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Abstract
BACKGROUND: Both cognitive and functional deterioration 
are characteristic of the clinical progression of Alzheimer’s 
disease (AD).  
OBJECTIVES: To systematically assess correlations between 
widely used measures of cognition and function across the 
spectrum of AD.  
DESIGN: Spearman rank correlations were calculated for 
cognitive and functional measures across datasets from various 
AD patient populations.
SETTING: Post-hoc analysis from existing databases.
PARTICIPANTS: Pooled data from placebo-treated patients 
with mild (MMSE score ≥20 and ≤26) and moderate (MMSE 
score ≥16 and ≤19) AD dementia from two Phase 3 solanezumab 
(EXPEDITION/2) and two semagecesatat (IDENTITY/2) 
studies and normal, late mild cognitive impairment (LMCI) and 
mild AD patients from the Alzheimer’s Disease Neuroimaging 
Initiative 2-Grand Opportunity (ADNI-2/GO).
INTERVENTION (IF ANY): Placebo (EXPEDITION/2 and 
IDENTITY/2 subjects).
MEASUREMENTS: Cognitive and functional abilities were 
measured in all datasets.  Data were collected at baseline 
and every three months for 18 months in EXPEDITION and 
IDENTITY studies; and at baseline, 6, 12, and 24 months in the 
ADNI dataset.
RESULTS: The relationship of cognition and function became 
stronger over time as AD patients progressed from preclinical 
to moderate dementia disease stages, with the magnitude of 
correlations dependent on disease stage and the complexity 
of functional task.  The correlations were minimal in the 
normal control population, but became stronger with disease 
progression.  
CONCLUSIONS: This analysis found that measures of cognition 
and function become more strongly correlated with disease 
progression from preclinical to moderate dementia across 
multiple datasets.  These findings improve the understanding 
of the relationship between cognitive and functional clinical 
measures during the course of AD progression and how 
cognition and function measures relate to each other in AD 
clinical trials.  
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Introduction 

Alzheimer’s disease (AD) is characterized by the 
relentless deterioration of both cognition and 
function.  The clinical symptoms of the earliest 

stages of AD begin with cognitive decline, typically 
involving episodic memory, with apparent effects on 
function occurring later in the disease progression. This 
sequence in the clinical manifestations of the disease is 
reflected by current clinical diagnostic criteria across the 
spectrum of AD (1, 2); overt functional impairment is not 
included in the criteria before the dementia stage.  Both 
cognition and function are highly valued by patients 
and caregivers, and recent studies suggest that cognitive 
decline is meaningful, even before it adversely affects 
function (3).       

For currently approved symptomatic treatments used 
in patients with mild, moderate or severe dementia, 
changes in cognition and global or functional measures 
were required as co-primary measures to assess effect of 
treatments on core cognitive deficits (as measured by the 
ADAS-Cog) as well as the clinical meaningfulness of a 
drug effect as assessed by a degree of global or functional 
outcomes (4).  However, many current treatments in 
development target the underlying disease process 
with intent to slow disease progression.  In addition, 
there is a growing consensus that these treatments 
may have greater benefit when started earlier in the 
disease continuum (5, 6), when there is often little to 
no measureable functional deficit and symptoms can 
be measured only by cognitive tests (1).  Additionally, 
recent analyses have investigated the relationship 
between cognition and function and shown a temporal 
lag between cognitive changes and functional changes 
(7, 8).  Taken together, these analyses suggest that the 
historical paradigm of co-primary endpoints developed 
for symptomatic agents expected to improve cognition 
and function within a relatively short time period in later 
stages of the disease may not be optimal for clinical trials 
of putative disease-modifying treatments, aiming to slow 
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disease progression in earlier stages of the disease. 
Limited literature to date has directly compared the 

associations between cognition and function across the 
spectrum of AD severity.  A few studies have found 
that executive function predicts functional behaviors, 
as measured by the AD Cooperative Study-Activities 
of Daily Living instrumental scale (ADCS-iADL) in 
both normal populations (9-11) as well as in AD (12-
14).  Similarly, memory has also been shown to predict 
functional ability in normal elderly populations (15), AD 
(16), and mild cognitive impairment (MCI) (17).  A similar 
study using longitudinal data determined there was a 
strong association between cognition, including memory, 
with subsequent physical functional abilities (18).  

In recent studies, we and others have investigated the 
relationship between cognition and function across the 
course of AD using autoregressive cross-lagged (ARCL) 
panel analyses and path analyses (7, 8, 19).  ARCL panel 
analysis is a classical structural equation model and is 
designed to assess the strength of potential reciprocal 
causal relationships between outcomes and explore 
inference of influence of one variable over another.  
The findings from ARCL analyses have demonstrated 
cognitive decline precedes and predicts functional 
decline in the natural course of AD, but function was 
unable to predict subsequent changes in cognition (7, 
8). Additionally, path analyses were used to quantify 
the relationship between treatment effects on variables, 
such as measures of cognition and function.  Based 
on secondary analyses of patients with mild dementia 
in the EXPEDITION and EXPEDITION2 studies, the 
treatment effect on function was mediated primarily 
by the treatment effect on cognition (19). While the 
ARCL analyses measured the temporal delay between 
cognition and function over time, it is unclear how the 
two measures are correlated with each other at any given 
time point.  

With few studies exploring the cross-sectional 
relationship between cognition and function at various 
time points during the stages of AD, we conducted this 
post-hoc analysis to systematically assess correlations 
between cognition and function from preclinical to 
moderate dementia disease stages, over multiple 
time points.  Recent publications have assessed the 
qualitative (temporal) relationship between cognition 
and function, mainly in the mild AD stage.  This study 
expands the scope to a broader spectrum of AD, from 
normal cognition to moderate AD, and includes more 
quantitative assessments of the cognitive-functional 
relationship using correlations.  Understanding how 
the magnitudes of the correlations change over time 
may be useful in AD clinical trial designs and may help 
physicians provide treatment expectations for patients 
and caregivers.

Methods

Subjects

Data from placebo patients with mild (baseline 
Mini-Mental Status Examination [MMSE] score ≥20 
and ≤26) to moderate (baseline MMSE score ≥16 and 
≤19) AD dementia were pooled from two Phase 3 
solanezumab studies (EXPEDITION and EXPEDITION2) 
and two Phase 3 semagacestat studies (IDENTITY 
and IDENTITY2), separately.  Data obtained from the 
Alzheimer’s Disease Neuroimaging Initiative (ADNI-2/
GO) databases (20) (adni.loni.usc.edu) included normal, 
late mild cognitive impairment (LMCI), and mild AD 
dementia subjects.  Additional information regarding the 
three study programs as well as the outcome measures 
used in this post-hoc analysis, are provided below. 

 
EXPEDITION Study Program

EXPEDITION and EXPEDITION2 were multicenter, 
double-blind, Phase 3 studies of solanezumab.  
Solanezumab is a humanized monoclonal antibody 
designed to increase clearance of soluble amyloid-β 
(Aβ) from the brain and is currently being studied as a 
potential disease-modifying agent for the treatment of 
AD.  All patients who participated in the EXPEDITION 
study program provided informed consent and the study 
protocols were approved by ethical review boards.  The 
primary outcomes of the solanezumab clinical trials have 
been reported previously (21).

IDENTITY Study Program

IDENTITY and IDENTITY2 were multicenter, double-
blind, Phase 3 semagacestat studies.  Semagacestat is a 
gamma secretase inhibitor that was studied as a putative 
disease-modifying agent for the treatment of AD.  
Treatment in both studies was terminated prematurely 
based on data that showed cognitive worsening in 
patients treated with semagacestat compared to placebo.  
Patients were then followed for seven months to collect 
additional safety data.  All patients enrolled in the study 
provided informed consent before participation and 
the study protocols were approved by ethical review 
boards.  The results from the IDENTITY studies have 
been reported previously (22).

ADNI Program 

A third dataset used in this analysis was obtained from 
the AD Neuroimaging Initiative (ADNI) database (20)
adni.loni.usc.edu.  The ADNI was launched in 2003 as a 
public-private partnership, led by Principal Investigator 
Michael W. Weiner, MD.  The primary goal of ADNI has 
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been to test whether serial magnetic resonance imaging 
(MRI), positron emission tomography (PET), other 
biological markers, and clinical and neuropsychological 
assessment can be combined to measure the progression 
of MCI and early AD.  For up-to-date information, see 
(23) www.adni-info.org.

Outcome Measures – EXPEDITION & 
IDENTITY Programs 

In the EXPEDITION and IDENTITY studies, cognitive 
and functional outcome measures were assessed at 
baseline and at six post-baseline time points every 3 
months for 18 months.  Cognitive ability was assessed 
using the 14-item AD Assessment Scale-Cognitive 
subscale (ADAS-Cog14) with a score range of 0 to 90 
(with higher scores indicating greater disability) (24).  
Function was measured with the AD Cooperative Study-
Activities of Daily Living Scale, which includes an 
instrumental subscale (ADCS-iADL) and basic subscale 
(ADCS-bADL).  The iADL is comprised of items 7 
through 23 of the ADCS-ADL scale, with scores from 0 to 
56 (lower score denoting greater functional loss) and was 
designed to measure higher level functional activities 
such as managing finances and preparing meals.  The 
bADL scores range from 0 to 22 and measures more 
rudimentary activities such as feeding and bathing (25). 

Outcome Measures – ADNI 

In the ADNI dataset, cognition was measured using 
the 11-item AD Assessment Scale-Cognitive subscale 
(ADAS-Cog11) with a score range of 0 to 70 (with 
higher scores indicating greater disability).  Functional 
ability was measured using the Functional Assessment 
Questionnaire (FAQ) (26) with scores ranging from 0 to 
30 (higher score representing more impairment, which is 
opposite from the ADCS-ADL).

Statistical Analyses 

Spearman rank correlations between actual scores for 
cognition and function were calculated at each time point 
collected across all three datasets and in the various AD 
subject populations. 

Additional analyses were performed in the pooled 
mild AD population from the EXPEDITION and 
EXPEDITION2 studies (21) to further examine the 
association between cognitive and functional progression 
(IDENTITY/2 and ADNI-2/GO were not included in 
these analyses due to the limited amount of data as a 
result of early termination and smaller sample sizes, 
respectively).  First, the frequency of the magnitude 
of change in cognitive scores, as measured by ADAS-
Cog14, was established and categorized as one of the 
following four categories for cognition as defined by 

Vellas and colleagues using ADAS-Cog11 at 18 months 
(27): improvement (improvement of 3 or more points), 
stable (improvement of 2 points to decline of 2 points), 
moderate decline (decline of 3 to 7 points), severe decline 
(decline of more than 7 points).  For each of these four 
categories of change in cognitive scores, the distribution 
of the changes in the functional scores, as measure by 
ADCS-iADL, were derived.  In each of the distributions, 
the frequency of a given change in iADL was calculated. 

Results 

EXPEDITION Study Results 

In mild AD subjects from the EXPEDITION studies, 
cognition as measured by ADAS-Cog14 was correlated 
more with the iADLs than with bADLs (Figure 1a).  
In the moderate AD subjects, the correlations were 
much more similar for iADLs and bADLs (Figure 1b).  
Correlations between cognition and basic function were 
numerically higher in the moderate AD than in the mild 
AD subject group.

IDENTITY Study Results

Similar to EXPEDITION, in the IDENTITY studies, 
cognition as measured by ADAS-Cog14 was correlated 
more with iADLs than bADLs in mild AD (Figure 2a).  In 
moderate AD subjects, however, the correlations were 
comparable between iADLs and bADLs (Figure 2b).

ADNI Study Results

In the ADNI dataset, the correlations between 
cognition, measured by ADAS-Cog11, and function, 
measured by FAQ, were minimal in the normal 
population, greater in the LMCI subjects, and continued 
to increase in the mild AD subjects (Figure 3). 

Frequency Analyses

In the frequency analyses, approximately 50% of the 
mild AD patients had a worsening of 5 points or more on 
ADAS-Cog14 during the 18 months of follow up (Figure 
4).  A greater cognitive decline was associated with a 
greater functional decline (Figure 5). 

Additional Correlations 

Correlations were calculated between changes in 
cognitive and changes in functional scores: the same 
increase in correlation strength was observed from mild 
to moderate AD (data not shown).

COGNITION AND FUNCTION CORRELATION IN AD
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Discussion

In these analyses using multiple independent datasets, 
Spearman rank correlations were assessed to evaluate 
the relationship between cognition and function across 
the spectrum of the disease.  The results from these 
analyses demonstrated that cognition and function 
became stronger over time as AD patients deteriorated, 
with correlations ranging from 0.07 to 0.62 for normal to 
moderate AD population, respectively, over time (Figure 
3).  The magnitude of the correlations also depended on 
the complexity of functional ability, as shown in Figures 
1 and 2.  This study is unique in including a broad range 
of disease states within the AD spectrum, from normal 
to moderate AD, which has not been systematically 
evaluated previously.  The results from this study 
provide further understanding regarding the association 
of cognition and function at any given time point and 
have real world applications to ongoing AD clinical trials. 

In general, there was a stronger correlation observed 
between cognition and the instrumental subscale of the 
activities of daily living compared with the basic subscale 
in mild AD subjects.  These findings may reflect the 
early involvement or greater sensitivity of instrumental 
functions compared to basic functions in the evolution 
of AD dementia or a ceiling effect of the scale regarding 
basic functions, which are substantially less impaired in 
mild patients. A continual increase in the correlations 
between cognition and basic function as subjects 
progressed from mild to moderate stages of AD supports 
this concept as basic functions are more impaired in later 
disease stages. 

In the ADNI dataset, the correlation between cognition 
and function was nominal in the normal population 
compared with the LMCI or mild dementia subjects, 
supporting the hypothesis that the correlation increases 
as disease progresses.  In the normal population, the 
magnitudes of the correlations are smaller due both to 
the limited cognitive impairment and to the lack of the 
ability of the clinical measures to detect more subtle 

Figure 1b. Correlations between cognition (ADAS-Cog14) 
and function (ADCS-iADL [dark blue] and bADL [light 
blue]) in moderate AD in the EXPEDITION studies

Figure 2a. Correlations between cognition (ADAS-Cog14) 
and function (ADCS-iADL [dark red] and bADL [light 
red]) in mild AD in the IDENTITY studies

Figure 2b. Correlations between cognition (ADAS-Cog14) 
and function (ADCS-iADL [dark blue] and bADL [light 
blue]) in moderate AD in the IDENTITY studies

Figure 1a.  Correlations between cognition (ADAS-Cog14) 
and function (ADCS-iADL [dark red] and bADL [light 
red]) in mild AD in the EXPEDITION studies. Data from 
Liu-Seifert H, et al. J Alzheimers Dis. 2015b;43(3):949-955
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differences. Thus, across EXPEDITION, IDENTITY and 
ADNI datasets, the increase in correlations within the 
studies and across disease stages suggest that as disease 
progresses, cognition becomes more clearly related to 
function, and the two measures become more strongly 
associated. The magnitudes of the correlations between 
cognition and function are largely comparable in the mild 
AD population across the three independent datasets.  
The correlations ranged from approximately 0.4 at 
baseline to approximately 0.6 at the end of each study 
(18 months for EXPEDITION and IDENTITY datasets; 24 
months for the ADNI dataset). 

The frequency analyses in the EXPEDITION mild 
placebo-treated AD subjects showed that certain 
magnitudes of cognitive decline/worsening were able 
to predict certain magnitudes of functional decline. 
For example, approximately 70% of patients who had 
severe cognitive decline (≥8 points in 18 months) had a 
functional decline of 6 points or more in instrumental 
daily activities.  This is consistent with the findings by 
Vellas and colleagues (27), showing that patients with 
severe cognitive decline also had loss of basic function 
of daily activities, suggesting that cognition is a valid 

endpoint and can predict functional outcomes. 
As our datasets did not include patients with severe 

dementia, this post-hoc analysis did not directly 
investigate the relationship between cognition and 
function in the severe stage of the disease.  However, 
a previous study by Wajman and colleagues (28)
determined that there was a progressive increase in 
correlation between specific instruments for diagnosis 
of severe dementia and functional scales. These findings 
in combination with our current analyses, suggest that 
cognition and function become more strongly correlated 
from normal aging through late stages of AD dementia.

There are limitations to these post-hoc analyses. The 
findings are based on existing cognitive and functional 
outcome measures that are commonly used in AD clinical 
trials; however, more sensitive measurement tools may 
reveal a different magnitude in correlation especially in 
earlier disease states.  The correlations between cognition 
and instrumental function may also reach a plateau 
going from mild to moderate stages of AD because of 
the limited sensitivity of the scales.  Additionally, in 
the EXPEDITION and IDENTITY study programs, the 
correlations between cognition and function at baseline 
may have been influenced by the study inclusion and 
exclusion criteria - subjects had to have specific cognitive 
scores (based on MMSE) to be included.  There are also 
limitations of small sample sizes, particularly in the 
IDENTITY program, which was terminated early, and 
the ADNI dataset.  Further, it is possible that there were 
some learning effects in the individual study populations, 
especially for subjects with the mildest deficits, which 
could have increased the magnitude of correlations at 
later time points.  Also, ADCS-ADL data were available 
from the clinical trials and FAQ data from ADNI, so these 
tools may have different performance characteristics 
in the analyses.  Lastly, the categories in the frequency 
analyses were originally determined by the ADAS-Cog11, 
so the categories might be slightly shifted if they were 
determined using a different subscale, such as the 14-item 
ADAS-Cog.

Figure 3. Correlations between cognition (ADAS-Cog11) and function (FAQ) in the normal population (left), LCMI 
(middle), and mild AD (right) from the ADNI dataset

Figure 4. Frequency (%) of mild AD patients from 
EXPEDITION studies as measured by the last observation 
carried forward (LOCF) of cognition measured by the 
magnitude of change in the ADAS-Cog14 and categorized 
as improvement (green), stable (blue), moderate decline 
(orange), or severe decline (red)

COGNITION AND FUNCTION CORRELATION IN AD
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Conclusions

Cognition and function became increasingly correlated 
over the spectrum of the progressing severity of AD 
based on multiple independent clinical trial datasets, 
and the consistency of these results suggests they may 
be more broadly generalizable.  This post-hoc analysis 
supports the hypothesis that instrumental functional 
measures are more related to cognitive abilities than 
basic functions, especially in the earlier stages of AD.  In 
combination with our previous analyses, we conclude 
that cognitive decline may anticipate and predict 
functional decline in clinical trials, which might impact 
the use of a functional measure as a co-primary outcome 
with cognition.  Patients with very mild AD will have no 
or minimal functional deficits and these will emerge as 
cognition declines.  

The results from these analyses may help to better 
understand the relationship between cognitive and 
functional clinical measures during the entire course 
of AD progression and help foster better predictions 
in management of AD care.  In particular, compared to 
previous publications, this post-hoc analysis expanded 
beyond mild AD to include the range of cognitively 
normal subjects to moderate AD patients; and also 
provided quantitative magnitudes of the correlations 

between cognition and function.  Together, these findings 
will support future clinical trial design across the broad 
spectrum of the disease and may help physicians provide 
treatment expectations for patients and caregivers. 
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