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ABSTRACT

Introduction The lack of definitive means to prevent or
treat cognitive impairment or dementia is driving intense
efforts to identify causal mechanisms. Recent evidence
suggests clinically meaningful declines in cognition

might present as early as middle age. Studying cognitive
changes in middle adulthood could elucidate modifiable
factors affecting later cognitive and health outcomes, yet
few cognitive ageing studies include this age group. The
purpose of the MidCog study is to begin investigations

of less-studied and potentially modifiable midlife
determinants of later life cognitive outcomes.

Methods and analysis MidCog is a prospective

cohort study of adults ages 35—64, with two in-person
interviews 2.5 years apart. Data will be collected from
interviews, electronic health records and pharmacy fill
data. Measurements will include health literacy, self-
management skills, cognitive function, lifestyle and health
behaviours, healthcare use, health status and chronic
disease outcomes. Associations of health literacy and self-
management skills with health behaviours and cognitive/
health outcomes will be examined in a series of regression
models, and moderating effects of modifiable psychosocial
factors.

Finally, MidCog data will be linked to an ongoing,

parallel cohort study of older adults recruited at ages
55-74 in 2008 (‘LitCog’; ages 70-90 in 2023), to

explore associations between age, health literacy, self-
management skills, chronic diseases, health status and
cognitive function among adults ages 35-90.

Ethics and dissemination The Institutional Review Board
at Northwestern University has approved the MidCog study
protocol (STU00214736). Results will be published in peer-
reviewed journals and summaries will be provided to the
funders of the study as well as patients.

INTRODUCTION
The world is rapidly ageing. In 2019, there
were 703 million adults aged 65 and older,
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= The MidCog will be the first longitudinal cohort
study to investigate how health literacy and self-
management skills, across the adult life course,
evolve and influence—and, in turn, are influenced
by—cognitive and health outcomes in middle and
older age.

= Linked to a parallel, ongoing LitCog cohort of older
adults recruited in 2008 at ages 55—-74 (ages 70-90
as of 2023), MidCog will provide a novel cognitive
ageing dataset targeting midlife, with an expanse
of patient-reported, performance-based and clinical
data sources.

= With a longitudinal cohort as young as 35 at base-
line, we will be able to explore age-related associa-
tions of cognition, health literacy, self-management
skills, healthcare utilisation, health outcomes and
other understudied variables from ages 35 to 90.

= The primary limitation of this longitudinal study will
be lost to follow-up and missing data points that
may introduce attrition bias.

a number that is projected to more than
double, reaching over 1.5billion by 2050."
With an ageing population, the number
of people living with Alzheimer’s disease
and related dementia (ADRD) is estimated
to also increase from 57.4million in 2019
to 152.8million cases globally in 2050.* At
present, there are no confirmed disease-
modifying therapies for ADRD, although
aducanumab received controversial approval
in 2021 as a first antiamyloid treatment,
followed by a more recent approval of leca-
nemab.” This lack of definitive means to
prevent or treat cognitive impairment (CI)
or ADRD is driving intense efforts to unveil

BM)

Kim M, et al. BMJ Open 2023;13:6071899. doi:10.1136/bmjopen-2023-071899 1


http://bmjopen.bmj.com/
http://orcid.org/0000-0002-2720-1940
http://orcid.org/0000-0001-5104-9531
http://orcid.org/0000-0003-0169-9485
http://dx.doi.org/10.1136/bmjopen-2023-071899
http://dx.doi.org/10.1136/bmjopen-2023-071899
http://dx.doi.org/10.1136/bmjopen-2023-071899
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2023-071899&domain=pdf&date_stamp=2023-02-23

underlying mechanisms.” Recent evidence suggests clin-
ically meaningful declines in cognition might present
as early as middle age.'""' Studying cognitive changes
in middle age (ages 35-64) could elucidate modifiable
factors affecting later cognitive, health outcomes."

Many known or suspected risk factors for CI/ADRD
manifest and become prevalent in middle age, such as:
(1) chronic conditions (eg, hypertension, hyperlipi-
daemia, diabetes) that often are delayed in their detec-
tion, or inadequately managed due to poor treatment
adherence; (2) undetected or uncorrected sensory
impairments (vision, hearing); (3) entrenched lifestyle
behaviours (eg, physical inactivity, poor diet, obesity,
smoking, drug/alcohol use, poor sleep); (4) common
biological (eg, pregnancy, menopause) and psychosocial
stressors (eg, multiple caregiving roles, financial respon-
sibilities, employment, depression/anxiety).'®*® Thus,
greater attention is increasingly being paid to the impor-
tance of proper health self-management (SM) in midlife,
defined as ‘the ability of the individual, in conjunction
with family, community and healthcare professionals,
to manage symptoms, treatments, lifestyle changes, and
psychosocial, cultural, and spiritual consequences associ-
ated with a chronic illness or condition.”**

A large proportion of adults may reach middle age
lacking proficient health literacy (HL), defined as ‘the
cognitive and social skills which determine the motivation
and ability of individuals to gain access to, understand
and use information in ways which promote and main-
tain good health.”*® Research over the past three decades,
almost exclusively among older adults, has found limited
HL to be related to worse health knowledge, lower uptake
of protective health behaviours, higher engagement
in risk behaviours, poorer chronic disease outcomes,
higher hospitalisation and mortality risk.” ™ HL is modi-
fiable, by enhancing health knowledge and skills, but
also by reducing treatment burden imparted by health
systems.*”™* Promoting HL could improve SM, impart
healthier lifestyle and healthcare use, thereby reducing
one’s risk of later life impairment.

While the predominance of cognitive ageing studies
have focused on adults 60 and olde]r,43 researchers are
increasingly seeking to study health, behaviours and
cognitive function much earlier during middle age.'” The
Midlife in the United States study is a nationally repre-
sentative, longitudinal telephone survey of adults ages
42-92."" The landmark Whitehall II study conducted in
England included some cognitive testing in later phases
among adults ages 45-70."" In addition, the Coronary
Artery Risk Development in Young Adults study since
1985 follows young men and women ages 18-30 from
multiple .S sites. Also, the Dunedin Multidisciplinary
Health and Development Study in New Zealand has an
active middle age cohort recruited at birth in 1973 who
have been administered IQ) tests and supplement cogni-
tive measures at age 45."” ” Evidence from these studies
suggest that baseline cognitive differences affect health
outcomes. While studies are now emerging,'* existing

research investigating cognitive function during middle
age has mostly been limited to small or condition-specific
samples, cross-sectional analyses or cohort studies with
few follow-up periods, abbreviated cognitive tests, limited
covariates or a lack of diversity in study samples. Further-
more, midlife investigations to date have not included
objective measures of HL or SM skills, or adequately
captured other salient, modifiable factors.

A conceptual framework

We propose a conceptual model (figure 1) derived from
Paasche-Orlow and Wolf.* Associations between cogni-
tion, HL. and SM skills are likely bidirectional over the
life course. Limited HL and SM skills in middle age may
lead to unhealthy lifestyle, chronic disease and its inad-
equate management, suboptimal healthcare utilisation
and interactions, ultimately increasing one’s risk of CI
and/or more rapid declines. Biological and psychosocial
stressors common in midlife may have both direct and
indirect effects on cognitive function, the latter through
their influences on lifestyle and health behaviours. Health
activation, defined as ‘an individual’s willingness to take
on the role of managing their health and healthcare’,
has been found to independently be associated with
health behaviours and functional health status through
a separate pathway from HL and SM skills.* ™ Most of
the evidence to date from HL research is based on older
adults. The MidCog study will be the first to investigate
how HL and SM skills, across the adult life course, evolve
and influence—and, in turn, are influenced by—cogni-
tive and health outcomes in middle and older age. We
also will target other psychosocial factors in midlife that
might independently affect health status and cognitive
function in middle age, or plausibly offset the conse-
quences of limited HL and SM skills.

Study aims and hypotheses
The aims and hypotheses of this prospective study are
summarised in table 1.

METHODS AND ANALYSIS

Study design

MidCog is a prospective, observational cohort study of
middle age adults with two in-person interviews: a baseline
(T,) and 2.5-year follow-up interview (T,). MidCog has
been adapted from an ongoing cohort study (‘LitCog’;
N=900) examining HL, SM skills and cognitive function in
older adults (ages 55—74 at baseline; ages 70-90 in 2023)
since 2008, leveraging similar methods and procedures.

Performance sites

MidCog will partner with the same clinical sites as
LitCog for data collection, involving two large health-
care networks. The Northwestern Medicine Central
Region Practices (NM) includes 12 practices across
the greater Chicagoland area serving a diverse pool of
182391 patients. Access Community Health Network
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Figure 1 MidCog Conceptual Framework. In our ongoing LitCog cohort study of older adults, we hypothesised that age-

related cognitive decline and impairment among older adults will translate to similar declines in health literacy (HL) and self-
management (SM) skill, which have been associated with health knowledge and behaviours, adherence to medication regimens,
physical and mental health, chronic disease outcomes, health services use, and mortality (the right side of figure). With MidCog,
associations between cognition, HL and SM skills are likely bidirectional over the life course. Contrary to LitCog, limited HL and
SM skills in middle age may lead to unhealthy lifestyle, chronic disease and its inadequate management, suboptimal healthcare
utilisation and interactions, ultimately increasing one’s risk of cognitive impairment and dementia (the left side of figure). MidCog
study will investigate how HL and SM skills, across the adult life course, evolve and influence—and, in turn, are influenced by —
cognitive and health outcomes in middle and older age. We will also examine other psychosocial factors in midlife that might
independently affect health status and cognitive function in middle age, or plausibly offset the consequences of limited HL and

SM skills.

(ACCESS) is a Public Health Service 330-funded network
of 34 Federally Qualified Health Centres throughout the
greater Chicagoland area, serving over 183000 patients.
The patient population is all low income, with 56% being
Hispanic/Latino and 49% black.

Subject eligibility and recruitment

Individuals are eligible if they are (1) ages 35-64; (2) a
patient receiving primary care services at least once in past
18 months at one of nine participating ACCESS clinics or
at NM internal medicine practices with an upcoming visit
in the next 6 months; (3) without uncorrectable vision/
hearing impairments; (4) free of acute medical issue or
severe CI and (5) English-speaking. Additionally, to be
eligible for the follow-up interviews (T,), participants
must have completed at least the first interview at base-
line (T,) and must have been approximately 2.5 years
since baseline.

Eligible patients (by age, clinic, healthcare utilisa-
tion over past 18 months, language spoken) will be
first identified via electronic health record (EHR)
queries. Patient lists will be generated for all primary
care physicians at performance sites who will have
the opportunity, without need for justification, to
remove any patient from the list they believe would
not be appropriate for participation. With physicians’
approval, those available to participate will be mailed
a letter briefly introducing the MidCog study. It will

state that they may receive a phone call in the next 10
days to introduce the project. If they wish to partici-
pate, a brief screener (vision, hearing, health, cogni-
tion) will be performed. If eligible, an interview will
then be scheduled at the patient’s convenience. The
letter will also allow them an opportunity to ‘opt-out’
by calling a toll-free number. A research coordinator
will then delete them from the eligible patient list. A
total of 1200 patients (n=600 NM; n=600 ACCESS) will
be consecutively recruited from April 2022.

Data sources
Data will be gathered and merged from the following
sources:

Interviews

Patients complete two interviews (in-person+tele-
phone) each ata baseline (‘T,’) and 2.5-year follow-up
(‘Ty"). Interviews are split over 2days to minimise
participant fatigue and to allow data capture with
actigraphy. Interview data will be stored in REDCap,
a secure online data capture system. All patients
are compensated US$70 for the in-person interview
(2.5-3hours in length), US$30 for the telephone
interview (1 hour in length) and US$25 on return of
actigraphy (see “Actigraphy”). An additional parking
voucher or cash for public transit reimbursement is
provided for each interview.
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Table 1 Aims and hypotheses

Characterise HL, SM skills and cognitive

Aim 1 function in detail among middle age adults.

Aim 2

Evaluate associations between HL, SM skills,
health behaviours, healthcare use, health status,
chronic disease outcomes and cognitive function
over time among middle age adults.

H1 Limited HL will be associated with inadequate SM
skills; both will be associated with lower uptake
of recommended health behaviours, infrequent
healthcare use, worse health and poorer cognitive
function.

H2 Presence of uncontrolled chronic conditions,
sensory impairments, physical inactivity, obesity,
excess drug/ alcohol use, perimenopause,
depression, stress and poor sleep will be
associated with poorer cognition.

H3  Among middle age adults with >1 chronic
conditions, poor treatment adherence, infrequent
healthcare use and worse health outcomes will
mediate associations between HL, SM skills and
cognitive function.

Aim 3  Investigate whether certain modifiable,
psychosocial factors (health activation, treatment
burden, social support) moderate associations
between HL, SM skills, health status and cognitive
function.

Using MidCog-+LitCog data, explore associations
between age, HL, SM skills, health status,
presence and management of chronic disease, and
cognitive function among adults ages 35-90.

Aim 4

H, hypothesis; HL, health literacy; SM, self-management.

Actigraphy

Actigraphy has been validated for evaluation of sleep
against polysomnography.”* At the end of the in-person
interview at T, and T,, patients will be fitted with a water-
resistant, photosensor-integrated actigraphy (ActTrust2,
Condor), with instructions to (1) wear the actigraphy on
their non-dominant wrist for 14 days, (2) keep it always
uncovered (for accurate light measure), (3) press the
‘event button’ at bedtime and on awakening, (4) fill out
a daily sleep diary” and (5) return the actigraphy and
diary using the provided prepaid package on completion
of 14-day recording. Deidentified data from returned
actigraphy and diary will be uploaded to the secure insti-
tutional server using Condor ActStudio Software and
visually inspected. If actigraphy data do not contain a
minimum of five ‘valid days’, defined as 24-hour periods
(12pm-12pm+1day) with at least 20 hours of recording,
patients will be invited to repeat the procedure. All actig-
raphy data will be manually scored for sleep by trained
study personnel per standardised protocol.”® For quality
control, 5% of the data will be randomly selected for blind,
independent rescoring. Any 24-hour period with >4 hour
of non-wear will be considered invalid and removed from
analysis.

Electronic health record data

NM and ACCESS use the same EHR platform (Epic
Systems, Verona, Wisconsin, USA), ensuring clinical and
health services use data are collected in a similar manner.
Data will be requested from each site. ICD-10 and CPT
codes will be used to conform chronic conditions. Rele-
vant date ranges will be selected for vitals, medications,
laboratory values (Haemoglobin AIC, cholesterol,
glomerular filtration rate), preventive services utilisa-
tion (cancer screening, immunisations), health services
use (office visits, hospitalisation, emergency/urgent care
visits) and clinical notes. EHR data will be collected for
the entire study period and 1-year post-T,.

Patient measurements
Table 2 summarises collected measures.

Health status and self-care regimen complexity
Medications (prescription and over-the-counter), phar-
macy use and list of chronic conditions will be collected
from self-report and EHR. This will allow us to calculate
Medication Regimen Complexity Index’” at each time
point, as a measure of treatment burden.

HL and SM skills

HL will be measured with the Test of Functional Health
Literacy in Adults and the Newest Vital Sign.”** The
Comprehensive Health Activities Scale measures SM skills
necessary to navigate healthcare.” The Consumer Health
Activation Index measures health activation, level of
motivation to engage in healthcare decisions/actions.*

Cognitive function

We will use both paper-and-pencil tests and iPad-based
NIH Toolbox Cognition Battery™ to target fluid (working
memory, executive function, attention, processing speed,
episodic memory) and crystallised (verbal) abilities of
cognitive function. Domain-specific paper-and-pencil
tests include: working memory (Size Judgment Span),”
executive function (Educational Testing Service (ETS)
Letter Sets),”* attention/processing speed (Symbol
Digit,” Pattern Comparison®), episodic memory (New
York University Paragraph)®® and verbal ability (American-
National Adult Reading Test).” In addition, Objec-
tive (Montreal Cognitive Assessment)®’ and subjective
(Everyday Cognition)® global cognition will be assessed.

Sensory function
Vision and hearing will be assessed using Rosenbaum
Eye Chart and the Hearing Handicap Inventory for the
Elderly Screener,” respectively. The use of corrective
eyewear and hearing aids will be collected.

Physical Function will be assessed with grip strength
and 6min walk test.”’ "

Sleep and wake

Objective sleep-wake variables will be derived from actig-
raphy data.” Self-reported measures of sleep health will
be collected using the RUSATED,” Insomnia Severity
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Table 2 MidCog measurements

Data source

Variable Instrument(s) or measure(s) Interview EHR

Sociodemographic Age, sex, education, race, ethnicity, income, household composition, employment, X X
marital status, housing, insurance, occupation

Health status and self-care regimen complexity

Medications Medication reconciliation (prescription and OTC), pharmacy use X X
Chronic conditions Self-report, ICD-10 codes X X
Treatment burden Medication Regimen Complexity Index X

Health literacy and self-management skills

Health literacy Test of functional health literacy in adults, Newest Vital Sign X
Self-management Comprehensive Health Activities Scale X
Cognitive function
Working memory NIHTB (List Sorting, FNAME), Size Judgement Span X
Executive function NIHTB (Dimensional Change Card Sort), ETS Letter Sets, Flanker, Visual Reasoning X
Attention/processing Speed  NIHTB (Flanker, Pattern Comparison), symbol digit, pattern comparison X
Episodic memory NIHTB (picture sequence), NYU Paragraph Recall X
Verbal/crystalised abilities NIHTB (Oral Reading, Picture Vocabulary), American National Adult Reading Test X
Global cognition MoCA (objective), ECOG (subjective) X
Function
Vision Rosenbaum Eye Chart, Corrective Eyewear X
Hearing Hearing Handicap Inventory Screener, Hearing Aids X
Physical function 6 min walking test, grip strength X
Sleep and wake
Sleep health Actigraphy (objective), PROMIS Sleep Disturbance, RUSATED, Insomnia Severity Index X
(subjective)
Sleep apnoea risk STOP-BANG X
Chronotype Micro-Munich ChronoType Questionnaire (UMCTQ) X
Psychosocial and biological factors
Psychosocial Cohen’s Perceived Stress Scale, Financial Chronic Stress Scale, X
Total Economic Problems, Caregiver Burden Scale
Patient activation Consumer Health Activation Index X
Biological Menopause Rating Scale, NHANES reproductive survey X X
Behavioural factors
Adherence ASK-12 X
Preventive services BRFSS Colon and Breast Cancer Screening, Vaccinations and Immunisations X X
Health risk behaviours BRFSS Tobacco Use, Alcohol Use Disorders Identification Test, Drug Abuse Screen Test X
Protective health behaviours NHANES Dietary Screener Questionnaire, Physical Activity (actigraphy) X
Technology use Portal use X
Social factors
Healthcare support Tangible Social Support X
Social networks and support Three-ltem Loneliness Scale, PROMIS Instrumental Support, Social Isolation, Emotional X
Support
Routine Martin and Park Environmental Demands X
Patient-reported outcomes
Mental health WHO Well-being Index, PROMIS Depression/Anxiety X
Physical health PROMIS Physical Function X
Health services use
Primary care Routine clinic visits, sick/problem-specific visits, RUI X X
Specialty care Medical Subspeciality Visits, Cognition (neuropsychological, behavioural, neurology, etc) X X
related referral, RUI
Continued
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Table 2 Continued

Data source

Variable Instrument(s) or measure(s) Interview EHR
Urgent/acute care ED/urgent care visits, RUI, hospitalisations X X
Clinical outcomes
Chronic disease outcomes Haemoglobin A1c, Blood pressure, lipid panel, glomerular filtration rate, body mass X X
index

ASK-12, Adherence Starts with Knowledge 12; BRFSS, Behavioural Risk Factor Surveillance System; ECOG, Everyday Cognition; ED, Emergency
Department; EHR, Electronic Health Record; ETS, Educational Testing Service; FNAME, Face Name Associative MEmory-cued first letter; ICD-10,
International Classification of Diseases, Tenth Revision; MoCA, Montreal Cognitive Assessment; NHANES, National Health and Nutrition Examination
Survey; NIHTB, NIH Toolbox for the Assessment of Neurological Behavioural and Function Cognition Battery; OTC, over-the-counter; PROMIS,
Patient-Reported Outcomes Measurement Information System; RUI, resource use inventory.

Index” and Patient-Reported Outcomes Measurement
Information System (PROMIS) Sleep Disturbance
subscale.” The risk of sleep apnoea is defined as STOP-
BANG >3.” The Munich ChronoType Questionnaire will
be used to assess individual’s preferred sleep time.”®

Psychosocial and biological factors

Cohen’s 10-item Perceived Stress Scale’’ assess overall
level of stress. Psychosocial stressors will be measured
with Financial Chronic Stress, Total Economic Problems
and Caregiver Burden Scale.” Biological stressors will be
assessed with National Health and Nutrition Examination
Survey (NHANES) Pregnancy Survey and Menopause
Rating Scale.””® The Consumer Health Activation Index
(CHAI) measures health activation, level of motivation to
engage in healthcare decisions/ actions.*®

Behavioural factors

Medication adherence will be examined via self-report
(Adherence Starts with Knowledge 12 scale (ASK-12)).%!
Preventive service use will be assessed with Behavioural
Risk Factor Surveillance Service (BRFSS)® items on cancer
screening, vaccinations and immunisations. Health risk
behaviours will be assessed with BRFSS items on tobacco
use, Alcohol Use Disorders Identification Test and Drug
Abuse Screen Test. Protective health behaviours will
be examined with NHANES, and actigraphy-measured
activity level.**™® Health-information seeking behaviour
and technology use will be assessed via patient portal use.

Social factors

Healthcare support will be measured by the Tangible
Social Support scale.®® Social Networks and Support
will be assessed by the Loneliness Scale®” and PROMIS
subscales on Social Isolation, Instrumental Support and
Emotional Support.*® Self-reported busyness and routine
will be measured with Martin and Park Environmental
Demands.”

Patientreported outcomes on mental and physical
health will be collected with the WHO Well-Being Index
and PROMIS subscales on depression, anxiety and phys-
ical function.™*

Health services use

The Resource Use Inventory will capture healthcare
resource utilisation and cost.”’ We will also capture
primary care (routine and sick visits), specialty care and
urgent/acute care (emergency department/Urgent
Care, hospitalisations) use data from EHRs. The principal
International Classification of Diseases (ICD) code will be
used to identify hospitalisations for ambulatory care sensi-
tive conditions, defined as those that are often avoidable
if patients receive appropriate outpatient care %

Clinical outcomes

Chronic disease outcomes will be assessed with blood
pressure, haemoglobin Alc, cholesterol panel, glomer-
ular filtration rate and other relevant data from EHRs.
Additionally, blood pressure will be measured during
in-person interviews per NHANES procedures.”

Analysis plan
Analyses, per aim, are described below.

Aim 1: characterise HL, SM skills and cognitive function in detail
among middle age adults

We will assess HL, SM skills, cognitive function and
other psychosocial (eg, health activation, social support)
and health factors (eg, physical, mental function, sleep,
physical activity, comorbidity) and healthcare use for
all MidCog participants. Using means and SDs for each
outcome, we will create estimates and 95% ClIs for the
entire sample, and specifically by sex as a biological vari-
able. HL, SM skills, cognitive function and other psycho-
social and health-related covariates of primary interest
will also be described by other demographics (education,
marital status, socioeconomic status and comorbidity).

Aim 2: evaluate associations between HL, SM skills, health
behaviours, healthcare use, health status, chronic disease
outcomes and cognitive function over time among middle age
adults

For aim 2, as this is a cohort study, and any direct compar-
isons may be impacted by confounding, we will first use
stepwise regression to determine the statistically best
fitting models for each outcome, and mixed effects
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models to examine potential random effects of service
provider or site. If those resulting, statistically deter-
mined models do not include sex or SES as a biological
variable, those will be included in ‘final models’. Those
final models will be used to determine the unique sets of
covariates for each regression model.

H,: HL will be positively associated with SM skills; both will be
associated with lower uptake of recommended health behaviours,
infrequent healthcare use, worse health and poorer cognitive
function

For H,, we will examine linear regression models, first
predicting HL using SM skills (adjusting for covariates
found to predict HL), and second, a series of four overall
regression model sets predicting recommended health
behaviours, healthcare use, health status and cognitive
function, sequentially, using HL. and SM skills as predic-
tors of interest, after adjusting for covariates identified as
above. Each model will be fit using a Bonferroni adjusted
type I error rate, so that the analysis of each outcome
maintains a consistent type I error rate of 5%.

H,: presence of uncontrolled chronic conditions, sensory
impairments, physical inactivity, obesity, excess drug/alcohol

use, perimenopavuse, depression, stress and poor sleep will be
associated with poorer cognition

To address H,, we will fit a series of regression models
predicting the 6+2 domains of cognitive function using
the presence of =1 uncontrolled chronic conditions,
physical inactivity, obesity, excess drug/alcohol use,
menopause, depression, stress or poor sleep quality as
individual predictors to avoid a table 2 fallacy.”

H,: among middle-aged adults with >1 chronic conditions, poor
treatment adherence, infrequent healthcare use and worse health
outcomes might mediate associations between HL, SM skills and
cognitive function

To address H,, mediation models will be fit using methods
by lacobucci.” Using analogous adaptations of methods
to Preachers’ rnethods,98 we will be able to test for moder-
ation and mediation together using joint tests. Depending
on the distribution of the variables under consideration,
we will fit linear or logistic regression models to estimate
regression parameters a (HL and SM skills and the rela-
tionship to potential mediators) and b (mediator rela-
tionships to cognitive function). Iacobucci shows that
a normally distributed test statistic can be constructed
from standardised regression parameters Za=a/SEa such
that Z(mediation)=Za*Zb/ (sqrt(Za2+Zb2 + 1)) can be
used to test for mediation. Further, we can examine if
there is additional moderation of these models such that
any patient covariate could moderate the relationship
between HL, SM skills and cognitive function.

Aim 3: investigate whether certain modifiable, psychosocial factors
(health activation, treatment burden, social support) moderate
associations between HL, SM skills, health status and cognitive
function

For aim 3, additional models will be fit to test for moder-
ation, using interactions; potential moderating effect of
health activation, treatment burden and social support
on the relationship between HL, SM skills, health status
or cognitive function will be examined.

Aim 4: using MidCog and LitCog data, explore associations
between age, HL, SM skills, health status, presence and
management of chronic disease, and cognitive function among
adults ages 35-90

For aim 4, we will examine these associations between
and across the MidCog (T) and LitCog populations.
HL scores, SM skills and each of six cognitive domains of
overall ‘fluid’ and ‘crystallised’ cognitive function abili-
ties will be transformed into standardised z-scores. Health
status, and presence and management of chronic disease
will be treated as ordinal variables, and age will be treated
continuously. We will graphically depict these relation-
ships, fitting a spline to age to determine if an assumption
of linearity and/or a monotone increasing or decreasing
relationship, is reasonable, and if so, estimate Pearson or
Spearman’s correlation coefficients. The splines can be
estimated with and without the inclusion of the MidCog
data to determine if there is a temporal impact on the
relationship of age to HL, SM skills and cognitive func-
tion in a more rigorous manner than allowed for in aim
1. Additionally, the longitudinal nature of LitCog will
enable us to examine the trajectories of HL, SM skills
and cognitive function over time. With the trajectory
and spline results together, we will have the ability to
not simply adjust for the time differences of the cohorts,
but also provide predictions of the trajectories of these
outcomes beginning in middle age that can be further
tested as our cohort ages.

Sample size estimation

The total sample size is large enough to detect even the
smallest of associations (eg, a total sample size of 1200
subjects will provide over 80% power to detect correla-
tions as small as 0.113 at a type I error rate of 0.002;
meaning that the variation in one factor explains just 1%
of the variation in another factor), For aim 1, the MidCog
sample of 1200 alone will provide enough information to
create 95% ClIs with half-widths of 0.057. With the addi-
tion of the 563 participants in LitCog, who were between
55 and 64 at baseline, we would have enough informa-
tion to create 95% CIs with half-widths of 0.047. Assuming
a similar distribution of sex as a biological variable, we
expect approximately 68% females and 32% males,
which would provide information to estimate 95% CIs
with half-widths of 0.057 and 0.083, respectively. For aim
2, the sample of 1200 will provide 80% power to detect
an increase in R-squared in multiple linear regression
of 0.005 at the Bonferroni-adjusted type I error rate of
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0.6%, assuming that we have already accounted for 50%
of the variability in outcome while adjusting for 5 inde-
pendent covariates. For mediation analyses, per Fritz and
Mackinnon,” a sample of 667 provides 80% power at a
type I error rate of 5% to detect S-S mediation pathways
(s=effectsize of 0.14); even with an adjusted type I error
of 0.006 (or 0.002), we will have adequate power to test
mediation models. Sample size is usually restrictive in
testing moderation, however, according to Gelman,100 a
good rule of thumb is 16 times the sample size of a main
effect. As 1/16 of 1200 is 75, we anticipate having 80%

power to detect a standardised interaction slope of 0.32.

Plans to address sex as a biological variable
Across all aims, we will explicitly examine sex differences
in cognitive function and decline, HL and SM skills, as
well in relevant outcomes of interest.

Strategies to deal with bias/missing data/attrition and lost to
follow-up

Baseline data will be used to understand the extent
to which subjects who complete T, differ from those
who do not. If differences are found, pattern-mixture
models will classify participant drop-out type or pattern
(eg, completed, refused, lost to follow-up, death). This
variable will then be added to models to account for
differences.'”! We will examine missing data rates for all
variables within interviews and determine whether these
vary by patient characteristics. Analyses will indicate the
extent to which survey non-response and missing data
could bias results. In extreme cases, we will employ sensi-
tivity analyses using propensity scoring to impute missing
data for patients, with no less than five imputed datasets.
We will estimate overall averaged effects in models above
with corresponding SEs. Relevant model estimates will
be tested on these imputation model-estimated parame-
ters to examine sensitivity of inferences made in previous
analyses ignoring missing data.”

Patient and public involvement

Members of the public were involved in designing recruit-
ment strategies and refining MidCog procedures. Specif-
ically, individuals who met study eligibility criteria were
recruited locally for a stakeholder discussion group; the
study protocol and list of assessments were reviewed.
Acceptability of study participation, compensation and
other means for optimising recruitment were reviewed.
As the MidCog study progresses, summaries of study
results will also be disseminated to study participants via
email and/or mailed newsletters.

Methodological issues

The primary limitation of this longitudinal study is lost
to follow-up and missing data points that would chal-
lenge the internal validity of reported results. However,
our research team has extensive experience in achieving
excellent retention (80%) with the parallel, LitCog
study. We will employ the same strategies to minimise
lost to follow-up, including calling a week and a day

before the scheduled interview to confirm the appoint-
ment, sending confirmation text messages that contain
the location, date and time of their interview, collecting
multiple forms of contact information, sending birthday
cards reminding them of their study participation, strong
interpersonal skills of study personnel, and providing
compensation for the participant’s time and travel. Addi-
tional strategies to promote retention include offering
weekend and outside of regular business hour appoint-
ments to accommodate participants with traditional work
schedules and ride share services for those with limited
access to transportation.

Data storage and security

Data will be stored on institutional network drives with
firewalls and security measures in place. Paper records will
be stored in a locked cabinet in a secure location. Access
to records and data will be limited to study personnel.
Study data will be deidentified and a password-protected,
encrypted master linking log with identifiers will be kept
and stored separately from the data.

Ethics and dissemination

This study was approved by Northwestern University Insti-
tutional Review Board (STU00214736). Results will be
published in international peerreviewed journals and
summaries will be provided to the funders of the study.
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