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 Introduction 

 Instrumental activities of daily living (IADL) consist 
of many everyday activities, such as handling the financ-
es, using public transportation or driving, shopping for 
clothes and food, preparing meals, cleaning, and doing 
the laundry. Impairments in IADL typically develop as 
patients transition from amnestic mild cognitive impair-
ment (MCI) to dementia. IADL impairment greatly in-
creases caregiver burden and is a hallmark of Alzheimer’s 
disease (AD). IADL impairment in AD has been associ-
ated with inferior parietal, superior occipital, and inferior 
temporal hypometabolism in vivo  [1] , and with global 
amyloid deposition in postmortem studies  [2] .
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 Abstract 

  Background/Aims:  Instrumental activities of daily living 

(IADL) impairment in Alzheimer’s disease has been associ-

ated with global amyloid deposition in postmortem studies. 

We sought to determine whether IADL impairment is associ-

ated with increased cortical Pittsburgh Compound B (PiB) 

 retention.  Methods:  Fifty-five subjects (19 normal older 

 controls, NC, and 36 with mild cognitive impairment, MCI) 

underwent clinical assessments and dynamic PiB positron 

emission tomography imaging.  Results:  A linear multiple re-

gression model showed that greater IADL impairment was 

associated with greater global PiB retention in all subjects

(R 2  = 0.40; unstandardized partial regression coefficient,  �  = 

5.8; p = 0.0002) and in MCI subjects only (R 2  = 0.28;  �  = 6.1;

p = 0.003), but not in NC subjects only.  Conclusion:  These 

results suggest that daily functional impairment is related to 

greater amyloid burden in MCI. 
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  With the advent of Pittsburgh Compound B (PiB) pos-
itron emission tomography (PET) imaging  [3] , it is now 
possible to visualize amyloid deposition in vivo much 
earlier in the disease process, well before dementia be-
comes evident. Multiple studies of MCI subjects have 
shown a bimodal distribution of increased PiB binding, 
with one MCI group demonstrating PiB retention at the 
level of AD patients and the other demonstrating only 
non-specific binding similar to PiB-negative normal con-
trols (NC)  [4–10]  ( fig. 1 ). Similarly, studies of postmortem 
evaluations of MCI have shown heterogeneity in pathol-
ogy among MCI subjects with nearly half of the subjects 
having minimal amyloid pathology  [11, 12] . Given the 
significant pathologic variability across MCI subjects, 
additional information is necessary in order to predict 
which subset of MCI subjects harbors AD pathology and 
will decline to dementia. Additional clinical manifesta-
tions, such as IADL impairment, may be important 
markers of impending decline.

  Several studies have shown an association between in-
creased PiB retention and reduced cognitive perfor-
mance, especially memory impairment, across a range of 
subjects with normal cognition, MCI, and AD  [13–15] . 
Another study found that the Clinical Dementia Rating 
(CDR) scale  [16] , which is highly dependent on activities 
of daily living, was correlated with PiB retention across 
subjects with different dementias  [7] . To our knowledge 

there have been no studies that have assessed the relation-
ship between IADL and in vivo amyloid deposition in 
MCI. We therefore set out to investigate whether subtle 
IADL impairment may be present in MCI subjects with 
high amyloid burden.

  We sought to determine whether IADL impairment is 
associated with increased cortical PiB retention in non-
demented elderly subjects, including MCI and NC sub-
jects, while accounting for age, cognitive reserve, global 
cognitive impairment, and memory performance. We 
further focused on the MCI subjects since we did not ex-
pect to find significant IADL impairment in the NC sub-
jects. Both IADL impairment and PiB retention have each 
been associated with global cognitive impairment and 
memory impairment. Therefore, we used a linear multiple 
regression model in which the potential contributions of 
cognitive impairment and amyloid pathology toward 
IADL impairment could be independently assessed. We 
hypothesized that greater IADL impairment would be as-
sociated with greater global cortical PiB retention.

  Default network dysfunction has been associated with 
IADL impairment  [1]  and with PiB retention  [8, 17] . There-
fore, we sought to determine whether IADL impairment 
is associated with greater PiB retention in the default net-
work. Global cortical PiB retention is highly correlated 
with regional PiB retention in other cortices with the ex-
ception of the medial temporal lobe where PiB retention is 

  Fig. 1.  PiB distribution volume ratio (DVR) 
images from two transaxial levels repre-
senting NC, MCI, and AD subjects. These 
images exemplify the observation that PiB 
binding, similar to that seen in AD sub-
jects, was seen in subsets of both NC and 
MCI subjects. MMSE = Mini-Mental State 
Examination; PiB-neg = PiB negative; 
PiB-pos = PiB positive; y/o = years old. 
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lower  [18] . As such, regionally specific associations with 
clinical or cognitive assessments are difficult to detect  [18–
20] . Nonetheless, we attempted to identify, in an explor-
atory analysis, whether a specific regional pattern of corti-
cal PiB retention is associated with IADL impairment.

  Subjects and Methods 

 Subjects 
 Part of the data used in the preparation of this article were ob-

tained from the Alzheimer’s Disease Neuroimaging Initiative 
(ADNI) database (www.loni.ucla.edu/ADNI)  [21] . ADNI is a mul-
ticenter natural history trial consisting of NC, amnestic MCI, and 
mild AD subjects followed with longitudinal periodic imaging of 
multiple modalities, blood and cerebrospinal fluid, and clinical 
and neuropsychological assessments. The primary goals of ADNI 
include using these various assessments to measure the progres-
sion of MCI and mild AD, determining the sensitivity and speci-
ficity of biomarkers in serving as surrogate outcome measures in 
treatment trials, and reducing the time and cost of clinical trials. 
ADNI is the result of efforts of many co-investigators from a 
broad range of academic institutions and private corporations, 
and subjects have been recruited from over 50 sites across the USA 
and Canada  [21] .

  The rest of the data used in the preparation of this article were 
obtained from an investigator-initiated functional MRI ADNI 
ancillary study (R01 AG027435S) at Brigham and Women’s Hos-
pital and Massachusetts General Hospital.

  Fifty-five subjects (19 NC and 36 MCI) participating in ADNI 
(22 of the 55; 4 NC and 18 MCI) or an investigator-initiated ADNI 
ancillary (33 of the 55; 15 NC and 18 MCI) who underwent dy-
namic PiB PET imaging were included in the current analysis. 
Subjects were aged 58–86 years (inclusive), were medically stable 
at screening, and had study partners able to provide collateral in-
formation. Subjects did not have significant neurological condi-
tions, recent alcohol or substance abuse, or active psychiatric di-
agnoses. Subjects had a Geriatric Depression Scale score (short 
form  [22] )  ̂  5 or (long form  [23] )  ̂  10, and a modified Hachin-
ski Ischemic Score  ̂  4  [24] .

  NC subjects had a CDR global and sum of boxes score of 0, 
Mini-Mental State Examination (MMSE)  [25]  score of 28–30 (in-
clusive), and did not have significant impairment in individual 
cognitive domains. MCI subjects met the criteria for single- or 
multiple-domain amnestic MCI  [26] : memory complaint by sub-
ject or study partner; objective memory impairment on the logical 
memory IIa of the Weschler Memory Scale-Revised  [27] ; essen-
tially preserved IADL (as assessed by the CDR); and not dement-
ed. MCI subjects had a global CDR score of 0.5 and memory box 
score  6 0.5 and MMSE score 24–30 (inclusive).

  The ADNI study and the investigator-initiated ADNI ancil-
lary study were approved by the partners’ (local) Institutional Re-
view Board, as well as that of each site participating in ADNI. 
Prior to performance of any of the study procedures, informed 
consent was obtained from all subjects and study partners.

  Clinical Assessments 
 IADL were assessed using the informant-based Functional 

Activities Questionnaire (FAQ)  [28] . Higher scores on the FAQ 

indicate greater IADL impairment (range 0–14 in this analysis; 
full range 0–30). Most studies do not use a cutoff score for FAQ, 
but one study indicated that scores  6 6 were consistent with func-
tional impairment  [29] .

  The following scales were also used in this analysis: the MMSE 
assesses global cognitive function (range 24–30 in this analysis; 
full range 0–30; lower scores on the MMSE indicate greater 
cog nitive impairment); the Rey Auditory Verbal Learning Test
(RAVLT)  [30]  assesses memory performance (the 30-min de-
layed recall score was used in this analysis; range 0–15; lower 
scores on the RAVLT indicate greater memory impairment); the 
American National Adult Reading Test intelligence quotient 
(AMNART IQ)  [31]  provides an estimate of premorbid verbal
intelligence (an error score was converted into an IQ score; IQ 
score range 84–131 in this analysis; full range 74–132; higher
AMNART IQ scores indicate a higher level of intelligence), which 
serves as a proxy of cognitive reserve.

  PiB PET Imaging 
 PiB was synthesized as described by Mathis, Klunk, and col-

leagues  [3, 32] . Dynamic PiB PET image acquisition was per-
formed as previously described  [19, 33] . Data for the investigator-
initiated ADNI ancillary were acquired using a Siemens/CTI 
(Knoxville, Tenn., USA) ECAT HR+ scanner (3D mode; 63 image 
planes; 15.2-cm axial field of view; 5.6-mm transaxial resolution, 
and 2.4-mm slice interval; 69 frames: 12  !  15 s, 57  !  60 s). After 
a transmission scan, a bolus of 10–15 mCi of  11 C PiB was injected, 
followed immediately by a 60-min dynamic acquisition (ADNI 
PiB PET data used in this analysis had a 70-min dynamic acquisi-
tion). PiB PET data were reconstructed with ordered set expecta-
tion-maximization, corrected for attenuation. Each frame was 
evaluated to verify adequate count statistics and absence of head 
motion. Cortical PiB retention was evaluated using the distribu-
tion volume ratio (DVR), based on the Logan plots of time-activ-
ity curves (cerebellar reference)  [34] .

  Regions of interest (ROI) were obtained using automated ana-
tomical labeling  [35] . In the primary analyses, a global PiB reten-
tion value consisting of an aggregate of cortical regions was used 
 [19, 33, 36] . In the exploratory analyses, 6 ROI were used including 
mean of right and left occipital, precuneus, lateral parietal (supra-
marginal), medial temporal (parahippocampus), dorsolateral pre-
frontal (superior and middle frontal), and inferior orbitofrontal 
PiB retention.

  Data Analysis 
 The majority of subjects had an FAQ score of 0 (30 of the 55), 

which is expected with a population of NC and MCI subjects. As 
such, the distribution of FAQ scores was skewed to the right. 
Therefore, when assessing the relationship of potential predictors 
with FAQ, Spearman’s rank correlation (r s ) was employed.

  For our primary analysis in all subjects, a linear multiple re-
gression model was employed with FAQ as the dependent variable 
and global PiB retention, age, AMNART IQ, MMSE, and RAVLT 
delayed recall as predictors. MMSE and RAVLT delayed re-
call negatively correlated significantly with FAQ in all subjects 
(RAVLT: r s  = –0.34, p = 0.011; MMSE: r s  = –0.34, p = 0.011) and 
therefore were included as predictors in order to more clearly 
demonstrate the independent effect of PiB retention on FAQ.
Sex was not included as a predictor because there was no sig-
nificant association between sex and FAQ. Although there was no 
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significant correlation between age and FAQ, age was included in 
the model because of the previously described association be-
tween advancing age and greater PiB retention  [19, 37] . Similarly, 
AMNART IQ, which did not significantly correlate with FAQ, 
was included in the model because of a previously described effect 
of cognitive reserve on PiB retention  [15] .

  We then repeated the above analysis in MCI subjects only. A 
linear multiple regression model was employed with FAQ as the 
dependent variable and global PiB retention, age, and AMNART 
IQ as predictors. MMSE, RAVLT delayed recall, and sex were not 
included as predictors because they were not significantly associ-
ated with FAQ in MCI subjects only. However, since the regression 
model in all subjects included MMSE and RAVLT delayed recall 
as predictors, we reran the regression model in MCI subjects only 
with these predictors included, which did not alter the results. We 
repeated the above MCI subjects only analysis with the linear 
multiple regression model in NC subjects only.

  Since FAQ had a skewed distribution in this sample, partial 
Spearman’s rank correlations (coefficient = pr s ) were carried out 
in all subjects, MCI subjects only, and NC subjects only in order 
to confirm the results of the linear multiple regression models 
above. The same covariates included in the regression models 
were controlled for in the partial correlations.

  For our exploratory analysis in all subjects, MCI subjects only, 
and NC subjects only, we employed Spearman’s rank correlation 
to assess the relationship between FAQ and regional PiB retention 
in 6 ROI. Since all regions were highly inter-correlated, we did not 
follow-up with a linear multiple regression model as it appeared 
that the clinical association with PiB retention was a global asso-
ciation. All analyses were performed using SPSS.

  Results 

  Table  1  provides demographic data for all subjects, 
MCI subjects only, and NC subjects only. MMSE and 
RAVLT delayed recall significantly negatively correlated 
with FAQ in all subjects (RAVLT: r s  = –0.34, p = 0.011; 

MMSE: r s  = –0.34, p = 0.011), but not in MCI subjects 
only (RAVLT: r s  = –0.14, p = 0.41; MMSE: r s  = –0.23, p = 
0.17) or NC subjects only (RAVLT: r s  = –0.04, p = 0.87; 
MMSE: r s  = –0.05, p = 0.84). As expected, since CDR is 
highly dependent on activities of daily living, CDR sum 
of boxes correlated significantly with FAQ in all subjects 
(r s  = 0.66, p  !  0.0001) and in MCI subjects only (r s  = 0.55, 
p = 0.0005).

  The interval between clinical assessments and PiB 
PET scanning was 60.6  8  74.0 days (mean  8  SD). For all 
subjects, global PiB DVR was 1.33  8  0.29. For MCI sub-
jects only, global PiB DVR was 1.37  8  0.32, and for NC 
subjects only, global PiB DVR was 1.24  8  0.19 (t = 1.95, 
p = 0.057).

  For our primary analysis in all subjects using the lin-
ear multiple regression model including age, AMNART 
IQ, MMSE, and RAVLT delayed recall, we found a sig-
nificant partialed relationship between greater IADL im-
pairment and greater global PiB retention (R 2  = 0.40, p  !  
0.0001 for model; unstandardized partial regression co-
efficient,  �  = 5.8, p = 0.0002, 95% CI for  �  = 2.9–8.7) 
( fig. 2 ,  3 ). Using this model, we predict that for each 1-unit 
increase in global PiB DVR, a 5.8 increase in FAQ will 
result.

  When looking at MCI subjects only, using the linear 
multiple regression model including age and AMNART 
IQ, we found a significant partialed relationship between 
greater IADL impairment and greater global PiB reten-
tion (R 2  = 0.28, p = 0.013 for model;  �  = 6.1, p = 0.003, 
95% CI for  �  = 2.2, 10.0) ( fig. 2 ,  4 ). Using this model, we 
predict that for each 1-unit increase in global PiB DVR, a 
6.1-unit increase in FAQ will result. When including 
MMSE and RAVLT delayed recall in the model, the re-

Table 1.  Demographics of subjects

All subjects MCI NC

Subjects, n 55 36 19
Age, years 74.687.2 (58–86) 73.487.7 (58–86) 76.786.0 (64–86)
Sex, % male 61.8 80.6 26.3
Education, years 16.682.8 (7–20) 16.882.6 (12–20) 16.383.3 (7–20)
AMNART IQ 121.0810.4 (84–131) 120.5810.6 (84–131) 122.1810.1 (85–130)
MMSE 28.581.4 (24–30)* 28.181.5 (24–30) 29.280.9 (28–30)
RAVLT delayed recall 5.684.5 (0–15)* 3.883.8 (0–14) 9.083.6 (0–15)
CDR sum of boxes 1.081.0 (0–4)** 1.580.9 (1–4)** 0
FAQ 2.483.7 (0–14) 3.584.1 (0–14) 0.280.7 (0–3)

A ll values (except subjects and sex) represent means 8 SD with ranges in parentheses. CDR sum of boxes 
was 0 for all NC subjects as an inclusion criterion. Correlations with FAQ: * p < 0.05, ** p < 0.001.
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sults were unaltered (R 2  = 0.37, p = 0.014 for model;  �  = 
6.3, p = 0.002, 95% CI for  �  = 2.5–10.2).

  When looking at NC subjects only, using the linear 
multiple regression model including age and AMNART 
IQ, as expected, we did not find a significant partialed 
relationship between greater IADL impairment and 
greater global PiB retention (R 2  = 0.12, p = 0.59 for mod-
el;  �  = –0.4, p = 0.66, 95% CI for  �  = –2.5 to 1.7) ( fig. 2 ).

  The results of the linear multiple regression models 
were confirmed with partial Spearman’s rank correla-
tions in all subjects (pr s  = 0.45, p = 0.001), MCI subjects 
only (pr s  = 0.50, p = 0.002), and NC subjects only (pr s  = 
0.04, p = 0.89). Significant partial correlations between 
greater IADL impairment and greater global PiB reten-
tion were seen in all subjects and in MCI subjects only, 
but not in NC subjects only.

  In the exploratory regional analysis in all subjects, we 
found a significant association between greater IADL 
impairment and greater regional PiB retention in 5 of the 
6 regions with r s  ranging from 0.28 to 0.46 (p  !  0.05). 
There was no significant association with medial tempo-
ral PiB retention. As expected, all regions were highly 
inter-correlated with r s  ranging from 0.67 to 0.90. Since 
PiB retention regions were highly inter-correlated, it ap-
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  Fig. 2.  Scatter plot of global PiB DVR vs. FAQ in NC, MCI, and all 
subjects. There is a significant positive partial Spearman’s rank 
correlation between global PiB retention and FAQ (higher scores 
indicate greater IADL impairment) in all subjects (pr s  = 0.45, p = 
0.001) and in MCI subjects only (pr s  = 0.50, p = 0.002), but not in 
NC subjects only (pr s  = 0.04, p = 0.89).  

  Fig. 3.  Partial regression plot of adjusted global PiB DVR versus 
adjusted FAQ in all subjects. Global PiB DVR and FAQ have been 
adjusted for all other predictors in the model, including age,
AMNART IQ, MMSE, and RAVLT delayed recall.          
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peared that the clinical association with PiB retention 
was global. When looking at MCI subjects only, similar 
results were obtained with significant associations be-
tween IADL impairment and regional PiB retention. 
When looking at NC subjects only, there were no signif-
icant associations between IADL impairment and re-
gional PiB retention.

  Discussion 

 These results suggest that daily functional impair-
ment is associated with greater amyloid burden within 
a sample of MCI and NC subjects, independent of age, 
cognitive reserve, global cognitive impairment, and 
memory performance. Specifically, global PiB retention 
was associated with IADL impairment in this mildly 
impaired group of subjects. This finding is in agreement 
with another study where the CDR, in which 3 of 6 items 
rate activities of daily living, was associated with PiB 
retention across a sample of NC, MCI, and various de-
mentia subjects  [7] , as well as another study where CDR 
sum of boxes was related to PiB retention in a sample 
that included NC and AD subjects  [15] . These two stud-
ies did not control for global cognitive impairment or 
memory impairment, as was done in the current study 
for the entire sample. Therefore, the association be-
tween global PiB retention and IADL impairment in the 
current study is not a potentially spurious one due to an 
IADL-global cognition or IADL-memory connection. 
Similarly, a postmortem study demonstrated a relation-
ship between global amyloid pathology and activities of 
daily living impairment in severe AD  [2] . The current 
study extends the findings of the studies cited above to 
subjects with much milder cognitive deficits as evi-
denced by a mean CDR sum of boxes of 1.5 in the MCI 
subgroup.

  As anticipated, the relationship of IADL impairment 
to amyloid deposition did not hold among NC subjects in 
the current analyses, given the apparent lack of IADL im-
pairment in this group. Thus, the results of the current 
analyses appear to be driven by the MCI subgroup. How-
ever, this observation should be interpreted in the context 
of published findings  [15]  in the normal elderly relating 
amyloid deposition to memory performance, particular-
ly in difficult list-learning tasks. It is possible that the 
measure of IADL used in the current study (FAQ) is in-
sufficiently sensitive to milder forms of functional diffi-
culty and that a more sensitive measure would be more 
revealing in cognitively normal subjects. The develop-

ment of such a sensitive measure of IADL will be an im-
portant future direction. On the other hand, even in very 
mildly impaired MCI subjects, it appears that the FAQ is 
a sensitive measure that can be related to important AD 
biomarkers such as PiB retention.

  We also explored the relationship between regional 
PiB retention and IADL impairment. A prior study em-
ploying  18 F-fluorodeoxyglucose PET showed that IADL 
impairment was associated with posterior hypometabo-
lism in AD  [1] . The default network, which is linked to 
memory function, has important foci in the medial pari-
etal cortices, which have recently been linked further to 
increased PiB retention in MCI and AD  [8, 17] . We there-
fore suspected that increased PiB retention in default
network regions might be associated with IADL impair-
ment. However, the current analysis revealed that all
cortical PiB regions explored were highly inter-correlated 
and similarly associated with IADL impairment (except 
for medial temporal). Thus, it appears that the associa-
tion is with global PiB retention rather than any region in 
particular, as previously seen in other PiB-clinical asso-
ciation studies  [18] .

  PiB studies and postmortem studies of MCI have dem-
onstrated variable pathology and have shown that only 
about half of MCI subjects have increased amyloid bur-
den  [8–10, 12] . The current study showed that mild im-
pairment in IADL even in the early stages of MCI is as-
sociated with increased amyloid burden, thus further in-
creasing the likelihood of the underlying pathology in 
this subset of MCI subjects being consistent with AD. If 
future longitudinal studies demonstrate that increased 
amyloid burden in very mildly impaired MCI subjects 
predicts future functional decline and progression to de-
mentia, such a subset of mildly impaired subjects with 
likely AD pathology would be suitable for a clinical trial 
of a disease-modifying agent with both PET and IADL 
measures (or a global measure such as CDR sum of boxes) 
as endpoints.

  The current study has several limitations. Subjects 
participating in ADNI and the investigator-initiated 
ADNI ancillary study were selected carefully to meet NC 
and amnestic MCI criteria; subjects with significant 
medical issues, psychiatric disorders, or neurological 
conditions were excluded. Therefore, this particular sam-
ple may not generalize well to the rest of the population. 
However, the amnestic MCI subjects in this study repre-
sent subjects who are more likely to have AD pathology 
and therefore are optimally suited for analyses exploring 
PiB retention. Another issue in these analyses was the 
high level of education (16.6  8  2.8 years) and premorbid 
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intelligence (AMNART IQ 120.8  8  10.4) of the partici-
pating subjects, suggesting they might have a high level 
of cognitive reserve. This reflects the subjects who com-
monly volunteer for such studies at tertiary referral cen-
ters which have the resources to perform PiB PET scans. 
Consequently, premorbid intelligence, which was highly 
correlated with education, was accounted for in the anal-
yses performed here. Finally, our outcome measure of 
IADL (FAQ) had a non-normal distribution (skewed to 
the right), which could have led to a violation of the linear 
assumption in the multiple regression models employed 
in our analyses. However, the results were confirmed us-
ing a non-parametric test, partial Spearman’s rank cor-
relation. Therefore, we are confident that the association 
between greater PiB retention and greater IADL impair-
ment across all subjects and in the MCI subset is valid.

  In conclusion, global cortical amyloid burden was as-
sociated with IADL impairment in MCI in the current 
study. Future longitudinal studies will help determine 
whether early amyloid deposition will predict rapid func-
tional decline and progression to dementia.
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