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Abstract

Background: Subjective cognitive decline (SCD) may represent a low-burden indicator of
dementia risk. The value of SCD as a proxy marker, however, depends on the consistency of
associations between subjective and objective cognitive measures across sociodemographic and
psychological factors.

Methods: We evaluated baseline data from the Kaiser Healthy Aging and Diverse Life
Experiences (KHANDLE) study (n=1,615). SCD was measured using the 12-item Everyday
Cognition (ECog) scale. Using linear regression models with interaction terms, we evaluated six
potential modifiers (age, gender, race/ethnicity, educational attainment, family history of dementia,
and depressive symptoms) of the association between cognitive performance (episodic memory,
executive function) with SCD.

Results: Lower episodic memory and executive function scores were associated with higher
log(ECog scores) (more SCD). Older age and elevated depressive symptoms were associated with
higher log(ECog scores). Age (interaction p-value=0.002) and education (interaction p-
value=0.01) modified the association between executive function and log(ECog scores).
Specifically, associations between executive function and log(ECog scores) were stronger among
participants with more education and less pronounced among older participants.
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Conclusions: The association between cognitive performance and log(ECog scores) differed
little across sociodemographic and psychological factors. SCD as measured by the ECog may be a
valuable proxy for cognitive performance in diverse older adults.
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INTRODUCTION

More than one in ten U.S. adults age 65 years or older report subjective cognitive decline
(SCD),! defined by self-perceived decline in cognitive capabilities.2 SCD may be a sensitive
measure of cognitive change, evidenced by the fact that dementia incidence is more than
doubled among persons who report SCD compared to those who do not.3 SCD can be
quickly assessed with standardized questionnaires and may serve as a low-burden indicator
of risk of future cognitive decline compared to more resource- and time-intensive
neuropsychological tests or clinical exams.*

The value of SCD as a proxy for risk of future cognitive impairment among older adults
without dementia depends on the consistency of the association between subjective and
objective cognitive measures across sociodemographic and psychological factors. While the
correspondence between SCD and objective cognitive performance is limited in persons
with dementia,® many studies support the correspondence between the two measures in the
absence of severe cognitive degradation.36-8 Regardless, the correspondence between SCD
and objective test performance has been shown to be influenced by depressive symptoms
and personality traits, %11 and may be affected by sociodemographic factors.12 Nearly all
evidence is from predominantly non-Latino white populations, and some findings suggest
that the correspondence between SCD and cognitive test scores may differ by race/ethnicity.
13-15 prior studies have found that SCD in older adults may be exacerbated by life
experiences such as a family history of dementia or may be influenced by cultural
expectations of cognitive aging, which may differ by race/ethnicity.16 There is currently a
lack of knowledge regarding how SCD reflects the corresponding cognitive test performance
in diverse cohorts with differing sociodemographic characteristics.

Our objective was to evaluate the extent to which the correspondence between cognitive test
performance and SCD, as measured by self-rated decline in cognitively-based everyday
activities, was modified by sociodemographic and psychological factors in a diverse cohort
of older adults without dementia.

METHODS
Study Population

We used baseline data from the Kaiser Healthy Aging and Diverse Life Experiences

(KHANDLE) cohort which comprises community-dwelling older adults residing in the San
Francisco Bay and Sacramento areas of California. KHANDLE aims to evaluate how race/
ethnicity and life course health and sociocultural factors influence late-life brain health and
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cognitive decline. Individuals eligible for KHANDLE were long-term members of Kaiser
Permanente Northern California, an integrated healthcare delivery system, were age 65 years
or older on January 1, 2017, spoke English or Spanish, and had previously participated in
Kaiser Permanente multiphasic health checkup exams between 1964-1985. Stratified
random sampling by race/ethnicity and educational attainment was used with the goal of
recruiting approximately equal proportions of Asian, Black, Latino, and White participants
and diversity in educational attainment. Exclusion criteria included: electronic medical
record diagnosis of dementia or other neurodegenerative disease (frontotemporal dementia,
Lewy body disease, Pick’s disease, Parkinson’s disease with dementia, Huntington’s
disease); and presence of health conditions that would impede participation in study
interviews, defined by hospice activity in the past 12 months, history of severe chronic
obstructive pulmonary disease in the past 6 months, congestive heart failure hospitalizations
in the past 6 months, and history of end stage renal disease or dialysis in the past 12 months.
At baseline, 1,712 individuals were enrolled. The present analysis excluded participants
missing more than half the items on the Everyday Cognition scale (n=41 missing more than
half the items), those missing cognitive assessments (n=16), educational attainment (n=5), or
depressive symptoms (n=34). The final analytic sample included 1,615 participants.

KHANDLE was approved by the Institutional Review Boards at Kaiser Permanente Division
of Research and University of California, Davis. All participants provided written informed
consent. Because the current study is an analysis of de-identified KHANDLE data, it was
certified as exempt from review by the University of California, Los Angeles Institutional
Review Board.

Everyday Cognition scale (subjective cognitive decline)

Subjective cognitive decline was measured using the short version of the Everyday
Cognition (ECog) scale.1”18 The ECog was designed to be sensitive to functional
limitations associated with cognitive impairment that precede loss of independence. The
short version of the scale comprises 12 items assessing perceived change in everyday
functioning compared to the participant’s level of functioning 10 years prior (Supplementary
Table 1, ). For each item, participants rated the amount of change on a four-point scale: 1 =
“There has been no change in my ability compared to 10 years ago”; 2 = “I occasionally
perform the task worse but not all of the time”; 3 = “I consistently perform the task a little
worse than 10 years ago”; or 4 = “I perform the task much worse than 10 years ago”; or “I
don’t know.” Consistent with prior studies,27~20 we calculated a total ECog score for each
participant by summing the participant’s ratings and dividing by the total number of
completed items. The distribution of total ECog scores was right skewed (i.e. fewer
limitations); we applied a natural log transformation of the total ECog score to reduce
skewness Supplementary Figure 1). Our analyses were performed using log-transformed
ECog scores.

Neuropsychological measures of cognitive performance

Two cognitive domains best matching the functional domains investigated by the ECog scale
(verbal episodic memory and executive functioning) were derived from the Spanish and
English Neuropsychological Assessment Scales (SENAS). The SENAS was administered in
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either English or Spanish with language of administration determined by an algorithm that
considered preferred language and everyday language usage in a variety of settings. The
SENAS is a battery of cognitive tests that has previously undergone extensive development
for valid comparisons of cognitive change across racially/ethnically and linguistically
diverse groups. A verbal episodic memory score was derived from a multi-trial word-list-
learning test. Executive function was measured using a composite score derived from
component tasks of category fluency, phonemic (letter) fluency, and working memory (digit-
span backward, visual-span backward, list sorting). SENAS measures were developed using
item response methodology so that floor and ceiling effects were eliminated, and
psychometric characteristics were matched both across different measures and across
different racial/ethnic and linguistic groups. Details of the administration procedures,
development, and psychometric characteristics have been extensively described in previous
publications.?122 The KHANDLE sample is drawn from the population of long-term Kaiser
Permanente Northern California members ages 65 and older. Each domain was z-
standardized using the full baseline sample mean and standard deviation; thus, a score of 0
represents the mean and a score of 1.0 is one standard deviation above the mean.

Potential modifiers

The sociodemographic and psychological factors we considered as potential modifiers of the
effect of cognitive test performance measures on SCD included age (in decades, centered at
age 75), gender (female, male), race/ethnicity, educational attainment, family history of
dementia, and depressive symptoms. Participants self-reported race/ethnicity (Asian, Black,
Latino, and White). Self-reported categories of educational attainment were converted to
years as follows: no college = 0-12 years; some college, but no degree = 13 years;
associate’s degree = 14 years; bachelor’s degree = 16 years; master’s degree = 18 years;
doctoral or equivalent degree = 20 years. For participants with less than an associate’s
degree, vocational degrees and certificates (of =6 months of formal training) were counted as
an additional year of education. Education was centered at 12 years for analyses.

Family history of dementia (yes/no) was based on participant report of any living or
deceased first-degree relative (parent or sibling) with a dementia diagnosis. Depressive
symptoms were assessed using the computerized adaptive tests version of the Patient
Reported Outcome Measurement Information System (PROMIS) 23 for depressive
symptoms. PROMIS measures are provided as a standardized value based on the normative
data of adults aged 18 and older from the US population centered on fifty with a standard
deviation of ten. We rescaled it to be centered on zero with a standard deviation of one.

Statistical analysis

We first compared distributions of log(ECog scores) and ECog scores across strata (65 to
<75, 75 to <85, =85 years), gender, race/ethnicity, education (0 to 12, 13 to 16, >16 years),
family history of dementia, and depressive symptoms (<0, =0). Next, we estimated linear
regression models with each cognitive performance measure as the independent variable and
log(ECog score) as the dependent variable, including interaction terms to evaluate the extent
to which sociodemographic and psychological factors modified the associations between
verbal episodic memory and log(ECog scores) and between executive function and
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log(ECog scores). Preliminary analyses suggested the association between episodic memory
and log(ECog scores) was approximately linear throughout the range of memory scores. For
executive function, preliminary analyses suggested that the relationship with log(ECog
scores) values differed for values of executive function scores less than versus greater than
one standardized unit (Supplementary Figure 2). Final models using executive function as an
independent variable therefore included a linear spline with a knot at one standardized unit.

Base models included age and an interaction term between age and cognitive test
performance (episodic memory or executive function). Subsequent models expanded this
base model by including one potential modifier (gender, race/ethnicity, years of education,
family history of dementia, or depressive symptoms) and an interaction term between that
modifier and cognitive test performance. Because educational attainment is patterned by
race/ethnicity in the U.S.,24 the model evaluating effect modification by educational
attainment additionally included race/ethnicity. In addition, prior studies have reported
gender differences in depressive symptoms;2° we additionally included gender in the model
evaluating effect modification by depressive symptoms.

Mean age was 75.9 years and 59.2% of participants were women (Table 1). There was
approximately balanced representation of Asian, Black, Latino, and White racial/ethnic
groups. The average duration of education was 14.7 years (range 0-20 years). The mean
level of depressive symptoms was slightly lower than the general US population of adults.
One third of participants reported having at least one first-degree relative with dementia. On
the ECog scale, 39.3% of participants reported “I consistently perform the task a little worse
than 10 years ago” on at least one of the twelve ECog items, and 12.8% reported “I perform
the task much worse than 10 years ago” on at least one ECog item. ECog scores ranged from
1 to 3.45.

Average log(ECog scores) were higher (i.e., more SCD) among persons of older age, those
with fewer years of education, and those with higher levels of depressive symptoms (Table
2). We did not observe notable differences in average log(ECog scores) by gender, race/
ethnicity, or family history of dementia.

In linear regression models, lower episodic memory scores and executive function scores
were associated with higher log(ECog scores) (i.e., more SCD). Overall, older participants
reported slightly higher log(ECog scores) (Tables 3 and 4, Figure 1 A-B). The association
between episodic memory scores and log(ECog scores) was not modified by age. The
association between executive function scores and log(ECog scores) was modified by age
such that for individuals with executive function scores less than one standardized unit, the
slope was steeper among younger participants than older participants. Translating regression
model results from the log(ECog score) to the original ECog score scale, at an executive
function score one standardized unit below average, the difference in predicted ECog scores
is just 0.03 for a 65-year-old (predicted ECog score: 1.44) versus an 85-year-old (predicted
ECog score: 1.47). However, at an executive function score one standardized unit above
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average, the difference in predicted ECog scores is 0.19 for a 65-year-old (predicted ECog
score: 1.17) versus an 85-year-old (predicted ECog score: 1.36).”

In models controlling for race/ethnicity, the association between episodic memory scores
and log(ECog scores) did not differ by years of education, but the slope of the association
between executive function scores less than one standardized unit and log(ECog scores) was
slightly steeper for participants with more years of formal education (change in slope: —0.03
standardized units for every five years of education; 95% CI: —0.05, —0.01) (Tables 34,
Figure 1 G-H). Translated to the original ECog score scale, at an executive function score
one standardized unit below average, the difference in predicted ECog scores is 0.02
between a person with 8 years of education (predicted ECog score: 1.44) versus a person
with 16 years of education (predicted ECog score: 1.46). However, at an executive function
score one standardized unit above average, the difference in predicted ECog scores is 0.11
for a person with 8 years of education (predicted ECog score: 1.36) versus 16 years of
education (predicted ECog score: 1.25).

Depressive symptoms were associated with higher log(ECog scores) across all levels of
measured memory performance Tables 3—-4, Figure K-L). For example, at an average
executive function score, the predicted ECog score for a person with depressive symptoms
one standardized unit below the national average is 1.24 and the predicted ECog score of a
person with depressive symptoms one standardized unit above the national average is 1.52.
There were no major differences in the correspondence between episodic memory or
executive function scores and log(ECog scores) by gender, race/ethnicity, or family history
of dementia, although some estimates were imprecise (Tables 3—4, Figure 1 C-F, I-J).

DISCUSSION

To assess the performance of SCD as an indicator of cognitive performance in a diverse
sample, we investigated whether the associations between cognitive test performance in two
domains (episodic memory and executive function) and SCD differed by sociodemographic
and psychological factors. As expected, higher episodic memory and executive function
scores were associated with less SCD. Associations between episodic memory and SCD
were approximately linear throughout the range of episodic memory scores. Although higher
executive function predicted lower SCD for most of the range of executive function scores,
at high levels of executive function, the association was approximately null. In other words,
above a certain level of executive function, higher cognitive test scores did not predict lower
SCD. SCD as measured by log(ECog score) differed by age, educational attainment, and
depressive symptoms, with participants of older ages, with less formal education, and with
higher depressive symptoms reporting more SCD. However, the correspondence between
cognitive test performance and SCD only differed by age and educational attainment. Family
history of dementia was not associated with SCD and the correspondence between SCD and
cognitive test scores did not differ by family history of dementia..

Overall, our findings are in agreement with previous reports of higher SCD prevalence in
older individuals and in persons with elevated depressive symptoms1:2:26:27 and of more
pronounced correspondence between SCD and objective cognitive performance in persons

Alzheimer Dis Assoc Disord. Author manuscript; available in PMC 2021 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Corlier et al.

Page 7

with higher levels of education.28 However, our findings differ from prior studies that report
a stronger correspondence between SCD and objective memory performance in older versus
younger participants.1229 This could be due to differences in the measures of SCD, as these
prior studies specifically focused on subjective memory decline, while the ECog captures
broader cognitive domains. Despite prior literature reporting higher SCD among women
compared to men,®3% we did not observe gender differences in SCD in our study. Prior
studies have found either no difference in SCD in persons with versus without a family
history of dementia or moderately higher reporting of SCD mostly explained by differences
in depressive symptoms.3L In our study, age and education modified the association between
executive function and SCD, but not the association between episodic memory and SCD.
Older age and lower educational attainment attenuated the association between executive
function and level of SCD. In other terms, a one standardized unit difference in executive
function scores would correspond to more SCD in younger versus older participants and in
participants with more versus fewer years of education.

The link between SCD and current or future objective cognitive performance among older
adults without dementia is supported by multiple studies.®27:32-34 SCD s also commonly
considered a risk factor for incident dementia 2-35:36 However, the impact of diverse
sociodemographic factors on this correspondence had not been previously evaluated. Nearly
all extant evidence is from predominantly non-Latino White individuals, and there is limited
evidence on the correspondence between SCD and objective cognitive test performance by
race/ethnicity. Several bi-racial studies have reported more discrepancies between cognitive
test performance and subjective memory ratings in Black compared to White participants,
13,14.37 while another study found no difference in overall prevalence of SCD, cross-
sectional correspondence between SCD and cognitive test performance, or odds of
developing dementia.38 The discrepancy in the extant literature may be due to differing
sample characteristics, measures of SCD, neuropsychological assessments used, or analytic
approaches. To our knowledge, the only study to estimate the prevalence of SCD in a sample
representative of the US population found differences in SCD prevalence by race/ethnicity,
with the lowest prevalence in Asian Americans. However, this study did not examine
correspondence between SCD and objective cognitive performance and assessed SCD with
one binary question.! The current work is the first large study evaluating SCD and objective
cognitive performance to include multiple racial/ethnic groups.

One strength of our study is the use of the ECog scale to assess SCD, which, unlike binary
measures of SCD, reflects severity of SCD. A comparative study found good congruence
between the ECog and several other multi-item SCD scales,3? suggesting the findings of our
study may extend to other multi-item SCD measures.

Our motivation in this study was different from many prior studies evaluating the link
between objective versus subjective measures of cognition, in which authors often view SCD
as the exposure and operationalize analyses with the intent of predicting cognitive test
performance. The goal of such studies is generally to assess whether respondents have
insight into cognitive degradation before it becomes manifest in objectively measured
cognitive testing.® In contrast, we hypothesized that preexisting cognitive decline causes an
individual to experience and report subjective impairments through their daily activities.

Alzheimer Dis Assoc Disord. Author manuscript; available in PMC 2021 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Corlier et al.

Page 8

Thus, we evaluated cognitive test performance as a predictor of SCD and evaluated whether
these associations were consistent across sociodemographic or psychological factors. We
found that associations were, for the most part, consistent, but that most of the
sociodemographic and psychological factors independently predicted SCD. These
associations are not surprising and imply that, for example, if a person with elevated
depressive symptoms has worse SCD than a person with average levels of depressive
symptoms, this does not necessarily signify that they have worse cognitive test performance
than a person with average levels of depressive symptoms. Future investigations should
evaluate whether changes in an individual’s own SCD over time may give the best indicator
of changes in that individual’s cognitive test performance regardless of gender, race/
ethnicity, depressive symptoms, or family history of dementia.

Limitations of our study include sparse data for unusual combinations of covariates. For
example, there were very few individuals with the highest levels of executive function who
were also in the oldest age band, highest depressive symptom category, or lowest education
category (Supplementary Table 2). Our findings should therefore not be extrapolated to these
relatively rare groups. Our finding that the association between executive function and
log(ECog scores) was approximately null for individuals with executive function scores
more than one standardized unit above average suggests limited sensitivity of the ECog scale
to detect SCD among people with high objective cognitive performance. Future studies
should also evaluate SCD measures to help identify questions sensitive to the earliest
cognitive concerns for high-functioning individuals. We excluded persons with incomplete
data from our statistical analysis, and though the percent excluded was fairly small, this
introduces possible bias since more impaired participants may be more likely to have
incomplete data. Individuals with very poor cognitive test performance were
underrepresented in our sample due to exclusion of diagnosed dementia in the KHANDLE
study. The lower functional range of cognitive performance will be studied in more detail in
the longitudinal follow-up phases of the study. Finally, cognitive test performance was
measured cross-sectionally; when longitudinal data are available, associations between SCD
and change in cognitive test scores over time could be examined.

We aimed to evaluate the impact of sociodemographic and psychological factors on the
association between SCD and in neuropsychological test performance. To our knowledge,
this study is the first to evaluate this relationship in a diverse cohort that includes multiple
racial/ethnic groups. Corroborating prior research, we found that older age, and higher
depressive symptoms corresponded to more SCD. Persons with elevated depressive
symptoms reported higher SCD throughout the range of episodic memory and executive
function scores. Only age and educational attainment modified the association between
executive function scores and SCD. These findings overall imply relatively limited influence
of sociodemographic factors on the correspondence between cognitive test performance and
subjective cognitive measures. This suggests that in future studies, SCD may represent a
proxy for objective cognitive performance in the normal to prodromal (MCI) range of
cognitive performance. Because some sociodemographic and psychological factors predict
SCD independently of cognitive test performance measures, SCD may be most relevant
when based on within-person comparisons, i.e., when individuals report SCD repeatedly
over time.
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for each value of episodic memory (left) and executive function (right) from linear
regression models by age (A, B), gender (C, D), race/ethnicity (E, F), years of educational
attainment (G, H), family history of dementia (I, J), and depressive symptoms (K, L). All
models controlled for age and predictions shown are for a 75-year-old participant. Models
for educational attainment (G, H) additionally controlled for race/ethnicity and predictions
are shown for a non-Latino white participant. Models for depressive symptoms (K, L)
additionally controlled for gender and predictions shown are for a male participant. We
suppressed the predictions for ranges of the predictor variables with very few observations

(G.H).
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Characteristics of KHANDLE study participants (n = 1,615).

Variable nor mean % or SD
Age (years) 75.9 6.7
Female gender 956 59.2
Race/ethnicity
Asian 400 24.8
Black 409 25.3
Latino 329 20.4
Non-Latino White 477 295
Years of Education 14.7 31
Family history of dementia 539 334
Depressive symptoms a -01 0.7
ECog score b 14 0.4
log(ECog score) 0.3 0.3

a . . . . . .
Depressive symptoms standardized to a normative sample from the U.S. population (population mean = 0, standard deviation = 1.0).

bECog: Everyday Cognition scale; in the current work we used the natural logarithm transformed scores log(ECog scores)
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Summary of log(ECog scores) and ECog scores by sociodemographic and psychological factors.

Table 2.

Variable n log(ECog score) mean (SD) ECog median [Q1, Q3]
Age (years) 65to <75 840 0.28 (0.24) 1.25[1.08, 1.50]
75t0<85 577 0.32 (0.26) 1.33[1.09, 1.58]
>85 198 0.39 (0.30) 1.44[1.17, 1.79]
Gender Male 659 0.30 (0.26) 1.25[1.08, 1.58]
Female 956 0.31 (0.25) 1.33[1.10, 1.58]
Race/ethnicity Asian 400 0.33(0.27) 1.33[1.09, 1.67]
Black 409 0.33 (0.26) 1.33[1.17, 1.60]
Latino 329 0.29 (0.23) 1.25[1.09, 1.50]
Non-Latino-White 477 0.29 (0.25) 1.25[1.08, 1.50]
Education (years) Otol12 287 0.35(0.26) 1.33[1.17, 1.65]
13t016 951 0.31 (0.25) 1.33[1.09, 1.58]
>16 377 0.28 (0.26) 1.25 [1.08, 1.50]
Depressive symptoms <0 920 0.26 (0.22) 1.25[1.08, 1.50]
>0 695 0.37 (0.28) 1.42 [1.17, 1.75]
Family history of dementia No 1076 0.31 (0.26) 1.27[1.09, 1.58]
Yes 539 0.31 (0.25) 1.33[1.08, 1.58]

Abbreviations: SD = standard deviation; Q1 = first quartile; Q3 = third quartile.
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