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Abstract

Objective—Longitudinal studies have shown an increase in cognitive decline many years prior to
clinical diagnosis of dementia. We sought to estimate changes, relative to “normal” aging, in the
trajectory of a global cognitive function test - the Cognitive Abilities Screening Instrument
(CASI).

Design—A cohort of cognitively intact elderly participants, assessed biennially for dementia for
up to 20 years.

Setting—Community dwelling elderly enrolled in a health maintenance organization.

Participants—Four thousand three hundred fifteen participants aged 65 and older who had no
dementia diagnosis at baseline and had at least 2 visits with valid CASI test score.

Measurements—Average longitudinal trajectories, including changes in trajectory prior to
clinical diagnosis in those who would be diagnosed with dementia, were estimated for CASI item
response theory (IRT) scores. The impact of sex, education level, and APOE genotype on
cognitive trajectories was assessed.
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Results—Increased cognitive decline relative to “normal” aging was evident in CASI IRT at least
10 years prior to clinical diagnosis. Male gender, lower education, and presence of 21 APOE €4
alleles were associated with lower average IRT scores. In those who would be diagnosed with
dementia, a trajectory change-point was estimated at an average of 3.1 years (95% confidence
interval 3.0, 3.2) prior to clinical diagnosis, after which cognitive decline appeared to accelerate.
The change-point did not differ by sex, education level, or APOE e4 genotype. There were subtle
differences in trajectory slopes by sex and APOE 4 genotype, but not by education.

Conclusion—Decline in average global cognitive function was evident at least 10 years prior to
clinical diagnosis of dementia. The decline accelerated about 3 years prior to clinical diagnosis.

dementia; cognitive function; trajectory changes; change-point

Introduction

Neurodegenerative changes begin years before the clinical diagnosis of Alzheimer's disease
(AD)1-3 and there is great interest in identifying early clinical manifestations of underlying
brain changes for early intervention. Several large community-based studies* reported
cognitive decline starting as early as 15-16 years prior to dementia diagnosis, followed by
acceleration of decline closer to diagnosis.*® We will refer to the initiation of accelerated
decline as a trajectory “change-point”. Estimates of timing of the change-point vary widely
in different populations and with different measures of cognition, with studies indicating an
accelerated decline in cognitive trajectory commencing at 1 to 17 years prior to AD or
dementia diagnosis.3: 8-16

Estimates of the effect of education and presence of APOE 4 alleles on cognitive trajectory
during the preclinical stage of disease are inconsistent. Two studies® 11 found that those with
higher education experienced on average a later change-point in their trajectory with
subsequent faster decline. However, other studies have shown that education appears to
influence the level of cognitive function but not the rate of decline.1”- 18 Similarly, estimates
of the effect of APOE genotype are inconsistent, with some studies indicating that subjects
with 21 APOE e4 alleles had a more rapid progression during the preclinical stage of
AD.15. 1921 Einally, sex is an important biological variable, yet its impact on cognitive
trajectory has been considered in only a few studies.3: 22 The majority of longitudinal studies
of cognitively normal adults either did not consider sex® or adjusted for it as a

covariate,*’- 23 without considering further its impact on cognitive trajectory.

In this study, we used longitudinal data from a cohort of initially non-demented participants
in the Adult Changes in Thought (ACT) study with up to 20 years of follow-up. Cognitive
function was assessed using the CASI,24 a global cognitive test that has been used in large
epidemiological cohort studies for detecting dementia.2>-2” We aimed to estimate whether,
relative to “normal” aging, there were changes in the CASI trajectory prior to dementia
diagnosis and, if so, when these changes occurred. We defined “normal” aging to be the
cognitive trajectory of individuals not diagnosed with dementia during follow-up. Our
approach allowed us to assess, in subjects who would later be diagnosed with dementia, not
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only early changes in cognitive trajectory relative to normal aging, but also the presence and
timing of a change-point at which accelerated cognitive decline commenced and the
magnitude of the changes in cognitive score before and after the change-point. We further
assessed how the cognitive trajectory varied by sex, education and presence of =21 APOE e4
allele.

The ACT study design has been described elsewhere.2’ Briefly, the initial cohort of 2,581
community-based participants was randomly selected in 1994-1996 from Seattle area
members of Group Health Cooperative (Kaiser Permanente Washington as of 2017). The
base population was over 20,000 enrollees aged = 65 years without dementia whose
demographics were representative of surrounding counties. In 2000-2002, an expansion
cohort (n=811) was added using the same sampling methods except oversampling clinics
with higher proportions of minorities. Since 2005, a continuous enrollment strategy has been
used to maintain a cohort of over 2,000 participants. The criteria for enroliment were a CASI
score of = 86 or absence of evidence of dementia after additional examination. Demographic
characteristics, medical history, and suspected AD risk factors were obtained at the time of
entry to the study and updated at every study visit. Of the 5,081 ACT participants as of May
2015, 4,315 had at least one follow-up with a valid CASI score. For participants with
incident dementia identified by the ACT study, we included data from all visits prior to
diagnosis. For those subjects who were not diagnosed with dementia during follow-up, their
records were censored in the analyses at their next to last visit to reduce misclassification of
those who might subsequently have a diagnosis of dementia.

The study followed appropriate informed consent and had local IRB approval.

Cognitive assessment with the CASI

The CASI is a 40-item global cognitive test that assesses a broad range of cognitive
domains, with total score of 0 - 100.24 CASI was administered at baseline and at each
biennial follow-up visit and served as the screening tool for detecting dementia.

We used Item Response Theory (IRT) scores to address limited sensitivity at higher levels of
cognitive functioning and nonlinear measurement properties of the CASI. In IRT, the
construct of interest is regarded as a latent trait and each individual's responses to the
individual items of the test are regarded as manifestations of this trait, which can be thought
of as the “ability” of that individual at the time of testing. Two individuals with the same
total (standard) CASI test score may have different IRT scores depending on the specific
items they answered correctly. Unlike standard total test scores, IRT scores have linear
scaling properties, i.e., a unit change in IRT corresponds to the same change in the
underlying trait, regardless of the level of the trait.2> 28-30 Scores were scaled to have
approximately mean 0 and standard deviation (SD) 1 at the 51 biennial visit, so CASI IRT
can be thought of as being measured in approximately SD units.3! Figure S1 in
Supplementary Material shows CASI IRT versus standard CASI scores for all individuals at
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baseline and at their last visit, by dementia status at the time of censoring. In this study, we
focus our primary analysis on estimating the average longitudinal trajectory of the CASI IRT
score because of its better psychometric and statistical properties.2°: 32

Diagnosis of dementia

In the ACT study, a CASI score of less than 86 was considered a screen positive for possible
dementia. Those who screened positive underwent a standardized dementia diagnostic
evaluation, including physical and neurological examination by a study physician and a
battery of neuropsychological tests. Relevant laboratory tests and neuroimaging studies were
performed or results were obtained from GHC records. Dementia diagnoses were assigned at
consensus diagnostic conferences. All-cause dementia and its subtypes were determined
based on the Diagnostic and Statistical Manual, 41 edition.33 Apolipoprotein E

(APOE: GenBank, M12529) genotype was determined by a restriction digest method.3

Statistical analysis

Quantitative (/categorical) characteristics of study participants by dementia status were
summarized by means, standard deviations and ranges (/frequencies). We used mixed effects
linear regression to estimate mean longitudinal CASI IRT trajectories, using the records of
all 4,315 subjects who had at least one follow-up with a valid CASI score. In individuals
without diagnosis of dementia during follow-up, the mean CASI IRT score was assumed to
change at a constant rate over time (age), where this trajectory represents “normal’” aging.
Linear cognitive trajectories have been demonstrated in a variety of settings.8 9 35 For those
who were diagnosed with dementia during follow-up, the model for mean CASI IRT
additionally included a piece-wise linear trajectory consisting of linear change with time to
diagnosis until a change-point (at a time prior to diagnosis), after which there was possibly a
different rate of linear change. Hence, the longitudinal trajectory model for those not
diagnosed with dementia has a single slope parameter, corresponding to normal aging. For
those who were diagnosed with dementia, their trajectories have two additional slope
parameters, before and after an estimated change-point, representing the change in
trajectory, relative to normal aging, as these individuals advance towards dementia diagnosis.

The model included intercept-level adjustment for the following covariates: dementia status,
sex, education (college degree vs. no college degree) and baseline age cohort (>75 years vs.
< 75 years at baseline) and random effects for study participant and the individual level
trajectory slopes corresponding to normal aging. The primary analysis considered a common
trajectory change-point for all individuals who were subsequently diagnosed with dementia.
Sex, college education and baseline age cohort were assumed to affect the overall level of
mean CASI IRT, but not the slopes and change-point of the longitudinal trajectory.
Secondary analyses included interactions of the change-point and associated slope
coefficients with (separately) college education, sex and presence of =1 APOE e4 allele.

Model parameters were estimated by maximizing the likelihood using non-linear
optimization. We tested specific hypotheses using likelihood ratio tests with 5% level of
significance.

J Am Geriatr Soc. Author manuscript; available in PMC 2018 December 01.
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We performed several sensitivity analyses. We repeated the primary trajectory analyses
using standard CASI and the transformation In (101-CASI), which has been used previously
to address the skewness of the distribution of standard CASI scores.1! We also repeated the
analysis including the last visit for subjects not diagnosed with dementia during follow-up.
To assess the assumption of a (piece-wise) linear trajectory, we also estimated the time-to-
dementia and normal aging trajectories with fractional polynomials (FPs).3¢ In our study
population, APOE genotype data were not available for 599 participants (14%). In further
sensitivity analyses, all individuals with missing APOE e4 status were assumed to be either
e4 negative or e4 positive.

Analyses were carried out using R 3.3.2.37

Characteristics of participants with and without dementia diagnosis

Table 1 shows study characteristics by eventual dementia status. Of 1,040 subjects who were
diagnosed with dementia during follow-up, 636 had AD, 109 had vascular dementia, 185
had mixed dementia, and 110 had other types of dementia. Compared to those not diagnosed
with dementia during follow-up, those who developed dementia were less likely to be
college educated, more likely to have =1 APOE e4 allele, were older at enrollment and at
last follow-up visit, and had lower mean CASI scores at enrollment and follow-up (all p-
values < 0.01).

Estimated CASI IRT trajectories and change-points

Figure 1A, B presents observed longitudinal CASI IRT scores by dementia diagnosis in
individual participants during the study period with non-parametric smoothed trajectories.
The smoothed trajectory for normal aging (those without diagnosis of dementia) is
approximately linear. On visual inspection, the smoothed CASI IRT trajectory in those who
would be diagnosed with dementia is lower than the trajectory of normal aging throughout
follow-up and exhibits an accelerated decline at about 3 years prior to diagnosis.

Coefficient estimates for the CASI IRT primary trajectory model are summarized in Table 2.
The estimated trajectory change-point (95% confidence interval (Cl)) was at 3.1 (3.0, 3.2)
years prior to diagnosis. The pre-change-point CASI IRT slope in those who would be
diagnosed with dementia was significantly greater than the slope for normal aging: prior to
the change-point, the mean annual decline in CASI IRT was more than double (0.041) the
estimated annual decline associated with normal aging (0.015). After the change-point, the
estimated annual decline in subjects who would be diagnosed with dementia increased
markedly. Figure 1C, D shows CASI IRT spaghetti plots for individual subjects, and the
estimated mean trajectories corresponding to normal aging and for those diagnosed with
dementia at age 85, using the (piece-wise) linear trajectory models and FPs. The FP curves
correspond closely to the estimated trajectories from the linear change-point models and also
suggest a change-point at about 3 years prior to diagnosis.

Results of other sensitivity analyses were substantively in agreement with those of the
primary analysis and are provided in Supplementary Tables S1 and S3.

J Am Geriatr Soc. Author manuscript; available in PMC 2018 December 01.
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Differences in CASI IRT, relative to normal aging, in subjects with dementia diagnosis

We compared estimated mean CASI IRT scores from the primary model at 2, 5, 10, and 15
years prior to dementia diagnosis to mean scores for individuals of the same age, age cohort,
sex and education without dementia diagnosis (normal aging) (Table 3). The mean CASI
IRT scores in those with subsequent dementia diagnosis were significantly lower (p < 0.01)
than mean scores for those without diagnosis over the 15 years prior to diagnosis.
Participants who would be diagnosed with dementia 10 years later are estimated to have
mean CASI IRT 0.21 units lower than participants of the same age, age cohort, sex and
education who were not diagnosed with dementia during follow-up.

Effect of sex, education and APOE genotype on CASI IRT trajectory

The average IRT and standard CASI scores differed significantly by sex, education and
presence of =21 APOE ¢4 alleles. Based on the primary trajectory model, males had mean
CASI IRT scores 0.16 (95% CI 0.13, 0.19) units lower than females (adjusting for age, age
cohort and education). Those without a college education had adjusted mean CASI IRT
scores 0.29 (95% CI 0.26, 0.33) units lower than those with a college education. Including
>1 APOE e4 alleles as an intercept adjustment in the primary model, those with =1 APOE
e4 alleles had adjusted mean CASI IRT 0.05 (95% CI 0.01, 0.08) lower than those with no
APOE &4 alleles.

There were no other major differences in estimated trajectories by sex, education and APOE
e4 genotype. (Supplementary Table S2 and Figure S2). When trajectory models were fitted
including interactions, the location of the change-point did not differ by (separately) sex,
education or having =1 APOE €4 alleles (p > 0.13). There were statistically significant, but
small, differences in post-change-point slope by sex and in pre-change-point slope by
presence of APOE &4 allele.

Discussion

In this community-based study, we found that, on average, compared to normal aging,
increased cognitive decline measured by CASI IRT was present at least 10 years prior to
clinical diagnosis of dementia, followed by an accelerated decline at about 3 years prior to
the diagnosis. Male sex, lower education and presence of =1 APOE e4 alleles were
associated, on average, with lower cognitive performance, but these factors had less impact
on the shape of cognitive trajectory in those who developed dementia.

In persons not diagnosed with dementia, average CASI IRT declined slowly with aging. In
contrast, the average early rate of decline in those who were later diagnosed with dementia
was more than double that of normal aging, such that differences in average scores were
statistically evident up to 15 years prior to clinical diagnosis of dementia. This early decline
in cognition measured with a brief cognitive test is largely consistent with recent
observations of cognitive changes from other large community-based studies.>’

Our study suggests that acceleration of global cognitive decline assessed by a brief cognitive
measure occurred on average about 3 years prior to dementia diagnosis. This is consistent
with the finding in another community-based study of accelerated decline 3 years prior to

J Am Geriatr Soc. Author manuscript; available in PMC 2018 December 01.
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dementia diagnosis in standard scores from the Mini-Mental State Examination (MMSE).*
A study using data from a research clinic setting showed a slight earlier change-point in the
MMSE, 5 years prior to AD diagnosis.8 However, the risk profile of these subjects may be
different from that in a community-based study such as ours.38 The timing of the
acceleration of cognitive decline prior to dementia diagnosis may also vary with type of
cognitive measure.4 9. 12,16

Previous studies have generally shown no difference in rate of cognitive decline between
men and women.3 22 Our finding of a lower average cognitive performance in men than in
women is consistent with our earlier findings of poorer executive function3® in men than in
women in a different cohort; and consistent with the observation that men had poorer
memory and smaller hippocampal volume and that memory and hippocampal volume
decline began at earlier ages than brain AB deposition.40 We speculate that this greater
cognitive decline in men may be due to increased cerebrovascular disease in men.41: 42

Education is an important factor in assessment of cognitive function and potentially affects
cognitive trajectory changes, although it has been suggested that the impact is stronger in
younger adults.>: 6. 15, 23, 43-46 Higher education is consistently associated with better
cognitive performance °: 6. 15, 23,44, 46, 47 1yt estimates of the effect of education on
cognitive trajectory changes are less consistent and may vary by domain.>: 8. 15, 35, 44, 46, 47
Some studies® 15 44 showed that persons with higher education level have a change-point
closer to diagnosis and a more rapid decline of cognitive function after the change-point.
However, as in other studies,23 46 while we found that the mean CASI score was
significantly higher in those with higher education, we did not find a significant effect of
college vs no college on the trajectory. The discrepancy with previous findings could be due
to the relatively low sensitivity of the CASI, compared to specific measurement of memory
or more extensive neuropsychological test batteries used in other studies.1® 44 Also, the
education effect on CASI score might be at a lower threshold,*® which could not be
adequately assessed in our cohort with high average education levels.

Cogpnitive trajectory change prior to clinical diagnosis of dementia is also determined by the
underlying disease process which could vary by APOE genotype.® 20 Yu et al. reported that
the presence of APOE ¢4 alleles was associated with more rapid cognitive decline measured
by the MMSE both before and after the change-point.1> We observed a slightly faster
decline in those with 21 APOE e4 alleles prior to, but not after, the change-point. Other
longitudinal studies?: © 21 did not identify changes during the pre-dementia stage in the
MMSE trajectory by presence of APOE e4. Again, a potential explanation is the low
sensitivity of brief cognitive tests in measuring subtle cognitive impairments prior to
dementia diagnosis.

Relative to other studies of cognitive decline, a major strength of this study is that our
findings are based on a large community-based cohort with long follow-up up to 20 years.
Nevertheless, a potential limitation is that in ACT, the CASI was measured every two years
rather than yearly, which may delay diagnosis of dementia. Another limitation is that our
piece-wise linear trajectory model was not designed to estimate at what point prior to
diagnosis those who develop dementia deviate from normal aging.

J Am Geriatr Soc. Author manuscript; available in PMC 2018 December 01.
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In conclusion, our findings suggest that commonly used brief cognitive measures, such as
the CASI, could exhibit differences in cognitive functioning at least 10 years prior to clinical
diagnosis, with decline accelerating about 3 years prior to clinical diagnosis. Sex, education
and APOE genotype affect average level of cognitive performance but had little impact on
the shape of the cognitive trajectory prior to diagnosis of dementia.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

The study sponsors had no role in the design and conduct of the study; collection, management, analysis, and
interpretation of the data; and preparation, review, or approval of the manuscript.

Funding: This study is supported by grants AG033693, AG006781, and AG05136 from the National Institute on
Aging and U.S. Department of Veterans Affairs.

References

1.

Li G, Sokal I, Quinn JF, Leverenz JB, Brodey M, Schellenberg GD, et al. CSF tau/Abeta4? ratio for
increased risk of mild cognitive impairment: a follow-up study. Neurology. 2007; 69:631-639.
[PubMed: 17698783]

. Price JL, McKeel DW Jr, Buckles VD, Roe CM, Xiong C, Grundman M, et al. Neuropathology of

nondemented aging: presumptive evidence for preclinical Alzheimer disease. Neurobiol Aging.
2009; 30:1026-1036. [PubMed: 19376612]

. Aguirre-Acevedo DC, Lopera F, Henao E, Tirado V, Munoz C, Giraldo M, et al. Cognitive Decline

in a Colombian Kindred With Autosomal Dominant Alzheimer Disease: A Retrospective Cohort
Study. JAMA neurology. 2016; 73:431-438. [PubMed: 26902171]

. Amieva H, Le Goff M, Millet X, Orgogozo JM, Peres K, Barberger-Gateau P, et al. Prodromal

Alzheimer's disease: successive emergence of the clinical symptoms. Annals of neurology. 2008;
64:492-498. [PubMed: 19067364]

. Amieva H, Mokri H, Le Goff M, Meillon C, Jacgmin-Gadda H, Foubert-Samier A, et al.

Compensatory mechanisms in higher-educated subjects with Alzheimer's disease: a study of 20
years of cognitive decline. Brain : a journal of neurology. 2014; 137:1167-1175. [PubMed:
24578544]

. Verlinden VJ, van der Geest JN, de Bruijn RF, Hofman A, Koudstaal PJ, Ikram MA. Trajectories of

decline in cognition and daily functioning in preclinical dementia. Alzheimer's & dementia : the
journal of the Alzheimer's Association. 2016; 12:144-153.

. Rajan KB, Wilson RS, Weuve J, Barnes LL, Evans DA. Cognitive impairment 18 years before

clinical diagnosis of Alzheimer disease dementia. Neurology. 2015; 85:898-904. [PubMed:
26109713]

.Ji M, Xiong C, Grundman M. Hypothesis testing of a change point during cognitive decline among

Alzheimer's disease patients. J Alzheimers Dis. 2003; 5:375-382. [PubMed: 14646028]

. Hall CB, Lipton RB, Sliwinski M, Stewart WF. A change point model for estimating the onset of

cognitive decline in preclinical Alzheimer's disease. Stat Med. 2000; 19:1555-1566. [PubMed:
10844718]

10. Wilson RS, Beckett LA, Bienias JL, Evans DA, Bennett DA. Terminal decline in cognitive

function. Neurology. 2003; 60:1782-1787. [PubMed: 12796531]

11. Yu B, Ghosh P. Joint modeling for cognitive trajectory and risk of dementia in the presence of

death. Biometrics. 2010; 66:294-300. [PubMed: 19432791]

J Am Geriatr Soc. Author manuscript; available in PMC 2018 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lietal.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.
31.
32.

Page 9

Wilson RS, Leurgans SE, Boyle PA, Bennett DA. Cognitive decline in prodromal Alzheimer
disease and mild cognitive impairment. Archives of neurology. 2011; 68:351-356. [PubMed:
21403020]

Wilson RS, Leurgans SE, Boyle PA, Schneider JA, Bennett DA. Neurodegenerative basis of age-
related cognitive decline. Neurology. 2010; 75:1070-1078. [PubMed: 20844243]

Wilson RS, Segawa E, Boyle PA, Anagnos SE, Hizel LP, Bennett DA. The natural history of
cognitive decline in Alzheimer's disease. Psychol Aging. 2012; 27:1008-1017. [PubMed:
22946521]

Yu L, Boyle P, Wilson RS, Segawa E, Leurgans S, De Jager PL, et al. A random change point
model for cognitive decline in Alzheimer's disease and mild cognitive impairment.
Neuroepidemiology. 2012; 39:73-83. [PubMed: 22814083]

Johnson DK, Storandt M, Morris JC, Galvin JE. Longitudinal study of the transition from healthy
aging to Alzheimer disease. Archives of neurology. 2009; 66:1254-1259. [PubMed: 19822781]
Ranft U, Schikowski T, Sugiri D, Krutmann J, Kramer U. Long-term exposure to traffic-related
particulate matter impairs cognitive function in the elderly. Environ Res. 2009; 109:1004-1011.
[PubMed: 19733348]

Chen JC, Schwartz J. Neurobehavioral effects of ambient air pollution on cognitive performance in
US adults. Neurotoxicology. 2009; 30:231-239. [PubMed: 19150462]

Power MC, Weisskopf MG, Alexeeff SE, Coull BA, Spiro A 3rd, Schwartz J. Traffic-related air
pollution and cognitive function in a cohort of older men. Environ Health Perspect. 2011;
119:682-687. [PubMed: 21172758]

Yu L, Boyle P, Schneider JA, Segawa E, Wilson RS, Leurgans S, et al. APOE epsilon4, Alzheimer's
Disease Pathology, Cerebrovascular Disease, and Cognitive Change Over the Years Prior to Death.
Psychol Aging. 2013

Bunce D, Fratiglioni L, Small BJ, Winblad B, Backman L. APOE and cognitive decline in
preclinical Alzheimer disease and non-demented aging. Neurology. 2004; 63:816-821. [PubMed:
15365129]

Ferreira L, Ferreira Santos-Galduroz R, Ferri CP, Fernandes Galduroz JC. Rate of cognitive decline
in relation to sex after 60 years-of-age: a systematic review. Geriatrics & gerontology
international. 2014; 14:23-31.

Schneider AL, Sharrett AR, Patel MD, Alonso A, Coresh J, Mosley T, et al. Education and
cognitive change over 15 years: the atherosclerosis risk in communities study. Journal of the
American Geriatrics Society. 2012; 60:1847-1853. [PubMed: 23013064]

Teng EL, Hasegawa K, Homma A, Imai Y, Larson E, Graves A, et al. The Cognitive Abilities
Screening Instrument (CASI): a practical test for cross-cultural epidemiological studies of
dementia. International psychogeriatrics. 1994; 6:45-62. [PubMed: 8054493]

Crane PK, Narasimhalu K, Gibbons LE, Mungas DM, Haneuse S, Larson EB, et al. Item response
theory facilitated cocalibrating cognitive tests and reduced bias in estimated rates of decline. J Clin
Epidemiol. 2008; 61:1018-1027 €1019. [PubMed: 18455909]

White L, Petrovitch H, Ross GW, Masaki KH, Abbott RD, Teng EL, et al. Prevalence of dementia
in older Japanese-American men in Hawaii: The Honolulu-Asia Aging Study. Jama. 1996;
276:955-960. [PubMed: 8805729]

Kukull WA, Higdon R, Bowen JD, McCormick WC, Teri L, Schellenberg GD, et al. Dementia and
Alzheimer disease incidence: a prospective cohort study. Archives of neurology. 2002; 59:1737—
1746. [PubMed: 12433261]

Samejima, F. Estimation of latent ability using a response pattern of graded scores. Richmond, VA:
Psychometric Society; 1969.

Samejima, F. Graded response model. In: vdL, WJ., H, RK., editors. Handbook of modern item
response theory. New York: Springer; 1997. p. 85-100.

Embretson, SE., Reise, SP. Item response theory for psychologists. Mahwah, NJ: Erlbaum; 2000.
Muraki E, Bock D. PARSCALE for Windows Chicago. Scientific Software International. 2003
Ehlenbach WJ, Hough CL, Crane PK, Haneuse SJ, Carson SS, Curtis JR, et al. Association
between acute care and critical illness hospitalization and cognitive function in older adults. Jama.
2010; 303:763-770. [PubMed: 20179286]

J Am Geriatr Soc. Author manuscript; available in PMC 2018 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lietal.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

Page 10

American Psychiatric Association. Diagnostic and statistical manual of mental disorders: DSM-IV.
Wshington DC: American Psychiatric Association; 1994.

Hixson JE, Vernier DT. Restriction isotyping of human apolipoprotein E by gene amplification and
cleavage with Hhal. J Lipid Res. 1990; 31:545-548. [PubMed: 2341813]

Dodge HH, Zhu J, Lee CW, Chang CC, Ganguli M. Cohort effects in age-associated cognitive
trajectories. The journals of gerontology Series A, Biological sciences and medical sciences. 2014;
69:687-694.

Royston P, Altman DG. Regression using fractional polynomials of continuous covariates:
parsimonious parametric modelling. Journal of the Royal Statistical Society Series C (Applied
Statistics). 1994; 43:429-467.

R Core Team, R. A language and environment for statistical computing. Vienna, Austria: R
Foundation for Statistical Computing; 2013.

Crane PK, Gibbons LE, McCurry SM, McCormick W, Bowen JD, Sonnen J, et al. Importance of
home study visit capacity in dementia studies. Alzheimer's & dementia : the journal of the
Alzheimer's Association. 2016; 12:419-426.

Li G, Millard SP, Peskind ER, Zhang J, Yu CE, Leverenz JB, et al. Cross-sectional and longitudinal
relationships between cerebrospinal fluid biomarkers and cognitive function in people without
cognitive impairment from across the adult life span. JAMA neurology. 2014; 71:742-751.
[PubMed: 24756381]

Jack CR Jr, Wiste HJ, Weigand SD, Knopman DS, Vemuri P, Mielke MM, et al. Age, Sex, and
APOE epsilon4 Effects on Memory, Brain Structure, and beta-Amyloid Across the Adult Life
Span. JAMA neurology. 2015; 72:511-519. [PubMed: 25775353]

Shams S, Martola J, Granberg T, Li X, Shams M, Fereshtehnejad SM, et al. Cerebral microbleeds:
different prevalence, topography, and risk factors depending on dementia diagnosis-the Karolinska
Imaging Dementia Study. AINR American journal of neuroradiology. 2015; 36:661-666.
[PubMed: 25523590]

Li G, Xiong K, Korff A, Pan C, Quinn J, Galasko D, et al. Increased CSF E-Selectin in Clinical
Alzheimer's Disease without Altered CSF Abeta 42 and Tau. J Alzheimers Dis. 2015; 47:883-887.
[PubMed: 26401768]

Stern Y, Albert S, Tang MX, Tsai WY. Rate of memory decline in AD is related to education and
occupation: cognitive reserve? Neurology. 1999; 53:1942-1947. [PubMed: 10599762]

Hall CB, Derby C, LeValley A, Katz MJ, Verghese J, Lipton RB. Education delays accelerated
decline on a memory test in persons who develop dementia. Neurology. 2007; 69:1657-1664.
[PubMed: 17954781]

Stern Y. Cognitive reserve in ageing and Alzheimer's disease. Lancet Neurol. 2012; 11:1006-1012.
[PubMed: 23079557]

Wilson RS, Hebert LE, Scherr PA, Barnes LL, Mendes de Leon CF, Evans DA. Educational
attainment and cognitive decline in old age. Neurology. 2009; 72:460-465. [PubMed: 19188578]
Glymour MM, Tzourio C, Dufouil C. Is cognitive aging predicted by one's own or one's parents'
educational level? Results from the three-city study. American Journal of Epidemiology. 2012;
175:750-759. [PubMed: 22472116]

Crane PK, Gibbons LE, Jolley L, van Belle G, Selleri R, Dalmonte E, et al. Differential item
functioning related to education and age in the Italian version of the Mini-mental State
Examination. International psychogeriatrics. 2006; 18:505-515. [PubMed: 16478571]

J Am Geriatr Soc. Author manuscript; available in PMC 2018 December 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Lietal.

CASI IRT score

CASI IRT Score

Page 11
A B
2
0 -
-2+
—4 -
20 15 10 5 0 20 15 10 5 0
Years to dementia diagnosis or censoring
C D
2
’] -
r—
S —-—‘_—-__
0 - \
-1+
-2 4
65 70 75 80 85 65 70 75 80 85
Age (yrs)

Figure 1. CASl IRT trajectories by dementia status
Upper panels (A, B): CASI IRT scores by time to diagnosis for those diagnosed with

dementia (A) or time to censoring® for normal aging (B) for the entire study sample.

Solid lines correspond to non-parametric loess smoothed trajectories

TRecords for those not diagnosed with dementia were censored at the next to last visit.
Lower panels (C,D): Individual observed and estimated mean age trajectories for those
diagnosed with dementia at age 85 (C) or normal aging censored at age 85 (D). For college
educated females in the 75 and under baseline age cohort.
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Solid black line: fitted (piece-wise) linear primary models

Dashed black line: fitted fractional polynomial (FP) models

The components of the fitted FP model for normal aging are of the form ((age + 10.1)/10)?
and ((age + 10.1)/10)3, where age was centered at 75 years, and for time to dementia
diagnosis (t) are of the form: ((t + 0.1)/10)0-5 and ((t + 0.1)/10)0> * log(((t + 0.1)/10)).
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Table 1
Characteristicsof ACT study participantsin the analysis

Normal aging (n=3275) Diagnosed with dementia (n=1040)

Mean, SD (range)

Age at enrollment (years) 73.5, 6.1 (65-101) 76.7, 6.3 (65-96)

Age at diagnosis of dementia/last visit (years) 81.6, 7.3 (67-107) 85.3, 6.0 (68-103)

Follow-up time to last visit (years) 8.0, 5.3 (1-20) 8.6, 4.7 (1-20)

Baseline standard CASI score 94.3, 4.2 (65-100) 91.5, 5.4 (62-100)

Standard CASI score at time of dementia diagnosis/censoring 7 93.9, 4.5 (59-100) 77.8,9.9 (14-99)

Baseline CASI IRT score 0.42,0.67 (-2.12, 1.75) -0.02, 0.73 (-1.98, 1.75)

CASI IRT score at time of dementia diagnosis/censoring “* 0.35, 0.68 (-2.86, 1.75) -1.32,0.63 (-3.97, 1.46)
Frequency (%)

Female 1891 (58) 645 (62)

With college degree 2388 (73) 610 (59)

>1 APOE e4 allele 77 669 (24) 306 (34)

CASI: Cognitive Abilities Screening Instrument (score 0-100); IRT: Item Response Theory. CASI IRT score were scaled to have approximately

mean 0 and standard deviation 1 at the 5t biennial visit.
*
Censored at next to last visit.

f163 participants who were diagnosed with dementia did not have valid CASI scores at diagnosis and 20 subjects who were not diagnosed with
dementia were missing CASI scores at last visit;

1166 participants who were diagnosed with dementia did not have valid CASI IRT scores at diagnosis and 31 subjects who were not diagnosed
with dementia were missing CASI IRT scores at last visit;

ﬁNot available for 466 participants with no dementia and 138 participants who were diagnosed with dementia.
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Estimated mean differences’ (95% CI) in CASI IRT comparing normal aging to those

Table 3

diagnosed with dementia, at selected yearsfrom diagnosis

Yearsfrom diagnosis

M ean difference (95% CI)”

15 years
10 years
5 years

2 years

0.08 (0.02, 0.13)
0.21 (0.17, 0.25)
0.34 (0.30, 0.38)
0.85 (0.81, 0.89)

CASI IRT score: Cognitive Abilities Screening Instrument Item Response Theory score were scaled to have approximately mean 0 and standard

deviation 1 at the 5th biennial visit; Cl: confidence interval.

fFor subjects of the same sex, age, age cohort and education level;

*
Estimated from the primary trajectory model.
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