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Abstract

Introduction: Despite increased risk of cognitive decline in Hispanics/Latinos,

research on early risk markers of Alzheimer’s disease in this group is lacking. Subjec-

tive cognitive decline (SCD) may be an early risk marker of pathological aging. We

investigated associations of SCD with objective cognition among a diverse sample of

Hispanics/Latinos living in the United States.

Methods: SCDwas measured with the Everyday Cognition Short Form (ECog-12) and

cognitive performance with a standardized battery in 6125 adults aged ≥ 50 years

without mild cognitive impairment or dementia (x̄age= 63.2 years, 54.5% women).

Regression models interrogated associations of SCD with objective global, memory,

and executive function scores.

Results:Higher SCDwas associatedwith lower objective global (B=−0.16, SE= 0.01),

memory (B=−0.13, SE=0.02), andexecutive (B=−0.13, SE=0.02,p’s< .001) function

composite scores in fully adjustedmodels.

Discussion: Self-reported SCD, using the ECog-12, may be an indicator of concur-

rent objective cognition in diversemiddle-aged and older community-dwellingHispan-

ics/Latinos.
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1 BACKGROUND

The fast-growing rate of the older adult population will inevitably

result in a larger number of people livingwithAlzheimer’s disease (AD).

Without effective AD treatments, it has become paramount to identify

early risk markers and predictors of cognitive decline to improve pre-

vention efforts. Although Hispanics/Latinos are at increased risk for

mild cognitive impairment (MCI) and AD compared to non-Hispanic

Whites,1–3 research investigating early risk markers in this growing

segment of the population is lacking.

One such potential early risk marker is subjective cognitive decline

(SCD), a pre-MCI stage used to describe self- or informant-reported

perception of “persistent decline in cognitive capacity in comparison with

a previously normal status.”4 In individuals without objective cognitive

impairment, SCD has been increasingly recognized as an early risk

marker of cognitive decline5–7 that reflects an “at risk” stage preceding

MCI.8,9 Supporting this notion are data from several studies indicat-

ing that SCD is associated with altered preclinical AD biomarker pro-

files and with progression to MCI and dementia in older non-Hispanic

Whites.10–13 For example, cognitively normal individuals who report

SCDhave higher rates of progression toMCI and dementia and decline

more rapidly compared to those without self-reported SCD.14 More-

over, a recent study showed that SCD can precede AD and non-AD

related dementia and that dementia risk is higher among individuals

with SCD who present to memory clinics compared to community-

dwelling samples.15 Furthermore, specific features of SCD, such as

onset within 5 years, confirmation of perceived cognitive decline by

an informant, and decline-related worries, have been associated with

higher amyloid beta (Aβ) load in cognitively normal older adults.16

Despite Hispanics/Latinos being at higher risk for MCI and AD,1,17–19

and reporting greater SCD than non-Hispanic Whites,20 SCD remains

understudied in this growing aging group.21 Because SCD may be

expressed differently as a function of cultural/ethnic background,8 it

is important to identify its correlates and potential to predict cognitive

decline in this underserved population.

Prior SCD research with Hispanics/Latinos living in the United

States suggests that SCD reporting may be associated with symptoms

ofdepression rather thanobjective cognition,22 and that olderMexican

Americanswith SCDperform lower on tests of attention and executive

function, and are more likely to endorse symptoms of depression than

those without SCD.23 Indeed, because symptoms of depression corre-

late highly with SCD in several studies,24–26 it is important to account

for themwhen studying the relationship of SCD and cognition.

Given the paucity of SCD research with Hispanics/Latinos living in

the United States and previous research focusing on older and less

diverse Hispanic/Latino samples, we investigated cross-sectional asso-

ciations of self-reported SCD and objective cognitive performance

accounting for demographics, symptoms of anxiety and depression,

and cardiovascular disease (CVD) risk factors in a large sample of

diverse, middle-aged, and older Hispanics/Latinos from the Study of

Latinos-Investigation ofNeurocognitiveAging (SOL-INCA). Consistent

with previous cross-sectional SCD research among Hispanics/Latinos

and non-HispanicWhites,22,24,25 we hypothesized that the association

RESEARCH INCONTEXT

1. Systematic review: The authors reviewed the literature

using traditional (eg, PubMed) sources. Subjective cog-

nitive decline (SCD) may be an early risk marker of

Alzheimer’s disease (AD). AlthoughHispanics/Latinos are

at higher risk of AD compared to non-Hispanic Whites,

research on SCD in this population is lacking. We cite

the limited literature on SCD and cognition in His-

panics/Latinos, together with recent findings from non-

HispanicWhite groups.

2. Interpretation: Findings suggest that SCD can be a use-

ful marker of concurrent objective cognitive function in

middle-aged and older U.S. community-dwelling Hispan-

ics/Latinos from diverse backgrounds.

3. Future directions: Longitudinal studies are needed to

determine if SCD predicts cognitive decline and progres-

sion to mild cognitive impairment and AD in Hispan-

ics/Latinos living in the United States. Future research

should determine the biomarker and neural correlates of

SCD in this population to better characterize its role as a

potential early risk marker of AD.

HIGHLIGHT

1. SCDmay be an early risk marker of Alzheimer’s disease.

2. The associationof SCDwithobjective cognition inUSHis-

panics/Latinos is unknown.

3. We found that SCD was associated with objective cogni-

tion in Hispanics/Latinos.

4. SCD may reflect objective cognition in diverse Hispan-

ics/Latinos in the US.

of SCD reports with objective cognitive performance would be atten-

uated after adjusting for demographics, symptoms of depression, anxi-

ety, and cardiovascular disease (CVD) risk factors.

2 METHODS

2.1 Participants

We examined data from the Hispanic Community Health Study/Study

of Latinos (HCHS/SOL) and the SOL-INCA (an ancillary study to

HCHS/SOL),27 a multisite (Bronx, NY; Chicago, IL; Miami, FL; San

Diego, CA), probability-sampled, prospective cohort study that

enrolled Hispanic/Latino participants from diverse backgrounds
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(Central American, Cuban, Dominican, Mexican, Puerto Rican, and

South American) to examine CVD and pulmonary risk factors (eg,

diabetes).28 HCHS/SOL included non-institutionalized community

living individuals between the ages of 18 and 74 years and excluded

those on active duty military service, not currently living at home,

planning to move from the area in the next 6 months, or those unable

to attend the in-person clinic examination.29 For this study, we

included Hispanics/Latinos (ages 50 to 86) from SOL-INCA (Visit 2;

October 2015 throughMarch 2018), without a self-reported diagnosis

of MCI or dementia during medical history interview (n = 6125). All

evaluations and cognitive testing were conducted in the participant’s

preferred language (English or Spanish) by trained bilingual field center

staff. Institutional review board approval was obtained from all study

sites and all participants provided written informed consent.

2.2 Subjective cognitive decline (SCD)
measurement

SCDwasmeasuredwith the short (12-item) form of the Everyday Cog-

nition Scale (ECog-12), which was developed as an informant-rated

report of cognitively mediated functional abilities in older adults.30,31

Although we used the self-report version of the ECog in this study,

as opposed to the informant version, the self-report version has been

shown to equally predict progression toMCI.32 Previous research sug-

gests that the ECog has good psychometric properties,30 and the short

form used in this study discriminates between dementia and normal

cognition.31 Moreover, the ECog has been used in several studies as

a measure of SCD.33–36 A recent study found that the cross-sectional

relationship between informant-reported ECog scores and neuropsy-

chological test performance was very similar across a group of non-

Hispanic White, Black, and Hispanic/Latino individuals, with plans to

extend this work to the self-report version.37 The ECog-12 asks par-

ticipants to rate their current ability to perform cognitively mediated

daily tasks related to everyday memory, language, visuospatial abili-

ties, and executive functions comparedwith their ability to do the same

task 10 years ago. Items are rated on a scale of 1-4, with 1 = Better

or no change and 4 = Consistently much worse. The global, executive,

andmemory ECog-12 sub-domain scoreswere generated by averaging

over the component items (sum of items/number of items) to maintain

a range of 1 to 4 (with higher scores reflecting greater self-reported

SCD). Average z-scores for the overall (12 items) and domain-specific

items (executive andmemory), respectively, were generated to include

in themodels to facilitate comparisons of associations (beta estimates)

across models.

2.3 Objective cognitive performance

Three different theory-driven cognitive composite scores were calcu-

lated to evaluate associations between SCD and objective cognition.

The memory composite comprised averaged z-scores for the Brief-

Spanish English Verbal Learning Test (B-SEVLT) Sum and Recall scores.

The executive function composite comprised averaged z-scores of the

Trail Making Test Parts A and B (reverse coded for concordance with

other measures so that higher values would indicate better perfor-

mance), Digit Symbol Substitution (DSS) test, and the Word Fluency

(letters F and A) test. A global cognitive composite was also created by

averaging across z-scores of all tests.

To ensure that our results were not being overly influenced by indi-

vidualswith low cognitive status, we used the Six ItemScreener (SIS) to

conduct sensitivity analyses. The SIS is a brief and reliable instrument

developed to identify cognitive impairment, with diagnostic properties

similar to theMiniMental State Examination (MMSE).38

2.4 Analyses

Wegenerateddescriptive statistics to characterize theSOL-INCAsam-

ple on the outcomes, exposures, and covariates of interest (Table 1).

Survey adjusted chi-square tests assessed background differences for

categorical variables and t tests for continuous variables. All objective

and subjective cognitivemeasureswere standardized (z-score) to facil-

itate comparisons across models.

2.4.1 Covariates

All covariates were measured at SOL-INCA Visit 2, except for educa-

tion. We adjusted for respondent age in years (50 to 59; 60 to 69;

and 70+), sex (male, female), baseline level of education (<12 years,

12 years or equivalent, >12-years), and Hispanic/Latino background.

Given the extensive literature linking CVD risk factors to cognitive

decline in Hispanics/Latinos,39–42 we also adjusted for four CVD risk

factors including (1) hypertension (defined as average systolic or dias-

tolic bloodpressure≥140/90mmHg)or if theparticipant self-reported

currently taking antihypertensive mediations, (2) diabetes status (nor-

mal glucose regulation, impaired glucose tolerance, and diabetes)

measured according to American Diabetes Association criteria,43 (3)

a binary indicator for dyslipidemia (yes/no) based on total choles-

terol (≥240 mg/dL), LDL cholesterol (≥160 mg/dL), HDL cholesterol

(<40 mg/dL), or receiving cholesterol-lowering medication, and (4)

smoking status (current vs never or former). Finally, we adjusted for

residual effects of variations in depressive and anxiety symptoms by

controlling for the Center for Epidemiologic Studies Depression Scale-

10 (CESD-10)44 and the Generalized Anxiety Disorders Scale-7 (GAD-

7),45 respectively.

2.4.2 Statistical analyses

Survey regression analyses examined (1) crude, (2) demographic

adjusted (age, sex, education, and Hispanic/Latino background), and

(3) full covariate adjusted (demographic adjustment+CESD-10, GAD-

7, hypertension, diabetes, dyslipidemia, and smoking status) associ-

ations among ECog-12 global and sub-domain scores (memory and
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TABLE 1 Participant characteristics

Dominican

Central

American Cuban Mexican

Puerto

Rican

South

American Other Total P-value

% (SE)

Sex

Female 59.65 (2.35) 59.59 (2.88) 49.05 (1.99) 56.15 (1.57) 53.37 (2.09) 58.17 (2.86) 53.80 (6.12) 54.54 (0.88) .013

Male 40.35 (2.35) 40.41 (2.88) 50.95 (1.99) 43.85 (1.57) 46.63 (2.09) 41.83 (2.86) 46.20 (6.12) 45.46 (0.88)

Age

50-59 43.13 (2.67) 42.17 (2.79) 33.23 (2.25) 44.67 (1.87) 33.97 (1.93) 39.25 (3.27) 44.42 (6.16) 39.54 (1.00) <.001

60-69 36.23 (2.77) 39.00 (2.66) 33.55 (2.23) 36.53 (1.55) 37.20 (2.12) 35.70 (2.91) 33.88 (5.80) 35.89 (0.92)

70+ 20.64 (2.70) 18.83 (2.81) 33.22 (2.67) 18.79 (1.49) 28.83 (2.00) 25.06 (3.51) 21.69 (5.67) 24.57 (0.97)

Education (years)

<12 45.69 (2.74) 42.83 (2.74) 22.95 (2.06) 48.10 (1.84) 42.02 (2.04) 24.85 (3.04) 29.43 (5.50) 38.33 (1.07) <.001

12 or Equivalent 20.17 (2.01) 19.78 (2.30) 24.28 (1.60) 20.17 (1.40) 22.96 (1.69) 19.57 (2.56) 12.03 (3.98) 21.26 (0.77)

>12 34.13 (2.39) 37.39 (2.56) 52.77 (2.11) 31.73 (1.75) 35.03 (2.15) 55.58 (3.47) 58.54 (6.07) 40.42 (1.02)

Hypertension status

Not hypertensive 34.82 (2.50) 47.65 (2.62) 34.34 (1.82) 52.10 (1.59) 36.67 (1.85) 49.72 (3.40) 31.83 (5.02) 42.41 (0.88) <.001

Hypertensive 65.18 (2.50) 52.35 (2.62) 65.66 (1.82) 47.90 (1.59) 63.33 (1.85) 50.28 (3.40) 68.17 (5.02) 57.59 (0.88)

Diabetes status

No diabetes 19.27 (2.17) 16.46 (2.01) 17.20 (1.20) 15.81 (1.18) 16.50 (1.49) 17.61 (2.25) 15.11 (3.39) 16.71 (0.69) .005

Pre-diabetes 44.06 (2.86) 48.61 (2.69) 50.74 (2.26) 47.43 (1.60) 40.74 (2.19) 57.93 (3.16) 49.29 (5.90) 47.61 (0.96)

Diabetes 36.67 (2.58) 34.93 (2.50) 32.06 (2.05) 36.77 (1.63) 42.76 (2.11) 24.46 (3.00) 35.61 (5.78) 35.68 (0.94)

Hypercholesterolemia

status

NoHypercholesterolemia 46.03 (2.78) 47.03 (2.42) 42.15 (2.02) 47.53 (1.53) 43.93 (2.19) 46.27 (3.18) 43.97 (5.51) 45.25 (0.92) .388

Hypercholesterolemia 53.97 (2.78) 52.97 (2.42) 57.85 (2.02) 52.47 (1.53) 56.07 (2.19) 53.73 (3.18) 56.03 (5.51) 54.75 (0.92)

Smoking status

Non-smoker 89.27 (1.62) 90.81 (1.60) 79.53 (1.62) 89.37 (1.00) 77.70 (1.54) 92.73 (1.53) 80.10 (5.11) 85.02 (0.68) <.001

Smoker 10.73 (1.62) 9.19 (1.60) 20.47 (1.62) 10.63 (1.00) 22.30 (1.54) 7.27 (1.53) 19.90 (5.11) 14.98 (0.68)

Mean (SD)

Age (years) 62.46 (7.95) 62.34 (8.89) 64.71 (6.89) 62.01 (8.22) 64.27 (8.50) 63.48 (9.86) 62.66 (5.50) 63.20 (8.14) <.001

CESD-10 7.05 (6.19) 6.21 (7.06) 6.52 (5.26) 5.64 (5.67) 8.31 (6.72) 6.07 (7.02) 5.93 (4.24) 6.48 (6.09) <.001

GAD-7 3.72 (4.28) 3.42 (5.52) 3.68 (3.93) 3.33 (4.80) 5.02 (5.53) 3.23 (5.39) 2.95 (2.85) 3.70 (4.75) <.001

Memory Composite

(z-score)

−0.22 (0.78) 0.21 (1.08) 0.08 (0.75) 0.17 (0.95) −0.40 (0.95) 0.27 (1.16) 0.23 (0.62) 0.03 (0.93) <.001

Executive Composite

(z-score)

−0.45 (0.87) −0.20 (0.95) 0.01 (0.61) 0.10 (0.93) 0.02 (0.85) 0.18 (0.94) 0.18 (0.60) −0.00 (0.84) <.001

Global Composite

(z-score)

−0.36 (0.73) −0.06 (0.85) 0.04 (0.58) 0.13 (0.80) −0.12 (0.80) 0.22 (0.90) 0.19 (0.54) 0.01 (0.76) <.001

ECog-12Memory Score 1.70 (0.71) 1.72 (0.75) 1.68 (0.51) 1.82 (0.72) 1.76 (0.72) 1.68 (0.75) 1.60 (0.47) 1.74 (0.67) <.001

ECog-12 Executive Score 1.36 (0.57) 1.42 (0.66) 1.40 (0.43) 1.51 (0.63) 1.39 (0.59) 1.45 (0.66) 1.32 (0.34) 1.43 (0.57) <.001

ECog-12 Global Score 1.35 (0.58) 1.40 (0.66) 1.36 (0.44) 1.49 (0.64) 1.39 (0.58) 1.40 (0.66) 1.27 (0.35) 1.41 (0.57) <.001

ECog-12Memory

(z-score)

−0.09 (1.04) −0.06 (1.10) −0.13 (0.75) 0.09 (1.06) −0.01 (1.06) −0.12 (1.10) −0.23 (0.69) −0.03 (0.98) <.001

ECog-12 Executive

(z-score)

−0.16 (0.96) −0.06 (1.11) −0.10 (0.73) 0.09 (1.06) −0.11 (0.99) −0.02 (1.12) −0.23 (0.57) −0.04 (0.96) <.001

ECog-12 Global (z-score) −0.13 (0.99) −0.05 (1.12) −0.12 (0.74) 0.10 (1.07) −0.07 (0.98) −0.05 (1.12) −0.27 (0.60) −0.04 (0.97) <.001

Results from the Study of Latinos-Investigation of Neurocognitive Aging (SOL-INCA; unweighted n= 6125).

Notes: CESD, Center for Epidemiologic StudiesDepression Scale-10; GAD-7, GeneralizedAnxietyDisorders Scale-7; ECog-12, 12-Item formof the Everyday

Cognition Scale.
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executive function) and their respective objective cognitive composite

scores (global, memory, and executive function).

Analyses accounted for the complex study design including prob-

ability weights, stratification, and clustering. Detailed discussions of

the HCHS/SOL and SOL-INCA design are published elsewhere.27–29

Reported values were weighted to account for the disproportionate

selection of the sample and to adjust for any bias effects due to differ-

ential non-response in the selected sample (except sample size which

we report unweighted). Weights were also trimmed to limit precision

losses and calibrated to the 2010 U.S. Census characteristics by age,

sex, and Hispanic/Latino background in each field site’s target popula-

tion. All statistical analyses were performed using the survey function-

alities in Stata V16.1.

2.4.3 Sensitivity analysis

We conducted two sets of sensitivity analyses to ensure that our

results were not driven by individuals with low cognitive status as

well as by individuals with worry about SCD. First, to determine if the

associations of SCD scores and objective cognitive composite scores

wereoverly influencedby individualswith lower cognitive status, those

with scores ≤4 on the SIS38 were excluded from the analytic sample

(n = 5253 individuals included in the sensitivity analysis). Second, we

tested for modification of the association between SCD and objec-

tive cognitive composite scores through self-reported worry about

SCD.36 Worry about SCD was based on responding Yes to the follow-

ing question: Are you worried or believe that you are having problems with

your attention, concentration, or memory?We then interacted this binary

response with the SCD global and sub-domain scores in the above-

specified models. Subsequently, we re-estimated all the above models

stratifying by participant’s response.

3 RESULTS

3.1 Association of SCD with objective cognition
in the full analytic sample

The average age of the target population was 63.2 years (±8.1);

54.5% were women and 38.3% reported <12 years of education. In

addition, 57.6%, 35.7%, and 54.8%met study criteria for hypertension,

diabetes, and hypercholesterolemia, respectively, whereas 15% were

current smokers. We found significant variations in age, education,

hypertension and diabetes, and depressive and anxiety symptoms by

Hispanic/Latino background. We also found significant and consistent

differences in global and domain-specific mean objective cognitive

composite scores and SCD (ECog-12) by Hispanic/Latino background.

Detailed estimates of prevalence rates (for categorical variables)

and means and standard deviations (for continuous variables of

interest) by Hispanic/Latino background are presented in Table 1.

Raw ECog-12 and cognitive performance scores are presented in

Table S1.

The estimated beta coefficients, and their standard errors, for the

sequentially fitted models testing the associations between ECog-12

and objective cognitive composite scores are presented in Table 2.

As indicated, all objective and subjective cognitive measures were z-

scored to facilitate interpretation of the estimated associations using

a common metric (SD units change in outcome corresponding to SD

unit change in exposure). Figure 1 depicts the post hoc estimated aver-

agemarginal means for the crude and sequentially adjustedmodels for

each considered subjective exposure and objective cognitive compos-

ite outcome. Figure S1 depicts scatterplots of the association between

SCD and objective cognition.

Higher ECog-12 global scores (indicating greater SCD) were sig-

nificantly associated with lower objective global cognitive composite

scores (β = −0.24; standard error [SE] = 0.01; P < .001) and this

association remained significant even after full covariate adjustment.

Adjusting for age, education, sex, and Hispanic/Latino background

attenuated the magnitude of the association by 29.2% (β = −0.17;

SE = 0.01; P < .001). We found minimal additional attenuation (5.9%)

after further adjusting for CVD risk factors, depression, and anxiety

scores (β = −0.16; SE = 0.01; P < .001). Higher ECog-12 executive

and memory sub-domain scores were inversely related to objective

executive function (β = −0.22; SE = 0.02; P < .001) and memory

composite scores (β = −0.18; SE = 0.02; P < .001), respectively. As

with the global scores, the magnitude of associations was primarily

attenuated by adjustments to demographic, but not CVD risk factors

or depression and anxiety scores (Table 2).

3.2 Sensitivity analysis

Excluding individuals with low mental status (SIS ≤4) scores from the

analytic sample had minimal effects on the qualitative interpretation

of the primary findings. The effect sizes were decreased slightly over-

all for the global and domain-specific measures. The estimated associ-

ations for the sequentially adjusted models are presented in Table 3.

Post hoc estimates of the average marginal cognitive performance

means over the continua of ECog-12 sub-domain scores are presented

in Figure S2.

We found no evidence for modification in the associations of SCD

and objective cognitive performance by self-reported worries regard-

ing SCD. Interaction results are presented in Table 4 and plots of the

post hoc estimates of the average marginal cognitive performance

means over the continua of ECog-12 sub-domain scores are presented

in Figure S3. Stratified estimates of associations between SCD and

objective cognition byworry group (Yes vsNo) are presented in Table 5.

4 DISCUSSION

We found that higher self-reported SCD, measured with the ECog-12,

is significantly associated with worse concurrent objective cognitive

composite scores in SOL-INCA, a large, community-based, and repre-

sentative sample of diverse middle-aged and older Hispanics/Latinos
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TABLE 2 Estimated associations between subjective cognitive decline sub-scale scores (ECog-12) and objective cognitive composite scores

M1 M2 M3

Beta (SE) Beta (SE) Beta (SE)

Global Cognition⇑

ECog-12Global⇑ −0.24*** (0.01) −0.17*** (0.01) −0.16*** (0.01)

Executive Composite Scores⇑

ECog-12 Executive⇑ −0.22*** (0.02) −0.15*** (0.01) −0.13*** (0.02)

Memory Composite Scores⇑

ECog-12Memory⇑ −0.18*** (0.02) −0.15*** (0.01) −0.13*** (0.02)

Notes: Results are derived from survey linear regression models using data from the Study of Latinos-Investigation of Neurocognitive Aging (SOL-INCA

unweighted n = 6,125). M1 Crude Model; M2 Demographic Adjusted Model; M3 Full Covariate Adjusted Model. Demographic adjustment incudes age,

education, sex, and Hispanic/Latino background. Full covariates adjustment additionally accounts for hypertension, diabetes, hypercholesterolemia, current

smoking status, Center for Epidemiologic Studies Depression Scale-10, and Generalized Anxiety Disorders Scale-7 scores. ECog-12 = 12-Item form of the

Everyday Cognition Scale. SE= Standard error. *P< .05; **P< .01; ***P< .001;⇑ z-scores.

F IGURE 1 Notes: Averagemarginal mean estimates for objective cognitive performance (and their 95% confidence intervals) as a function of
subjective cognitive decline (ECog-12). Results are from the Study of Latinos-Investigation of Neurocognitive Aging (SOL-INCA).
Demographic adjustment incudes age, education, sex, and Hispanic/Latino background. Full covariates adjustment additionally accounts for
hypertension, diabetes, hypercholesterolemia, current smoking status, Center for Epidemiologic Studies Depression Scale-10, and Generalized
Anxiety Disorders Scale-7 scores. ECog-12= 12-Item form of the Everyday Cognition Scale

living in the United States. For each SD unit increase on the ECog-

12, there was a decrease of approximately one-sixth of a SD unit in

global cognition (B=−0.16, SE= 0.01, P< .001) in fully adjusted mod-

els. Although the relationship of SCD and objective cognition (without

covariate adjustment) was attenuated by ≈29.2% after adjustment for

age, sex, education, and Hispanic/Latino background, this association

was not significantly attenuated further (5.9%) when including depres-

sion, anxiety, and CVD risk factors in fully adjusted models. These

associations were not significantly influenced by individuals with low

cognitive status or by those reporting worries related to SCD. This is

contrary to previous findings suggesting that SCD is not associated

with objective cognition but rather with symptoms of depression in

Hispanic/Latino older adults22 and non-HispanicWhites.24,25 Because

SCD reporting has been identified as a possible early risk marker of

cognitive decline that can help aid (along with other sensitive markers)

in the diagnosis of preclinical AD in non-Hispanic/Latino samples,4,8

longitudinal research is needed to discern how SCDmay predict objec-

tive cognitive decline in Hispanics/Latinos.

Discrepancies between previous research and the current findings

may be due to several factors. First, previous findings used a 5-item
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TABLE 3 Estimated associations between objective cognitive composite scores and subjective cognitive decline sub-scale scores (ECog-12)
among individuals not meeting criteria for lowmental status based on the Six Item Screener (scores ≤4; unweighted n= 5,253)

M1 M2 M3

Beta (SE) Beta (SE) Beta (SE)

Global Cognition⇑

ECog-12Global⇑ −0.22*** (0.01) −0.14*** (0.01) −0.13*** (0.01)

Executive Composite Scores⇑

ECog-12 Executive⇑ −0.20*** (0.02) −0.12*** (0.01) −0.11*** (0.01)

Memory Composite Scores⇑

ECog-12Memory⇑ −0.14*** (0.02) −0.12*** (0.02) −0.09*** (0.02)

Results are derived from survey linear regressionmodels using data from the Study of Latinos-Investigation of Neurocognitive Aging (SOL-INCA).

Notes: M1 Crude Model; M2 Demographic Adjusted Model; M3 Full Covariate Adjusted Model. Demographic adjustment incudes age, education, sex, and

Hispanic/Latino background. Full covariates adjustment additionally accounts for hypertension, diabetes, hypercholesterolemia, current smoking status,

Center for Epidemiologic Studies Depression Scale-10, and Generalized Anxiety Disorders Scale-7 scores. ECog-12 = 12-Item form of the Everyday Cog-

nition Scale. SE, standard error. *P< .05; **P< .01; ***P< .001;⇑ z-scores.

TABLE 4 Estimated interactions between objective cognitive composite scores and subjective cognitive decline sub-scale scores (ECog-12)

M1 M2 M3

Global cognition⇑

ECog-12Global xWorry⇑ F-test= 0.096

P= .756

F-test= 0.105

P= .746

F-test= 0.037

P= .848

Executive composite scores⇑

ECog-12 Executive xWorry⇑ F-test= 3.758

P= .053

F-test= 2.446

P= .118

F-test= 2.167

P= .142

Memory composite scores⇑

ECog-12Memory xWorry⇑ F-test= 1.876

P= .171

F-test= 0.913

P= .340

F-test= 0.513

P= .474

Notes: Results are derived from survey linear regression models using data from the Study of Latinos-Investigation of Neurocognitive Aging (SOL-INCA).

M1 Crude Model; M2 Demographic Adjusted Model; M3 Full Covariate Adjusted Model. Demographic adjustment incudes age, education, sex, and His-

panic/Latino background. Full covariates adjustment additionally accounts for hypertension, diabetes, hypercholesterolemia, current smoking status, Center

for Epidemiologic Studies Depression Scale-10, andGeneralized AnxietyDisorders Scale-7 scores. ECog-12= 12-Item form of the Everyday Cognition Scale.

⇑ z-scores.

scale that measured current self-reported cognitive difficulties by ask-

ing five Yes/No questions,22 whereas the ECog-1231 consists of 12-

items scoredonaLikert-type scale askingparticipants to rate their cog-

nitivelymediated functional abilities compared to10years ago, reflect-

ing self-report of cognitive decline rather than current cognitive diffi-

culties. Although no gold standard questionnaire exists to reliablymea-

sure SCD in different populations, it is likely that research studies will

report disparate findings based on the SCD scale used and the popula-

tion to which it is applied. Research is needed to develop standardized

SCD scales that are valid and reliable across different racial and ethnic

groups.8 Second, the sample in the previous study22 consisted of older

Hispanic/Latino adults ages 60+ years who presented to their commu-

nity health provider for screening of cognitive complaints (mean age of

74 years), whereas the current sample comprises community-dwelling,

probability sampled Hispanic/Latino adults aged ≥50 years (mean age

of 63.2 years). Thus SOL-INCA was not affected by the selection

bias present in the previous study. This sample was also considerably

younger and more representative, which could explain the discrep-

ancy in findings. For example, it has been reported that individuals who

presentwith SCDplus (onset of SCD complaintswithin the last 5 years,

have age of SCD onset at >60 years, experience worries associated

with complaints, and report a feeling of worse performance than other

people from the same age group) have faster progression from normal

cognition to MCI within a 1-year follow-up.6 Third, it is possible that

SCD reports from those presenting to their health care provider with

cognitive complaints may be more reflective of symptoms of depres-

sion than would be the case in a community-based sample, although

SCD has also been associated with symptoms of depression in a large

community-based sample comprised ofmostly non-HispanicWhites.24

Because the current study included Hispanics/Latinos only, discrepant

results may represent ethnic differences in SCD reporting.

As the SCD InitiativeWorking Group suggested,4,8 individuals from

clinical settings may have more worries associated with SCD report-

ing than community-based and target-area representative samples and
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TABLE 5 Estimated associations between subjective cognitive decline sub-scale scores (ECog-12) and objective cognitive composite scores
stratified by report of worry or belief of problemswith attention, concentration, or memory (PANEL A=No; PANEL B= Yes)

PANELA NO (unweighted n= 2050)

M1 M2 M3

β(SE) β(SE) β(SE)

Global Cognition⇑

ECog-12Global⇑ −0.24*** (0.04) −0.16*** (0.04) −0.15*** (0.04)

Executive Composite Scores⇑

ECog-12 Executive⇑ −0.14** (0.05) −0.10** (0.04) −0.09* (0.04)

Memory Composite Scores⇑

ECog-12Memory⇑ −0.11* (0.04) −0.09* (0.04) −0.09* (0.04)

PANEL B YES (Unweighted n= 4,059)

M1 M2 M3

β(SE) β(SE) β(SE)

Global Cognition⇑

ECog-12Global⇑ −0.25*** (0.02) −0.18*** (0.01) −0.17*** (0.01)

Executive Composite Scores⇑

ECog-12 Executive⇑ −0.23*** (0.02) −0.17*** (0.02) −0.15*** (0.02)

Memory Composite Scores⇑

ECog-12Memory⇑ −0.17*** (0.02) −0.14*** (0.02) −0.12*** (0.02)

Notes: Results are derived from survey linear regression models using data from the Study of Latinos-Investigation of Neurocognitive Aging (SOL-INCA).

M1 Crude Model; M2 Demographic Adjusted Model; M3 Full Covariate Adjusted Model. Demographic adjustment incudes age, education, sex, and His-

panic/Latino background. Full covariates adjustment additionally accounts for hypertension, diabetes, hypercholesterolemia, current smoking status, Center

for Epidemiologic Studies Depression Scale-10, andGeneralized AnxietyDisorders Scale-7 scores. ECog-12= 12-Item form of the Everyday Cognition Scale.

SE= Standard error. * p< 0.05; ** p< 0.01; *** p< 0.001;⇑ z-scores.

displaying worry about SCD may increase the risk of developing MCI

in the future.6 Discrepant findings in community-based versus clinic-

based based sampleswill be difficult to disentangle given the use of dif-

ferent SCDmeasures and assessments of cognitive function employed

across research studies and clinical settings. That said, research sug-

gests that SCDmay be useful in both settings andmembers of the SCD

Initiative Working Group provide detailed recommendations for clini-

cians evaluating patients who present with SCD.46 In a clinical setting,

SCDmay alert the provider to screen for depression and other physical

or psychiatric conditions that may affect cognitive performance and to

monitor cognitive status to determine if referral to neuropsychological

assessment is needed. If SCD is consistent over time, this may increase

the likelihood of future decline.36 In research settings, studying SCD in

the context of biomarkers ofADcanhelp elucidate its utility as a poten-

tial early risk marker to determine eligibility into prevention trials.

Recent findings in a community-based sample of older Mexican

Americans (HABLE) found that, compared to non-SCD reporters, those

expressing SCD scored lower on the MMSE; were more likely to

have depression, anxiety, and worry; higher likelihood of diabetes

diagnosis and elevated blood sugar; poorer performance on atten-

tion and executive function measures; and higher levels of inflam-

matory markers.23 This indicates that cross-sectional differences

can be observed between Hispanics/Latinos who report SCD and

those who do not report SCD on factors typically associated with

cognitive decline, which can potentially be modified via lifestyle

interventions.47,48 The current findings extend the limited literature by

showing that SCD,measuredwith the ECog-12, may be a sensitive tool

to screen for subtle cognitive deficits independent of important demo-

graphic characteristics, symptoms of depression and anxiety, and CVD

risk factors in otherwise cognitively healthy community-dwelling His-

panic/Latino adults aged≥50 years.

There are study limitations to consider. First, given its cross-

sectional nature, a causal relationship cannot be established. Second,

the ECog-12was not developed to directly measure SCD, but rather to

assess cognitively mediated functional abilities.31 As such, it is difficult

to disentangle the contributions of self-perceived changes in cognition

versus self-perceived changes in cognitively mediated functional abil-

ities. Third, given that in Hispanics/Latinos, co-morbid depression and

diabetes significantly increase the risk for cognitive decline, MCI, and

AD,41,49,50 it is possible that they may over-endorse SCD as a reflec-

tion of difficulties with cognitively mediated abilities related to co-

morbidity rather than actual perceived changes in cognitive abilities.

In this study, however, the association of SCD with objective cognition

persisted after adjusting for symptoms of depression and CVD risk

factors (including diabetes). Valid and reliable instruments to measure

SCD need to be developed to disentangle decline in performance of
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cognitively mediated functional tasks from actual perceived cognitive

decline. Fourth, administrationof theECog-12 tookplace after the cog-

nitive assessment. This could have influenced the participant’s reports

of SCD. Future studies should carefully determine theorder of adminis-

tration tomaximize unbiased SCD reporting. Finally, a limited cognitive

battery was administered. Future studies should better characterize

cognitive status to rule-out individuals with MCI and dementia and

include more neuropsychological tests. Strengths of the current study

include: (1) a large,well-characterized community-basedand represen-

tative sample of diverseHispanics/Latinos; (2) statistical adjustment of

not only demographic characteristics and symptoms of depression and

anxiety, but also thorough assessment of CVD risk factors; and (3) the

use of the ECog-12, which is a widely usedmeasure in studies of aging.

5 CONCLUSION

In a large sample of diverse middle-aged and older Hispanics/Latinos,

we found associations between SCD and objective measures of global

cognitive function, memory, and executive function that were not

explained by other salient factors (eg, demographic characteristics,

depressive and anxiety symptoms, and CVD risk factors). Our findings

indicate that use of the ECog-12 tomeasure SCD can be an indicator of

concurrent objective cognitive function among middle-aged and older

community samples of diverse Hispanics/Latinos living in the United

States. Longitudinal studies are needed to determine the utility of SCD

to predict changes in cognitive function and progression to MCI and

dementia in Hispanics/Latinos living in the United States. Moreover,

studies are needed to determine the neural and biomarker correlates

of SCD in this population to characterize its possible role as amarker of

pre-clinical AD.

ACKNOWLEDGMENTS

We would like to thank our study participants who volunteer their

time an effort to advance scientific knowledge. Research reported in

this publication was supported by National Institutes of Health grants

K23AG049906 to Dr. Zlatar. The SOL-INCA, including Drs. González,

Tarraf, Marquine, Vásquez, and Zlatar, and Mr. González received

support from the National Institute on Aging (R01AG048642). Drs.

Estrella and Vásquez were supported by the National Institute of

Heart, Lung, and Blood (75N92019D00012 and 5T32HL079891-13

respectively). The content is solely the responsibility of the authors and

does not necessarily represent the official views of the National Insti-

tutes of Health.

CONFLICTS OF INTEREST

The authors have no conflicts of interest to disclose.

REFERENCES

1. Manly JJ, TangM-X, Schupf N, Stern Y, Vonsattel J-PG,Mayeux R. Fre-

quency and course of mild cognitive impairment in a multiethnic com-

munity. Ann Neurol. 2008;63:494-506.
2. Gurland BJ, Wilder DE, Lantigua R, et al. Rates of dementia in three

ethnoracial groups. Int J Geriatr Psychiatry. 1999;14:481-493.

3. Anderson NB, Bulatao RA, Cohen B. National Research Council (US)
Panel on Race E. Ethnic Differences in Dementia and Alzheimer’s Disease.
National Academies Press (US); 2004.

4. Jessen F, Amariglio RE, van Boxtel M, et al. A conceptual framework

for research on subjective cognitive decline in preclinical Alzheimer’s

disease. Alzheimers Dement. 2014;10:844-852.
5. Amariglio RE, Becker JA, Carmasin J, et al. Subjective cognitive com-

plaints and amyloid burden in cognitively normal older individuals.

Neuropsychologia. 2012;50:2880-2886.
6. Fernandez-Blazquez MA, Avila-Villanueva M, Maestu F, Medina M.

Specific features of subjective cognitive decline predict faster conver-

sion tomild cognitive impairment. J Alzheimers Dis. 2016;52:271-281.
7. Gifford KA, Liu D, Lu Z, et al. The source of cognitive complaints pre-

dicts diagnostic conversion differentially among nondemented older

adults. Alzheimers Dement. 2014;10:319-327.
8. Molinuevo JL, Rabin LA, Amariglio R, et al. Implementation of subjec-

tive cognitive decline criteria in research studies. Alzheimers Dement.
2017;13:296-311.

9. Rabin LA, Smart CM, Amariglio RE. Subjective cognitive decline in

preclinical Alzheimer’s disease. Annu Rev Clin Psychol. 2017;13:369-
396.

10. Garcia-Ptacek S, Eriksdotter M, Jelic V, Porta-Etessam J, Kåre-

holt I, Manzano Palomo S. Subjective cognitive impairment: towards

early identification of Alzheimer disease. Neurología (English Edition).
2016;31:562-571.

11. Moreno-Grau S, Rodríguez-Gómez O, Sanabria Á, et al. Exploring

APOE genotype effects on Alzheimer’s disease risk and amyloid β bur-
den in individuals with subjective cognitive decline: the FundacioACE

Healthy Brain Initiative (FACEHBI) study baseline results. Alzheimers
Dement. 2018;14:634-643.

12. Vannini P, Hanseeuw B, Munro CE, et al. Hippocampal

hypometabolism in older adults with memory complaints and

increased amyloid burden.Neurology. 2017;88:1759-1767.
13. Vogel JW, Varga Doležalová M, La Joie R, et al. Subjective cogni-

tive decline and β-amyloid burden predict cognitive change in healthy

elderly.Neurology. 2017;89:2002-2009.
14. Reisberg B, Shulman MB, Torossian C, Leng L, Zhu W. Outcome over

seven years of healthy adults with and without subjective cognitive

impairment. Alzheimers Dement. 2010;6:11-24.
15. Slot RER, Sikkes SAM, Berkhof J, et al. Subjective cognitive decline

and rates of incident Alzheimer’s disease and non–Alzheimer’s disease

dementia. Alzheimers Dement. 2019;15:465-476.
16. Miebach L, Wolfsgruber S, Polcher A, et al. Which features of subjec-

tive cognitive decline are related to amyloid pathology? Findings from

theDELCODE study. Alzheimers Res Ther. 2019;11:66.
17. Farias ST, Mungas D, Hinton L, Haan M. Demographic, neuropsy-

chological, and functional predictors of rate of longitudinal cognitive

decline in hispanic older adults. Am J Geriatr Psychiatry. 2011;19:440-
450.

18. Matthews KA, XuW, Gaglioti AH, et al. Racial and ethnic estimates of

Alzheimer’s disease and related dementias in theUnited States (2015-

2060) in adults aged≥65 years. Alzheimers Dement. 2019;15:17-24.
19. Mayeda ER, GlymourMM,Quesenberry CP,Whitmer RA. Inequalities

in dementia incidence between six racial and ethnic groups over 14

years. Alzheimers Dement. 2016;12:216-224.
20. Harwood D, Barker W, Ownby R, Duara R. Memory complaints in

the elderly: a comparative analysis of informant and subject reports

amongHispanics andWhite non-Hispanics. Clin Gerontol. 1998;18:56-
60.

21. Babulal GM, Quiroz YT, Albensi BC, et al. Perspectives on ethnic and

racial disparities in Alzheimer’s disease and related dementias: update

and areas of immediate need. Alzheimers Dement. 2019;15:292-312.
22. Zlatar ZZ, Muniz MC, Espinoza SG, et al. Subjective cognitive decline,

objective cognition, and depression in older hispanics screened for

memory impairment. J Alzheimers Dis. 2018;63:949-956.



52 ZLATAR ET AL.

23. Hall JR, Wiechmann A, Johnson LA, Edwards M, O’Bryant SE. Charac-

teristics of cognitively normalMexican-Americanswith cognitive com-

plaints. J Alzheimer Dis. 2018;61:1485-1492.
24. Zlatar ZZ, Moore RC, Palmer BW, ThompsonWK, Jeste DV. Cognitive

complaints correlatewithdepression rather than concurrent objective

cognitive impairment in the successful aging evaluation baseline sam-

ple. J Geriatr Psychiatry Neurol. 2014;10:10.
25. Zlatar ZZ, Muniz M, Galasko D, Salmon DP. Subjective cognitive

decline correlates with depression symptoms and not with concurrent

objective cognition in a clinic-based sample of older adults. J Gerontol
B Psychol Sci Soc Sci. 2018;73:1198-1202.

26. Balash Y, Mordechovich M, Shabtai H, Giladi N, Gurevich T, Korczyn

AD. Subjective memory complaints in elders: depression, anxiety, or

cognitive decline? Acta Neurol Scand. 2013;127:344-350.
27. González HM, Tarraf W, Fornage M, et al. A research framework

for cognitive aging and Alzheimer’s disease among diverse US Lati-

nos: design and implementation of the hispanic community health

study/study of latinos—investigation of neurocognitive aging (SOL-

INCA). Alzheimers Dement. 2019;15:1624-1632.
28. Sorlie PD, Avilés-Santa LM, Wassertheil-Smoller S, et al. Design and

implementation of the Hispanic community health study/study of lati-

nos. Ann Epidemiol. 2010;20:629-641.
29. LaVange LM, Kalsbeek W, Sorlie PD, et al. Sample design and cohort

selection in the hispanic community health study/study of latinos. Ann
Epidemiol. 2010;20:642-649.

30. Farias ST, Mungas D, Reed BR, et al. The measurement of every-

day cognition (ECog): scale development and psychometric properties.

Neuropsychology. 2008;22:531-544.
31. Farias ST, Mungas D, Harvey DJ, Simmons A, Reed BR, DeCarli C. The

measurement of everyday cognition (ECog): development and valida-

tion of a short form. Alzheimers Dement. 2011;7:593-601.
32. Farias ST, Lau K, Harvey D, Denny KG, Barba C, Mefford AN. Early

functional limitations in cognitively normal older adults predict diag-

nostic conversion to mild cognitive impairment. J Am Geriatr Soc.
2017;65:1152-1158.

33. Edmonds EC, Weigand AJ, Thomas KR, et al. Increasing inaccuracy

of self-reported subjective cognitive complaints over 24 months in

empirically derived subtypes of mild cognitive impairment. J Int Neu-
ropsychol Soc. 2018;24:842-853.

34. Edmonds EC, Delano-Wood L, Galasko DR, Salmon DP, Bondi MW.

Subjective cognitive complaints contribute to misdiagnosis of mild

cognitive impairment. J Int Neuropsychol Soc. 2014;20:836-847.
35. Gifford KA, Bell SP, Liu D, et al. Frailty is related to subjective cog-

nitive decline in older women without dementia. J Am Geriatr Soc.
2019;67:1803-1811.

36. van Harten AC, Mielke MM, Swenson-Dravis DM, et al. Subjec-

tive cognitive decline and risk of MCI: the Mayo Clinic Study

of Aging. Neurology. 2018;91:e300-12. https://doi.org/10.1212/WNL.

0000000000005863.

37. Filshtein T, Chan M, Mungas D, et al. Differential item functioning of

theeveryday cognition (ECog) scales in relation to racial/ethnic groups.

J Int Neuropsychol Soc. 2020;26:515-526.
38. Callahan CM, Unverzagt FW, Hui SL, Perkins AJ, Hendrie HC. Six-item

screener to identify cognitive impairment amongpotential subjects for

clinical research.Med Care. 2002;40:771-781.

39. Fillit H, Nash DT, Rundek T, Zuckerman A. Cardiovascular risk factors

and dementia. Am J Geriatr Pharmacother. 2008;6:100-118.
40. Zeki Al Hazzouri A, Haan MN, Neuhaus JM, et al. Cardiovascular risk

score, cognitivedecline, anddementia in olderMexicanAmericans: the

role of sex and education. J Am Heart Assoc. 2013;2:e004978. https://
doi.org/10.1161/jaha.113.004978.

41. González HM, Tarraf W, González KA, et al. Diabetes, cogni-

tive decline, and mild cognitive impairment among diverse hispan-

ics/latinos: study of latinos-investigation of neurocognitive aging

results (HCHS/SOL). 2020;43:1111-1117.

42. Tarraf W, Kaplan R, Daviglus M, et al. Cardiovascular risk and cogni-

tive function in middle-aged and older hispanics/latinos: results from

the hispanic community health study/study of latinos (HCHS/SOL). J
Alzheimers Dis. 2020;73:103-116.

43. Association AD. Diagnosis and classification of diabetes mellitus. Dia-
betes Care. 2010;33:S62-S69.

44. González P, Nuñez A, Merz E, et al. Measurement properties of the

center for epidemiologic studies depression scale (CES-D 10): findings

fromHCHS/SOL. Psychol Assess. 2017;29:372-381.
45. Spitzer RL, Kroenke K, Williams JBW, Löwe B. A brief measure for

assessing generalized anxiety disorder: the GAD-7. Arch Intern Med.
2006;166:1092-1097.

46. Jessen F, Amariglio RE, Buckley RF, et al. The characterisation of sub-

jective cognitive decline. Lancet Neurol. 2020;19:271-278.
47. Zilliox LA, Chadrasekaran K, Kwan JY, Russell JW. Diabetes and cogni-

tive impairment. Curr Diab Rep. 2016;16:87.
48. Baumgart M, Snyder HM, Carrillo MC, Fazio S, Kim H, Johns H. Sum-

mary of the evidence on modifiable risk factors for cognitive decline

and dementia: a population-based perspective. Alzheimers Dement.
2015;11:718-726.

49. Johnson LA, Gamboa A, Vintimilla R, et al. Comorbid depression and

diabetes as a risk for mild cognitive impairment and Alzheimer’s dis-

ease in elderly Mexican Americans. J Alzheimers Dis. 2015;47:129-
136.

50. DownerB,VickersBN,Al SnihS,RajiM,MarkidesKS. Effects of comor-

bid depression and diabetes on cognitive decline among olderMexican

Americans. J AmGeriatr Soc. 2016;64:109-117.

SUPPORTING INFORMATION

Additional supporting informationmay be found online in the Support-

ing Information section at the end of the article.

How to cite this article: Zlatar ZZ, TarrafW, González KA,

et al. Subjective cognitive decline and objective cognition

among diverse U.S. Hispanics/Latinos: Results from the Study

of Latinos-Investigation of Neurocognitive Aging (SOL-INCA).

Alzheimer’s Dement. 2022;18:43–52.

https://doi.org/10.1002/alz.12381

https://doi.org/10.1212/WNL.0000000000005863
https://doi.org/10.1212/WNL.0000000000005863
https://doi.org/10.1161/jaha.113.004978
https://doi.org/10.1161/jaha.113.004978
https://doi.org/10.1002/alz.12381

	Subjective cognitive decline and objective cognition among diverse U.S. Hispanics/Latinos: Results from the Study of Latinos-Investigation of Neurocognitive Aging (SOL-INCA)
	Abstract
	1 | BACKGROUND
	2 | METHODS
	2.1 | Participants
	2.2 | Subjective cognitive decline (SCD) measurement
	2.3 | Objective cognitive performance
	2.4 | Analyses
	2.4.1 | Covariates
	2.4.2 | Statistical analyses
	2.4.3 | Sensitivity analysis


	3 | RESULTS
	3.1 | Association of SCD with objective cognition in the full analytic sample
	3.2 | Sensitivity analysis

	4 | DISCUSSION
	5 | CONCLUSION
	ACKNOWLEDGMENTS
	CONFLICTS OF INTEREST
	REFERENCES
	SUPPORTING INFORMATION


