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Abstract

BACKGROUND: Subjective cognitive decline (SCD) is defined
as an individual’s perception of sustained cognitive decline
compared to their normal state while still performing within
boundaries for normal functioning. Demographic, psychosocial
and medical factors have been linked to age-related cognitive
decline, and Alzheimer’s dementia (AD). However, their
relation to risk for SCD remains unclear. This study aims to
identify demographic factors, psychosocial and cardiovascular
health associated with SCD within the Brain Health Registry
(BHR) online cohort.

METHODS: Participants aged 55+ (N=27,596) in the BHR self-
reported SCD measured using the Everyday Cognition Scale
(ECog) and medical conditions, depressive symptoms, body
mass index, quality of sleep, health, family history of AD, years
of education, race, ethnicity and gender. Multivariable linear
regression was used to examine whether SCD was associated
with demographic, psychosocial, and medical conditions.
RESULTS: We found that advanced age, depressive symptoms,
poorer sleep quality and poorer quality of health were positively
associated with more self-reported SCD in all models. No race
or ethnicity differences were found in association with SCD.
Males who reported alcohol and tobacco use or underweight
BMI had higher ECog scores compared with females.
CONCLUSION: In addition to well-established risk factors
for cognitive decline, such as age, our study consistently and
robustly identified a strong association between psychosocial
factors and self-reported cognitive decline in an online cohort.
These findings provide further evidence that psychosocial
health plays a pivotal role in comprehending the risk of SCD
and early-stage cognitive ageing. Our findings emphasise the
significance of psychosocial factors within the broader context
of cardiovascular and demographic risk factors.

Key words: Subjective cognitive decline, psychosocial, cardiovascular,
gender, race.
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Introduction

Subjective Cognitive Decline

identified decline in cognitive abilities while

still performing within normal boundaries
for neuropsychological assessments (1). Individuals
with SCD tend to score lower on neuropsychological
assessments in comparison to the general population
and have a higher incidence of future cognitive decline
(2). SCD is considered to be a preclinical manifestation
of Alzheimer’s Dementia (AD) and Mild Cognitive
Impairment (MCI) (3). A growing body of evidence shows
older adults with SCD present with more AD related
biomarkers than the general population (3). Given that
SCD and AD share risk factors, evaluating and defining
participant characteristics associated with at risk states
such as SCD are important for identifying those at risk
of cognitive decline. The (39-item) Everyday Cognition
Scale (ECog) is a widely used measure for assessing self-
reported cognitive decline and is considered reliable,
valid, and sensitive to early cognitive and functional
changes observed in conditions such as AD (4, 5).
Previous work in a demographically diverse cohort has
supported the construct validity of the domains measured
by ECog (6).

Subjective cognitive decline (SCD) refers to self-

Risk Factors for SCD

Advanced age, low educational attainment and gender
are independent risk factors for SCD (7-11). Psychosocial
factors such as self-reported quality of health, quality
of sleep, number of depressive symptoms, and gender
differences have also been associated with SCD, however,
their combined contributions are not well understood
(12-17). A report examining combined contributions by
examining eight potential modifiable risk factors (high
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blood pressure, not meeting the aerobic physical activity
guideline, obesity, diabetes, depression, current cigarette
smoking, hearing loss, and binge drinking) found that
older adults with SCD were more likely to have four or
more risk factors than those without SCD (18). However,
it is unclear whether these findings can be replicated in
a remote, online registry, deviating from conventional
cohort studies.

The health and integrity of the ageing brain are
closely related to physical health, and cerebrovascular
alterations have also long been recognised as a common
comorbidity of abnormal cognitive decline in ageing (19—
24). Studies in cardiovascular disease epidemiology have
highlighted the role of demographic factors like education
in the development of conditions and risk factors,
such as high BMI, smoking, and high blood pressure
(25, 26) illustrating the need to consider demographic
context in cardiovascular health. Relationships among
demographic, psychosocial and medical factors are
complex (27), and it is important to consider that risk
factors can vary significantly among different ageing
racial and ethnic groups. For example, education levels
and health condition prevalence exhibit variation among
ethnocultural groups and socioeconomic positions (11).
Gupta (2021) found that disparities exist in education,
income, healthcare access and chronic conditions among
Black and Hispanic individuals with SCD compared with
those without SCD. Wooten et al. (2023), studying North
Americans, found the highest prevalence of SCD among
American Indian or Alaska Native adults (16.7%) with
prevalence declining with increasing formal educational
attainment. Similarly, psychological stressors have been
shown to be unequally distributed across different racial
and ethnic groups (12). Ferraro et al., (2023) found that
the prognostic validity for subjective memory decline
differs amongst race and ethnicity groups. Robinson
et al., (2023) similarly found stronger associations of
psychological factors with SCD among non-Hispanic
Black and Hispanic White groups (28). Therefore, it is
notable that many SCD studies neglect to consider race
and ethnicity in their analyses or discussions. Race and
ethnicity have not been examined as extensively as other
demographics in the context of SCD, nor in relation to
such demographics.

Similarly, existing literature also strongly supports
the significant influence of sex and gender in disease
pathologies and mechanisms. Sex differences have been
observed in the incidence, prevalence, age of onset,
clinical presentation, diagnostic criteria, and disease
severity of many conditions (13, 29-34), with evidence
that SCD measures may be a stronger predictor of
incident dementia for women than for men (31). Women
demonstrate a lower incidence of cardiovascular disease,
including stroke, before menopause, followed by higher
incidence rates later in life surpassing those of men (13,
34-36). Despite gender differences in risk factors affecting
cognitive health, the investigation of potential variations

DEMOGRAPHIC FACTORS AND HEALTH IN SCD

in the presentation of SCD based on gender remains an
understudied area in research.

Brain Health Registry

The Brain Health Registry (BHR) is a University of
California, San Francisco (UCSF) research study, online
website and registry for recruitment, assessment, and
longitudinal monitoring of cognition, function, and health
in adult volunteers (37-39). BHR was established in 2014
with approval by the UCSF Institutional Review Board
and has over 90,000 participants, who contribute through
self-report questionnaires and cognitive assessments
every six months. Inclusion criteria for enrolment
require participants to be aged 18 or over. Unsupervised
online self-report questionnaires include demographic
information, an online adaptation of the self-report ECog,
health-related questions, medical history, depressive
symptoms, memory complaints, and family history of AD
(34, 35).

Study Rationale and Hypothesis

This study’s primary objective is to identify AD risk
factors associated with self-reported SCD in older adults
enrolled in a longitudinal, remote, digital research study.
It seeks to replicate and expand upon previous findings
by examining multiple risk factors simultaneously,
considering gender-specific associations within
cardiovascular health, and incorporating consideration
of race and ethnicity. Based on past findings of SCD and
AD risk factors, we hypothesise that (1) ECog scores
differ between different groups by race and by ethnicity;
(2) poorer psychosocial health, cardiovascular medical
conditions, and risk factors for cardiovascular conditions
are associated with greater SCD; (3) associations between
cardiovascular conditions and ECog differ between
males and females. By examining these hypotheses, we
aim to refine the characterisation of SCD populations
and provide insights into cognitive ageing at its earliest
stages, which can provide evidence on the significance or
relevance of several understudied characteristics and risk
factors.

Methods

Study Sample

The Brain Health Registry began enrolment in 2014
and is an ongoing longitudinal cohort study at the
University of California, San Francisco. For this analysis,
BHR participants were excluded if they self-reported
AD, Dementia, Frontotemporal Dementia, Lewy Body
Dementia, MCI, Multiple Sclerosis, or traumatic brain
injury (N=2,038). Participants aged 55+ (N= 27,596) in the
BHR cohort self-reported SCD (ECog), medical history,
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and demographic factors. Individuals with incomplete
data were excluded. Supplementary Table 3. Shows a
comparison of BHR participants who were excluded
(n=62,633) vs included (n=27,596) in this study.

Everyday Cognition Scale

BHR participants completed an online adaptation
of the Everyday Cognition Scale (ECog), a 39-question
assessment measuring the self-reported functional
change in capability to perform everyday tasks (5). The
ECog asks whether independence in activities of daily
living across six cognitive domains (memory, language,
visuospatial abilities, planning, organisation and divided
attention) have changed. The ECog questionnaire scale
ranges from 1 to 4 on a Likert scale, ranging from “better
or no change” to “consistently much worse”. Scores for
each participant were calculated by taking the mean of
ECog questions answered. Higher ECog scores indicate
greater self-reported cognitive decline.

Demographic Variables

Gender, years of education, ethnicity, race, quality
of sleep, quality of health, family history of AD and
weight/height for BMI calculation was self-reported
by participants. Gender is included as 0 for males and
1 for females. Education is reported in years and can
range from 6 years corresponding to the completion
of elementary school to 20 years for a doctoral or
professional degree.

Participants were asked to self-report ethnicity as
“Latino”, “Not Latino” or “Decline to State” where those
who declined to state were included as having a missing
value. Participants were asked to self-report race; race
category options included “African American/Black”,
“Asian”, “White”, “Native American”, “Pacific Islander”,
“Other” or “Decline to State”. Individuals who selected
more than one race (N=1,272) were grouped as “More
than one race identity”. Those who declined to state were
included as having missing values. Race categories were
then coded as a multilevel categorical variable where
white was set as the reference value.

Family history of AD was self-reported as 0=no or
1=yes.

Psychosocial Variables

Depressive symptoms were measured using the
Geriatric Depression Scale (GDS) (42, 43) where the score
was the sum of 14 yes or no questions that evaluate the
presence of depressive symptoms (43). One question was
excluded from GDS score calculation, “Do you feel you
have more problems with memory than most?”, as this
question may be confounded with SCD. Higher scores
indicate worse depressive symptom severity.

Quality of Sleep and Quality of health were
dichotomised into 0 = bad, 1 = good from the
questionnaires original scale where self-reported options
were 0 = very good, 1 = fairly good, 3 = fairly bad, 4 =
very bad.

Cardiovascular Conditions and Risk Factors

BHR participants completed a self-report questionnaire
on their medical history. They were asked to indicate
whether they currently have or have had certain
conditions. «The conditions included heart disease, high
blood pressure, high cholesterol and diabetes». Responses
to these questions were coded as binary variables
(0=no, 1=yes). Heart disease, high blood pressure, high
cholesterol, and diabetes were considered cardiovascular
(CVD) related conditions.

Participants were also asked about past or current
smoking and separately about alcohol use, coded as
binary variables (0=no or l=yes indicating past or
current smoking or alcohol use) which were considered
as risk factors for cardiovascular health. Overweight
and obese BMI were also considered as risk factors for
cardiovascular health. BMI calculations derived from
self-reported height and weight to categorise individuals
into four groups: underweight BMI (<18.5), normal BMI
(18.5-24), overweight BMI (25-29), and obese BMI (>30).
Each combination of height and weight was assigned to
one of four predefined categories. For combinations close
to category boundaries, a conservative approach was
employed, categorising them toward the “normal” BMI
range.

We addressed potential issues of multicollinearity
between cardiovascular predictors by calculating
generalized variance inflation factors associated with
these variables, and found no significant indication of
multicollinearity induced variance inflation (GViF < 1.64)
that warranted excluding any predictor variables.

Statistical Analyses

The primary objective of the statistical analyses
was to identify associations between ECog scores and
demographic, psychosocial and cardiovascular risk
factors, as well as gender interactions for cardiovascular
health. We employed welch two-sample t-tests and chi-
Squared tests to examine gender-specific variations
among predictor variables, enabling the identification
of gender differences in risk factors which may not be
evident in aggregated analyses. These results are included
in the descriptives table.

ECog was treated as an outcome variable in a series
of linear regression models. The first model (Model 1)
examined demographic and psychosocial associations
with ECog score. This included age, gender, years of
education, race, ethnicity, GDS Score, quality of health
and quality of sleep as independent variables. A
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Table 1. Descriptive Statistics and Gender Differences in Study Variables

Variable
Total N
Age (years)
Mean, SD
Min — Max
Years of Education
Mean, SD
Min — Max
ECog score
Mean, SD
Min — Max
African American
N, % total
Asian
N, % total
White
N, % total
Latino
N, % total
Native American
N, % total
Pacific Islander
N, % total
More than one race
N, % total
Family history of AD
N, % total
GDS score
Mean, SD
Min - Max
Quality of Health
N, % total good health
Quality of Sleep
N, % total good sleep
Alcohol or tobacco use
N, % total
BMI
underweight %, normal %, overweight %
High blood pressure
N, % total
High cholesterol
N, % total
Diabetes
N, % total
Heart disease
N, % total

Male
6,600 (24%)

71.33 (8.28)
55-92

16.78 (2.36)
12 -20

1.44 (0.49)
1-4

109 (1.7%)

221 (3.4%)

5,802 (87.7%)

580 (8.8%)

135 (2.1%)

25 (0.4%)

182 (2.8%)

1,965 (30%)

2.83(3.16)
0-12

4,729 (72%)

2,897 (44%)

552 (8.4%)

0.4%, 19%, 80%

2,169 (33%)

374 (5.7%)

525 (8%)

707 (11%)

Female
20,996 (76%)

68.71 (7.77)
55 -91

16.12 (2.32)
12 -20

1.44 (0.47)
1-4

583 (2.8%)

557 (2.7%)

18,240 (87%)

2,995 (14%)

579 (2.8%)

77 (0.4%)

539 (2.6%)

7,053 (33.5%)

3.25(3.31)
0-14

14,719 (70%)

8,079 (39%)

970 (4.6%)

0.7%, 44%, 55%

5,011 (24%)

904 (4.3%)

1,309 (6.2%)

879 (4.2%)

Total
27,596

69.36, 7.98 t

16.27 (2.35) t

1.44 (0.47)

692 (2.5%) *

778 (2.8%) *

24,078 (87%)

3,581 (13%) *

719 (2.6%) *

104 (0.4%)

721 (2.6%)

9,032 (33%)

3.15 (3.30) t

19,448 (70.5%)

10,976 (40%) *

1,522 (5.5%)

0.6%, 39%, 60%

7,180 (26%) *

1,278 (4.6%) *

1,840 (6.6%) *

1,586 (5.6%) *

Note. t = Welch two sample t-test p <0.001 different to male, * = Chi Squared p<0.01 different to male.
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Table 2. Associations of ECog Score with Demographic and Psychosocial Predictors

Effect Size ECog
Unstandardised Regression Coefficient 95% Confidence Interval P-Value

Age (years) 0.002 0.003 0.002, 0.004 <0.001
Gender (0=male) -0.001 -0.03 -0.04, -0.01 0.009
Years of education -0.02 -0.001 -0.003, 0.004 0.85
Race (ref = White)

African American 0.08 -0.06 -0.13, 0.008 0.08

Asian 0.04 -0.01, 0.10 0.12

Native American 0.08 -0.09, 0.25 0.37

Pacific Islander -0.09 -0.45, 0.25 0.60
More than one race 0.05 -0.06, 0.17 0.66
Ethnicity

Latino 0.12 0.02 -0.04, 0.08 0.55
Family history of AD 0.49 0.01 -0.004, 0.03 0.13
GDS score 0.06 0.06 0.05, 0.06 <0.001
Health (0=bad, 1=good) -0.42 -0.19 -0.22,-0.17 <0.001
Quality of Sleep (0=bad, 1=good) -0.18 -0.06 -0.08, -0.04 <0.001

Note. Effect size for continuous and binary variables is Cohen’s D. Effect size for multilevel categorical variables, race and BMI is Cohen’s 2 (1)2). R?=0.19.

linear regression model including demographic only
associations with ECog without psychosocial variables
can be referenced in supplementary Table 2.

The second model (model 2) expanded upon the first
model by incorporating self-reported cardiovascular
conditions and risk factors including BMI, high blood
pressure, high cholesterol, heart disease and diabetes and
alcohol use or tobacco use. The final third model (model
3) included gender interactions for the cardiovascular
health variables. The results are reported as effect sizes,
unstandardised regression coefficients, 95% confidence
intervals, and p-values.

Effect sizes for continuous, numeric or binary variables
are in Cohen’s D. Effect sizes for multilevel categorical
variables, race and BM]I, are reported as Cohen’s f2 (1?).
Cohen’s D and Cohen’s f2 (n?) have not been adjusted
for any other covariates or predictors in the model. Both
effect sizes used in this paper provide a measure of the
strength of association between the dependent variable
and ECog alone, without considering other factors in the
model. All p-values correspond to regression coefficients.
R? values are reported for each model to observe whether
additional categories of predictors were able to show
explanatory power.

Results

Participants

Table 1 shows descriptive statistics of the included
cohort, stratified by gender. Welch two sample t-tests

were used to examine whether there were statistically
significant differences between genders for continuous
variables, and chi-squared was used for dichotomous
variables. Males (n=6,600) had a higher mean age of 71.33
years compared with females (n=20,996) with a mean age
of 68.71 years. Males reported more years of education
(mean=16.78) than females (mean=16.12). There was no
significant difference in the mean ECog score between
males and females. The percentage of African American
individuals (total n=692) was lower among males (n=109;
1.7%) compared with females (n=583; 2.8%), similarly,
Native American identification was lower among males
(n=135; 2.1%) compared with females (n=579; 2.8%).
Females also had a higher representation of Latino
individuals (n=2,995; 14%) compared with males (n=580;
8.8%). There were a higher percentage of Asian males
(n=221; 3.4%) compared with females (n=557; 2.7%).

Females had higher GDS scores, indicating more
depressive symptoms. Self-reported good quality of sleep
was higher in males (44% good sleep) compared with
females (39% good sleep). No differences were found in
alcohol and tobacco use between males and females. The
distribution of BMI categories differed between males
and females. Among males, 19% fell into the normal
BMI range and 80% were classified as overweight.
Among females, 44% had a normal BMI and 55% were
classified as overweight. The prevalence of high blood
pressure, high cholesterol, diabetes and heart disease was
higher among males compared with females (Table 1).
Univariable models for associations of each variable of
interest with ECog are in (Supplemental Table 1).
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Table 3. Associations of ECog with Demographics, Psychosocial and Cardiovascular Risk Factors

Effect Size ECog
Unstandardised Regression Coefficient ~ 95% Confidence Interval P-Value

Age (years) 0.002 0.003 0.001, 0.004 <0.001
Gender (0=male) -0.001 -0.01 -0.03, 0.006 0.20
Years of education -0.02 0.001 -0.002, -0.005 0.51
Race

African American 0.08 -0.06 -0.13, 0.01 0.11

Asian 0.05 -0.004, 0.11 0.06

Native American 0.08 -0.1,0.25 0.38

Pacific Islander -0.09 -0.44, 0.26 0.60
More than one race 0.04 -0.07, 0.16 0.68
Ethnicity

Latino 0.12 0.02 -0.04, 0.08 0.53
Family history of AD 0.49 0.01 -0.004, 0.03 0.14
GDS score (0 - 14) 0.06 0.05 0.05, 0.06 <0.001
Quality of Health -0.42 -0.19 -0.23,-0.17 <0.001
Quality of Sleep (0= bad, 1=good) -0.18 -0.06 -0.08, -0.04 <0.001
Alcohol or tobacco use 0.15 0.04 0.007, 0.07 0.01
Underweight BMI (comparison group normal) 0.10 0.07 -0.02, 0.17 0.15
Overweight BMI (comparison group normal) -0.02 -0.04, 0.003 0.09
Obese BMI (comparison group normal) -0.03 -0.05, -0.006 0.01
High Blood pressure 0.08 0.004 -0.01, 0.03 0.65
Cholesterol 0.16 0.04 -0.03, 0.11 0.21
Diabetes -0.15 -0.03 -0.07, 0.04 0.37
Heart disease 0.10 0.03 -0.02, 0.06 0.05

Note. Effect size for continuous and binary variables is Cohen'’s D. Effect size for multilevel categorical variables, race and BMI is Cohen’s 2 (12). R*=0.19.

Associations of ECog Score with Demographic
and Psychosocial Variables (Table 2)

Table 2 presents model 1: the results of the first
multivariable linear regression model to assess
associations with SCD and demographic and
psychosocial variables. The following variables were
associated with higher self-reported SCD (ECog): higher
age (d = 0.002, p < 0.001), male gender (d = -0.001, p =
0.009), higher GDS score (d = 0.06, p < 0.001), poorer
quality of health (d = -0.42, p<0.001) and poorer sleep
quality (d =-0.18, p < 0.001). No associations were found
between race or ethnicity and ECog scores. R* = 0.19.

Contributions of Cardiovascular Risk Factors
and Medical Conditions (Table 3)

Introducing cardiovascular risk factors and related
medical conditions in model 2 (Table 3) in addition
to demographic and psychosocial factors showed
associations remained statistically significantly associated
for higher ECog and advancing age (p<0.001), higher
GDS (p<0.001), poorer self-reported health (p<0.001) and

poorer self-reported sleep quality (p<0.001). Higher ECog
score was additionally associated with use of alcohol and
tobacco (d = 0.15, p=0.01). Obese BMI was negatively
associated with ECog scores when compared with normal
BMI (unstandardised regression coefficient = -0.03, p
= 0.01). No associations were found between race or
ethnicity and ECog scores. The R? value presented in
model 2 including cardiovascular conditions and risk
factors (Table 3) showed no change from the previous
model in (Table 2) (R? = 0.19).

Effects of Gender Interactions with
Cardiovascular Risk Factors and Conditions

Model 3 (Table 4) introduces gender interactions with
cardiovascular risk factors and conditions. In this model
higher ECog score was associated with advancing age,
GDS Score, poorer self-reported quality of health, poorer
sleep quality and underweight BMI (unstandardised
regression coefficient = 0.32, p = 0.02).

While the associations between higher Ecog and high
blood pressure, high cholesterol and heart disease were
more pronounced in females, there were no significant
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Table 4. Gender Interactions with Cardiovascular Predictors of ECog Score

Effect Size ECog and gender interactions
Unstandardised Regression Coefficient 95% Confidence Interval P-Value

Age (years) 0.002 0.002 0.001, 0.004 <0.001
Gender (0=male) -0.001 -0.03 -0.07, 0.003 0.07
Years of Education -0.02 0.001 -0.002, 0.05 0.51
Race

African American 0.08 -0.06 -0.13, 0.01 0.10

Asian 0.05 -0.005, 0.11 0.07

Native American 0.08 -0.09, 0.25 0.39

Pacific Islander -0.09 -0.45, 0.26 0.59
More than one race 0.04 -0.09, 0.18 0.67
Ethnicity

Latino 0.12 0.02 -0.04, 0.07 0.56
Family history of AD 0.49 0.0 -0.004, 0.03 0.13
GDS Score (0 - 14) 0.06 0.05 0.05, 0.06 <0.001
Quality of Health -0.42 -0.20 -0.23,-0.17 <0.001
Sleep quality (0= bad, 1=good) -0.18 -0.06 -0.08, -0.04 <0.001
Alcohol or tobacco use 0.15 0.01 -0.06, 0.04 0.76
Underweight BMI (comparison group normal) 0.10 0.32 0.06, 0.59 0.02
Overweight BMI (comparison group normal) -0.03 -0.07,0.01 0.11
Obese BMI (comparison group normal) -0.02 -0.06, 0.02 0.35
High Blood Pressure 0.08 -0.01 -0.06, 0.18 0.50
Cholesterol 0.16 0.06 -0.06, 0.17 0.36
Diabetes -0.15 -0.04 -0.14, 0.07 0.50
Heart Disease 0.10 0.22 -0.02, 0.07 0.33
Alcohol or tobacco use * Gender 0.07 0.08 0.01, 0.15 0.02
Underweight BMI * Gender -0.29 -0.57,-0.01 0.04
Overweight BMI * Gender 0.02 -0.02, 0.06 0.34
Obese BMI * Gender -0.01 -0.06, 0.04 0.67
High Blood Pressure * Gender 0.02 -0.02, 0.06 0.27
Cholesterol * Gender -0.03 -0.02 -0.16, 0.13 0.82
Diabetes * Gender 0.02 0.01 -0.11, 0.14 0.84
Heart Disease * Gender 0.05 0.02 -0.04, 0.08 0.51

Note. Effect size for continuous and binary variables is Cohen’s D. Effect size for multilevel categorical variables, race and BMI is Cohen’s {2 (1?).

interactions between these medical conditions and gender
(Table 4). However, a statistically significant interaction
by gender was observed between use of alcohol or
tobacco (d = -0.07, p=0.28) and underweight BMI and
gender (unstandardised regression coefficient = -0.29,
p = 0.04). Specifically, males who reported alcohol and
tobacco use or underweight BMI had higher Ecog scores
compared with females.

Discussion
Main Findings

Contrary to our hypotheses, when comparing race
groups with the reference group (self-identify only as
white), our analysis revealed no significant associations
between SCD and self-identified race or with ethnicity.
We found, as hypothesised, that presence of risk factors
for poorer psychosocial health such as bad sleep
quality, depressive symptoms and bad self-reported
quality of health were associated with greater SCD
(higher ECog scores). However, risk factors for poorer
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cardiovascular health such as high BMI and presence
of medical conditions such as high blood pressure,
high cholesterol, diabetes and heart disease were not
associated with higher ECog scores. Alcohol and tobacco
use was consistently associated with greater SCD. Finally,
we found when examining gender interactions for
cardiovascular conditions and risk factors that higher
SCD levels were associated with alcohol and tobacco
use in males but not in females and underweight BMI
was also associated with higher SCD in males but not
in females. In line with existing literature, our study
demonstrated that older adults experiencing SCD
were more likely to have an increased number of risk
factors including depressive symptoms, lower quality
of health, lower quality of sleep and alcohol or tobacco
use. Importantly, our findings replicate previous findings
within a remote cohort, supporting the robustness of the
observed associations.

Older individuals and males exhibited higher ECog
scores, indicating more self-reported decline. Age is
a well-documented risk factor for declining cognitive
health and this finding is in line with existing literature,
however, the finding of higher ECog scores in male
gender is noteworthy considering previous studies
indicate a higher prevalence of SCD in women (16, 44).
Higher prevalence of SCD in women has been attributed
to biological factors such as menopause-related cognitive
impairment influenced by estrogen-regulated systems
like sleep, circadian rhythms, or within specific cognitive
domains (45). This finding in our study may differ from
past findings due to an unbalanced representation of men
and women in the BHR cohort which raises the possibility
that men with concerns may be more likely to join the
BHR.

Race and Ethnicity Associations with SCD

We found no associations of self-reported race or
ethnicity identity with ECog scores in this study contrary
to our hypotheses that differences in SCD between
different racial or ethnic groups will be observed.
Previous studies have identified depression and anxiety
as predictors of SCD differences in Black and Hispanic
groups (28). Our study did not identify variations in level
of SCD among ethnoracial groups, nor did we reveal
stronger associations of risk factors with SCD for African
American, Asian, Native American or Pacific Islander
self-report groups compared to self-reported white. It
is essential to emphasise that the absence of discernible
differences may be a consequence of methodological
limitations, particularly in our use of a white reference
group. The practice of using data from white individuals
as a benchmark or control group, which assumes cultural
equivalence, has faced criticism in recent years as
selecting a culturally dominant group as the reference can
subtly reinforce the notion that dominant groups are the
most “normal”. Recommendations include using theory
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to inform hypotheses of differences, including mediators
to explain group differences, and using mixed methods to
reveal heterogeneity within groups.

Psychosocial Associations with SCD

Depressive symptoms were consistently associated
with higher ECog scores within all models, corroborating
existing literature (46, 47). Subjective reports of lower
sleep quality and quality of health were also found to
be associated with higher ECog scores. These findings
highlight the importance of sleep, quality of health and
depressive symptoms as modifiable risk factors in the
experience of SCD, independently of some medical
conditions and demographic factors. Although these
findings agree with previous research, it is known
that sleep disturbance is a symptom of depression (14)
and subjective ratings of cognitive symptoms are also
a symptom of depression (17). There is a potentially
complex interplay among these emotional and social
dimensions in the experience and reporting of cognitive
decline. To gain a deeper understanding of the true
risk factors, it may be valuable to explore temporal
associations between these psychosocial and cognitive
symptoms.

Cardiovascular Health Associations with Ecog

The associations between age, gender, depressive
symptoms, sleep, and quality of health with ECog
remained consistent even after accounting for medical
conditions, indicating associations that may not mediated
by the self-reported cardiovascular risk factors and
conditions included in this study.

Alcohol and tobacco use were consistently associated
with higher self-reported decline, particularly for
males. Studies examining gender differences in alcohol
or tobacco consumption have reported that rates of
alcohol use disorder have been greater in men when
compared to women, however, this gap is closing (48).
It is possible that the current ageing population may
present with consequences of alcohol use that reflect
historic differences in the prevalence and amount of
alcohol consumption between males and females i.e., men
may present with higher rates of alcohol related problems
compared with women.

Similarly, underweight BMI was associated with
higher ECog scores in males when examining gender
interactions. BMI has been strongly associated with
cardiovascular risk factors such as decreased glucose
tolerance, reduced insulin sensitivity and adverse lipid
profiles (49-52). However, it is worth noting that BMI
is considered an imperfect measure of health, criticised
for its inaccuracy when used without considering waist-
hip ratio and as a proxy for adiposity (49, 51, 53). This
is particularly relevant for older adults, as changes in
body composition with ageing can result in a lower
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BMI despite a higher proportion of body fat (54, 55).
One study examining adiposity and cognitive decline
in an elderly population found that higher adiposity
was associated with better cognitive performance with
similar results when excluding those with cardiovascular
conditions, and when using waist circumference, BMI
and fat-free mass as predictors (56). Higher adiposity may
be protective for cognition in older adults, supported by
evidence that weight loss can precede dementia diagnosis
(56). This observation raises questions about the complex
interplay between body composition, cognitive health,
and the aging process.

Lastly, no significant associations were found for high
blood pressure, diabetes, or high cholesterol. However,
it is important to note that the cohort examined in
this study is healthier than the general population on
average in a number of ways. Notably, the prevalence
of diabetes affects 11% of the US population (57), while
only 6.6% of our study sample reported this condition.
Similarly, hypertension is found in 48% of the US
population (58), compared to 26% in our sample, and
high cholesterol affects 10% of the US population (59),
but only 4.6% of our study participants. Heart disease
is slightly more prevalent in our study (5.6%) than in
the general population60 (5%). Null findings regarding
cardiovascular health markers could additionally be
attributed to selection bias stemming from participants’
self-selection tendencies towards a healthier-than-average
and health-conscious population, often referred to as the
worried well.

Limitations

Study limitations include a lack of balance between
male and female groups, relatively small sample sizes
for some sub-groups (e.g., n=104 for Pacific Islander
identification, n=692 for African American identification),
reliance on self-reported data instead of clinically-
confirmed measures, and a substantial amount of
unexplained variance, suggesting other factors beyond
the included variables that contribute to SCD. 81%
unaccounted variance suggests other factors, such as
genetic, environmental, or psychosocial factors, or
their complex interactions were not captured in the
cross-sectional modelling approach. Further research
incorporating a more comprehensive inclusion of
predictors is needed to understand the complex interplay
of factors contributing to SCD. It is worth emphasising
when scrutinising remotely collected, self-reported
data concerning demographic and psychosocial factors
associated with cognitive health, encountering small
coefficients and limited levels of explained variance is
expected, and 19% of variance explained in context may
still be informative, particularly as large sample size
allows for power to distinguish small effects from noise.
Additionally, as ECog can be a nonlinear metric, small
movements in ECog response may still be indicative of
meaningful differences in SCD self-assessment.

Although using education as a metric to indicate
socioeconomic status may offer insights into various
cognitive and lifestyle factors, it may not fully capture
the nuanced and multifaceted nature of socioeconomic
disparities. For example, individuals with similar
educational backgrounds can experience significant
variations in income, wealth, and living conditions.
Additionally, using education as a sole indicator may
overlook other key elements that contribute to SES,
such as occupation, employment status, and family
wealth. This oversimplification can mask important
distinctions, leading to an incomplete understanding of
the socioeconomic factors influencing health outcomes.
Additionally, temporal changes cannot be considered
when using education as a proxy for SES as economic
and social dynamics evolve over time, and relying on
education as a fixed metric may not accurately reflect an
individual’s socioeconomic conditions as an older adult.

The lack of representation of historically under-
included ethnocultural groups is a significant limitation
that restricts generalisability and increases the risk of
type 2 errors. Additionally, current approaches to
reporting race and ethnicity tend to overlook nuances
and differences based on geographic origins, cultural
norms, language, as well as other historical factors
with the consideration in study design that race and
ethnicity are socially constructed classifications 61. To
fill gaps in our understanding of the role of race and
ethnicity in cognitive health, a more nuanced approach is
needed, capturing the complexities of race and ethnicity
as social determinants of health. With the growing
success of remote studies, there is an opportunity for
remote cohorts to be representative of the population,
and include more underrepresented individuals. The
BHR has explored recruitment strategies for online
studies as an avenue towards a more diverse participant
pool (38, 39). The registry has implemented features to
increase enrolment of underrepresented populations,
which have resulted in the enrolment of 7,013 individuals
from underrepresented ethnocultural populations. This
online approach may alter the composition of the study
population compared with in person studies by limiting
participation through selection bias as online research
studies tend to demonstrate biases towards individuals
with digital devices, internet access, and digital literacy.
However, this approach increases research participation
and accessibility for individuals encountering challenges
in participating in in-person studies due to geographical
constraints, time limitations and social anxiety.

Additionally, although participants were excluded
if they self-reported AD, Dementia, Frontotemporal
Dementia, Lewy Body Dementia, MCI, Multiple
Sclerosis, or traumatic brain injury, we cannot rule out the
possibility that our sample includes cognitively impaired
participants. Lack of information on MCI status may have
inadvertently led to the inclusion of cognitively impaired
individuals as unimpaired. Depending solely on self-
reported dementia may also be particularly problematic
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for individuals with impaired awareness, and reliance on
this information may compromise the reliability of other
self-reported data.

Conclusion

This study identified demographic, psychosocial,
and cardiovascular conditions associated with SCD
in the BHR, a large, remote cohort of older adults. We
demonstrated that age, quality of health, quality of sleep
and alcohol or tobacco use were robustly associated
with experience of cognitive decline. Additionally, this
study demonstrated the value of remotely collected self-
reported metrics in understanding demographic and
health risk associations.
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