male

0
1

Blood pressure ≤140 mmHg
>140 mmHg

0
2

BMI ≤30 kg/m 2

>30 kg/m 2

0
2

Total cholesterol ≤6.5 mmol/l
>6.5 mmol/l

0
2

Physical activity Yes
No

0
1
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Fig. 2 | CAIDE risk score. The Cardiovascular Risk Factors, Aging and Dementia (CAIDE) 
risk score enables the prediction of the later risk of dementia on the basis of the risk 
factor profile present in midlife (age 40–65 years).
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