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. We applied the Everyday Cognition (ECog) scale in normal aging adults and patients with Alzheimer’s

. disease (AD) to investigate associations between neuropsychological tests and neuroimaging markers.

 Atotal of 160 normal aging adults and 40 patients with the early stage of probable AD were included.

. Neuropsychological performance was assessed using the Consortium to Establish a Registry for

. Alzheimer’s Disease Neuropsychological Assessment Battery (CERAD-NAB). 8F-fluorodeoxyglucose

. positron emission tomography (FDG-PET) scans were used to measure AD-related hypometabolism.
Nonparametric Spearman correlation analysis was used to study associations between ECog and
z-transformed total CERAD-NAB scores in both groups. The results revealed a significant correlation

. between total ECog and CERAD-NAB scores (rho= —0.28, p < 0.01), and category verbal fluency test

. with the executive domain of the ECog scale (rho=—0.20, p < 0.01). The CERAD-NAB scores were also

. significantly correlated with AD-related hypometabolism (rho = —0.49, p < 0.01). The memory domain
of the ECog scale was significantly correlated with FDG uptake in the angular gyrus and posterior
cingulum gyrus (rho= —0.41 and —0.46, P < 0.01). In conclusion, both total and memory domain ECog
scores were correlated with the neuropsychological tests and neuroimaging biomarkers.

Of the dementia syndromes, Alzheimer’s disease (AD) is the most common degenerative form. Its diagno-
sis is based on core clinical features and supported by neuroimaging studies or cerebrospinal fluid markers'.
: The most prominent cognitive deficit in early stage AD is episodic memory loss, which can be detected by
. performance-based neuropsychological tests> >. Functional impairments or a decline from previous levels in
: performance are also included in the core diagnostic criteria’, and can be assessed by informant-rated instru-
ments such as the Clinical Dementia Rating (CDR) scale?, basic activities of daily living (ADLs) or “instrumental”
activities of daily living (IADL)>°. The early detection of this functional decline has been shown to have prog-
nostic value in predicting future disease progression or conversion to dementia” 8. In addition, the functional
. decline in AD has been linked to objective biomarkers such as cortical gray matter loss’, small hippocampus
. volume!?, and increased amyloid burden on positron emission tomography (PET) scans'!. However, the rela-
. tionship between functional activity and '*F-fluorodeoxyglucose positron emission tomography (FDG-PET) has
: yet to be fully elucidated. The Everyday Cognition (ECog) scale is a validated informant-rated questionnaire that
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Normal aging | Early stage of
subjects probable AD

Group (n=160) (n=40) P value®
Age, years
(mean + SD) 704+9.3 67.8+£8.0 0.12
Gender, n (%) 0.97
Male 61 (38.1) 16 (40)
Female 99 (61.9) 24(60)
Education, years
(mean = SD) 8.71+4.6 9.2+4.6 0.72
Total score of
CERAD-NAB 75.54+9.0 62.6+11.5 <0.01
(mean + SD)
MMSE
(mean + SD) 264+3.1 229+42 <0.01
CDR, median

1 0 (0-0 0.5 (0.5-0.5 0.01
ey (0-0) 0505  |<
CDR-SB, median

> 0 (0-0 2.0 (1.1-2.5 0.01

e (0-0) 1125 |<

Table 1. Demographic characteristics of the normally aging and the early stage of probable AD groups.
Abbreviations: SD, standard deviation; AD, Alzheimer’s disease; MMSE, Mini Mental State Examination;
CERAD-NAB, Consortium to Establish a Registry for Alzheimer’s Disease Neuropsychological Assessment
Battery; CDR, Clinical Dementia Rating; CDR-SB, Clinical Dementia Rating-sum of box; IQR, interquartile
ranges. “Tested by the chi-square tests and the Mann-Whitney U test.

includes one global factor and six domain-specific factors'2 The psychometric properties in the ECog scale focus
on mild problems in everyday function and cognition that may complement and expand those included in older
informant-rated instruments.

The Consortium to Establish a Registry for Alzheimer’s Disease Neuropsychological Assessment Battery
(CERAD-NAB) is a well-validated, widely used tool to study cognitive deficits in patients with dementia'> 4. It
has been translated into several languages including German, Finnish, and simplified and traditional Chinese for
use in Hong Kong, China and Taiwan'>-%. The total score of the CERAD-NAB has been shown to have good accu-
racy in diagnosing the early stage of AD in several multi-center studies?"?%. Moreover, in a brain-behavior study,
the CERAD-NAB was significantly associated with regional cerebral metabolism as measured by FDG-PET?.
However, associations between the ECog scale and neuropsychological measurements have not been extensively
studied. Previous studies have shown that the ECog scale is significantly correlated with global cognition and
individual domains of cognitive tests'>?*. Furthermore, other functional tools such as the AD8 have been shown
to be superior to performance-based cognitive measurements in identifying the underlying pathology in the early
stage of AD?. Although one neuroimaging study demonstrated that episodic memory and hippocampal volume
were associated with each domain of the ECog scale in patients with AD*, the association between ECog and
neuronal metabolism measured using FDG-PET is unknown. According to Jack’s hypothetical model of dynamic
biomarkers in AD, abnormalities in FDG-PET can be detected earlier than changes in volumetric magnetic res-
onance imaging (MRI)?*.

In the current study, we investigated associations among the ECog scale, CERAD-NAB and FDG-PET scans in
the early stage of probable AD. We hypothesized that the ECog score may be correlated with neuropsychological
results and FDG-PET abnormalities. In addition, we compared the sensitivity and specificity between the ECog
scale and CERAD-NAB in the diagnosis of AD.

Results

Sample characteristics and cognitive measurements. A total of 160 normally aging adults and 40
patients with the early stage of probable AD were included for analysis. There were no significant differences in
mean age, gender and years of education between the two groups. The years of education ranged from 0 to over
20 (mean and standard deviation for the normally aging group =8.7 (4.6) and AD group =9.2 (4.6)), with 25% of
the participants having less than 6 years of education. Table 1 shows the demographic characteristics of the partic-
ipants. Overall, 47.5% of the informants were a spouse of the participant, 42.5% were an adult child, son-in-law/
daughter-in-law of the participant, and 10% were reported as ‘other’. There were significant differences in mean
MMSE scores (26.4+3 vs. 22.4+4,7=—5.48, P<0.01) and total CERAD-NAB scores (75.5+9 vs. 62.6 £ 11,
Z=—-6.33 P<0.01; Mann-Whitney U test) between the normally aging and probable AD groups. In the early
stage of probable AD group, 38 patients had a CDR score of 0.5 and two had a CDR score of 1. In the normally
aging group, the regression analysis of total CERAD-NAB score showed a significant association with age and
years of education (P < 0.01), but not with gender (P=0.58). The R-square of regression was 0.42 (P < 0.01).

Characteristics of the ECog scale and correlations with the CERAD-NAB test. The total ECog
scores and average ECog scores were significantly lower in the normally aging group than in the early stage
of probable AD group (total ECog score: 43.5+7 vs. 76.9 & 24, Z= —8.60; average ECog score: 1.1 +0.2 vs.
2.1£0.7, Z=—9.07; Mann-Whitney U test all P < 0.01). The mean ECog scores in each domain were all signif-
icantly lower in the normally aging group than in the early stage of probable AD group (Mann-Whitney U test
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Total ECog score 436+7.0 76.9+23.5 <0.01

Averagetotal ECog | | |4 5 21407 <0.01

score

Average memory 13404 2.8+0.8 <0.01

domain

dAve‘a.ge language 11402 17407 <0.01
omain

Average visual-

spatial and 1.1£0.2 1.84+0.7 <0.01

perceptual abilities

Average planning |} 4 5 1.8+0.7 <0.01

domain

QV”"‘.ge organization | 4 4 4 ¢ | 194038 <0.01
omain

Average divided 13404 24+£10 <001

attention domain

Table 2. Total ECog scores and average score of six domains in the two groups. Abbreviations: AD, Alzheimer’s
disease; ECog, Everyday Cognition. Data was expressed as mean =+ SD. *Tested by the Mann-Whitney U test.

Average memory
domain

—0.33% —0.06 —0.05 —0.14 —0.31%

Average language

domai —0.34* —0.10 —0.06 —0.16 —0.31%
omain

Average visual-
spatial and
perceptual abilities
domain

—0.30%* —0.07 0.03 —0.16 —0.28%

Average planning

d b —0.38% —0.05 0.013 —0.20* —0.36%*
omain

Average
organization —0.44* —0.12 —0.02 —0.21% —0.41*
domain

Average divided
attention domain

Total ECog score —0.30* —0.10 —0.02 —0.10 —0.28%

—0.25% —0.04 —0.06 —0.13 —0.25%

Table 3. Pairwise correlation between four domains of CERAD-NAB score and six domains of the ECog

score in all participants. Abbreviations: ECog, Everyday Cognition; CERAD-NAB, Consortium to Establish a
Registry for Alzheimer’s Disease Neuropsychological Assessment Battery Tested by spearman’s rank correlation.
*P<0.01.

all P<0.01) (Table 2). We used regression analysis to study the association between total ECog scores and age,
gender, and years of education in the patients with probable AD and controls. The results showed that total ECog
scores were not significantly associated with age, gender or years of education (P=0.18 for age, P=0.89 for gen-
der and P=0.70 for years of education). Pairwise correlation analysis revealed a significant correlation between
the total ECog scores and total CERAD-NAB scores in all participants (Spearman correlation coefficient = —0.28,
P <0.01). The word-list learning test with delayed recall and recognition from the CERAD-NAB test showed a
significant correlation with all domains of the ECog scale (Spearman correlation coefficient from —0.25 to —0.44,
all P < 0.01). The category verbal fluency test also showed a significant correlation with planning and organiza-
tion domains of the ECog scale (Spearman correlation coefficient = —0.20 and —0.21 respectively, both P < 0.01;
Table 3). Moreover, a scatter plot demonstrated that the average total ECog score was significantly correlated
with the z-transformed CERAD-NAB score in the early stage of probable AD group (P < 0.01) (Fig. 1). We then
compared the discriminative abilities of the average total ECog score and z-transformed total CERAD-NAB score
between the two groups using the Wald test. The AUC associated with the average total score of the ECog scale
was significantly higher than that associated with the z-transformed total CERAD-NAB score (AUC = 0.96, 95%
CI=0.94-0.99, sensitivity = 0.95, specificity = 0.86; AUC = 0.82, 95% CI = 0.75-0.90, sensitivity = 0.85, specific-
ity =0.68, respectively; P < 0.01; Fig. 2).

AD-related hypometabolism was correlated with ECog scale and CERAD-NAB test results in
the early stage of probable AD group. To further assess the relationship between AD-related hypo-
metabolism derived from FDG-PET scans and clinical measurements, we performed nonparametric pairwise
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Figure 1. Scatter plot between average total ECog score and z-transformed CERAD-NAB score in (a) normally
aging and (b) early stage of probable AD groups.

correlation analysis. The z-transformed total CERAD-NAB scores were significantly negatively correlated with
the AD t-sum scores (Spearman correlation coefficient = —0.49, P < 0.01). The average total score of the ECog
scale was not significantly correlated with the AD t-sum scores. Only the average score of the memory domain
of the ECog scale demonstrated a trend of correlation with the AD t-sum scores (Spearman correlation coef-
ficient=0.36, P=0.02; Table 4). There were no significant correlations between other ECog domains and AD
t-sum scores.

In regional analysis of FDG-PET scans, both the memory domain of the CERAD-NAB score and the
z-transformed total CERAD-NAB scores were significantly correlated with the SUVr from the angular gyrus and
posterior cingulum gyrus (Spearman correlation coefficients from 0.38-0.65, all P < 0.01). In addition, the execu-
tive domain of the CERAD-NAB score was significantly correlated with the SUVr of the posterior cingulum gyrus
(Spearman correlation coefficient=0.38, P < 0.01). The memory domain of the ECog scale also demonstrated a
significant inverse association with the SUVr of the angular gyrus and posterior cingulum gyrus (Spearman cor-
relation coefficients = —0.41 and —0.46 respectively, both P < 0.01; Table 5).
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Figure 2. ROC curves of z-transformed total CERAD-NAB score and average total ECog score. The

ROC curves were tested for the ability to discriminate between normally aging adults and patients with
early stage probable AD. The AUC associated with the average total ECog scores was significantly higher
than that associated with the z-transformed total CERAD-NAB score (AUC = 0.96, 95% CI = 0.94-0.99,
sensitivity = 0.95, specificity = 0.86, cutoff point =1.23; AUC =0.82, 95% CI=0.75-0.90, sensitivity = 0.85,
specificity = 0.68, cutoff point = —1.01, respectively; P < 0.01).

Average
Memory 1.00 0.86% —0.48% 0.36
domain

Average total

# _ #
ECog score 0.86 1.00 0.40 0.22

z-transformed
total CERAD- —0.48* —0.40% 1.00 —0.49*
NAB score

AD t-sum score | 0.36 0.22 —0.49% 1.00

Table 4. Pairwise correlation analysis between average memory domain of ECog, average total ECog,
z-transformed CERAD-NAB score and PALZ scores in patients with early stage of probable AD. Abbreviations:
ECog, Everyday Cognition; CERAD-NAB, Consortium to Establish a Registry for Alzheimer’s Disease
Neuropsychological Assessment Battery; AD, Alzheimer’s disease. Tested by spearman’s rank correlation.
*P<0.01.

Discussion
In this study, we investigated everyday cognitive function using the ECog scale and compared the scores with
those of the CERAD-NAB test. The results revealed that the total and average ECog scores were significantly
associated with the neuropsychological test scores. The total ECog scores and all average domain-specific scores
were significantly correlated with the CERAD-NAB memory subtest and total CERAD-NAB scores. The strength
of the correlation was weak to moderate. In addition, two average scores of the executive domain (planning and
organization domain) in the ECog scale were significantly correlated with executive CERAD-NAB subtest score.
Using a functional tool, we demonstrated that the ECog scale could differentiate patients with the early stage
of probable AD from normally aging adults. In the AUC analysis conducted to discriminate both groups, the
average total score of the ECog scale was associated with a significantly higher AUC value compared with the
z-transformed total CERAD-NAB score. Furthermore, the memory domain of the ECog scale and CERAD-NAB
score were both significantly associated with the regional SUVr in the angular gyrus and posterior cingulum
gyrus, suggesting their diagnostic potential for the early stage of AD.

The ECog scale is a useful tool for measuring general and domain-specific everyday functions in elderly peo-
ple, and in patients with mild cognitive impairment (MCI) and dementia. There were significant differences in
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Executive | Language | Memory Average
domain of | domain of | domain of | Visuospatial | z-transformed | memory
CERAD- | CERAD- | CERAD- | domain of total CERAD- | domain of
NAB NAB NAB CERAD-NAB | NAB ECog scale
Middle frontal | g 3 —047 —0.12 0.02 —0.12 0.07
gyrus
Angular gyrus | 0.28 0.05 0.65% 0.12 0.58% —0.41%
Calcarine gyrus | 0.26 0.25 0.13 0.16 0.22 —0.10
Middle 0.16 0.20 0.21 —0.05 0.20 —0.16
temporal gyrus
Posterior 0.38% 0.03 0.39% 0.16 0.38* —0.46%
cingulum gyrus

Table 5. Pairwise correlation analysis between regional SUVr, different cognitive domains of CERAD-NAB
and memory domain of ECog scale in patients with early stage of probable AD. Abbreviations: SUVr, Standard
Uptake Value ratio; ECog, Everyday Cognition; CERAD-NAB, Consortium to Establish a Registry for
Alzheimer’s Disease Neuropsychological Assessment Battery; AD, Alzheimer’s disease. Tested by spearman’s
rank correlation. *P < 0.01.

total score and the six average domain-specific scores between the normally aging and early stage of probable
AD groups, which is consistent with the findings of a previous study'2. Moreover, this functional score was sig-
nificantly negatively correlated with the CERAD-NAB score, suggesting that functional impairment is related to
cognitive dysfunction'?. In a regression study, the average total ECog score was significantly negatively correlated
with z-transformed total CERAD-NAB scores in patients with the early stage of AD (P < 0.01) but not in nor-
mally aging adults, which may be due to the flooring effect of the ECog scale. In the current study, the average
domain-specific scores were significantly correlated with memory subtest scores of the CERAD-NAB test. The
results indicated that memory performance may be associated with memory and other cognitive domains of the
ECog scale. Executive function as assessed using the category verbal fluency test was also significantly correlation
with the executive domain of the ECog scale, which is compatible with the dysfunction of executive ability in the
early stage of AD?” 28, However, the cognitive deficits revealed in the CERAD-NARB test but not in the ECog scale
were associated with AD t-sum scores, as observed in FDG-PET, demonstrating that cognitive dysfunction may not
be completely equal to functional impairment. In confirmatory factor analysis of the ECog scale, one global factor
and six domain-specific factors have been reported!. Other factors such as neuropsychiatric symptoms (e.g., depres-
sion and apathy) have also been reported to independently contribute to the ECog score?. These results support that
functional impairment and cognitive dysfunction share a common factor but are also independent.

The discriminative ability of the average total ECog score between the two groups was associated with a sig-
nificantly higher AUC value compared with the z-transformed total CERAD-NAB score. Most cognitive tests are
performance-based measurement tools that require a group of age- and education-matched normal participants
for comparison to demonstrate deficits. However, the ECog scale is weakly correlated only with age and years
of education, which could be beneficial when studying a group with a wide range of years of education as in the
current study'2 In addition, an informant-based assessment tool provides an opportunity for clinicians to assess
changes in a patient’s functioning level and determine the interference in their daily tasks, whereas a neuropsy-
chological battery is a performance-based measurement tool that requires a group of age- and education-matched
normal participants for comparison to demonstrate the deficits. Theoretically, compared with a measurement tool
for inter-participant comparisons, a tool for intra-participant comparisons could be more sensitive in detecting
the subtle changes in the early stages of AD*>*. Our results demonstrated that the memory domain score of
the ECog scale was associated with regional FDG uptake in the bilateral angular gyrus and posterior cingulum
gyrus. These findings suggest that the ECog scale may reflect cortical regional metabolism status. Furthermore,
the ECog scale includes numerous everyday cognitive domains other than memory function, such as language,
visual-spatial, and executive function. Various dementia syndromes such as behavioral variants of frontotempo-
ral dementia, posterior cortical atrophy, and primary progressive aphasia may initially present as distinct every-
day cognitive deficits rather than memory problems, which could possibly be identified using the ECog scale®'.
The ECog scale may therefore potentially help clinicians to more efficiently differentiate among degenerative
dementia syndromes.

In a neuroimaging study, Farias ef al. reported that the hippocampal volume and total brain volume were
associated with most ECog domains, whereas the frontal lobe volume was independently associated with two
everyday executive domains in normal participants and in patients with MCI and AD?*%. According to a review
of the relevant literature, no previous study has investigated associations between the ECog scale and FDG-PET
scans in relation to dementia. We found that the memory domains of the ECog were significantly correlated with
FDG uptake in the angular gyrus and posterior cingulum gyrus in the patients with the early stage of probable AD
(P <0.01), whereas other non-memory domains of the ECog scale were neither correlated with AD t-sum scores
nor regional SUVr from FDG-PET scans. The reason for this may be because the disease severity of our patients
with the early stage of probable AD was very mild (mean CDR-SB =2), and because most abnormal hypome-
tabolism regions in the mild stage of AD are related to the memory domain. Of all CERAD-NAB test items, the
memory-related domain contributed 50% (e.g., 3 word-list learning tests with delayed recall and recognition),
whereas of all ECog scale items, the memory domain contributed only 23.6% (e.g., memory domain items: 8, total
ECog items: 39). Another possibility is that the ECog scale is composed of six cognitive domains, and that the
association between average total ECog scores and AD t-sum scores may decrease in patients with the early stage
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of probable AD. On the basis of this finding and because all six ECog domains exhibited a significant difference
between the normally aging adults and early stage of probable AD groups, we suggest that in patients with the
early stage of probable AD, the functional impairment measurements from the ECog scale can provide comple-
mentary information in addition to that from the performance-based cognitive tests.

There are several limitations to the present study. First, due to the low number of patients with the early stage
of probable AD and a lack of patients with MCI, we could not generalize our results to clinical practice. The low
number of normally aging adults may also have affected the z-transformed total CERAD-NAB score. In addition,
we did not perform further studies in our normally aging adult group which may have included patients with
MCI or even the early stage of AD. These factors may have decreased the correlation between ECog scores and
CERAD-NAB scores. We used the CERAD-NAB test scores and MRI scans in the diagnostic process, however
not the FDG-PET scans or ECog scores. According to the hypothetical model of dynamic biomarkers in AD, this
process may have limited the enrollment of patients with probable AD at an earlier stage, and may have led to
more significant differences in ECog scores between the normally aging adults and patients. It would be interest-
ing to investigate whether both ECog scale and FDG-PET scans can improve the diagnostic repertoire in future
studies. Second, the diagnosis of probable AD in this study was based on clinical criteria rather than neuropatho-
logical evidence. The FDG-PET scans only represented the neuronal injury markers in the diagnostic criteria.
As the number of patients with amyloid biomarkers in this study was insufficient to perform subgroup analysis,
further studies are needed to investigate the relationships between ECog scores and FDG-PET scans in patients
with AD who are positive for amyloid markers. Third, we did not apply the ECog scale using self-rated participant
tests and did not assess the mood characteristics or caregiver burden of the informants. A recent study revealed
that self-reported complaints as measured by self-rated ECog scale were not correlated with cognitive dysfunction
but with depressive symptoms, and that this may confound the misclassification of MCI*2. We will consider this
aspect in our next MCI study. Caregiver distress has been shown to affect the patient’s behavior rating in previous
studies, which may in turn affect the ECog scores'>*. Other limitation including incorporation bias in the ECog
scale and CERAD-NAB test may also have confounded our findings. The application of these approaches in a
large cohort of participants with MCI in the future is warranted.

In summary, the present study is the first to provide the results of applying the ECog scale to normally aging
adults and patients with the early stage of probable AD. The ECog scores exhibited significant correlations with
standard neuropsychological tests and could also discriminate between both groups. The memory domain of this
functional ability scale and CERAD-NAB scores were associated with AD-related hypometabolism derived from
FDG-PET scans.

Methods

Participants. We recruited 160 normally aging adults aged 50 years or older from several senior citizen
community centers whose first language was Chinese or Taiwanese. Registered nurses, social workers, and
occupational therapists reviewed the recent medical records of all participants. No memory or other cognitive
complaints were confirmed in the participants before they were enrolled into the study, and they all underwent
detailed physical and neurological examinations. Those with a history of major neurological, psychiatric, or
severe cardiovascular diseases were excluded.

In addition, we recruited 40 patients aged older than 50 years from the outpatient clinics of our hospital as the
disease group. In this study, the early stage of probable AD was diagnosed according to the criteria of the National
Institute on Aging-Alzheimer’s Association'. Cognitive dysfunction was assessed using the CERAD-NAB test,
and brain MRI scans were used to exclude the possibility of structural brain lesions such as hydrocephalus or
brain tumors. The severity of dementia measured by the Clinical Dementia Rating (CDR) scale score was limited
to 0.5 to 1% All procedures were approved by the Institutional Review Board (IRB) of Chang Gung Memorial
Hospital, and all participants signed informed consent to participate in the study (IRB number:103-1994B). The
study was performed in accordance with the approved guidelines and regulations.

ECog assessment and neuropsychological battery. The informants of the normally aging adults and
the patients with the early stage of probable AD completed the ECog scale. The ECog scale is comprised of 39
items covering six domains (Everyday Memory, Language, Visual-spatial and Perceptual Abilities, Planning,
Organization, and Divided Attention), and is scored based on a four-point scale: 1 =better or no change com-
pared to 10 years earlier, 2 = questionable/occasionally worse, 3 = consistently a little worse, 4 = consistently
much worse. An “I don’t know” response option is also included. The total score was calculated as the sum of all
39 items, and the average score was derived from the mean average of all responses. If the response was “I don’t
know”, then the item was not included in the calculation. The response rate for each item was calculated as the
total number of responses from 1-4 (not including “I don’t know” responses) divided by the total number of par-
ticipants. The translation and adaptation of the ECog scale involved a bilingual member of the medical staff trans-
lating the original ECog version to the Chinese version, followed by a neurologist with a subspecialty in dementia
reviewing the translation and applying the translated version to a small group of early stage dementia caregivers.
The neuropsychological battery included the CERAD-NAB, Mini Mental State Examination (MMSE) and CDR
scales, which were evaluated by a single rater for all participants®. The CERAD-NAB is comprised of five subtests
derived from previously established cognitive tests: an executive domain of the category verbal fluency test®, a
language domain of the Modified Boston Naming Test (BNT)*¢, a memory domain of the Word-List-Learning
test with delayed recall and recognition®’, and a visuospatial domain of the visual construction test*®. The total
score of the CERAD-NAB was calculated by summing the six subtest scores (category verbal fluency [maxi-
mum score = 24], modified BNT [maximum score = 15], word-list learning [maximum score = 30] with delayed
recall [maximum score = 10] and recognition [maximum score = 10] and visual construction test [maximum
score=11]). The CDR sum of box (CDR-SB) was calculated as the sum of all six items in the CDR scale.
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FDG-PET study in the patients with the early stage of probable AD.  All of the patients underwent
brain MRI and FDG-PET scans on an integrated PET-MR system (Siemens Biograph mMR scanner), which could
simultaneously acquire PET and MRI data using a vendor-supplied 12-channel phase-array head coil according
to standard procedures. In brief, the participants were required to fast for 4 h before imaging. FDG data were
collected 30 min after the injection of a dose of 185 MBq FDG. This 30-min PET data reflected the distribution of
FDG tracer after homogeneous and complete distribution in the brain. A high-resolution magnetization-prepared
rapid acquisition gradient-echo T1-weighted image (voxel size 1 X 1 x 1.1 mm) and a FLAIR image (1 x 1 x 1
mm) were obtained simultaneously using the integrated PET-MR system. PMOD Alzheimer’s discrimination
tool (https://www.pmod.com/web/?portfolio=32-alzheimers-discrimination-for-fdg-palz) was used for image
analysis. The AD t-sum score was calculated using this software as the global indices of AD-related hypometab-
olism*. We further used individual FDG-PET scans to perform spatial normalization, and then the global mean
intensity in the gray matter mask was used as the reference to calculate the standard uptake value ratio (SUVr)
in each region according to the AAL template*’. The mean SUVr values from both hemispheres in AD-related
regions including the middle frontal gyrus, angular gyrus, calcarine gyrus, middle temporal gyrus and posterior
cingulum were calculated for further analysis*!.

Statistical analysis. Al statistical analyses were performed using SAS version 9.2 (SAS Institute, Cary, NC,
USA). Continuous and dichotomous variables are expressed as mean and standard deviation and number and
percentage, respectively. Ordinal variables are presented as median and interquartile range. Socio-demographic
variables included age, gender, and years of education, and the results of the neuropsychological tests including
the MMSE, CDR, CDR-SB, and ECog were compared between the normally aging and early stage of probable
AD groups using the chi-square test and Mann-Whitney U test. Nonparametric Spearman pairwise correlation
analysis was used to study associations between the total ECog scores, total CERAD-NAB scores and their subtest
scores in both groups. The raw CERAD-NAB score may have been confounded by age, gender, and years of edu-
cation. Therefore, we used regression analysis to adjust for any confounding effects. The raw total CERAD-NAB
scores in the normally aging group were entered into the regression analysis model using age, years of education,
and gender as independent variables to generate the regression coefficients of the total equation. The variables
with significant regression coefficients were used to generate the adjusted CERAD-NAB score in the whole sam-
ple. The raw total CERAD-NAB scores of all participants were converted into standardized z-scores according
to the means and standard deviations of the adjusted CERAD-NAB score of the normally aging group. Receiver
operating characteristic (ROC) curves were generated to investigate the accuracy of the average total ECog scores
and z-transformed total CERAD-NAB scores for all participants. Moreover, areas under the curve (AUCs) with
95% confidence intervals (CIs) were calculated for each test. To compare the discriminative abilities of these
tests in both groups, the AUCs were assessed using the Wald test. In addition, the cutoft points were determined
according to the sensitivity and specificity. To study the association between the AD t-sum scores, regional SUVr
and total and domain-specific scores of the ECog scale and z-transformed total CERAD-NAB scores, we used
Spearman pairwise correlation analysis. The level of significance was set at P < 0.01.

References

1. McKhann, G. M. 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 7, 263-269,
doi:10.1016/j.jalz.2011.03.005 (2011).

2. Sotaniemi, M. et al. CERAD-neuropsychological battery in screening mild Alzheimer’s disease. Acta Neurol Scand 125, 16-23,
doi:10.1111/j.1600-0404.2010.01459.x (2012).

3. Welsh, K., Butters, N., Hughes, J., Mohs, R. & Heyman, A. Detection of abnormal memory decline in mild cases of Alzheimer’s
disease using CERAD neuropsychological measures. Arch Neurol 48, 278-281 (1991).

4. Hughes, C. P, Berg, L., Danziger, W. L., Coben, L. A. & Martin, R. L. A new clinical scale for the staging of dementia. Br J Psychiatry
140, 566-572 (1982).

5. Farias, S. T., Mungas, D. & Jagust, W. Degree of discrepancy between self and other-reported everyday functioning by cognitive
status: dementia, mild cognitive impairment, and healthy elders. Int ] Geriatr Psychiatry 20, 827-834, doi:10.1002/gps.1367 (2005).

6. Suurmeijer, T. P. et al. The Groningen Activity Restriction Scale for measuring disability: its utility in international comparisons. Am
J Public Health 84, 1270-1273 (1994).

7. Tomaszewski Farias, S. et al. Longitudinal changes in memory and executive functioning are associated with longitudinal change in
instrumental activities of daily living in older adults. Clin Neuropsychol 23, 446-461, doi:10.1080/13854040802360558 (2009).

8. Daly, E. et al. Predicting conversion to Alzheimer disease using standardized clinical information. Arch Neurol 57, 675-680 (2000).

9. Vidoni, E. D., Honea, R. A. & Burns, J. M. Neural correlates of impaired functional independence in early Alzheimer’s disease. |
Alzheimers Dis 19, 517-527, doi:10.3233/JAD-2010-1245 (2010).

10. Brown, P. ], Devanand, D. P, Liu, X. & Caccappolo, E. Alzheimer’s Disease Neuroimaging, I. Functional impairment in elderly
patients with mild cognitive impairment and mild Alzheimer disease. Arch Gen Psychiatry 68, 617-626, doi:10.1001/
archgenpsychiatry.2011.57 (2011).

11. Marshall, G. A. et al. Instrumental activities of daily living impairment is associated with increased amyloid burden. Dement Geriatr
Cogn Disord 31, 443-450, doi:10.1159/000329543 (2011).

12. Farias, S. T. et al. The measurement of everyday cognition (ECog): scale development and psychometric properties. Neuropsychology
22, 531-544, doi:10.1037/0894-4105.22.4.531 (2008).

13. Morris, J. C. et al. The Consortium to Establish a Registry for Alzheimer’s Disease (CERAD). Part I. Clinical and neuropsychological
assessment of Alzheimer’s disease. Neurology 39, 1159-1165 (1989).

14. Welsh-Bohmer, K. A. & Mohs, R. C. Neuropsychological assessment of Alzheimer’s disease. Neurology 49, S11-13 (1997).

15. Lee, J. H. et al. Development of the Korean version of the Consortium to Establish a Registry for Alzheimer’s Disease Assessment
Packet (CERAD-K): clinical and neuropsychological assessment batteries. ] Gerontol B Psychol Sci Soc Sci 57, P47-53 (2002).

16. Ehrensperger, M. M., Berres, M., Taylor, K. I. & Monsch, A. U. Early detection of Alzheimer’s disease with a total score of the
German CERAD. ] Int Neuropsychol Soc 16, 910-920, doi:10.1017/S1355617710000822 (2010).

17. Liu, K. P. et al. Effects of age, education and gender in the Consortium to Establish a Registry for the Alzheimer’s Disease (CERAD)-
Neuropsychological Assessment Battery for Cantonese-speaking Chinese elders. Int Psychogeriatr 23, 1575-1581, doi:10.1017/
$1041610211001153 (2011).

SCIENTIFICREPORTS|7:1719 | DOI:10.1038/541598-017-01193-6 8


https://www.pmod.com/web/?portfolio=32-alzheimers-discrimination-for-fdg-palz
http://dx.doi.org/10.1016/j.jalz.2011.03.005
http://dx.doi.org/10.1111/j.1600-0404.2010.01459.x
http://dx.doi.org/10.1002/gps.1367
http://dx.doi.org/10.1080/13854040802360558
http://dx.doi.org/10.3233/JAD-2010-1245
http://dx.doi.org/10.1001/archgenpsychiatry.2011.57
http://dx.doi.org/10.1001/archgenpsychiatry.2011.57
http://dx.doi.org/10.1159/000329543
http://dx.doi.org/10.1037/0894-4105.22.4.531
http://dx.doi.org/10.1017/S1355617710000822
http://dx.doi.org/10.1017/S1041610211001153
http://dx.doi.org/10.1017/S1041610211001153

www.nature.com/scientificreports/

18. Gao, S. et al. Hypertension and cognitive decline in rural elderly Chinese. ] Am Geriatr Soc 57, 1051-1057 (2009).

19. Lin, R. T. et al. Prevalence and subtypes of dementia in southern Taiwan: impact of age, sex, education, and urbanization. ] Neurol
Sci 160, 67-75 (1998).

20. Karrasch, M. & Laine, M. Age, education and test performance on the Finnish CERAD. Acta Neurol Scand 108, 97-101 (2003).

21. Rossetti, H. C., Munro Cullum, C., Hynan, L. S. & Lacritz, L. H. The CERAD Neuropsychologic Battery Total Score and the
progression of Alzheimer disease. Alzheimer Dis Assoc Disord 24, 138-142, doi:10.1097/WAD.0b013e3181b76415 (2010).

22. Paajanen, T. et al. CERAD neuropsychological compound scores are accurate in detecting prodromal alzheimer’s disease: a
prospective AddNeuroMed study. J Alzheimers Dis 39, 679-690, doi:10.3233/JAD-122110 (2014).

23. Teipel, S.]. et al. Resting state glucose utilization and the CERAD cognitive battery in patients with Alzheimer’s disease. Neurobiol
Aging 27, 681-690, doi:10.1016/j.neurobiolaging.2005.03.015 (2006).

24. Farias, S. T. et al. Everyday cognition in older adults: associations with neuropsychological performance and structural brain
imaging. J Int Neuropsychol Soc 19, 430-441, doi:10.1017/S1355617712001609 (2013).

25. Galvin, J. E., Fagan, A. M., Holtzman, D. M., Mintun, M. A. & Morris, J. C. Relationship of dementia screening tests with biomarkers
of Alzheimer’s disease. Brain 133, 3290-3300, doi:10.1093/brain/awq204 (2010).

26. Sperling, R. A. et al. Toward defining the preclinical 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 7, 280-292,
doi:10.1016/j.jalz.2011.03.003 (2011).

27. Huang, S. F, Liu, C. K., Chang, C. C. & Su, C. Y. Sensitivity and specificity of executive function tests for Alzheimer’s disease. Appl
Neuropsychol Adult 1-12, doi:10.1080/23279095.2016.1204301 (2016).

28. Fabbri, E. et al. Association Between Accelerated Multimorbidity and Age-Related Cognitive Decline in Older Baltimore
Longitudinal Study of Aging Participants without Dementia. ] Am Geriatr Soc 64, 965-972, doi:10.1111/jgs.14092 (2016).

29. Rog, L. A. et al. The independent contributions of cognitive impairment and neuropsychiatric symptoms to everyday function in
older adults. Clin Neuropsychol 28, 215-236, d0i:10.1080/13854046.2013.876101 (2014).

30. Galvin, J. E., Roe, C. M. & Morris, J. C. Evaluation of cognitive impairment in older adults: combining brief informant and
performance measures. Arch Neurol 64, 718-724, doi:10.1001/archneur.64.5.718 (2007).

31. Park, L. Q.,, Harvey, D., Johnson, J. & Farias, S. T. Deficits in Everyday Function Differ in AD and FTD. Alzheimer Dis Assoc Disord
29, 301-306, doi:10.1097/WAD.0000000000000081 (2015).

32. Edmonds, E. C. et al. Subjective cognitive complaints contribute to misdiagnosis of mild cognitive impairment. J Int Neuropsychol
Soc 20, 836-847, doi:10.1017/S135561771400068X (2014).

33. Teri, L. Behavior and caregiver burden: behavioral problems in patients with Alzheimer disease and its association with caregiver
distress. Alzheimer Dis Assoc Disord 11 (Suppl 4), S35-38 (1997).

34. Folstein, M. E, Folstein, S. E. & McHugh, P. R. “Mini-mental state”. A practical method for grading the cognitive state of patients for
the clinician. J Psychiatr Res 12, 189-198 (1975).

35. Isaacs, B. & Kennie, A. T. The Set test as an aid to the detection of dementia in old people. Br ] Psychiatry 123, 467-470 (1973).

36. Kaplan, E., Goodglas, H. & Weintraub, S. The Boston Naming Test (Boston, MA. Veterans Administration Medical Center, 1978).

37. Atkinson, R. C. & Shiffrin, R. M. The control of short-term memory. Sci Am 225, 82-90 (1971).

38. Rosen, W. G., Mohs, R. C. & Davis, K. L. A new rating scale for Alzheimer’s disease. Am J Psychiatry 141, 1356-1364, doi:10.1176/
ajp.141.11.1356 (1984).

39. Caroli, A. et al. Summary metrics to assess Alzheimer disease-related hypometabolic pattern with 18F-FDG PET: head-to-head
comparison. ] Nucl Med 53, 592-600, doi:10.2967/jnumed.111.094946 (2012).

40. Tzourio-Mazoyer, N. et al. Automated anatomical labeling of activations in SPM using a macroscopic anatomical parcellation of the
MNI MRI single-subject brain. Neuroimage 15, 273-289, doi:10.1006/nimg.2001.0978 (2002).

41. Pagani, M. et al. Volume of interest-based [18F]fluorodeoxyglucose PET discriminates MCI converting to Alzheimer’s disease from
healthy controls. A European Alzheimer’s Disease Consortium (EADC) study. Neuroimage Clin 7, 34-42, doi:10.1016/j.
nicl.2014.11.007 (2015).

Acknowledgements

This study was supported by a grant from Chang Gung Memorial Hospital, Linkou, Taiwan (Grant number:
CMRPG3EO0131). The funder had no role in the study design, data collection and analysis, decision to publish, or
preparation of the manuscript.

Author Contributions

Jung-Lung Hsu was the physician for the principal diagnosis in this study and was responsible for the idea
generation, study conception and design, grant support, and manuscript drafting. Wen-Chuin Hsu, Chiung-
Chih Chang, and Kun-Ju Lin contributed to administrative support in the hospital for the survey work, result
interpretation, and manuscript preparation. Yen-Chun Fan was involved in statistical analysis and revision of the
manuscript. Chyi-Huey Bai contributed to the idea of the study and helped revise the manuscript. All authors
read and approved the final manuscript.

Additional Information
Competing Interests: The authors declare that they have no competing interests.

Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2017

SCIENTIFICREPORTS|7:1719 | DOI:10.1038/541598-017-01193-6 9


http://dx.doi.org/10.1097/WAD.0b013e3181b76415
http://dx.doi.org/10.3233/JAD-122110
http://dx.doi.org/10.1016/j.neurobiolaging.2005.03.015
http://dx.doi.org/10.1017/S1355617712001609
http://dx.doi.org/10.1093/brain/awq204
http://dx.doi.org/10.1016/j.jalz.2011.03.003
http://dx.doi.org/10.1080/23279095.2016.1204301
http://dx.doi.org/10.1111/jgs.14092
http://dx.doi.org/10.1080/13854046.2013.876101
http://dx.doi.org/10.1001/archneur.64.5.718
http://dx.doi.org/10.1097/WAD.0000000000000081
http://dx.doi.org/10.1017/S135561771400068X
http://dx.doi.org/10.1176/ajp.141.11.1356
http://dx.doi.org/10.1176/ajp.141.11.1356
http://dx.doi.org/10.2967/jnumed.111.094946
http://dx.doi.org/10.1006/nimg.2001.0978
http://dx.doi.org/10.1016/j.nicl.2014.11.007
http://dx.doi.org/10.1016/j.nicl.2014.11.007
http://creativecommons.org/licenses/by/4.0/

	Everyday cognition scales are related to cognitive function in the early stage of probable Alzheimer’s disease and FDG-PET  ...
	Results

	Sample characteristics and cognitive measurements. 
	Characteristics of the ECog scale and correlations with the CERAD-NAB test. 
	AD-related hypometabolism was correlated with ECog scale and CERAD-NAB test results in the early stage of probable AD group ...

	Discussion

	Methods

	Participants. 
	ECog assessment and neuropsychological battery. 
	FDG-PET study in the patients with the early stage of probable AD. 
	Statistical analysis. 

	Acknowledgements

	Figure 1 Scatter plot between average total ECog score and z-transformed CERAD-NAB score in (a) normally aging and (b) early stage of probable AD groups.
	Figure 2 ROC curves of z-transformed total CERAD-NAB score and average total ECog score.
	Table 1 Demographic characteristics of the normally aging and the early stage of probable AD groups.
	Table 2 Total ECog scores and average score of six domains in the two groups.
	Table 3 Pairwise correlation between four domains of CERAD-NAB score and six domains of the ECog score in all participants.
	Table 4 Pairwise correlation analysis between average memory domain of ECog, average total ECog, z-transformed CERAD-NAB score and PALZ scores in patients with early stage of probable AD.
	Table 5 Pairwise correlation analysis between regional SUVr, different cognitive domains of CERAD-NAB and memory domain of ECog scale in patients with early stage of probable AD.




