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Abstract

Objectives: The main objective was to determine the trajectory of instrumental
activities of daily living (iIADL) decline in persons with mild cognitive impairment
(MCI) who progressed towards dementia relative to persons with MCI who
remained stable.

Methods/Design: At study entry, 121 participants met criteria for MCI. Based on the
follow-up, 47 participants later converted to dementia and were identified as pro-
gressors. Sixteen participants, identified as decliners, presented a significant cognitive
decline but did not reach the criteria for dementia within the study timeframe. Stable
MCI remained cognitively stable during the 5-year follow-up; n = 58. Participants
completed a yearly assessment using clinical tests/questionnaires, neuropsychologi-
cal measures, and functional autonomy assessment until they met criteria for
dementia. The average number of months for the follow-up was 34.

Results: Many years of stable performance followed by an accelerated decline just
prior to diagnosis, was observed for complex activities for progressors. No change
was found for stable MCI and a gradual linear decline characterized decliners. The
housekeeping-related activities component showed a linear decline in progressors and
did not change in stable and decliner MCI. We found a predictive model that in-
cludes significant predictors of dementia conversion with a high diagnostic accuracy
the following year (area under the curve = 0.94 [95% confidence level; lower bound:
0.87, upper bound: 1]).

Conclusions: It is critical to assess iADL that reflect complex activities in the
evaluation of MCI individuals as their impairment, combined with change on

cognitive markers, indicates a higher risk of dementia progression 1 or 2 years later.
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1 | INTRODUCTION

Dementias are a group of major neurocognitive disorders that are
defined by a decline from previous levels of functioning and a
cognitive impairment involving at least two cognitive domains.!
Alzheimer's disease (AD) is the most common type of dementia. AD is
characterized by an insidious onset and is known to have a long
prodromal phase during which cognitive symptoms are mild or
absent. The term mild cognitive impairment (MCI) is used to describe
individuals whose performance on neuropsychological tests is
abnormal for their age and education level. Persons with MCI don't
meet the criteria for dementia because the cognitive deficits are not
severe enough to significantly interfere with activities of daily living
(ADL).2™* Yet, the disease is progressive and as cognitive deficits
accumulate, patients may experience growing problems in their
ability to perform activities of daily living (ADL), particularly instru-
mental ADL (iADL) such as financial management, the use of
telephone, or cooking, as these require more advanced skills.”

There is evidence that MCI participants are significantly more
impaired on iADL than healthy older adults®~8; for a review see Ref.”
Difficulties with executive functions, which include the cognitive
abilities used to control actions and goal-oriented behavior, have
been consistently associated with difficulties in performing iADL in
early dementia.’®*2 Similar difficulties can occur for MClI individuals,
since executive functions are already impaired during that phase.'4~1¢
It has been found that individuals with MCI, in comparison to con-
trols, are impaired on complex iADL related to frontal/executive
functioning (e.g., keeping appointments and managing belongings).”
Even when performance scores on iADL scales are similar to controls,
some subtle but still notable difficulties were found during MCI, such
as a reduced speed in telephone use, or medication management.*®
Subtle change in the ability to perform iADL have been observed up
to 10 years before the clinical diagnosis of dementia.’

Given that iADL are impaired early in the disease process and
may index future decline, it is critical to know the moment at which
those difficulties appear. It is also critical to describe their trajectory
and how they change over time because change in functions is often
considered a more sensitive and specific marker of future decline
than performance level at a single timepoint. Since cognitive deficits
increase in severity and breadth during the MCI phase,?%?! the
magnitude of the functional impact is likely to change as well.

In AD, the cognitive trajectories are characterized by a rapid and
severe decline of episodic and working memory just prior to diag-
nosis.2®?2 Since the decline in iADL is due to emerging cognitive
deficits?® in AD and is especially associated with executive functions
and memory capacities, their impairment may follow a similar tra-
jectory, that is years of stable performance followed by a rapid
decline just prior to the diagnosis.

24-26 jnvestigating the trajec-

There are few longitudinal studies
tory of iADL change in the years preceding the AD diagnosis and as a
result, little is known regarding the way iADL impairment unfolds
over time. Furthermore, no study, to our knowledge, has examined

the natural history of the decline in iADL for a clinical cohort of MCI

Key Points

o Mild cognitive impairment (MCI) progressors experience
many years of stable performance of instrumental ac-
tivities of daily living (iADL) but they show a rapid
decline of complex iADL about two years prior to the
clinical diagnosis of dementia, a pattern which is not
found in stable MCI

e Performance on iADL declines in late MCI, especially for
complex tasks, and observing a change on these activities,
particularly when combined with lower performance on
neuropsychological tests, signals an imminent progression

to dementia in the following one or two years

individuals as a function of whether they progressed to dementia or
remained stable. As not all MCI will progress to dementia, it is
important to compare the trajectory in those who progressed to a
dementia diagnosis (MCI progressors) relative those who did not
progress (MCI nonprogressors).

Thus, the objective of this study was to assess the trajectory of
decline in iADL for MCI progressors and compare this trajectory with
the one found in MCI nonprogressors. This was done using a mixed
model analysis with polynomial regressions to assess with more
precision the way the ability to perform iADL changes over time. We
hypothesized that a significant decline on iADL would be found for
the progressors, whereas the nonprogressors would remain stable on
their ability to perform these activities. A second objective was to
determine if combining information on iADL and cognitive perfor-
mance may offer a sensitive model to predict future progression.?”
Since impairment on iADL appears to be associated with executive
and memory deficits, we hypothesized that the combination of the
performance in these cognitive domains with the iADL score would
be significant predictors of AD progression.

2 | MATERIALS AND METHODS

2.1 | Design

Patients were recruited consecutively from memory clinics and were
identified as meeting criteria for MCI by experienced clinicians (HC,
MJK, SG). They were then referred to participate to a longitudinal
study on cognition in MCI, which lasted 8 years.?® At study entry and
at yearly follow-up, participants completed a comprehensive clinical
and neuropsychological examination. All measures were taken in a
single testing session. The referring clinicians determined the clinical
status on follow-up assessments, independent from the experimental
tests, and experimental follow-up was interrupted the year a patient
received a diagnosis of dementia. Thus, the last assessment corre-

sponds to the year of dementia diagnosis.
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TO represent the year of conversion, that is, the year when
participants received the diagnosis of dementia for those who
declined to AD, T-1, T-2, T-3, and T-4 correspond to respectively the
data collected 1, 2, 3, and 4 years prior to diagnosis. The last year of
evaluation is labeled as TO for nonprogressors (decliners and stable
MCI) and in this case, T-1, T-2, T-3, and T-4 represent the data
collected 1, 2, 3, and 4 years prior to the last assessment. Patients
were followed for as long as they failed to progress to dementia, up
to the end of the cohort study, with a maximum follow-up of 94
months (average = 33.88 months).

2.2 | Participants®

One-hundred and fifty-one participants were recruited from memory
clinics and met the criteria®?? for amnestic MCI at entry. Thirty
participants only had one assessment and were excluded from the
analyses. Following study entry, participants received a yearly clinical
follow-up that allowed to identify those who had progressed, hereby
progressors. Progressors (N = 47) were found to meet the clinical
DSM-IV criteria for dementia of the Alzheimer type®° at any point
over the course of the follow-up. Amongst the nonprogressors, some
showed a significant cognitive decline (more than 1.5 SD from 1 year
to the other) on neuropsychological tests and were thus classified as
decliners (N = 16). It is hypothesized that these individuals are in an
earlier stage of the disease process and had not yet reached the point
at which they could meet the criteria for dementia over the course of
the follow-up. They were thus examined as a group of interest.
The remaining of the nonprogressors were classified as stable MCI
(N = 58).

2.3 | Cognitive measures

Six neuropsychological tests were used to assess the cognitive profile
of the participants: the RL/RI®? (Free-Recall and Cued word Recall),
the Rey complex geometrical figure test, 3 min-delay score®? the
Stoop-Victoria test,>® the Coding-subtest of the WAIS-R®** the
Benton Judgment of line orientation®® and the 15-item version of
the Boston Naming test.%¢ For a detailed description of the cognitive

tests, see Cloutier et al.*®

The inclusion of these neuropsychological
tests in the cognitive battery was based on three criteria: (1) they are
standard tasks used in clinical setting; (2) they were shown to be
sensitive in detecting cognitive impairment associated with AD%’;
and (3) they cover multiple cognitive domains, mainly episodic
memory, executive functions, working memory, language, and

visuospatial processing.

2.4 | Instrumental activities of daily living

The instrumental subscale of the Systéme de mesure de ['automie

fonctionnelle (SMAf; a French-language functional autonomy

questionnaire) was used to assess performance in iADL. This self-
reported scale was chosen since it was shown to have good inter-
rater agreement and test-retest reliability.® It includes eight iADL
areas (cleaning, cooking, shopping, laundry, telephone use, use of
transportation, in medication intake, and budget management) Each
area is comprised of one item/question, scored by the participant
between 0 and 3 (0 representing no self-reported impairment and 3 a
significant handicap; e.g., for the budget item: 0 = Can manage
budget alone; 1 = Needs help with major transactions; 2 = Needs
help with daily transactions but is able to use pocket money; and 3 =
Cannot manage a budget). Thus, scores on individual item range from
0 to 3 and total scores range from O to 24. The clinical classification
and dementia diagnosis of the participants were independent from
the results of the SMAf instrument.

2.5 | Analysis

We determined the outcomes by assessing which SMAf-8 items were
grouped into subdomains of iADL with a principal components
analysis on the scores obtained for each item on TO, using data from
the whole group. This was done because it was expected that
different iADL domains would have a different progression
trajectory.

We then ran polynomial regression analyses (growth curves,
mixed linear model analysis) to determine which model best fits the
data over the 5-year follow-up period. This was done for each group
(progressors, decliners, and stable) separately. The dependent vari-
ables were the total score on the SMAf (0-24) and the average score
for the items clustering on the PCA determined factors. The data was
analyzed as a function of time to diagnosis. We first verified whether
a linear model was significant for each group and if it was, we pro-
ceeded to test more sophisticated models: a quadratic function, a
second-order polynomial characterized by one fracture in the curve
and the cubic function, a third-order polynomial. We also included
age, gender, and education as controlled variables in the model. Time
was considered as repeated effects with a compound symmetry
correlation matrix.

Following the regression analyses, we used a separate 2 (Groups:
progressors, nonprogressors) x 3 (Time: TO, T-1, T-2) mixed analyses
of variance (ANOVA) for each dependent variable to identify more
precisely at what time the groups differed from one another. Here,
the stable MCI group and the decliners were combined into a non-
progressor group, so that the sample meets the postulate for group
comparisons using parametric analysis. Only 3 years were used in
order to maximize the number of participants, as ANOVA is not
resistant to missing data, and it was done with only the participants
with at least 3 years of follow-up prior to diagnosis. The adjusted F
was used to correct sphericity by removing the part of the effect that
is explained by the systematic error. Greenhouse-Geisser's estimates
were used to correct for error of the first kind.

Finally, we assessed the predictive accuracy of the models,

meaning the predictive accuracy of future progression to dementia,
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TABLE 1 Clinical and demographic
characteristics at entry and on TO (mean,
SD in parentheses) Age

At entry
On T0?
Education (years)

N(men/women)

Length of follow-up (months)

GDS
At entry
On TO
MMSE on TO

MATTIS on TO

Stable Decliners Progressors p

68.09 (9.2) 74.63 (6.4) 71.47 (7.3) 0.02
72.53 (9) 76.43 (6.4) 74.11 (7.3) 0.21
14.69 (3.9) 14.31 (5.3) 14.23 (4.1) 0.85
58 (22/36) 16 (8/8) 47 (17/30) 0.61
39.98 (17.7) 20.88 (12.6) 30.77 (19.6) <0.01
1.23(1.2) 15 (1.3 1.05 (1.3) 0.46
1.26 (1.3) 1.4 (1.5) 1.21 (1.2) 0.89
28.08 (2) 27.47 (1.9) 26.07 (2.6) <0.01

137.52 (2.9) 130.47 (8.2) 126.17 (10.1) <0.01

Abbreviations: GDS, geriatric depression scale; MATTIS, mattis dementia rating scale; MMSE, mini
mental state examination; PCA, principal component analysis; WAIS-R, wechsler adult intelligence

scale-revised.

2Corresponds to the year of dementia progression in progressors and last year of testing for

decliners and stable.

Values in bold are statistically significant (p < 0.05).

by combining logistic regressions (Wald backward elimination
stepwise selection) with receive operating characteristic (ROC)
curve analyses. The cognitive measures as well as the iADL scores
were entered as predictors. The regressions were performed on

each of the 3 years prior to dementia conversion.

3 | RESULTS

3.1 | Socio-demographic and clinical characteristics
The data from 121 participants (74 women) was analyzed.
Demographic and clinical data are presented in Table 1.

3.2 | Principal component analysis for iADL

When 2 components are included, the proportion of variance
explained is 57.64%. The items that cluster on Component 1 are
telephone use, medication intake, use of transportation, budget
management, and shopping, suggesting that Component 1 reflects
the ability to carry on “complex iADL.” The items cleaning, laundry,
and cooking loaded on Component 2, which was interpreted as

reflecting a general “housekeeping iADL” factor.

3.3 | Growth curve models for total iADL

The regression analysis for total iADL indicated a significant

quadratic trend for the progressors and a significant linear trend for

the decliners (see Figure 1A). None of the models were found sig-
nificant for the stable group. The ANOVA on the total iADL score
indicated a significant Group x Time interaction (F (2, 122) = 14.83,p
< 0.05; partial eta squared = 0.2). The interaction was due to Time
being significant for progressors (N = 24; F (2, 46) = 10.43, p < 0.05;
partial eta squared = 0.31), but not for the nonprogressors (N = 39).
Post-hoc comparisons with Bonferroni adjustments in progressors
indicate that TO (M = 3.21) differed from T-1 (M = 1.67) and T-2 (M
= 1.04), but T-1 and T-2 did not differ from each other. Furthermore,
the progressors had a significantly higher score for total iADL
impairment than nonprogressors on both TO (mean difference =
2.27; partial eta squared = 0.27) and T-1 (mean difference = 0.82;
partial eta squared = 0.17).

3.4 | Growth curve models for housekeeping-
related iADL

The regression analysis for Housekeeping-related iADL indicated a
significant linear trend for the progressors (see Figure 1B). None
of the models were found significant for the stable group. The
ANOVA on housekeeping-related iADL indicated a significant Group
x Time interaction (F (2, 106) = 6.3, p < 0.05; partial eta squared
= 0.11). The interaction was due to Time being significant for
progressors (N = 21; F (2, 40) = 4.06, p < 0.05; partial eta
squared = 0.17), but not for nonprogressors (N = 34). Further-
more, post-hoc comparisons indicated that the progressors had a
significantly higher score for housekeeping-related iADL than
nonprogressors on TO only (mean difference = 0.22; partial eta
squared = 0.14).
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FIGURE 1 Trajectories of decline in stable (dotted lines), decliners (broken line), and progressors (full line) as a function of time to
diagnosis on (A) total iADL, (B) housekeeping, and (C) complex iADL. (A) Score on SMAf total (sum of the eight items) as a function of time to
diagnosis (for progressors) or on the last five cognitive assessments (for the decliners and stable). Note that a higher score represents more
functional impact. A quadratic function best describes the distribution for the progressors: black line. A linear function best describes the
distribution for the decliners: big dots line. No significant model for stable: small dots line. (B) Score on the housekeeping-related iADL items as
a function of time to diagnosis (for progressors) or on the last five cognitive assessments (for the decliners and stable). Note that a higher score
represents more functional impact. A linear function best describes the distribution for the progressors: black line. No significant model for the
declines (big dots line) and the stable: small dots line. (C) Score on the complex iADL items as a function of time to diagnosis (for progressors)
or on the last five cognitive assessments (for the decliners and stable). Note that a higher score represents more functional impact. A quadratic
function best describes the distribution for the progressors: black line. A linear function best describes the distribution for the decliners: big
dots line. No significant model for stable: small dots line. iADL, instrumental activities of daily living

3.5 | Complex iADL

The regression analysis for complex iADL indicated a significant
quadratic trend (relative stability followed by a rapid decline) for
the progressors and a significant linear trend for the decliners (see
Figure 1C; note that a higher score represents more impairment
on daily functioning). None of the models were found significant
for the stable group. The ANOVA on complex iADL indicated a
significant Group x Time interaction (F (2, 106) = 6.51, p < 0.05;
partial eta squared = 0.11). Time was significant for the pro-
gressors (N = 21; F (2, 40) = 5.27, p < 0.05; partial eta squared =
0.21), but not for nonprogressors (N = 34). Post-hoc comparisons

with Bonferroni adjustments in progressors indicated that TO (M =
0.43) differed from T-2 (M = 0.17). Furthermore, the progressors
had a significantly higher score for complex iADL impairment than
the nonprogressors on both TO (mean difference = 0.27; partial
eta squared = 0.17) and T-1 (mean difference = 0.11; partial eta
squared = 0.16).

3.6 | Predictive diagnostic accuracy

The results of the logistic regression analysis (see Table 2) indicated
that 3 years prior to dementia conversion (T-3), only the score of the
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TABLE 2 Logistic regressions for dementia conversion
prediction

B (SE) p
T-3
Constant 2.697 (0.615) 0.000
Delayed word recall —0.384 (0.072) 0.000
T-2
Constant 0.613 (1.249) 0.624
Delayed word recall —0.353 (0.113) 0.002
Stroop inhibition 0.143 (0.053) 0.007
T-1
Constant 3.054 (1.337) 0.022
Delayed word recall —0.366 (0.085) 0.000
Stroop inhibition 0.06 (0.026) 0.019
Coding —0.249 (0.119) 0.037
Complex iADL 4.477 (2.169) 0.039

Values in bold are statistically significant (p < 0.05).

delayed word recall was a significant predictor of dementia
progression. On T-2, both delayed word recall and cognitive inhibition
(Stroop) were significant predictors, whereas on T-1, the significant
predictors of dementia progression were delayed word recall, cogni-
tive inhibition, working memory (Coding), and complex iADL. By
combining the results of the logistic regression analysis with the tra-
jectories of decline found using the polynomial regression analysis, we
proposed a theoretical model of progression from MCI to dementia
(see Figure 2).

The predictive accuracy of this model was assessed using ROC
curve analysis (see Figure 2). Three years prior to the diagnosis, the
performance of delayed word recall alone has a good predictive
accuracy (area under the curve [AUC] = 0.88). The predictive accu-
racy increases to excellent (AUC = 0.92) 2 years prior to dementia
progression when we include the performance on the executive
functions task (cognitive inhibition). The diagnosis accuracy is also
very high (AUC = 0.94) the year preceding dementia conversion
when we include the significant predictors (episodic memory,

executive functions, working memory, and complex iADL scores).

4 | DISCUSSION

The goal of this study was to determine the decline trajectories of
iADL in MCI in the years preceding a diagnosis of dementia. The
study differs from most longitudinal studies reporting iADL impair-
ment in MCI, by analyzing the data as a function of time to diagnosis
rather than study entry, and by examining complex models of decline

in addition to the more traditional linear model.

A significant proportion of the participants (39%) progressed to
dementia during the course of the study. MCI participants who
progressed to dementia started to experience a significant decline
in their total iADL score about 2 years prior to the year they
received their diagnosis. As a result, the impairment on iADL was
apparent and statistically significant at least 1 year prior to their
diagnosis. Even though the groups did not differ 2 years prior the
progressors's diagnosis, a decline was nevertheless observed during
that time. Indeed, we found that the trajectory followed a quadratic
trend. In other words, scores on iADL remained stable for many
years before presenting the rapid decline found in the 2 years
before diagnosis.

A group of participants were identified as decliners. Those MCI
did not meet the clinical criteria of dementia during the follow-up of
the study, but still showed a significant cognitive decline over the
years. They nevertheless experienced a decline in iADL but it was
slower and more gradual than in those who received their diagnosis
within the timeframe of this study. It is likely that decliners are in an
earlier phase of the disease than progressors. Thus, the linear decline
might represent a prior state which we may not have been able to
observe in progressors as their assessment may not have extended
far back enough.

Importantly, the two iADL categories progress differently during
the MCI phase. The trajectory of decline found for the total iADL
score and described above seems to be explained by complex iADL.
Indeed, this category of iADL follows the exact same trajectory, that
is a quadratic trend for progressors, a linear trend for decliners and
no effect of time for the stable MCI.

The results of the component principal analysis identified two
broad iADL categories: housekeeping-related activities (cleaning,
cooking, and laundry) and complex iADL (telephone use, medication
intake, use of transportation, budget management, and shopping).
This complex iADL category contains activities that have been
related to cognitive decline and were found to be predictive of
conversion to dementia the following year in a large longitudinal
population study.2?*° This category of iADL is also very similar to
the Barberger-Gateau's 4-iADL (telephone use, transportation,
medication intake, and budget management). A functional impair-
ment on these 4-iADL was suggested, in a population cohort, to
represent an early marker of incident dementia up to 3 years
before the diagnosis.** Our finding that the same domains are
impaired with a very similar timeline in a clinical cohort is impor-
tant because it indicates that the effect is independent of recruit-
ment source and characteristics. Thus, the component analysis used
here appears to have identified a clinically and empirically valid
distinction among iADL, which brings external support to our
approach.

Compared to other longitudinal studies?*-2¢

reporting the func-
tional decline in the preclinical phases of AD, our study specifically
assessed the trajectories of iADL impairment in a clinical cohort of
MCI individuals, by comparing those who progressed to AD with

those who did not progress and remained stable. This approach
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represents the significant predictors of conversion, based on the logistic regression analysis. ROC curve analysis indicated a good accuracy 3
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allowed us to identify, among at-risk individuals, the predictors
associated with a true neurodegenerative process, beyond objective
cognitive impairment.

One of our goals was to combine the complex iADL scores with
the performance in cognition?® to assess the diagnostic accuracy of a
prediction model of progression from MCI to dementia. We observed
that a significant impairment of episodic memory predicts progres-
sion 3 years prior to the diagnosis. We obtain an excellent diagnostic
accuracy 2 years before dementia progression by combining the
performance on both memory and executive functions task (signifi-
cant predictors). This is unsurprising since we know that episodic
memory and executive functions are both impaired early in the dis-
ease process and are predictors of conversion from MCI to AD.2842
Cognitive tests have been shown to be excellent at predicting which
MCI individuals will progress to dementia, and the predictive accu-
racy seems to be the highest when combining memory measures with
a small set of other domains.**> Our model reflects these findings
since multi-domain impairment increases the risk of MCI to dementia
conversion.

The year prior to the diagnosis, we observe that, on top of
memory and executive functioning impairment, a decline in working
memory and complex iADL contributes to predict progression. Thus,
changes on complex iADL are accompanied by changes in working
memory and preceded by a significant decline in executive func-
tioning. This is consistent with data showing that executive functions
are good predictors of functional impact in patients with relatively
mild dementia,** in patients with frontal lesions and in community-
dwelling older adults.*>*¢ Our findings on the relationship between

cognitive impairment and the decline in iADL, particularly for

complex tasks, support the already established evidence from the
literature. Our model proposes that a change in the ability to perform
complex iADL may signal imminent conversion the following year.
This is clinically relevant and may help the clinicians to implement
interventions and accommodations as early as possible for their
at-risk patients and their family.

The strength of this model is that it relies on a very simple clinical
assessment which is relatively cheap and readily available for family
doctors' practice. This is a notable advantage over more complex
investigations that include imaging and biomarkers.

4.1 | Limitations
Some limitations must be acknowledged. First, the diagnosis was
based on clinical criteria and we did not include biomarkers. For this
reason, we are unable to draw conclusions regarding the etiology of
the disease in these individuals.®*’ Second, we did not include
healthy older adults to serve as a control group, as our goal was to
examine the natural history of a clinical cohort as a function of future
progression to dementia. As a result, it is not possible to know
whether nonprogressors (stable/decliners) MCls are impaired rela-
tive to a comparative group of older adults with no complaint. It is of
note, however, that when comparing mean performance levels to
those provided by normative values, stable MCI participants present
a performance very similar to that of healthy older adults, apart from
verbal memory which is impaired by design.

To measure everyday functioning, we used an 8-item self-reported

questionnaire. Though this has the advantage of simplicity of use, it
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may be biased by the participant's own impression of their abilities.
Furthermore, the ecological validity of the measure is not assured as it
is not a performance-based score, but rather a self-reported one. It is
possible that the degree of daily functioning interference expressed by
the MCI progressors may not be entirely accurate and may be under-

estimated, since anosognosia was reported in MCI.*®

However, other
studies*’ seem to suggest that most MCl patients tend to overestimate
deficits when compared to a caregiver's assessment, while AD patients
in early stages of the disease may underestimate their deficits. In this
study, cognitively stable MCI nonprogressors did not report any
changes for their ability to perform iADL, whereas the MCl participant
who effectively received a probable AD diagnosis did report a decline
iniADL. Thus, this decline seems to represent a valid marker of true AD
progression and may help to identify the MCl individuals who are more
at risk of dementia conversion. Also, the questionnaire may lack
sensitivity to subtle difficulties expressed by MCI participants. Note
however that we did nevertheless observe areasonable range of values
and were able to derive statistically valid models. Furthermore, the
SMAf instrument was shown to have an excellent test-retest reliability
and a good inter-rater reliability, which was further improved with
revisions made to the scale.®®C It also has an excellent criterion val-
idity, the score on the SMAf being highly correlated with the number of
hours of care provided to the patient.>°

It is important to mention that the physicians certainly questioned
the patients regarding changes on their ability to perform complex
iADL in their assessment, which may indicate an intercorrelation be-
tween the clinical interview and the SMAf scores. However, the SMAf
instrument was not used explicitly and systematically for the dementia
diagnosis. Thus, the results still provide an external support for the
clinical validity of assessing complex iADL.

Finally, even though the decline in iADL functioning was char-
acterized by stability followed by a rapid decline just prior to AD
diagnosis in the MCI progressors, it could be the case that iADL
functioning declines many years before the onset of dementia,
perhaps very gradually, but that this was not captured by the SMAf,
especially since the complex iADL is comprised of only five items.
This gradual and subtle decline was perhaps captured in the
decliners group, which we hypothesized to be in an earlier phase of

the disease.

4.2 | Conclusion and implications

This study provides new information regarding the trajectory of iADL
change during the MCI phase. Most prior studies have assumed a
linear change function and change scores are typically derived using
formula that don't consider the trajectory of change. Here, we found
that complex iADL are characterized by a quadratic function, that is
years of stable performance followed by a decline just prior to
dementia progression. This highlights the importance of including
iADL in the evaluation of MCI individuals and further challenges the
idea that performance on activities of daily living is intact and does

not change during the MCI phase.

ACKNOWLEDGMENTS

This study was supported by a Canadian Institutes of Health Research
funds to Sylvie Belleville (Grant number: 201103MOP-246957-BCA-
CFCL-298629). We thank Emilie Lepage for conducting the cognitive
assessments and for data preparation and Francis Cantin for the En-
glish editing of the manuscript.

CONFLICT OF INTEREST

The authors have no relevant conflict of interest to disclose.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the

corresponding author upon reasonable request.

ORCID

Simon Cloutier "= https://orcid.org/0000-0001-8043-9758

Serge Gauthier " https://orcid.org/0000-0003-4272-3330

ENDNOTE

1 The same cohort of participants was part of a previous study investi-
gating the patterns of cognitive decline prior to dementia.'®

REFERENCES

1. McKhann GM, Knopman DS, Chertkow H, et al. The diagnosis 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):263-269.

2. Gauthier S, Reisberg B, Zaudig M, et al. Mild cognitive impairment.
Lancet. 2006;367(9518):1262-1270.

3. Stevens JC, Ganguli M, Tangalos EG, Cummings JL, DeKosky ST.
Practice parameter: early detection of dementia: mild cognitive
impairment (an evidence-based review): report of the Quality
Standards Subcommittee of the American Academy of Neurology.
Neurology. 2001;56(9):1133-1142.

4. Sperling RA, Aisen PS, Beckett LA, et al. Toward defining the pre-
clinical 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):280-292.

5. Pedretti LW, Pendleton HM, Schultz-Krohn W. Pedretti's Occupa-
tional Therapy: Practice Skills for Physical Dysfunction. 6th ed. St. Louis,
MO: Mosby/Elsevier; 2006;xv:1262.

6. Gold DA. An examination of instrumental activities of daily living
assessment in older adults and mild cognitive impairment. J Clin Exp
Neuropsychol. 2012;34(1):11-34.

7. Jutten RJ, Peeters CFW, Leijdesdorff SMJ, et al. Detecting functional
decline from normal aging to dementia: development and validation
of a short version of the Amsterdam IADL Questionnaire. Alzheimers
Dement (Amst). 2017;8:26-35.

8. Reppermund S, Brodaty H, Crawford JD, et al. Impairment in
instrumental activities of daily living with high cognitive demand is
an early marker of mild cognitive impairment: the Sydney memory
and ageing study. Psychol Med. 2013;43(11):2437-2445.

9. Jekel K, Damian M, Wattmo C, et al. Mild cognitive impairment and
deficits in instrumental activities of daily living: a systematic review.
Alzheimer's Res Ther. 2015;7(1):17.

10. Marshall GA, Rentz DM, Frey MT, et al. Executive function and
instrumental activities of daily living in mild cognitive impairment
and Alzheimer's disease. Alzheimers Dement. 2011;7(3):300-308.


https://orcid.org/0000-0001-8043-9758
https://orcid.org/0000-0003-4272-3330

322

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

Psychiatry

CLOUTIER ET AL

Cahn-Weiner DA, Boyle PA, Malloy PF. Tests of executive function
predict instrumental activities of daily living in community-dwelling
older individuals. Appl Neuropsychol. 2002;9(3):187-191.

Jefferson A, Paul R, Ozonoff A, Cohen R. Evaluating elements of
executive functioning as predictors of instrumental activities of
daily living (IADLs). Arch Clin Neuropsychol. 2006;21(4):311-320.
Martyr A, Clare L. Executive function and activities of daily living in
Alzheimer's disease: a correlational meta-analysis. Dement Geriatr
Cognit Disord. 2012;33(2-3):189-203.

Clement F, Gauthier S, Belleville S. Executive functions in mild
cognitive impairment: emergence and breakdown of neural plas-
ticity. Cortex. 2013;49(5):1268-1279.

Rainville C, Lepage E, Gauthier S, Kergoat MJ, Belleville S. Executive
function deficits in persons with mild cognitive impairment: a study with
a Tower of London task. J Clin Exp Neuropsychol. 2012;34(3):306-324.
http://dx.doi.org/10.1080/13803395.2011.639298.

Johns EK, Phillips NA, Belleville S, et al. The profile of executive
functioning in amnestic mild cognitive impairment: dispropor-
tionate deficits in inhibitory control. J Int Neuropsychol Soc.
2012;18(3):541-555.

Ahn IS, Kim JH, Kim S, et al. Impairment of instrumental activities of
daily living in patients with mild cognitive impairment. Psychiatry
Investig. 2009;6(3):180-184.

Wadley VG, Okonkwo O, Crowe M, Ross-Meadows LA. Mild
cognitive impairment and everyday function: evidence of reduced
speed in performing instrumental activities of daily living. Am J
Geriatr Psychiatr. 2008;16(5):416-424.

Peres K, Helmer C, Amieva H, et al. Natural history of decline in
instrumental activities of daily living performance over the 10 years
preceding the clinical diagnosis of dementia: a prospective popula-
tion-based study. J Am Geriatr Soc. 2008;56(1):37-44.

Cloutier S, Chertkow H, Kergoat MJ, Gauthier S, Belleville S. Pat-
terns of cognitive decline prior to dementia in persons with mild
cognitive impairment. J Alzheimers Dis. 2015;47 (4):901-913.
Henneges C, Reed C, Chen YF, Dell’Agnello G, Lebrec J. Describing the
sequence of Cognitive decline in Alzheimer’s disease patients: results
from an observational study. J Alzheimers Dis. 2016;52(3):1065-1080.
Twamley EW, Ropacki SA, Bondi MW. Neuropsychological and
neuroimaging changes in preclinical Alzheimer's disease. J Int Neu-
ropsychol Soc. 2006;12(5):707-735.

Liu-Seifert H, Siemers E, Sundell K, et al. Analysis of the relationship
of cognitive impairment and functional impairment in mild
Alzheimer's disease in EXPEDITION 3. J Prev Alzheimers Dis.
2018;5(3):184-187.

Villeneuve SC, Houot M, Cacciamani F, et al. Latent class analysis
identifies functional decline with Amsterdam IADL in preclinical
Alzheimer's disease. Alzheimers Dement (N Y). 2019;5:553-562.
Jutten RJ, Harrison JE, Brunner AJ, et al. The Cognitive-Functional
Composite is sensitive to clinical progression in early dementia:
longitudinal findings from the Catch-Cog study cohort. Alzheimers
Dement (N Y). 2020;6(1):e12020.

Wang D, Schultz T, Novak GP, Baker S, Bennett DA, Narayan VA.
Longitudinal modeling of functional decline associated with patho-
logic Alzheimer's disease in older persons without cognitive
impairment. J Alzheimers Dis. 2018;62(2):855-865.

Luck T, Luppa M, Angermeyer MC, Villringer A, Koénig HH, Riedel-
Heller SG. Impact of impairment in instrumental activities of daily
living and mild cognitive impairment on time to incident dementia:
results of the Leipzig Longitudinal Study of the Aged. Psychol Med.
2011;41(5):1087-1097.

Belleville S, Gauthier S, Lepage E, Kergoat MJ, Gilbert B. Predicting
decline in mild cognitive impairment: a prospective cognitive study.
Neuropsychology. 2014;28(4):643-652.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Winblad B, Palmer K, Kivipelto M, et al. Mild cognitive impairment-
beyond controversies, towards a consensus: report of the Interna-
tional Working Group on Mild Cognitive Impairment. J Intern Med.
2004;256(3):240-246.

American Psychiatric Association. Diagnostic Criteria from DSM-IV-TR.
Washington, DC: American Psychiatric Association; 2000;xii:370.
Van der Linden M, Adam S, Agniel A, et al. L'évaluation de troubles de
la mémoire: présentation de quatre tests de mémoire épisodique (avec
étalonnage). Marseille, France: Solal; 2004.

Rey A. Test de copie d'une figure complexe: Manuel. Paris, France: Les
Editions du Centre de Psychologie Appliquée; 1959.

Regard M. Cognitive Rigidity and Flexibility: A Neuropsychological Study
[PhD Dissertation]. Victoria, Canada: University of Victoria; 1981.
Wechsler D. Weschsler Adult Intelligence Scale. San Antonio, TX:
Harcourt Assessment; 1997.

Benton AL, Hamsher K, Varney NR, Spreen O. Contributions to
Neuropsychological Assessment. New York, NY: Oxford University
Press; 1983.

Kaplan EF, Goodglass H, Weintraub S. The Boston Naming Test. 2nd
ed. Philadelphia, PA: Lea & Febiger; 1983.

Strauss E, Sherman EMS, Spreen O. A Compendium of Neuropsycho-
logical Tests: Administration, Norms, and Commentary. 3rd ed. Oxford,
UK; New York, NY: Oxford University Press; 2006;xvii:1216.
Desrosiers J, Bravo G, Hébert R, Dubuc N. Reliability of the revised
functional autonomy measurement system (SMAF) for epidemio-
logical research. Age and Ageing. 1995;24(5):402-406.
Barberger-Gateau P, Commenges D, Gagnon M, Letenneur L,
Sauvel C, Dartigues JF. Instrumental activities of daily living
as a screening tool for cognitive impairment and dementia in
elderly community dwellers. J Am Geriatr Soc. 1992;40(11):1129-
1134.

Barberger-Gateau P, Dartigues JF, Letenneur L. Four instrumental
activities of daily living score as a predictor of one-year incident
dementia. Age Ageing. 1993;22(6):457-463.

Barberger-Gateau P, Fabrigoule C, Helmer C, Rouch |, Dartigues
JF. Functional impairment in instrumental activities of daily
living: an early clinical sign of dementia? J Am Geriatr Soc.
1999;47(4):456-462.

Peters F, Villeneuve S, Belleville S. Predicting progression to
dementia in elderly subjects with mild cognitive impairment using
both cognitive and neuroimaging predictors. J Alzheimers Dis.
2014;38(2):307-318.

Belleville S, Fouquet C, Hudon C, Zomahoun HTV, Croteau J. Neu-
ropsychological measures that predict progression from
mild cognitive impairment to Alzheimer's type dementia in older
adults: a systematic review and meta-analysis. Neuropsychol Rev.
2017;27(4):328-353.

Razani J, Casas R, Wong JT, Lu P, Alessi C, Josephson K.
Relationship between executive functioning and activities of daily
living in patients with relatively mild dementia. Appl Neuropsychol.
2007;14(3):208-214.

Vaughan L, Giovanello K. Executive function in daily life: age-related
influences of executive processes on instrumental activities of daily
living. Psychol Aging. 2010;25(2):343-355.

Bell-McGinty S, Podell K, Franzen M, Baird AD, Williams MJ. Stan-
dard measures of executive function in predicting instrumental ac-
tivities of daily living in older adults. Int J Geriatr Psychiatr.
2002;17(9):828-834.

Albert MS, DeKosky ST, Dickson D, et al. The diagnosis of mild
cognitive impairment due to Alzheimer's disease: recommendations
from the National Institute on Aging-Alzheimer's Association work-
groups on diagnostic guidelines for Alzheimer's disease. Alzheimers
Dement. 2011;7(3):270-279.


http://dx.doi.org/10.1080/13803395.2011.639298

CLOUTIER ET AL

Seratric Psycniainy IRVYA T B S Ve I

48.

49.

50.

Mak E, Chin R, Ng LT, Yeo D, Hameed S. Clinical associations of
anosognosia in mild cognitive impairment and Alzheimer's dis-
ease. Int J Geriatr Psychiatr. 2015;30(12):1207-1214.

Kalbe E, Salmon E, Perani D, et al. Anosognosia in very mild Alz-
heimer's disease but not in mild cognitive impairment. Dement Ger-
iatr Cognit Disord. 2005;19(5-6):349-356.

Hebert R, Carrier R, Bilodeau A. The Functional Autonomy Mea-
surement System (SMAF): description and validation of an instrument
for the measurement of handicaps. Age Ageing. 1988;17(5):293-302.

How to cite this article: Cloutier S, Chertkow H, Kergoat MJ,
Gélinas |, Gauthier S, Belleville S. Trajectories of decline on
instrumental activities of daily living prior to dementia in
persons with mild cognitive impairment. Int J Geriatr
Psychiatry. 2021;36:314-323. https://doi.org/10.1002/
gps.5426



https://doi.org/10.1002/gps.5426
https://doi.org/10.1002/gps.5426

	Trajectories of decline on instrumental activities of daily living prior to dementia in persons with mild cognitive impairment
	1 | INTRODUCTION
	2 | MATERIALS AND METHODS
	2.1 | Design
	2.2 | Participants1
	2.3 | Cognitive measures
	2.4 | Instrumental activities of daily living
	2.5 | Analysis

	3 | RESULTS
	3.1 | Socio‐demographic and clinical characteristics
	3.2 | Principal component analysis for iADL
	3.3 | Growth curve models for total iADL
	3.4 | Growth curve models for housekeeping‐related iADL
	3.5 | Complex iADL
	3.6 | Predictive diagnostic accuracy

	4 | DISCUSSION
	4.1 | Limitations
	4.2 | Conclusion and implications

	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT



