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and time from baseline (slope) were included as random 
factors. Eight models were created for the seven dependent 
variables: hippocampal volume, AIBL-Preclinical AD 
Cognitive Composite (PACC), verbal episodic memory, 
executive function, California Verbal Learning Test-II 
Long Delayed Free Recall (CVLT-II LDFR), Mini Mental 
State Examination (MMSE), and Clinical Dementia Rating 
Sum of Boxes (CDR SoB). Unless the dependent variable 
had previously been corrected for these, APOE ε4 status, 
age, and sex were included as covariates, as well as years 
of education, premorbid intelligence quotient, and 
depression symptoms for the cognitive measure models. 
Data from fi ve sampling points, roughly equivalent to 
baseline, and 18 month, 36 month, 54 month, and 
72 month follow-ups were included in each of the models; 
linear mixed eff ect models were chosen because they can 
be used with incomplete follow-up studies.

To elucidate the eff ect of APOE ε4 status, linear mixed 
eff ect models were generated within each AN category 
for the cognitive measures with APOE ε4 status, time 
from baseline, and their interactions included as fi xed 
eff ects. Random factors and covariates (excluding APOE 
ε4 status) remain the same as above.

A Cox proportional hazards model of survival, 
corrected for age, sex, years of education, and APOE ε4 

status, stratifi ed by the AN categories was evaluated to 
assess the eff ect of the AN categories on progression to 
disease. Survival was defi ned as the time between 
entering the AIBL study and progression to mild 
cognitive impairment or Alzheimer’s disease, with-
drawal from the study, or the last completed follow-up 
examination, thus appropriately accounting for 
individuals who did not complete the full 6 year 
follow-up. The event was classifi ed as progression to 
mild cognitive impairment or Alzheimer’s disease. 
Unadjusted odds ratios were calculated to assess the 
eff ect of the AN categories on progression to disease. 
The incidence of individuals transitioning between the 
two-construct model categories over the 6 year follow-
up was assessed. The eff ects of individuals in the peri-
threshold for Alzheimer’s disease pathology or 
neuro  degeneration, or both, were assessed through 
replication of the analyses described above, but with 
exclusion of the individuals in the peri-threshold.

All analyses were done with the R environment (version 
3.2.0). Missing data were replaced using the multiple-
imputation chain-equation (with median values of the 
100th iteration of 100 multiple imputations),26 except 
when missing data were because of participant 
withdrawal; these data were not replaced and were 
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Figure 2: Cognitive trajectories by AN group
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The analyses were repeated with inclusion of the APOE ε4
genotype and the APOE ε4 genotype × time interaction term,
but the results were unchanged, and effects involving the APOE
ε4 genotype were nonsignificant (P > .40 for all). Likewise,
separate models for individuals in each stage showed no dif-
ferences in the cognitive trajectories between APOE ε4 carri-
ers and noncarriers.

Discussion
This study compared the cognitive trajectories of individuals
with different CSF AD biomarker profiles and normal cogni-
tion at baseline within the framework of 4 hypothetical group-
ings related to preclinical AD.1,5 There was no difference in base-
line cognitive performance or the rate of change in cognitive
performance over a mean of 11.0 years among individuals in
stage 1 (low levels of Aβ) or SNAP (high levels of tau or p-tau)
compared with those in stage 0 (normal levels of both Aβ and
tau or p-tau). By comparison, individuals in stage 2 (both low
levels of Aβ and high levels of tau or p-tau) had lower cogni-
tive performance at baseline and a more negative rate of change
in cognition than the other 3 groups. Taken together, these re-
sults suggest that abnormal levels of both amyloid and tau are
necessary for observing a marked decline in cognition among
cognitively normal individuals.

These findings have important implications for the de-
sign of clinical trials aimed at individuals in the preclinical
phase of AD. Our results suggest that, to optimize observing a
treatment effect, clinical trials enrolling cognitively normal in-
dividuals should selectively recruit participants with abnor-
mal levels of both amyloid and tau (ie, stage 2) because this
group would be expected to show the greatest cognitive de-
cline over time if untreated. If participants are selected solely
on the basis of their amyloid status (eg, as in the A4 study33),
then the ability to observe a significant treatment effect on cog-

nition might be greatly diminished because a large propor-
tion of untreated participants (those with abnormal amyloid
but normal tau levels) would not be expected to show mean-
ingful cognitive decline over the short time frame of a clinical
trial. Our findings also suggest that, while APOE ε4 carriers may
be more likely to be further along the AD trajectory and there-
fore have an earlier age at onset,12 the cognitive trajectories do
not differ by ε4 carrier status after accounting for CSF amy-
loid and tau or p-tau levels. We do not have data regarding the
effectiveness of antiamyloid drugs in reducing cognitive de-
cline. However, our results suggest that, to the extent that amy-
loid and tau pathology arise independently and cognitive de-
cline simply depends on their co-occurrence,34-36 antiamyloid
therapies may be effective in individuals with concurrent amy-
loid and tau pathology and in those with amyloid pathology
only, who may subsequently develop tau pathology. How-
ever, if amyloid accumulation initiates a downstream cas-
cade of tau-related neurodegeneration that becomes increas-
ingly independent of amyloid itself,37 then antiamyloid agents
may only be effective if administered before the onset of the
neurodegenerative process.

The present results are consistent with prior short-term
longitudinal studies reporting a disproportionately greater rate
of cognitive decline for individuals classified as stage 2 com-
pared with stage 0, stage 1, and SNAP using CSF biomarkers8

or neuroimaging-based biomarkers.9,10 The study expands on
prior findings in several ways. First, our cognitive outcome mea-
sure is clinically validated in the sense that it is based on neu-
ropsychological tests previously shown to predict progres-
sion from normal cognition to MCI or dementia due to AD.22

Both baseline cognitive composite score and the rate of change
in the measures that comprise our cognitive composite score
are associated with the time to onset of clinical symptoms, sug-
gesting that these types of measures are useful for tracking AD
progression in clinical trials. Second, our results demonstrate
that the pattern of short-term cognitive trajectories observed

Figure 2. Estimates of Longitudinal Cognitive Change for the 4 Hypothetical Preclinical Alzheimer Disease (AD) Groups
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cognitive composite scores over time among individuals classified into the 4
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disease pathology [SNAP]) using baseline cerebrospinal fluid Aβ1-42 and

phosphorylated tau (p-tau) (A) or Aβ1-42 and total tau (B) for classification. The
estimates are adjusted for baseline age, sex, education, and their interactions
with time. Stage 2 had a greater decline and lower baseline cognitive composite
scores than the other groups, which did not differ from one another (Table 3).
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The analyses were repeated with inclusion of the APOE ε4
genotype and the APOE ε4 genotype × time interaction term,
but the results were unchanged, and effects involving the APOE
ε4 genotype were nonsignificant (P > .40 for all). Likewise,
separate models for individuals in each stage showed no dif-
ferences in the cognitive trajectories between APOE ε4 carri-
ers and noncarriers.

Discussion
This study compared the cognitive trajectories of individuals
with different CSF AD biomarker profiles and normal cogni-
tion at baseline within the framework of 4 hypothetical group-
ings related to preclinical AD.1,5 There was no difference in base-
line cognitive performance or the rate of change in cognitive
performance over a mean of 11.0 years among individuals in
stage 1 (low levels of Aβ) or SNAP (high levels of tau or p-tau)
compared with those in stage 0 (normal levels of both Aβ and
tau or p-tau). By comparison, individuals in stage 2 (both low
levels of Aβ and high levels of tau or p-tau) had lower cogni-
tive performance at baseline and a more negative rate of change
in cognition than the other 3 groups. Taken together, these re-
sults suggest that abnormal levels of both amyloid and tau are
necessary for observing a marked decline in cognition among
cognitively normal individuals.

These findings have important implications for the de-
sign of clinical trials aimed at individuals in the preclinical
phase of AD. Our results suggest that, to optimize observing a
treatment effect, clinical trials enrolling cognitively normal in-
dividuals should selectively recruit participants with abnor-
mal levels of both amyloid and tau (ie, stage 2) because this
group would be expected to show the greatest cognitive de-
cline over time if untreated. If participants are selected solely
on the basis of their amyloid status (eg, as in the A4 study33),
then the ability to observe a significant treatment effect on cog-
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tion of untreated participants (those with abnormal amyloid
but normal tau levels) would not be expected to show mean-
ingful cognitive decline over the short time frame of a clinical
trial. Our findings also suggest that, while APOE ε4 carriers may
be more likely to be further along the AD trajectory and there-
fore have an earlier age at onset,12 the cognitive trajectories do
not differ by ε4 carrier status after accounting for CSF amy-
loid and tau or p-tau levels. We do not have data regarding the
effectiveness of antiamyloid drugs in reducing cognitive de-
cline. However, our results suggest that, to the extent that amy-
loid and tau pathology arise independently and cognitive de-
cline simply depends on their co-occurrence,34-36 antiamyloid
therapies may be effective in individuals with concurrent amy-
loid and tau pathology and in those with amyloid pathology
only, who may subsequently develop tau pathology. How-
ever, if amyloid accumulation initiates a downstream cas-
cade of tau-related neurodegeneration that becomes increas-
ingly independent of amyloid itself,37 then antiamyloid agents
may only be effective if administered before the onset of the
neurodegenerative process.

The present results are consistent with prior short-term
longitudinal studies reporting a disproportionately greater rate
of cognitive decline for individuals classified as stage 2 com-
pared with stage 0, stage 1, and SNAP using CSF biomarkers8

or neuroimaging-based biomarkers.9,10 The study expands on
prior findings in several ways. First, our cognitive outcome mea-
sure is clinically validated in the sense that it is based on neu-
ropsychological tests previously shown to predict progres-
sion from normal cognition to MCI or dementia due to AD.22

Both baseline cognitive composite score and the rate of change
in the measures that comprise our cognitive composite score
are associated with the time to onset of clinical symptoms, sug-
gesting that these types of measures are useful for tracking AD
progression in clinical trials. Second, our results demonstrate
that the pattern of short-term cognitive trajectories observed
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Summary	
  

•  Biomarker	
  staging	
  criteria	
  enables	
  direct	
  comparisons	
  across	
  
studies	
  and	
  provides	
  framework	
  for	
  preven%on	
  trials.	
  

	
  
•  Greatest	
  decline	
  in	
  NIA-­‐AA	
  Stage	
  2	
  (both	
  func%onal	
  and	
  

cogni%ve)	
  
	
  
•  Inconsistent	
  pa=erns	
  of	
  decline	
  for	
  NIA-­‐AA	
  Stage	
  1	
  and	
  SNAP	
  

	
  



Summary	
  Cont.	
  
	
  

•  Commonly	
  used	
  NIA-­‐AA	
  ND	
  markers	
  not	
  aligned	
  with	
  Tau	
  PET	
  
–  Tau	
  PET	
  more	
  specific	
  for	
  Aβ;	
  ND	
  markers	
  influenced	
  by	
  
mul%ple	
  e%ologies	
  

–  Among	
  Aβ+,	
  ND	
  may	
  be	
  more	
  likely	
  to	
  be	
  Tau	
  related	
  (but	
  
s%ll	
  doesn’t	
  rule	
  out	
  other	
  e%ologies)	
  

	
  
•  Although	
  Aβ	
  effects	
  on	
  decline	
  are	
  largely	
  mediated/

exacerbated	
  by	
  ND	
  and	
  Tau,	
  early	
  Aβ	
  associated	
  with	
  subtle	
  
cogni%ve	
  changes	
  
–  Ability	
  to	
  measure	
  will	
  depend	
  on	
  sensi%ve	
  tests	
  (not	
  
necessarily	
  tests	
  that	
  are	
  honed	
  to	
  predict	
  progression	
  to	
  
MCI/AD	
  demen%a)	
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