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Abstract

Literacy is an important determinant of health and well-being across the lifespan but is critical in
aging, when many influential health and financial decisions are made. Prior studies suggest that
older persons exhibit lower literacy than younger persons, particularly in the domains of financial
and health literacy, but the reasons why remain unknown. The objectives of this study were to: a)
examine pathways linking diverse resources (i.e., education, word knowledge, cognitive function,
and decision making style) to health and financial literacy among older persons and determine the
extent to which the relation of age with literacy represents a direct effect versus an indirect effect
due to decrements in specific cognitive functions (i.e., executive functions and episodic memory),
and b) test the hypothesis that declines in executive function and episodic memory are associated
with lower literacy among older persons without dementia. 645 community-based older persons
without dementia underwent detailed assessments of diverse resources, including education, word
knowledge, cognitive function (i.e., executive function, episodic memory) and decision making
style (i.e., risk aversion), and completed a measure of literacy that included items similar to those
assessed in the Health and Retirement Study, such as numeracy, financial concepts such as
compound inflation and knowledge of stocks and bonds, and important health concepts such as
understanding of drug risk and Medicare Part D. Path analysis revealed a strong effect of age on
literacy, with about half of the effect of age on literacy due to decrements in executive functions
and episodic memory. In addition, executive function had an indirect effect on literacy via
decision making style (i.e., risk aversion), and education and word knowledge had independent
effects on literacy. Finally, among (n=447) persons with repeated cognitive assessments available
for up to 14 years, regression analysis supported the association of multiple resources with
literacy; moreover, more rapid declines in executive function and episodic memory over an
average of 6.4 years prior to the literacy assessment predicted lower literacy scores (p’s<0.02), but
rate of decline in word knowledge did not. These findings suggest that diverse individual
resources contribute to financial and health literacy and lower literacy in old age is partially due to
declines in executive function and episodic memory.

Literacy is an important determinant of health and well-being across the lifespan, and lower
literacy poses a major public health challenge in the United States. According to the United
Nations Educational, Scientific, and Cultural Organization, literacy refers to the ability to
identify, understand, interpret, and use written materials to function effectively in varying
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contexts (Kutner, Greenberg, Jin & Paulsen, 2003). Attainment of literacy involves a
continuum of learning to acquire the knowledge needed to achieve goals, maximize
potential, and function optimally in society. Low literacy affects about 90 million Americans
and is a major problem among persons over the age of 65, the majority of which fall below
basic competency levels (Dewalt, Berkman, Sheridan, Lohr & Pignone, 2004; Lusardi &
Mitchell, 2007). Many older persons also perform poorly in two specific domains of
literacy, health and financial literacy, which are critically necessary for the many complex
and influential health and financial decisions older persons face (e.g., end of life healthcare
choices, retirement planning, distribution of accumulated wealth) (Baker, Gazmararian,
Sudeno & Patterson, 2000; Saha, 2006; Sudore et al., 2006; Wolf, Gazmarian & Baker,
2005; Wood et al., 2011). Among older persons, lower health literacy is associated with an
increased risk of mortality and disability, higher health care expenditures, and less frequent
use of preventive services (Baker et al., 2002; Baker et al., 2007; Baker, Wolf, Feinglass &
Thompson, 2008; Peterson et al., 2011; Schillenger et al., 2002; Scott, Gazmarian, Williams
& Baker, 2002; Sudore et al., 2006; Wolf, Gazmararian & Baker, 2005), and lower financial
literacy is associated with poor savings and investment behaviors, limited wealth, and
mental health complaints (Agarwal, Driscoll, Gabaix & Laibson, 2009; Bennett, Boyle,
James & Bennett, 2012; Condelli, 2006; Lusardi & Mitchell, 2007a and b).

Despite increasing awareness that low levels of health and financial literacy threaten the
health, economic security and well-being of literally millions of older Americans, to date,
relatively little is known about the determinants of lower literacy in advanced age. Older
persons may exhibit lower literacy due to longstanding influences such as limited education
or word knowledge (Baker, 2006; Baker et al., 2007). However, aging often is accompanied
by cognitive decline, and an emerging body of research suggests that cognitive function is
related to literacy in old age, although a limitation of most studies is that they have not
excluded persons with dementia who may be driving the association (Baker et al., 2008;
Bennett et al. 2012; Wolf et al., 2012). Moreover, other individual resources (e.g., education,
word knowledge, decision making style) contribute to literacy and are related to cognition,
yet studies have not attempted to disentangle the effects of aging versus cognition on
literacy in the context of related resources (Baker, 2006; Baker et al., 2008; Dewalt et al.,
2004). An understanding of the complex interplay between aging, cognition and related
resources that contribute to literacy is essential for the development of targeted interventions
to improve literacy and consequently health and financial outcomes among the already large
and rapidly growing population of older persons.

In this study, we present a conceptual model of how aging, cognition and other individual
resources influence literacy and test several specific hypotheses about the pathways linking
these resources to literacy (Figure 1). Our conceptual model was guided by existing
literature and is based on the fundamental premise that attainment of health and financial
literacy requires multiple inter-related skills that enable one to access, comprehend and
process health and financial materials, understand and recall information, weigh alternatives,
make inferences and decisions, communicate as needed in institutional settings, and engage
in a life long process of learning (Baker, 2006, Baker et al., 2008, Institute on Medicine,
2004, Wolf et al., 2012). Thus, our model includes resources that are typically acquired early
in life and well-established determinants of literacy such as education and word knowledge.
Additionally, the model incorporates cognition, but we focus specifically on the domains of
executive function and episodic memory since these abilities are widely known to be
vulnerable to age-related decline and are fundamental to the acquisition of domain-specific
literacy such as that studied here (Prull, Gabrielli & Bunge, 2000, Salthouse, 2000, Wolf et
al., 2012). Finally, the model includes an indicator of decision making style (i.e., risk
aversion). Although decision making style is rarely studied in the context of literacy, we
included it because attainment of literacy requires interaction with the social environment
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and decision making under conditions of ambiguity (Baker, 2006), and risk aversion
specifically can alter both the frequency and effectiveness of such interactions and decisions.
Specifically, individuals who are highly risk averse may avoid exposure to new or uncertain
educational or occupational experiences and tend to be less educated and prefer more secure
but lower wages over less secure but potentially much higher wages; they also are less likely
to become entrepreneurs (Bonin, Dohmen, Falk & Huffman, 2007; Cramer, Hartog, Jonker
& Van Praag, 2002; Orazem & Mattilla, 1991). Thus, risk aversion may limit opportunities
to gain new knowledge and experience as needed for the attainment of literacy, particularly
domain-specific literacy, over the lifespan. Finally, risk aversion is related to cognitive
function and the two may operate in tandem or interact to influence decision making and
attainment of literacy in old age (Boyle, Yu, Buchman & Bennett, 2012; Boyle, Yu,
Buchman, Laibson & Bennett, 2011; Mata, Josef, Samanez-Larkin & Hertwig, 2011). The
approach used here extends prior work by directly examining the complex interplay between
multiple individual resources that contribute to literacy, quantifying the effect of aging on
literacy, and determining the extent to which the effect of aging is direct or indirect via
cognition. Based on our conceptual model, we used path analysis to test the following
specific hypotheses regarding the pathways linking age, cognition and other resources to
literacy:

1. Aging has a direct effect on literacy, such that older age is associated with lower
health and financial literacy.

2. The effect of age on literacy is partially due to an indirect effect of age on
executive function and episodic memory.

3. The effect of executive function on literacy is partially due to an indirect effect of
executive function on decision making style (i.e., risk aversion).

4. Additional resources (i.e., education and word knowledge) have independent
effects on literacy.

Finally, because the hypotheses above were tested using cross sectional data and therefore
preclude an understanding of whether cognitive decline is associated with reduced literacy,
we next used longitudinal cognitive data collected for up to 14 years prior to the literacy
assessment to test the hypothesis that declines in executive function and episodic memory
are associated with decreased literacy among older persons without dementia.

Participants were from the Memory and Aging Project, an ongoing longitudinal study of
common chronic conditions of old age (Bennett et al., 2005). Study participants are residents
of approximately 40 senior housing facilities in the Chicago metropolitan area, including
subsidized housing facilities, retirement communities, and retirement homes. Participation
involves risk factor assessment, detailed annual clinical evaluations including medical
history, neurological and neuropsychological examinations, and organ donation at the time
of death. The study was approved by the Institutional Review Board of Rush University
Medical Center, and informed consent was obtained from each participant following a
detailed presentation of the risks and benefits associated with study participation.

The Memory and Aging Project began in 1997, and enrollment is ongoing. Literacy was
assessed as part of a decision making assessment that began in 2010 (Boyle et al., 2012). At
the time of these analyses, 1505 participants had completed the baseline evaluation for the
parent study, including assessment of cognitive function; of those, 497 died and 102 refused
further participation in the parent project before they were approached for a decision-making
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assessment. Of the remaining 906 potentially eligible persons, 670 completed the decision
making assessment, 222 had not yet completed their decision-making baseline evaluation
and 14 (1.5%) refused the decision-making assessment. Of the 670 participants who had
completed the decision making assessment, 20 had dementia, and 5 had missing literacy
data, leaving 645 persons eligible for these analyses. Among these persons, the assessments
of cognitive function and literacy were completed at separate visits conducted a mean of 21
days apart (SD=43 days).

Clinical diagnoses

Based on a previously described structured clinical evaluation, all participants were
classified by a clinician with respect to dementia and other conditions known to impair
cognitive function in advanced age. The diagnosis of dementia followed the National
Institute of Neurologic and Communicative Disorders and Stroke and the Alzheimer’s
Disease and Related Disorders Association criteria, which require a history of cognitive
decline and evidence of impairment in at least two cognitive domains (McKhann,
Drachman, Folstein, Katzman, Price & Stadler, 1984). Participants included in these
analyses were free of dementia at the time of literacy assessment.

Assessment of literacy

Literacy was assessed via 32 questions designed to measure knowledge of financial and
health information and concepts (Bennett, Boyle, James & Bennett, 2012; James, Boyle,
Bennett & Bennett, 2012). There were 23 questions on financial literacy, many of which
were adapted from the Health and Retirement Survey (Lusardi & Mitchell, 2007a and b).
Questions assessed the ability to perform simple calculations (numeracy), and knowledge of
financial concepts such as stocks, bonds and compound interest. There were 9 questions on
health literacy, including questions on Medicare and Medicare Part D, following doctors’
prescription instructions, leading causes of death in older persons, and understanding of drug
risk. All answer choices were multiple choice or true/false, and each item was scored as
correct or incorrect. Because of the difference in number of items across the domains of
literacy, health and financial literacy scores were expressed as the percentage correct out of
total items (from 0-100) within each domain and the total literacy score, the primary
outcome, was the average of these two percentages. The test-retest reliability for the total
literacy score over a 1 year interval was adequate (Intraclass Correlation Coefficient=0.75)
(SACMOQT, 2002). Further, using this measure of literacy, we have previously shown that
literacy is related to engagement in health promoting behaviors, functional status, aspects of
physical and mental health, and financial and healthcare decision making in this cohort of
older persons (Bennett et al., 2012; James et al., 2012).

Assessment of executive function and episodic memory

In keeping with previous research (Alvarez & Emory, 2006; Barkley, 1997; Jurardo &
Roselli, 2007), we define executive function as a higher order cognitive ability that
encompasses four component processes: working memory (i.e., the ability to hold and
manipulate information in short-term memory stores), attention (i.e., the ability to attend to
relevant information and efficiently perform mental comparisons), verbal fluency (i.e., the
ability to generate exemplars within a specific category), and inhibition (i.e., the ability to
regulate strong or automatic responses and minimize susceptibility to interference). Working
memory was assessed via three measures, Digit Span Forward and Backward (Weschler,
1987) and Digit Ordering (Cooper, Sagar, Jordan, Harvey, & Sullivan, 1991; Wilson et al.,
2002), as done in prior work (Cherry et al., 2012; Gibbons et al., 2012; Hoppe, Muller,
Werkheid, Thone & Von Cramon, 2000). Attention was assessed via two commonly used
tests, an oral version of the Symbol Digit Modalities Test (Smith, 1982) and Number
Comparison (Cherry et al., 2012; Dong et al., 2012; Ekstrom, French, Harman & Kermon,
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1976; Gibbons et al., 2012). Verbal fluency was assessed via two measures of category
fluency, animals and fruits and vegetables (Cherry et al., 2012; Gibbons et al., 2012; Wilson
et al., 2002). Finally, inhibition was assessed via 2 indices from a modified version of the
Stroop Neuropsychological Screening test (Lezak, 2004; Cherry et al., 2012). Raw scores on
all 9 tests were converted to z-scores using the mean and standard deviation of the cohort at
baseline and averaged to create a composite measure of executive function. We have used a
similar approach to define executive function in a prior publication (Boyle, Yu, Buchman &
Bennett, 2012).

Episodic memory, the ability to learn and retain new information, was assessed via 7 tests
including immediate and delayed recall of story A from Logical Memory of the Weschler
Memory Scale (Weschler, 1987), immediate and delayed recall of the East Boston Story
(Albert et al., 1991), Word List Memory, Word List Recall, and Word List Recognition
(Morris et al., 1989), as done in prior work (Albert et al., 1991; Dong et al., 2010; Fyffe et
al., 2011; Wilson et al., 2002). Raw scores on all 7 tests were converted to z-scores using the
mean and standard deviation of the cohort at baseline and averaged to create a composite
measure of episodic memory (Wilson, Bienias, Berry-Kravis, Evans, & Bennett, 2002;
Wilson et al., 2002).

Other resources and covariates

Age (based on date of birth and date of assessment), sex, education (years of schooling), and
race were self-reported.

Word knowledge involves two inter-related abilities, reading and vocabulary (Hawkins et
al., 1993), and was assessed via a 15-item version of the National Adult Reading Test
(Nelson, 1982) and a 15-item version of the Boston Naming Test (Kaplan, Goodglass and
Wientraub, 1983). Raw scores on both tests were converted to z-scores using the mean and
standard deviation of the cohort at baseline and averaged to create a composite measure of
word knowledge.

Risk aversion, an indicator of decision making style that reflects the tendency to prefer a
safe option over an uncertain but potentially better option, was assessed via a series of 10
questions used in standard behavioral economics approaches; answers on all 10 items were
used to create a coefficient of risk aversion, and higher scores indicate higher risk aversion
(Boyle et al., 2012).

Income was measured using the show card methodology, as previously described (Bennett et
al., 2005). Self-reported annual income was ranked according to 10 possible categories: 1:
$0-$4999, 2: $5000-$9999, 3: $10000-$14999, 4: $15000-$19999, 5: $20000-$24999, 6:
$25000-$29999, 7: $30000-$34999, 8: $35000-$49999, 9: $50000-$74999, 10: >$75000
(Bennett et al. 2005).

Data analysis

First, we used path analysis to test specific hypotheses regarding the causal pathways linking
aging, cognition and other resources with literacy. Relationships among variables of interest
were estimated using PROC CALIS procedure of SAS/STAT software, version 9.3 (SAS,
2009). Advantages of using path analysis include the generality and flexibility of model
specification and the ability to assess fit of the hypothesized model to the observed data. In
addition, compared to common analytic approaches such as multiple linear regression, path
analysis allows for simultaneous estimation of direct and indirect effects of age on literacy.
Overall model fit was examined comprehensively with 5 different fit indices. The chi-square
test statistic and the standardized root mean square residuals (SRMSR) were used to assess
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the absolute model fit. A significant p-value for the chi-square test indicates overall lack of
fit, while a value of SRMSR under 0.05 indicates a reasonably good fit. To further take into
consideration model parsimony, we assessed the model with root mean square error of
approximation (RMSEA). RMSEA estimate penalizes models with a larger number of
parameters, the closer to zero a value of RMSEA the better, and a model is preferred to have
RMSEA estimate under 0.05 and an upper bound of the 90% RMSEA Confidence Intervals
(CI) less than 0.06 (Hu & Bentler, 1999). Two additional incremental measures of fit,
namely Comparative Fit Index (CFI) and Normed Fit Index (NFI), were used to compare the
fitness of our proposed model with that of a baseline model assuming uncorrelatedness. A
model is considered to have a good fit if values of these two indices are above 0.95. In this
analysis, we accepted goodness of fit only if the model jointly satisfied all 5 fit indices,
including a non-significant chi-square statistic, SRMSR<0.05, RMSEA<0.05, and both CFI
and NFI >0.95. Upon establishing goodness of fit, standardized path loadings and the
standardized total direct and indirect effects of aging and other resources on literacy were
reported.

Next, to investigate the association between the prior rate of change in cognition and the
level of literacy, we estimated the slopes of executive cognitive decline, episodic memory
decline, and word knowledge decline for each individual by fitting a linear mixed model to
all available longitudinal cognitive testing data prior to the time of literacy assessment,
adjusted for baseline age, sex, and years of education. These person-specific slopes were
then used in ordinary least squares regressions as the predictors of literacy; the model was
adjusted for age at the time of literacy assessment, sex, education, starting levels of
executive function, episodic memory, and word knowledge, and risk aversion at the time of
literacy assessment. This analysis was done in SAS and models were validated graphically
and analytically (SAS, 2009).

Descriptive data are provided in Table 1. Participants correctly answered a mean of 67.4%
(SD=14.6) of the literacy questions, with higher scores indicating better literacy. The
intercorrelations among key resource variables are shown in Table 2. Bivariate correlation
analyses revealed that the literacy total score was negatively associated with age (r=—0.32,
p<.001) and risk aversion (r=—0.23, p<0.001) and positively associated with education (r=
0.39, p<.001), executive function (r= 0.54, p<.001), episodic memory (r=0.43 p<.001), and
word knowledge (r=0.46, p<0.001). Males on average had higher literacy scores compared
to women (t(643)=—-4.77, p=<0.001).

Pathways linking age, cognition and other resources with literacy

First, we used path analysis to examine the influence of age and other resources on literacy
and determine the extent to which the relation of age with literacy was due to direct or
indirect effects of aging on executive functions and episodic memory. In keeping with our
hypotheses, the model (Figure 2) included paths that linked age to literacy directly, as well
as paths that linked age to episodic memory and executive functions, which in turn each
linked to literacy. In addition, we included separate paths linking other hypothesized
resources to literacy (i.e., education, word knowledge, decision making style), and we
assume no direct paths between age and these resources. Finally, based on prior literature
showing an association of cognition, particularly executive function, with risk aversion, the
model included paths from executive function to risk aversion and risk aversion to literacy
(Boyle et al., 2012). This model provided a very good overall fit to the data (Pr>Chi-
Square= 0.180, SRMSR=0.030, RMSEA=0.028 (90% CI: 0-0.067), CFI=0.997, and
NFI=0.993) and all parameter estimates for individual paths in the proposed model were
significant as hypothesized. The total standardized effect of age on literacy was —0.28
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(SE=0.032, p<0.001). When partitioned, approximately half of the total effect was
attributable to a direct effect of age on literacy (Est=—0.151, SE=0.032, p<0.001), and
approximately half to an indirect effect of age on literacy through executive functions and
episodic memory (Est=—0.129, SE=0.017, p<0.001). Episodic memory was directly related
to literacy (Est=0.180, SE=0.035, p<0.001). The total effect of executive function on literacy
was 0.29 (Est=0.286, SE=0.038, p<0.001), most of which was attributable to a direct effect
(Est=0.264, SE=0.038, p<0.001) but a proportion was due to an indirect effect through
decision making style (i.e., risk aversion; Est=0.023, SE=0.007, p=0.002). Separately,
education and word knowledge were directly related to literacy (Est=0.184, SE=0.032,
p<0.001 and Est=0.168, SE=0.035, p<0.001, respectively), suggesting they had independent
effects.

To examine the robustness of our conceptual model, we used path analysis to test slightly
modified versions in which we added or deleted various plausible paths for comparison with
the original model. For example, because episodic memory may also directly influence risk
aversion, we added a path from episodic memory to risk aversion. We also added a path
from age to risk aversion, because the association of age with risk aversion remains unclear
(Boyle et al., 2012). None of these modifications improved the fit of the model. Thus, we
conclude that our hypothesized model best fit the observed data.

Lower literacy as a function of cognitive decline

The findings from the path analysis support our hypothesis that multiple individual
resources contribute to literacy in old age and suggest that a considerable proportion of the
effect of age on literacy is due to age-related decrements in executive functions and episodic
memory. However, the path analysis was based on cross-sectional data and therefore does
not inform on the extent to which cognitive decline is associated with lower literacy in
advanced age. Thus, to address this question, we examined the relation of the prior rate of
change in executive function and episodic memory with the level of literacy; in addition,
because changes in word knowledge may also contribute to literacy, we included a term for
the prior rate of change in word knowledge. These analyses were based on 447 persons
without dementia with at least 2 prior cognitive evaluations. These persons had annual
cognitive data for a mean of 6.4 years (SD=2.7, range: 2-14). We used the composite
measures of executive function, episodic memory and word knowledge and constructed
mixed-effects models with a term for time (since baseline in years) to estimate each person’s
annual rate of cognitive change within each domain (i.e., slope). Executive function declined
at a mean of 0.038 unit per year (SD=0.032, range: —0.176-0.057), episodic memory at a
mean of 0.003 per year (SD=0.048, range: —0.220-0.129), and word knowledge at a mean of
0.003 per year (SD=0.011, range: —0.058-0.042).

Next, to test the hypothesis that the rate of change in executive and memory function over
up to 14 years prior to the assessment of literacy predicted the level of literacy, we used the
slopes of cognitive decline (as estimated above) and constructed a linear regression model
with the literacy total score as the outcome and terms for the executive slope, episodic
memory slope, word knowledge slope, the starting levels of executive function, episodic
memory, and word knowledge, age at the time of literacy assessment, sex, education, and
risk aversion at the time of literacy assessment. The results of this analysis were consistent
with the findings from the path analysis in that diverse resources were relatively
independently associated with literacy (Table 3); further, consistent with our hypothesis, this
analysis showed that a more rapid rate of decline in executive function and episodic memory
were associated with lower literacy, but the rate of decline in word knowledge was not. To
clarify the magnitude of these effects, we can multiply the estimate for executive slope
(0.546) by the standard deviation of executive function (0.032) and divide the product by the
estimate for education (0.009); this calculation [(0.546 x 0.032)/0.009] shows that, when the

Psychol Aging. Author manuscript; available in PMC 2014 September 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Boyle et al.

Page 8

rate of decline in executive function increased by one standard deviation, the reduction in
the literacy total score was equivalent to having 1.94 fewer years of education. Similarly,
when the rate of decline in episodic memory increased by 1 standard deviation (0.048), the
average reduction in the total literacy score was equivalent to the effect of having 4.03 fewer
years of education [(0.755 x 0.048)/0.009].

In subsequent analyses, to examine the potential role of race and income on the association
of literacy with cognitive decline, we repeated the model just described with additional
terms for race and income; the terms for race (estimate=0.0727, SE=0.0201, p<0.001) and
income (estimate=0.0063, SE=0.0027, p=0.022) were significant, but declines in executive
function and memory remained associated with decreased literacy (p’s<0.005).

Discussion

In a cohort of 645 well-characterized community-based older persons without dementia, we
used path analysis to test several hypothesized pathways linking age, cognition and other
individual resources with literacy in advanced age. Results showed that literacy is a function
of diverse individual resources in old age. Age was strongly related to literacy, but about
half of the association of age with literacy was due to an indirect effect of age on executive
function and episodic memory. Executive function also had an indirect effect via risk
aversion, and word knowledge ability and education had independent effects on literacy.
Further, in an analysis using longitudinal cognitive data for up to 14 years from a subset of
447 persons, rates of decline in executive function and memory were associated with a lower
level of literacy, but rate of decline in word knowledge was not; this analysis adjusted for
age, sex, education, and starting level of cognition in each domain, starting level of word
knowledge, and risk aversion. The associations of executive function and episodic memory
decline with literacy persisted after adjustment for race and income. These findings suggest
that multiple resources contribute to literacy and that aging and cognitive decline,
particularly decline in executive function and episodic memory, degrade the domain-specific
literacy (i.e., financial and health literacy) most needed to maintain wealth, health and well-
being in late life.

Prior studies have established cross sectional associations of cognition and other resources
with literacy among older persons (Baker et al., 2008; Bennett et al., 2012; Wolf et al.,
2012); however, the existing studies have not examined the inter-relationships among
diverse resources, making it difficult to fully elucidate the role of individual resources as
determinants of literacy in late life (Baker, 2006; Dewalt et al., 2004). This study provides
evidence that multiple resources, some of which reflect primarily early life conditions (i.e.,
education, word knowledge) and others that reflect late life challenges (e.g., cognitive
decline), influence literacy in old age. Notably, about half of the association of age with
literacy was due to decrements in executive functions and memory. That is not surprising,
given that aging preferentially affects these domains of cognition and prior work has shown
that the impact of health literacy on health outcomes is partially mediated by cognitive
abilities (Prull, Gabrielli & Bunge, 2000; Salthouse, 2000; Wolf et al., 2012). What is
surprising, however, is that age also had a separate direct effect on literacy. This suggests
that age is somehow affecting other (as yet unknown) skills or behaviors to influence
literacy. Further, the finding that executive function works in part through risk aversion to
affect literacy suggests that additional focus on the relation between cognition and decision
making style (considered more broadly) may help elucidate the factors that degrade literacy
in old age.

The finding of a relation between rates of decline in executive function and episodic
memory and literacy among older persons without dementia has major public health
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implications. There are currently about 40 million persons over the age of 65 in the US and
by 2030, there will be more than 70 million. Older persons are confronted with a host of
challenging healthcare and financial decisions (e.g., Medicare part D plan selection, assisted
living/nursing home transitions, investment of retirement savings, social security
distributions) that require domain-specific literacy such as that measured here. Unlike
younger persons, older persons do not have the luxury of time and future opportunity to
overcome decisional errors. Prior research has established that literacy is associated with
numerous financial and health outcomes and well-being, indicating that lower literacy
compromises the ability of older persons to make the many difficult financial and health
decisions they face (Baker et al., 1997; Howard, Sertell & Gazmarian, 2006; Dewalt et al.,
2011; Howard, Gazmarian & Parker, 2005; Institute of Medicine, 2004; Lindquist et al.,
2011). Although it is intuitive to assume that literacy remains unchanged among older
persons without dementia, our findings suggest that the relatively subtle cognitive decline
that occurs even among persons without dementia can detrimentally impact literacy. Thus,
lower literacy may partially reflect an early manifestation of age-related cognitive decline
and may serve as an indicator of future adverse outcomes.

It is noteworthy that, in this study of non-demented persons, participants answered only
about 67% of the literacy questions correctly. This finding is somewhat alarming, given that
we have previously shown that performance on this measure of literacy is related to a wide
variety of positive aspects of health, including more frequent participation in health
promoting behaviors including cognitive, physical and social activities, less functional
disability, and better mental health (Bennett et al., 2012). We also have shown that literacy
is positively associated with financial and health decision making even after controlling for
the level of cognitive function (James et al., 2012), and the beneficial effect of literacy on
decision making was stronger among older persons, poorer persons and persons at the lower
ranges of cognitive ability. Taken together, these data suggest that higher literacy in old age
is associated with better health and better decision making, even after adjustment for the
level of cognition; thus, while related, literacy and cognition are tapping into somewhat
different constructs. Ultimately, with effective intervention, improvements in literacy could
facilitate better decision making and lead to better health and quality of life in later years.

The finding that impaired literacy in old age is in part a function of cognitive decline even
among non-demented persons has clear implications for public policy and interventions to
improve literacy in old age. In particular, these data suggest that financial and health-related
materials should be redesigned to make them are more accessible, understandable, and
relevant, particularly for persons with even a mild degree of cognitive compromise. Thus, a
chief priority is to reduce the cognitive demands, particularly higher order complex
reasoning abilities and memory, inherent in the health and financial materials and decision
making aids used by older persons. For example, Programs such as Medicare part D likely
involve too much complexity for optimal use by older persons (Wood et al., 2011). The need
to reduce cognitive demands is supported by studies of applied decision making that have
shown that information presentation and framing strongly influence what data are attended
to and used in decisions such as making hospital choices (Hibbard & Peters, 2003; Peters,
Dieckmann, Dixon, Hibbard & Mertz, 2007). These studies suggest that specific strategies
such as limiting the information presented and highlighting the meaning of important
information can aid in decision making, particularly among persons with low numeracy, a
component of literacy as measured here (Peters et al., 007). Further, in light of our finding
that executive functions were related to literacy, other strategies may include reducing the
number of options or layering information using clear, straight forward language (not
jargon) that minimizes the need for working memory and set shifting and highlights salient
differences between options. In addition, since episodic memory also is related to literacy,
reducing memory demands by using external aids (e.g., keeping essential plan information
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visible at all times for review, use of pill boxes, and doctor’s visit and bill payment
reminders) may enhance recall and prompt better financial and heath literacy and behaviors.

Finally, our data suggest that cognition also may work through decision making styles such
as risk aversion to influence literacy. Prior research suggests that persons with lower
cognition who are highly risk averse may limit exposure to important learning experiences
and have poorer educational and occupational outcomes (Orazem & Mattilla, 1991; Cramer
et al., 2002). In addition, in old age, risk averse persons exhibit poorer financial and health
decision making (Boyle et al., 2012). Efforts to encourage older persons to actively engage
in decision making and weigh alternatives carefully rather than choosing the “safe” option
might improve literacy and related outcomes (Institute on Medicine, 2004). In keeping with
this idea, studies of applied decision making have shown that patient activation (the
willingness to participate actively in managing one’s health) is associated with better health
behaviors and decisions (Hibbard, Peters, Dixon & Tusler, 2007). It is possible that efforts
to increase activation more broadly may help risk averse persons in particular to overcome
the tendency to avoid new or intimidating situations and decisions. Moreover, activation
strategies may increase older persons’ motivation to access and utilize information as
required for attainment of health and financial literacy in old age.

The neurobiologic basis of the association of cognition with literacy is unknown. However,
it is now widely recognized that Alzheimer’s disease pathology is commonly present in the
brain and associated with subtle cognitive decrements even among persons without dementia
(Aizenstein et al., 2008; Bennett et al., 2006). Further, we have shown that Alzheimer’s
disease and other common age-related neuropathologies are associated with the rate
cognitive decline even before the onset of dementia (Wilson et al., 2010). Thus, we suspect
that accumulating Alzheimer’s disease pathology may underlie the association of cognitive
decline and literacy among non-demented older persons and we hypothesize that decreased
literacy in non-demented older persons is due to subclinical disease. Future clinical-
pathologic studies are needed to confirm that pathology degrades literacy in persons without
dementia, as such findings would have direct and compelling implications for how we think
about the effects of aging prior to the onset of dementia. Specifically, they would suggest
that there is an element of disease-related aging that affects a host of behaviors even before
frank dementia becomes evident. This is consistent with prior work showing that
impairments in decision making are present prior to the onset of and a risk factor for
conversion to dementia (Sherod et al., 2009; Triebel et al., 2009). Perhaps even more
alarming, however, are findings showing that a sizable proportion of older persons, even
those without overt cognitive problems (no dementia or even mild cognitive impairment),
are susceptible to deceptive advertising and show poor decision making and an increased
vulnerability to scams (Boyle et al., 2012; Denburg et al., 2007). Increased focus on and
awareness of these very early manifestations of cognitive decline may facilitate earlier
identification of persons at risk for developing dementia and other adverse outcomes.

This study has strengths and limitations. One novel feature of this study was that it utilized a
measure of literacy that focused on the domain-specific health and financial skills older
persons need to make good decisions and function optimally in society. Another strength is
the focus on non-demented, community-based persons. Participants were evaluated at
regular intervals for an average of 6.4 years with a very high rate of follow-up participation
and cognition was assessed with previously established, psychometrically sound measures.
These factors enhanced our ability to characterize person-specific changes in cognition and
to examine the relation between cognitive decline and literacy. Limitations are that literacy
was assessed only at a single point in time, making it difficult to establish the temporal
relation between cognition and literacy, and that participants were selected. In addition,
although we measured four components of executive function using tests that have been
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used in prior studies, it may be the case that some of the effects of age that did not work
though executive function as measured here could be captured by additional measures of
executive functioning that assess planning, set shifting or cognitive flexibility. Finally, a
limitation of literacy research in general is that lower literacy is known to be associated with
low wealth, poor health, and other adverse outcomes but, as with the present findings on
cognitive decling, it is difficult to establish the direction of causation. To date, little is
known about the sources, nature, and importance of mistaken financial and health decisions
in old age. Considerable measurement challenges underlie this lack of knowledge, in
particular the difficulty of collecting data on wealth, financial literacy and spending, and this
study is limited by similar challenges and holes in data. Future research on literacy and
decision making is greatly needed to better understand the how these factors influence health
and well-being in advanced age, as this line of research has the potential to reduce the
considerable economic and public health challenge posed by lower literacy and poor
decision making. Ultimately, such data will inform interventions to improve literacy and
promote independence, wealth, health, and well-being among older persons.
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Proposed conceptual model linking age, cognition and other individual resources with
literacy.
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Results showing path coefficients (black lines) and covariance estimates (grey lines) derived

from path analysis.
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Table 1

Descriptive properties of the samples included in these analyses

Variable Cross sectional analysesN=645 Longitudinal analyses N=447
Mean (SD) or percent Mean (SD) or percent

Age, years 82.2 (7.53) range: 59-101 83.6 (7.4) range: 59-101

Education, years 15.2 (2.95) range: 7-28 15.2 (3.05) range: 7-28

MMSE 28.2 (1.83) 28.12 (1.89)

Women, % 76.7 75.8

Non-Hispanic white, %  91.3 89.0

Literacy (total score) 67% (14.60) 65% (15.0)

Executive function 0.15 (0.63) 0.09 (0.66)

Episodic memory 0.32(0.71) 0.35 (0.75)

Word knowledge 0.23 (0.63) 0.24 (0.63)

Risk aversion 0.33(0.30) 0.36 (0.30)

NOTE: SD=Standard deviation. All descriptives provided here are from the time of literacy assessment. Literacy total score is the total percentage
correct out of 100, based on the average of the percentages correct in subdomains of health and financial literacy; Executive function is a composite
score based on the average of z scores of 9 tests; Episodic memory is a composite score based on the average of z scores of 7 tests; Word
knowledge is a composite score based on the average of z scores of 2 tests; Risk aversion is derived from responses across 10 items used to
measure risk aversion; please see Methods for details.
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Boyle et al.

Literacy as a function of cognitive decline

Table 3

QOutcome: Literacy total

Model terms Est (SE) p-value
Age -0.003 (0.001) | 0.015
Male 0.044 (0.014) 0.002
Education 0.009 (0.002) <0.001
Starting level of executive function | 0.043 (0.012) <0.001
Stating level of episodic memory 0.015 (0.012) 0.193
Starting level of word knowledge 0.052 (0.012) <0.001
Risk Aversion -0.042 (0.019) 0.024
Executive slope 0.546 (0.223) 0.015
Episodic slope 0.755 (0.141) <0.001
Word knowledge slope 0.425 (0.769) 0.581
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NOTE: N=447 persons with longitudinal cognitive data for up to 14 years prior to the literacy assessment (mean=6.4). Est=estimate; SE=standard
error. Literacy total score is the total percentage correct out of 100, based on the average of the percentage correct in subdomains of health and
financial literacy; Executive function is a composite score based on the average of z scores of 9 tests; Episodic memory is a composite score based
on the average of z scores of 7 tests; Word knowledge is a composite score based on the average of z scores of 2 tests; Risk aversion is derived
from responses across 10 items used to measure risk aversion. Executive slope, episodic slope, and word knowledge slope were derived from
mixed-effects models with a term for time (since baseline in years) to estimate each person’s annual rate of cognitive change within each domain;
the estimates refer to the increase in literacy associated with a one unit increase in slope (increase=improvement; thus, the positive estimates).
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