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Abstract

Objectives—To examine neuropsychiatric and neuropsychological predictors of progression
from normal to early clinical stages of Alzheimer’s disease (AD).
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Design—Longitudinal study
Setting—Massachusetts Alzheimer’s Disease Research Center longitudinal cohort

Participants—From a total sample of 559 older adults, 454 were included in the primary
analysis: 283 with clinically normal cognition (CN), 115 with mild cognitive impairment (MCI)
and 56 with subjective cognitive concerns (SCC) but no objective impairment, a proposed
transitional group between CN and MCI.

Measurements—Two latent cognitive factors (Memory-Semantic, Attention-Executive) and
two neuropsychiatric factors (Affective, Psychotic) were derived from the Alzheimer’s Disease
Centers’ Uniform Data Set neuropsychological battery and Neuropsychiatric Inventory brief
questionnaire. Factors were analyzed as predictors of time to progression to a worse diagnosis
using a Cox proportional-hazards regression model with backward elimination. Covariates
included baseline diagnosis, gender, age, education, prior depression, antidepressant medication,
symptom duration, and interaction terms.

Results—Higher/better Memory-Semantic factor score predicted lower hazard of progression
(HR=0.4 for one SD increase, p<0.0001), and higher/worse Affective factor score predicted higher
hazard (HR=1.3 for one SD increase, p=0.01). No other predictors were significant in adjusted
analyses. Using diagnosis as a sole predictor of transition to MCI, the SCC diagnosis carried a 4-
fold risk of progression compared to CN (HR=4.1, p<0.0001).

Conclusions—These results identify affective and memory-semantic factors as significant
predictors of more rapid progression from normal to early stages of cognitive decline and
highlight the subgroup of cognitively normal elderly with SCC as those with elevated risk of
progression to MCI.

Keywords

Neuropsychiatric and Neuropsychological factors; Subjective Cognitive Concerns; Mild Cognitive
Impairment; Alzheimer’s disease

INTRODUCTION

Alzheimer’s disease (AD) is currently understood to be a pathophysiological process that
begins with a long preclinical phase. Research criteria propose a three-stage model of
preclinical AD in which temporally ordered biomarker abnormalities precede and then
coincide with newly emerging behavioral and cognitive symptoms in clinically normal
individuals (those without significant impairment on cognitive tests). These subtle but
detectable symptoms define stage 3 preclinical AD, a transitional state that may be evident
prior to the diagnosis of mild cognitive impairment (MCI).(1) It is an urgent public health
challenge to identify the earliest cognitive and non-cognitive manifestations of preclinical
AD in order to advance detection and diagnosis in clinical settings and in early intervention
trials.

Subjective cognitive concerns (SCC) are perceived changes in memory or thinking reported
by clinically normal older adults, or those who know them well, that can occur despite
normal performance on neuropsychological testing. Prior studies have used “subjective
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cognitive impairment”, “impaired, not MCI”, or “Pre-MCI” designations to classify older
individuals with SCC who demonstrate normal cognitive test performance and do not meet
diagnostic criteria for MCI.(2-4) In clinically normal individuals, SCC have been associated
with biomarkers of AD pathophysiology (5-7) and also with increased rates of progression
to MCI and dementia compared to those without SCC.(4, 8) Thus, SCC are a defining
feature of stage 3 preclinical AD and are considered a possible diagnostic entity identifying
those at risk for progression to AD dementia. (2)

Subtle neuropsychiatric symptoms may also reflect upstream pathophysiological changes in,
at-risk, older adults with or without SCC, and may be among the first detectable symptoms
in preclinical AD. Neuropsychiatric symptoms, including major depression, subsyndromal
depression and anxiety, have been associated with cognitive, functional and AD biomarker
changes in clinical cohorts with MCI and in community-dwelling elderly.(9-14)
Nonetheless, the role of neuropsychiatric symptoms in progression from clinically normal
status to MCI is unclear. To date, relatively few prospective studies have examined
neuropsychiatric symptoms in adjudicated samples of clinically normal elderly (15-17) and
neuropsychiatric factors have rarely been studied as predictors of progression to MCI and
early AD dementia.(18)

In addition, the relationship of SCC and neuropsychiatric symptoms to each other and to
progression in preclinical AD also remain undefined. SCC have been strongly associated
with depression, anxiety and neuroticism in cross-sectional studies of community dwelling
older adults, with and without objective cognitive impairment (19-22) and have been
considered by many to be an indication of poor mental health and unrelated to cognitive
decline and AD. There have been very few longitudinal studies that have analyzed both SCC
and neuropsychiatric symptoms, such as depression and anxiety, to assess whether these
cognitive and non-cognitive symptoms are independent predictors of very early clinical
decline and progression to MCI and dementia.(22-24) Prior studies have also rarely
controlled for possible confounders such as a history of depression or the use of
antidepressant medication.(25)

The objective of this study was to examine neuropsychiatric and neuropsychological factors
that predict transition in the early AD pathway with special attention to progression to MCI
in clinically normal elderly with and without SCC. The study cohort included older
individuals, classified at baseline as CN (clinically normal cognition without SCC), as SCC
(clinically normal individuals with self or informant reported cognitive concerns, who did
not meet criteria for MCI based on normal neuropsychological test performance) or as
amnestic MCI. It was expected that a subset of the CN and SCC groups would progress to
early clinical stages of AD based on advanced age, and that some would also experience
subtle cognitive and behavioral symptoms at baseline. We hypothesized that greater
affective neuropsychiatric symptoms and lower performance on tests of episodic and
semantic memory would predict more rapid clinical progression to MCI. We further
hypothesized that individuals within the SCC group would demonstrate a higher rate of
progression to MCI than the CN group.
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The study sample was drawn from the ongoing Massachusetts Alzheimer’s Disease
Research Center (MADRC) longitudinal cohort that was established in 2005. Participants,
ranging from CN to dementia, were recruited through the community and specialty clinics.
Data for these analyses were obtained from MADRC visits from September 2005 through
May 2011. The MADRC contributes data to the National Alzheimer’s Coordinating Center
(NACC), a central databank registry established by the National Institute on Aging. (26)
From a total sample of 559 participants, 454 with longitudinal data were included in the
primary analysis and were classified as follows at baseline: 283 CN, 56 SCC, 115 MCI.

All participants provided informed consent in accordance with the Partners Human Research
Committee prior to undergoing any study procedures.

Initial and annual assessments included medical evaluation, clinical dementia rating (CDR),
(27) Mini-Mental State Exam (MMSE), (28) and the Alzheimer’s Disease Center (ADC)
Uniform Data Set (UDS) standard battery of neuropsychological tests and neuropsychiatric
assessments.(29) Participants were assigned to diagnostic groups by an experienced clinician
or by consensus panel on the basis of clinical history, presentation and formal assessments
(CDR and UDS neuropsychological performance). The NACC/UDS protocol does not
define neuropsychological test performance cutoffs for the purpose of assigning diagnoses.
At the MADRC, determination of normal range is guided by cognitive test performance
within 1.5 standard deviation adjusted for age and premorbid intelligence based on the
American National Adult Reading Test score.(30)

CN participants were without subjective memory or cognitive concerns, had a CDR Global
score of 0 and performed normally on cognitive testing in all domains. Participants with
informant-based or self-reported changes in memory or cognitive tasks were classified as
SCC if they had a CDR Sum of Boxes (CDR-SB) score greater than 0, specifically with a
box score of 0.5 for either Memory or Judgment and Problem Solving, or both, but
performed normally on cognitive testing in all domains. We did not further define CDR box
scores for the SCC group, therefore participants with SCC could have non-zero ratings in
other CDR boxes. Amnestic MCI, single or multiple domain, participants had subjective
memory concerns accompanied by objective memory impairment on testing and were not
demented. Individuals classified as non-amnestic MCI or with dementia diagnoses at
baseline were excluded. On longitudinal follow-up participants transitioned within the 3
diagnostic categories defined at baseline and some progressed to probable AD dementia or
dementia unspecified, indicating that the clinician was confident of the diagnosis of
dementia but uncertain about the etiology.

There were eight participants in the MADRC cohort who were pre-excluded from the study
sample of 559 as follows: three individuals with baseline diagnoses of MCI who reverted to
CN or SCC at the second study visit and were then lost to follow up and five participants

with baseline diagnoses of SCC who reverted to CN at visit two and discontinued the study.
These rates of reversion from baseline diagnoses of SCC or MCI to less impaired diagnoses
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are similar to those reported elsewhere.(4, 18) Due to the small number of reversions, there
was inadequate power to examine this component of diagnosis transition. Data from these
subjects were therefore not included in these analyses that examined progression to a more
severe diagnosis.

Neuropsychological Measures

Performance measures from the UDS neuropsychological battery were reduced to two
cognitive factors via a principal component analysis on the baseline visit data. Two factors
explained 67.1% of the variance and were significantly correlated with each other (r= 0.64, p
< 0.001). Factor 1 contributed 56.8% of the variance and was defined as a Memory-
Semantic factor. Factor 2 contributed 10.3% of the variance and was defined as an
Attention-Executive factor. The Memory-Semantic factor included the Wechsler Memory
Scale Logical Memory IA- immediate recall and 11A-delayed recall scores (31), Category
Fluency (animals, vegetables) (32) and the Boston Naming Test (30 item, odd numbered)
(33). Tests corresponding to the Attention-Executive Factor were Digit Span Forward and
Backward (34), Trail Making Test Parts A and B (Trails B) (35) and Digit Symbol (36). The
items selected to be included in the respective cognitive factors (on the basis of a loading
cutoff of 0.3) were transformed to standard Z scores and adjusted such that higher scores
indicated better performance. The average of those non-missing was used as the respective
factor score (set to missing if more than half of the variables were missing). Out of the total
sample, average values were imputed for missing items for one subject for the Memory-
Semantic factor and for three subjects for the Attention-Executive factor.

Neuropsychiatric Measures

Neuropsychiatric symptoms were measured using the Neuropsychiatric Inventory brief
questionnaire form (NPI-Q) (37), an informant-based instrument that rates twelve
neuropsychiatric symptom items for presence and severity over the past month. Each item is
scored as absent (0) or present (1, 2 or 3) using an ordinal scale with higher score indicating
greater severity. The factor analysis yielded two neuropsychiatric factors defined as an
Affective factor corresponding to NPI-Q items depression, irritability, agitation,
disinhibition, anxiety and apathy and a Psychotic factor that included hallucinations,
aberrant motor behavior, night-time behaviors, appetite disturbance and delusions (higher
factor score denotes greater severity; loading cutoff 0.3). The two factors correlated at
r=0.43 (p<0.0001) with 45.4% of the total variance explained by the combined factors. The
neuropsychiatric factor scores were computed in a manner analogous to that of the cognitive
factors above.

Statistical Analyses

SAS Version 9.3, JMP Pro version 10 and SPSS Version 21 were used for analyses.

We employed Cox proportional hazards regression models with backward elimination
(using a conservative p<0.01 cutoff) to identify predictors of time to transition to a more
severe diagnosis with respect to time in the study (years). Participants with stable diagnoses
were treated as “censored”, providing partial information. In this cohort, participants with a
baseline diagnosis of CN either remained stable or transitioned to SCC or MCI. For the
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baseline SCC group, participants who were not stable, and did not revert to CN, transitioned
to either MCI or probable AD dementia. Participants who progressed from the baseline MCI
group developed probable AD dementia or “unspecified dementia”. All varieties of
transition were included in the same Cox model to increase sample size and power, but
baseline diagnosis and interactions thereof, were predictor terms in the model in order to
study any differential transition among these baseline diagnostic groups, adjusted for other
covariates.

The original pool of predictors in the Cox model were: the Memory-Semantic and Attention-
Executive cognitive factors, the Affective and Psychotic neuropsychiatric factors, the
interaction of diagnosis with each of these cognitive and neuropsychiatric factors, baseline
diagnosis, sex, the interaction of diagnosis and sex, baseline age, self or informant reported
duration of cognitive symptoms at baseline (years; set to mean 0+0.1 SD with random
normal deviations for CN), years of education, binary predictors for self or informant
reported depressive symptoms occurring greater than two years ago or within the past two
years, and current use of antidepressant medications. The proportional hazards assumption
of the Cox models was tested with a Kolmogorov simulation test, and all predicators of
primary interest in all final backward elimination models were individually found to pass
this test. For the Cox models, the significance test for the overall model was a likelihood
ratio test, whereas all significance tests for individual predictors were based on a Wald Chi-
square test and confidence intervals for hazard ratios were based on a profile likelihood.
(See Supplemental Digital Content for additional data analysis methods).

Significant differences were present across diagnostic groups at baseline with respect to age,
sex, education, MMSE, duration of cognitive symptoms, depressive symptoms within the
past two years, and the two cognitive and two neuropsychiatric factor scores. In contrast,
depressive symptoms prior to two years and use of antidepressant medication were not
significant (see Table 1) (For further description, see Supplemental Digital content).

Out of a total of 559 participants, 454 had a minimum of at least 2 visits required for the
primary longitudinal model examining predictors of time to progression in diagnosis. A
significantly larger proportion of those with MCI had only one study visit, and were thereby
excluded from primary analyses, as compared to CN and SCC. However, there was no
significant difference between the one visit versus multiple visit group on any predictor or
other baseline demographic or clinical variable, nor did these groups significantly interact
with baseline diagnosis in their relations to any of these variables. All 559 participants were
included in a secondary model examining age at time of transition in diagnosis (see
Supplemental Digital Content).

For the primary analysis, the mean time to event or censoring was 2.43+1.0 years
(range=0.87-5.49), which did not differ significantly between baseline diagnostic groups.
Final diagnoses at transition or censoring are shown in Table 2.
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Cox Analysis of Time to Progression in Diagnosis

The backward elimination Cox analysis of time in the study to progression in diagnosis
revealed only two significant terms: the Memory-Semantic cognitive factor and the
Affective neuropsychiatric factor, with the model as a whole being highly significant (see
Table 3). More specifically, a higher (better) Memory-Semantic factor score predicted less
hazard (hazard ratio, HR=0.4 for a one SD increase in Memory-Semantic factor score) and a
higher (worse) Affective factor score predicted greater hazard (HR=1.3 for a one SD
increase in Affective factor score; (see Figure 1). No interaction terms were significant
indicating no difference among the diagnostic groups in how the Affective factor or
Memory-Semantic factor related to hazard beyond variation considered to be chance. (See
Supplemental Digital Content for similar results with non-parametric survival analysis and
age at time of diagnosis transition).

To further delineate the specific nature of these findings, we reran a Cox analysis of time in
the study on the same final derived set of predictors, but this time replacing the Affective
factor with each of the six constituent NPI-Q items in its own separate analysis. The
depression (HR=1.6, 95% CI (1.1, 2.3); X2=6.7, df= 1, p<0.01), agitation (HR=1.5, 95% Cl
(1.06, 2.1); X2=6.1, df=1, p=0.01), and irritability (HR=1.4, 95% CI (1.02, 1.8); X2=5.1,
df=1, p=0.02) items were each found to be significant, with higher (worse) scores predicting
greater hazard of transition to worse diagnosis.

In order to directly compare hazard of transition to MCI in the CN and SCC groups, we ran
a final Cox model of time in the study to analyze baseline diagnosis (CN or SCC) as a sole
predictor of progression to MCI, unadjusted for neuropsychiatric or cognitive factors. For
the purpose of this analysis we defined CN who transitioned to SCC, but not further to MClI,
as equivalent to stable CN to the end of their study (censored). We found that those with a
SCC diagnosis at baseline had a 4-fold greater risk of progression to MCI compared to those
who were CN (HR= 4.1, 95% CI (2.1, 7.7); X?=18.9, df=1, p<0.0001).

DISCUSSION

The purpose of this study was to identify neuropsychiatric and cognitive predictors of
clinical progression across early stages of AD within a cohort of older adults initially
classified as CN, SCC and MCI. We found that greater symptoms of depression, irritability
and agitation as well as lower memory and semantic processing at baseline predicted more
rapid progression to a worse diagnosis across all groups. These findings support a model of
AD in which cognitive and neuropsychiatric alterations are measureable prior to the stage of
MCI, and offer potential to enhance early detection and intervention.

Our results build on prior work that has identified affective symptoms such as anxiety and
depression as predictors of progression from MCI to AD dementia.(13, 18, 38—-40) For
example, in Alzheimer’s Disease Neuroimaging Initiative (ADNI) analyses, Lee et al.
demonstrated that adults with MCI and persistent depression over 2 years showed more
atrophy in AD related regions, greater declines in cognitive testing, and higher rates of
conversion to AD dementia compared to those with no neuropsychiatric symptoms.(13)
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We add to prior research by evaluating affective symptoms, not only in MCI, but also in
earlier phases of the AD continuum. We found no interaction of affective factor score with
baseline diagnosis in our analysis, indicating that these affective symptoms predict disease
progression in MCI and also in CN and SCC, two groups hypothesized to include those with
preclinical AD. This finding highlights affective symptoms as potential behavioral markers
of preclinical AD in CN and SCC and adds to a small number of studies that have examined
depression as a predictor of MCI in carefully defined samples of clinically normal,
community dwelling elderly. In four studies that compared depressed to non-depressed
clinically normal elderly, there was a doubling of the risk of progression to MCI in those
participants with depression as defined by the Geriatric Depression Scale, the Center for
Epidemiological Studies Depression Scale and the Comprehensive Psychopathological
Rating Scale.(15, 16, 25, 38) We add further to this literature by demonstrating that
depression and associated symptoms also predict more rapid progression in the novel
diagnostic group of clinically normal elderly with SCC.

It has been proposed that affective neuropsychiatric symptoms such as depression and
anxiety, occurring as preclinical or early clinical features of AD, may arise from a number of
possible mechanisms. Affective symptoms may represent primary manifestations of AD
pathophysiology and be associated with AD biomarker abnormalities;(12-14) they may
derive from distinct pathological processes, such as vascular lesions or stress-related
neurotoxicity, that may secondarily interact with and accelerate AD progression;(41, 42) or
these symptoms may indicate psychological responses to newly perceived and distressing
subjective cognitive changes (22) that may, in turn, interact with changes in emotional
regulation,(43) among other possible mechanisms.(44)

While we found that current affective symptoms predicted clinical progression in all groups,
a self-reported history of previous depression within 2 years, or 2 years prior to baseline did
not. Based on these data, it is possible that newly emerging affective symptoms or changes
in affective regulation, rather than prior or chronic syndromal depression, may be most
informative of risk of clinical progression in clinically normal adults, with or without SCC,
to MCI. Further research is necessary to delineate the overlapping constructs of late-life
depression, subsyndromal depression and affective symptoms in AD to elucidate potential
interacting disease mechanisms that are currently not well understood.

Lower Memory-Semantic factor score, reflecting poorer performance on tests of episodic
memory, semantic fluency and naming, also significantly predicted more rapid progression
to a worse diagnosis across all groups in our study. Our findings are compatible with other
studies in which lower performance on episodic or verbal memory tests predicted clinical
progression from clinically normal to MCI to AD dementia.(45-47)

We did not find an association between Attention-Executive factor scores and clinical
progression in our study sample in contrast to other reports in which lower performance on
Trails B predicted progression from very early mild cognitive impairment (46) or mild
cognitive impairment (47) to AD dementia. In ADNI analyses, Johnson et al. found that
individuals with MCI experienced executive function declines whereas the clinically normal
group did not, suggesting that declines in executive function such as in Trails B, may be
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particularly useful as a marker of MCI onset and subsequent progression.(47, 48) As only
one-quarter of our sample had a baseline diagnosis of MCI, it is possible that there was
insufficient power in our analysis to detect this association that may be specific to MCI but
not present in earlier stages such as CN or SCC groups.

In a second longitudinal model, we analyzed baseline diagnosis as a sole predictor of
progression to MCI and found that individuals in the SCC group, compared to the CN group,
were four times more likely to progress to MCI over a mean follow-up period of 2.4 years.
Our methods and results are similar to those of Duara et al. who reported that 28.6% of “Pre-
MCI” subjects progressed to MCI or dementia over 2-3 years, comparable to 30% of SCC
who progressed to MCI or dementia in our study.(4) These findings add to a growing
literature supporting SCC as a late stage of preclinical AD, occurring in transition from CN
to MCI and dementia. Jessen et al. found that subject-reported memory impairment with, but
not without, worry or concern was associated with clinical progression in older subjects who
performed normally on cognitive tests, emphasizing the relevance of subject appraisal of
cognitive changes in assessing risk prior to onset of MCI.(49) Complimentary work by
Gifford and colleagues showed that mutual complaint by both subject and informant had
cumulative predictive value and together were associated with a 4-fold hazard of
progression from SCC to MCI compared to CN adults with no SCC.(8) In utilizing CDR
scores in the current study, we capitalized on both subject and informant subjective
complaints, interpreted by skilled clinical raters, which may have enhanced our ability to
capture these predictive features of subjective complaints.

There are a number of limitations to our study. We used the CDR, a widely implemented
cognitive battery and standardized clinical criteria to classify subjects into diagnostic groups
but we did not include AD biomarker data in this study. Therefore AD etiology was inferred
from clinical research data. Furthermore, we defined the SCC group using specific findings
on research instruments that are not routinely used in the clinic. Additional research is
warranted to examine this operational definition of SCC in relation to recently defined, early
MCI, and in comparison to other approaches to detecting and measuring SCC in older
adults.

While we had available data from the informant-rated NPI-Q that were sufficient to establish
significant findings in our analyses, this instrument may not be optimal to detect
neurobehavioral symptoms in preclinical AD. By analogy to SCC, subject-rated
neuropsychiatric scales may be an important and sensitive component of neuropsychiatric
assessment in late preclinical stage AD. It is possible that the detection of neuropsychiatric
change in the earliest stages of AD may require new, specialized instruments to probe and
assess more subtle changes in perception, behavior and emotional regulation.

In conclusion, we studied a cohort of older adults comprised of CN, SCC, and MCI, and
found that greater affective symptoms and lower performance on tests of memory, naming
and semantic fluency predicted more rapid progression across all groups. These results
identify select neuropsychiatric and neuropsychological factors associated with disease
progression across preclinical and early stages of cognitive decline and support a model of
clinically normal individuals with SCC as a transitional group between CN and MCI with
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increased risk of progression to MCI. Close examination of affective changes and subjective
cognitive concerns may improve risk assessment for secondary prevention trials in AD and
ultimately, for clinical screening, particularly in combination with other sensitive clinical,
neuropsychological and biological markers of AD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Survival Curves Predicted by the Cox Model for Progression to More Severe Diagnosis
versus Time in the Study for Selected Illustrative Strata Showing One Standard Deviation
Above and Below the Mean for the Memory-Semantic Factor and for the Affective Factor.
Survival denotes not having progressed. Abbreviations: Standard deviation (SD), Affective

(Aff), Memory (Mem)

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2015 December 01.



Page 14

Donovan et al.

1000°0=d ‘(T=4p) IO 'SA ND Jo}g

“IDIA SA DS 104 158)-1 (30UBLIEA 10113 118U 10} SBIQ Palenuanie Ue PIOAR 01) T'( JO UOITRIASP PJBpUBIS PUB 08Z JO UESL LM UOIINGLISIP [EWIOU € WOol) UMeIp A[WOopUe) SanjeA zo,.

T000°0>d ‘(§55=4p) IDIN "SA DS pue [DIA 'SA ND R

€000°0=d ‘IOl 'SA D25 104 :70°0=d ‘(955=4P) IOl 'SA ND 5,{

2000°0=d ‘(T=4P) IDIN "SA NO 104 :200°0=d ‘(T=Jp) DS 'SA ND 1oy

1000°0>d ‘(955=4P) IDINl PUB OIS "SA NO _eg

#0°0=d (T=4p) IDIN "SA DOS pue 10} :600°0=d ‘(T=4P) IDIN "SA ND lop,

‘(MmoJaq 98s) pawopiad atam suostiedwod asim-ared doy-1sod atenbs-1yo pue Asyny
[eUONIPPY "S3|qeLIBA [ed1i0ba1ed 10} 1S9) a1enbs-1yd sy} pue S8|geLIBA SNOUIUOD J0) 1S3)-) JO 8dURLIRA JO SIsA[eue Buisn passasse aiam sdnolb Usamiaq SUOIIRII0SSY “UOITRIASP plepuels F ueaw juasaidal (asn
juessaidaprue pue uoissaidap ‘xas ‘U 1daoxa) sanjenA || "(Sulaouod aAIubo9 aARdalgns) DS ‘(uoneulwex a1els [eIusIN-IUIA) ISINIAL ‘(quawaredwi aARIubod pjiw) 1DIN ‘(Uoiubod fewou Ajjealulfd) NO

NIH-PA Author Manuscript

NIH-PA Author Manuscript

70000> | (625'2) TT=4 | 6'07€00'0- | 9°079ST0- | v'0F29z'0- | %895 0F6LT0- (2105 7) 510198} 9N0YIASH
70000> | (Szs'7)ze=d | 0'T¥85T0 | 6'0¥860°0- | G0F86E 0~ | [0SLOFTTCO- (2105 7) a019€} BANOBYY
10000> | (£55'7) 08=d | 9079eT0- | vOTewvo | voFeeyo | 10vS0FSLCO (81095 Z) 4030} SAIINIAXT -UONUY
10000> | (v65'2) €8T=d4 | 9'07e5£'0- | SOFITHO | ¥OFvzso | yEI90FL9C0 (21095 2) 1019R} DNUBWAS -AIOWAN
90 (@ TT1=,X 95T 6'GT &4’ L€t (9%) 8sn uonealpaw U essaidapnuy
90 (2) T=2X 96T €0z 99T 8T (9%) saeak z 01 Joiud swordwiAs snissaadaq
50000 (2) 5T=¢X 192 96T 12T pY'9T (9%) saeak z uiynm swoldwAs aalssaidag
2910 (672) ¥'1=1 1'€70'G 9'v%0'9 10700 j9°€¥0°C (saeak) auijaseq ye swordwAs sAn1ubod Jo uoeang
10000> | (555'2) ¥6=4 L7702 VIF0'62 0'TFZ'6C 96 T¥9'82 ASAIN
€0000 | (955'7) €'8=d 0'€F9'ST €TFTLT vZFe9T p9cFe9l (seak) uonreonp3
7000°0> (@) 61=X e Ll '8z or'sE (arew 96) x8s
10000> | (955'2) 2v=d T'870°LL G9Fr'9. 8'679'69 q9'6¥5cL (saeak) aby
200 @z8=eX | (rep)stt (z98)9s | (Le8)ese (€18) e¥S¥ | (sisouberp UILIM [€10} JO 0%) SHSIA APNIS 10U 0 Z UMM N
951 59 8ee 655 N
anend (p) 1591 fo] 208 NO sp0lgns |1 dnouo
ele@ [ed1ul]d pue alydeibowa auljaseq
Tolqel

NIH-PA Author Manuscript

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2015 December 01.



Page 15

Donovan et al.

1000°0>d ‘(525=4P) IO\ 'SA NO év_
T000°0>d ‘IDIAl 'SA NO 104 :T0°0=d ‘(52G=4p) DOS 'SA NO loy
T000°0>d ‘(€55=4P) IDIN "SA DOS pue NO 1oy

1000°0>d ‘(#5G=4P) 1Dl 'SA DS PUB NO _ec

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2015 December 01.



Page 16

Donovan et al.

'S30UBJBYIP aSIM-dnoub Juediyiubis ou yum siesh 0 TFEY 'z Sem siuedioned [1e Jo) BulIOSUaD 10 JUsAS 0] W1} Ues|N

1

*(su1aou02 aAIUB09 aARdaIgNS) DS ‘(wuawuredwi aARIUBOD pliw) [DIN ‘(Uo1ubod Jewiou Ajjealulfd) NO

(08 (eve)se | (289) 6L 0 0 STl (%) u 1oINE
0 (81)T | (982) 91 | (9'69) 6€ 0 95 (%) u00s
0 o ®Dez | (2961 | (358) zve €8¢ (%) UND
payoadsun enuswaqg | enuswep Qv 8|qeqold fo] 208 NO
,%:_\_Omcwu 10 uonisueJy 1e sisoubelp reui uauleseg | sisouBeiqg suijeseg

1ISIA dn-moj|oy) T 1se3] e yum S193lans G 10} sisoubelp jeul

¢ ?olgel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2015 December 01.



Donovan et al. Page 17

Table 3

Cox proportional hazards regression analysis showing significant predictors of time to progression to a more
severe diagnosis retained in the final model

Model: X? =44.2, df=2; p<0.0001

Predictor Hazard Ratio | 95% Confidence Interval | X2 (df=1) | p value
Memory-Semantic Factor | ¢ 40t 0.30-0.56 316 <0.0001
Affective Factor 1.20t 1.05-1.56 6.5 0.01

CN (clinically normal cognition), MCI (mild cognitive impairment), SCC (subjective cognitive concerns), x2 (Likelihood Ratio for the model test
and Wald for the individual predictors.)

TFor Memory-Semantic factor and Affective factor, the hazard ratio is based on one standard deviation increase.
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