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Objective: The present study investigates whether associations between telomere length (TL) and
cognitive performance across multiple domains are moderated by poverty status and race. Method:
Participants were 325 African American and White urban-dwelling adults (M age = 47.9 years;
49.5% African American; 50.2% female; 48.9% living in poverty) from the Healthy Aging in
Neighborhoods of Diversity across the Life Span study. TL was assayed from peripheral blood
mononuclear cells using quantitative polymerase chain reactions. Multivariable regression analyses
examined interactions of TL, poverty status, and race with performance on the following cognitive
tests: Trail-Making Test Parts A and B, Digit Span Forward and Backward, semantic verbal fluency,
Brief Test of Attention, Benton Visual Retention Test (BVRT), and California Verbal Learning
Test-1I total learning, short-delay free recall, and long-delay free recall scores. Analyses adjusted for
age, sex, and high school-or-greater educational attainment. Results: Significant three-way inter-
actions of TL X Poverty Status X Race revealed that, among White participants living in poverty,
shorter TL was associated with worse performance on Digit Span Forward and Backward (ps < .05).
Additionally, significant two-way interactions of TL X Poverty Status revealed that, among all
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g participants living in poverty, shorter TL was associated with worse performance on the Trail-
8] Making Test Part B and the BVRT (ps < .05). Conclusions: TL may be differentially associated
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with aspects of attention, executive functioning, and memory among individuals living in poverty,
who may be uniquely vulnerable to adverse effects of shorter telomeres. Replication of these
findings is needed to determine their generalizability.

General Scientific Summary

In this study, we found that associations between peripheral blood mononuclear cell telomere length
and cognitive test performance among those living in poverty, particularly Whites. Our findings
suggest that poverty, particularly among Whites, may confer greater vulnerability to adverse effects
of shortened telomere length on neurocognitive health. Ultimately, further clarification of the
biopsychosocial mechanisms underlying sociodemographic health disparities may pave the way for
the prevention and treatment of premature cognitive aging and disease.
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Telomeres are the caps on the ends of chromosomes that are
crucial for protecting genetic material. Telomeres shorten during
the process of mitosis, and experience cumulative shortening over
the life span of cells. Because telomere attrition is associated with
cellular dysfunction, senescence, and apoptosis, TL has been pro-
posed as a primary indicator of cellular aging (Chan & Blackburn,
2004). In humans, shorter TL has been linked with all-cause
mortality (Cawthon, Smith, O’Brien, Sivatchenko, & Kerber,
2003; Kimura et al., 2008), as well as several age-related chronic
diseases, including Type 2 diabetes mellitus (Zhao, Miao, Wang,
Ding, & Wang, 2013), cardiovascular disease (Haycock et al.,
2014; Serrano & Andrés, 2004), and reduced immune response to
influenza vaccine (Najarro et al., 2015). With regard to clinical
brain health endpoints, several studies have found that individuals
with Alzheimer’s disease and other forms of dementia have shorter
TL than healthy controls (Grodstein et al., 2008; Hochstrasser,
Marksteiner, & Humpel, 2012; Kume et al., 2012; von Zglinicki et
al., 2000).

Telomere Length and Cognitive Function

Several studies have also examined relations between TL and
cognitive functioning in individuals without dementia, although to
date, the evidence is equivocal. Some studies have found relations
between longer TL and better performance on the Mini Mental
State Examination (Folstein, Folstein, & McHugh, 1975) and other
global cognitive screening measures (Ma et al., 2013; Martin-Ruiz
et al., 2006; Yaffe et al., 2011), whereas others did not (Bendix et
al., 2011; Harris et al., 2006). Using a more extensive neuropsy-
chological battery, a cross-sectional study of 382 nondemented
women revealed that shorter TL was associated with poorer learn-
ing and episodic memory, recognition memory for nonverbal
items, and working memory (Valdes et al., 2010). However, at
least two studies using ample cognitive measures did not find
significant associations between TL and baseline cognitive func-
tioning or cognitive decline (Harris, Martin-Ruiz, von Zglinicki,
Starr, & Deary, 2012; Mather et al., 2010). These equivocal
findings may result, at least in part, from methodological variabil-
ity across studies. For example, studies have examined different
populations and estimated cognitive functioning differently (i.e.,

some have utilized composites, whereas others have examined
specific domains of function).

Prior inconsistencies in the literature may be explained, in part,
by variable relations of TL and cognitive function across sociode-
mographic groups. In that regard, the TL-cognition association
may be only found, or may be more pronounced, among members
of socially disadvantaged groups. A review of the literature on
sociodemographic factors, TL, and cognitive function reveals pov-
erty status and race as potentially key moderating variables. One
might posit that greater burden of biopsychosocial risk factors and
fewer protective factors among individuals living in poverty and/or
African Americans might yield a greater vulnerability to poorer
cognitive outcomes as a result of shorter TL in these subgroups.
The present study explores this possibility by examining whether
poverty status and race moderate associations between TL and
cognitive functioning across a range of domains. This methodolog-
ical approach is consistent with recommendations by Williams and
colleagues (2012) to consider both independent and interactional
contributions of race and socioeconomic status (SES) in health
disparities research. To our knowledge, this is the first study to
examine interactive relations among TL, poverty status, and race
with cognitive functioning.

Telomere Length and Sociodemographic Factors

Sociodemographic moderation of TL-cognition associations
could occur due to TL variability between groups. Although TL
attrition occurs with normal aging, exposure to repeated or pro-
longed psychological stress has been shown to accelerate shorten-
ing of telomeres (Epel et al., 2004). Therefore, it is plausible that
sociodemographic groups exposed to greater rates of chronic stress
may have accelerated TL attrition compared other groups with less
stress exposure (Geronimus et al., 2010). To that end, previous
studies have examined race- and poverty-related disparities in TL,
though findings have been inconsistent. Some studies found that
African Americans have longer TL than Whites (Aviv et al., 2009;
Brown, Needham, & Ailshire, 2017; Hunt et al., 2008; Lynch et
al., 2016; Zhu et al., 2011), whereas at least one study found that
African Americans have shorter TL than their White counterparts
(Diez Roux et al., 2009). Findings on poverty-related disparities in
TL are also mixed. Some studies report significant associations
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between poverty and shortened TL (Theall, Brett, Shirtcliff, Dunn,
& Drury, 2013), while others have found nonsignificant associa-
tions between income and TL (Cherkas et al., 2006; Needham et
al., 2013; Steptoe et al., 2011).

As Geronimus and colleagues (2015) note, few studies exam-
ining socioeconomic characteristics and TL have racially/ethni-
cally diverse samples. Likewise, TL studies examining racial vari-
ation have sometimes neglected to include socioeconomic
measures in their analyses altogether (Hunt et al., 2008). To
remediate these methodological limitations, Geronimus and col-
leagues (2015) examined interactive relations among race/ethnic-
ity and poverty with TL. They found that poor Whites had shorter
TL than nonpoor Whites, whereas poor and nonpoor African
Americans had statistically equivalent TL.

Alternatively, sociodemographic moderation of TL-cognition
associations could occur as a result of increased vulnerability of
select, disadvantaged groups, such as those living in poverty and
African Americans, to shortened TL due to other causes. Socio-
economic status and race are social constructs that influence
health, including cognitive functioning, through complex, multi-
level pathways (G. W. Evans & Kantrowitz, 2002; Glymour &
Manly, 2008). For example, those of lower SES are more likely
than their higher SES counterparts to experience chronic stressors,
neighborhood deprivation, and exposure to environmental toxins
(Baum, Garofalo, & Yali, 1999; G. W. Evans & Kantrowitz,
2002). Likewise, African Americans are more likely to be of lower
socioeconomic position, and be exposed to geographic segrega-
tion, poorer material conditions, inadequate nutrition, and inter-
personal discrimination than Whites (Glymour & Manly, 2008).
Given the multitude of vulnerability factors present in these groups
that may influence cognitive health, it is plausible that shortened
TL will have more profound influence on the neurocognitive
health of those of living in poverty and/or African Americans.

Potential Role of Cardiometabolic, Inflammatory, and
Psychosocial Risk Factors

Associations between TL and cognitive function may be ex-
plained, at least in part, by correlated age-related diseases and risk
factors, among them inflammation and cardiometabolic diseases,
such as hypertension and diabetes (Wang et al., 2016; Yeh &
Wang, 2016). As discussed, TL shortening is a driver of cellular
aging and senescence, which increases risk for age-related diseases
and chronic inflammatory states (Blackburn, Epel, & Lin, 2015).
Cumulative burden of cardiovascular disease and inflammation is
also associated with cognitive aging and may contribute to demen-
tia onset (Breteler, Claus, Grobbee, & Hofman, 1994; Knopman et
al., 2001; Newman et al., 2005). Given these relations, it is
plausible that cardiometabolic and inflammatory risk factors par-
tially explain TL-cognition associations. Likewise, psychiatric ill-
ness, substance abuse, and domestic abuse are considered risk
factors for lower cognitive functioning (Bruijnen et al., 2019;
Fioravanti, Bianchi, & Cinti, 2012; Ramey & Regier, 2018; Rock,
Roiser, Riedel, & Blackwell, 2014; Stein, Kennedy, & Twamley,
2002) and may also be linked to shorter TL (Darrow et al., 2016;
Drury et al., 2014; Pavanello et al., 2011; Yang et al., 2013).
Therefore, the present study includes sensitivity analyses that
examine whether significant effects of TL or its interaction with
poverty status and/or race were eliminated following adjustment

for several key cardiometabolic (obesity, diabetes, hypertension),
inflammatory (high-sensitivity C-reactive protein [CRP]), and psy-
chosocial (psychiatric, substance use, and domestic abuse history)
risk factors.

The Present Study

This study sought to clarify the divergent findings in the liter-
ature by examining the relation of TL and cognitive function
across poverty lines and racial groups. Additionally, we utilized an
extensive neuropsychological battery to better elucidate the spe-
cific cognitive domains that may be particularly vulnerable to the
impact of poverty status, race, and TL. Domains assessed were
attention, working memory, executive functioning, psychomotor
speed, semantic verbal fluency, verbal learning and memory, and
nonverbal immediate memory. Here, we examined interactive re-
lations among TL, poverty status, and race with cognitive perfor-
mance in a socioeconomically and racially diverse sample of
community-dwelling adults. We hypothesized relatively shorter
TL would have stronger negative effects on cognitive function
among African Americans and those living in poverty. Given
inconsistencies in the literature, three-way interactive relations
among TL, poverty status, and race with cognitive function were
exploratory. Last, we computed sensitivity analyses to examine
whether significant effects were eliminated following adjustment
for several cardiometabolic, inflammatory, and psychosocial risk
factors.

Method

Parent Study Procedure and Participants

As previously described elsewhere (M. K. Evans et al., 2010),
Healthy Aging in Neighborhoods of Diversity across the Life Span
(HANDLYS) is an ongoing longitudinal investigation of age-related
disparities in health and disease attributable to race and SES.
Briefly, the HANDLS sample is a fixed cohort of urban-dwelling
adults living initially within 13 neighborhoods (contiguous census
tracts) in the city of Baltimore, MD. The neighborhoods were
predetermined for their likelihood of yielding representative sam-
ples of participants who were African American and White, men
and women, and with annual household incomes above and below
125% of the 2004 federal poverty guidelines. All HANDLS par-
ticipants self-identified their race/ethnicity as African American or
White and were between the ages of 30 to 64 years at baseline. The
Institutional Review Board at the National Institute of Environ-
mental Health Sciences approved the HANDLS protocol.

The first wave of HANDLS occurred between 2004 and 2009.
Data collection took place within participants’ households and on
medical research vehicles (MRVs) located within participants’
neighborhoods, where they completed a medical history assess-
ment, physical examinations, biological sample collections, cog-
nitive testing, and other assessments. After initial selection, par-
ticipants were excluded from further participation in HANDLS if
they met any of the following criteria at baseline: (a) were unable
to provide informed consent, (b) were pregnant, (c) were within six
months of active cancer treatment (i.e., chemotherapy, radiation, or
biological treatments), (d) self-reported a diagnosis of AIDS, (e)



ted broadly.

publishers.

1al user

gical Association or one of its allied

This document is copyrighted by the American Psycholo

This article is intended solely for the personal use of the

TELOMERE LENGTH AND COGNITIVE FUNCTION 189

were unable to provide valid government-issued identification or
did not have a verifiable address.

There were 3,720 participants who enrolled in the study, of
whom 2,799 completed the initial MRV visit. All but 69 of those
who completed the MRV visit consented to genetic analyses. Of
these participants, 360 with DNA in the biorepository from Waves
1 and 3 of HANDLS (i.e.,, baseline and the next in-person
follow-up examination) were randomly selected from a cross of
race, sex, and baseline age (median-split) for telomere assays. The
present study’s overall analytic sample included 325 participants
with valid data for TL, sociodemographic characteristics (poverty
status, race, age, sex, and high school-or-greater educational at-
tainment), sensitivity covariates (obesity, diabetes, hypertension,
systemic inflammation, psychiatric history, substance use history,
and domestic abuse exposure), and at least one cognitive test at
baseline. Analysis-specific samples varied due to unequal missing
data across the cognitive tests, ranging from 273 to 320 partici-
pants. In the analytic sample, age, race, sex, and poverty status
were not associated with completion of any of the cognitive tests
(all ps > .05).

Telomere Assay

TL was measured by the quantitative polymerase chain reaction
(qPCR)-based method described previously by Cawthon (2002).
Briefly, 10 ng of DNA isolated from peripheral blood mononuclear
cells (PBMC) was used in each PCR reaction in triplicates for each
participant. Both telomere (T) and a single copy gene (36B4; S)
were included in the same 384-well plate using SYBR master mix
on an Applied Biosystem 7900HT system (ThermoFisher). The
average cycle threshold (Ct) values of T and S were calculated
from the triplicates to generate the average T/S ratio of each
sample. To convert T/S ratio into TL in kilobases (kb), we mea-
sured 130 samples by both qPCR and the Southern method (Lin et
al., 2015) and used the resulting conversion equation to calculate
TL in kb from the T/S ratio.

Sociodemographic Information

Participants reported their age in years, biological sex (0 =
women, 1 = men), and self-identified race (0 = White, 1 =
African American). Annual household income (adjusted for house-
hold size) was used to classify participants as living above (0) or
below (1) 125% of the 2004 Health and Human Services Poverty
Guidelines. Educational attainment was dichotomized as = high
school diploma/graduate equivalency diploma (GED) (0) and <
high school diploma/GED (1).

Cognitive Test Outcomes

Participants completed a cognitive test battery during the MRV
visit. The present study used participants’ scores on the following
tests: Trail-Making Test Parts A and B; Digit Span Forward and
Digit Span Backward from the Wechsler Adult Intelligence Scale—
Revised (WAIS-R); Brief Test of Attention; semantic verbal flu-
ency; Benton Visual Retention Test (BVRT) total errors; and the
California Verbal Learning Test-II (CVLT) total learning, short-
delay free recall, and long-delay free recall scores.

Trail-Making Test Parts A and B. The Trail-Making Test is
a test of attention, sequencing, mental flexibility, visual search,

and motor functioning (Strauss, Sherman, & Spreen, 2006). Part A
requires the participant to make connections between 25 encircled
numbers randomly arranged on a page, in sequential order. Part B
requires them to connect 25 encircled numbers and letters in
alternating order. The outcome variable is time in seconds; errors
count only in slower performance time. While the normative time
cutoff for the Trail-Making Test Part B is 300 s (Strauss et al.,
2006), we extended the cutoff to 600 s to allow for greater
variability in task performance. Given skewness in this variable, it
was log-transformed to normalize the distribution.

WAIS-R Digit Span Forward and Backward. Total scores
on Digit Span Forward and Digit Span Backward, subtests of the
WAIS-R, were used to measure attention and working memory,
respectively (Lezak, Howieson, Bigler, & Tranel, 2012). For Digit
Span Forward, participants listened to a series of numbers read
aloud by an examiner and then repeated the numbers back in the
same order. For Digit Span Backward, participants were instructed
to repeat the series of digits in reverse order. Each test was
discontinued when participants failed to complete two trials of the
same span length. The score on each test is the number of correct
span trials.

Brief Test of Attention. Total score on the Brief Test of
Attention was used as an additional measure of auditory attention.
Following standard administration (for the manual, see Schretlen,
Bobholz, & Brandt, 2007), participants were presented with two
parallel forms of numbers and letters via audio recording that
contained 10 lists increasing from four to 18 items. During admin-
istration of the first form, participants were instructed to listen and
count the numbers while disregarding the letters. During admin-
istration of the second form, they were instructed to count the
letters while disregarding the numbers. The score is the number of
correctly monitored lists summed across both forms.

Verbal fluency. Semantic verbal fluency was assessed by
evaluating the spontaneous production of words of a given seman-
tic category within 1 min. Participants were instructed to name as
many animals as fast as they can. The score is the total number of
admissible words (Strauss et al., 20006).

Benton Visual Retention Test. The BVRT was used to mea-
sure nonverbal immediate memory (for the manual, see Sivan,
1992). Participants were presented with 10 designs, one at a time,
for 5 s. The first two designs contained one geometric shape,
whereas the latter eight designs contained two larger figures and
one smaller figure. After the 5-s presentation, the designs were
withdrawn, and the participants were then instructed to draw them
from memory. Figures were scored according to the manual in-
structions, and two examiners independently scored the figures to
ensure interrater agreement. Errors in the drawings were coded as
omissions, distortions, perseverations, rotations, misplacements,
and incorrect size. In the proposed study, total number of errors
across the 10 figures was used to measure nonverbal immediate
memory, such that lower scores indicated fewer errors and there-
fore better performance.

California Verbal Learning Test-II. The CVLT was used to
measure verbal learning and memory. HANDLS adapted the
CVLT by using three trials of a 16-word list (versus five trials in
standard administration; for the manual, see Delis, Kramer, Ka-
plan, & Ober, 2000). Three outcome variables from the CVLT
were assessed. First, verbal learning was assessed with the CVLT
learning trials score, which measured the total number of correctly
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recalled words over the three learning trials. Second, short-term
verbal memory was assessed with the CVLT short-delay free recall
score, which measured the total number of correctly recalled words
following a short delay that consisted of administration of an
alternate word list for the purposes of interference (consistent with
standard administration). Last, long-term verbal memory was as-
sessed with the CVLT long-delay free recall score, which mea-
sured the total number of correctly recalled words following a
25-min delay.

Sensitivity Variables

Obesity, diabetes, hypertension, systemic inflammation, psychi-
atric history, substance use history, and domestic abuse exposure
were assessed as additional adjustment variables in sensitivity
analyses. Obesity was dichotomized from body mass index (BMI),
which was computed as weight divided by height squared (kg/m?)
using height and weight obtained with calibrated equipment by a
trained technician. Participants with BMI <30 were categorized as
not obese (0), whereas those with BMI =30 were categorized as
obese (1). Diabetes was determined by a fasting blood glucose
level of =126 mg/dl (assessed by standard laboratory methods at
Quest Diagnostics in Chantilly, VA; http://www.questdiagnostics
.com), self-reported history, or use of relevant medications. Hy-
pertension was determined by self-reported history, use of antihy-
pertensive medications, or resting systolic or diastolic blood
pressures =140 mmHg or =90 mmHg, respectively. Diabetes and
hypertension were then dichotomized into absent (0) or present (1).
Inflammation was assessed with high-sensitivity CRP levels,
which were measured from blood samples by immunoassay at the
National Institute on Aging or Quest Diagnostics using similar
equipment and reagents.

Psychiatric and substance use history were assessed with sepa-
rate, dichotomous composite variables. Participants self-reported
their psychiatric diagnoses and substance use history during the
medical history assessment on the MRV. The psychiatric history
composite indicated the absence (0) or presence (1) of any of the
following mental health diagnoses: depression, anxiety disorder(s),
bipolar disorder, and/or schizophrenia. For the substance use his-
tory composite, participants were classified as having never used
regularly (0) or ever used regularly (1) one or more of the follow-
ing substances: cigarettes, alcohol, marijuana, cocaine/crack,
and/or opiates. Finally, history of exposure to domestic abuse was
assessed with a dichotomous variable (0 = no exposure, 1 =
exposed).

Statistical Approach

Statistical analyses were conducted with the Statistical Package
for the Social Sciences (SPSS) Version 25 (IBM Corp, 2017).
Multivariable regression analyses examined higher order effects
up to three-way interactions, which included (a) TL, (b) poverty
status, and (c) race. All analyses began with one three-way inter-
action term, all two-way interaction terms nested beneath it, as
well as main effects and adjustment variables (i.e., age, sex, and
high school-or-greater educational attainment).

Data analysis proceeded by backward elimination of nonsignif-
icant interactions, which guides the removal of nonsignificant,
higher level interaction terms from regression analyses (Morrell,

Pearson, & Brant, 1997). As such, any nonsignificant three-way
interaction terms were removed first, after which analyses were
rerun, followed by the removal of nonsignificant two-way inter-
action terms while significant interactions were retained. The final
regression analysis for each set included (a) the highest order
significant interaction term, (b) lower order interaction terms
nested beneath it, and (c) main effects and adjustment variables.

The PROCESS macro for SPSS, Version 2.16 (Hayes, 2013)
was used to test and visualize significant conditional effects.
PROCESS is a useful statistical tool for examining the conditional
effects of two- and three-way interactions in moderated linear
regression.

Sensitivity analyses were conducted by adding obesity, diabetes,
hypertension, and CRP as adjustment variables into the aforemen-
tioned models that yielded significant effects of TL with cognitive
performance. Sensitivity covariates were added into the models
separately to evaluate each variable’s unique influence on the
significance of the TL effects. Because of missing data for CRP
(n = 15 missing), data were imputed using a predictive mean
matching method within the ‘mice’ package for R Version 3.5.2 (R
Core Team, 2018; van Buuren & Groothuis-Oudshoorn, 2011).

Results

Demographics and Variable Characteristics

There were no significant differences in age, sex, obesity, dia-
betes, CRP, substance use history, domestic abuse exposure, or TL
by race and poverty status (see Table 1). Individuals living above
the poverty line and African Americans were more likely to have
a high school diploma or GED than those living in poverty and
Whites, respectively (ps < .05). African Americans were more
likely to be diagnosed with hypertension than Whites, x*(1) =
4.95, p = .026, whereas Whites were more likely to be diagnosed
with a psychiatric illness than African Americans, xz(l) = 14.31,
p < .001. Those living above the poverty line were more likely to
be employed in the last month than those living in poverty, x*(1) =
25.76, p < .001.

Age, sex, and poverty status were not associated with consent-
ing for genetic analyses. White participants were more likely to
consent to genetic analyses than African Americans (OR = 2.2,
95% CI [1.28,3.94], p = .006).

Moderation Analyses

There were significant three-way interactions of TL X Poverty
Status X Race with Digit Span Forward (b = —1.46, p = .036,
sr* = .01) and Digit Span Backward (b = —1.34, p = .046, s1” =
.01; see Table 2). Among Whites in poverty, greater TL was
associated with better performance on Digit Span Forward (b =
0.67, p = .033) and Digit Span Backward (b = 0.83, p = .007; see
Figure 1). There were no other three-way interaction effects,
therefore the three-way interaction term was removed from sub-
sequent analyses.

Findings then revealed significant two-way interactions of TL X
Poverty Status with the Trail-Making Test Part B (b = —0.10, p =
041, sr* = .01) and the BVRT (b = —2.06, p = .008, sr* = .02;
see Table 3). Among those living in poverty, greater TL was
associated with faster performance on the Trail-Making Test Part
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Table 1
Demographic Characteristics in the Overall Sample and Stratified by Race and Poverty Status
White African American Above Poverty Below Poverty Overall
Variable (n = 164) (n = 161) p (n = 166) (n = 159) p (N = 325)
Age, M (SD) 48.28 (8.13) 47.62 (9.63) 47.66 (9.47) 48.22 (8.33) 47.93 (8.91)
Female 50.0% 50.3% 50.6% 49.7% 50.2%
African American 50.0% 49.1% 49.5%
Below poverty 49.4% 48.4% 48.9%
<High school/GED 33.5% 16.8% o 18.1% 32.7% - 25.2%
Obesity 40.2% 38.5% 41.1% 37.7% 39.4%
Diabetes 14.0% 15.5% 15.7% 13.8% 14.8%
Hypertension 33.5% 45.3% " 36.7% 42.1% 39.4%
C-reactive protein, M (SD) 4.34 (7.84) 5.68 (14.97) 4.22(7.76) 5.82 (15.07) 5.00(11.92)
Currently not employed 39.0% 38.1% 75.3% 47.4% o 59.4%
Psychiatric diagnosis® 39.0% 19.9% o 25.3% 34.0% 29.5%
Substance use” 81.7% 84.5% 81.3% 84.9% 83.1%
Domestic abuse 7.3% 6.8% 5.4% 8.8% 7.1%
Telomere length, M (SD) 5.66 (.72) 5.63 (.70) 5.69 (.65) 5.59 (.76) 5.64 (.71)

Note.

Independent samples ¢ tests and chi-square tests of independence were used to assess differences between race and poverty groups.

“ Percentage of participants with any of the following psychiatric diagnoses: depression, anxiety disorder(s), bipolar disorder, or schizophre-
nia. ° Percentage of participants who ever regularly used any of the following substances: cigarettes, alcohol, marijuana, cocaine/crack, and/or opiate.

*p<.05 *p<.0l. *p<.00l

B (b = —0.10, p = .003) and fewer total errors on the BVRT
(b = —1.48, p = .005; see Figure 2). No significant interactions or
main effects of TL were found for the other cognitive tests (all
ps > .05; see Tables 1 through 6 in the online supplemental
material for all regression models with the Trail-Making Test Part
A, Brief Test of Attention, semantic verbal fluency, and all CVLT
subtests).

Table 2
Interactive Relations of Telomere Length, Poverty Status, and
Race With Digit Span Forward and Backward Final Models

Variable b SE P sr*

Digit Span Forward (n = 317)

Telomere Length X Poverty Status X Race —1.46 .69 .036 .0l
Telomere Length X Poverty Status 126 49 010 .02
Telomere Length X Race g8 .52 131 .01
Poverty Status X Race 394 039 .01
Telomere length -59 38 117 .01

Poverty status —7.47 279 .008 .02
Race =5.11 296 .085 .01
Age -.02 .01 .130 .01

Sex —-.14 25 575
Education —-.83 29 .004 .03

Digit Span Backward (n = 317)

Telomere Length X Poverty Status X Race —1.34 .67 .046 .01
Telomere Length X Poverty Status 126 .47 .008 .02
Telomere Length X Race A7 .50 349
Poverty Status X Race 7.66 382 .046 .01
Telomere length —43 37 236 .01

Poverty status —7.43 271 006 .01
Race —359 287 212 .02
Age —.02 .01 115 .01

Sex -.01 24 979
Education —1.46 .28 <.001 .08

Note. sr* = semipartial correlations squared; Education =
school-or greater educational attainment.

Sensitivity Analyses

Sensitivity analyses examined whether previously observed
significant effects attenuated following adjustment for key risk
factors, namely obesity, diabetes, hypertension, systemic in-
flammation, psychiatric history, substance use history, or do-
mestic abuse exposure (examined separately). The two-way
interaction of TL X Poverty Status with the Trail-Making Test
Part B became nonsignificant (i.e., p = .05) following adjust-
ment for (a) obesity (b = —0.10, p = .053, s7* = .01), (b)
hypertension (b = —0.10, p = .051, sr* = .01), and (c) CRP
(b = —0.10, p = .050, s> = .01; see Table 4). Conversely, the
interaction of TL X Poverty Status with the Trail-Making Test
Part B remained significant following adjustment for diabetes
(b = —0.10, p = .045, sr* = .01). In addition, the three-way
interactions of TL X Poverty Status X Race with Digit Span
Forward and Digit Span Backward and the two-way interaction
of TL X Poverty Status with the BVRT remained significant
following adjustment for hypertension, diabetes, obesity, sys-
temic inflammation, psychiatric history, substance use history,
or domestic abuse exposure (ps < .05).

Discussion

In the present study we investigated whether the relation be-
tween TL and cognitive function was moderated by poverty status
and race in a socioeconomically and racially diverse sample of
urban-dwelling adults. Consistent with our hypotheses, we found
that those living in poverty with shorter telomeres performed
worse on well-validated measures of executive function (Trail-
Making Test Part B, a measure of set-shifting and cognitive
flexibility) and nonverbal immediate memory (BVRT). However,
contrary to our hypotheses, White, but not African American,
participants living in poverty with shorter telomeres performed
worse on tests of executive function (Digit Span Backward, a
measure of working memory) and attention (Digit Span Forward).
It is also important to note that there were no significant relations
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Figure 1. Three-way interactions between telomere length (TL), poverty status, and race with Digit Span
Forward (left) and Digit Span Backward (right). See the online article for the color version of this figure.

of TL or its interaction with race or poverty status for tests of
psychomotor speed (Trail-Making Test Part A), verbal learning
and memory (all CVLT subtests), or semantic verbal fluency, nor
for another measure of attention (Brief Test of Attention).
Previous studies examining relations of TL and cognition have
reported equivocal findings. Although some studies found associ-
ations between longer TL and better performance on global cog-
nitive screening measures (Ma et al., 2013; Martin-Ruiz et al.,

2006; Yaffe et al., 2011), as well as specific cognitive domains
(Valdes et al., 2010), there were others that found null associations
(Bendix et al., 2011; Harris et al., 2006; Mather et al., 2010; Yaffe
et al., 2011). This lack of consistency across studies may be
attributable to a combination of methodological variability, sam-
pling biases, and even random chance. However, our current
findings further suggest that these inconsistencies may partially
reflect that (a) relations between TL and cognitive functioning may
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Table 3

Interactive Relations of Telomere Length, Poverty Status, and
Race With the Trail-Making Test Part B and Benton Visual
Retention Test, Final Models

Variable b SE P sr*
Trail-Making Test Part B (n = 320)
Telomere Length X Poverty Status ~ —1.00 .05 .041 .01
Telomere length .003 .04 935 <01
Poverty status .67 28 .017 .02
Race 17 .04 <.001 .07
Age .01 .002 .008 .02
Sex .28 .04 412 <01
Education 15 .04 <.001 .04

Benton Visual Retention Test (n = 319)

Telomere Length X Poverty Status ~ —2.06 77 .008 .02
Telomere length 58 .58 314 <01
Poverty status 12.81 4.36 .004 .03
Race 1.12 .55 .041 .01
Age 11 .03 .001 .04
Sex —1.25 .54 022 <.02
Education 2.38 .64 <.001 .04
Note. sr* = semipartial correlations squared; Education = High

school-or greater educational attainment.

vary across SES and racial groups, and (b) associations may only
exist for particular subdomains of cognitive functioning.

Importantly, without independent verification it is not possible
to know whether our findings among those living in poverty,
particularly Whites, are unique to characteristics of the HANDLS
sample. For example, HANDLS is one of few epidemiologic
studies to explicitly recruit lower SES White participants (M. K.
Evans et al., 2010). In addition, the urban environment of Balti-
more, Maryland may have influenced our findings. Replication in
other samples is necessary to establish the validity of our results.
It is currently unknown if the present study findings would be
generalizable to other samples (e.g., those of other ages, racial/
ethnic backgrounds, and persons living in nonurban environ-
ments).

In addition to replication of study findings, an important avenue
for future research is exploration of potential biopsychosocial
mechanisms that may explain TL-cognition associations among
at-risk groups. In the following sections, we propose a number of
potential pathways to be examined in future studies.

Potential Explanations for Sociodemographic
Variability in Telomere Length-Cognition Associations

Our findings revealed that shorter TL was associated with
poorer performance on tests of executive function among partici-
pants living in poverty, particularly Whites. One possible expla-
nation for these differences may be attributed to the higher prev-
alence of biopsychosocial risk factors among those living in
poverty. For instance, higher rates of cardiovascular risk factors
and diseases (Winkleby, Kraemer, Ahn, & Varady, 1998), chronic
stress (G. W. Evans & Schamberg, 2009), and neighborhood
deprivation (Lang et al., 2009), which may influence cognitive
function in their own right, may increase this subgroup’s sensitiv-
ity to the negative effects of TL shortening on cognitive function.

Importantly, most of the present study’s findings remained signif-
icant following adjustment for several cardiometabolic and inflam-
matory risk factors. However, it is important to note that there
were many other potentially relevant risk factors that were not
assessed (e.g., proinflammatory cytokines, oxidative stress, corti-
sol reactivity), indicating that further exploration of potential bio-
medical, as well as psychosocial, mediators and/or moderators is
warranted.

Contrary to our expectations, we found no associations between
TL and cognitive function among African Americans, regardless
of their poverty status. Although exposure to risk factors might
vary as a function of poverty status among Whites, African Amer-
icans across poverty levels experience a wide range of risk factors,
including discrimination, geographical segregation, and chronic
stress (Glymour & Manly, 2008). Given the cumulative burden of
these risk factors experienced by African Americans, regardless of
their poverty status, longer TL may not confer advantages for
cognitive health in this group. Likewise, given the multitude of
advantages experienced by Whites living above poverty, shorter
TL may not confer risk for poor cognitive outcomes in this group.
In summary, the unique social position occupied by urban Whites
living in poverty, characterized by concurrent racial privilege and
socioeconomic disadvantage, might make this group dispropor-
tionately susceptible to the effects of shortened TL on cognition.
As stated previously, replication of our findings among individuals
living in poverty is necessary to determine their validity and
broader generalizability. Given that Whites were more than twice
as likely than African Americans to consent to genetic analyses,
replication of the racial differences observed in this study will also
be important. African Americans who consented to genetic anal-
yses might have had better health and functioning and/or fewer
risk factors than those who did not, which could have influenced
the race-related differences in this study.

Nonetheless, our findings among Whites are in line with grow-
ing literature that suggests declining health for Whites of lower
SES during middle adulthood. Case and Deaton (2015) demon-
strated that Whites of lower SES (defined as those having a high
school degree or less) are experiencing increased rates of midlife
morbidity and mortality. These trends have emerged rapidly during
the 21st century, but are thought to reflect “cumulative disadvan-
tage” building over several generations among poor Whites, and
concurrent declines in self-reported mental health and increased
use of prescription opioid medications, among other trends (Case
& Deaton, 2017). HANDLS investigators also found greater risk
for overall mortality was associated with lower SES in Whites and
African Americans (Zonderman, Mode, Ejiogu, & Evans, 2016).
Of note, adjustment for history of psychiatric illness and substance
use (including opiate use) did not significantly alter the findings,
nor did a history of exposure to domestic abuse. Future studies
should use more detailed assessments of these and related vari-
ables (e.g., other forms of abuse or trauma) to determine whether
they explain, in part, the present findings among those living in
poverty, particularly Whites. For example, assessing psychiatric
diagnostic status and quantity and frequency of substance misuse
via structured interview would allow for more sensitive examina-
tion of these questions.

Our findings suggest that for a subset of people, shorter TL is
associated with poorer performance on tests measuring executive
functioning, attention, and nonverbal immediate memory. Execu-
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Figure 2. Two-way interactions between telomere length (TL) and poverty status with the Trail-Making Test
Part B (left) and the Benton Visual Retention Test (BVRT; right). See the online article for the color version of

this figure.

tive function is conceptualized as a group of higher-order cognitive
abilities that permit individuals to complete goal-oriented behav-
iors. Attention has been consistently identified as one of the key
cognitive processes involved in executive functioning (Strauss et
al., 2006). Interestingly, using principal component analyses,
Trail-Making Test Part B and the Digit Span tests have been found
to load onto a single factor (Mirsky, 1989), suggesting some unity
across these measures. Given the overlapping elements of these
three measures, it is possible that TL is predominantly related to
the executive functioning domain in a subgroup of community-
dwelling adults.

It is unclear why associations were not found between TL or
interactions with poverty status and race and the Brief Test of
Attention, which is another measure of basic auditory attention.
One possibility is that the Brief Test of Attention is less dependent
on working memory than Digit Span Forward, given that it was
developed to reduce the influence of confounding factors on the
measurement of attention (Strauss et al., 2006). This suggests that
associations between TL and cognitive function may only be found
for tasks that place more complex demands on attention. In addi-
tion, the smaller analysis sample size for the Brief Test of Atten-
tion (n = 273) compared to that for Digit Span Forward (n = 317)
may have influenced the results due to reduced statistical power.

Findings also demonstrated that shorter TL was associated
worse performance on the BVRT, but not the CVLT, which are
measures of nonverbal and verbal memory, respectively. The
BVRT is widely considered to be a test of nonverbal immediate
memory; however, other cognitive capacities are also involved,
such as visual-spatial perception and psychomotor response
(Lezak et al., 2012). Therefore, it is plausible that shortened TL is
specifically implicated in nonverbal memory performance, as well
as aspects visual-spatial functioning. In addition, participants may
have relied on other strategies unique to verbal learning and
memory on the CVLT, such as semantic clustering (Lezak et al.,

2012), which could explain why TL was not associated with any of
the CVLT subtests.

Potential Pathways Between Telomere Length,
Executive Function, and Memory

Medical conditions associated with shorter TL have adverse
effects on cognitive function. In cross-sectional comparisons,
shorter TL is associated with factors traditionally related to car-
diovascular disease, such as diabetes, blood pressure, carotid
intima-medial thickness and atherosclerosis (Fitzpatrick et al.,
2007; Serrano & Andrés, 2004), all of which are risk-factors for
poorer cognitive outcomes (Knopman et al., 2001; Novak & Haj-
jar, 2010; Pugh, Kiely, Milberg, & Lipsitz, 2003; Waldstein,
Wendell, Hosey, Seliger, & Katzel, 2010), and specifically exec-
utive and memory dysfunction (for a review, see Waldstein &
Wendell, 2010). Therefore, it is plausible that TL is related to
executive function and memory partly via cumulative cardiovas-
cular risk.

Importantly, the present study’s sensitivity analyses revealed
that adjustment for several common cardiometabolic risk factors
attenuated the significant interaction effect of TL X Poverty Status
on Trail-Making Test Part B performance. However, the size of the
interaction effect was unchanged following adjustment for these
factors (s#* = .01, with and without adjustment), and other sig-
nificant effects did not attenuate. Nonetheless, the attenuated effect
could suggest that cardiometabolic and inflammatory burden as-
sociated with shortened TL explains, at least in part, associations
between TL and Trail-Making Test Part B performance among
those living in poverty. Further, there were many cardiometabolic
risk factors that we did not examine in the present study that may
have been more impactful. Longitudinal research examining me-
diational pathways could further elucidate these potential mecha-
nisms.
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Table 4
Regression Coefficients of Interaction Effects After Adjustment
Jfor Additional Covariates

Covariate b sr? b sr?

Telomere Length X Poverty Status X Race with Digit Span Forward
and Backward

Digit Span Digit Span

Forward Backward

(n = 317) (n = 317)
Previous model —1.46" .01 —1.34* .01
Obesity —1.46" .01 —1.34" .01
Diabetes —1.46" .01 —1.33" .01
Hypertension -1.51" .01 -1.36" .01
CRP —1.47" .01 —1.45" .01
Psychiatric history —1.46" .01 -1.33" .01
Substance use history —1.46" .01 —1.33" .01
Domestic abuse —1.46" .01 -1.35" .01

Interaction of Telomere Length X Poverty Status with Trail Making
Test Part B and the BVRT

Trail-Making

Test Part B BVRT

(n = 320) (n = 319)
Previous model —-.10" .01 —2.06"" .02
Obesity —-.10 01 —1.98™" .02
Diabetes —-.10" .01 —2.03"" .02
Hypertension —-.10 .01 —2.00"" .02
CRP —.10 01 —-1.97"" .02
Psychiatric history —-.10" 01 —2.14" .03
Substance use history —-.10" 01 —2.05™" .02
Domestic abuse —-.10" 01 -2.12"" .02

Note. sr* = semipartial correlations squared; BVRT = Benton Visual
Retention Test; CRP = C-reactive protein.
“p<.05 *p<.0l

There is also well-established literature in adult populations
linking chronic, low-grade inflammation, characterized by inflam-
matory markers, such as interleukin-6 (IL-6) and CRP, with ad-
verse effects on cognitive function (Weaver et al., 2002; Yaffe et
al., 2003). Higher levels of IL-6 and CRP have been linked to
worse executive functioning (Schram et al., 2007) and memory
(Walker et al., 2019), which were the cognitive domains impli-
cated in our study. As previously discussed, elevated levels of
inflammatory markers have also been linked to telomere erosion
(von Zglinicki, 2002), although these associations may be bidirec-
tional. That is, in addition to the shortening effects of inflammation
on TL, cells with shortened TL are more likely to release inflam-
matory cytokines such as IL-6, thereby accelerating inflammation
(Rodier et al., 2009). Therefore, it is plausible that shorter TL
indirectly causes poorer executive function and memory, in part,
through elevated release of inflammatory cytokines.

As with the cardiometabolic risk factors, adjustment for CRP in
the present study’s sensitivity analyses only eliminated the signif-
icant interaction effect of TL X Poverty Status with the Trail-
Making Test Part B. Similarly, the size of the interaction effect for
this outcome was not reduced following adjustment for these
factors (sr* = .01, with and without adjustment). We were unable
to examine other potentially important inflammatory markers, such
IL-6, which may have been more impactful. Future research
should examine additional inflammatory parameters. Further, lon-

gitudinal studies examining telomere dynamics, cognitive func-
tioning, medical comorbidities, and inflammation would provide
valuable information about the influential and directional relations
of these variables.

Strengths and Limitations

The present study has notable strengths. First, the HANDLS
study utilized an area probability sample of urban-dwelling adults,
designed to address the respective contributions of self-identified
race and poverty status to health outcomes. Our sample had nearly
equal representation of participants across racial, sex, and poverty
groups, as well as uniform distribution of African Americans and
Whites across poverty levels. The diversity of our sample allowed
us to investigate the relative contribution of TL to cognitive
functioning across sociodemographic groups, which has not been
examined previously. In addition, the present study included an
extensive neuropsychological test battery that allowed for an in-
depth examination of cognitive domains that may be vulnerable to
shortened TL. Nonetheless, future studies in this area should
examine additional cognitive domains, such as information pro-
cessing speed, constructional praxis, and visuospatial processing.

This study also has several limitations. Given the equivocal
literature on TL and cognitive functioning, it is possible that our
findings are spurious. Also, the present work may not generalize to
racial/ethnic groups beyond African Americans and Whites as well
as nonurban populations. Replication is therefore necessary to
determine the validity and generalizability of the findings. Further,
given that Whites were more likely than African Americans to
consent to genetic analyses, the findings might not completely
generalize to the overall HANDLS sample. As described previ-
ously, differences between African Americans who consented to
genetic analyses (vs. those who did not) might have influenced the
racial differences observed in this study.

We were unable to characterize income as a continuous variable
due to difficulty obtaining annual household income through self-
report. Nonetheless, we chose to examine dichotomous poverty
status as a primary moderator, given its importance in the HAN-
DLS study design and recruitment (M. K. Evans et al., 2010); the
inconsistent literature linking poverty and TL; and, because of
poverty’s unique role in cognitive health (Mani, Mullainathan,
Shafir, & Zhao, 2013). Although we adjusted for high school-or-
greater education, future studies should expand on this work by
examining the role of other relevant SES indicators, such as literacy,
occupational status, and wealth. Future work should also examine sex
differences in TL-cognition associations. The study’s cross-sectional
design does not allow us to infer directionality. Future research should
apply longitudinal designs to better elucidate the temporal associa-
tions between TL and cognitive function across sociodemographic
groups. Additionally, direct examination of mediating factors, such as
cardiovascular risk factors and inflammatory markers, within these
prospective relations is warranted.

We were unable to examine other potentially important biomed-
ical risk factors, such as markers of stress physiology (e.g., cortisol
reactivity), which may have influenced the findings. Our psychi-
atric composite variable was based on self-reported history of
mental health diagnoses that may have underestimated the preva-
lence of these disorders due to barriers to health care access within
the HANDLS sample. We also were unable to adjust for other
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mental health diagnoses (e.g., PTSD and related symptoms) or
social factors (e.g., family structure) that may be impactful. There-
fore, future studies should consider a wider range of biopsycho-
social risk factors that may be implicated in TL-cognition associ-
ations.

Summary and Conclusions

In this study, we found that TL was associated with cognitive
test performance, namely executive function and nonverbal imme-
diate memory, among those living below 125% of the 2004 federal
poverty level, particularly Whites. To our knowledge, this was the
first study to demonstrate that the TL-cognition relation is domain-
specific and varies as a function of sociodemographic factors.
Future studies should aim to replicate the present findings in
unique samples from other urban and nonurban settings. Should
the findings be replicated, examination of potential biopsychoso-
cial mediators and contributing factors described previously in the
present study is warranted. Furthermore, investigations should
determine how living in poverty might increase vulnerability to the
negative effects of shortened TL on executive functioning and
nonverbal memory. Finally, longitudinal studies are needed to
examine whether and how telomere shortening influences cogni-
tive decline across the life span as a function of race and poverty
status. Ultimately, clarification of the various biological indicators
involved in sociodemographic health disparities may pave the way
for the prevention and treatment of premature aging and disease.
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Supplementary Table 1
All Regression Models with Trail Making Test Part A (n = 320)

Model 1 Model 2 Model 3

Age 0.004 *** 0.004 *** (0,004 ***
Sex 0.04 0.04 0.04 **
Education 0.04 0.03 0.03
Telomere length 0.03 0.03 -0.004
Poverty status 0.35 0.31 0.05 *
Race 0.18 0.13 0.09 ***
Telomere Length x Poverty Status -0.06 -0.05

Telomere Length x Race -0.02 -0.01

Poverty Status x Race -0.06 0.03

Telomere Length x Poverty Status x Race  0.02

Note. Unstandardized regression coefficients (b) across three model iterations.
Model 3 (shown in bold above) was retained as the final regression model, * p <
.05, ** p <.01, *** p <.00; Education = High school-or-greater educational
attainment



Supplementary Table 2
All Regression Models with the Brief Test of Attention (n = 273)

Model 1 Model 2 Model 3

Age -0.05 ** -0.05 **  -0.05 **
Sex -0.16 -0.17 -0.16
Education -0.56 -0.57 -0.54
Telomere length -0.18 0.20 0.34
Poverty status -5.06 -3.05 -0.08
Race -2.88 -0.66 -0.40
Telomere Length x Poverty Status 0.89 0.54

Telomere Length x Race 0.44 0.05

Poverty Status x Race 391 -0.11

Telomere Length x Poverty Status x Race  -0.72

Note. Unstandardized regression coefficients (b) across three model iterations.
Model 3 (shown in bold above) was retained as the final regression model, * p <
.05, ** p < .01, *** p <.001; Education = High school-or-greater educational
attainment



Supplementary Table 3
All Regression Models with Semantic Verbal Fluency (n = 320)

Model 1 Model2  Model 3
Age -0.08 * -0.09 * 0.09 *
Sex 0.11 0.08 0.20
Education -2.32 ** -2.34 ®% 232k
Telomere length -1.88 * -1.49 -0.03
Poverty status -13.52 -9.66 -0.62
Race -12.89 -8.69 -1.54 *
Telomere Length x Poverty Status 2.24 1.56
Telomere Length x Race 1.96 1.22
Poverty Status x Race 8.04 0.43

Telomere Length x Poverty Status x Race  -1.35

Note. Unstandardized regression coefficients (b) across three model iterations.
Model 3 (shown in bold above) was retained as the final regression model, * p <
.05, ** p < .01, *** p <.001; Education = High school-or-greater educational

attainment



Supplementary Table 4
All Regression Models with CVLT Total Learning Trials (n = 303)

Model 1 Model2  Model 3
Age -0.08 * -0.10 * -0.10 *
Sex -2.38 ** -2.36 ¥*% 2235 **
Education -4.60 *** -4.56 *¥** 4,857 **x*
Telomere length 0.27 -0.85 -0.30 ***
Poverty status -1.02 -6.52 -0.24
Race 2.93 -3.26 -3.47 ***
Telomere Length x Poverty Status -0.09 1.06
Telomere Length x Race -1.19 -0.10
Poverty Status x Race -10.42 1.50

Telomere Length x Poverty Status x Race  1.95

Note. Unstandardized regression coefficients (b) across three model iterations.
Model 3 (shown in bold above) was retained as the final regression model, * p <
.05, ** p <.01, *** p <.001; Education = High school-or-greater educational

attainment



Supplementary Table 5
All Regression Models with CVLT Short-Delay Free Recall (n = 274)

Model 1 Model 2 Model 3

Age -0.08 *** -0.08 ***  -(.08 ***
Sex -0.99 ** -0.98 **  -1.00 **
Education -1.74 *** -1.73 FxE 11,74 FxE
Telomere length 0.03 -0.18 -0.08
Poverty status -0.03 -1.99 -0.05
Race 2.08 -0.52 -1.64 ***
Telomere Length x Poverty Status -0.02 0.32

Telomere Length x Race -0.69 -0.23

Poverty Status x Race -4.27 0.26

Telomere Length x Poverty Status x Race  0.81

Note. Unstandardized regression coefficients (b) across three model iterations.
Model 3 (shown in bold above) was retained as the final regression model, * p <
.05, ** p < .01, *** p <.001; Education = High school-or-greater educational
attainment



Supplementary Table 6
All Regression Models with CVLT Long-Delay Free Recall (n = 273)

Model 1 Model 2 Model 3

Age -0.05 ** -0.05 * -0.05 *
Sex -0.85 ** -0.82 * -0.86 *
Education -1.70 ** -1.66 ***  -1.66 *
Telomere length 0.24 0.28 0.01
Poverty status -0.82 -3.95 0.30
Race 6.18 -0.001 -1.76 ***
Telomere Length x Poverty Status -0.10 0.74

Telomere Length x Race -1.43 -0.34

Poverty Status x Race -10.66 0.20

Telomere Length x Poverty Status x Race  1.93

Note. Unstandardized regression coefficients (b) across three model iterations.
Model 3 (shown in bold above) was retained as the final regression model, * p <
.05, ** p <.01, *** p <.001; Education = High school-or-greater educational
attainment
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