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Abstract
Background: Subjective cognitive complaint is a sensitive marker of decline.

Objective: This study aimed to (1) examine reliability of subjective cognitive complaint using
the Cognitive Function Instrument (CFI), and (2) assess the utility of the CFI to detect cognitive
decline in non-demented elders.

Methods: Data from a four-year longitudinal study at multiple Alzheimer’s Disease Cooperative
Study (ADCS) sites were extracted (7= 644). Of these, 497 had Clinical Dementia Rating (CDR)
global scores of 0 and 147 had a CDR of 0.5. Mean age and education were 79.5+3.6 and 15.0+3.1
years, respectively. All participants and their study partners completed the subject and study
partner CFI yearly. Modified Mini-Mental State Exam (MMMSE) and Free and Cued Selective
Reminding Test (FCSRT) were administered. Scores below the predetermined cut-off scores on
either measure at annual visit were triggers for a full diagnostic evaluation. Cognitive decline was
defined by the absence/presence of the trigger.

Results: Three-month test retest reliability showed that inter-class coefficients for subject and
study partner CFI were 0.76 and 0.78, respectively. Generalized estimating equation method
revealed that both subject and study partner CFI change scores and scores from previous year were
sensitive to cognitive decline in the CDR 0 group (p < 0.05). In the CDR 0.5 group, only the study
partner CFI change score predicted cognitive decline (p < 0.05).
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Conclusion: Cognitive decline was predicted differentially by CDR level with subject CFI
scores providing the best prediction for those with CDR 0 while study partner CFI predicted best
for those at CDR 0.5.

Cogpnitive decline; healthy older adults; non-demented elders; subjective cognitive complaints

INTRODUCTION

Emerging data in clinical studies suggest that subjective report of cognitive change in
everyday life is a sensitive marker of decline, even at the preclinical stage of Alzheimer’s
disease (AD) [1-7]. Accordingly, as part of the Prevention Instrument (PI) project, the
Alzheimer’s Disease Cooperative Study (ADCS) has developed the Cognitive Function
Instrument (CFI) to determine if subjective report of cognitive change can be used as an
outcome measure in AD clinical trials [8]. The CFl is a 14-item assessment of cognitive
status, which is completed by participants. There is also a study partner version because
even mild cognitive impairment can challenge the ability of the subject to recall or compare
current performance with past performance. One purpose of the PI project was to determine
the utility of the CFI in clinical trials focused on prevention of AD.

Baseline report from the ADCS PI project suggested that both subject and study partner CFI
scores were associated with cognitive performance in a cohort of non-demented older adults,
supporting the utility of CFI as an indicator of cognitive impairment in healthy elderly [9].
Subsequently, other researchers investigated the CFI data longitudinally in a subset of
asymptomatic subjects (those who obtained a global Clinical Dementia Rating (CDR) of 0)
and found that both subject and study partner CFI were associated with cognitive decline
over time [10]. However, clinical characterization also includes categories such as mild
cognitive impairment and prodromal dementia. Thus, it is important to address subjective
complaint in older adults who may begin with some impairment or those who presumably
will progress to some impairment (i.e., subjects who obtained a global CDR of 0.5). In
addition, previous studies on CFI defined cognitive decline as an absolute change or subtle
decline in cognitive tests, as opposed to a critical clinical change (i.e., a “cognitive
evaluation trigger”).

In the current study, we aimed to (1) establish three-month test-retest reliability for the
subject and study partner CFI, and (2) examine the utility of CFI to detect cognitive decline
in non-demented older adults. To the best of our knowledge, no study has investigated test-
retest reliability of CFIl. While our study cohort overlapped with that of the previous CFI
studies [9, 10], this is the first study using “cognitive evaluation trigger” as an outcome
measure. This work allowed us to examine the degree to which subjective complaints is
related to clinically observable declines.
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MATERIALS AND METHODS

Subjects

Measures

A total of 644 older adults were recruited for the AD simulated primary prevention trial of
the ADCS PI study. The research design and procedure for the ADCS PI study have been
explained in depth elsewhere [8]. In brief, the ADCS instrument committee conducted a
four-year PI study at 39 ADCS sites across the United States to evaluate the feasibility and
utility of in-home completion of new experimental measures in prevention trials for AD.
Each ADCS site included at least 16 subjects, 20% of whom were minority individuals. At
baseline, all participants were non-demented, 75 years or older, in good physical and mental
health, and not taking any exclusionary medications (e.g., antipsychotic drugs). Participants
were also required to have a study partner who was able to provide information about their
daily functioning. All participants received assessments associated with the Pl study at
screening, baseline, and annually for four years. A full description of the assessments has
been described in detail in other published articles [9, 11-16]. The current study included
participants with a CDR Global score of 0 and 0.5 at baseline [8]. Institutional review board
approval was obtained at each site. All participants provided signed informed consent.

Modified Mini-Mental State Exam (MMMSE) [17], Free and Cued Selective Reminding
Test (FCSRT) [18], and CDR [19] were administered at screening as subject-selection-
criteria [8]. Participants met the selection criteria if they performed above the cut-off scores
on all three tests. mMMMSE is an assessment of global cognitive function, including cognitive
domains of orientation, language, verbal recall, recognition, and constructional ability.
mMMSE scores range from 0 to 100, with higher scores indicating better cognitive test
performance. Cut-off scores for the mMMSE were 88 or above for subjects with more than 8
years of education, and 80 or above for subjects with 0 to 8 years of education [8]. These cut
off score have been used extensively in earlier literature to identify individuals with
dementia [20, 21].

FCSRT is a 16-item word list with visual and auditory presentation, including three trials of
free plus cued recall. FCSRT score ranges from 0 to 48, with higher scores indicating better
cognitive test performance. Cut-off score for FCSRT was 45 or above [8]. This cutoff point
has been empirically tested and shown to have high discriminative validity to distinguish
individuals with and without dementia in a criterion sample [22].

CDR is a semi-structured global dementia measurement rated by a clinician who was blind
to CFI scores following interviews with subject and study partner. It assesses daily
functioning in the areas of memory, orientation, judgment, hobbies, community affairs, and
personal care. CDR Sum of Boxes (SOB) is a simple aggregate of scores in the six clinical
domains. CDR-SOB scores range from 0 to 18, with higher scores indicating worse clinical
status. CDR Global scores range from 0 to 3 with: 0 = intact cognition, 0.5 = mild cognitive
impairment, 1 = mild dementia, 2 = moderate dementia, and 3 = severe dementia. The score
is generated using an algorithm weighted toward memory.
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Obijective cognitive function was measured yearly by the predetermined cut-off scores for
mMMSE and FCSRT. These cut-off scores have been extensively used in the existing
literature to differentiate older adults with cognitive impairments [21-23]. At each annual
visit, scores below the cut-off scores on either the mMMSE or FCSRT were triggers for a
full diagnostic evaluation (“cognitive evaluation trigger”). Cognitive decline in this study
was defined by the absence/presence of the trigger.

Subjective cognitive function was measured by the subject (see Table 1) and study partner
CFI (see Table 2) at screening and annually. At the screening visit, CFI forms were
distributed to participants and their study partners to be completed at home and mailed back
to the site. Prior to each annual evaluation, the CFI was mailed separately to the subjects and
study partners, who were asked to complete the instruments at home independently and mail
them back to the site. For half of the subjects and study partners, the mail-in screening
instrument was sent at three months following baseline to evaluate its test-retest reliability.
The instrument was derived from a standard clinical dementia assessment covering changes
in cognitive and functional abilities over the previous year with yes/no/maybe as available
responses to 14 questions. For questions about driving, handling finances, and work
performance, an additional option of not applicable was available. Total scores on the
instrument range from 0 to 14 (Yes = 1, No = 0, and Maybe = 0.5), with higher scores
indicating greater subjective cognitive complaints.

Using ttests and chi-square tests, demographic and clinical variables were compared
between subjects with CDR Global 0 and those with CDR Global 0.5. We also compared the
two CDR groups by cognitive and retention status: cognitively stable versus cognitive
decline groups (cognitive decline group = subjects who had a “cognitive evaluation trigger”
at any time point) and “completers” versus “non-completers”(non-completer = subjects who
did not complete all four annual visits). Inter-class coefficients (ICC) were calculated to
assess three-month test-retest reliability for subject and study partner CFI. Ten thousand
bootstrap samples were generated to compare the ICCs between subject and study partner
CFI. Generalized estimating equation (GEE) method was used to examine the extent to
which CFI score predicted cognitive decline as measured by the presence and absence of a
“cognitive evaluation trigger,” while controlling for other variables and accounting for the
within-subject correlation. To examine the short-term prediction ability of the CFI, the CFI
score from the previous year and the change in CFI score from current year to previous year
were used as independent variables. mMMMSE and FCSRT scores in the previous year, CDR
Global score and age at baseline, ethnicity, and subjects’ primary language were used as
covariates in the GEE analysis. To examine the long-term prediction ability of the CFlI, the
CFI score from two years ago and the change in CFI score from current year to two-year-ago
were used as independent variables. mMMMSE and FCSRT scores from two years prior, CDR
Global score and age at baseline, ethnicity, and subjects’ primary language were used as
covariates in the GEE analysis. Statistical significance was defined a priori at p= 0.05.
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RESULTS

Demographics

At baseline, 644 healthy non-demented subjects and study partners completed the CFI. Table
3 summarizes the demographic and clinical variables of the entire study cohort by baseline
CDR Glabal score (0 versus 0.5). Compared to subjects with CDR 0, those with CDR 0.5
were more likely to be older and less educated. Subjects with CDR 0.5 also reported more
depressive symptoms on Geriatric Depression Scale (GDS), scored higher on both subject
and study partner CFI at baseline, and performed worse on cognitive measures (i.e.,
MMMSE and FCSRT) than those with CDR 0. In both CDR 0 and 0.5 groups, the cognitive
decline group tended to be older and less educated compared to the cognitively stable group.
Subjects in the cognitive decline group also reported more depressive symptoms on the
GDS, scored higher on both subject and study partner CFI at baseline, and performed worse
on the cognitive measures than cognitively stable group. Compared to completers in both
CDR groups, non-completers tended to be older and less educated. Non-completers also
reported more depressive symptoms on the GDS, scored higher on both subject and study
partner CFI at baseline, and performed worse on the cognitive measures than completers.

Three-month test-retest reliability

The ICC was used to establish three-month test-retest reliability for both subject and study
partner CFI. ICC for the subject’s and study partner’s reports were 0.76 (95% confidence
interval (CI) = [0.71, 0.80]) and 0.78 (95% CI = [0.73, 0.82]), respectively, indicating a high
reliability. Among those with CDR 0, ICC for the subject’s and study partner’s reports were
0.75 (95% CI =[0.69, 0.80] and 0.65 (95% CI = [0.59, 0.72]), respectively. Among those
with CDR 0.5, ICC for the subject’s and study partner’s reports were 0.72 (95% CI = [0.59,
0.81] and 0.80 (95% CI =[0.70, 0.87]), respectively. Comparison of ICC between subject
and study partner CFI showed that ICC was significantly higher for study partners compared
to subjects for the entire sample (p < 0.0001) and in subjects with CDR 0.5 (p < 0.0001).
However, ICC was significantly lower for study partners compared to subjects in those with
CDR 0 (p< 0.0001).

The relationship between CFl and cognitive decline

The relationship between CFI and cognitive decline over the four-year period was estimated
using GEE models, while accounting for other variables and controlling for the within-
subject correlation. The models were estimated separately for the subject and study partner
CFI. Table 4 shows that subject and study partner CFI from the previous year as well as one-
year change in subject and study partner CFI significantly predicted cognitive decline at the
current year in the entire sample (p < 0.05). Similar results were found in those with CDR 0.
For those with CDR 0.5 however, only one-year change in study partner CFI significantly
predicted cognitive decline at the current year (p < 0.05). Subject and study partner CFlI
from the previous year as well as one-year change in subject CFI were not associated with
cognitive decline at the current year. Table 5 shows that subject and study partner CFI from
two years ago as well as the two-year change in subject and study partner CFI significantly
predicted cognitive decline at the current year in the entire sample (p < 0.05). Results were
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similar in those with CDR 0. For those with CDR 0.5; however, only two-year change in
study partner CFI significantly predicted cognitive decline at the current year (p < 0.05).

Figure 1 shows that differences in subject and study partner CFI scores between the
cognitively stable and cognitive decline groups continued to increase over time at CDR 0.
Figure 2 shows that while differences in study partner CFI between cognitively stable and
cognitive decline groups steadily increased over time at CDR 0.5, such increase was not
observed in subject CFI. The differences in subject CFl between the cognitively stable and
cognitive decline groups were variable at CDR 0.5.

DISCUSSION

The CFI was developed by the ADCS to examine whether subjective report from a self-
administered instrument is a reliable measure of change, and is useful in diagnostic
assessment and as an outcome in dementia prevention trials. Results demonstrate reasonable
test-retest reliability at three months for both subject and study partner responses. However,
the reliability of subject and study partner CFI differ between CDR 0 and 0.5. Specifically,
the subject is more reliable than the study partner at CDR 0 while the study partner is more
reliable at CDR 0.5. This finding suggests that the best reporter of CFl is dependent on CDR
level.

Additionally, our findings provide data on when in the trajectory of decline the CFl is likely
to be most sensitive in predicting later changes. We examined the predictive value of the
previous year score and the change scores for each CDR group. Our results showed that both
subject’s and study partner’s baseline and longitudinal CFI were sensitive to cognitive
decline in CDR 0 group; however, subject’s reports were poor predictor of cognitive decline
in CDR 0.5 group. In particular, subject CFI score from previous year and change score in
subject CFI were not predictive of future changes at CDR 0.5. Among the CDR 0.5 group,
only the study partner’s longitudinal CFI predicted cognitive decline. Both one- and two-
year change in study partner CFI predicted future changes in subject with CDR 0.5. The
poor prediction ability of self-report from the subject with a CDR 0.5 is consistent with a
previous study in which researchers found that subject CFI underestimates cognitive
deterioration when there is a progression to cognitive deficits [10]. More importantly, our
results suggest that while baseline values among the cognitively healthy might be a marker
of risk to progress, change scores including those from study partners may be useful
outcome measures in predicting decline among individuals with some impairment.

Furthermore, our study used “cognitive evaluation trigger” as an outcome measure to
examine the degree to which subjective complaint is related to critical clinical declines.
Consistent with the previous CFI studies using subtle changes in cognitive scores as
outcome measures [9, 10], we found that both subject and study partner CFI are good
predictors of cognitive decline in individuals with normal cognition. Our results show that
subject CFI may be a better predictor of decline than study partner CFI in the CDR 0 group.
Moreover, the current study examined subjective complaint in healthy elders who may have
some impairment and were not part of the longitudinal CFI study (i.e., CDR 0.5 group) [10].
Our work addressed the ability of CFI to capture a clinically detectable phenomenon among
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non-demented elders with different clinical status. In particular, as trials plan to assess even
earlier stages of disease it would be important to focus on subject rather than study partner
scores. Alternately in studies with symptomatic individuals, even at the earliest stages it
would seem that the study partner score alone would be most sensitive. The results provide
valuable insights into the clinical research operations.

Some limitations to this study should be considered. First, it should be noted that our use of
cognitive evaluation trigger which includes the mMMSE and FCSRT cutoff points is one of
many possible methods of identifying cognitive impairment. Continuous measures of
cognitive performance, for instance, are important in assessing trajectories of change.
However, our selected cutoff points have been extensively used in the literature to
distinguish individuals with and without dementia [8, 21-23]. While the FCSRT score is not
age or education adjusted, the cut-score was selected based on its ability to identify
individuals with dementia in a criterion sample [22]. It is important to note that our sample
is similar to the criterion sampling, except ours have a higher level of education. Second,
while it is known that depression affects cognitive function, examining the effect of
depressive symptoms on the predictive utility of CFI and overall decline is beyond the scope
of the current paper. Third, our study included a cohort consisting mostly of highly educated
participants. Future studies should examine the CFI in a more representative sample with a
wider range of education. Fourth, it is possible that subjective cognitive complaint may have
been a motivator to participate in this study, and thus, it is unclear to what extent sample
characteristics are generalizable to the larger older population or whether unintended
sampling biases may have affected the results. In fact, very little overall change in cognition
was observed in our cohort. While there was an association between cognitive decline and
the CFI scores during a four-year observational period, the association would be stronger if a
cohort with greater cognitive change was included. This could be achieved with a longer
period of observation or with a cohort at greater risk. Lastly, we did not investigate how
often the study partners were in contact with the subjects. However, many of our study
partners were living with the subjects at the time of the evaluation. Controlling for this factor
would likely strengthen the relationship between study partner CFI and cognitive decline.

In conclusion, the current study confirms that self-reported subjective change can be reliably
assessed from both elderly subjects and their study partners with the CFIl. We also found that
cognitive decline was predicted differentially by CDR level, with subject CFI scores
providing the best prediction for those with CDR 0 while study partner CFI predicted best
for those at CDR 0.5. While large-samples, long duration, high costs and physical
constraints are major barriers to the success of AD clinical prevention trials [24], our
findings contribute to the validation of self-administered assessments that improve the
efficiency and reduce the cost of these trials. Since subjective cognitive complaints might be
the first sign for older patients to seek clinical services or care for memory loss, it is
important to assess how these cognitive complaints predict objective cognitive declines. CFI
allows us to assess cognitive complaint as a continuous variable and examine the degree to
which subjective cognitive complaint is associated with future cognitive declines.
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Fig. 1.

Mean subject (top panel) and study partner (bottom panel) CFI scores at current year in
cognitively stable and cognitive decline groups. Subjects with CDR=0 only. Vertical bars
represent standard deviation.
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Fig. 2.

Year 3

Year 4

Mean subject (top panel) and study partner (bottom panel) CFI scores at current year in
cognitively stable and cognitive decline groups. Subjects with CDR = 0.5 only. Vertical bars

represent standard deviation.
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