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Abstract

BACKGROUND: American Indians have excess risk of depression, which can contribute to
cerebrovascular and cognitive disability, with effects on memory, processing speed, executive
function, and visuospatial ability. However, studies examining depression and cognition in
American Indians are limited; this study aims to report associations of depression with general
cognition, verbal fluency and memory, and processing speed.

DESIGN: Cohort study.

SETTING: The Cerebrovascular Disease and its Consequences in American Indians study was an
ancillary examination of Strong Heart Study participants from 3 U.S. regions.

PARTICIPANTS: All eligible were included in this analysis (N=818).

MEASUREMENTS: Participants completed evaluations for depressive symptomology, cognition,
and physical function—including Center for Epidemiologic Studies Depression (CESD), Modified
Mini-Mental State Examination (3MSE), Wechsler Adult Intelligence Scale-Fourth Edition coding
(WAIS), Controlled Oral Word Association (COWA), California Verbal and Learning Test,
Halstead finger tapping, grip strength, and Short Physical Performance Battery (SPPB) tests.
Linear mixed models were adjusted for site, age, sex, education, income, marital status, alcohol,
smoking, diabetes, hypertension, obesity, cholesterol, stroke, infarct, and hemorrhage.

RESULTS: Symptoms of depression were common, with 20% (N=138) endorsing CES-D scores
of 16+. More depressive symptoms were associated with older age, female sex, lower education,
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lower income, non-married status, not using alcohol, not smoking, hypertension, diabetes, and
stroke. In adjusted analyses, processing speed (WAIS:  —0.13, 95%CI —0.25, —0.03), general
cognition (3MSE: p -0.10, 95%CI —0.17, —-0.03), verbal fluency (COWA: B —0.10, 95%CI -0.19,
-0.01), and motor function (SPPB: p —-0.05, 95%CI —0.07, —0.03) were significantly associated
with more symptoms of depression.

CONCLUSION: These findings maybe informative for health disparities populations, especially
those with depressive risk. Clinicians may require particular training in cultural humility. Future
studies should validate use of the CES-D scale in this population; longitudinal studies may focus
on causal mechanisms and potential secondary prevention, such as social support.
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cognitive assessment; depression; American Indians/Alaska Natives; education; culture

Major depressive disorder and clinical depression can confer profound disability. Studies of
depression in older adults have reported associations with cognitive impairment, poorer
quality of life, diminished global functioning, and decreased overall physical health,
independent of age and education.12 Specific domains of depression-related cognitive
impairment include episodic memory, information-processing speed, executive function, and
visuospatial ability.2® These effects can persist, even after the primary depression resolves.’
Further, depressive symptoms seem to be dose dependently related to disability, non-
response to antidepressant treatment, depression relapse, and clinical dementia including
both vascular dementia and Alzheimer’s disease.8°

Older American Indians, one of the fastest growing segments of the US population,19 endure
excess exposure to several cerebrovascular risk factors!! including smoking, obesity,
diabetes, hypertension, and high cholesterol, each of which can contribute to excess
morbidity from depression, cognitive decline, and loss of independent functionality.
Conversely, increases in depression and cognitive decline lead to a decreased ability to adopt
preventive lifestyle strategies and to adhere to care guidelines, once chronic diseases are
diagnosed. Despite this, studies on depressive symptoms and cognitive function in older
American Indians have been limited. One study of 140 American Indians in the Northern
Plains reported that participants with depressive symptoms scored more poorly in
conceptualization than those without such symptoms.12 Another study in 2017 of
approximately 500 residents of one tribal community in the US Southeast assessed Center
for Epidemiologic Studies Depression (CES-D) scale validity!3 and associations with all-
cause mortality.14

Biological mechanisms relating depressive symptoms and cognitive function may not differ
for older American Indians compared with other ethnic or racial groups. However, culturally
unique forms of oppression, historical trauma, and adverse experiences, such as forced
removal from childhood homes and placement in Indian boarding schools?® that often
emphasized assimilation over education, with harsh, military-style disciplinary techniques,
were linked to mental health issues that are acutely experienced by older American Indians,
warranting these examinations.16-18 Additionally, older American Indians face numerous
challenges simply obtaining care? including underfunding of the Indian Health Service with
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a shortage of providers, services, and public health awareness,2° along with cultural beliefs
regarding care seeking in mental and cognitive health.21-23

In addition, cultural-specific forms of resilience, such as participation in regular cultural
events like powwows, speaking Native language, and having strong community identity and
social support, may ameliorate the relationship between psychological symptoms and health
consequences in American Indians.24-28 The association between depressive symptomology
and cognitive function, and how it may differ for older American Indians compared with
members of the majority population, is poorly understood. Very few studies are available on
the clinical course and treatment of depressive symptoms in this vulnerable and understudied
population. Improving cultural competencies in healthcare providers to serve this population
is also critical to address this gap.2°

The Cerebrovascular Disease and Its Consequences in American Indians study conducted
cross-sectional examinations on American Indian participants of the Strong Heart Study in
2010-2013 including depression symptomology, cognition and physical function, and
cerebrovascular risk. In this article, we provide a description of measured cognition in
association with symptoms of depression in this multi-region study of community-dwelling
older American Indian adults.

METHODS
Study Setting

The Strong Heart Study cohort (1989-1991) recruited 4,549 American Indians aged 45 to 74
years living in 13 tribal communities in the US Northern Plains, Southern Plains, and
Southwest.30 The Cerebrovascular Disease and Its Consequences in American Indians study
(2010-2013) comprised an ancillary neurologic examination of all available participants
from the original cohort (N = 1,033).31:32 All waves of the Strong Heart Study including the
neurologic examination successfully examined more than 85% of eligible surviving
participants, as previously described. After data collections were completed, one community
withdrew consent and was excluded from subsequent analyses. The resulting analytic data
set includes 818 participants.

Depression Symptoms

The CES-D assesses depressive symptoms in the general population.33 It is among the most
widely used instruments in clinical medicine and psychiatric epidemiology.34 The original
scale consists of 20 symptom assessment questions, with 5-point responses ranging from
“Not at all or less than one day” (scored as 0) to “Nearly every day for 2 weeks” (scored as
4), with a possible score range of 0 to 80; scores of 16 or higher are considered evidence of
clinically significant depressive symptoms.3° Four items (eg, “During the past week |
enjoyed life”) were reverse coded, which was accounted for in total score accounting. Our
study protocol included a minor deviation from conventional scale procedures. The original
wording for one item was “I could not get going”; this item was amended in our study to “I
felt like | couldn’t do what | needed to do,” to accommodate potential cultural and linguistic
ambiguity with the idiomatic phrase “get going.”
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Cognitive Function

The Modified Mini-Mental State Examination (3MSE) is a global screening tool for
cognitive functioning adapted from the Mini-Mental State Examination to reduce ceiling
effects and improve sensitivity to change over time.3® It consists of 40 questions and was
scored on a 100-point scale. The Wechsler Adult Intelligence Scale-Fourth Edition Coding
Test (WAIS Coding) measures visuospatial processing speed and working memory.3” Along
with the 3MSE, the Coding subtest (termed the Digit Symbol Test in previous WAIS
versions) was a primary screening tool for cognitive function used by the Cardiovascular
Health Study.38 Respondents were asked to pair a set of symbols with specific numbers (1-
9) within a span of 120 seconds. Scoring was based on the total number of symbols coded
correctly with a range from 0 to 135.

The Controlled Oral Word Association (COWA) test is a widely used measure of phonemic
verbal fluency that also provides an index of executive functioning.3® In three successive 1-
minute trials, participants are asked to say as many words as possible that begin with the
letter F, then A, and finally S. A total score was derived from the summation of the three
trials, ranging from 0 to more than 53. The California Verbal and Learning Test-11 Short
Form (CVLT-11 SF) provides several indices of verbal learning and memory.40 A list of nine
words from three semantic categories was presented over four learning trials, and
participants are asked to repeat as many words as possible after each trial. Memory indices
include long-term (10-minute delay) free recall (eg, without cues).

Physical Function

The Finger Tapping Test is a test of motor dexterity*! used as an index of laterality and
hemispheric dysfunction. Respondents tap the index finger as quickly as possible using the
Lafayette Finger Tapping instrument over five 10-second trials that are averaged for both the
dominant and nondominant hands. The Grip Strength Test is a measure of gross physical
strength that has been used as an index of laterality and hemispheric dysfunction.*2 Grip
strength is measured in kilograms using the 200-pound Hydraulic Hand Dynamometer,*3
with the average of three consecutive trials recorded for both dominant and nondominant
hands. The Short Physical Performance Battery (SPPB) is used to measure lower body
functioning; components of the battery include timed standing balance, gait speed, and chair
stands.** Scores on each of the three tasks range from 0 to 4 and are summed to generate a
total score ranging from 0 to 12, with a threshold of 9 or lower denoting poor physical
function.4®

Other Participant Characteristics

Participants self-reported age, sex, marital status, household income, educational attainment,
and tobacco and alcohol use behaviors. Annual household income was coded in intervals of
less than $10,000, $10,000 to $20,000, $20,000 to $35,000, or more than $35,000. Formal
education was coded as less than high school, high school or equivalent, some college, or a
college degree; marital status was coded as single, married or living with partner, or
separated, widowed, or divorced; and alcohol use was coded as never, former, or current.
Prevalent diabetes was established based on high fasting plasma glucose or use of glucose-
lowering medications or insulin; prevalent hypertension was based on high systolic blood
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pressure (=140 mm Hg), high diastolic blood pressure (=90 mm Hg), or use of anti-
hypertensive medications. Obesity was defined as a body mass index (BMI) of 30 kg/m? or
above. Prior stroke was defined via semiannual electronic medical record surveillance with
physician panel adjudication for detected events. Cranial magnetic resonance imaging
(MRI), read by trained neuroradiologists, provided evidence of vascular lesions including
cerebral infarct or hemorrhage.

Statistical Analyses

RESULTS

Graphical analysis of depression symptoms (CES-D), overall and separated by findings of
vascular brain injury (VBI) (presence of infarcts, hemorrhages, or white matter disease) or
cerebral atrophy (sulcal dilatation or ventricle enlargement), used histogram, scatter, and box
plots. One-way analysis of variance (ANOVA) tested for differences in variation in CES-D
scores between categories of brain imaging findings. Partial correlation coefficients and
Student ftests examined associations between depression symptoms (CES-D) and cognitive
(B3MSE, COWA, WAIS coding, CVLT-II SF) or physical (grip, finger tap, SPPB) tests.

Adjustment models included site, age, sex, education, income, marital status, alcohol, and
tobacco use (model 1); additionally diabetes, hypertension, obesity, and low-density
lipoprotein (LDL) (model 2); and additionally prior stroke, infarct, or hemorrhage (model 3).
Model 3 analyses were the ones interpreted for causal mediation. Scatterplots with loess fit
and 95% confidence intervals (Cls) showed visual associations of depression symptoms with
cognitive or physical function tests.

Secondary analyses examined generalized linear models as well as modeling assumptions
including splines for linearity; variance inflation factor for multicollinearity; residual-fitted
value, residual-leverage, and quantile-quantile plots for normality, heteroscedasticity, and
outliers; Cook’s distance for influential outliers; and Box-Cox for need for power
transformation. Generalized linear models B coefficients and 95% confidence intervals (CIs)
were interpreted as the independent change in outcome (eg, cognitive or physical function
test score), per additional endorsed symptom of depression. All analyses were conducted
using Stata v.14 (StataCorp, College Station, TX) and R v.3.3 (R Foundation for Statistical
Computing, Vienna, Austria).

The overall distribution of CES-D scores (Figure 1) somewhat followed a normal
distribution with excess endorsements at the lowest value (eg, 0 reported symptoms), a skew
toward lower scores (eg, below the mean), and a long upper “tail” (eg, many reported
symptoms). Mean was 10.7 and standard deviation was 8.0. Participants who endorsed more
depressive symptoms were, on average, older, female, had lower educational attainment,
lower income, not currently married, noncurrent alcohol users, nonsmokers, hypertensive,
had diabetes, and with prevalent stroke (Table 1). Participants with high BMI, high LDL, or
vascular brain lesions did not appear to differ in terms of CES-D scores. Approximately 20%
(N = 138) had evidence of clinical depressive symptomology (CES-D =16; Supplementary
Table S1). These participants were not substantively different from those endorsing fewer
depressive symptoms with respect to age or smoking. However, a larger proportion of those
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with depressive symptoms were female, had lower education and income; single or
previously married (eg, widowed, separated, or divorced); obese; not alcohol users; and had
hypertension, diabetes, or low LDL.

Box plots and one-way ANOVA comparing CES-D scores for participants with or without
history of stroke, MRI findings of VBI (infarct, hemorrhage, or white matter disease), and
MRI findings of atrophy (sulcal dilatation or ventricle enlargement) suggested that stroke,
but not MRI findings, were significantly associated with symptoms of depression (£<.001,
P=.136, and P=.631, respectively; Figure 2).

Associations between cognitive examination scores with CES-D scores were graphically
evident in scatterplots (Figure 3), with loess fit for 3SMSE, COWA, and WAIS coding tests
declining linearly with an increase in CES-D scores; no statistical association was detected
for CVLT long delay free recall. Similar findings were noted for grip strength, Halstead
finger tap, and SPPB (Supplementary Figure S1).

Adjusted correlation coefficients between cognitive and physical function examination
scores with CES-D suggested that 3MSE (p = -.11; £=.009), COWA (p = -.10; P=.017),
WAIS coding (p —.14; P=.001), and SPPB (p -.17, £<.001) were all significantly
negatively correlated with increased endorsement of depressive symptoms (Table 2),
adjusting for site, sex, age, education, income, marital status, alcohol, smoking, diabetes,
hypertension, obesity, and LDL (model 2). Additional adjustment for possible mediators of
prior stroke and cerebrovascular lesions from MRI (model 3) was slightly attenuated but did
not substantively change these findings.

Secondary evaluations of association using generalized linear models (fit data not shown)
suggest that there is little evidence for multicollinearity in these data, with variable inflation
factors all less than 1.1. Polynomial splines suggested that continuous covariate associations,
including those for CES-D, were mostly linear in form. Cook’s distance estimates suggested
one to four outliers for each model, although none unduly influenced model fit. Examination
of residual, quantile, and leverage distributions suggested normality, and homoscedasticity
assumptions are reasonably fulfilled, although 3MSE had heavy tails in the lower range of
scores, and errors for CVLT-I1 SF may be better captured with a Poisson function (3MSE,
WAIS coding, and COWA were modeled with Gaussian error distribution). Box-Cox
analysis suggested a power transformation for 3MSE would be appropriate (A = 5).

Generalized linear models with full model 3 covariate adjustment (Supplementary Table S2)
estimated similar associations as for the partial correlations for CES-D including 3MSE (B =
-.10; 95% CI = -.17 to —.03); COWA (p = -.10; 95% CI = -.19 to -.01); WAIS coding ( =
-.13; 95% Cl = -.25 to —.03); and SPPB (f = —.05; 95% CI = -.07 to —.03). Limited
association was detected for dominant hand grip strength (B = —.04; 95% CI = -.10 to +.01),
but the finding was not significant (P = .06). No association was detected for CVLT-11 SF
long delay free recall (§ = -.01; 95% CI = —.06 to +.03) or for dominant hand finger tap (B =
-.01; 95% CI = -.08 to +.07).
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DISCUSSION

This report is a comprehensive evaluation of the association of depression symptoms that
were somewhat commonly reported with cognitive and motor function status in a large
cohort study of older American Indians. General cognition (3MSE), verbal fluency and
executive function (COWA), processing speed (WAIS coding), and physical motor function
(SPPB) were all consistently negatively associated with a greater number of reported
symptoms of depression. The two different analytic methods, partial correlations and
generalized linear models, yielded similar results, and models were not different based on
the covariables included in the adjustment scheme, suggesting robustness. Additionally,
adjustment for sociodemographics, vascular risk factors, vascular imaging findings, and
prior stroke were not adequate to attenuate the findings, suggesting these imaging features
were not solely responsible for mediating the observed associations between depressive
symptoms and cognition or physical function.

Findings in Other Populations

The relatively high prevalence of clinically significant depressive symptoms (20.2% with
score =16; mean score = 10.7) in this older population is somewhat lower than previous
findings among middle-aged and older adults including both African Americans with and
without diabetes from the Jackson Heart Study (range = 33%-54%).46 They are on the low
end compared with multiethnic Asian studies including both Chinese*” and Singaporean“8
populations (range = 19.9%-33.2% and 27.4%-43.2%, respectively) and consistent with
findings among indigenous Mexicans (range = 8.5%-21.3%).4° All of these population
groups are much higher than non-Hispanic whites of similar age ranges, who reportedly
number 5.4% with clinically significant depressive symptomology,>° and approximately .8%
increased prevalence per additional year of age, 8% additional prevalence for women
compared with men, and 10.8% additional prevalence for those who are “sick,” based on
their self-rated health.%1

One report found excellent factor structure, reliability, and validity for both short- and long-
form CES-D in a separate sample of 491 American Indians,3 similar to findings from other
community-dwelling older populations, after amendments were made to accommodate
linguistic and other cultural differences.#8:52-54 The authors found, somewhat contrary to
our findings, that depressive symptoms in their study sample were associated with younger
age and not with sex or marital status.13-14 That sample included individuals from a single
tribe in the US Southeast, were somewhat younger overall, with prevalence of those with a
CES-D score of 16 or above (13.2%). It is possible that social support is more meaningful as
individuals age, with the association with age and marital status or other measure of
psychosocial connection carrying more weight in an older or more heterogeneous group.

We detected cross-sectional associations between depression symptoms and older age,
female sex, lower education, lower income, single marital status, less alcohol use, less
tobacco smoking, prevalent hypertension, prevalent diabetes, and previous stroke. The
directionality or causality of these findings is not yet clear. A previous investigation in
American Indians also detected associations with genetic biomarkers of accelerated

biological aging.32 One large study of more than 15,000 older Chinese also discovered
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inverse associations of smoking and drinking with depressive symptoms,® although, as in
our study, due to the cross-sectional nature of the data, it was unclear whether drinkers and
smokers were less likely to develop depression or whether depressed participants were less
likely to smoke and drink. It should be noted that drinking was particularly uncommon in
this study, with 82.5% of participants not having had any alcohol in the past year.

Studies of other populations that identified similar associations with economic adversity
include lower socioeconomic status in Chinese Americans®2 and with fewer years of
education, material hardship, and other sociodemographics in African Americans.®® Studies
that found similar clinical associations include functional status and diabetes in African
Americans?6 and high blood pressure with a younger onset of hypertension, especially
among women, in non-Hispanic whites and African Americans.>’ Depression was
associated with lower BMI in Chinese Asians,*’ a finding we did not replicate. Psychosocial
associations that other populations have detected, which may guide additional future
research, include chronic stress in African Americans, Latinos, and non-Hispanic whites,
with unhealthy coping behaviors in Latinos,8 poorer self-rated health in African Americans,
56 and poorer “evaluation of self” in non-Hispanic whites but not in African Americans.>®

Strengths and Limitations

This study included a very large sample of a previously underrepresented, understudied
population. However, these cross-sectional data make it difficult to interpret causality or
temporality. Carefully designed longitudinal studies may be needed to delineate whether
intervention to alleviate depressive symptoms can ameliorate cognitive symptoms or
dementia risk.

These analyses included data collected from comprehensive standardized examinations with
extensive clinical and neuropsychological evaluations. Most associations in this analysis
were detected in continuous evaluations not in dichotomizations. This may be due to
limitations to statistical power, from small strata, or the relevant threshold for assessing risk
for clinically significant depression in this population may not be the conventional limit of a
CES-D score or 16 or above as often used to define depression in clinical populations.
Additionally, standard deviations were large compared with mean estimates for most
categorical strata, suggesting a high degree of residual variability.

Overall, these findings were identified at the population level and are not interpretable for
individual-level inference. Also, these scales, although well characterized in many other
populations, have not yet been validated in American Indians. Furthermore, it is important to
note that the presence of depressive symptoms may be a causal factor, a result, or a
confounder for cognitive or functional decline, and it is therefore difficult to infer
directionality from these cross-sectional associations. Future analyses should make use of
more finely tuned a priori analytic structuring and hypothesis testing to strengthen statistical
power and further examine these questions of causality.

Social support, here represented as marital status, and socioeconomic status may be
important factors in evaluating depressive symptoms in older American Indians. Annual
household income and marital status had the strongest associations with CES-D scores of the
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factors that were evaluated, with the exception of prior stroke. Future research should
include these or possibly more comprehensive factors such as social engagement89 when
evaluating depressive symptomology in this population.

As a voluntary research study, and because active and willing participants may be less likely
to have clinically significant depression or increased depressive symptomology, some
potentially affected individuals may not have been recruited or included in examinations.
However, previous evaluation of inclusion criteria for this study identified 86% participation
of survivors from the baseline cohort3! and little evidence of differential selection or survival
on the basis of cardiovascular or cerebrovascular risk factors. Although our retention rate,
compared with previous cohort examinations, was excellent, it is unknown whether our
sample findings would hold for the entire population including those who did not volunteer.

In conclusion, this study included a high-quality extensive standardized study protocol that
systematically evaluated neuropsychological factors including depressive symptomology
and cognition in the largest population-based cohort study of older American Indians
assessed to date. These data report the associations between depression symptoms and
cognition in this population. These findings may be informative for both this as well as other
understudied minority and health disparities populations experiencing depression symptoms
or depression. Some American Indian communities and tribes have struggled to maintain
their cultural identity as major relocations and other federal policies disrupted and displaced
entire communities of American Indian peoples throughout the United States.
Intergenerational trauma resulting from these policies may have contributed to a higher
burden of depression in American Indians and warrants particular attention by clinicians to
improve the clinical course and treatment of depressive symptoms in members of this
population.2?

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Distribution of depressive symptoms, as measured by Centers for Epidemiologic Studies

Depression scale (CES-D), in older American Indians from the Cerebrovascular Disease and
Its Consequences in American Indians study (2010-2013). Score distribution shown by blue
bars and red normal (Gaussian) density curve. Mean score (red dashed line) is 10.7 (standard

deviation = 8.0). Score of 16 is often considered the threshold for clinical depression,

although standards vary by population and setting.
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Figure 2.
Scatter and box plots comparing Centers for Epidemiologic Studies Depression (CES-D)

scores ('Y-axes) for participants with (red) and without stroke (left), vascular brain injury
(VBI; center), or cerebral atrophy (right) in older American Indians (2010-2013). VBI is
defined as the presence of infarcts, hemorrhages, or white matter disease. Atrophy is defined
as sulcal dilatation or ventricle enlargement. One-way analysis of variance testing for
differences in variation in CES-D scores between groups for stroke, VBI, and atrophy
detected Pvalues <.001, .136, and .631, respectively.
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Figure 3.
Scatterplots with loess fit (red curve) and 95% confidence interval (gray shading) showing

association of cognitive examination scores (Y-axes) with Centers for Epidemiologic Studies
Depression (CES-D) scores (X-axes) in older American Indians (2010-2013). Cognitive
examinations include Modified Mini-Mental Status Examination (3MSE), Weschler Adult
Intelligence Scale (WAIS) coding subtest, Controlled Oral Word Association (COWA) Test-
FAS, and California Verbal Learning Test (CVLT), 2nd edition short form long delay free
recall. Unadjusted Pearson’s coefficient tests for correlation between CES-D scores and
3MSE, WAIS, COWA, or CVLT LF examinations detected A values .0002, <.001, <.001,
and .387, respectively.
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