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ABSTRACT 

Two new sets of criteria for Alzheimer’s disease (AD) are now 
in play, including one set released in 2014, and a proposal for a 
“new lexicon” for how to describe the disease spectrum. A 2012 
Canadian consensus conference said that to then, none of the 
new criteria or terminology would change primary care practice; 
that is still likely to be so. For dementia consultants, however, 
the new criteria pose challenges and offer opportunities.

In general, the new criteria see an expanded role for bio-
markers. Even so, the evidence base for this remains incomplete. 
Our understanding of the neuropathological criteria for dementia 
changed as the evidence base included more community cases. 
This is likely to inform the experience with biomarkers. At 
present, each of the criteria specifies an exclusive research 
role. Still, wider uptake is likely, especially in the United States. 

Geriatricians should be aware of the fundamental change 
in the terminology now being employed: AD diagnosis no 
longer obliges a diagnosis of dementia. Until more data 
emerge—something to which geriatricians can contribute—
there is reason to be cautious in the adoption of the new criteria, 
as they are likely to be least applicable to older adults. 

Key words: Alzheimer’s disease, biomarkers, criteria, de-
mentia, frailty, geriatric medicine, mild cognitive impairment

INTRODUCTION 

Since the 1984 clinical criteria for Alzheimer’s disease (AD), 
diagnosis has required the presence of symptoms.(1) Classical-
ly, a dementia diagnosis is made when progressive cognitive 
impairment, including typical amnesia, is severe enough to 
interfere with daily functioning. By this account AD was the 
most common cause. 

Clinic-based studies have showed that up to 80% of sub-
jects with mild cognitive impairment (MCI) develop dementia 
after six years.(2) On the other hand, population-based cases tend 
to show less progression,(3) regardless of the criteria used.(4) 
Interestingly, although the Canadian experience is that people 
with a “pre-AD” profile of MCI tend to convert to AD, it also 

shows MCI to be a heterogeneous category, including some 
groups who recover cognitive function.(5) Legitimate questions 
therefore are raised: Is MCI a risk factor for AD or is it rather 
an early stage? Should we extend the concept of AD beyond 
the stage of dementia? In brief, should we define AD by its 
clinical manifestations or by the underlying pathological pro-
cess? While there is no doubt that a pre-dementia stage of AD 
exists, terminology and criteria to describe it are still evolving.

Recent advances in neuroimaging and neuropathology 
allowed the development of biomarkers that reflect in vivo 
the neuropathological changes traditionally thought to define 
AD: amyloid plaques, neurofibrillary tangles, and associated 
synaptic dysfunction and neuronal loss.(6) These changes can 
occur several years before the clinical manifestations of the 
disease. These discoveries, set against the background of what 
has been learned from community-based autopsy series and 
from the evolving understanding of dementia in relation to 
general health and frailty, has fueled the controversy regard-
ing the nomenclature to be adopted. More than the results of 
community-based autopsy series, biomarkers have motivated 
the new lexicon and the two new sets of criteria for the 
diagnosis of AD. With the amyloid cascade hypothesis still 
generating debate,(7,8) are these recent advances robust enough 
to be incorporated into new diagnostic criteria? Are these new 
criteria susceptible to change our practice as geriatricians? 
This is what we will discuss here. 

THE NEW CRITERIA

IWG-2 Criteria

In 2007, the International Working Group (IWG) for New 
Research Criteria for the Diagnosis of AD proposed research 
criteria (widely known as the Dubois criteria), allowing AD 
to be diagnosed in its prodromal phase, before it interferes 
with daily functioning.(9) To do so, the core clinical criterion 
of impaired episodic memory should be accompanied by at 
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least one biological “footprint” of the disease (by which is 
meant a biomarker).

In response to the resulting debate, the IWG proposed a 
“common lexicon” for the clinical and research communities.
(10) They differentiate “Alzheimer’s disease” from “Alzhei-
mer’s pathology”. The latter refers to the underlying neuro-
biological changes, regardless of the presence of symptoms, 
whereas the label “Alzheimer’s disease” is restricted to the 
clinical disorder and encompasses both the prodromal and 
dementia phases. The preclinical stage was further divided into 
two categories: carriers of an autosomal dominant monogenic 
mutation who will develop AD (pre-symptomatic AD), and 
subjects in whom there is in vivo evidence of brain amyloido-
sis. Reflecting the unknown prognostic value of biomarkers, 
the latter category defines “asymptomatic at-risk for AD”. 

In 2014, the second version (IWG-2), while biomarker- 
based, acknowledged less frequent, but well-defined, atypical 
AD phenotypes.(11) In typical AD, the core clinical criterion 
remains identification of “an amnestic syndrome of the hippo-
campal type”, in which episodic memory is characterized by a 
low free recall that is not normalized by cueing. The key mod-
ifications introduced by IWG-2 rest with a new conceptualiza-
tion of the biomarkers (Table 1). “Pathophysiological markers”, 
which identify AD’s signature in the brain, are now contrasted 
to “topographical markers”. According to this model, the 
pathophysiological markers are largely static, at least in the 
symptomatic stage of the disease, whereas topographical 
markers change more. Despite their apparent non-specificity 
for symptomatic AD, the IWG therefore endorses the use of 
the pathophysiological markers to diagnose AD at any point 
on the disease continuum (Table 2). In contrast, topographical 
markers are now reserved to measure disease progression and 
have been removed from the diagnosis algorithm.

NIA-AA Criteria

In 2011, the National Institute on Aging-Alzheimer’s Asso-
ciation workgroups on diagnostic guidelines for Alzheimer’s 
disease (NIA-AA) published new diagnostic criteria for each 
of preclinical AD, MCI, and dementia.(12-14) In addition to 
recognizing that AD may have non-amnestic presentations, 
the NIA-AA suggested that AD should be seen as a continuum 
and diagnosed in its early phases, including asymptomatic 
patients (preclinical stage) and those with MCI. 

To diagnose AD in asymptomatic subjects, the NIA-AA 
criteria rely on biomarkers. Markers of brain amyloid beta (Αβ) 
accumulation and those indicative of neuronal injury are the 
basis for further dividing preclinical AD into three stages (Table 
1). Patients with subtle cognitive changes not yet meeting stan-
dardized criteria for MCI are also included under the rubric of 
“preclinical AD” when biomarkers are positive (Table 2). These 
recommendations, intended initially for research purposes, thus 
pave the way to diagnosing AD before the onset of symptoms.

In symptomatic patients, biomarkers are used to indicate 
the probability of AD etiology (high, intermediate or low). 

Even so, the NIA-AA does not currently advocate the use 
of biomarker tests for routine diagnostic purposes. The core 
clinical criteria provide good diagnostic accuracy; criteria 
incorporating biomarkers have yet to be validated, and access 
to biomarkers and standardization in their use is limited.

Comparison of the Criteria

For clinically evident AD, the IWG-2 criteria are much 
simpler, as they have eliminated what can be an ambiguous 
barrier between MCI and dementia. Their diagnostic approach 
is the same, regardless of disease severity. On the other hand, 
the NIA-AA criteria do not oblige biomarkers, which are 
employed to suggest the odds that symptoms are caused by 
AD. The proposed AD definitions also differ. The NIA-AA 
defines AD as encompassing the underlying pathophysiolog-
ical disease process, as opposed to having AD connote only 
the clinical disorder.

Against this background, and mindful of both the les-
sons from community-based autopsy series and the lack of 
follow-up data on biomarkers, the 4th Canadian Consensus 
Conference on the Diagnosis and Treatment of Dementia 
(CCCDTD4) recommended that the criteria for MCI due to 
AD be used cautiously and only in specialized clinical prac-
tice.(15) Specifically, the CCCDTD4 considered it premature 
to refer to brain amyloidosis as an asymptomatic state of AD 
and rejected the label “preclinical AD” as proposed by the 
NIA-AA. Moreover, ethical and financial impact of its use 
would be considerable. IWG’s definition of “asymptomatic at 
risk” has been endorsed only for research purposes.

Considering the substantial disparities in the terminolo-
gies employed, a group of investigators led by experts who 
were integral to the development of both the IWG-2 and the 
NIA-AA criteria was formed in 2012, with the objective to 
harmonize the criteria. They suggested that AD should be 
defined as a brain disorder, regardless of the clinical status, and 
that “symptomatic AD” should denote the clinically expressed 
disorder, including its prodromal stages.(16) 

VALIDATION OF THE CRITERIA

In vivo studies of brain Αβ deposition and markers of neur-
onal injury, understood as detecting the pathology that gives 
rise to AD, undoubtedly will lead to a wider reliance on 
biomarkers, regardless of expert endorsement or otherwise. 
It already has motivated earlier intervention studies, aimed 
at reducing biomarker burden, in the expectation that clinical 
disease expression will thereby be lessened. This expectation 
has received early setbacks, such as the requirement for an 
Αβ biomarker for prodromal AD or MCI not in fact leading 
to more efficient clinical trials(17) and clearance of pathology 
without improvement in dementia,(18) on the grounds that 
the studies were undertaken too late in the disease course. 
It remains, however, that there is much to learn about the 
trajectories of the individuals in whom biomarker changes 



CANADIAN GERIATRICS JOURNAL, VOLUME 19, ISSUE 2, JUNE 2016

MOLIN: NEW CRITERIA FOR ALZHEIMER’S DISEASE

68

have been detected. In consequence, prospective validation 
of the new criteria is essential.

IWG Criteria

IWG-1 criteria have been compared to the 1984 NINCDS-
ADRDA criteria in a memory clinic population.(19) Their 
specificity was excellent in non-demented subjects (95%) and 
their sensitivity was 86% in patients with AD. These results 
suggest that the IWG-1 criteria were effective in confirming 
the diagnosis in “pure” AD presentations; however, they seem 
much less useful when there is a clinical doubt about the type 
of dementia. Indeed, given a specificity of 49% for the compar-
ison with other demented patients, they have no added value in 
that setting. Similar findings were observed in a retrospective 
analysis conducted on a cohort with post-mortem confirmed 
diagnoses.(20) This overlap could partly be explained by the 
high prevalence of mixed pathologies in the post-mortem 
examination of patients with dementia.(21) This observation 
is especially relevant for interpreting biomarker data in older 
patients, in whom mixed pathologies are more frequent.(22,23)

The first Dubois criteria were also tested in a young Swed-
ish population, at a lower risk of mixed pathologies.(24) They 
were valid in 55% of cases to identify patients with a clinical 
diagnosis of AD. This discrepancy was partly attributed to 
the difficulties in defining norms for biomarker pathology 
and to the question of whether age-specific cut-off values for 
diagnostic markers should be employed, and if so, exactly 
what that would imply. In brief, whatever their usefulness 
in selecting “pure” AD cases for clinical trials, the IWG-1 
criteria seem less suitable for wider use, particularly when 
mixed pathologies are likely.(25-28) 

 Vos and colleagues used the IWG-2 criteria to study 
the prevalence and prognosis of prodromal AD/MCI in 13 
cohorts.(29) Of 766 subjects with CSF markers, 308 (40%) 
had prodromal AD. Their three-year progression rate to 
AD-type dementia was 61% compared to 22% for subjects 
without prodromal AD. Unfortunately, a cued recall test to 
define memory impairment, as recommended in the IWG-2 

criteria, was not available for most patients. It is also possible 
that the use of amyloid-PET (in combination) could have led 
to different results and decreased the proportion of subjects 
without prodromal AD who progressed to AD dementia. 

NIA-AA Criteria

To illustrate their operationalization, the NIA-AA criteria were 
applied retrospectively in individuals from the Alzheimer’s 
Disease Neuroimaging Initiative (ADNI) cohort. Note that 
ADNI’s initial objective was to characterize biomarkers of 
AD and identify a combination of tests that could lead to a 
more accurate and early diagnosis.(30) Studies on this cohort 
have, therefore, served as foundations for the new AD criteria 
and conceptualization.(31,32) In this well-defined AD dementia 
population, 87% of subjects could be categorized as “high 
probability” for AD, whereas 5% of the subjects fit the criteria 
of “dementia unlikely due to AD” and about 10% had negative 
amyloid markers.(33) This work drew attention to the complexity 
in interpreting the multitude of possible biomarker combi-
nations, something not yet informing the NIA-AA criteria.

Clinic and population-based studies with the NIA-AA 
criteria for MCI due to AD have exposed the same problems: 
lack of standardization in the measurement and interpretation 
of the biomarkers, and conflicting results.(34,35) Vos and col-
leagues compared the NIA-AA and IWG-2 criteria head to 
head for prodromal AD/MCI.(29) The NIA-AA approach clas-
sified 46% of the subjects in whom both amyloid and neuronal 
injury markers were available in the “high AD likelihood” 
group, while 6% were in the “isolated amyloid pathology” 
(IAP) group, 29% in the “suspected non-AD pathophysiol-
ogy” (SNAP) group, and 19% in the “low AD likelihood” 
group. The SNAP group denotes subjects with normal Αβ 
biomarkers, but abnormal markers of neurodegeneration. The 
three-year progression rate to AD-type dementia was 59% 
in the “high AD likelihood” group, 22% in the IAP group, 
24% in the SNAP group, and 5% in the “low AD likelihood” 
group. IAP and SNAP were heterogeneous conditions, with 
some people progressing to AD dementia. The specificity and 

TABLE 1.
Biomarkers used to define AD

IWG-2 NIA-AA

Pathophysiological markers Αβ biomarkers
• ↓ Αβ42 together with ↑T-tau or P-tau in CSF
• ↑ tracer retention on amyloid PET

• ↓ Αβ42 in CSF
• ↑ tracer retention on amyloid PET

Topographical markers Markers of neuronal injury
• AD-like pattern of atrophy on brain MRI 
• AD-like pattern of hypometabolism on FDG-PET

• ↑ T-tau or P-tau in CSF
• AD-like pattern of atrophy on brain MRI 
• AD-like pattern of hypometabolism on FDG-PETAD autosomal dominant mutation

• PSEN1, PSEN2 or APP

AD = Alzheimer’s disease; Αβ = amyloid-beta; CSF = cerebrospinal fluid; FDG = fluorodeoxyglucose; IWG = International Working Group; 
MRI = magnetic resonance imaging; NIA-AA = National Institute on Aging-Alzheimer’s Association; PET = positron emission tomography.
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positive predictive value were highest for the IWG-2, whereas 
the sensitivity and negative predictive value were highest for 
NIA-AA. More data on progression are needed. 

The NIA-AA criteria for preclinical AD have been studied 
in the population-based Mayo Clinic Study of Aging (MCSA). 
At cohort inception, 31% of 450 cognitively normal subjects 
(median age 78; interquartile range 74 to 82) met the NIA-AA 
criteria for preclinical AD (stages 1–3) and 23% were clas-
sified in the SNAP group.(36) Most importantly, this analysis 
found that only 43% of cognitively normal subjects from a 
population-based sample had negative biomarkers (group 0). 
After a 15-month follow-up period, the proportion of patients 
who progressed to MCI or AD dementia was linked to the 
attributed preclinical stage (stage 0, 5%; stage 1, 11%; stage 
2, 21%; stage 3, 43%).(37) These preliminary results support 
the NIA-AA criteria’s predictive validity in asymptomatic 
subjects; however, since biomarkers were being tested against 
clinical criteria, not everyone will be persuaded of their added 
value. Longer validation studies with pathological correlation 
are needed.

Community vs. Clinic Cohorts 

Recent hypothetical models of the biomarkers of AD and the 
new diagnostic criteria derived from them have mainly been 
studied in subjects from memory clinics.(38) This selection 
bias influences the pre-test probability of having AD, even 
in healthy individuals.(39) Indeed, subjects from popula-
tion-based studies are, by definition, more heterogeneous, so 
that post-mortem diagnosis of AD is usually confirmed less 
often than in clinic-based studies.(40-42) In ADNI, hippocampal 
volume declined faster than in the population-based MCSA 
cohort.(43) These results suggest that individuals recruited 
by the ADNI cohort have a more aggressive brain pathology 
than is seen in the general population. In addition, subjects 
recruited voluntarily were more educated and had a stronger 
family history of AD. Another study even revealed that the 
neuropathological diagnosis of AD was more common in 
subjects without cognitive impairment from a memory clinic 
than in those of community-based studies.(44) Furthermore, 
community-based individuals with MCI and probable AD 

TABLE 2.
Comparison of the criteria for AD incorporating biomarkers

Cognitive Criteria Biomarker Criteria

PRECLINICAL STAGES

IWG-2

Asymptomatic at risk for AD No impairment Any pathophysiological marker
Presymptomatic AD No impairment AD autosomal dominant mutation or other proven genes 

NIA-AA
Αβ Biomarker Injury Marker

Stage 1 No impairment + –
Stage 2 No impairment + +
Stage 3 Subtle cognitive change + +

CLINICAL STAGES

IWG-2
Typical or atypical AD Specific clinical phenotype Any pathophysiological marker or AD autosomal dominant mutation 

NIA-AA
MCI due to AD MCI Biomarker Probability  

of AD Etiology Αβ Biomarker Injury Marker
AD dementia Dementia

Uninformativea Unavailable, conflicting or indeterminate
Lowestb – –

Intermediate + ?
? +

Highc + +

aDiagnosis is based on clinical criteria.
bUnlikely due to AD.
c Possible AD dementia with evidence of AD pathophysiological process does not preclude the possibility that a second pathophysiological 
condition is also present.

AD = Alzheimer disease; Αβ = amyloid-beta; IWG = International Working Group; MCI = mild cognitive impairment; NIA-AA = National 
Institute on Aging-Alzheimer’s Association; +  = positive;  – = negative; ? = unavailable or indeterminate.
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dementia more often had infarcts and mixed pathologies, 
while clinic-based patients had more severe AD pathology 
and more atypical pathologies. 

Recently it has been suggested that studying homo-
geneous subjects might not be essential to improving our 
knowledge of AD pathophysiology, and might even be mis-
leading.(45) That is because the burden of deficit accumulation 
revealed by frailty might be necessary for the deleterious 
effects of plaques and tangles to be fully expressed in ageing 
brains. Regardless, it is clear that the new criteria need to be 
validated in population-based cohorts if we are to understand 
their generalizability well enough to change practice.(46) 

USE OF THE NEW CRITERIA IN  
OLDER ADULTS 

Alois Alzheimer described Auguste D. in 1907.(47) Her de-
mentia symptoms arose in her fifties, making case as “early 
onset” by today’s standards. To this day, research in the field 
retains an emphasis on relatively young patients with few 
comorbidities and a “pure” presentation. In contrast to early 
onset cases, past age 85 the phenotypic expression of AD is 
more attenuated, with slower disease progression.(48,49) The 
association between the pathological features of AD and 
dementia weakens with age, suggesting that the pathophys-
iological process that causes dementia differs in some older 
people.(50) For example, most population-based studies sug-
gest that AD pathology is associated with subtle changes in 
episodic memory, even in patients without MCI.(51-53) This 
link was found to be absent, however, in a population-based 
sample of non-demented individuals aged 90+ years in whom 
cognitive performance was assessed biannually three years 
prior to autopsy.(54) Such observations raise questions about 
biomarker-based criteria in older adults.

Biomarkers in the Very Old

The biomarkers’ ability to distinguish normal subjects from 
AD patients lessens with age. The typical pattern of AD-re-
lated, MRI-based morphometric brain changes seen in the 
young old (60–75 years old) appears to be less salient in 
very old patients (80–91 years old), despite similar levels of 
cognitive impairment.(49) Mild cases of AD may, therefore, 
go undetected in these patients if diagnosis relies on brain 
morphometry markers. 

Given the age-dependant increase of AD-type brain 
pathology in cognitively unaffected elderly, the diagnostic 
accuracy of CSF AD biomarkers also decreases with age.
(55) CSF biomarkers, alone or in combination, show signif-
icant overlap with other non-AD forms of dementia like 
dementia with Lewy Bodies and vascular dementia, which 
are more likely to be found as coexisting pathologies in 
older patients, even those without dementia.(56) Thus, while 
CSF biomarkers may be useful to rule in AD in younger 
subjects, their specificity for controls may be problematic 

in older adults. Furthermore, the density of neuritic plaques 
and neurofibrillary tangles can rise by more than tenfold 
as function of the severity of dementia in individuals aged 
between 60 and 80 years old.(57) Even so, this difference is 
absent in patients over 90 years old, reflecting a lower density 
of AD lesions in brains of oldest-old persons with dementia 
rather than more such lesions in the brains of non-demented 
controls.(58) How these age-related differences in the neuro-
pathological features of dementia correlate with biomarkers 
remains unknown. 

Two recent meta-analyses found that the prevalence of 
amyloid PET positivity decreases with age in subjects with 
AD, whereas it increases in most non-AD dementias and in 
non-demented subjects. Indeed, while the prevalence of am-
yloid positivity increased from age 50 to 90 years (from 10% 
to 44%) among cognitively normal participants,(59) it dropped 
from 86% to 68% in patients with AD.(60) Such results chal-
lenge claims about the diagnostic utility of biomarkers. More-
over, the high degree of overlap in neuropathology between 
cognitively normal and cognitively impaired individuals 
aged over 90 years(23) makes it appropriate for geriatricians 
to be cautious about joining in the full-throated choruses of 
enthusiasm for biomarker strategies. 

Dementia—a Geriatric Syndrome

The variable expression of AD remains an unsolved and press-
ing mystery. Protective factors (e.g., education, exercise), as 
well as multiple risk factors, have been proposed to elucidate 
why two individuals with the same neuropathology can have 
different trajectories. Further, a wide variety of health deficits, 
apparently without direct impact on AD pathophysiology, can 
interact to modulate expression of dementia.(61) 

Perhaps the explanation lies in the frailty concept and the 
theory of deficit accumulation. It is well described that the 
addition of comorbidities seen with aging increases the risk 
of cognitive decline.(62) The risk of developing dementia in 
frail elderly patient may thus be linked more to the overall 
health status, including the number of health problems, rather 
than specific risk factors.(63) Recent data also suggest that 
the co-morbidity burden is associated with a faster cognitive 
decline.(64) Although vascular, hormonal, nutritional, and 
inflammatory changes have been observed, the mechanisms 
underlying the link between frailty and cognitive impairment 
remain to be clarified.(45,65-67) In other words, frail elderly 
people can be viewed as complex systems on the edge of 
failure. Cognition being one of the highest-order functions, 
cognitive impairment may thus represent an early manifesta-
tion of whole-system failure.(68) As these considerations have 
had no influence on the new AD criteria and lexicon, their use 
by geriatricians must be made cautiously.

In short, to explicate the weak correlation between 
neuropathology and cognitive impairment in older adults, 
perhaps dementia should be approached as any other geri-
atric syndrome,(69) as reflecting an accumulation of deficits. 
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To this end, the study of frail and older subjects is likely to 
contribute to our understanding of the heterogeneity in de-
mentia expression, as much as the study of “pure” AD cases 
occurring in younger people has already helped us understand 
AD pathophysiology.

CONCLUSION

Our knowledge about pathophysiological mechanisms in 
AD has evolved and laudable efforts have been made to in-
corporate the new conceptualization of AD (as a continuum) 
into diagnostic criteria. While these criteria represent a step 
forward, they need to be validated in the community before 
being used outside of research settings. In particular, the 
ability of biomarkers to identify representative, asymptom-
atic individuals who progress to symptomatic AD needs to 
be tested prospectively. The new criteria are also less likely 
to be applicable in older adults, especially the very old, who 
commonly are seen by geriatricians. Their exclusion from 
studies as obscuring “proof of concept” might even prove to 
be especially misleading. 

Research must continue to focus on the factors that regu-
late the occurrence, expression, and progression of dementia. 
This is where the answers to questions we ask ourselves on a 
daily basis reside. Meanwhile, geriatricians should be aware of 
the fundamental change that stems from the new terminology: 
a diagnosis of AD no longer requires a diagnosis of dementia.

 
CONFLICT OF INTEREST DISCLOSURES

The authors declare that no conflicts of interest exist.

REFERENCES

 1. McKhann G, Drachman D, Folstein M, et al. Clinical diagnosis 
of Alzheimer’s disease: report of the NINCDS–ADRDA Work 
Group under the auspices of Department of Health and Hu-
man Services Task Force on Alzheimer’s Disease. Neurology. 
1984;34(7):939–44. 

 2.  Petersen RC. Mild cognitive impairment as a diagnostic entity. 
J Intern Med. 2004;256(3):183–94.

 3.  Roberts RO, Knopman DS, Mielke MM, et al. Higher risk of 
progression to dementia in mild cognitive impairment cases 
who revert to normal. Neurology. 2014;82(4):317–25.

 4. Fisk JD, Rockwood K. Outcomes of incident mild cognitive 
impairment in relation to case definition. J Neurol Neurosurg 
Psychiatry. 2005;76(8):1175–77.

 5. Hsiung GY, Donald A, Grand J, et al. Outcomes of cognitively 
impaired not demented at 2 years in the Canadian Cohort Study 
of Cognitive Impairment and Related Dementias. Dement 
Geriatr Cogn Disord. 2006;22(5-6):413–20. 

 6. Jack CR, Knopman DS, Jagust WJ, et al. Tracking patho-
physiological processes in Alzheimer’s disease: an updated 
hypothetical model of dynamic biomarkers. Lancet Neurol. 
2013;12(2):207–16.

 7. Musiek ES, Holtzman DM. Three dimensions of the amy-
loid hypothesis: time, space and ‘wingmen’. Nat Neurosci. 
2015;18(6):800–06.

 8. Herrup K. The case for rejecting the amyloid cascade hypoth-
esis. Nat Neurosci. 2015;18(6):794–99.

 9. Dubois B, Feldman HH, Jacova C, et al. Research criteria for 
the diagnosis of Alzheimer’s disease: revising the NINCDS–
ADRDA criteria. Lancet Neurol. 2007;6(8):734–46.

 10. Dubois B, Feldman H, Jacova C, et al. Revising the defini-
tion of Alzheimer’s disease: a new lexicon. Lancet Neurol. 
2010;9(11):1118–27.

 11. Dubois B, Feldman HH, Jacova C, et al. Advancing research 
diagnostic criteria for Alzheimer’s disease: the IWG-2 criteria. 
Lancet Neurol. 2014;13(6):614–29. 

 12. Sperling RA, Aisen PS, Beckett LA, et al. Toward defining the 
preclinical stages of Alzheimer’s disease: recommendations 
from the national institute on aging-Alzheimer’s Association 
workgroups on diagnostic guidelines for Alzheimer’s disease. 
Alzheimers Dement. 2011;7(3):280–92.

 13. Albert MS, DeKosky ST, Dickson D, et al. The diagnosis of 
mild cognitive impairment due to Alzheimer disease: recom-
mendations from the National Institute on Aging–Alzheimer’s 
Association workgroups on diagnostic guidelines for Alzhei-
mer’s disease. Alzheimers Dement. 2011;7(3):270–79.

 14. McKhann GM, Knopman DS, Chertkow H, et al. The diagno-
sis of dementia due to Alzheimer’s disease: recommendations 
from the National Institute on Aging–Alzheimer’s Association 
workgroups on diagnostic guidelines for Alzheimer’s disease. 
Alzheimers Dement. 2011;7(3):263–69. 

 15. Gauthier S, Patterson C, Chertkow H, et al. Recommendations 
of the 4th Canadian Consensus Conference on the Diagnosis 
and Treatment of Dementia (CCCDTD4). Can Geriatr J. 
2012;15(4):120–26. 

 16. Morris JC, Blennow K, Froelich L, et al. Harmonized diagnostic 
criteria for Alzheimer’s disease: recommendations. J Intern 
Med. 2014;275(3):204–13.

 17. Schneider LS, Kennedy RE, Cutter GR, et al. Requiring an 
amyloid-beta1-42 biomarker for prodromal Alzheimer’s disease 
or mild cognitive impairment does not lead to more efficient 
clinical trials. Alzheimers Dement. 2010;6(5):367–77.

 18.  Holmes C1, Boche D, Wilkinson D, et al. Long-term effects of 
alpha-beta-42 immunisation in Alzheimer’s disease: follow-up 
of a randomised, placebo-controlled phase 1 trial. Lancet. 
2008;372(9634):216–23.

 19.  Bouwman FH, Verwey NA, Klein M, et al. New research criteria 
for the diagnosis of Alzheimer’s disease applied in a memory 
clinic population. Dement Geriatr Cogn Disord. 2010;30(1):1–7.

 20.  de Jager CA, Honey TE, Birks J, et al. Retrospective evaluation 
of revised criteria for the diagnosis of Alzheimer’s disease using 
a cohort with post-mortem diagnosis. Int J Geriatr Psychiatry. 
2010;25(10):988–97.

 21. Serrano-Pozo A, Qian J, Monsell SE, et al. Examination of 
the clinicopathologic continuum of Alzheimer disease in the 
autopsy cohort of the National Alzheimer Coordinating Center. 
J Neuropathol Exp Neurol. 2013;72(12):1182–92.



CANADIAN GERIATRICS JOURNAL, VOLUME 19, ISSUE 2, JUNE 2016

MOLIN: NEW CRITERIA FOR ALZHEIMER’S DISEASE

72

 22. Jellinger KA, Attems J. Prevalence of dementia disorders 
in the oldest-old: an autopsy study. Acta Neuropathol. 
2010;119(4):421–33. 

 23. Yang Z, Slavin MJ, Sachdev PS. Dementia in the oldest old. 
Nat Rev Neurol. 2013;9(7):382–93.

 24. Oksengard AR, Cavallin L, Axelsson R, et al. Lack of accuracy 
for the proposed ‘Dubois criteria’ in Alzheimer’s disease: a val-
idation study from the Swedish brain power initiative. Dement 
Geriatr Cogn Disord. 2010;30(4):374–80.

 25. Vinters HV. Emerging concepts in Alzheimer’s disease. Annu 
Rev Pathol. 2015;10:291–319.

 26. Rockwood K, Black SE, Song X, et al. Clinical and radiographic 
subtypes of vascular cognitive impairment in a clinic-based 
cohort study. J Neurol Sci. 2006;240(1-2):7–14.

 27. Lopez OL, Kuller LH, Becker JT, et al. Classification of vascular 
dementia in the Cardiovascular Health Study Cognition Study. 
Neurology. 2005;64(9):1539–47.

 28. Langa KM, Foster NL, Larson EB. Mixed dementia: 
emerging concepts and therapeutic implications. JAMA. 
2004;292(23):2901–08.

 29. Vos SJ, Verhey F, Frölich L, et al. Prevalence and prognosis of 
Alzheimer’s disease at the mild cognitive impairment stage. 
Brain. 2015;138(Pt 5):1327–38.

 30. Weiner MW, Veitch DP, Aisen PS, et al. 2014 Update of the 
Alzheimer’s Disease Neuroimaging Initiative: a review of 
papers published since its inception. Alzheimers Dement. 
2015;11(6):e1–e120.

 31. Jack CR Jr, Vemuri P, Wiste HJ, et al. Evidence for or-
dering of Alzheimer disease biomarkers. Arch Neurol. 
2011;68(12):1526–35.

 32. Lo RY, Hubbard AE, Shaw LM, et al. Longitudinal 
change of biomarkers in cognitive decline. Arch Neurol. 
2011;68(10):1257–66.

 33. Lowe VJ, Peller PJ, Weigand SD, et al. Application of the Na-
tional Institute on Aging-Alzheimer’s Association AD criteria 
to ADNI. Neurology. 2013;80(23):2130–37.

 34. Petersen RC, Aisen P, Boeve BF, et al. Mild cognitive impair-
ment due to Alzheimer disease in the community. Ann Neurol. 
2013;74(2):199–208.

 35. Prestia A, Caroli A, Wade SK, et al. Prediction of AD dementia 
by biomarkers following the NIA-AA and IWG diagnostic 
criteria in MCI patients from three European memory clinics. 
Alzheimers Dement. 2015;11(10):119–201. [Epub ahead of print]

 36. Jack CR Jr, Knopman DS, Weigand SD, et al. An operational 
approach to National Institute on Aging-Alzheimer’s Associa-
tion criteria for preclinical Alzheimer disease. Ann Neurology. 
2012;71(6):765–75.

 37. Knopman DS, Jack CR Jr, Wiste HJ, et al. Short-term clinical 
outcomes for stages of NIA-AA preclinical Alzheimer disease. 
Neurology. 2012;78(20):1576–82

 38. Brayne C, Davis D. Making Alzheimer’s and dementia research 
fit for populations. Lancet. 2012;380(9851):1441–43. 

 39. Kokmen E, Ozsarfati Y, Beard M, et al. Impact of referral bias 
on Clinical and Epidemiological Studies of Alzheimer’s disease. 
J Clin Epidemiol. 1996;49(1):79–83.

 40. Petrovitch H, White LR, Ross GW, et al. Accuracy of clinical 
criteria for AD in the Honolulu-Asia Aging Study, a popula-
tion-based study. Neurology. 2001;57(2):226–34.

 41. Neuropathology Group of the Medical Research Council 
Cognitive Function and Ageing Study (MRC CFAS). Patho-
logical correlates of late-onset dementia in a multicentre, 
community-based population in England and Wales. Lancet. 
2001;357(9251):169–75.

 42. Gelber RP, Launer LJ, White LR. The Honolulu-Asia Aging 
Study: epidemiologic and neuropathologic research on cog-
nitive impairment. Curr Alzheimer Res. 2012;9(6):664–72.

 43. Whitwell JL, Wiste HJ, Weigand SD, et al. Comparison of 
imaging biomarkers in the Alzheimer Disease Neuroimaging 
Initiative and the Mayo Clinic Study of Aging. Arch Neurol. 
2012;69(5):614–22.

 44. Schneider JA, Aggarwal NT, Barnes L, et al. The neuropatholo-
gy of older persons with and without dementia from communi-
ty versus clinic cohorts. J Alzheimers Dis. 2009;18(3):691–701.

 45. Searle SD, Rockwood K. Cognitive impairment in relation to 
frailty. Alzheimer Res Therapy. 2015; in press.

 46. Brayne C. A population perspective on the IWG-2 research 
diagnostic criteria for Alzheimer’s disease. Lancet Neurol. 
2014;13(6):532–34. 

 47. Maurer K, Volk S, Gerbaldo H. Auguste D and Alzheimer’s 
disease. Lancet. 1997;349(9064):1546–49.

 48. Holland D, Desikan RS, Dale AM, et al. Rates of de-
cline in Alzheimer disease decrease with age. PLoS One. 
2012;7(8):e42325. 

 49. Stricker NH, Chang YL, Fennema-Notestine C, et al. Distinct 
profiles of brain and cognitive changes in the very old with 
Alzheimer disease. Neurology. 2011;77(8):713–21.

 50. Savva GM, Wharton SB, Ince PG, et al. Age, neuropathology, 
and dementia. N Engl J Med. 2009;360(22):2302–09. 

 51. Bennett DA, Schneider JA, Arvanitakis Z, et al. Neuropathol-
ogy of older persons without cognitive impairment from two 
community-based studies. Neurology. 2006;66(12):1837–44.

 52. Bennett DA, Schneider JA, Buchman AS, et al. Overview 
and findings from the Rush Memory and Aging Project. Curr 
Alzheimer Res. 2012;9(6):646–63.

 53. Bennett DA1, Schneider JA, Arvanitakis Z, et al. Overview 
and findings from the religious orders study. Curr Alzheimer 
Res. 2012;9(6):628–45.

 54. Balasubramanian AB, Kawas CH, Peltz CB, et al. Alzheimer 
disease pathology and longitudinal cognitive performance in 
the oldest-old with no dementia. Neurology. 2012;79(9):915–21.

 55. Mattsson N, Rosén E, Hansson O, et al. Age and diagnostic 
performance of Alzheimer disease CSF biomarkers. Neurol-
ogy. 2012;78(7):468–76.

 56. Ewers M, Mattsson N, Minthon L, et al. CSF biomarkers for 
the differential diagnosis of Alzheimer’s disease: a large-
scale international multicenter study. Alzheimers Dement. 
2015;11(11):1306–15. [Epub ahead of print]

 57. Haroutunian V, Schnaider-Beeri M, Schmeidler J, et al. Role 
of the neuropathology of Alzheimer disease in dementia in the 
oldest-old. Arch Neurol. 2008;65(9):1211–17.



CANADIAN GERIATRICS JOURNAL, VOLUME 19, ISSUE 2, JUNE 2016

MOLIN: NEW CRITERIA FOR ALZHEIMER’S DISEASE

73

 58. Prohovnik I, Perl DP, Davis KL, et al. Dissociation of neuro-
pathology from severity of dementia in late-onset Alzheimer 
disease. Neurology. 2006;66(1):49–55.

 59. Jansen WJ, Ossenkoppele R, Knol DL, et al. Prevalence of 
cerebral amyloid pathology in persons without dementia: a 
meta-analysis. JAMA. 2015;313(19):1924–38.

 60. Ossenkoppele R, Jansen WJ, Rabinovici GD, et al. Prevalence 
of amyloid PET positivity in dementia syndromes: a meta-anal-
ysis. JAMA. 2015;313(19):1939–50.

 61. Song X, Mitnitski A, Rockwood K. Nontraditional risk factors 
combine to predict Alzheimer disease and dementia. Neurology. 
2011;77(3):227–34.

 62. Robertson DA, Savva GM, Kenny RA. Frailty and cognitive 
impairment: a review of the evidence and causal mechanisms. 
Ageing Res Rev. 2013;12(4):840–51.

 63. Song X, Mitnitski A, Rockwood K. Age-related deficit accumu-
lation and the risk of late-life dementia. Alzheimers Res Ther. 
2014;6(5-8):54.

 64. Aubert L, Pichierri S, Hommet C, et al. Association between 
comorbidity burden and rapid cognitive decline in individuals 
with mild to moderate Alzheimer’s disease. J Am Geriatr Soc. 
2015;63(3):543–47.

 65. Halil M, Cemal Kizilarslanoglu M, Emin Kuyumcu M, et al. 
Cognitive aspects of frailty: mechanisms behind the link be-
tween frailty and cognitive impairment. J Nutr Health Aging. 
2015;19(3):276–83.

 66. Anstey KJ, Dixon RA. Applying a cumulative deficit model of 
frailty to dementia: progress and future challenges. Alzheimers 
Res Ther. 2014;6(9):84.

 67. Armstrong JJ, Mitnitski A, Andrew MK, et al. Cumulative 
impact of health deficits, social vulnerabilities, and protective 
factors on cognitive dynamics in late life: a multistate modeling 
approach. Alzheimers Res Ther. 2015;7(1):38.

 68. Rockwood K, Mitnitski A. Frailty in relation to the accumulation 
of deficits. J Gerontol A Biol Sci Med Sci. 2007;62(7):722–27.

 69. Strandberg TE, O’Neill D. Dementia—a geriatric syndrome. 
Lancet. 2013;381(9866):533–34.

Correspondence to: Kenneth Rockwood, md, frcpc, frcp, 
Centre for Health Care of the Elderly, Nova Scotia Health 
Authority, 1421-5955 Veterans’ Memorial Lane, Halifax, NS, 
Canada, B3H 2E9
E-mail: Kenneth.Rockwood@dal.ca

mailto:Kenneth.Rockwood@dal.ca

