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Abstract Several modifiable lifestyle factors 
have been linked to cognitive ability and the risk of 
developing Alzheimer’s disease and related demen-
tias (ADRD). Health coaching (HC) is an interven-
tion that addresses lifestyle factors associated with 
cognition. The effectiveness of an HC protocol was 
evaluated and compared with a health education 
(HE) intervention, representing the current standard 
of care, in a sample of 216 adults between the ages 
of 45 and 75  years who were at-risk for developing 
ADRD. Outcomes examined were global cognition, 
neuropsychological cognition, and Alzheimer’s risk. 
HC participants received personalized coaching from 
a health coach focusing on nutrition, physical activ-
ity, sleep, stress, social engagement, and cognitive 
activity. HE participants received biweekly education 
materials focusing on the same modifiable lifestyle 
factors addressed by HC. Participants were assessed 
at baseline and again 4  months later. Self-reported 
global cognition scores improved only in the HC 

group (16.18 to 15.52, p = .03) and neuropsycho-
logical cognitive ability improved in the HE group 
(104.48 to 108.76, p < .001). When non-adherence 
in the HC group was accounted for, however, the 
mean change in neuropsychological score was similar 
between groups (p > .05), self-reported global cogni-
tion demonstrated an even larger mean improvement 
in the HC group (16.20 to 15.41, p = .01), and the 
HC group saw an improvement in ADRD protective 
risk score (− 10.39 to − 11.45, p = .007). These results 
indicate that HC and HE can both improve cogni-
tion, but HC may be more effective and may yield 
increased protection against ADRD risk.
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Introduction

Alzheimer’s disease and related dementias (ADRD) 
represent a major risk to both quality and quantity of 
life in older adults, as well as imposing a major eco-
nomic cost both individually and societally [1]. Cur-
rently, ADRD affects more than 6 million Americans, 
and by the year 2050, this number is expected to rise 
to more than 13 million [1]. One in three seniors 
will die with an active ADRD diagnosis, and annual 
deaths directly attributed to those diseases outpace 
deaths caused by breast and prostate cancer combined 
[1]. ADRD also incurs a substantial economic cost. 
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It is estimated that in 2021, these cognitive diseases 
cost Americans $355 billion in healthcare expendi-
tures, and this is projected to rise to $1.1 trillion by 
2050. The economic costs extend to labor liabilities 
as well, and in 2020 more than 11 million unpaid car-
egivers worked 15.3 billion hours providing support 
for individuals with ADRD—their time is valued at 
$257 billion in lost wages [1]. These facts illustrate 
the monumental negative impact ADRD can have on 
older adults, and thus researchers have investigated 
many different strategies to improve or maintain cog-
nitive ability in that population. To date, however, 
interventions designed to improve cognitive health in 
at-risk participants have only demonstrated a small 
effect [2–4].

Presently, Alzheimer’s standard of care has 
focused mainly on reducing disease symptoms phar-
macologically [5] and modifying behavior to stave off 
disease progression to the extent possible while fur-
ther reducing cognitive symptoms [3, 4]. Most phar-
maceutical Alzheimer’s treatments such as cholinest-
erase inhibitors (donepezil and rivastigmine) and 
N-methyl-d-aspartate antagonists (memantine) focus 
on relieving disease symptoms rather than slowing, 
halting, or reversing its progression [5]. Currently, 
only one drug is approved for use in the USA for the 
treatment of Alzheimer’s progression (aducanumab), 
but the declaration of its effectiveness and subsequent 
approval by the Food and Drug Administration has 
been met with criticism from the medical research 
community [6, 7]. Researchers have also utilized 
behavioral modifications such as improved diet, exer-
cise, cognitive engagement, brain training, and vascu-
lar risk monitoring [2–4]. These attempts at behavior 
modification have demonstrated efficacy in improving 
cognitive ability among cognitively impaired or at-
risk individuals [2, 3] and were demonstrated in one 
large study to slow the decline in cognition of at-risk 
older adults [4]. However, in all cases the efficacy 
of these interventions has been modest. As it stands 
currently, doctors utilize pharmaceuticals to reli-
ably reduce symptoms of ADRD and educate their 
patients regarding behavior and lifestyle modifica-
tions that may improve cognition and slow cognitive 
decline progression as the contemporary standard of 
care (although the latter outcome is less borne out in 
the research literature) [5].

Due to the underwhelming results of previous 
research examining interventions targeting clinical 

populations with ADRD, the current research land-
scape has shifted substantially in favor of examin-
ing interventions targeting at-risk individuals with 
no current diagnosis of ADRD [4]. It is believed by 
many researchers that intervening early in the process 
of cognitive decline, either before any decline has 
taken place or when the magnitude of decline is mar-
ginal (predementia or mild cognitive impairment), 
may allow for early-stage preventive decrement of 
ADRD risk and perhaps a reduction in the rate of pro-
gression [8, 9]. The examination of which variables, 
modifiable through intervention, should be addressed 
in ongoing research examining ADRD mitigation is 
now the subject of much investigation [9].

Several modifiable lifestyle domains have been 
identified which elevate risk for ADRD including 
overweight/obesity, physical inactivity, stress, low 
cognitive activity, low social engagement, chronic 
inflammation, poor dietary habits, poor sleep, high 
blood glucose levels, and high blood lipid levels 
[10]. Researchers have examined interventions to 
target improvements in these lifestyle domains as 
a way to mitigate ADRD risk with varying degrees 
of success [2–4, 11, 12]. Health coaching (HC) is a 
guided intervention wherein a health coach assists 
participants in achieving their desired health-related 
outcomes through goal-setting, education, motiva-
tion, re-assessment, and personalized, guided pro-
gression [13]. In previous studies, HC improved 
many of the lifestyle factors associated with ADRD 
[14, 15] and may facilitate increased engagement in 
behaviors believed to benefit cognition [15]. How-
ever, HC’s efficacy for specifically decreasing ADRD 
risk and improving cognitive-related function among 
an at-risk sample has not, to our knowledge, yet been 
examined.

With the positive impact of HC being demon-
strated in so many areas related to ADRD and the, 
at most, modest effectiveness of the current ADRD 
standard of care, it prompts the research question: 
Will an HC program be beneficial for reducing 
ADRD risk or improving cognition in at-risk indi-
viduals? Also, a secondary question arises: Is there a 
way to present standard of care in a novel format with 
measurable effectiveness in that same population? 
The purpose of this study was to investigate the effect 
of a 4-month HC intervention on the risk for ADRD 
and cognitive ability in at-risk individuals. In addi-
tion, the educational aspect of standard of care was 
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presented in a remote, digital health education (HE) 
format to gauge its effectiveness concurrently in a 
second sample from the same population. The change 
in cognitive outcomes was also compared between 
the HC and HE group to determine if one treatment 
was more efficacious than the other. The research null 
hypotheses tested were as follows: In adults at-risk 
for ADRD, (1) the cognitive and Alzheimer’s disease 
risk scores were not different between baseline and 
4-month time points for the HC group, (2) the cogni-
tive and Alzheimer’s disease risk scores were not dif-
ferent between baseline and 4-month time points for 
the HE group, and (3) there was no difference in over-
all cognition score change or Alzheimer’s disease risk 
change between the HC and HE groups. This study is 
an analysis of preliminary data from the Digital Cog-
nitive Multidomain Alzheimer’s Risk Velocity (DC 
MARVel) study [16].

Methods

Sample

A total of 216 adults were recruited for this study 
out of 592 screened individuals. Due to attrition and 
missing data, 191 adults were included in the final 
analyses (138 females and 53 males). A full account-
ing of recruitment, sample size, and attrition is pre-
sented in Fig. 1. To be included, a participant had to 
be between the ages of 45 and 75 years, be fluent in 
English, own a smartphone, be willing to communi-
cate via text message, and have at least two of the fol-
lowing risk factors for ADRD based on the Australian 
National University–Alzheimer’s dementia risk index 
(ANU-ADRI): high school education or less; a body 
mass index (BMI) ≥ 25  kg/m2 but less than 40  kg/
m2; or history of diabetes, hypertension, high choles-
terol, smoking, or traumatic brain injury. Participant 
exclusion criteria were visual problems impacting the 
ability to view a screen at a normal distance; history 
of a learning disability; recent cardiovascular event; 
current participation in a cognitive training interven-
tion or lifestyle change program; current diagnosis of 
any mental health condition, neurologic condition, 
dementia, mild cognitive impairment, or any other 
serious health condition; or more than one of the fol-
lowing ADRD protective factors based on the ANU-
ADRI: high physical activity level, eating non-fried 

fish or seafood more than 5 times per week, or a high 
level of cognitive engagement.

Required sample size was determined a priori by 
utilizing both a mathematical and practical approach. 
Mathematically, total sample size requirement was 
calculated using G*Power 3.1.9.7 [17] based on the 
primary statistical test planned for this study (2 × 2 
mixed factorial ANOVA). Calculations were based 
on an alpha level of 0.05, a statical power of 0.8, and 
a small effect size (ηp

2 = 0.02 or d = 0.2). The larg-
est required sample size returned from mathematical 
analyses was a total sample of 100 total participants. 
Practical analyses for required sample size were con-
ducted by examining related HC literature and the 
samples recruited to demonstrate efficacy therein. 
Studies examining the efficacy of HC on improving 
psychological and cognitive variables were conducted 
with sample sizes ranging from 40 to 45 total par-
ticipants and demonstrated significant improvement 
in outcome measures [14, 15, 18]. Taken together, a 
sample size of at least 100 participants was pursued 
for this study.

A convenience sampling procedure was utilized in 
this study. Participants were recruited through adver-
tising on National Public Radio, advertising on a uni-
versity newswire service, social media, and word of 
mouth. Potential participants expressing interest in 
the study were emailed a link to an inclusion/exclu-
sion survey instrument which was used to determine 
whether they were a candidate for the study.

Study design

This study followed a parallel arm trial design 
wherein participants were randomized into one of 
two groups (HC or HE) with an equal allocation ratio 
and then scheduled for an initial visit to the labora-
tory to complete a testing session. Randomization 
was achieved by pre-assigning all study IDs to an 
arm using a binary random number generator with 
an equal allocation randomization rule for the full 
recruited sample size. As participants entered the 
study, they were sequentially assigned an ID num-
ber and assigned to the corresponding study arm. No 
form of blinding was utilized in this trial. The rand-
omization sequence was generated by the principal 
investigator, and study enrollment as well as formal 
trial arm assignment was carried out by the study 
coordinator.
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Measures

Three primary outcomes were assessed in this 
study. First, the participant’s self-reported global 
cognition was collected as a measure of their own 
perception of their cognitive state. Self-reported 
global cognition, although subjective, is a valid 
and reliable predictor of cognitive state [19] and 
is sensitive to detection of mild cognitive impair-
ment [20]. Second, neuropsychological cognition 
was assessed as an overall objective measure of a 
participant’s cognitive state. Multidimensional 
neuropsychological cognition assessment batteries 

are the accepted gold standard for objective cogni-
tive assessment, and these instruments are gener-
ally used in both the research and clinical setting to 
discriminate between individuals with and without 
cognitive impairment [21, 22]. Third, Alzheimer’s 
risk was assessed as both a risk measure (positive 
risk), protection measure (negative risk), as well as 
a composite risk score taking into account both risk 
and protection. In long-term follow-up studies, Alz-
heimer’s risk data obtained from survey instruments 
has good predictive validity for determining future 
ADRD diagnoses within 3–6 years following testing 
[23].

Fig. 1  Study recruitment flowchart
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Global cognition

The Everyday Cognition (ECog-12) survey was used 
to assess self-reported global cognition. The ECog-12 
is a self-reported survey instrument that asks partici-
pants to compare their current state of cognition to 
their cognitive state 10 years in the past [19]. Each of 
the survey’s 12 items use a 4-point scale, with higher 
values indicating greater cognitive impairment [19]. 
The ECog-12 is reliable and valid, and has excellent 
discriminant ability for separating participants with 
clinical cognitive impairment from individuals with 
normal cognitive function [19].

Neuropsychological cognitive ability

The Repeatable Battery for the Assessment of Neu-
ropsychological Status (RBANS) was used to assess 
neuropsychological cognition. The RBANS assess-
ment is a digital assessment presented to participants 
on a tablet and administered by a trained test admin-
istrator. Participants are asked to complete several 
cognitive/memory tests including repeating words 
and stories, drawing geometric shapes, identifying 
pictures, and matching symbols with numbers from 
a given key [24]. The assessment evaluates five neu-
ropsychological construct domains: immediate mem-
ory, visuospatial/constructional, language, attention, 
and delayed memory. Scores from the five domains 
were adjusted based on age and level of education, 
and combined to yield a single, continuous index 
score indicating overall neuropsychological cognitive 
ability [24]. RBANS is a valid and reliable instrument 
for measuring neuropsychological cognitive domains 
and overall ability [25].

Alzheimer’s risk

The ANU-ADRI is a self-report inventory assessing 
Alzheimer’s risk across several positive and negative 
risk factors [10]. Protective (negative risk) factors 
examined are social engagement, cognitive activ-
ity, physical activity level, non-fried fish and sea-
food consumption, and alcohol consumption (if less 
than 2 drinks per day). Risk (positive risk) factors 
assessed in this survey are diabetes diagnosis, depres-
sion status, obesity, history of traumatic brain injury, 
history of smoking, high cholesterol, high alcohol 
consumption (3 or more drinks per day), exposure to 

pesticides, as well as known demographic risk fac-
tors such as sex, age, and level of education [10]. The 
ANU-ADRI is a valid [23] and reliable [26] measure 
of Alzheimer’s risk.

Data collection

Participants who were identified as candidates for 
inclusion in the study upon completion of the initial 
inclusion/exclusion survey were asked to complete a 
digital copy of an informed consent document. The 
study, all recruiting procedures, and informed consent 
were approved by the Institutional Review Board at a 
major, land-grant institution of higher education. Par-
ticipants returned a digitally signed informed consent. 
In addition to this first session, participants completed 
a second session approximately 4  months from the 
first.

Prior to arriving for each testing visit, participants 
were asked to complete one additional digital survey 
remotely to collect demographic and health status 
data. This demographic and health survey contained 
the ECog-12 survey and questions designed to collect 
relevant demographic information such as age, sex, 
and level of education. Other information was col-
lected by the demographic and health survey which 
was not utilized in the present analysis including 
healthcare utilization, diagnosed medical conditions, 
prescribed medications, self-reported health status, 
depression status, and sleep quality status. If this sur-
vey was not completed remotely before each appoint-
ment, completing it was the first task assigned to par-
ticipants upon arrival at the laboratory.

Arriving at the laboratory (or after completing 
the demographic and health survey if not completed 
beforehand), participants were asked to complete 
the ANU-ADRI assessment on a provided laptop. 
Although the inventory is self-guided, a researcher 
was present to answer any questions the participant 
may have had regarding the ANU-ADRI. Following 
completion of the ANU-ADRI, basic cardiovascular 
and anthropometric data were collected from partici-
pants. Blood pressure was collected manually by a 
trained researcher using a standard inflatable sphyg-
momanometer cuff and stethoscope, and pulse rate 
was collected with a standard pulse oximeter on the 
finger. Weight was collected using a beam-balance 
physician’s scale, and height was collected using a 
stadiometer.
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The RBANS assessment was administered roughly 
20  min after the cardiovascular and anthropometric 
assessments. The RBANS test is produced in multiple 
versions utilizing the same battery of tests but make 
slight changes to the presentation of words, figures, 
and numbers to mitigate learning effects from test 
to re-test [24]. For this study, the RBANS Form A 
was administered in the first appointment and Form 
B in the second. The RBANS tests were graded by 
a trained and experienced rater in accordance with 
procedures from the RBANS manual [24]. Data were 
recorded by researchers and input into a master data-
base for analysis.

As this present analysis was performed as a part 
of a larger study, other data were collected but not 
utilized here. Participants completed other measures 
of body composition and physical function that are 
not germane to the analysis presented here. The full 
protocol for the DC MARVel Study is described else-
where [16].

Intervention

Health coaching

Participants randomized into the HC intervention 
were assigned to a trained health coach who worked 
with them throughout the study’s duration. HC is 
unique in the set of health and lifestyle interventions 
typically examined in research in that it does not fol-
low a standardized approach. Rather, it works within 
a set of principles and practices to provide a personal-
ized intervention to participants. After the first visit 
to the laboratory, participants were scheduled to have 
an initial video conference or phone call with their 
health coach wherein they discussed the HC pro-
cess, were educated about lifestyle domains and their 
impact on cognitive health, described to the coach 
which domains they wanted to change, assessed their 
motivation and willingness to change, and established 
goals to achieve their desired future vision. The health 
coach focused on improving cognitive health through 
targeting the following lifestyle domains: nutrition, 
physical activity, sleep, stress, social engagement, and 
cognitive activity. The specific intervention for each 
participant is formulated within that framework and 
the decision of which modifiable risk factors to focus 
on is made based on the participant’s preferences and 
the coach’s recommendation.

During the intervention, the participant and 
coach communicated monthly via video conference 
or phone call, and the coach reached out to partici-
pants 1–2 times per week via text messaging app and 
email. In monthly meetings, the coach checked pro-
gress, assessed readiness for progression, discussed 
obstacles, and strategized about how the intervention 
would be implemented subsequently. More frequent 
weekly messages and emails to participants would 
provide personalized education materials based on 
the specific participant’s current goals. HC partici-
pants were also provided access to a cognitive health 
app (Citruslabs, Santa Monica, CA), where they can 
access cognitive training activities, workout routines, 
and recipes, and were instructed to interact with the 
app at least 3 times per week. Adherence to the HC 
protocol was defined as the completion of at least one 
HC appointment between baseline and the 4-month 
time point. The health coach recorded all adherence 
data for each de-identified participant in an online 
database.

Health education

Participants randomized into the HE intervention 
received a biweekly email that included educational 
material outlining how they could improve cogni-
tive health through lifestyle change. Participants 
were asked to read each email when they received 
it, and the emails were designed to be eye-catching 
and engaging. The same lifestyle domains addressed 
in HC were utilized as topics in HE to allow for bet-
ter direct comparison between interventions without 
adding an additional source of variability. Outside of 
scheduling and basic communication, HE participants 
only had access to study staff during their on-site test-
ing appointments.

Data analysis

All data analyses were performed using SPSS 27 
(IBM Corp, Armonk, NY). Means, standard devia-
tions, and 95% confidence interval of the mean 
were calculated for all continuous dependent, demo-
graphic, and anthropometric variables. Before com-
pleting any inferential statistical tests, all relevant 
assumptions were checked, and if they were met, 
statistical analysis was allowed to proceed. Prior to 
hypothesis testing, an independent samples t-test was 
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utilized to determine if there were differences in base-
line cognitive scores (ECog-12 and RBANS) due to 
sex. Another independent samples t-test determined 
if cognitive score differences existed between the HC 
and HE group at baseline. Dependent samples t-tests 
were utilized to determine if outcomes had changed 
from baseline to 4  months with each intervention 
group (HC and HE). A 2 × 2 (intervention × time) 
mixed factorial ANOVA was utilized to determine if 
a difference in cognitive scores obtained in the first 
and second visit was dependent on intervention (HC 
or HE). That is, to determine if there was a signifi-
cant intervention × time interaction effect. If baseline 
sex differences were found in cognitive scores, sex 
was included as a blocking factor to better isolate the 
effect of intervention and time. An a priori alpha level 
of 0.05 was used for all analyses.

Results

Demographic statistics for the overall sample are pre-
sented in Table 1, inclusive only of participants who 
had complete data for the outcome variables. Descrip-
tive statistics from baseline and time 2 are presented 
in Table  2. An independent samples t-test revealed 
that baseline sex differences were present for RBANS 
total score (tADJ(81.24) = 2.82, p = 0.006). In the test 
for baseline sex differences, the assumption of homo-
geneity of variance was violated for this test (folded 
F(58,154) = 1.99, p = 0.001) and a Satterthwaite cor-
rection was utilized. Sex, therefore, was utilized as 
a blocking factor in further inferential tests examin-
ing differences in RBANS total scores to partial out 
its influence from the model. No baseline sex differ-
ences were found for ECog-12 global cognition score 
(t(216) = 0.86, p = 0.39). Likewise, ANU-ADRI total 
score demonstrated no sex differences at baseline 
(t(213) = 0.59, p = 0.55), nor did its component risk 
(t(213) = 0.45, p = 0.66) and protection (t(213) = 0.41, 

p = 0.69) scores. No differences between intervention 
group means were found at baseline for any depend-
ent variable (p > 0.05). Correlations of the age of 
participants in this sample with any of the outcome 
measures examined in this study were all small 
(|r|< 0.19).

Assumptions were checked prior to performing 
all inferential statistical tests. Normality was checked 
for all treatment × time cell datasets utilizing a Shap-
iro–Wilk test. The distribution of data in several cells 
were found to be significantly different from a nor-
mal distribution (p < 0.05). It was determined, how-
ever, that data would not be transformed to address 
the departure from normality as cell skewness and 
kurtosis values were not extreme, the assumption of 
homogeneity of variance was met in all cases, and 
ANOVA is robust to violation of normality in this 
context [27]. Homogeneity of variance was checked 
for each dependent variable using a Brown–Forsythe 
test as there were non-normal cell distributions of 
data [27], and in all cases the assumption of homoge-
neity of variance was met (p > 0.05). The assumption 
of independence was checked with a Durbin–Watson 
test for each dependent variable, and in all cases the 
assumption of independence was met (D = 1.65 to 
1.74). ANOVA results revealed that RBANS total 
score did not change from baseline to time 2 when 
HC and HE were pooled (F(1,194) = 0.31, p = 0.58, 
ηp

2 = 0.002). However, there was a significant treat-
ment × time interaction effect (F(1,194) = 3.99, 
p = 0.047, ηp

2 = 0.020) indicating that treatment 
groups did change at a different rate from baseline to 
time 2. Pairwise comparisons revealed that only the 
HE group improved in RBANS total score from base-
line to time 2 (104.48 to 108.76, p < 0.001). Overall, 
ECog-12 global cognition score did not change sig-
nificantly from baseline to time 2 (F(1,188) = 2.57, 
p = 0.11, ηp

2 = 0.013). Although a statistically signifi-
cant treatment × time interaction effect was absent, 
it is worth reporting that a dependent samples t-test 
revealed that only the HC group improved in ECog-
12 score (16.18 to 15.52, t(96) = 2.23, p = 0.03). 
ANU-ADRI total score (F(1,198) = 0.24, p = 0.63, 
ηp

2 = 0.001), risk score (F(1,198) = 0.24, p = 0.63, 
ηp

2 = 0.001), and protective score (F(1,198) = 1.16, 
p = 0.282, ηp

2 = 0.006) did not experience a statisti-
cally significant change from baseline to time 2. As 
an intra-group time main effect was found in the vari-
ables, the change in RBANS total score and ECog-12 

Table 1  Demographic descriptive statistics (n = 191)

Variable Mean SD 95% Confidence interval

Lower bound Upper bound

Age (years) 61.94 8.23 60.84 63.05
Height (cm) 167.50 9.13 166.27 168.72
Mass (kg) 84.89 18.23 82.45 87.34
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score for each group from baseline to 4-month follow-
up are presented graphically in Fig. 2.

Adherence appeared to be poor in a large segment 
of the HC group. Upon examination, it was discov-
ered that many participants (n = 23) had not com-
pleted a single scheduled HC visit with the health 
coach between time points. These cases were defined 
as non-adherents, removed from the data set, and a 
set of secondary analyses were conducted to gauge 
how only examining HC-adherent participants might 
change the outcome of the analyses.

After removal of the non-adherent participants, 
statistical analyses were conducted again. When non-
adherent HC participants were removed from the 
analysis, the previously observed treatment × time 
interaction effect for RBANS total score was no 
longer statistically significant (F(1,177) = 3.25, 
p = 0.07, ηp

2 = 0.017), indicating that any change 
from baseline to time 2 was not dependent on treat-
ment group. Dependent samples t-tests indicated 
that RBANS total scores improved for both HE and 
HC in the adherent-only group from baseline to time 
2 (p < 0.05). The effects on ECog-12 score were 
magnified by removing non-adherent participants. 
In this re-analysis, a significant treatment × time 
interaction effect was observed in ECog-12 score 
(F(1,170) = 3.98, p = 0.048, ηp

2 = 0.022), and pairwise 
comparisons revealed that improved ECog-12 scores 
from baseline to time 2 were only observed in the HC 
treatment group (16.20 to 15.41, p = 0.010). Also, the 
ECog-12 score for the HC group was significantly 
better than the HE treatment group at the 4-month 
time point (p = 0.048) whereas this difference was not 
present in the full data set. The removal of non-adher-
ents also affected the analysis of ANU-ADRI protec-
tive scores. In the adherent-only re-analysis, a signifi-
cant treatment × time interaction effect was observed 
for ANU-ADRI protective score (F(1,180) = 5.02, 
p = 0.03, ηp

2 = 0.027) indicating that change in protec-
tive score from baseline to time 2 was dependent on 
treatment group. Pairwise comparisons revealed that 
protective score only improved in the HC group from 
baseline to time 2 (− 10.39 to − 11.45, p = 0.007). 
Treatment group changes from baseline to time 2 in 
RBANS total score, ECog-12 score, and ANU-ADRI 
protective score for the adherent-only data set are pre-
sented graphically in Fig. 3.

No adverse events were reported during this trial 
for either study arm. Fi
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Discussion

In the overall dataset, scores in the HE group 
improved over the 4-month study but remained the 
same in the HC group. The mean ECog-12 score for 
the HC group improved over the 4 months while the 
HE group’s mean score did not change for that vari-
able. A significant treatment × time interaction effect 
was detected for RBANS total score, indicating that 
it improved significantly more in the HE group from 
baseline to the 4-month visit compared to the HC 
group. No other time differences, group differences, 
or interaction effects were observed in the over-
all dataset. Results from the full dataset indicated 
that a remote, digital HE protocol was effective in 
improving neuropsychological cognition, while HC 
improved self-reported global cognitive ability.

Based solely on inferences derived from the full 
dataset, it appeared that both HE and HC had a posi-
tive effect on different aspects of cognition in this 
study’s sample. Telling the story of these findings, 
however, hinges greatly upon the impact of adher-
ence in the HC treatment group. When individuals 
who were not adherent to the HC protocol (partici-
pants who did not complete a single HC visit in the 
4-month study) were removed from the study, the 
inferences changed relatively extensively. First, the 
advantage of HE in improving RBANS score (signifi-
cant treatment × time interaction effect) was no longer 
observed and both groups showed improved RBANS 
scores over the 4  months of study. Differences in 
ECog-12 score became even more pronounced when 
non-adherent participants were removed from the 
analysis with HC improving significantly more than 
HE. Finally, ANU-ADRI protective score improved 
only in the HC group when only adherent partici-
pants were analyzed. To summarize, when looking at 
only individuals who adhered to the HC protocol by 
completing at least one HC session, HC appeared to 
be superior to HE in improving self-reported global 
cognition, increasing modifiable ADRD-protective 
behaviors, and equally effective improving neuropsy-
chological cognitive ability.

Generally, effect sizes observed were small but 
measurable (ηp

2 = 0.020 to 0.028). These small 
effect magnitudes are generally not out of the ordi-
nary for research investigating changes in cogni-
tion in response to cognitive engagement interven-
tions [2–4] and are in-line with specific effect sizes 

from previous literature [28]. In addition, these 
results, although meaningful, are preliminary. As 
such, there is the potential that the participants in 
this study may still be adapting to the intervention 
and may show further improvements as the study 
proceeds.

It seems that HC is an effective way to improve 
cognition and may be superior to traditional HE inter-
ventions. These results support previous research that 
speculated HC may have the potential to improve 
cognitive ability [15]. This study builds upon prior 
findings by demonstrating that the behavior change 
realized through HC interventions may be accom-
panied by measurable improvements in cognition in 
a population at-risk for ADRD. Furthermore, these 
findings indicate that protection against Alzheimer’s 
risk (negative risk factors) are improved by a HC 
intervention as well. This is a particularly interesting 
phenomenon due to the nature of the instrument used 
to measure risk. The ANU-ADRI was validated as 
a way to approximate latent Alzheimer’s risk which 
cannot be measured directly [23]. This is of particu-
lar interest here, but the protective score component 
of the ANU-ADRI is also ultimately a composite of 
modifiable behaviors which have shown to be protec-
tive against Alzheimer’s risk. This single result sug-
gests that HC is simultaneously effective for hedg-
ing against risk and initiating real behavior change 
in adhering individuals. This result supports those of 
previous studies demonstrating that HC increases per-
formance of positive health behaviors associated with 
cognitive health [14, 15].

Regarding HC, the importance of adherence 
should not be overlooked. The dramatic change in 
the statistical inferences derived from this study after 
controlling for complete non-adherence (even with-
out further parsing for level of adherence beyond its 
absence) is a testament to the potential importance of 
adherence in HC. HC literature, unfortunately, often 
does not account for adherence to the protocol, but 
the impact of adherence observed in this study sup-
ports similar observations made in other research [29, 
30]. Even outside of this specific context of ADRD 
and cognition, adherence may be an important factor 
in determining overall HC treatment effectiveness. 
Future studies examining HC interventions ought to 
consider the role of adherence in the outcome, and 
strategies to maximize adherence will likely improve 
a planned HC paradigm.
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It is also worth noting that the HE protocol used in 
this study was different from a traditional HE model 
in key ways: it offered a repeated, consistent engage-
ment schedule with participants, and it allowed for 
completely remote, large-scale, digital dissemina-
tion. These features lend a novel element to the HE 
system utilized here, making it worthy of evaluation. 
Here, the finding that HE was efficacious in improv-
ing overall neuropsychological cognition score in this 
sample should be highlighted. While HC, at this junc-
ture, appears to be generally more positively impact-
ful on participants’ cognition and fortifying against 
ADRD risk, HE’s effectiveness opens up a potential 
treatment option for patients who lack the resources 
to afford HC or lack access to a HC program.

A potential limitation of this study is the sampling 
method utilized. Although the sample included many 
unique individuals, the sampling method was not ran-
dom and, as a result, the resulting sample may not be 
representative. The 2.6:1 observed ratio of females to 
males in this sample is evidence of a non-represent-
ative sample. Although the results of this study are 
promising for cognitive health interventions, caution 
should be exercised regarding the broad applica-
tion and generalization of these results. The require-
ment that participants be fluent in English and use a 
smart phone may be a source of sampling error and 
reduced generalizability to all populations as previ-
ous research has shown the acquisition of vocabulary 
impacts cognition [31] and that memory and attention 
can be affected by smartphone usage [32]. Although 
non-adherents were removed, poor adherence was 
another potential limitation as it prevented the inclu-
sion of the full sample in the second set of analyses. 
Future research performed by the authors will focus 
on examining the effectiveness of a HC intervention 
over a longer time horizon (2  years vs. 4  months). 
Improved adherence will be prioritized as well, and 
the impact of HC and HE on other variables such 
as ADRD biomarkers and physical function will be 
examined.

These preliminary results demonstrate HC’s poten-
tial as a valuable and comprehensive ADRD interven-
tion for at-risk individuals. While participants who 
engaged in the HC intervention (adherence) had bet-
ter outcomes than those in in the HE group, findings 
showed a structured HE paradigm may also provide 
some cognitive benefit. As the cost of ADRD con-
tinues to rise, preventative interventions such as HC 

may serve as the best chance of reducing or delaying 
ADRD.
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