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Abstract
Objectives.—Because many individuals with Mild Cognitive Impairment (MCI) will progress to
a dementia diagnosis, this population is at high risk for losing functional independence. We examine
trajectories of change in everyday function for individuals with cognitive deficits suggestive of MCI.

Design.—We utilized data from the longitudinal, multi-site Advanced Cognitive Training for
Independent and Vital Elderly (ACTIVE) study, which allowed for post-hoc classification of MCI
status at baseline using psycho metric definitions for amnestic MCI, non-amnestic MCI, multi-
domain MCI, and no MCI.

Setting.—Six U.S. cities.

Participants.—2832 volunteers (mean age 74 years; 26% African American) living independently,
recruited from senior housing, community centers, and hospitals and clinics.

Measurements.—Mixed effect models examined changes in self-reported instrumental and basic
activities of daily living (IADLs and ADLs) from the MDS Home Care Interview in 2,358 participants
over a three-year period.

Results.—In models for IADL performance, IADL difficulty, and a Daily Functioning Composite,
there was a significant time by MCI classification interaction for each MCI subtype, indicating that
all MCI groups showed faster rates of decline in everyday function relative to cognitively normal
participants with no MCI.

Conclusion.—Results demonstrate the importance of MCI as a clinical entity that not only predicts
progression to dementia but also predicts functional declines in activities that are key to autonomy
and quality of life. MCI classification guidelines should allow for functional changes in MCI, and
clinicians should monitor for such changes. Preservation of function may serve as a meaningful
outcome for intervention efforts.
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INTRODUCTION
Functional skills such as driving, handling personal finances, managing health care and
medication regimens, and preparing nutritious meals are multidimensional, cognitively
demanding tasks that are critical to independent living.1-6 These skills are likely to suffer when
dementia-related cognitive deficits are experienced. Because many individuals with Mild
Cognitive Impairment (MCI) will progress to a dementia diagnosis, this population is at high
risk for losing functional independence.

MCI is widely viewed as a transitional syndrome leading to dementia. Clinical guidelines for
determination of MCI have emerged in recent years7,8 and continue to be refined, but there is
no consensus agreement on a single set of criteria for MCI other than presence of cognitive
impairment of insufficient severity to constitute dementia.9,10 Recently, it has been recognized
that MCI can be characterized by cognitive deficits broadly classified as amnestic (memory)
and/or non-amnestic (e.g., executive function, abstract reasoning, language, or perceptual
speed),10-12 which, in turn, may reflect multiple and often comorbid pathologies of
neurodegenerative, vascular, metabolic, or traumatic origin. Primary amnestic deficits are
presumed to most commonly represent preclinical Alzheimer’s disease (AD) or vascular
dementia (VaD), while primary non-amnestic deficits—often executive or visuoperceptual—
are presumed to represent preclinical frontotemporal dementia, Lewy Body dementia,
Parkinson’s disease with dementia, or progressive supranuclear palsy, as well as AD or VaD.
Implicit in these assumptions is that most MCI subtypes will evolve into recognized clinical
entities,11 that both cerebrovascular and neurodegenerative pathologies are common,13 and
that MCI subtypes involve cognitive symptoms12 that can affect everyday functioning. Further
research is warranted regarding which MCI subtypes are most predictive of future decline in
daily functioning.

A controversy in the conceptualization of MCI is the original stipulation that daily functioning
must remain “intact” or “without disability.”7,14 Since MCI often reflects a transitional state
between normal cognitive aging and mild dementia, there likely exists a continuum of decline
in functional abilities, such that the relatively preserved abilities associated with normal aging
begin to be affected by the cognitive changes experienced in MCI before reaching the level of
functional impairment that is recognized as a defining feature of dementia. Individuals with
MCI are likely to experience a loss of functional skills that lies somewhere between the subtle
decrements associated with normal aging and the frank deficits associated with a dementia
such as AD.

In the present analysis, we sought to examine trajectories of change in everyday function for
individuals with cognitive deficits suggestive of different subtypes of MCI. We utilized data
from the longitudinal Advanced Cognitive Training for Independent and Vital Elderly
(ACTIVE) study,15,16 which allowed for post-hoc classification of MCI status at baseline
using psychometric definitions for amnestic MCI, non-amnestic MCI, and multi-domain MCI.
We examined changes in self-reported instrumental and basic activities of daily living (IADLs
and ADLs) over a three-year period. We predicted that at baseline, individuals with MCI would
have more difficulty with these activities than cognitively normal participants. We expected
that differences in everyday function between MCI groups and cognitively normal participants
would grow over the three-year period, such that slopes of decline in function would be steeper
over time for individuals with any form of MCI than for those without MCI, after accounting
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for potential confounds. Within the MCI groups, we expected that individuals with multi-
domain MCI would experience steeper declines in everyday function than either of the single-
domain MCI groups.

METHODS
Subjects

Participants were members of the ACTIVE study, a multi-site, controlled trial designed to
investigate whether a diverse group of older adults randomized to one of three types of cognitive
training could improve or maintain their daily living skills relative to a no-contact control
group.15 For each ACTIVE participant, the main trial consisted of baseline cognitive
assessment followed by randomization to one of the cognitive training groups or the control
group, post-testing, annual booster training for a subsample, and annual post-tests.16 The
ACTIVE study recruited older adults who were largely independent of formal care. Inclusion
criteria for ACTIVE were: age ≥65 years; MMSE score ≥ 23; visual acuity > 20/50; no
dependence in hygiene, bathing and dressing; no diagnosis of Alzheimer’s Disease; no stroke
in the previous 12 months; no diagnosis of life-limiting cancer within the last 5 years; no current
chemotherapy or radiation treatment; not residing in an institutional setting; available for the
duration of the study; and no communication problems. The sample of 2,832 randomized
participants thus consisted of relatively healthy older adults with a mean age of 74 years at
enrollment. This research was conducted, and written informed consent was obtained, in
compliance with the ethical rules for human experimentation stated in the Declaration of
Helsinki and with the approval of the institutional review boards of all participating institutions.

Measures
Table 1 displays the psychometric measures constituting the three cognitive composites
(memory, reasoning, processing speed) used to classify participants into MCI subgroups or the
cognitively normal group according to their baseline performance. Functional status was
assessed at baseline and three annual follow-up visits with a daily functioning composite
derived from three scores representing self-reported ADL and IADL functioning from the
Minimum Data Set-Home Care interview.17,18

ADL performance was assessed with queries such as, “In the last 7 days, how much of the
activity [e.g., combing/brushing hair] did you do on your own?” Raw score response codes
ranged from 0 (independent) to 4 (total dependence). IADL performance was assessed with
identically worded queries involving activities such as planning meals, handling money and
checks, and keeping track of doctor appointments; raw score response codes ranged from 1
(did all on own) to 4 (fully performed by others). For both ADLs and IADLs, there also were
response options indicating that a given activity had not occurred within the past 7 days. IADL
difficulty was assessed with follow-up queries for each IADL, inquiring, “How difficult was
it (or would it have been) to do on your own?” Responses ranged from 1 (not difficult) to 3
(great difficulty). Total scores on each scale were computed by taking the mean of all item
responses. Everyday abilities also were assessed directly in the ACTIVE study with laboratory
performance measures; these outcomes will be the focus of a separate manuscript.

Statistical Procedures
Blom transformations were used in the ACTIVE study to produce normally distributed scores
on each cognitive test.16,19 These test scores were then summed to form baseline cognitive
composite scores which were standardized to the mean and standard deviation of the entire
study sample. Each cognitive composite score represented the average of 2 or 3 equally
weighted test scores measuring the cognitive construct of interest (Table 1), thereby avoiding
test-specific definition of cognitive deficits. Participants with relative deficits (≤7th percentile)
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were identified in each of three cognitive domains (memory, reasoning, and speed of
processing), resulting in classification to one of the three mutually exclusive MCI subgroups
described below or to the cognitively normal group.

Total scores on the MDS scales and the daily functioning composite were similarly normalized.
Scores at each time point were pooled and standardized to the baseline mean and standard
deviation of the entire study sample.

Psychometric criteria for MCI were defined as follows: baseline performance at or below the
7th percentile (approximately 1.5 standard deviations below ACTIVE sample means) on one
or more of the three cognitive composites. Thus, a given participant might have no composite
cognitive deficits (cognitively normal group for the current analyses), a deficit on either the
memory, reasoning, or processing speed composite (single-domain MCI, further
conceptualized as single-domain amnestic [memory] MCI or single-domain non-amnestic
[reasoning or processing speed] MCI), or deficits on more than one cognitive composite (multi-
domain MCI).

Of the 2,832 older adults enrolled in ACTIVE at baseline, 30 were inappropriately randomized
and dropped from the study. Of the remaining 2,802 participants, 2,777 had cognitive data that
enabled MCI classification, and 2,454 of these provided data for one or more of the first three
annual follow-up visits. Among these participants, our criteria for MCI yielded a sample of
344 participants (14.0% of the sample) with possible MCI at enrollment (84, or 3.4%, single-
domain amnestic; 171, or 7.0%, single-domain non-amnestic; and 89, or 3.6%, multi-domain
MCI). The remaining 2,110 participants (86.0% of this sample) constituted the cognitively
normal reference group for the present study. Analyses focused on differences in baseline
functional status as well as functional trajectories across the four groups.

Mixed-effects models conducted in SAS procedure MIXED (SAS Institute, 2000, Cary, NC)
were used to test whether differences in trajectories of change in everyday function could be
predicted by MCI classifications. For these models, we omitted individuals who might have
unrecognized dementia by excluding all participants within the MCI groups whose baseline
functional status was ≥1.5 S.D. poorer than the full sample means on any functional measure.
These mixed models examined changes in everyday function among the remaining 2,358
participants (56 amnestic, 133 non-amnestic, 59 multi-domain, and 2,110 no MCI) across three
annual assessments following study enrollment by fitting a separate regression curve across
available longitudinal assessments for each individual participant, and then aggregating the
parameters of these growth curves and testing them as a function of group. This technique
enabled us to include all participants who provided data at one or more annual follow-up
assessments, thereby allowing inclusion of participants who missed a visit or dropped out of
the study before the third annual assessment. We modeled individual growth curves as a
function of MCI classification, time (years from baseline), baseline function, age, gender,
education, visual acuity, and training group. Baseline function, age, education, and visual
acuity were entered as mean-centered covariates in these models.

RESULTS
The 2,454 participants included in this analysis were not different from the participants with
no follow-up data in terms of scores on the daily functioning composite or visual acuity (Ps
> .05). However, male gender, older age, and meeting psychometric criteria for any MCI
classification were associated with reduced likelihood of having follow-up data (Ps < .05). By
MCI classification, 74% of the amnestic MCI group, 71% of the non-amnestic MCI group, and
75% of the multi-domain MCI group were retained at the third annual assessment, compared
to 86% of those not meeting criteria for MCI.
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See Table 2 for results of bivariate analyses of demographic and functional characteristics of
the study sample at baseline by MCI classification, along with p-values for differences from
cognitively normal participants. Results demonstrated that all MCI groups were older, had
lower MMSE scores, and had worse visual acuity than those without MCI, despite the fact
study inclusion criteria ensured that mental status and vision were within ranges considered
grossly intact. Amnestic MCI was associated with reports of poorer ADL performance than
cognitively normal participants at baseline. Participants with non-amnestic and multi-domain
MCI did not differ from those without MCI on reports of baseline ADL performance. All three
MCI groups reported significantly greater baseline IADL difficulty than those without MCI,
but the non-amnestic MCI group did not differ from those without MCI on reports of IADL
performance. For the overall daily functioning composite, significantly poorer function was
observed at baseline for all three MCI groups compared to cognitively normal participants.
Adjustment for age, gender, education, and visual acuity did not change the ADL performance
findings or the IADL difficulty findings but did eliminate baseline differences in IADL
performance for all MCI groups, and in the daily functioning composite for the non-amnestic
group only, relative to cognitively normal participants.

Longitudinal results obtained from mixed-effects models estimated separately for each
functional outcome are presented in Table 3. These models excluded those in the MCI groups
whose baseline score on any measure used to form the daily functioning composite was ≥ 1.5
SD worse than the mean score of the full sample. The interaction of time by MCI classification
constituted the test of the main hypothesis. In models for IADL performance, IADL difficulty,
and the daily functioning composite, there was a significant time by MCI classification
interaction for each MCI subtype, indicating that all MCI groups showed faster rates of decline
in everyday function relative to cognitively normal participants. For ADL performance, only
non-amnestic MCI was a significant predictor of change. Figure 1 illustrates the relationship
between MCI classification and change in the daily functioning composite over the three-year
period of follow-up. We also ran supplementary analyses in which we controlled for the 3-way
interaction of MCI by time by training group; MCI group remained a significant predictor of
everyday function trajectories in each model.

DISCUSSION
The primary finding of this study is that older adults with both amnestic and non-amnestic
cognitive deficits consistent with MCI show significantly steeper declines in everyday function
over a three-year period than individuals with normal cognitive profiles. These results
demonstrate the importance of MCI as a clinical entity that not only predicts progression to
dementia but also predicts functional declines in activities that are key to autonomy and quality
of life, even in the absence of dementia or prior to diagnosis. The study extends other recent
evidence supporting this contention20,21 by demonstrating meaningful functional decrements
in MCI that grow in magnitude over time across a range of daily activities. These results support
revised classification guidelines that allow for functional changes in MCI that fall short of
functional dependence.

Given population base rates of MCI ranging from 5 to 25%,22-24 it is highly likely that a
portion of ACTIVE participants would meet clinical MCI criteria (e.g., Mayo25 or modified
Mayo criteria10) if explicitly evaluated for case identification. Although the ACTIVE study
did not include clinical determination of MCI, the inclusion of a number of cognitive function
measures allowed us to identify individuals who met psychometric criteria for MCI
classification. While we acknowledge that there are limitations to this approach, the
psychometric classification provided useful data concerning the prediction of decrements in
important everyday activities.
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Considering the variable stability in MCI classification reported in the literature,24,26 an
alternative to our baseline-only classification of MCI would have been to reclassify each
participant annually, based upon available cognitive profiles at each follow-up assessment.
However, given the selective attrition of participants who had cognitive deficits consistent with
MCI at baseline, those participants with MCI who were retained in all subsequent years might
represent only the earliest stage and/or highest functioning members of the baseline MCI group.
Furthermore, longitudinal stability of MCI classification in the ACTIVE sample has been
explicitly examined over a two-year period 27 and found to be stable in 86% of cases, while
the remaining 14% of “unstable” classifications represented a mixed group of individuals
whose cognitive profiles either “reverted” to normal, consistent with several prior studies (e.g.
28), or progressed from a single-domain deficit to a multi-domain MCI classification.27 Our
statistical approach allowed us to examine changes in everyday function among all participants
who completed one or more longitudinal assessments, despite significantly lower retention
rates of individuals with psychometric characteristics of MCI at enrollment. In the context of
selective attrition that would serve to bias our results toward the null, our findings of functional
decline in MCI can be considered fairly robust.

On the overall composite of daily functioning comprising one index of ADL function and two
indices of IADL function, significantly poorer global function was observed at baseline for all
MCI subtypes. However, results specific to the component indices of function included the
unexpected finding of ADL decrements at baseline in amnestic MCI. Self-care deficits are
anticipated in mid-stage dementia but not in a preclinical syndrome such as MCI. It is important
to note that statistically lower function among the amnestic MCI group relative to cognitively
normal participants in ACTIVE may denote subtle ADL changes that do not rise to the level
of frank impairment. On the other hand, some individuals meeting psychometric criteria for
the MCI designation, particularly those with memory deficits, may represent undiagnosed AD.
In such a scenario, ADL deficits would be consistent with the diagnosis. Tabert and
colleagues29 found that patients with deficits in memory plus other cognitive deficits were at
highest risk for progression to AD. This “memory plus” designation corresponds to a subset
of our multi-domain MCI group; the remainder of that group was composed of participants
with two non-amnestic deficits (i.e., in processing speed and reasoning) but no memory deficit.
Taken together, these results underscore the potential role of memory impairment as a correlate
of lower function in the realm of basic ADL functioning.29

In order to minimize the possibility that our sample included individuals with unrecognized
dementia, we restricted our longitudinal models of functional change to participants who met
not only ACTIVE inclusion criteria but also an empirical definition of intact function at
baseline. Despite this restriction, all MCI groups declined in IADL performance, reported
increasing IADL difficulty, and declined on the daily functioning composite. However, only
the non-amnestic MCI group demonstrated longitudinal declines in ADL performance. This
latter finding complements the finding of poorer ADL function in amnestic MCI at baseline
and confirms the importance of executive abilities such as speed and reasoning to ADL
performance, a result that has been reported in previous cross-sectional30 and
longitudinal31 research.

This study also provides some evidence that self report can remain a valuable source of
information for those with MCI, despite the risk of compromised insight among those with
encroaching dementia.32 Individuals with cognitive deficits at baseline reported greater IADL
difficulty and lower levels of independence on a global composite of daily functioning, and
their reports of functional difficulties grew in magnitude over time, suggesting insight
regarding their functional changes. This implication is consistent with another recent analysis
based on the ACTIVE sample, in which individuals with memory deficits suggestive of
amnestic MCI demonstrated insight into their cognitive declines,33 as well as a recent report
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of heightened insight in individuals with MCI with regard to their memory functioning.34 The
self-reported functional data examined in this paper will be augmented by future research
examining objective, laboratory-based performance of IADL function over time in MCI.

It is important to note that while our examination of functional status over time controlled for
the training and control group assignments of each participant in the ACTIVE study, we did
not explore the impact of each of the ACTIVE training protocols on the everyday function of
individuals meeting criteria for MCI, either as a group or by MCI subtype. The cognitive and
functional responses of individuals with cognitive profiles suggestive of MCI to the memory,
reasoning, and speed training arms of the ACTIVE study are of great interest for future
intervention applications. Indeed, preliminary research35 has suggested differential cognitive
gains associated with each of the training protocols among participants with amnestic deficits.
Cognitive and functional responses to each training protocol, by MCI subtype, will be the focus
of further examination in the near future.

The authors hope that the present study will help persuade clinicians to monitor their patients
with MCI for anticipated functional changes and consider early intervention strategies.
Potential functional losses in MCI also can serve as clinically meaningful outcomes for trials
of pharmacologic and alternative interventions for MCI.
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Figure 1.
[v1] Covariate-adjusted Levels of Reported Dependence/difficulty on the Minimum Data Set
Daily Functioning Composite by MCI Classification and Time. Higher Scores Denote More
Difficulty.
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Table 1
Cognitive Composites Used to Classify Mild Cognitive Impairment (MCI) and Cognitively Normal Groups
According to Baseline Performance*

Cognitive Composite Component Measures

Memory Hopkins Verbal Learning Test36

Auditory Verbal Learning Test37

Rivermead Behavioral Memory Test38
Reasoning Word series39

Letter series40

Letter sets40
Processing speed Useful Field of View41-42

 Task 2: Divided attention
 Task 3: Selective attention
 Task 4: Complex attention

*
Baseline performance at or below the 7th percentile (˜1.5 s.d. below the ACTIVE sample mean) on one or more of the cognitive composites resulted in

MCI classification. Those with memory deficit only were classified amnestic MCI; those with reasoning or processing speed deficit were classified non-
amnestic MCI; and those with two or three composite deficits were classified multi-domain MCI.
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Table 2
Descriptive Characteristics of the Sample at Baseline by MCI Classification

Cognitively Normal Amnestic MCI Non-amnestic MCI Multi-
domain MCI

Total n 2110 84 171 89
Age, mean (SD) 72.9 (5.4) 77.0 (7.0)*** 76.5 (6.2)*** 78.8 (6.6)***
Gender (% female) 77.4 65.5* 84.2* 57.3***
Years of education, mean (SD) 13.8 (2.6) 12.6 (3.1)*** 12.3 (2.4)*** 11.8 (2.8)***
MMSE, mean (SD) 27.6 (1.8) 26.0 (1.9)*** 26.2 (2.1)*** 25.1 (1.8)***

67.0 69.1
Visual acuity†, mean (SD) 74.0 (11.2) (13.0)*** (12.3)*** 67.4 (11.9)***
Everyday functioning‡
 ADL performance, mean (SD) 0.3 (0.9) 0.6 (1.5)** 0.3 (0.9) 0.4 (0.8)
 IADL performance, mean
(SD)

4.2 (4.8) 5.3 (4.8)* 4.2 (4.8) 5.7 (6.2)**

 IADL difficulty, mean (SD) 1.2 (2.2) 2.5 (3.5)*** 1.8 (2.7)** 2.5 (3.6)***
 Daily functioning composite,
mean (SD)

−0.1 (2.0) 0.9 (2.4)*** 0.2 (2.2)* 0.8 (2.5)***

Note: Asterisks denote significant differences for MCI classification categories relative to cognitively normal participants who constituted the reference
category. *p < .05; **p < .01; ***p < .001

†
The ACTIVE15 scoring system was used to measure visual acuity, using participants’ corrective lenses if normally worn for distance vision. Resulting

scores may range from 0 (Snellen score of 20/125) to 90 (Snellen score of 20/16); obtained mean scores of 67 to 74 correspond to Snellen scores of 20/27
to 20/23.

‡
Higher scores on these four scales indicate more functional dependence and greater difficulty.
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