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Abstract

Keywords:

Background: Impairment in instrumental activities of daily living (IADL) leads to early loss in pro-
ductivity and adds significant burden to caregivers. Executive dysfunction is thought to be an impor-
tant contributor to functional impairment. The objective of this study was to investigate the
relationship between executive function and IADL in a large cohort of well-characterized normal older
controls, mild cognitive impairment (MCI), and patients with mild Alzheimer’s disease, separately as
well as across the entire sample, while accounting for demographic, cognitive, and behavioral factors.
Methods: Subjects with baseline clinical datasets (n = 793) from the Alzheimer’s Disease Neuroi-
maging Initiative study (228 normal older controls, 387 MCI, 178 Alzheimer’s disease) were included
in the analysis. A multiple regression model was used to assess the relationship between executive
function and IADL.

Results: A multiple regression model, including diagnosis, global cognitive impairment, memory
performance, and other covariates demonstrated a significant relationship between executive dysfunc-
tion and IADL impairment across all subjects (R* = .60, P < .0001 for model; Digit Symbol, partial 3
= —.044, P = .005; Trailmaking Test B—A, quadratic relation, P = .01). Similarly, an analysis using
MCI subjects only yielded a significant relationship (R* = .16, P < .0001 for model; Digit Symbol,
partial § = —.08, P = .001).

Conclusions: These results suggest that executive dysfunction is a key contributor to impairment in
IADL. This relationship was evident even after accounting for degree of memory deficit across the
continuum of cognitive impairment and dementia.

© 2011 The Alzheimer’s Association. All rights reserved.
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1. Introduction

One of the key clinical features of Alzheimer’s disease
(AD) is impairment in daily functioning. Instrumental activ-
ities of daily living (IADL) consist of preparing meals, han-
dling the finances, driving or using public transportation,
shopping, and many other everyday activities. [ADL impair-
ment leads to early loss of independence and the ability to be
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an active member of society, while shifting many daily re-
sponsibilities to caregivers and increasing their burden.
IADL impairment in patients with clinical AD has been asso-
ciated with global pathologic changes and frontal and poste-
rior hypometabolism [1-3].

As AD progresses, executive dysfunction becomes more
prominent. Executive function consists of complex attention,
working memory, verbal and visual organization, planning,
judgment, and reasoning. Executive dysfunction and IADL
impairment have been shown to predict progression from am-
nestic mild cognitive impairment (MCI) to clinical AD, and
are thought to be associated with each other and prefrontal
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dysfunction [4—7]. Most studies exploring the relationship
between executive function and IADL have focused on
either normal aging [8,9] or dementia [4,10]. However,
only a few studies with small number of subjects have
explored the relationship between executive function and
IADL across the continuum from normal aging to MCI and
mild AD [11,12]. MCI subjects are a heterogeneous group
with variable pathology. Therefore, investigating the
relationship between executive function and IADL more
closely may be important for identifying subjects with MCI
who are likely to progress to clinical AD. This will allow
them to take advantage of early treatment opportunities as
they arise. Moreover, it is important to determine what the
additional contribution of executive dysfunction is to
impairment in IADL, when accounting for memory deficits
and global cognitive impairment, as treatments specifically
targeting executive dysfunction may also be beneficial in
maintaining patient independence.

The objective of this study was to investigate the relation-
ship between executive function and IADL in a large cohort
of well-characterized subjects, including normal older con-
trols (NC), MCI, and patients with mild AD. In particular,
we sought to determine the influence of executive function
on functional capacity both across the continuum of aging
to early dementia, and specifically within the MCI group.
We used novel statistical analysis methods to carefully deter-
mine the complex relations between IADL and measures of
executive function. Moreover, we investigated the influence
of several factors that had not been considered in the previous
literature, including diagnostic group, age, education, mem-
ory performance, global cognitive impairment, depression,
and apathy.

2. Methods

2.1. Subjects from the Alzheimer’s Disease Neuroimaging
Initiative database

Data used in the preparation of this article were obtained
from the Alzheimer’s Disease Neuroimaging Initiative
(ADNI) database (www.loni.ucla.edu\ADNI) [13]. ADNI is
a large multicenter, longitudinal, observational trial taking
place across North America, in which subjects with normal
cognition, amnestic MCI, and mild AD are followed up
with periodic neuropsychological testing, multiple imaging
techniques, and fluid biomarkers. The goals of ADNI are to
standardize brain imaging across multiple sites, obtain a large
longitudinal dataset for future research, and develop reliable
biomarker surrogates for treatment trials. ADNI is a result of
the efforts of many co-investigators from a broad range of ac-
ademic institutions and private corporations, and subjects
have been recruited from over 50 sites across the United
States and Canada.

Subjects with complete baseline clinical datasets (n =
793) from the ADNI study (228 NC, 387 MCI, 178 AD)
were included in the current analysis. They were aged 55 to

91 years (inclusive), in general good health or had stable
medical problems at the time of screening, and had a study
partner/caregiver able to provide an independent evaluation
of the subject’s cognitive, behavioral, and functional status.
They had a Modified Hachinski Ischemic Score [14] < 4
and a Geriatric Depression Scale [15] (GDS, short form) <
6. Subjects did not have other significant neurological condi-
tions, significant active psychiatric disorders, or alcohol or
substance abuse within 2 years of screening. Six subjects
who did not meet the specific ADNI diagnostic classification
criteria described in the following paragraphs, but who were
still listed in the ADNI database, were excluded from the cur-
rent analysis.

Subjects were assigned to a diagnostic group (NC, MCI,
or AD) by the site investigators at the screening visit and
again at the baseline visit. Baseline diagnoses were used in
the current analysis because at the end of the baseline visit,
the site investigators had the advantage of reviewing the com-
prehensive neuropsychological testing (assessing memory,
attention, executive function, language, and visuospatial
function) and additional study partner questionnaires about
behavior and daily functioning. In accordance with the
ADNI protocol, both quantitative cut-off scores and qualita-
tive clinical assessments were used by site investigators to
determine the diagnosis of each subject. Diagnoses were ul-
timately based on the clinical judgment of the site investiga-
tor. The criteria for each diagnostic group are described in the
following paragraphs.

NC subjects had a global Clinical Dementia Rating scale
[16] (CDR) score = 0, CDR Memory Box score = O,
Mini-Mental State Examination [17] (MMSE) score of 25
to 30 (inclusive), and performance at an objective cut-off of
1.5 standard deviations above education-adjusted cut-off
scores on the Logical Memory Ila (LM-Ila) of the Weschler
Memory Scale-Revised [18] (WMS-R) (subjects who had
> 16 years of education, required a LM-Ila score > 8; 8—
15 years, LM-Ila > 4; 0-7 years, LM-Ila > 2). Moreover,
NC subjects had to be deemed cognitively normal on the ba-
sis of an absence of significant impairment in cognitive func-
tions or JADL after review of the screening and baseline data
by the site investigator.

MCI subjects fulfilled criteria for amnestic MCI (single or
multiple domain) [19]: nondemented subjects with memory
complaint (global CDR score = 0.5, with a Memory Box
score > 0.5), MMSE score of 24 to 30 (inclusive), and essen-
tially preserved IADL (there was no specified score on a test
of IADL to determine this criterion; it was a qualitative clin-
ical determination made by the investigator at each site). Sub-
jects performed at an objective cut-off of 1.5 standard
deviations below education-adjusted norms on the LM-Ila
of the WMS-R (subjects who had > 16 years of education,
required a LM-Ila score < 8; 8—15 years, LM-lla < 4;
0-7 years, LM-Ila < 2).

AD subjects met the National Institute of Neurologic and
Communicative Disorders and Stroke and the AD and Re-
lated Disorders Association Work Group criteria for probable
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AD [20] with mild dementia severity (global CDR score =
0.5 or 1), MMSE score of 20 to 26 (inclusive), and the
same objective cut-off scores on the LM-Ila of the WMS-R
as MCI subjects.

This study was approved by the local Institutional Review
Board of each participating site. Written informed consent
was obtained from all subjects and study partners after all
study procedures, and risks were thoroughly explained in ac-
cordance with local Institutional Review Board guidelines.

2.2. Clinical assessments

The Functional Activities Questionnaire [21] (FAQ) was
used to assess IADL impairment (higher scores indicate
greater impairment, range = 0-30). In one study, FAQ scores
of >6 were reported as consistent with functional impair-
ment [22]; other studies did not provide an established cut-
off score for the FAQ.

Trailmaking Test A [23] (TMT-A, higher scores indicate
greater impairment; range = 17-150 seconds; 17 seconds
was the lowest score obtained in this analysis; if subjects
were not able to complete the task after 150 seconds, it was
discontinued, and they were assigned a score of 150 sec-
onds), Trailmaking Test B [23] (TMT-B, higher scores indi-
cate greater impairment; range = 34-300 seconds; 34
seconds was the lowest score obtained in this analysis; if sub-
jects were not able to complete the task after 300 seconds, it
was discontinued, and they were assigned a score of 300 sec-
onds), and the Wechsler Adult Intelligence Scale-Revised
Digit Symbol [24] (DSym, lower scores indicate greater im-
pairment, possible range = 0—110; in the current sample the
highest score was 80) were used to assess executive function.
TMT-A and TMT-B both depend on processing speed and vi-
suomotor and perceptual-scanning skills, but TMT-B also re-
quires considerable cognitive flexibility in shifting from
number to letter sets under time pressure. DSym depends
on multiple cognitive abilities including attention, psycho-
motor speed, complex scanning, visual tracking, and imme-
diate memory. These tests were selected from the ADNI
neuropsychological battery because they have been well val-
idated and have a wide range of scores across the continuum
of normal aging to mild AD. Previous studies have used these
tests as well as other tests to assess the relationship between
executive function and IADL [8,10,12,25,26]. For the
analysis of the current study, we used DSym and
a difference score between TMT-B and TMT-A (TMT-B mi-
nus TMT-A, TMT-B—A), which corrects for processing
speed and visuomotor scanning, resulting in a purer execu-
tive function measure of set shifting [27].

Other assessments relevant to this analysis included the
MMSE (a measure of global cognitive function; range =
20-30 in the current analysis, but 0-30 in general; lower
scores indicate greater impairment), the Rey Auditory Verbal
Learning Test [28] (RAVLT), 30-minute delayed recall task
(a measure of memory performance; range = 0-15; lower
scores indicate greater impairment), GDS short form (a mea-

sure of depression; range = 0-5 in the current analysis, but
0-15 in general; higher scores indicate greater impairment),
the Neuropsychiatric Inventory brief questionnaire form
[29] (NPI-Q) Depression item (a measure of depression;
range = 0-3; higher scores indicate greater impairment),
and the NPI-Q Apathy item (a measure of apathy; range =
0-3; higher scores indicate greater impairment).

2.3. Data analysis

For our primary analysis, a linear and curvilinear (qua-
dratic) multiple regression analysis (general linear model)
was conducted using all subjects with FAQ as the dependent
variable and the following predictors: diagnostic group, lin-
ear and quadratic terms for the measures of executive func-
tion (TMT-B—A [a difference score between TMT-B and
TMT-A], DSym), for age, for education, for global cognitive
impairment (MMSE), for memory performance (RAVLT de-
layed recall), for measures of depression (GDS, NPI-Q De-
pression), and for apathy (NPI-Q Apathy), and also the
interaction of diagnosis with the linear or quadratic terms
for these predictors. Starting with a saturated model with
all predictive terms, the most nonsignificant terms were pro-
gressively removed, one at a time, in a backward elimination
strategy until only individually significant predictors re-
mained in the model (nonsignificant lower order counterparts
of significant higher order terms were allowed to remain, e.g.,
a non-significant linear term corresponding to a significant
quadratic predictor was retained).

Two analyses with MCI subjects only were then per-
formed. In the first analysis, a linear multiple regression anal-
ysis was conducted across MCI subjects with FAQ as the
dependent variable and the following simultaneous predic-
tors: executive function (TMT-B—A, DSym), age, educa-
tion, MMSE, RAVLT delayed recall, GDS, NPI-Q
Depression, and NPI-Q Apathy.

The second analysis was performed using a clinically rel-
evant dichotomy between MCI subjects considered to be
with and without executive dysfunction. All ADNI MCI sub-
jects were required to meet amnestic MCI criteria. For this
analysis, MCI subjects were then divided into two groups:
one included subjects with impaired memory and executive
dysfunction (MCI executive) and the other included subjects
with impaired memory and no executive dysfunction (MCI
nonexecutive). MCI executive subjects performed at an ob-
jective cut-off of 1.5 standard deviations below reported nor-
mative means for TMT-B and DSym. The norms used were
from the Uniform Data Set of the Alzheimer’s Disease Cen-
ters [30], which has a population similar to ADNI. The rela-
tionship between FAQ and MCI executive and MCI
nonexecutive subjects was determined using independent
samples #-test. Finally, a linear multiple regression analysis
was conducted with FAQ as the dependent variable and the
following simultaneous predictors: MCI executive versus
MCI nonexecutive status, age, education, MMSE, RAVLT
delayed recall, GDS, NPI-Q Depression, and NPI-Q Apathy.
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3. Results

Table 1 provides the demographics for all subjects as
a combined group, as well as the three diagnostic groups sep-
arately. As expected, there were significant differences in
MMSE, RAVLT delayed recall, NPI-Q Depression item,
NPI-Q Apathy item, FAQ, TMT-A, TMT-B, TMT-B—A,
and DSym between NC, MCI, and AD groups. Additionally,
age was greater in NC as compared with MCI subjects (T =
2.13, P = .03). There was a significantly greater proportion
of male subjects in the MCI group when compared with the
NC and AD groups (omnibus chi-square test, P = .002;
MCI vs. NC: P = .003; MCI vs. AD: P = .007). Mean years
of education were less in the AD group when compared with
the NC and MCI groups (AD vs. NC: T = 4.62, P < .0001;
AD vs. MCI: T = 3.89, P = .0001). Table 2 provides corre-
lations between FAQ (the dependent variable) and each of the
predictors in the model across the entire sample and within
each diagnostic group.

Across the sample as a whole, there were significant neg-
ative correlations between TMT-B and DSym (R = —0.71, P
< .0001) and TMT-B—A and DSym (R = —0.60, P <
.0001), consistent with greater executive dysfunction being

Table 1
Demographics of subjects
Group All subjects NC MCI AD
n 793 228 387 178
Age 754 6.8 760*50 750*x74 756*74
Gender 58.3 52.2 64.6 52.2
(% male)
Education 156 + 3.0¢ 161 +29 15.7 £ 3.0 14.6 =32
MMSE 268 £2.6° 291 =10 27.1*18 23420
RAVLT 3.7 = 4.08 74 37 29 *33 0.7 = 1.6
delayed
recall
GDS 14+ 147 0.8 £ 1.1 1.6 £ 14 1.6 £14
NPI-Q 0.2 £05% 0.1 £03 0.2 *05 04 *= 0.6
Depression
NPI-Q 0206 001 =0.1 02 *05 0.5*0.38
Apathy
FAQ 48 + 6.4° 0.1 £0.6 3844 12.7 = 6.7
TMT-A 46.6 = 2559 363+ 130 442 *+217 648 + 345
TMT-B 134.5 = 80.2° 89.3 + 443 130.8 + 73.2 200.5 + 86.6
TMT-B—A 88.0 + 66.9° 53.0 = 38.8 86.6*+ 63.1 1358 = 743
DSym 374 +129% 458 102 370 11.1 27.6 =125

Abbreviations: AD, Alzheimer’s disease; DSym, digit symbol; FAQ,
functional activities questionnaire; GDS, geriatric depression scale; MCI,
mild cognitive impairment; MMSE, mini-mental state examination; NC, nor-
mal control; NPI-Q Apathy, neuropsychiatric inventory brief questionnaire
form, apathy item; NPI-Q Depression, neuropsychiatric inventory brief ques-
tionnaire form, depression item; RAVLT, Rey auditory verbal learning test;
TMT-A, trailmaking test A; TMT-B, trailmaking test B; TMT-B—A, trail-
making test B minus trailmaking test A.

NOTE. All values represent mean = standard deviation (except n and gender).

*P < .05 for NC versus MCI.

fP < .01 for NC versus MCI and MCI versus AD.

P < 005 for NC versus AD and MCI versus AD.

§p < 0001 for NC versus MCI, NC versus AD, and MCI versus AD.

9P < 0001 for NC versus MCI and NC versus AD.

#%P <005 for NC versus MCI, NC versus AD, and MCI versus AD.

Table 2
Correlations between FAQ and predictors
Group All subjects NC MCI AD
(n =793) (n=228) (n=387) (n = 178)
R P R P R P R P
Age .02 .64 .08 .23 .002 .97 07 33
Education  —.11 002 .02 .75 .02 .68 03 74
MMSE —.63 <.0001-.02 .77 -.05 33 —.33 <.0001
RAVLT —46 <.0001-.01 .85 —22 <.0001-.12 .11
delayed
recall
GDS 13 .0001 .08 .21 .02 .62 01 92
NPI-Q 23 <0001 .02 .73 20 <.0001-.02 .81
Depression
NPI-Q 38 <.0001 .10 .13 .23 <.0001 .29 <.0001
Apathy
TMT-A 39 <0001 .11 .11 .18 .0003 .15 .05
TMT-B 44 <0001 .05 47 .17 .0006 .13 .07
TMT-B—A 38 <.0001 .02 .77 .14 006 .09 25
DSym —45 <.0001-.10 .12 —22 <.0001-.15 .04

Abbreviations: AD, Alzheimer’s disease; DSym, digit symbol; FAQ,
functional activities questionnaire; GDS, geriatric depression scale; MCI,
mild cognitive impairment; MMSE, mini-mental state examination; NC, nor-
mal control; NPI-Q Apathy, neuropsychiatric inventory brief questionnaire
form, apathy item; NPI-Q Depression, neuropsychiatric inventory brief ques-
tionnaire form, depression item; RAVLT, Rey auditory verbal learning test;
TMT-A, trailmaking test A; TMT-B, trailmaking test B; TMT-B—A, trail-
making test B minus trailmaking test A.

represented by higher scores on TMT-B and TMT-B—A
and lower scores on DSym.

In the regression model for all subjects, after backward elim-
ination, a significant (P < .0001) overall regression model
emerged, accounting for 60% of the variance of FAQ. Individ-
ually significant (P < .05) terms retained in this model showed
relations generally consistent with predictions: (1) an expected
main effect for diagnosis in which the AD group had overall
more highly elevated FAQ scores (greater IADL impairment)
than the MCI group, which in turn had higher scores than those
for the NC group; (2) anegative linear relation for DSym within
each diagnostic group (unstandardized partial regression coef-
ficient [f] = —0.044, P = .005, 95% confidence interval [CI]
for # = —.075, —.013), that is, lower DSym scores (greater ex-
ecutive dysfunction) were associated with higher FAQ scores
(greater IADL impairment) (see Fig. 1); (3) a quadratic relation
for TMT-B—A within diagnosis in which FAQ scores in-
creased (greater IADL impairment) with increasing TMT-
B — A scores (greater executive dysfunction) up to a maximum
atabout TMT-B— A equal to 150 and then declining (P = 0.01
for quadratic term) (see Fig. 2); (4) a quadratic interaction of
age and diagnosis in which age showed a U-shaped relation
to FAQ within the AD group with a minimum value at approx-
imately 75 years, but a flat relation for the other diagnostic
groups; (5) a negative linear relation of MMSE within the
AD group (an interaction with diagnosis), that is, lower
MMSE scores (greater global cognitive impairment) were as-
sociated with higher FAQ scores (greater IADL impairment)
for AD (aflat line for the other groups); (6) a curvilinear relation
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Fig. 1. Predicted values of FAQ versus diagnostic group and DSym from the
multiple regression model, which also included TMT-B—A, age, MMSE,
curvilinear terms for RAVLT delayed recall and NPI-Q Apathy item, and
an interaction of MMSE with diagnostic group. In this graph, other variables
(age, MMSE, RAVLT, NPI-Q Apathy, TMT-B—A) are held constant at their
grand mean values. The local density of the actual values is indicated by the
density of symbols. Error bars indicate the root mean square above and below
the predicted value (not shown for NC because of floor effect). Note the neg-
ative relation of DSym to FAQ within diagnostic groups, additive to the level
effects of the diagnostic groups themselves. AD, Alzheimer’s disease;
DSym, Digit Symbol; FAQ, Functional Activities Questionnaire; MCI,
mild cognitive impairment; MMSE, Mini-Mental State Examination; NC,
normal control; NPI-Q Apathy, Neuropsychiatric Inventory Questionnaire
brief form, apathy item; RAVLT, Rey Auditory Verbal Learning Test;
TMT-B-A, Trailmaking Test B minus Trailmaking Test A.

of RAVLT delayed recall with FAQ mostly indicating that
lower RAVLT scores (greater memory impairment) were asso-
ciated with higher FAQ scores (greater [JADL impairment); and
(7) a curvilinear relation of NPI-Q Apathy item scores indicat-
ing that greater apathy was associated with acceleratingly
higher FAQ scores (greater [JADL impairment) (the distribution
of the residuals from the regression model above was bell
shaped in conformance to assumptions of significance tests).

The downward bend in the relation of TMT-B—A to FAQ
at high TMT-B —A scores (see Fig. 2) was largely reflective
of a proportionally large number of subjects with assigned
ceiling scores on TMT-B (because they exceeded the time
limit of 300 seconds) while having floor or relatively low
scores on FAQ, a phenomenon which was especially com-
mon in the MCI group. This “bending’’ may be a subject se-
lection artifact, that is, subjects who were at ceiling on TMT-
B and also scored poorly (high) on FAQ, may have been too
impaired to be included in the MCI group, and perhaps even
too demented to be included in ADNI, thus resulting in an
over-representation in the poor (high) TMT-B/good (low)
FAQ region; therefore, the observed ‘“bend.”

In terms of effect sizes, all terms involving diagnosis
uniquely accounted for about 10% of the variance in FAQ,
whereas all other significant terms each contributed only
a few or a fraction of a percentage point. The relatively large
effect size for diagnosis is evident in the wide separation of

R’=0.60,
p=0.01 for
quadratic
term

Predicted FAQ

0 50 100 150 200 250 300 350
TMT-B minus TMT-A

Diagnosis 3@ A0 [FEIImci Aw'wé ne

Fig. 2. Predicted values of FAQ versus diagnostic group and TMT-B—A
from the multiple regression model, which also included DSym, age,
MMSE, curvilinear terms for RAVLT delayed recall and NPI-Q Apathy
item, and an interaction of MMSE with diagnostic group. In this graph, other
variables (age, MMSE, RAVLT, NPI-Q Apathy, DSym) are held constant at
their grand mean values. The local density of the actual values is indicated by
the density of symbols. Error bars indicate the root mean square above and
below the predicted value (not shown for NC because of floor effect).
Note the relation of TMT-B—A to FAQ within diagnostic groups, additive
to the level effects of the diagnostic groups themselves. AD, Alzheimer’s dis-
ease; DSym, Digit Symbol; FAQ, Functional Activities Questionnaire; MCI,
mild cognitive impairment; MMSE, Mini-Mental State Examination; NC,
normal control; NPI-Q Apathy, Neuropsychiatric Inventory Questionnaire
brief form, apathy item; RAVLT, Rey Auditory Verbal Learning Test),
TMT-B-A (Trailmaking Test B minus Trailmaking Test A.

diagnostic groups seen in Figs. 1 and 2. The remaining por-
tion of the 60% of variance accounted for in FAQ is con-
founded co-variation of the correlated significant
predictors, which cannot be disentangled statistically but in
unison predict a substantial portion of the FAQ variance.

In the first analysis of MCI subjects only using the linear
multiple regression model, including age, education, MMSE,
RAVLT, GDS, NPI-Q Depression item, and NPI-Q Apathy
item, a significant partialed negative linear relationship be-
tween IADL impairment and lower executive function
(DSym) was seen (R° = .16, P < .0001 for the overall model;
DSym § = —.08, P = .001; 95% CI for § = —.13, —.03).
There was no significant relationship between IADL impair-
ment and TMT-B—A, whereas there was a significant rela-
tionship between IADL impairment and worsening
memory (lower RAVLT delayed recall scores), worsening
apathy (higher NPI-Q Apathy scores), and worsening depres-
sion (higher NPI-Q Depression scores).

The second analysis dividing the amnestic MCI subjects
based on the level of executive function impairment resulted
in 83 (21.4%) subjects classified as MCI executive and 304
(78.6%) as MCI nonexecutive. Table 3 provides the demo-
graphics for the two MCI subgroups. MCI executive sub-
jects, who had memory impairment and executive
dysfunction, had significantly greater IADL impairment
than MCI nonexecutive subjects, who had memory
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Table 3

Demographics of MCI subgroups

Group AIIMCI MCI MCI X2 P

executive nonexecutive

n 387 83 304

Age 750 74 74574 75174 0.73 47

Gender 64.6 59.0 66.1 1.43 23
(% male)

Education 157 £30 143 *x34 16,1 =27 4.35 <.0001

MMSE 27118 26417 272=*18 3.84 .0001

RAVLT 29+33 23*x26 3.0x35 2.15 .03
delayed
recall

GDS 1614 17x14 15*14 1.14 .26

NPI-Q 02*05 03*x06 02=%x05 0.75 45
Depression

NPI-Q 02*05 03*x07 02%x05 1.72 .09
Apathy

FAQ 3844 52x49 34x42 2.99 .003

Abbreviations: FAQ, functional activities questionnaire; GDS, geriatric de-
pression scale; MCI, mild cognitive impairment; MMSE, mini-mental state ex-
amination; NPI-Q Apathy, neuropsychiatric inventory brief questionnaire form,
apathy item; NPI-Q Depression, neuropsychiatric inventory brief questionnaire
form, depression item; RAVLT, Rey auditory verbal learning test.

NOTE. MCI executive subjects have both memory impairment and
executive dysfunction, whereas MCI nonexecutive subjects have memory
impairment but no executive dysfunction.

impairment and no executive dysfunction (T = 2.99, P =
.003). The multiple regression model, including age, educa-
tion, MMSE, RAVLT, GDS, NPI-Q Depression item, and
NPI-Q apathy item also demonstrated a significant partialed
relationship between IADL impairment and the MCI sub-
groups (R° = .15, P < .0001 for the model; MCI subgroup
S =—150,P = .005; 95% ClI for § = —2.56, —0.45; effect
size (Cohen’s ““d” [31]) = 0.40).

4. Discussion

These results demonstrate a significant relationship be-
tween executive dysfunction and IADL impairment indepen-
dent of diagnosis, global cognitive impairment, memory
performance, depression, and apathy. Moreover, executive
dysfunction was linearly or quadratically related to IADL im-
pairment within each diagnostic group (NC, MCI, and mild
AD). This relationship has previously been demonstrated in
AD and other dementias [4,10], but our findings also
suggest that executive dysfunction affects daily function in
subjects with milder clinical impairment. In fact, these
results demonstrate that a significant proportion of subjects
with MCI and mild AD have executive dysfunction earlier
in the disease course than typically reported. This subset of
MCI subjects with significant executive dysfunction have
greater functional impairment and are bordering on
dementia. It is very important to identify such individuals
and treat them as early as possible so as to preserve their
tenuous level of independence.

The current study assessed the relationship between execu-
tive dysfunction and IADL impairment in aging across a con-
tinuum of cognitive function from normal cognition to mild

AD. Initially, the entire sample was assessed, followed by a fo-
cus on the MCI subjects alone. In the initial analysis, a general
linear regression model was used, accounting for standard de-
mographics, diagnosis, global cognitive impairment, memory
performance, depression, and apathy. The model was also re-
alistic in terms of curvilinear effects and interactions with di-
agnostic group. This model demonstrated that diagnosis
accounts for more of the variance of [ADL than executive dys-
function, but the latter was still independently predictive of
IADL impairment. Additionally, the interaction of executive
function and diagnosis in their relation to IADL was not signif-
icant. The association of both measures of executive function
(TMT-B—A and DSym) with IADL was statistically signifi-
cant. Strictly speaking, the relationship with TMT-B— A was
curvilinear reaching a peak and then declining because of
a possible selection artifact: subjects with high TMT-B scores
(worse executive function) and high FAQ scores (worse
IADL) may have been too impaired to be included in the study;
this, in turn, could have resulted in an over-representation in
the high TMT-B scores (worse executive function) and low
FAQ scores (better IADL), and the observed artifactual
“bend” and decline instead of rise in the curve (see Fig. 2).

Because the CDR, which closely relates to IADL in mildly
impaired subjects, played a major role in determining diagno-
sis in the ADNI population, a strong relationship between di-
agnostic group and TADL impairment was expected. In
contrast, the CDR was one of many factors taken into account
in assigning a diagnosis to the subjects participating in
ADNI. The other factors included questionnaires assessing
behavior, the MMSE, and neuropsychological tests assessing
memory, attention, executive function, language, and visuo-
spatial function.

When assessing MCI subjects only, a linear regression
model accounting for standard demographics, global cognitive
impairment, memory performance, depression, and apathy,
showed a significant association between IADL impairment
and executive dysfunction for DSym only. TMT-B—A was
not significantly associated with ITADL impairment.

For the current study, we used two measures of executive
function (TMT-B—A and DSym) to assess the relationship
with IADL. TMT-B, with or without controlling for TMT-
A, has been used widely in assessing the relationship between
executive function and IADL [5,8,26]. For the analysis of the
current study we used a difference score between TMT-B and
TMT-A (TMT-B—A), thus correcting for processing speed
and visuomotor scanning, resulting in a purer executive func-
tion measure of set shifting [27]. When assessing the entire
sample (NC, MCI, and mild AD), TMT-B—A was signifi-
cantly associated with IADL. However, when assessing the
MCT subjects only, it was not. This may be because of a pro-
portionally large number of subjects reaching the ceiling on
TMT-B (exceeding the time limit of 300 seconds) while hav-
ing relatively low or floor scores on FAQ. This was especially
notable in the MCI group. The lack of a significant result for
TMT-B—A may also be partly the result of lower power be-
cause of the smaller sample size. In the analysis of the full
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sample, strength is borrowed across diagnostic groups. In
contrast, DSym was significantly associated with TADL
when assessing the entire sample, as well as MCI only.
DSym is more of a processing speed task. Processing speed
has been shown to relate to early cognitive decline in the el-
derly, well before dementia ensues [32]. This may partly ex-
plain why DSym retained its significant association even
when assessing the MCI subjects alone. Additionally, some
argue that most tests of executive function are associated
with perceptual speed and reasoning [33], thus reinforcing
the use of DSym in the current analysis.

A previous meta-analysis of studies evaluating the relation-
ship between executive dysfunction and IADL impairment
showed that tests for screening global cognitive performance,
such as the MMSE, related most strongly to IADL, signifi-
cantly more so than any individual cognitive domain [26].
However, that analysis also suggested that among the various
cognitive domains, executive function is most closely related
to IADL. The current study showed an association between
TADL impairment and global cognitive impairment measured
by the MMSE for AD subjects only. It also demonstrated a re-
lationship between IADL impairment and memory impairment
measured by a word-list delayed recall test (RAVLT) for all
subjects (NC, MCI, and mild AD); this was previously reported
in non-demented subjects [5]. The current study showed an
association between worsening apathy and IADL impairment
for all subjects, which was previously reported in AD patients
[4,6]. The results of the current study were also in line with
previous longitudinal studies, which have shown that baseline
executive dysfunction predicts worsening IADL over time and
progression to clinical AD [5,11]. In addition to these findings,
the current study demonstrated a strong relationship between
executive dysfunction and IADL impairment, independent of
global cognitive impairment, memory impairment, and apathy,
thus supporting the distinct role of executive dysfunction in
TADL impairment.

In this study, we also performed an analysis in which we
divided amnestic MCI subjects into two groups on the basis
of the presence or absence of significant executive dysfunc-
tion. We used a cut-off of 1.5 standard deviations below re-
ported norms for executive function performance to obtain
a clinically relevant dichotomy. This is a similar approach
to that used in the ADNI standard research criteria for amnes-
tic MCI when determining significant memory impairment.
About one-fifth of the amnestic MCI subjects had significant
executive dysfunction in addition to memory impairment and
were labeled MCI executive, whereas the rest of the subjects
had memory impairment but no significant executive dys-
function and were labeled MCI nonexecutive. This dichot-
omy should not be confused with the nonamnestic MCI
model, in which MCI subjects have cognitive impairment
in one or more domains that are not memory, such as execu-
tive function; in the current analysis all MCI subjects had
memory impairment. The results of this analysis demon-
strated that the MCI executive group had significantly greater
TADL impairment when compared to the MCI nonexecutive

group, thus reinforcing the results of our primary analysis. Of
note, the effect size (Cohen’s *‘d’’) for this association was
small (0.4), which makes it difficult to interpret the results
in a clinical context, as is often the case with such analyses
of large databases. However, many relevant covariates
were included in the regression model used, thus controlling
for other clinically relevant factors.

In recent years, clinical trials assessing the efficacy of cho-
linesterase inhibitors in the treatment of MCI did not show
a significant response when using less rigorous amnestic
MCI criteria [34,35]. Another trial evaluating donepezil for
the treatment of MCI used more rigorous amnestic MCI
criteria [36], identical to those used in ADNI. This trial
showed significant acute effects up to 18 months, but at 3
years donepezil did not significantly decrease the conversion
rate from MCI to dementia. Therefore, using the approach
presented here, which also accounts for executive dysfunc-
tion, may prove valuable in selecting subjects for clinical tri-
als, who are more likely to represent prodromal AD and
perhaps more likely to respond to treatment. It has been pre-
viously reported that memory impairment and executive dys-
function in non-demented subjects have been the best
cognitive predictors of progression to AD [5], which further
supports our findings. However, using such restrictive crite-
ria will also make it tougher to recruit subjects for clinical tri-
als and might not be as easily generalizable to the larger
community-dwelling elderly population. Furthermore, in am-
nestic MCI subjects with or without executive dysfunction,
the annual conversion rate to clinical AD is already 10% to
15% (compared to 1%—2% for normal elderly controls)
[37]. We hypothesize that subjects with amnestic MCI plus
executive dysfunction might account for the higher rate of
progression, and this hypothesis will be investigated in longi-
tudinal datasets.

As illustrated in Table 3, the MCI executive subjects were
more impaired in global cognitive function (MMSE), mem-
ory (RAVLT delayed recall), and IADL (FAQ), as well as
less educated than the MCI nonexecutive subjects. Thus,
the MCI executive subjects are especially likely to represent
the gray zone between MCI and mild AD, which is often en-
countered clinically. As such, the ADNI protocol has an over-
lap in their criteria for MCI and mild AD, which reflects the
continuum of these conditions. Furthermore, it could very
well be that at the hands of different clinicians, some of the
subjects in the MCI executive group would have been diag-
nosed with mild AD.

The pathophysiological process underlying the clinical
syndrome of MCI is known to be heterogeneous [38—41]. It
remains unknown whether subjects with amnestic MCI
plus executive dysfunction are more likely to harbor high
levels of amyloid pathology, and thus might demonstrate
a better response to treatment targeting underlying AD
pathology. A clinical biomarker correlation using
cerebrospinal fluid markers or clinical-imaging correlation,
using positron emission tomography amyloid imaging, may
help clarify this question.
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There are other treatment implications of the effect of ex-
ecutive dysfunction on the ability to perform IADL. Symp-
tomatic treatments, such as stimulants or dopaminergic
agents, specifically targeting attention and executive function
systems, might have significant effect on maintaining inde-
pendence and decreasing caregiver burden. Behavioral inter-
ventions, specifically targeted at executive dysfunction
symptoms, may also help maintain independence in these in-
dividuals. Identifying executive dysfunction early in the
course of MCI may be critical for sustaining quality of life
in non-demented elderly individuals.

The current study and analyses have several limitations.
Subjects participating in ADNI were very carefully selected
to neatly fit into the diagnostic groups of normal cognition
for age, amnestic MCI, and mild AD. Subjects with signifi-
cant cerebrovascular disease, psychiatric disorders, or major
health issues were excluded. The cognitive profile of the
MCI subjects was also carefully selected to represent sub-
jects who are more likely to have AD as the underlying eti-
ology of their impairments. Therefore, the ADNI population
may not represent the full continuum of the cognitively im-
paired older population, which limits the generalizability of
the findings of this study. This issue is further discussed
above in the case of the even more restrictive and less gen-
eralizable population represented by the MCI executive
group obtained from the dichotomous MCI analysis. That
said, the ADNI population does specifically represent a spec-
trum of subjects who are either at risk for AD or who are at
the early stages of AD, as opposed to other causes of demen-
tia. Another issue that the dichotomous MCI analysis brings
to the foreground is the overlap in some of the criteria used in
the MCI and mild AD diagnoses in the ADNI protocol. The
same minimum criteria for memory impairment are used in
both diagnoses and there is an overlap in the global cognitive
impairment range of the MMSE and the global rating of the
CDR. This reflects the sometimes arbitrary division between
MCT and mild AD, whereas it is likely that in fact this repre-
sents a continuum. This is demonstrated by the performance
of the MCI executive subjects, who are closing in on the per-
formance of the mild AD subjects. The current study has fo-
cused on executive function and has not explored other
cognitive domain impairments in MCI, which may be as in-
formative as memory impairment and executive dysfunction
in assessing the relationship with IADL. In contrast, previous
studies have emphasized these two cognitive domains and
global cognitive impairment in the assessment of IADL
[5,26], as well as relevant behavioral symptoms such as
apathy [4], which were assessed in the current study. Finally,
a ceiling effect was noted in one of the executive function
measures used in the current study, TMT-B. There was
also a floor effect noted in the IADL measure (FAQ) in the
NC subjects. These ceiling and floor effects were addressed
by modeling linear and curvilinear interactions of variables
of interest with diagnosis to reach down and accurately
model diagnostic group level differences, as well as differ-
ences within group linear or quadratic relations as needed,

being sensitive to the complexities of the data. In addition,
the residual distributions reasonably conformed to test as-
sumptions.

Few longitudinal studies demonstrating that executive
dysfunction predicts functional impairment and progression
to dementia have been performed [5,42]. The initial 3-year
follow-up phase of the ADNI longitudinal observational
study is nearing its end. Future longitudinal analysis of the
ADNI cohort and similar large well characterized cohorts
will be necessary to determine whether executive dysfunc-
tion precedes IADL impairment in MCI and predicts progres-
sion to clinical AD. Functional impairment takes its toll on
caregivers of AD patients and usually leads to the placement
of the patient in an institution. Therefore, earlier detection
and prediction of functional impairment with elements,
such as executive dysfunction, is vital. The longitudinal stud-
ies described above will play a major role toward achieving
this goal. This in turn will lead to better design of future clin-
ical trials for the treatment of prodromal AD with a population
of MCI subjects that are better characterized and suited for
disease-modifying treatments targeting AD. Additionally,
symptomatic treatment of executive dysfunction at early
stages may also further delay IADL impairment and improve
patients’ quality of life.
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