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Abstract

Introduction—The relationship between low income and worse health outcomes is evident, yet 

its association with cognitive outcomes is less explored. Most studies have measured income at 

one time and none have examined how sustained exposure to low income influences cognition in a 

relatively young cohort. This study examined the effect of sustained poverty and perceived 

financial difficulty on cognitive function in midlife.

Methods—Income data were collected six times between 1985 and 2010 for 3,383 adults of the 

Coronary Artery Risk Development in Young Adults prospective cohort study. Sustained poverty 

was defined by the percentage of time participants’ household income was <200% of the federal 

poverty level—“never” in poverty, “0< to <1/3,” “≥1/3 to <100%” or “all-time.” In 2010, at a 

mean age of 50 years, participants underwent a cognitive battery. Data were analyzed in 2015.

Results—In demographic-adjusted linear regression models, individuals with all-time poverty 

performed significantly worse than individuals never in poverty: 0.92 points less on verbal 

memory (z-score, −0.28; 95% CI= −0.43, −0.13), 11.60 points less on processing speed (z-score, 

−0.72; 95% CI= −0.85, −0.58), and 3.50 more points on executive function (z-score, −0.32; 95% 

CI= −0.47, −0.17). Similar results were observed with perceived financial difficulty. Findings were 

robust when restricted to highly educated participants, suggesting little evidence for reverse 

causation.
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Conclusions—Cumulative exposure to low income over 2 decades was strongly associated with 

worse cognitive function of a relatively young cohort. Poverty and perceived hardship may be 

important contributors to premature aging among disadvantaged populations.

Introduction

The recent increase in income inequality in the U.S. suggests that a large proportion of the 

population faces economic hardship.1 Individuals with low income may lack appropriate 

resources to follow healthy lifestyles and access care, resulting in disproportionate exposure 

to unfavorable health outcomes. Maintaining cognitive abilities is a key component of health 

and daily quality of life, and previous research has shown that exposure to poor 

socioeconomic conditions during childhood, adulthood, or cumulatively—mostly as a 

summary composite score of multiple socioeconomic factors, each measured one time—is 

associated with cognitive deficits.2–12 Yet, the majority of these studies involved older adults 

and thus it remains unknown whether economic adversity influences cognitive health much 

earlier in the life course. Furthermore, most previous studies relied on a single measure of 

socioeconomic adversity, which has rarely been income, or have measured income at only 

one point in time.

Income is dynamic and individuals are likely to experience income changes in response to 

economic trends or shocks.13–15 Studies suggest that most individuals experience some sort 

of income mobility between young adulthood and midlife.13,16 Therefore, monitoring 

changes in income and financial difficulty over an extended period of time and how these 

influence cognitive health will have important implications for public health policy. To the 

authors’ knowledge, most prior studies of income and health, especially cognitive health, 

have used one or two measurements of income,2,9–12 and thus fail to capture the effect of 

sustained exposure to low income on cognitive health.6

The study objective is to use repeated data of various economic parameters to examine the 

associations of sustained poverty and perceived financial difficulty on cognitive function in a 

cohort of young to middle-aged black and white adults of the Coronary Artery Risk 

Development in Young Adults (CARDIA) study.

Methods

Study Population

A total of 5,115 adults aged 18–30 years at baseline in 1985–1986 were recruited into the 

CARDIA study from four field centers: the University of Alabama at Birmingham, the 

University of Minnesota, Northwestern University, and Kaiser Permanente (Oakland, CA). 

Recruitment was balanced within center by sex, age, and education. Participants were 

examined at baseline and at follow-up examinations 2, 5, 7, 10, 15, 20, and 25 years after 

baseline. Standardized protocols were used to gather demographic, social, and clinical data. 

Details of the study have been described elsewhere.17 Cognitive function was assessed at 

Year 25. The study was approved by the appropriate IRBs, and informed consent was 

obtained from study participants. The present analysis was approved by the Publications and 

Presentations committee of the CARDIA study.
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Measures

Sustained poverty was defined as the percentage of times between 1990 and 2010 that 

participants reported total household incomes that were <200% of the federal poverty level 

(FPL). The 200% cut point was used in accordance with the literature.6,18 Owing to the 

dose–response relationship between income and cognition, categories were defined as: 

“never” in poverty, “0< to <1/3 of the time,” “≥1/3 of the time to <100% of the time,” or 

“all-time.” Income data collected in 1990, 1992, 1995, 2000, 2005, and 2010 were used. 

More than 85% of the sample had at least five repeated income measurements. Pre-tax 

household income for the past 12 months from all sources was self-reported and recorded in 

income categories. The category midpoint was chosen as the participant’s income for that 

year (Appendix Table 1). Using income category midpoint and family size at each 

examination period, Census Bureau FPL thresholds19 were then used to identify households 

with incomes that were <200% of the FPL for that relevant year. The income cut offs for 

200% of the FPL for a four-person household were $26,718 in 1990, $28,670 in 1992, 

$31,138 in 1995, $35,206 in 2000, $39,942 in 2005, and $44,630 in 2010.

Participants also repeatedly reported, at seven of the total eight study visits, their overall 

perceived difficulty in paying for basics such as food and heating. More than 70% of the 

sample had all seven repeated measurements of financial difficulty. Responses included: 

very hard, hard, somewhat hard, or not very hard. For each year, these groups were 

dichotomized into reporting “at least somewhat hard” versus “not very hard.”16 Sustained 

perceived financial difficulty was calculated as the percentage of times between 1985 and 

2010 that participants reported difficulty with categories of: never, 0< to <1/3, ≥1/3 to 

<100%, or all-time.

At Year 25, all CARDIA participants were administered a cognitive battery that included 

three tests. The Rey Auditory–Verbal Learning Test (range, 0–15) measures verbal memory 

and assesses the ability to memorize and retrieve words, with higher score (in words) 

indicating better performance.20 The Digit Symbol Substitution Test (range, 0–133) is a 

subtest of the Wechsler Adult Intelligence Scale and measures performance on speed 

domains, with higher score (in symbols) indicating better performance.21 The interference 

score on the Stroop test (executive skills) measures the additional amount of processing 

needed to respond to one stimulus while suppressing another. The test was scored by 

seconds to spell out color words printed in a different color plus number of errors, thus 

higher score (seconds + errors) indicates worse performance.22 All three tests are widely 

used in the literature and are sensitive to detecting cognitive aging.

The CARDIA participants reported their sex, race, years of education, their parents’ years of 

education (highest of mother and father), and marital status. Lifetime cigarette pack years 

and daily alcohol use were calculated based on an interviewer-administered questionnaire. 

Participants reported the amount of time spent weekly in 13 categories of physical activity 

over the past year, and then the total amount in exercise units was calculated. BMI (kg/m2) 

was calculated using measured weight and height. Blood pressure was measured while 

seated using a standard automated blood pressure monitor. Type 2 diabetes was ascertained 

based on fasting glucose levels ≥126 mg/dL, self-reported medication use, a 2-hour postload 
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glucose ≥200 mg/dL, or hemoglobin A1c ≥6.5%. Symptoms of depression were assessed 

using the 20-item Center for Epidemiologic Studies Depression Scale.23

For time-varying covariates, including mL of alcohol use, physical activity units, BMI, 

systolic and diastolic blood pressure, and depressive symptoms, previously published 

statistical techniques24 were followed to calculate cumulative exposure as a time-weighted 

average of each covariate over the study period.

Statistical Analysis

Participant characteristics were assessed across categories of sustained poverty and 

perceived financial difficulty. Differences in means and proportions between categories of 

sustained poverty and financial difficulty were tested using ANOVAs and chi-square tests, 

respectively. Using the Year 1990 dollar, average income was illustrated at each time point 

between 1990 and 2010 adjusted for inflation based on the Consumer Price Index.25

Multivariable linear regression models were used to examine the associations between each 

economic predictor and cognitive function. For ease of interpretation, the results were 

presented using standardized differences, with negative z-score indicative of worse cognitive 

performance. Covariates were included based on a priori literature and their associations 

with income and cognition. Potential confounders, including Year 25 age, sex, race, parental 

education, marital status, and study site, were first added. Next, education was added to the 

model. Then, potential explanatory factors, including diabetes status, history of coronary 

heart disease, lifetime cigarette pack years, and time-weighted averages of time-varying 

covariates, including physical activity, daily alcohol, BMI, systolic and diastolic blood 

pressure, and depressive symptoms were added in a separate final model. In model 

assessment, effect modification by race, sex, and education were each examined using 

interaction terms. Interactions were not significant (all p-values >0.05).

To address possible reverse causation, that is, that poor cognitive health caused poverty and 

economic hardship, two sensitivity analyses were conducted. Given the strong associations 

among cardiovascular and behavioral risk factors, education, and cognitive health,26,27 it 

was hypothesized that individuals who at baseline were healthy or had high education were 

less likely to have substantial cognitive deficits. As a first sensitivity analysis, the sample 

was restricted to participants without any known cardiovascular risk factors at baseline, 

including BMI <25 kg/m2, no high blood pressure, no diabetes, and no history of coronary 

heart disease (n=1,912). As a second sensitivity analysis, the sample was restricted to 

participants with more than high school education at baseline (n=2,218) as a proxy for high 

cognitive reserve.28 Finally, as income <200% of FPL may not fully account for conditions 

of economic deprivation,29 a sensitivity analysis was conducted in which perceived financial 

difficulty was additionally adjusted for in multivariable models of sustained poverty. All 

analyses were performed with Stata, version 14 _ and SAS, version 9.3. Significance testing 

was two-sided with a 5% significance level. Analyses were conducted in 2015.
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Results

Of the 3,498 participants who participated at Year 25, the authors excluded 115 subjects who 

had missing cognitive battery, resulting in a final analytic sample of 3,383. There were no 

subjects missing data in the covariates of interest. Comparison of participants who were 

included in this analysis with those who were lost to follow-up revealed that the latter 

participants were more likely to be black and to have experienced all-time poverty (data not 

shown).

As shown in Table 1, 25.4% of the participants had all-time or ≥1/3 of the time income 

below 200% of the FPL between 1990 and 2010. Those with all-time or ≥1/3 of time in 

poverty were more likely to be women, black, have a high school education or less, have 

lower parental education, and more likely to have higher number of depressive symptoms, be 

less physically active, have higher BMI, and higher diastolic and systolic BP. Similar 

characteristic distribution was observed across categories of perceived financial difficulty. 

Participants with economic hardship performed significantly worse on each of the three 

cognitive tests—lower mean scores on the Rey Auditory–Verbal Learning Test and Digit 

Symbol Substitution Test, and higher mean scores on the Stroop test.

Figure 1 illustrates the trend in average household income between 1990 and 2010 using 

Year 1990 dollars. Average income was highest around 2000 and started decreasing since 

then.

There were significant and graded associations between sustained poverty and all three 

cognitive tests (Table 2). In a linear regression model adjusted for sociodemographic risk 

factors including education, compared with subjects who never experienced poverty between 

1990 and 2010, those in poverty showed worse performance on all three cognitive tests (e.g., 

all-time poverty: verbal memory, −0.28, 95% CI= −0.43, −0.13; processing speed, −0.72, 

95% CI= −0.85, −0.58; executive function, −0.32, 95% CI= −0.47, −0.17). In raw cognitive 

terms, compared with individuals who never experienced poverty, those with all-time 

poverty scored 0.92 points lower on the test of verbal memory, 11.60 points lower on the test 

of processing speed, and 3.50 points higher (i.e., worse) on the test of executive function. 

Additional adjustment for behavioral and cardiovascular disease risk factors slightly 

attenuated the associations but they remained significant.

In sociodemographic-adjusted linear regression models (Table 2), compared with those who 

never reported perceived financial difficulty, those who reported difficulties performed worse 

on processing speed (e.g., all-time, −0.51, 95% CI= −0.71, −0.30) and executive function 

(e.g. all-time, −0.36, 95% CI= −0.58, −0.13), but not on verbal memory. In raw cognitive 

terms, in a fully adjusted model, compared with individuals who never reported financial 

difficulty, those who reported all-time difficulty scored 8.18 points lower on the test of 

processing speed and 3.94 points higher (i.e., worse) on the test of executive function. 

Additional adjustment for behavioral and cardiovascular disease risk factors slightly 

attenuated the associations but they remained significant.

Though there were no significant interactions by race or sex, stratification revealed stronger 

effect sizes in blacks and women. Results from the sensitivity analyses revealed comparable 
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if not more pronounced results when restricted to healthy participants at baseline (Appendix 

Table 2) and slightly attenuated but still significant results when restricted to those with a 

high level of education at baseline (Table 3). Finally, with additional adjustment for 

perceived financial difficulty in models where sustained poverty was the main predictor, the 

effect sizes of sustained poverty were unchanged and thus independent of perceived 

financial difficulty.

Discussion

The findings support strong and graded associations of sustained exposure to poverty and 

perceived financial difficulty across 25 years with worse cognitive function in a relatively 

young cohort. The consistency of findings (in direction and statistical significance), 

especially in regard to processing speed outcome, across two related but separate economic 

parameters is quite important. The findings reveal a clear graded relationship such that 

cognitive performance, processing speed in particular, was worse with further cumulative 

exposure to economic adversity. The overall magnitude of the associations suggest that 

economic adversities experienced in young adulthood are important determinants of 

cognitive health in midlife. From a mechanistic perspective, economic hardship may be on 

the pathway and an important contributor to clinically significant cognitive deficit and 

premature aging among economically disadvantaged individuals. Furthermore, in analyses 

restricted to participants with a high level of education, significant associations were still 

observed, suggesting little evidence that reverse causation could explain these findings.

There are several pathways by which exposure to low income may affect health outcomes, 

including cognitive aging. First, exposure to low income and socioeconomic conditions has 

been associated with unhealthy behaviors30–32 such as alcohol use, smoking, and inadequate 

physical activity, which are in turn risk factors for small brain infarcts and poor cognition. 

Second, exposure to low income may influence educational attainment and ultimately shape 

many of the risk factors of cognition, including adult living environment (inadequate 

housing and sanitation), health behaviors, and access to resources. Furthermore, education 

may itself have a direct influence on cognitive function.27 In the current analyses, after 

adjusting for education and cumulative burden of time-varying behavioral risk factors over 

25 years, the associations were only slightly attenuated. Third, the stress of exposure to low 

income has been shown to be associated with dysfunction of the hypothalamic–

adrenocortical axis,33 which in turn is a pathway leading to worse risk factors of cognition.34 

Fourth, income inequality may suggest a lack in public investment and health infrastructure, 

which then influence health through stress-induced mechanisms35,36 and decreased social 

and physical resources.37

The results from this study are consistent with prior findings primarily among older adults, 

showing associations between both childhood and adulthood socioeconomic conditions and 

late-life cognitive function. For example, Luo et al.5 showed that both childhood and 

adulthood SES was associated with cognition in those aged ≥50 years. In a cohort of older 

adults of Mexican descent, life course SES was associated with incidence of dementia and 

cognitive impairment11 and cumulative disadvantage was associated with greater cognitive 

deficits.2 Similarly, data from the Women’s Health Study showed that SES as measured 
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through education and household income was inversely associated with cognitive 

impairment.12 Perhaps most striking about the current results are the strong graded 

associations between economic parameters and cognition seen in this relatively younger 

cohort (e.g., 10 points and 6 points less on processing speed test scores). These graded 

associations were more evident with processing speed than verbal memory or executive 

function. Furthermore, the strength of the associations, which persist beyond traditional risk 

factors and even education, a strong determinant of cognitive functioning,38 and parental 

education, a marker of childhood socioeconomic environment, is particularly notable 

considering mean age at cognitive assessment was around 50 years. If this level of cognitive 

deterioration is a pathway to further and greater cognitive impairment as one ages (with or 

without functional impairment), then these findings place economic hardship as being on the 

pathway to cognitive aging.

The current study built upon previous literature by utilizing recent income data and, more 

importantly, a younger cohort. The timeframe of the study encompassed both periods of 

economic acceleration and recession.39,40 With a clear decline in average income occurring 

post-2000, the income trajectory of the CARDIA study population, an ongoing prospective 

epidemiologic cohort in the U.S., reflects the current economic climate and provides a 

unique opportunity to reflect upon how such economic instability influences health.

Limitations

In this study, cognitive testing was not available at baseline. However, the authors still 

addressed reverse causation by first restricting the sample to participants with healthy 

cardiovascular risk profile at baseline, and second by restricting the sample to participants 

with high education at baseline. Although the findings suggested that the possibility of 

reverse causation is less likely, it important to note that reverse causation cannot be 

completely ruled out given the data in hand. The findings are likely a mix of the effects of 

economic hardship on cognition and that of reverse causation (i.e., cognition influencing 

trajectories of economic hardship). Furthermore, though most participants completed their 

education by the time income was first assessed in 1990 (mean age, 30.2 years), education 

and income are inter-related and thus it may not be possible to fully disentangle their effects 

on adult cognitive function. In addition, to be included in this analysis, participants had to 

survive and participate in the Year 25 examination during which the cognitive battery was 

administered. However, such attrition is likely to have biased the results toward the null. 

Finally, there may be residual confounding due to factors that are associated with both race 

and gender and that were not captured and adjusted for in this analysis.

Despite these limitations, this study’s strengths contribute to the existing literature in several 

ways. First, very few epidemiologic analyses examined the deleterious effects of low income 

on health and, more importantly, the present findings rely on repeated measurements of 

income going from young adulthood into midlife. Second, the consistency of findings across 

two related but separate measures of financial standing is very encouraging: Poverty defined 

by income (albeit reported) and the FPL thresholds is objective, whereas reported financial 

difficulty captures perception. Third, it is becoming increasingly clear that maintaining 

cognitive health is a lifelong process with a long preclinical period41,42; therefore, 
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examining this association in a relatively young cohort will have important clinical 

implications. Finally, the strong and graded associations were independent of important risk 

factors of cognition, including education, parent’s education, and time-varying behavioral 

and cardiovascular risk factors, and these graded associations were robust to several 

sensitivity analyses.

Conclusions

In summary, findings from this study support strong and graded associations between 

sustained exposure to economic hardship and worse cognitive function in a relatively young 

cohort. These findings place economic hardship as being on the pathway to cognitive aging 

and as an important contributor to premature aging among economically disadvantaged 

individuals. It is important to monitor how trends in income and other social and economic 

parameters influence health outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Average inflation-adjusted household income in the CARDIA Study between 1990 and 

2010. Average income at each time point was adjusted for inflation based on the consumer 

price index. Income reported using the 1990 dollar.
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Table 3

Demographic-Adjusted Associationsa of Poverty and Perceived Financial Difficulty With Cognitive 

Performance Among High School Graduates (N=2,218)

Standardized difference (95% CI)

% Time in poverty % Time financial difficulty

Verbal memory

 All-time −0.30 (−0.58, −0.02) −0.33 (−0.64, −0.01)

 ≥1/3 −0.06 (−0.19, 0.08) −0.05 (−0.15, 0.06)

 <1/3 0.06 (−0.04, 0.15) −0.02 (−0.11, 0.07)

 Never Ref Ref

Processing speed

 All-time −0.59 (−0.85, −0.32) −0.45 (−0.75, −0.15)

 ≥1/3 −0.17 (−0.30, −0.04) −0.27 (−0.37, −0.17)

 <1/3 −0.10 (−0.19, −0.01) −0.15 (−0.23, −0.06)

 Never Ref Ref

Executive function

 All-time −0.30 (−0.56, −0.04) −0.39 (−0.68, −0.09)

 ≥1/3 −0.09 (−0.22, 0.04) −0.06 (−0.15, 0.04)

 <1/3 −0.02 (−0.10, 0.07) −0.03 (−0.11, 0.04)

 Never Ref Ref

Note: Boldface indicates statistical significance (p<0.05).

a
Adjusted for age, sex, race, marital status, parental education, study site, and education.

b
Analysis restricted to CARDIA participants with more than high school education at baseline.
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