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Abstract

Financial literacy refers to the ability to access and utilize financial information in ways that

promote better outcomes. In old age, financial literacy has been associated with a wide range of

positive characteristics; however, the neural correlates remain unclear. Recent work has suggested

greater co-activity between anterior-posterior medial brain regions is associated with better brain

functioning. We hypothesized financial literacy would be associated with this pattern. We

assessed whole-brain functional connectivity to a posterior cingulate cortex (PCC) seed region of

interest in 138 participants of the Rush Memory and Aging Project. Results revealed financial

literacy was associated with greater functional connectivity between the PCC and three regions:

the right ventromedial prefrontal cortex (vmPFC), the left postcentral gyrus, and the right

precuneus. Results also revealed financial literacy was associated negatively with functional

connectivity between the PCC and left caudate. Post-hoc analyses showed the PCC-vmPFC

relationship accounted for the most variance in a regression model adjusted for all four significant

functional connectivity relationships, demographic factors, and global cognition. These findings

provide information on the neural mechanisms associated with financial literacy in old age.

© 2014 Elsevier Ireland Ltd. All rights reserved.

Contact information: S. Duke Han, PhD, ABPP-CN Rush Alzheimer’s Disease Center 600 S. Paulina St., Suite 1022, Chicago, IL
60612 Duke_Han@rush.edu Phone: 312-942-2028 Fax: 312-563-4605.

Conflicts of Interest None.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Arch Gerontol Geriatr. Author manuscript; available in PMC 2015 September 01.

Published in final edited form as:
Arch Gerontol Geriatr. 2014 ; 59(2): 429–438. doi:10.1016/j.archger.2014.05.001.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Keywords

aging; financial literacy; functional connectivity; posterior cingulate; ventromedial prefrontal
cortex

1. Introduction

Financial literacy refers to the ability to understand, access, and utilize financial information

in ways that contribute to better financial outcomes (Lusardi and Mitchell, 2014; Braunstein

and Welch, 2002; Hilgert et al., 2003). Financial literacy has been associated with better

mental health outcomes in younger adults (Taylor et al., 2009) and with better financial

planning and retirement outcomes in older adults (Lusardi and Mitchell, 2007a; Lusardi and

Mitchell, 2007b). Since older adults are the fastest growing demographic of the population

and will make important financial decisions about retirement savings and inter-generational

transfers of wealth, financial literacy could have a profound impact on families and society.

Thus, financial literacy is an important public health issue and understanding the neural

substrates of financial literacy in older adults may inform possible interventions that may

lead to the preservation or improvement of decision making in old age.

A technique that may assist in elucidating the neural substrates of financial literacy in old

age is resting-state fMRI (rs-fMRI). This noninvasive technique elucidates functional

connectivity characteristics between specific brain regions through determining the temporal

coherence of low frequency fluctuations in the blood-oxygenation-level-dependent (BOLD)

signal. Greater temporal coherence between brain regions implicates the regions as

functionally related, and the strength of the connections between brain regions may vary

according to multiple factors. This brain imaging approach is brief, requires no cognitive

engagement, and has been successfully used to illuminate complex mechanisms of the aging

and dementia process (Greicius et al., 2004; Buckner et al., 2005).

To our knowledge, functional connectivity neuroimaging approaches have not yet been used

to examine financial literacy in old age. In developing a hypothesis of how financial literacy

might be associated with a particular functional connectivity pattern in the brain, we

reviewed recent reports showing greater anterior-posterior brain region co-activity is

associated with better brain functioning outcomes that could have an impact upon financial

literacy. For example, in a study of patients who sustained a severe traumatic brain injury,

level of awareness was directly associated with synchrony of anterior and posterior brain

regions according to electroencephalogram (EEG, Leon-Carrion et al., 2012). Furthermore,

older adults with greater insight into their cognitive abilities appear to show greater co-

activity of cortical anterior-posterior midline structures according to event-related functional

magnetic resonance imaging (fMRI) methods (Ries et al., 2007). A number of reports have

also shown that deterioration of functional connectivity between anterior-posterior medial

brain regions is associated with suboptimal brain functioning, and in particular, Alzheimer’s

disease. Applying graph theory to whole-brain resting-state fMRI scans, correlations among

116 regions of interest showed long-distance functional connectivity decreases between

frontal and posterior regions among mild Alzheimer’s disease patients when compared to
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healthy age-matched participants (Sanz-Arigita et al., 2010). Fronto-parietal disconnections

in alpha and beta signals have also been observed among Alzheimer’s disease patients using

magnetoencephalography (Stam et al., 2006). Decreased anterior-posterior functional

connectivity among medial default network regions was observed in persons with amnestic

Mild Cognitive Impairment, and these functional connectivity values were inversely

associated with cognitive performance (Wang et al., 2013).

Because financial literacy has been linked with better brain functioning characteristics, we

hypothesized that functional connectivity from a posterior medial region of the brain to an

anterior medial region of the brain would be positively associated with financial literacy in

older adults. Furthermore, because financial literacy has been associated with age,

education, sex, and cognition (Finke et al., 2011; Lusardi and Mitchell, 2011b; Bennett et

al., 2012; Boyle et al., 2013), we explored whether neuroimaging results remained

significant after adjusting for these effects. Using resting-state fMRI and a seed region of

interest in the posterior cingulate cortex, we investigated this in 138 non-demented older

adults from the Rush Memory and Aging Project, a large clinicopathologic, longitudinal,

and community-based study of aging. All participants underwent extensive clinical

assessments and questions that assessed financial literacy. Given the strong role the

ventromedial prefrontal cortex plays in economic decision making (Fellows and Farah,

2007), and its anatomic location as an anterior medial brain region, we additionally expected

any significant functional connectivity neuroimaging findings would include the

ventromedial prefrontal cortex.

2. Materials and Methods

2.1. Participants

Participants were enrolled in the Rush Memory and Aging Project, a community-based

clinical-pathologic study of aging and dementia (Bennett et al., 2012), which recruits from

local residential facilities, including retirement homes, senior housing facilities, and

community organizations in the Chicago metropolitan area. All participants are enrolled

without known dementia and are followed annually. Participants were determined to be

without dementia based on a detailed clinical evaluation (Bennett et al., 2006). Cognitive

impairment was assessed with a detailed battery of performance tests, and determined by a

clinical neuropsychologist with expertise in aging and AD who reviewed the cognitive data,

information about the participant’s background (e.g., education/occupation, sensory and

motor deficits), and a clinical evaluation of the participant done by a physician with

expertise in aging and dementia. Diagnosis of dementia was determined in accordance with

NINCDS/ADRDA criteria by the evaluating clinician (Bennett et al., 2002; Boyle et al.,

2005).

The Rush Memory and Aging Project began in 1997 and assessments of financial literacy

and brain imaging were initiated in 2009. At the time of these analyses, 1299 participants

had enrolled and completed their baseline evaluation in the parent study, 443 died, and 77

refused further participation before financial literacy and scan data collection began. Of the

remaining 779, 260 had MRI contraindications or were unable to sign informed consent

leaving 519 eligible for scanning. Of these, 155 (29.9%) refused, 214 were scanned, and the
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remaining 150 were still being scheduled for scanning. From the 214 that were scanned, 14

were dropped due to excessive motion, and 4 were dropped due to scanning data acquisition

problems, leaving 196 participants. An additional 16 participants were dropped because of

quality assurance issues relating to scan data, leaving 180 participants. Forty-two

participants of the remaining 180 had not completed financial literacy behavioral

assessments, leaving 138 participants without dementia who had undergone neuroimaging

and financial literacy assessments. The mean number of days between MRI scan and

financial literacy assessments for the remaining 138 participants was 35.26 (SD=66.01) with

75 percent of scans occurring within 3 months of assessment, and all scans occurring within

10 months of financial literacy assessment (minimum to maximum range: -120 days to 281

days). Age (based on date of birth and date of financial literacy assessment), sex, race (white

versus non-white) and education (years of schooling) were self-reported. Income was

measured using a show card methodology during the baseline assessment of the parent

study; participants were shown a card with the following 10 possible categories and asked to

choose the option that represented their annual income: (1) USD 0–4,999, (2) USD 5,000–

9,999, (3) USD 10,000–14,999, (4) USD 15,000–19,999, (5) USD 20,000–24,999, (6) USD

25,000–29,999, (7) USD 30,000–34,999, (8) USD 35,000–49,999, (9) USD 50,000–74,999,

(10) USD > 75,000.

2.2. Assessment of Financial Literacy

Financial literacy was assessed using 23 questions based on information, concepts, and

numeracy as previously reported (James et al., 2012; Bennett et al., 2012). These questions

included those adapted from materials from the Health and Retirement Survey (Lusardi and

Mitchell, 2007a; Lusardi and Mitchell, 2007b), questions of simple monetary calculations

such as interest rates and sales, and knowledge of financial concepts such as “stocks”,

“bonds”, and “FDIC”. One example of an item is “True or false. Using money in a bank

account to pay off credit card debt is usually wise.” Another example is “Imagine that the

interest rate on your savings account is 1% per year and inflation is 2% per year. After 1

year, will you be able to buy more than, exactly the same as, or less than today with the

money in your account?” We conducted an additional item analysis on the financial literacy

measure and found that among our sample, the percent of people that got each individual

question correct ranged from 33.33% to 95.83% (mean=73.86%, SD=18.21%), suggesting

variability in difficulty across questions. All items and the percent of the study sample that

got each question correct are presented as an Appendix. There were no questions that all

participants got correct or incorrect. Percent correct across all questions was calculated by

each participant and used in accordance with previous studies (Boyle et al., 2013; James et

al., 2012; Bennett et al, 2012).

2.3. Image Acquisition and Processing

All participants underwent neuroimaging within approximately 1 year of completing the

clinical evaluation and financial literacy assessment. Magnetic resonance imaging (MRI)

scans were conducted on a 1.5 Tesla clinical scanner (General Electric, Waukesha, WI),

equipped with a standard quadrature head coil, located within the community of the sample.

High data quality was ensured through daily tests of the scanner’s performance and thorough

quality control tests on the raw data. High-resolution T1-weighted anatomical images were
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collected with a 3D magnetization-prepared rapid acquisition gradient-echo (MPRAGE)

sequence with the following parameters: TR = 6.3 ms; TE = 2.8 ms; preparation time = 1000

ms; flip angle = 8°; 160 sagittal slices; 1 mm slice thickness; field of view (FOV) = 24 cm ×

24 cm; acquisition matrix 224 × 192, reconstructed to a 256 × 256 image matrix; scan time =

10 min and 56 secs. Two copies of the T1-weighted data were acquired on each subject and

averaged. Resting state MRI data was acquired using a 2D spiral in/out echo-planar imaging

(EPI) sequence with the following parameters: TR = 2000 ms; TE = 33 ms; flip angle = 85°;

26 oblique axial slices; 5 mm slice thickness; acquisition/reconstruction matrix 64 × 64;

FOV = 24 cm × 24 cm; 240 time-points/volumes; scan time = 8 min. Participants were

asked to keep their eyes closed.

The skull was removed from the averaged structural MRI data using FreeSurfer’s Hybrid

Watershed Algorithm (Segonne et al., 2004). Structural scans were also manually edited

when necessary to remove residual non-brain material. Brain segmentation into gray matter,

white matter and CSF was also performed using FreeSurfer (http://

surfer.nmr.mgh.harvard.edu/). Whole brain volume was derived, and the portion of brain

volume occupied by each tissue type was calculated. The first 6 image volumes of resting

state data were discarded at the scanner to avoid using data collected before reaching MRI

signal equilibrium. Images were reconstructed on Linux machines from the acquired k-space

data (Glover et al., 2004). Using the Statistical Parametric Mapping software (Friston et al.,

1995; http://www.fil.ion.ucl.ac.uk/spm/) version 8 (SPM8), all volumes were corrected for

slice-timing and motion, were co-registered to the corresponding high-resolution T1-

weighted data using affine transformation, and spatially normalized to the Montreal

Neurological Institute (MNI) template. The normalized image volumes were spatially

smoothed with a 7mm full-width half-maximum (FWHM) Gaussian kernel. Next, a band-

pass filter of 0.01 to 0.08 Hz was applied to the data in temporal frequency space to

minimize low-frequency signal drift and high frequency signal variations due to cardiac and

respiratory effects. In order to remove any residual effects of motion and other non-neuronal

factors, 6 head motion parameters, as well as parameters for the white matter signal, global

mean signal, and cerebrospinal fluid signal were used as nuisance variables (Buckner et al.,

2009) in functional connectivity analysis using the Data Processing Assistant for Resting-

State fMRI (DPARSF; http://restfmri.net/forum/DPARSF) and SPM8.

To address concerns of head movement, we employed a two-step process of exclusion. All

of the participants included in the study had to satisfy exclusion criteria of head movement

during the entire fMRI scanning session of less than 2.5mm translation in any axis and less

than 2.5° angular rotation in any axis. They also had to satisfy an additional head movement

exclusion of 1.9mm translation in any axis and less than 1.9° angular rotation in any axis

over any 10 second interval.

2.4. Assessment of Cognition

All participants underwent a battery of 21 neuropsychological measures, 19 of which were

used to make composite scores (Bennett et al., 2012). The battery consisted of the Word List

Memory, Word List Recall, and Word List Recognition from the CERAD battery, the

immediate and delayed recall of Logical memory Story A and the East Boston Story, Verbal
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Fluency, Boston Naming Test, a subset of items from the Complex Ideational Material Test,

the National Adult Reading Test, Digit Span subtest (forward and backward) of the

Wechsler Memory Scale-Revised, Digit Ordering, the Symbol Digit Modalities Test,

Number Comparison, Stroop Word Reading, Stroop Color Naming, Mini-Mental Status

Examination, the Judgment of Line Orientation Test, and Standard Progressive Matrices.

The Mini-Mental Status Examination was used as a cognitive screening measure and the

Complex Ideational Material Test was used as a measure of language abilities. These two

tests were not included in the calculation of composite scores because they are used only for

diagnostic classification purposes. A global cognition score was calculated by averaging the

z-scores across all other measures of cognitive function.

2.5. Statistical analyses

A spherical seed region of interest (ROI) with a radius of 4mm was prescribed in the

posterior cingulate cortex, with MNI coordinates of x = 0, y = -53, z = 26 (posterior

cingulate cortex: PCC) in accordance with previous work (Hedden et al., 2009). A mean

signal time course for the seed ROI was calculated and used as a reference. Analyses were

then conducted by examining the partial correlations between the reference signal time

course and the time series of each other voxel in the brain. The voxels showing significant

functional connectivity to the seed ROIs were identified as those voxels whose partial

correlation differed significantly from 0, based on whole-brain Fisher’s z-transformation of

the correlations at the individual level. In order to interrogate brain regions functionally

connected to the seed ROI, AlphaSim Monte Carlo simulations (10,000 permutations) as

determined by the AlphaSim program in AFNI (http://afni.nimh.nih.gov) were employed to

correct for multiple comparisons at cluster p<0.05. This corresponded to a cluster size > 39

voxels for a voxel threshold p<0.004 for the PCC seed ROI. Next, results of the whole-brain

Fisher’s z-transformation were then correlated with financial literacy, while controlling for

age, education, sex, and global cognition using the same parameters for correction for

multiple comparisons. Age, education, and sex are known to correlate with multiple

outcomes in epidemiologic studies. Results were also adjusted for global cognition as this

has been found to be associated with financial literacy (Bennett et al., 2012). Seed-based

functional connectivity analysis was conducted with Resting-State fMRI Data Analysis

Toolkit (REST: http://restfmri.net/forum/REST).

3. Results

Descriptive data for the sample of 138 participants who completed neuroimaging and

financial literacy assessments are displayed in Table 1 next to descriptive data for

participants that completed the financial literacy assessments but not neuroimaging.

Using a seed region of interest in the posterior cingulate cortex (MNI coordinates: x = 0, y =

-53, z = 26, radius = 4mm) and adjusting for age, education, sex, and global cognition,

significant functional connectivity clusters were observed in the right ventromedial

prefrontal cortex, left caudate, right precuneus, right middle temporal gyrus, and left

postcentral gyrus. Clusters in the right ventromedial prefrontal cortex, right precuneus, right

middle temporal gyrus, and left postcentral gyrus were associated directly with financial
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literacy, while the cluster observed in the left caudate was associated inversely with

financial literacy (Table 2, Figure 1).

Adjustment for multiple comparisons at a stricter cluster level (p<0.0002) revealed that

clusters in the ventromedial prefrontal cortex (vmPFC), left caudate, left postcentral gyrus,

and right precuneus were most significantly related to financial literacy when using a

posterior cingulate cortex (PCC) seed region of interest (Figure 2). Scatterplots are presented

for these four regions (Figure 3).

In post-hoc analyses, we ran linear regression models to investigate whether the significant

functional connectivity relationships we observed (PCC-vmPFC, PCC-precuneus, PCC-

postcentral, PCC-caudate) have independent associations with financial literacy. In models

that adjusted for age, education, sex, and global cognition, functional connectivity pathways

generally attenuated each other, and none fully accounts for the effect of the PCC-vmPFC,

PCC-caudate, and PCC-precuneus pathways on financial literacy (Table 3). The functional

connectivity of PCC-vmPFC accounted for more variation in financial literacy than the

connectivity of the other three pathways in a model that included all four significant

pathways, demographic factors, and global cognition.

4. Discussion

Our results show that functional connectivity between posterior cingulate cortex (PCC) and

right ventromedial prefrontal cortex (vmPFC) is associated with greater financial literacy

after adjusting for age, education, sex, and global cognition. Functional connectivity

between the posterior cingulate cortex and two regions, the left postcentral gyrus and right

precuneus, were also observed to be positively associated with financial literacy, whereas

functional connectivity between the posterior cingulate cortex and left caudate was observed

to be negatively associated with financial literacy. Finally we observed that three functional

connectivity relationships (PCC-vmPFC, PCC-precuneus, PCC-caudate) were independently

associated with financial literacy, though the PCC-vmPFC relationship accounted for most

of the association in a model adjusted for all four significant functional connectivity

relationships, demographic factors, and global cognition.

Financial literacy has been associated with multiple beneficial health and well-being

outcomes, including better cognition, cognitive and physical activity, and ability to complete

activities of daily living (Boyle et al., 2013; Bennett et al., 2012; James et al., 2012; Taylor

et al., 2009). Because financial literacy is associated with beneficial outcomes in old age, we

reasoned that financial literacy would be associated with greater functional connectivity of

cortical anterior-posterior midline structures in resting-state fMRI findings. Specifically, we

hypothesized that greater financial literacy would be associated with increased functional

connectivity between the posterior cingulate cortex and some part of the ventromedial

prefrontal cortex given this region’s well-established role in decision making (Fellows and

Farah, 2007). The results of our study support this notion and expand the literature in three

important ways.
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The first important implication of the present results is in the meaning of this increased

anterior-posterior cortical midline neural signature. Financial literacy is conceptualized as

having specific knowledge of financial topics needed for optimal outcomes. This definition

of financial literacy may be therefore viewed as the coordination of two subprocesses: (1)

the retaining and access to prior learned contextual knowledge (in this case financially-

related knowledge), and (2) the utilization and manipulation of that knowledge to provide

the best answer to the questions posed. This two-subprocess viewpoint of financial literacy

provides a potential theoretical rationale for the functional involvement of the posterior

cingulate cortex with the ventromedial prefrontal cortex. The posterior cingulate cortex has

direct structural and functional connectivity to hippocampal structures and has been

implicated as a hub of an autobiographical subnetwork of the default network, which

includes the precuneus, the medial and lateral parietal, and medial temporal lobe regions

(Buckner et al., 2008). The ventromedial prefrontal cortex has direct and indirect

connections to inferio-lateral frontal, anterior basal ganglia, insula, and dorsolateral

prefrontal regions (Decety and Michalska, 2010), and has strong anatomical and functional

connections to the posterior cingulate cortex (Buckner et al., 2008). The ventromedial

prefrontal cortex, inferio-lateral frontal cortex, anterior cingulate, and dorsolateral prefrontal

cortex comprise a network of regions involved in conscious and effortful processing of

information stemming from internal mentation (Hurliman et al., 2005). Therefore those who

perform better on the measure of financial literacy may have a greater functional integration

between these two functional networks.

The second important contribution of the present study is the implication of changes in

functional connectivity between posterior cingulate cortex and caudate structures as

important for financial literacy. The caudate has multiple anatomical connections with

dorsolateral prefrontal and ventral-anterior prefrontal cortex structures (Leh et al., 2007).

Diminished functional connectivity values between the posterior cingulate and caudate

structures were previously shown to be associated with mild cognitive impairment, and these

values were found to be associated with measures of cognition in a separate sample (Han et

al., 2011). Our study again points to the caudal structures as potentially important for aging.

In the present study, functional connectivity values between the posterior cingulate cortex

and left caudate were inversely associated with financial literacy while values between the

posterior cingulate cortex and right ventromedial prefrontal cortex, postcentral gyrus, and

precuneus were positively associated with financial literacy. While both the caudate and

ventromedial prefrontal cortex have direct and indirect projections to frontal cortical

structures, the ventromedial prefrontal cortex is believed to exert control over anterior basal

ganglia structures. Because of this, it may be that greater connectivity of anterior-posterior

medial brain regions has an effect of dampening or diminishing the functional role of the

caudate in whole brain functional networks. We explored whether this was the case in post-

hoc analyses, and our results suggest that these functional connectivity pathways are

relatively independent. It should be noted, however, that our post-hoc results do not speak to

whether there is an effect of activity of the ventromedial prefrontal cortex on the activity of

the caudate, as activity and functional connectivity are conceptually and experimentally

different properties. We further speculate that our observation of less connectivity between

the posterior cingulate cortex and caudate structures when considering financial literacy may
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be linked in some way with the role of the basal ganglia in implicit learning (Stillman et al.,

2013; Lieberman, 2000). It is feasible that basal-ganglia-mediated procedural knowledge

may give way to higher-level explicit or declarative knowledge as financial literacy

develops. Thus, as someone becomes explicitly knowledgeable in financial literacy matters,

it is possible that less demand will be made on implicit processing networks, although both

implicit and explicit processes are likely still involved in some capacity (Sun et al., 2001;

Fisher et al., 2006; Destrebecqz et al., 2005). Future research is needed to clarify the role of

the caudate in normal and pathological aging.

The third contribution of the present work is the observation that this neural signature is

associated with financial literacy after considering the effects of global cognition. Financial

literacy has often been conceptualized as being closely linked with cognitive functioning.

While this link has been established in previous work from our group (Boyle et al., 2013;

Bennett et al., 2012), it is interesting to note that neural correlates with financial literacy

exist that are beyond the effects of global cognitive functioning. An implication of this

finding is that financial literacy and cognitive functioning may be at least partially

distinguishable constructs that may have some different neuroanatomical correlates. This

may be particularly encouraging in that those who may be low in cognitive functioning may

be able to show greater aptitude in financial literacy, and financial literacy may be amenable

to alternate forms of intervention. Further work is needed to explore the specific associations

and disassociations between cognitive ability and financial literacy, and under what

conditions dissociations occur.

It should be noted that the neuroimaging results we observed may not be specific to financial

literacy per se, but may also apply to the application of other complex knowledge areas. This

is consistent with reports of an apparent association of anterior-posterior functional

connectivity values with performance on cognitive measures (Wang et al., 2013). Applied

knowledge areas that require the coordination of multiple neural subsystems may be more

sensitive to neural disease progression than other more specific disease considerations since

they require efficient and intact processing of all components of the systems involved. Brain

processing associated with the application of multiple knowledge areas may be broader in

scope, and therefore any disturbance in the subcomponents of a system might manifest in a

deterioration of functional connectivity between anterior-posterior medial brain regions

since access and utilization of information might be coordinated between these network

hubs. Future studies are needed to examine whether there is support for this viewpoint.

Limitations of the present study include the selected nature of the sample. The sample was

highly selected from the parent study and selection factors could account for some of the

variance that we observed in our study, thus potentially limiting the generalizability of

results. Another limitation was the majority of the sample being female. As has been

previously reported, females exhibit lower financial literacy (Lusardi and Mitchell, 2011b;

Lusardi and Mitchell, 2008). Furthermore, we were not able to compare our results to a

younger cohort to investigate directly any effects of aging. These likely have implications

for the generalizability of our results, and future studies are needed to explore the present set

of findings in cohorts with greater male and younger persons represented. Also, the direction

of the causality in the observed associations is unclear. The most compelling support for the
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assertion that greater financial literacy leads to strengthened anterior-posterior medial brain

functional connectivity would have come from a longitudinal model showing an increase in

financial literacy resulting in a later increase in functional connectivity. It could be that

persons with greater anterior-posterior functional connectivity may be more predisposed to

be financially literate. Another limitation of the present study is the lack of real-word

indicators of financial success. However, many items from the measure of financial literacy

have been linked to real-world financial outcomes (Lusardi and Mitchell, 2011a), and this

measure is associated with a number of positive factors that are generally associated with

financial success, such as cognition, cognitive and physical activity, activities of daily

living, mental health, and decision making (Bennett et al., 2012; James et al., 2012).

Strengths of the present study include the utilization of a community-based sample, large

sample size, and the control of multiple characteristics – such as age, education, gender, and

global cognition – that may be associated with financial literacy and brain network analyses.

Our results suggest financial literacy is associated with a functional brain signature that may

be important to successful aging. Future studies are needed to examine the temporal

direction of this relationship, and if found that financial literacy is associated with anterior-

posterior medial brain region functional connectivity, determine whether poorer financial

literacy may be associated with greater Alzheimer’s disease pathology. If so, then change in

this neural signature may serve as a potential biomarker for impending Alzheimer’s disease.

The implication that financial literacy may be associated with specific neural signatures also

suggests the possibility that targeted pharmacological or behavioral interventions that can

modify the neural signatures might also have an effect on the ability to develop or maintain

financial literacy. Furthermore, the development of methods to improve financial literacy

could also have the effect of increasing anterior-posterior functional connectivity in the

brain, which may arguably facilitate greater cognitive reserve. Consistent with this idea, our

group has noted that the beneficial effects of financial literacy on decision making is

stronger in persons with lower cognition (James et al., 2012). Future studies are needed to

support these viewpoints. To our knowledge, this is the first neuroimaging study of financial

literacy in old age.
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APPENDIX

Financial literacy assessment (note question 9 counts as 4 points)

1. Question: Which of these percentages represents the biggest risk of getting a disease?

1 1%

2 10%
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3 5%

78.99% of sample got this item correct.

2. Question: A store is offering 15% off a television that is normally priced at USD 1,000.

How much money would you save on the TV during this sale?

1 15

2 150

3 1,500

50.72% of sample got this item correct.

3. Question: If a television set is on sale for USD 899, which is USD 200 off its normal

price, what is the normal price?

1 USD 699

2 USD 1,099

3 USD 1,299

81.02% of sample got this item correct.

4. Question: If 5 people all have the winning numbers in the lottery and the prize is USD 2

million, how much will each of them receive?

1 USD 200,000

2 USD 400,000

3 USD 600,000

93.48% of sample got this item correct.

5. Question: If the chance of getting a disease is 10%, how many people out of 1,000 would

be expected to get the disease?

1 100

2 10

3 90

4 900

67.39% of sample got this item correct.
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6. Question: Suppose you had USD 100 in a savings account and the interest rate was 2%

per year. After 5 years, how much do you think you would have in the account if you left the

money to grow: more than USD 102, exactly USD 102, or less than USD 102?

1 more than USD 102

2 Exactly USD 102

3 Less than USD 102

78.99% of sample got this item correct.

7. Question: Again, suppose you had USD 100 in a savings account and the interest rate was

2% per year. After 5 years, how much do you think you would have in the account if you

left the money to grow: more than USD 110, exactly USD 110, or less than USD 110?

1 more than USD 110

2 Exactly USD 110

3 Less than USD 110

95.83% of sample got this item correct.

8. Question: Imagine that the interest rate on your savings account is 1% per year and

inflation is 2% per year. After 1 year, will you be able to buy more than, exactly the same as,

or less than today with the money in your account?

1 More than today

2 Exactly the same as today

3 Less than today

50.00% of sample got this item correct.

9–12. Question: What do the initials FDIC stand for?

1 Federal

2 Deposit

3 Insurance

4 Corporation

37.50% of sample got the “Federal” item correct.

33.33% of sample got the “Deposit” item correct.

75.00% of sample got the “Insurance” item correct.
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69.57% of sample got the “Corporation” item correct.

13. Question: What does the FDIC do?

1 Approves new drugs for clinical use

2 Protects the funds people or depositors place in banks and savings Institutions

3 Underwrites mortgages and other loans

79.71% of sample got this item correct.

14. Question: A mutual fund is an investment that holds what – only stocks, only bonds, or

stocks AND bonds?

1 Only stocks

2 Only bonds

3 Stocks and bonds

86.23% of sample got this item correct.

15. Question: When interest rates go up, what do bond prices do: go down, go up, or stay the

same?

1 Go down

2 Go up

3 Do not change

85.51% of sample got this item correct.

16. Question: True or false. Buying a single company stock usually provides a better return

than a stock mutual fund.

1 True

2 False

74.64% of sample got this item correct.

17. Question: True or false. An older person with USD 100,000 to invest should hold riskier

financial investments than a younger person with USD 100,000 to invest.

1 True

2 False

87.68% of sample got this item correct.
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18. Question: True or false. Using money in a bank account to pay off credit card debt is

usually wise.

1 True

2 False

94.20% of sample got this item correct.

19. Question: True or false. To make money in the stock market, you have to buy and sell

stocks often.

1 True

2 False

83.33% of sample got this item correct.

20. Question: True or false. Stocks and mutual funds generally produce higher average

returns above inflation compared to fixed-income investments such as bonds.

1 True

2 False

47.83% of sample got this item correct.

21. Question: Imagine you receive a gift of USD 10,000. If you were to invest the money on

your own for the next 5 years, what percentage on average do you think you could earn per

year? Please provide a number from 0 to 100.

91.30% of sample got this item correct.

22. Question: Again, imagine you receive a gift of USD 10,000. If you were to invest the

money in a government bond, what percentage on average do you think you could earn per

year? Please provide a number from 0 to 100.

69.57% of sample got this item correct.

23. Question: Again, imagine you receive a gift of USD 10,000. If you were to invest the

money in a mutual fund, what percentage on average do you think you would earn per year?

Please provide a number from 0 to 100.

86.96% of sample got this item correct.
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Highlights

• Financial literacy was associated with brain region functional connectivity.

• Functional connectivity of the PCC-vmPFC accounted for the most variance.

• Results occurred beyond the effects of demographics and cognitive abilities.
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Figure 1.
Functionally connected clusters associated with financial literacy after adjusting for age,

education, sex, and global cognition, as indicated by a seed region of interest (ROI)

prescribed in the posterior cingulate cortex. Seed ROI MNI coordinates: x = 0, y = -53, z =

26; radius = 4 mm; voxel p < 0.004; cluster size > 39 voxels. Corrected for multiple

comparisons using AlphaSim Monte Carlo simulations at a cluster level threshold of p<0.05.

Values shown in scale correspond to t-scores.
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Figure 2.
Functionally connected clusters associated with financial literacy after adjusting for age,

education, sex, and global cognition, as indicated by a seed region of interest (ROI)

prescribed in the posterior cingulate cortex. Seed ROI MNI coordinates: x = 0, y = -53, z =

26; radius = 4 mm; voxel p < 0.004. Corrected for multiple comparisons using AlphaSim

Monte Carlo simulations at a cluster level threshold of p<0.0002 (cluster size > 75 voxels).

Values shown in scale correspond to t-scores.
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Figure 3.
Scatterplot of financial literacy percentage correct and Fisher’s z-transformed functional

connectivity values between the seed region of interest (ROI) in the posterior cingulate

cortex (MNI coordinates: x = 0, y = -53, z = 26; radius = 4 mm) and maximum intensity

voxels in the (a) right ventromedial prefrontal cortex cluster, (b) left caudate cluster, (c) left

postcentral gyrus, and (d) right precuneus cluster.
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Table 1

Demographic and cognitive variables for the financial literacy sample

Imaging sample
(n = 138)

Non-imaging sample
(n = 392)

Age (years)

 Mean (SD) 82.09 (7.20) 83.18 (7.56)

 Range 60 – 98 58-100

Education (years)*

 Mean (SD) 15.70 (3.30) 14.91 (2.92)

 Range 8 – 28 7-28

Sex (% Female) 80.4% (n = 111) 74.5% (n = 292)

Race (% White)* 98.6% (n = 136) 89.3% (n = 349)

MMSE (total score)*

 Mean (SD) 28.60 (1.49) 27.98 (2.11)

 Range 23 – 30 16-30

Global Cognition Z-score*

 Mean (SD) 0.36 (0.49) 0.21 (0.57)

 Range −1.18 – 1.45 −1.61 – 1.56

Income Category When Enrolled

 Median Interval 8 8

 Range 1-10 1-10

Financial Literacy Percentage*

 Mean (SD) 50.13 (13.15) 54.30 (18.34)

 Range 17.39 – 91.30 4.35-100

Note: Data are summarized as Mean (standard deviation = SD), unless otherwise indicated. Income categories: (1) USD 0–4,999, (2) USD 5,000–
9,999, (3) USD 10,000–14,999, (4) USD 15,000–19,999, (5) USD 20,000–24,999, (6) USD 25,000–29,999, (7) USD 30,000–34,999, (8) USD
35,000–49,999, (9) USD 50,000–74,999, (10) USD > 75,000. The non-imaging cohort refers to older adults who completed the financial literacy
measure but did not undergo neuroimaging.

*
indicates significant difference of p<0.05.
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