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Abstract

Background: Previous research has shown that mobile health (mHealth) interventions are effective in reminding older adults
with chronic conditions about health care appointments and promoting adherence to medi cation schedul es. However, the evidence
islimited by the short duration and poor quality of the interventions.

Objective:  We evaluated the effectiveness of the Support, Monitoring and Reminder Technology for Mild Dementia
(SMART4MD) tablet app in improving the quality of life (QoL) of people with mild cognitive impairment (PwMCI) and their
caregivers through medication reminders and health care appointment alerts.

Methods: An 18-month pragmatic randomized controlled trial was conducted in Spain and Sweden from December 2017 to
September 2020 and included 1078 PwMCI and their informal caregivers.

Results:  For PwMCI, the intervention improved the primary outcome, composite Quality of Life in Alzheimer’'s Disease
(QoL-AD) scale, at 18 months (mean difference 0.75, 95% CI 0.07-1.42; P=.03), and a similar effect was observed at 6 months
(mean difference 0.73, 95% CI 0.09-1.36; P=.02). Confirmatory secondary outcomesfor PwMCl, including medication adherence
(P=.12) and Mini-Mental State Examination (MM SE) score (P=.45), did not differ significantly between groups at the 18-month
follow-up. Exploratory analyses showed higher total accumulated quality-adjusted life years (QALY s) at 6 months for PWMClI
(mean difference 0.035, 95% CI 0.02-0.05; nominal P<.001), informal caregivers (mean difference 0.050, 95% CI 0.04-0.07;
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nominal P<.001), and dyads (mean difference 0.085, 95% CI 0.06-0.11; nominal P<.001). A dropout rate of approximately 40%
(429/1083, 39.61%) was observed in both the intervention and control groups.

Conclusions. The SMART4MD intervention was associated with a modest improvement in PwMCl’s QoL as measured by the
composite QoL-AD score. Evidencefor benefitsamong informal caregivers and dyadswas|ess consistent and should beinterpreted
as exploratory. Nominally significant findings for exploratory outcomes should be interpreted with caution, as they were not

adjusted for multiplicity.
Trial Registration:
International Registered Report Identifier (IRRID):

(J Med Internet Res 2026;28:€83123) doi: 10.2196/83123
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Introduction

Dementia is a syndrome characterized by progressive
deterioration in several cognitive domains that interferes with
activities of daily living. Dementia imposes a high health and
social care burden, with an estimated global cost of US $1
trillion per year [1]. In 2020, more than 55 million people
worldwide were living with dementia, a number expected to
increase to 78 million by 2030 [2].

Mild cognitive impairment (MCI) is an early phase of memory
loss or decline in cognitive abilities, such as visual/spatial or
language skills. People with MCI (PwMCI) are at higher risk
of developing dementia [3,4], with an estimated annual
conversion rate of 10%-15%. In MClI, theindividua’s capacity
to carry out daily activities generally remains unimpaired [5].
However, activities that require higher cognitive abilities, such
as telephone use, driving, shopping, cooking, and medication
management, are often affected [6]. Consequently, the cognitive,
behavioral, and functional symptoms of MCI negatively affect
the well-being and quality of life (QoL) of PWMCI [6-8].

As cognitive impairment worsens, informal caregivers, often a
spouse or child, experience agreater caregiving burden [9]. As
PWMCI cope with reduced autonomy due to MCl, the role of
theinformal caregiver becomes essential in providing assistance
and support. Onecrucia aspect isdaily medication management,
as cognitive impairment makes it challenging for PWMCI to
manage their medications[10,11], which may lead to suboptimal
pharmacological management, unnecessary hospitalization,
increased costs and burden of ilIness, and premature death [12].
Thus, informal caregivers bear significant responsibility for
caring for PwM ClI and assi sting with medication administration
[11,13]. While caregiving for afamily member can befulfilling
[14], informal caregivers often experience increased emotional
strain and a higher risk of depressive symptoms [13,15].
Previous research has shown that caregivers of PwMCI
experience twice the caregiving burden of caregivers of
cognitively healthy individuals. Therefore, cognitiveimpairment
and reduced autonomy in daily activities negatively affect the
QoL of both PwMCI and their informal caregivers[13,16].

It may be feasible to reduce the burden of informal caregiving
by implementing interventions that help PwWMCI maintain
independence in daily activities [15]. In the absence of a cure
for dementia, current public health policy focuses on helping
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individuals live well with dementia and slowing disease
progression [17]. A well-designed intervention could help
PwWMCI and their caregivers acquire strategies to sustain daily
activities, reduce the burden associated with progressive
cognitive decline, and consequently enhance overall well-being
over an extended period.

Technol ogies such astelehealth, remote monitoring, and digital
reminders can assiss PwWMCI. Mobile health (mHealth)
interventions are effective in reminding older adults to attend
health care appointments and adhere to medication schedules
[18]. Additionally, mHealth interventions have been shown to
improve cognitive function [19]. Smartphone and tablet apps
may therefore provide aunique opportunity to support self-care
among PwMCI. Introducing these supportive apps early in the
cognitive impairment process may encourage continued use as
the disease progresses.

The Support, Monitoring and Reminder Technology for Mild
Dementia (SMART4MD) intervention aimed to achieve these
goals (Clinical Trials.gov: NCT03325699). SMART4MD was
a multicenter pragmatic randomized controlled trial (RCT)
conducted in Sweden, Spain, and Belgium [20]. In this study,
we evaluated the effectiveness of the SMART4AMD app
combined with standard care compared with standard carealone.

The primary hypothesisisthat the SMART4MD app, in addition
to standard care, improves QoL in PwMCI. Secondary
confirmatory hypotheses are that the intervention enhances
medication adherence, global cognitive function, and
health-related QoL in PWMCI. Furthermore, SMART4MD is
hypothesized to reduce caregiver burden among informal
caregivers.

Methods

Study Design and Setting

The SMART4MD trial targeted PWMCI and their primary
informal caregivers. SMART4MD is a tablet-based health app
developed by Healthbit Ltd [21] specifically for people with
MCI or mild dementia and their informal caregivers. The
interface design prioritizes simplicity, familiarity, and
customization to reduce cognitive load. It is a tablet-first app
designed for tablet screens with large interactive zones and
simple line charts rather than complex data visualizations for
monitoring health progress. Key features of the SMART4MD
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app are medication reminders, remindersfor appointmentswith
health care professionals, and cognitive training through
stimulating games and photographs. The app also includes an
optional feature that allows users to share information with
family membersregarding their daily health condition, specific
health issues, and QoL [20]. The project strictly followed a
user-centered design approach involving testing with dyads
(PWMCI and their caregivers) in Spain, Sweden, and other
partner countries [22]. The interface was designed for
simultaneous use by 2 types of users: PWMCI (the primary
users) and caregivers (the secondary users). The design functions
as an external memory aid by supporting reminders and daily
schedules, thereby reducing the mental effort required to
remember daily routines. Features such as calendars and
photographs mimic real-world tools, making the app familiar
and intuitive for users who are less familiar with technology.
The app aso allows users to customize features according to
personal preferences, thereby enhancing accessibility and
adaptability for PwWMCI.

In this study, we used data collected from 3 sitesin Sweden and
Spain: (1) Blekinge Ingtitute of Technology (BTH), Karlskrona,
Sweden; (2) Consorci Sanitari de Terrassa (CST), Barcelona,
Spain; and (3) Servicio Andaluz de Salud (SAS), Mélaga, Spain.
The site in Belgium was excluded because of insufficient
participation (5 dyads) and incomplete data. Health outcomes
were assessed at baseline and at 6, 12, and 18 months.
Additional information on the intervention is available in the
trial protocol [20]. The SMART4MD trial is reported in
accordance with the CONSORT (Consolidated Standards of
Reporting Trials) guidelines. The CONSORT checklist is
provided in Multimedia Appendix 1.

Deviation From the Original Trial Registration

The Czech Republic was not included in this sample because
the Czech study withdrew from the project due to financial
constraints. As no participants were recruited from this site, it
was not included in the published protocol [20] or in this study.

Regarding the inclusion criteria, the originally specified
Mini-Mental State Examination (MM SE) range of 20-26 points
was later expanded to 20-28 points. This adjustment was
informed by O'Bryant et a [23], who demonstrated that an
MM SE score of 28 provides optimal sensitivity and specificity
for detecting mild dementia in individuals with self-reported
memory complaints. As the revised MMSE range of 20-28
points was incorporated into the SMART4MD tria protocol,
this study is consistent with the published protocol [20].

Ethics Approval

The study was conducted in compliance with the ethical
principlesoutlined in the Declaration of Helsinki [24]. Thetrial
was approved by the regional ethical review board in Sweden
(LU Numbers 650-00 and 744-00) and the local ethics
committee in Spain (number 02-16-107-029). Dyads provided
written informed consent before participation. No financial
reimbursement was provided for participation in the trial. Due
tothegradual deterioration in cognitive capacity among PWMCI,
the study team consistently obtained renewed consent for data
collection throughout the trial [20].
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Recruitment and Eligibility Screening

Participants were identified through primary care, secondary
care services (memory clinics), outpatient clinics, day hospitals,
specialist mental health care units, geriatric medicine units, and
neurology service units. Clinical databases, such asthe Swedish
National Study on Aging and Care and the CST network in
Spain, were screened for individual s meeting the basic age and
cognitive criteria. Study staff or licensed medical providers
identified individualswho had experienced cognitive impairment
for more than 6 months. Potential participants were given or
sent an information package containing aparticipant information
sheet and a standard consent form. According to the standard
operating protocol, there was a 24-hour cool-off period between
the time a participant agreed to join the study and the meeting
at which formal consent was obtained. Participant inclusion
began in December 2017 and was expected to end in February
2019. Individuals aged 55 years or older who scored 20-28 on
the MM SE weredligiblefor inclusion[25]. Additional inclusion
criteria were that participants were able to manage their
medications, were recipients of home care services, had no
functional disability that could prevent them from using the
SMART4MD app (eg, visual, hearing, or motor impairments),
had an actively involved informal caregiver, and had
experienced a noticeable decline in cognitive abilitiesfor more
than 6 months before inclusion.

Individuals were ineligible to participate if they scored higher
than 11 onthe Geriatric Depression Scale[26] or had aterminal
illnesswith alife expectancy of lessthan 3 years, asdetermined
by the research nurse during the initial visit. Furthermore,
participants were excluded if they had any other known
conditions that could affect cognitive impairment, such as
substance abuse or psychiatric disordersincluding schizophrenia,
bipolar disorder, and developmental disorders.

Sample Size Deter mination

The sampl e size was determined based on the primary outcome
measure, QoL , assessed using the Quality of Lifein Alzheimer's
Disease (QoL-AD) scale for PwWMCI. The protocol defined a
recruitment target of 1200 PwM Cl-caregiver dyads, split equally
between the intervention and control groups. To detect a small
effect size (0.2) between the control and intervention groups
with 80% power using a 2-sided Student t test at a 5%
significance level, a minimum of 394 participants per group
(788 in total) was required. Assuming a 20% dropout rate, the
required sample size increased to 493 participants per group
(986 in total). The assumed minimum detectable effect size of
0.2 refers to a standardized mean difference, that is, 0.2 SD
units on the QoL -AD outcome, corresponding to asmall effect
size. As the primary outcome for the sample size calculation
was the PWMCI QoL-AD score, no separate adjustment was
made for within-dyad correlation in the power calculation.
Furthermore, the sample size calculation did not include an
explicit inflation factor for site-level clustering or correlation;
the estimate was based on a simple 2-group comparison rather
than a cluster-adjusted design effect.

The SMART4MD trial successfully enrolled 1083 dyads
consisting of PwMCI and their primary informal caregivers,
which exceeded the minimum required sample size based on
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the power calculation. Twenty-six dyads were excluded from
the analysis because the primary informal caregiver changed
during the trial.

Intervention and Control Group

The duration of the trial was 18 months. Dyads were
randomized, based on predetermined sequences, to either the
intervention group (n=537) or the control group (n=541) in
blocksusing a1:1 ratio through an internet-based randomization
system (ALEA; FormsVision BV) established by the Anglia
Ruskin Clinical Triads Unit. Dyads, research nurses, and
researchers were not blinded to group assignments because of
the nature of the intervention. Participants in the intervention
group received standard care and the SMART4AMD app on
tablets for daily use by PWMCI. All dyads in the intervention
group underwent a 1.5-hour training session on app use
conducted by a research nurse. As data-enabled tablets and
training were provided to trial participants, there were no
specific technical prerequisites for inclusion regarding
experience with or ownership of smartphones or tablets.

Dyads in the control group received standard care only,
representing the routine health care services provided outside
the trial. Care varied across participants depending on several
factors, including genera hedth, comorbidities, and
health-seeking behavior. In Sweden, standard care for older
adults generally includes an annual in-person physician visit
for routine check-ups or a telephone consultation to discuss
overall heath and, if necessary, annual laboratory tests and
prescription renewals. In Spain, standard care generally includes
appointments at a health center, where diagnostic, therapeutic,
and preventive services are provided, along with referrals to
specialist services when needed [27].

Outcome M easures

The primary outcome of the trial was QoL , measured using the
QoL-AD score for PwWMCI at the 18-month follow-up. Other
outcomes were treated as secondary outcome measures and
categorized into confirmatory and exploratory end points to
address multiplicity concerns and maintain statistical rigor.
Confirmatory outcome measures for PwMCI included
health-related QoL measured using the EQ-5D-3L, global
cognitive function measured using MMSE scores [25], and
medication adherence. Caregiver burden, measured using the
Zarit Burden Interview (ZBIl) score, was included as a
confirmatory outcome for informal caregivers. All remaining
outcome measures, subgroup analyses, and sensitivity analyses
were considered exploratory.

Initially developed for persons with Alzheimer disease, the
QoL-AD isadisease-specific instrument used to measure QoL ,
although its application has since expanded to other dementia
disorders[28]. The scale consists of 13 items assessing physical
health, energy, mood, living situation, memory, family,
marriage, friends, self as a whole, ahility to do chores, ability
to engage in enjoyable activities, financial situation, and life as
awhole. Responses are rated as 1 (poor), 2 (fair), 3 (good), or
4 (excellent), and summed to generate atotal score, with higher
scores indicating better QoL [29]. Ratings from PwMCI were
obtained through interviews using standardized instructions,
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whereas caregiver ratingswere obtained through aquestionnaire.
A weighted composite score was calculated by combining the
PwWMCI and informal caregiver ratings of the PwWMCI’s QoL,
with twice the weight assigned to the PwM Cl’ s sel f-assessment,
following Logsdon et al [30].

The EQ-5D-3L questionnaire is a generic preference-based
instrument used to measure quality-adjusted lifeyears (QALY's).
It consists of 5 domains. mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression. Each domain has 3
levels: no problems, some problems, and extreme problems,
resulting in 243 possible health states [31]. These health states
are converted into a score ranging from O (equivalent to death)
to 1 (perfect hedth) using population preference values,
commonly referred to as “tariffs’ [32]. As tariffs differ across
countries, the use of country-specific tariffs is recommended
when calculating QALY s[33].

This study used the European EQ-5D Visual Analogue Scale
(EVAS) tariff, which aggregates health state valuations from 6
EuroQol Group countries, including Spain and Sweden. This
single European value set provides a standardized approach to
measuring health utility across diverse populations. A key
justification for this approach is the substantial agreement in
EQ-5D VAS hedlth state valuations across diverse European
populations, supporting the use of a unified value set for
cross-country comparisons[34]. Although the EVAS measures
health-related QoL on ascale ranging from O (worst imaginable
health) to 100 (best imaginable health), health utility scoresfor
QALY calculation must be anchored between 0 (dead) and 1
(full health). To meet this requirement, we rescaled the EVAS
scores into health utility weights for QALY calculation
following the method described by Greiner et a [34]. The
following formula was applied to convert the 100-point scale
to a0-1 utility index.

VAS=(VAS-VA Sdeed_medi a)/(VAS;111-VA Sdeed_medaﬂ)
where VAS is the raw score (0-100) given by the respondent
for a specific health stat€; VASyeay median IS the raw score the
respondent gave to the state “dead”; and VAS,; ;414 iS the raw
score the respondent gave to “ best imaginable health.”

Furthermore, we used the median value for death (2.0) rather
than the mean value (5.3) for rescaling, based on the statistics
reported in Table 4 of Greiner et al [34]. This choice was made
to ensure that the anchors reflected the valuation of the typical
respondent, asthe median ismore robust to skewed distributions
and extreme outliers commonly observed in VAS data. In
addition, using the median more accurately represents the
consensus within the European sample that the worst health
state is perceived as only marginally better than death. For
example, if apatient’'s VAS score for a specific health state was
78, then:

VAS=78; VA Syen medion=2; VAS1111,=97.66.

The resulting rescaled EVAS value is 0.7944 based on the
aforementioned formula.

These scores were used to calculate accumulated QALY s over
thetrial period using the area-under-the-curve approach [35].

JMed Internet Res 2026 | vol. 28 | €83123 | p. 4
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

The MM SE isa standardized test of cognitive function in older
adultsthat assesses memory, attention, orientation, visuospatial
skills, and language [25]. The maximum MM SE score is 30,
whereas ascore lower than 24 indicates dementia; however, the
cutoff scorefor MCI has not been consistently established [36].
The Instrumental Activities of Daily Living (IADL) is a
validated tool used to assess the functional abilities of older
adultsin performing tasks necessary for independent living [37].
Thesetasksinclude shopping, housekeeping, meal preparation,
laundry, independent travel, financial management, and
medi cation management [37]. The summary score ranges from
0 (low function, dependent) to 8 (high function, independent)

[37].

The outcome measures for informal caregivers were QALYs
and caregiver burden assessed using the short-form 12-item ZBI
(ZBI-12). The ZBI-12 is a 12-item self-report instrument that
measures the impact of informal caregiving on the caregiver's
health and social life [38]. Each item is scored on a 5-point
Likert scale ranging from “never” to “amost always,” with a
total score ranging from O to 48, where scores of 17 or higher
indicate a high caregiving burden [38].

M edication Adherence

At baseline, participating PwWM Cl registered up to 10 long-term
prescribed medications, defined as medications intended to be
taken for at least 6 months. Medication adherence was assessed
for the 30 days preceding each follow-up visit for the 2 most
frequently taken medications in tablet or capsule form (U
Isaksson and J Frogen, unpublished data, 2018). A research
nurse contacted participating PwWM ClI by telephoneat 5, 11, and
17 months to confirm that they were taking the same 2
medications identified at baseline or to update the database if
changeshad occurred in their long-term prescribed medications.
Dyads were asked to bring empty medication packaging used
during the previous 30 days, remaining pills (or pill equivalents),
and documents related to prescription history to the follow-up
visits. Follow-up assessments at 6, 12, and 18 months were
conducted for participants in both groups by research nurses
using pill counts (number of pills taken). PWMCI who
experienced changes in their medication regimen (eg, dose or
frequency) were excluded from adherence calculations to
prevent regimen modifications from biasing the resullts.

Overall medication adherence was measured by dividing the
number of pillstaken by the number of pills prescribed for each
of the 2 drugs separately and expressing the result as a
percentage. This percentage variable wasthen transformed into
a binary variable representing overal adherence, where
adherence rates between 80% and 110% were considered
adherent, as described by Anderberg et a [20]. The composite
measure of overall adherence for both drugs classified PwMClI
as adherent only if they were adherent to both medications.
PWMCI who were adherent to only 1 drug or who were
prescribed only 1 drug were classified as nonadherent.
Therefore, PwWMCI prescribed only 1 drug were included only
in the supplementary analysis of “change in medication
adherencefor at least onedrug” and excluded from theanalysis
of “change in medication adherence for both drugs’ to avoid
measurement bias.
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Statistical Analyses

The primary analysis followed a modified intention-to-treat
approach, including randomized dyads with available outcome
data at the relevant follow-up. Missing outcome data were not
imputed inthe primary analysisand were addressed in sensitivity
analyses. Baseline characteristics were compared between the
intervention and control groups to confirm balance achieved
through randomization. We also performed a dropout analysis
at 18 months by comparing basdline characteristics between
dropouts and nondropoutsin theintervention and control groups.

Repeated measurements were collected at multiple time points
(baseling, 6, 12, and 18 months), so differences between the
intervention and control groupsfor each outcome were analyzed
using mixed-effectsmodels[39]. Results are presented as means
with SEs and mean differences with 95% Cls. We fitted
mixed-effects models including intervention  group
(SMART4MD vs control) and time (baseline, 6, 12, and 18
months) asfixed effects, with arandom intercept for participants
(clustered within group). The overall intervention effect and the
interaction between intervention and time were used to estimate
the differential impact of SMART4MD app use on outcomes
over time. Mixed-effects logistic regression models were used
to estimate medication adherence among PWMCI. In a
supplementary analysis, we al so fitted mixed-effects modelsto
estimate adherence to at least one drug. All models were
adjusted for study sites (BTH, CST, and SAYS).

Statistical significance was set at a 2-sided P value <.05. Data
analysiswas performed using Stata/SE 15.1 software (StataCorp
LP).

In this study, QALY was caculated for each follow-up
assessment (6, 12, and 18 months). In the SMART4MD trial,
an 180-day window with a tolerance of +18 or —18 days was
allotted for conducting each visit. However, asis often the case
in trials, some participant visits occurred outside the required
180-day window period. Hence, instead of relying on the
predetermined 180-day interval, we used the actual number of
days between 2 visits to calculate QALY at each follow-up
assessment. To determine the total QALY s for the entire trial
period (18 months), we summed the QALY s abtained at each
follow-up assessment and excluded participants who missed
any follow-up assessment.

For dyad-level QALYs, PWMCI and caregiver QALY's were
summed to represent thetotal dyadic health benefit, and results
are presented as mean (SD) or mean differences.

Resultsfor exploratory analyses are reported with 95% Clsand
nominal P values without formal adjustment for multiplicity
and should therefore be interpreted as hypothesis-generating.
Multiplicity adjustment for confirmatory outcomeswas applied
separately for PWMCI (medication adherence, MMSE, and
EQ-5D-3L) and informal caregivers (ZBI scores) using the
Holm-Bonferroni method [40].
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Sensitivity and Subgroup Analyses

Assessment of Effect Modification

Several sensitivity and subgroup analyses were performed,
considering that the effect of the intervention might differ
according to participant characteristics [41].

Sensitivity Analyses
Overview

We conducted sensitivity analyses for QoL-AD scores based
onimputed QoL -AD scores, d-adjusted tipping-point sensitivity
analyses for QoL-AD and QALY, PwMCl-assessed QoL-AD
scores, caregiver-assessed QoL -AD scores, user behavior, and
the method described in the protocol paper (Monte Carlo
permutation t test) [20].

Multiple Imputations for Missing QoL-AD

We used multiple imputation to impute missing information on
the composite QoL-AD score for both groups [42], generating
20 different datasets. The baseline variables used in the models
were age, sex, education, living arrangements, composite
QoL-AD score, EQ-5D-3L index score, MMSE score, ZBI
score, and intervention/control group. We then analyzed the
multiple datasets and computed pool ed estimates following the
methods described by Rubin [43].

o-Adjusted Tipping-Point Sensitivity Analysesfor QoL-AD
and QALY

To assessthe robustness of thefindingsfor the primary outcome
(QoL-AD) to potential missing-not-at-random mechanisms, we
conducted &-adjusted tipping-point sensitivity analyses at the
18-month follow-up. Further, d-adjusted tipping-point sensitivity
analyseswere also performed for theimputed QALY of PWwMCI
and informal caregivers at the 18-month follow-up. We
systematically applied a range of departures from the
missing-at-random assumption by adding a constant () to the
imputed outcome values in both groups. The tipping point was
defined as the value of d at which the treatment effect either
lost statistical significance (P=.05) or required a shift in
outcomes judged to be clinically implausible.

User Behavior

Participants were grouped based on high (>125 launches) or
low (<125 launches) app useto observe theimpact of app usage
on QoL. We measured SMART4MD app use by counting the
number of timesthe app was launched during thefirst 12-month
period (dataon app use for the last 6 months were unavailable).
We created a binary variable using the median cutoff of 125
launches.

https://www.jmir.org/2026/1/e83123
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QoL-AD Analysis According to the Protocol

In the protocol paper [20], the primary outcome was defined as
the mean change in total QoL-AD score at 18 months. The
planned analysis involved a 2-group comparison of this mean
change using a Monte Carlo permutation t test, with bootstrap
methods applied to estimate 95% Clsfor the difference between
group means.

Subgroup Analyses

Overview

Interaction term analyses were conducted to eval uate differences
in the effect of the intervention across subgroups based on
demographic characteristics (sex and age) and cognitive function
(MM SE scores) on QoL-AD scores.

Sex Comparison

Changes in QoL-AD scores were compared between men and
women.

Age Comparison
Participants were categorized into 2 groups, those aged up to

70 years and those aged over 70 years, to assess differencesin
QoL-AD scores[44,45].

Cognitive Status

Participants were divided based on baseline MM SE score (<26
Vs >26) to evaluate the effect of cognitive function on QoL, as
previous studies suggested that this cutoff is preferable because
of its better specificity and sensitivity [41,46]. Additionally,
this cutoff represented the median in our sample.

We also explored sensitivity analyses for health outcomes and
medication adherence based on study sites. Further, the
sensitivity and interaction analyses based on QALY (EVAS)
also incorporated multipleimputation for QALY (EVAS) scores
across all time points (baseling, 6, 12, and 18 months). For
medication adherence, we conducted a sensitivity analysis
defining adherence as adherence to at least one drug.
Within-group (intragroup) differencesin health outcomes were
also assessed using paired t tests. The percentages of missing
and imputed values were calculated for both QoL-AD scores
and QALY at each data collection point. Results for al these
analyses are presented in Multimedia Appendix 2.

Results

Participant Baseline Characteristics

The baseline demographic characteristics of PwMCI and
informal caregivers in the intervention and control groups are
presented in Table 1. Figure 1 presents the study flowchart.
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Table 1. Demographic characteristics of PwMCI®and their informal caregivers at baseline.

Ghani et a

Charecteristics PwWMCIP Informal caregiver®
Intervention (n=537)  Control (n=541) Pvalue Intervention (n=537) Control (n=541) P vaue

Age (years), mean (SD) 75 (7.24) 74(7.23) 47 62 (15.00) 63 (14.36) 33

Sex, n (%) 18 48
Male 241 (44.9) 265 (49.0) 166 (30.9) 178 (32.9)

Female 296 (55.1) 276 (51.0) 371(69.1) 363 (67.1)

Education, n (%) A7 .09
Elementary education 313 (58.3) 333 (61.6) 175 (32.6) 201 (37.2)

Secondary education 124 (23.1) 100 (18.5) 186 (34.6) 156 (28.8)
Higher education 97 (18.1) 106 (19.6) 161 (30.0) 173 (32.0)

Civil status, n (%) A3 .39
Single 181 (33.7) 159 (29.4) 105 (19.6) 95 (17.6)
Married/living together 356 (66.3) 381 (70.4) 430 (80.1) 445 (82.3)

Living arrangements, n (%) .16 .65
Single 117 (21.8) 102 (18.9) 52(9.7) 43(7.9)
Spouse/common law partner 327 (60.9) 356 (65.8) 357 (66.5) 378 (69.9)

Children 56 (10.4) 41 (7.6) 53 (9.9) 48 (8.9)
Other 32(6.0) 39(7.2) 72 (13.4) 72 (13.3)

3PwM Cl: people with mild cognitive impairment.

PMissi ng data for education (intervention, n=3; control, n=2); civil status (intervention, n=0; control, n=1); living arrangements (intervention, n=5;

control, n=3)

®Missing data for education (intervention, n=15; control, n=11); civil status (intervention, n=2; control, n=1); living arrangements (intervention, n=3;

control, n=0).
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Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flowchart. BTH: Blekinge Institute of Technology; CST: Consorci Sanitaria de
Terrassa; SAS: Servicio Andaluz de Salud; UCLL: University College L euven-Limburg.
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CST: PWMCI=80; Carer=78; dyad=76
SAS: PwMCI=114; Carer=105;
dyad=105

Effect of the I ntervention on Health Outcomes

PwWMCI

Composite Quality of Life (QoL-AD)
The mixed-effects model revealed a positive impact of the
intervention on the primary outcome of QoL (QoL-AD). At 6

https://www.jmir.org/2026/1/e83123
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months, there was a significant mean difference between the
intervention and control groups (mean difference 0.73, 95% Cl
0.09-1.36; P=.02). Thissignificant differencein QoL-AD score
was sustained at the 18-month follow-up (mean difference 0.75,
95% Cl 0.07-1.42; P=.03; Table 2).
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Table 2. Differencesin outcome measures between intervention and control groups for PwMCI2,

Sample size (interven-

Control group, mean Difference®, mean (95%

tion/control), n/N Intervention group, mean (SE)  (SE) Cl) P value

Composite QoL -AD®

Baseline 516/517 36.01 (0.22) 35.89 (0.22) 0.122 (-0.47 10 0.72) 69

Month 6 3751426 36.62 (0.23) 35.89 (0.23) 0.729 (0.09 to 1.36) 02

Month 12 250/294 36.25 (0.25) 35.73 (0.24) 0521 (-0.17 to 1.21) 14

Month 18 289/314 36.30 (0.25) 35.55 (0.24) 0.746 (0.07 to 1.42) .03
EQ-5D-3L index scores (EVASY)

Basdline 536/538 0.772 (0.009) 0.774 (0.009) _0.002(-0.03t00.02) .85

Month 6 395/441 0.763 (0.010) 0.752 (0.009) 0.011 (-0.01 to 0.04) 41

Month 12 350/396 0.758 (0.010) 0.758 (0.009) 0.0005 (-0.03 to 0.03) 97

Month 18 311/334 0.758 (0.010) 0.752 (0.010) 0.005 (-0.02 to 0.03) 71
Total accumulated QALY® (EVAS)f

Month 6 395/442 0.423 (0.006) 0.388 (0.005) 0.035 (0.02 to 0.05) <.001

Month 12 340/383 0.365 (0.006) 0.380 (0.006) _0.015(-0.03t00.00) .08

Month 18 298/334 0.365 (0.006) 0.353 (0.006) 0.012 (-0.01 to 0.03) A7
MM SE?Y

Baseline 537/538 25,51 (0.14) 25.63 (0.14) -0.117(-04910026) 54

Month 6 394/440 2550 (0.15) 2551 (0.14) _0.009(-0.42t00.40) .97

Month 12 352/398 25.19 (0.15) 25.50 (0.15) —0.309 (-0.73t0 0.11) 15

Month 18 310/335 25.43 (0.16) 25.26 (0.16) 0.169 (-0.27 t0 0.61) 45
1ADL"

Basdline 471/484 6.71 (0.08) 6.65 (0.08) 0.060 (-0.17 t0 0.29) 60

Month 6 363/405 6.17 (0.09) 6.19 (0.09) _0022(-026100.22) .86

Month 12 330/330 6.00 (0.09) 6.11 (0.09) _0110(-036t00.14) .39

Month 18 292/312 5.83 (0.09) 5.88 (0.09) ~0.049(-030t0021) .70

3PwMCI: people with mild cognitive impairment.

bBetween—group differences are computed using a mixed-effect model, and results are controlled for site.

®QoL-AD: Quality of Lifein Alzheimer’s Disease.
devas: European EQ-5D Visua Anaogue Scale.
€QALY: quality-adjusted life years.

P values for exploratory outcomes are nominal and have not been adjusted for multiple comparisons.

IMMSE: Mini-Mental State Examination.
MADL: Instrumental Activities of Daily Living.

EQ-5D-3L Index Scores(EVAS), MM SE, and | ADL Scores

By contrast, no significant differences were found between the
2 groups in health utility (EQ-5D-3L, 6 months. P=.41; 12
months: P=.97; and 18 months. P=.71), cognitive function
(MMSE, 6 months. P=.97; 12 months. P=.15; and 18 months:
P=.45), or activities of daily living (IADL, 6 months. nominal
P=.86; 12 months. nomina P=.39; and 18 months: nominal
P=.70) at any follow-up interval (Table 2).

https://www.jmir.org/2026/1/e83123

Total Accumulated QALY

Although accumulated QALY was significantly different at 6
months (mean difference 0.035, 95% CI 0.02-0.05; nominal
P<.001), this effect was not sustained at the 12- and 18-month
follow-ups (Table 2).

Informal Caregiversand Dyads

EQ-5D-3L Index Scoresfor Informal Caregivers

For informal caregivers, the intervention was associated with
a significant improvement in health utility (EQ-5D-3L) at the
18-month follow-up (mean difference 0.030, 95% ClI
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0.001-0.058; nominal P=.04), although there were no significant
differencesat earlier time points (6 months; nominal P=.15 and
12 months: nominal P=.69). Despite this improvement, there

Ghani et a

was nho significant impact on caregiver burden, as measured by
the ZBl, at any point during the study (6 months: P=.96; 12
months: P=.60; and 18 months; P=.32; Table 3).

Table 3. Differences in outcome measures between intervention and control groups for informal caregivers and dyad.

Sample size (interven-

Intervention group, mean  Control group, mean

Differences tion/control), n/N (SB) (SB) Difference®
Mean (95% CI) P value
Informal caregivers
EQ-5D-3L index scores
(EVASP)©
Baseline 519/518 0.80 (0.009) 0.79 (0.009) 0.013(-0.01t00.04) .26
Month 6 376/427 0.81 (0.010) 0.79 (0.009) 0.019(-0.007t00.045) .15
Month 12 331/371 0.79 (0.010) 0.78 (0.010) 0.006 (-0.02t00.03) .69
Month 18 296/320 0.80 (0.010) 0.77 (0.010) 0.030 (0.001t0 0.058) .04
Total accumulated QALYd
(EVAS)©
Month 6 375/422 0.448 (0.006) 0.398 (0.005) 0.050 (0.04t00.07)  <.001
Month 12 314/354 0.388 (0.006) 0.397 (0.006) -0.009 (-0.03t00.01) .26
Month 18 279/303 0.385 (0.006) 0.376 (0.006) 0.009 (-0.01t00.03) .31
ZBI® scores
Baseline 520/521 6.59 (0.32) 6.78(0.32) -0.183(-1.08t00.71) .69
Month 6 378/427 6.74 (0.36) 6.76 (0.34) -0.023(-0.99t00.95) .96
Month 12 332/370 6.59 (0.37) 6.86 (0.36) -0.270 (-1.28t00.74) .60
Month 18 292/318 7.06 (0.38) 7.59 (0.37) -0531(-1.58t00.52) .32
Dyads (PwM cif plusinformal caregivers)
Total accumulated QALY
(EVAS)®
Month 6 372/420 0.874 (0.009) 0.789 (0.009) 0.085 (0.06 t0 0.11) <.001
Month 12 312/350 0.759 (0.010) 0.781 (0.009) -0.022 (-0.05t00.005) .11
Month 18 276/300 0.758 (0.011) 0.739 (0.010) 0.018 (-0.01 to 0.05) 21

3Between-group differences are computed using the mixed-effect model and results are controlled for site.

bEVAS: European EQ-5D Visua Anaogue Scale.

P values for exploratory outcomes are nominal and have not been adjusted for multiple comparisons.

dQALY: quality-adjusted life years.
€7BlI: Zarit Burden Interview.
fPwmC: people with mild cognitive impairment.

Total Accumulated QALY for Informal Caregivers

At the 6-month follow-up, there were significant differencesin
total accumulated QALY (mean difference 0.050, 95% CI
0.04-0.07; nominal P<.001), but this effect did not persist at
later follow-ups (Table 3).

While evaluating the dyads, the intervention group showed a
significant increasein total accumulated QALY at the 6-month
follow-up (mean difference 0.085, 95% CI 0.06-0.11; nominal
P<.001). Thisinitial benefit did not reach statistical significance

https://www.jmir.org/2026/1/e83123

at the 12- (nomina P=.11) or 18-month (nomina P=.21)
follow-up (Table 3).

Effect of I ntervention on Medication Adherence

There were no significant differencesin medication adherence
between groups at the 6-, 12-, or 18-month follow-ups (Table
4). At the 18-month follow-up, the estimated probability of
adhering to both prescribed drugs was dightly higher in the
SMART4MD group than in the control group; however, this
difference was not statistically significant (absolute difference
in probabilities=0.09; P=.12). The results for medication
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between groups (see Table S1 in Multimedia Appendix 2).

Table 4. Change in medication adherence (=80% and <110%) between the intervention and control group for both drugs at 6-, 12-, and 18-month

follow-up using the logit model.

Samplesize (intervention/con-

Intervention group, mean  Control group, mean

Period trol), /N (SE) (SB) Absolute difference® in probabilities
Difference (95% ClI) P value
Month 6 187/221 0.422 (0.04) 0.395 (0.03) 0.027 (-0.07 t0 0.12) 58
Month 12 123/160 0.447 (0.04) 0.485 (0.04) -0.038 (—0.15 t0 0.08) 53
Month 18 139/157 0.474 (0.04) 0.385 (0.04) 0.090 (-0.02 to 0.20) 12

3Between-group differences are computed using multilevel mixed-effect logistic regression (melogit) and results are controlled for site.

Overal, the intervention showed benefits for PWMCI in terms
of composite QoL -AD scores and nominally significant benefits
for informal caregivers in terms of EQ-5D-3L index scores at
18 months (nominal P=.04)); however, no significant differences
were found for the dyads at 18 months (hominal P=.21). There
was no significant impact on medication adherence (6 months:
P=.58; 12 months. P=.53; and 18 months. P=.12). All
confirmatory outcomes for PWMCI (medication adherence,
MMSE score, and EQ-5D-3L) and informal caregivers (ZBI
scores) were honsignificant before adjustment and remained so
after Holm-Bonferroni correction (all P,;>.99).

Sensitivity and Subgroup Analyses

Greater QoL-AD Scoresin the I ntervention Group

Table 5 shows the sensitivity analyses for the primary outcome
(QoL-AD). The findings remained robust when using imputed
QoL-AD scores to account for missing values. A significant
improvement was observed at 6 months, with amean difference
of 0.708 (nominal P=.01). Consistent with the base-caseresuilts,
no significant difference wasfound inimputed QoL -AD scores

https://www.jmir.org/2026/1/e83123

at the 12-month follow-up (hominal P=.16). However, results
were significantly higher for theintervention group at 18 months
(nominal P=.02). Similarly, the results for PwM Cl-assessed
QoL-AD scoresweresignificantly higher at 6 months (nominal
P=.04). However, a the 12-month (nomina P=.38) and
18-month (nominal P=.14) follow-ups, therewere no significant
differences between the 2 groups. The sensitivity analysis for
caregiver-assessed QoL-AD scores found no significant
differences between the intervention and control groups (6
months: nominal P=.08; 12 months: nomina P=.20; and 18
months: nominal P=.08). High app usage (>125 launches) had
asignificant effect on composite QoL -AD scores at the 6-month
(nominal P=.01) and 18-month (nominal P=.04) follow-ups,
but not at the 12-month follow-up (hominal P=.07). However,
themodel did not find significant effect for low app usage (<125
launches) at any time point (6 months: nomina P=.18; 12
months. nominal P=.56; and 18 months. hominal P=.15). The
sensitivity analysis using a Monte Carlo permutation t test
showed no statistically significant difference between the 2
groupsin changein QoL-AD scores at the 18-month follow-up
(P=.45).
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Table 5. Sensitivity analyses for the primary outcome QoL-AD?for PWMCI b,

Sample size (interven- Intervention group,  Control group, mean
Case tion/control), /N mean (SE) (SB) Difference®, mean (95%Cl) P value
Base case
Baseline 516/517 36.01 (0.22) 35.89 (0.22) 0.122 (-0.47 0 0.72) .69
Month 6 375/426 36.62 (0.23) 35.89 (0.23) 0.73 (0.09 t0 1.36) .02
Month 12 250/294 36.25 (0.25) 35.73 (0.24) 0.52 (-0.17 to 1.21) 14
Month 18 289/314 36.30 (0.25) 35.55 (0.24) 0.75 (0.71t0 1.42) .03
Imputed composite QoL -AD
score?
Baseline 520/520 35.81(0.21) 35.70 (0.21) 0.108 (—0.46 to 0.68) 71
Month 6 519/521 36.44 (0.21) 35.73(0.21) 0.708 (0.14 to 1.28) 01
Month 12 390/439 36.11 (0.22) 35.68 (0.21) 0.427 (-0.17 t0 1.02) 16
Month 18 348/389 36.11 (0.22) 35.38 (0.22) 0.731 (0.12t0 1.34) .02
PwM Cl -assessed QoL -AD
score’
Basdline 536/538 36.57 (0.23) 36.40 (0.23) 0.164 (—0.47 to 0.80) 61
Month 6 395/442 37.14(0.25) 36.43(0.24) 0.702 (0.02t0 1.38) .04
Month 12 296/341 36.70 (0.27) 36.38 (0.26) 0.325 (—0.40 to 1.05) 38
Month 18 312/334 36.73(0.26) 36.19 (0.26) 0.547 (-0.18t0 1.27) 14
Carer-assessed QoL-AD
score’
Basdline 517/519 34.73 (0.26) 34.85 (0.26) -0.119 (-0.84 t0 0.60) 74
Month 6 377/428 35.46 (0.28) 34.78 (0.27) 0.684 (—0.09 to 1.46) .08
Month 12 269/302 35.25 (0.31) 34.70 (0.30) 0.550 (-0.29 to 1.39) 20
Month 18 289/317 35.19(0.30) 34.46 (0.29) 0.733 (-0.10 to 1.56) .08
High app use >1259
Baseline 168/517 35.98(0.37) 35.95(0.22) 0.030 (-0.82t0 0.88) 94
Month 6 165/426 37.10 (0.38) 35.96 (0.22) 1.140 (0.28 t0 2.00) .009
Month 12 135/294 36.63(0.39) 35.79(0.24) 0.835 (-0.07 to 1.74) .07
Month 18 167/314 36.54 (0.38) 35.62 (0.24) 0.924 (0.05 to 1.80) 04
Low app use <125
Basdline 169/517 36.20 (0.38) 35.92 (0.22) 0.281 (-0.58 to 1.14) 52
Month 6 167/426 36.51 (0.38) 35.92 (0.23) 0.592 (-0.28 to 1.46) 18
Month 12 116/294 36.04 (0.41) 35.76 (0.24) 0.277 (-0.66 to 1.21) 56
Month 18 118/314 36.26 (0.41) 35.58 (0.24) 0.681 (-0.25t0 1.61) A5
Monte Carlo permutation t
test, mean (SD)
QoL-AD total scoreat 18 310/328 36.51 (5.16) 36.02 (5.03) 0.32 (<0.50 to 1.14)f 459
months®

8QoL-AD: Quality of Lifein Alzheimer’s Disease.

bpPwmCl: people with mild cognitive impairment.

®Between-group differences are computed using the mixed-effect model and results are controlled for site.

9P values for exploratory outcomes are nominal and have not been adjusted for multiple comparisons.

®The number of permutations is 10,000, and the number of bootstrap replicationsis 10,000.

fo596 bootstrap Cl for the difference in mean QoL-AD score between the intervention and control groups (intervention minus control).
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9Two-sample, 2-sided Monte Carlo permutation t test.

I nteraction Analyses

Overview

Table S2 in Multimedia A ppendix 2 showsthe interaction terms
for sex, age, and MM SE scores in relation to QoL-AD scores.

Sex

The effect of the SMART4AMD app appeared to be dlightly
greater for women than for men; however, the difference was
not statistically significant (nominal P=.82).

Age
A nonsignificant negative interaction was observed for PwMCI

aged over 70 years compared with those aged 70 years or under
(nominal P=.67).

Cognitive Status (MM SE Score)

Similarly, no significant interaction was observed between
cognitive function (MM SE >26 vs <26) and QoL-AD scores
(nominal P=.12).

Demographic Characteristics at the 18-M onth Follow-Up

No significant differences were observed between the
intervention and control groups (all Ps>.05, exact P values are
presented in Table S3 in Multimedia Appendix 2), except for
living arrangements at the 18-month follow-up, where both
PWMCI (73/312, 23.4%; P=.01) and informal caregivers
(27/296, 9.1%; P=.04) in the intervention group were more
likely to live alone (Table S3 in Multimedia Appendix 2).

Within-Group Differencesin Effect Measures

There were no significant differences in QoL-AD scores
(intervention: P=.18; control: P=.09) from baselineto 18-month
follow-up in either group (Table $4 in Multimedia Appendix
2), although both groups experienced a significant reduction in
IADL scores (nomina P<.001) among PWMCI. Over the tria
period, a statistically significant reduction in EQ-5D-3L index
scores was observed in the control group (mean difference
—0.028; P=.006), but not in the intervention group (P=.08) for
PwWMCI. No significant differencesin EQ-5D-3L index scores
(intervention: nominal P=.43; control: nominal P=.24) or ZBI
scores (intervention: P=.31; control: P=.14) from baseline to
follow-up were observed in either group of informal caregivers.
EQ-5D-3L index scores for dyads were aso significantly
reduced in the control group over the trial period (mean
difference —0.048; nominal P=.006), but not among dyads in
the intervention group (nomina P=.11; see Table $4 in
Multimedia Appendix 2).

Sensitivity and I nteraction Analyses Using QALY
(EVAS)

Sensitivity analyses using QALY s based on the EVAS tariff as
the outcome are presented in Table S5in Multimedia A ppendix
2. Significant differences were observed in imputed QALY's
for PWMCI, showing a significant improvement in the
intervention group compared with the control group at 6-month
follow-up (nominal P<.001). Interaction analyses for QALYs
(EVAS) did not indicate any heterogeneity in the intervention
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effect across groups based on age, sex, and cognitive status
(Table S6 in Multimedia Appendix 2).

For informal caregivers, the general base-case results were
consistent, with statistically significant results for imputed
QALY (P=.02) showing better QoL in the intervention group
at the 18-month follow-up (Table S7 in Multimedia Appendix
2). Further, interaction analyses for QALY (EVAS) among
informal caregivers did not show significant differences based
on age (P=.40), sex (P=.37), and caregiver burden (P=.33; see
Table S6 in Multimedia Appendix 2).

The sensitivity analysis based on imputed QALY showed a
significant improvement in QoL for dyads in the intervention
group compared with those in the control group at 6 months
(P<.001) and 18 months (P=.01; see Table S7 in Multimedia
Appendix 2).

Health Outcomes and Medication Adherence Based on
Study Sites

Results for intergroup differences in health outcomes and
medication adherence across the 3 sites (BTH, CST, and SAYS)
are presented in Tables S8-S10 in Multimedia Appendix 2,
respectively. Thesefindings showed significantly higher MM SE
scores (P=.02) at the 18-month follow-up and higher QALY
scores (P<.001) for PWMCI at the 6-month follow-up for the
SAS site (Table S8 in Multimedia Appendix 2). For dyads,
QALY scoreswere also significantly higher in the intervention
group than in the control group at 6-month follow-up (P=.003)
and 18-month follow-up (P=.03) at the CST siteand at 6-month
follow-up (P<.001) at the SAS site (Table S9 in Multimedia
Appendix 2). At the SAS site, at the 6-month follow-up, the
probability of adhering to both prescribed drugs was
significantly higher in the SMART4AMD group than in the
control group (absolute difference in probabilities .13; nominal
P=.02; Table S10 in Multimedia Appendix 2).

Attrition

Attrition refers to the exclusion of participants from the final
analysis, usually because of factors such as dropout from the
RCT or missing data. Thefailurerate of dyadsto respond to all
health outcomes at the 18-month follow-up was 41.9% (225/537)
in the intervention group and 37.7% (204/541) in the control
group (P=.16). The stated reasons for exiting the trial were
predominantly related to a general unwillingness to continue
participation in the trial. PWMCI who dropped out from the
intervention group were significantly more likely to be older
(P<.001), female (P=.005), unmarried (P=.024), and lesslikely
to live with a spouse (P=.02). They also tended to have worse
MMSE and IADL scores at baseline. In the control group,
PwM CI who dropped out werelesslikely to live with aspouse,
less likely to have a high level of education, and had worse
QoL-AD, MMSE, and IADL scores at baseline (Table S11 in
Multimedia Appendix 2). The characteristics of informal
caregivers among the dropouts are presented in Table S12 in
Multimedia Appendix 2. These caregiverstended to be younger,
lesslikely to live with a spouse, and to have a higher caregiver
burden at baseline. At 18 months, multiple imputation under
missing at random for imputed QoL -AD scores (mean difference
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0.731; nomina P=.02), imputed QALY for PWMCI (mean
difference 0.010; nomina P=.13), and imputed QALY for
informal caregivers (mean difference 0.014; nomina P=.02)
yielded similar estimates in tipping-point analyses applying &
shifts (Table S13 in Multimedia Appendix 2).

For PwMCI, the highest percentage of missing val ues (501/1078,
46.5%) was observed for QoL-AD scores at the 12-month
follow-up (Table S14 in Multimedia Appendix 2). By contrast,
for QALY, the highest percentages of missing values were
nearly 40% for PWMCI (433/1078, 40.2%) and informal
caregivers(436/1078, 40.4%) at the 18-month follow-up (Table
S14 in Multimedia Appendix 2).

Discussion

Principal Findings

This study investigated whether the SMART4MD intervention
improved QoL and medication adherence among PWMCI, as
well as reduced caregiver burden during the 18-month trial
period. Significant differencesin QoL-AD scoreswere observed
in the intervention group, and this finding remained robust in
the sensitivity analysis using imputed composite QoL-AD
scores. The model demonstrated a significant interaction
between the intervention and time. The results fluctuated
because no significant differences were observed at the
12-month follow-up; however, consistent differencesin scores
were found a the 6- and 18-month follow-ups. The
SMART4MD intervention did not demonstrate a significant
impact on the confirmatory outcomes for PwWMCI (medication
adherence, MM SE, and EQ-5D-3L) or informal caregivers(ZBI
scores), with results remaining nonsignificant after controlling
for multiplicity. Although exploratory results for EQ-5D-3L
index scoreswere significantly different for informal caregivers
intheintervention group, no significant improvement wasfound
in total accumulated QALY at the 18-month follow-up.
Sensitivity analyses based onimputed QoL -AD scoresindicated
significantly better QoL for PwMCI in the intervention group.
The SMART4AMD app includes reminders and other features
intended to improve medication adherence; however, the study
found that these features did not lead to a significant
improvement in medication adherence. It is important to
consider potential factors that might influence the outcomes,
such as sex, age, cognitive status, and caregiver burden.
However, the study did not find significant interaction effects
on QoL-AD based on these factors that could explain the lack
of improvement in QoL-AD and medication adherence.

QoL-AD scores were higher in the intervention group when
imputed QoL -AD scoreswere used to account for missing data
through multiple imputation. This suggests that the positive
effect of the intervention on QoL-AD is robust and not
substantially affected by missing data. In addition, QoL-AD
scores remained consistent in sensitivity analyses using
self-reported and proxy-reported scores. Thisimpliesthat either
perspective may be reliable for assessing QoL in PwMCI.

In site-specific analyses, significant effects on MMSE scores
and QALY among PWMCI were observed at the SAS site in
Spain, aswell asimproved medication adherence at the 6-month
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follow-up. These findings are exploratory and should be
interpreted with caution, asthey may reflect specific contextual
factors, population characteristics, implementation nuances, or
differencesin local health care practices and caregiver support.
Furthermore, the findings may be attributabl e to random chance.
Future research should incorporate a priori effect-modifier
analyses to formally test these associations and identify the
specific factors, such as patient engagement, caregiver support,
and local health careresources, that contributed to these positive
outcomes.

The findings regarding PWMCI are consistent with existing
evidence on the effectiveness of mobile apps for health
promotion and disease management. A meta-analysis of 172
papers, primarily consisting of randomized trials, concluded
that health-related apps provided a modest advantage in health
outcomes compared with standard care [47]. A longitudinal
study conducted in Ireland found no significant changes in the
well-being of 12 PwD or their caregivers who used a smart
health platform called Connected Health over a12-month period.
The Connected Health platform is a model of chronic care
delivery that uses a portal to connect care providers and
stakeholders, enabling a smooth and continuous flow of
information. However, the results are not directly comparable
because the Irish study lacked a control group, used a different
QoL instrument (Dementia QoL ), and had asmaller ssmplesize
consisting of patients with advanced dementia [48]. Another
randomized clinical trial involving 390 persons aged 65 years
and older evaluated the impact of an interactive website called
ElderTree. The study found no significant improvements in
QoL (Patient-Reported Outcomes Measurement Information
System Global Hedlth), independence (IADL), or related
outcomes over a 12-month period [49].

We found no improvement in medication adherence with the
SMART4MD app, which contrasts with a previous study by Li
et a [50], who reported a significant improvement in medication
adherence over 12 months using the Perx app. The Perx app
included customized reminders and interactive games to
incentivize medication adherence. However, the study
population was younger and had health conditions other than
cognitive decline. Additionally, users were required to upload
aphoto of their scheduled medication within 1 hour of receiving
the reminder for verification [50]. Admittedly, SMART4AMD
did not include such interactive features. A scoping review also
found that gamified apps may promote positive health behaviors,
such as medication adherence [51], and may also drive app use
[52]. Therefore, future mHeal th apps may consider incorporating
gamification strategies to support health behavior change,
particularly medication adherence.

A direct comparison of our findings with previous studies of
mHealth or eHealth interventions was not possible because of
differences in the type of intervention, study design, outcome
measures, and study duration. Another limiting factor is the
limited evidence on the effectiveness of mHealth interventions
designed for older adultswith MCI or their informal caregivers.
Therefore, it isdifficult to draw definitive conclusionsregarding
the effectiveness of mHesalth interventionsfor PwMCI and their
informal caregivers based on the current evidence.

JMed Internet Res 2026 | vol. 28 | e83123 | p. 14
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

The high attrition rate in the current trial is unfortunately
considered common in efficacy studies related to mHealth
interventions[53]. However, to minimize attrition, SMART4MD
trial investigators offered telephone interviews to participants
who were unable to attend the 18-month follow-up in person.
Consequently, 117 out of 650 (18%) follow-upswere conducted
remotely by telephone. Most participants cited the COVID-19
pandemic as the reason for not participating in person at the
18-month follow-up. Although the pandemic may also have
contributed to overall trial withdrawal, specific data on this
reason for attrition were not collected at the time. Dropout was
dightly higher in theintervention group (225/539, 41.7%) than
in the control group (204/544, 37.5%), although the difference
was not statistically significant. Assuming that dropout occurred
randomly, the findings in Tables 2 and 3 provide unbiased
estimates of health outcomes. However, we observed statistically
significant differences in characteristics between dropouts and
nondropouts (Tables S11 and S12 in Multimedia Appendix 2),
indicating that missingness may not have been random, based
on observed factors such as dyad age, decline in cognitive
abilities, and increased caregiver burden. Previous studies have
suggested using multiple imputation methods when missing
data are assumed to be missing at random [54,55]. Sensitivity
analyses based on multiple imputation of the primary outcome
(QoL-AD) yielded significant effects (Table 5). Similarly, the
exploratory results of the multiple imputation for QALY
remained consistent with the base-case results, except that
significant effectswere observed at the 18-month follow-up for
informal caregivers (nominal P=.02and dyads (nominal P=.01,
see Tables S5 and S7 in Multimedia Appendix 2). Overal, we
concludethat attrition isunlikely to have introduced substantial
biasinto theresults. It isimportant to emphasize that significant
differences in MMSE and ZBI scores between dropouts and
nondropouts may suggest that the data were missing not at
random. Thisimpliesthat the likelihood of missing MM SE and
ZBIl data may have depended on baseline outcomes [56],
although only 21 of 434 (4.8%) participants|left thetrial because
of cognitive reasons.

As shown in the flowchart in Figure 1, most participants left
thetrial because they no longer wanted to continue participation.
One possible reason for nonparticipation may have been
difficulties in using the features of the SMART4MD app or
dissatisfaction with the app rel ative to participants' expectations
[57]. However, a similar proportion of dyads withdrew from
the control group, suggesting that the SMART4AMD app itself
may not have been the primary reason for attrition, but rather
participation inthetrial overall. Similar observations have been
reported in other studies related to the SMART4AMD project
[22,58].

The small sample size in the medication adherence analysis
reduced the likelihood of detecting statistically and clinically
significant differences between groups. It isimportant to note
that the number of participants recruited for the trial (1078
dyads) exceeded the required sample size for the primary
outcome (QoL-AD), although it was lower than the required
1174 PwMCI needed to detect dtatistically and clinically
significant differences in medication adherence [20]. At the
18-month follow-up, the sampleincluded only 647 PwMCI for

https://www.jmir.org/2026/1/e83123

Ghani et a

themain analysisand 418 PwMClI for the medication adherence
analysis. Themain reasonsfor further attrition in the medication
adherence analysis were that participants reported not taking
any medications or that the research nurse considered it
impossible or inappropriate to count the medication.

In addition to the small sample size, the average number of
times PwWMCI launched the SMART4AMD app was aso low,
indicating suboptimal utilization of the app. This may suggest
that the SMART4MD app was not sufficiently user-friendly,
making it challenging for PwMCl to use, asreported by Piculell
et a [57]. A review of mHealth apps indicated a strong
correlation between simple, easy-to-use, and interactive app
features and their usability and acceptability [59]. If app
functions are complex and PwMCI are unfamiliar with the app,
this may even lead to distress [59]. A qualitative study based
on individual semistructured interviews with 16 PwMCI from
the SMART4MD trial found that participants did not perceive
the app’s reminder feature as useful [57], which may have
influenced their engagement with the app. This is further
illustrated by the fact that only 195 of 312 (62.5%) PwMCI
launched the app between the 6- and 12-month follow-ups,
compared with 299 of 312 (95.8%) during the first 6 months.
Participants may also have shown a lack of interest because
they perceived themselves as too old to use a smartphone or
tablet [57]. These findings suggest that participants may not
have recognized the potential benefits of developing habits that
could become useful astheir condition progresses, underscoring
the importance of educating participants about the benefits of
mHealth interventions. Asthe nature of mHealth interventions
differs from that of medications or surgical procedures,
additional effort may be required to help participants appreciate
the benefits associated with regular use of such interventions.

One of the inclusion criteriafor the trial was that PwMCl had
to have an MM SE score between 20 and 28. Although the use
of an MM SE cutoff value of 28 is uncommon and associated
with some limitations, it has been used in other studies [60].
Furthermore, previous research suggests that an MM SE cutoff
score of 28 may be appropriate for identifying individualswith
cognitive impairment, including those with mild dementia or
MCI [23]. AsPwMCI with an MM SE score of 28 had relatively
higher cognitive abilities, we conducted sensitivity analyses
using an MM SE cutoff of 26.

Strengthsand Limitations

The main strength of this study is that it was based on alarge
multicenter RCT conducted across different cultural and health
care settings and included both PWMCI and their informal
caregivers. Another strength is the use of multiple health
outcome measures, which increased comparability with other
studies. The main limitation is the high attrition rate, and the
dropout analysis revealed significant differences between
dropouts and nondropoults, indicating that the results should be
interpreted with caution.

Another limitation is the lack of data on user behavior at the
18-month follow-up. Furthermore, there are concernsregarding
the quality of the 12-month user behavior data because they
only indicated whether the app had been launched. Detailed
dataon the duration of interactions with the app and the specific
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functions used were not collected; therefore, objective measures
of actual app use were unavailable. Consequently, inferences
regarding a causal relationship between app use or reminder
exposure and changes in QoL among PwMCI and their
caregivers should beinterpreted with caution. Themain analysis
of this study was limited to examining the presence of app use.
Therefore, the study did not fully capture the effect of reminder
features for medication adherence and appointments on
behavioral change. Low app-launch frequency may partly
explain the absence of an effect on medication adherence,
although the available usage data do not permit conclusions
regarding exposure to specific reminder functions or actual
engagement with medication-related features. In addition, it is
possible that the app itself imposed an additional burden on
PwMCI and their caregivers. The reminders may a so have had
nuisance effects by causing distraction among PWMCI. This
interpretation is consistent with findingsfrom the SMART4MD
feasibility study, in which some participants reported feeling
too old to use the technology and perceived the reminder
functions as not useful [22]. Previous research suggests that
mHealth apps for dementiaare morelikely to be adopted when
their features are smple [61]. It is therefore possible that the
functions of the SMART4AMD app were not perceived as
sufficiently simple or intuitive by PwMCI. Moreover, the
18-month follow-up period may not have been long enough to
identify minimal clinically important differences, as PwMCI
consistently reported minimal changesin their condition during
this period. For example, for the MM SE, afollow-up period of
at least 36 months has been suggested to observe clinically
meaningful changes [62]. This observation is consistent with
the existing literature [63]. The trial design focused on 2
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frequently used medications, which may have introduced an
upward biasin adherence reporting. PwM Cl may exhibit higher
adherence to well-established and frequently repeated routines
than to more varied treatment regimens, conseguently, our
results may overestimate overall patient adherence.

Neither the researchers nor the participants were blinded to the
intervention and control groups, which may have introduced
biasinto the outcomes. However, blinding may be less relevant
in pragmatic trials that aim to replicate real-world practice as
closely as possible [64]. Future research in this area could
consider providing the control group with an app containing
limited features to address this concern. Another limitation of
the trial was the lack of detailed characterization of informal
caregivers. For example, information on the primary caregiver’'s
relationship to the PwMCI, caregiving hours per day or week,
and employment status was not documented. Furthermore, the
effect of the SMART4AMD app was not stratified by caregiver
type (eg, spouse, adult child, or other), which could have
provided insight into which groups benefited most from the
intervention.

Conclusions

The SMART4MD intervention was associated with a modest
improvement in QoL among PwMCI, as measured by the
composite QoL-AD score. Evidence of benefitsamong informal
caregivers and dyads was less consistent and should be
interpreted as exploratory. Further research is needed in this
area, particularly studies with larger sample sizes, longer
follow-up periods, and strategies to encourage app utilization.
Future studies should also place greater emphasis on reducing
dropout ratesin mHealth programs.

Acknowledgments

The authors are grateful to all individuals who volunteered to participate in the SMART4AMD tria, aswell asto the staff for their

collaboration in data collection and management.

Funding

Thisstudy is part of SMART4MD (Support Monitoring and Reminder Technology for Mild Dementia), a European Commission
Horizon 2020 project (grant 643399). We gratefully acknowledge the financial support provided for this project. Neither the
financial sponsor nor Healthbit Ltd played any role in the design, execution, analysis, or interpretation of the data; the writing of
the study; or the decision to publish. SSis an Atlantic Fellow for Equity in Brain Health at the Global Brain Health Institute
(GBHI) and acknowledges support from GBHI, the Alzheimer's Association, and the Alzheimer’s Society (grant GBHI ALZ
UK-22-869016).

Authors Contributions

PA and JSB designed and conducted the SMART4MD trial. ZG, PET, SS, JJ, JSB, and PA conceived and designed the research.
ZG and PET performed the analyses. ZG, PET, SS, and JJ interpreted the results. ZG and PET wrote the first draft. PA, MQA,
PBF, SC, FMC, MG, GGP, KH, CM, JZ, JSB, SS, and JJ revised the manuscript for important intellectual content and all authors
approved the final manuscript.

Conflictsof Interest
None declared.

Multimedia Appendix 1

CONSORT (Consolidated Standards of Reporting Trials) checklist.
[PDE File (Adobe PDF File), 194 KB-Multimedia Appendix 1]

https://www.jmir.org/2026/1/e83123 JMed Internet Res 2026 | vol. 28 | e83123 | p. 16

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v28i1e83123_app1.pdf&filename=e8d7b53c3825abeb921ed4c04dec6ebb.pdf
https://jmir.org/api/download?alt_name=jmir_v28i1e83123_app1.pdf&filename=e8d7b53c3825abeb921ed4c04dec6ebb.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Ghani et a

Multimedia Appendix 2

Additional analyses.
[DOCX File, 83 KB-Multimedia Appendix 2]

References

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Wimo A, Guerchet M, Ali G, Wu Y, Prina AM, Winblad B, et al. The worldwide costs of dementia 2015 and comparisons
with 2010. Alzheimers Dement. Jan 2017;13(1):1-7. [FREE Full text] [doi: 10.1016/j.jalz.2016.07.150] [Medline; 27583652]
Dementiagatistics. Alzheimer's Disease Internationa (ADI). 2023. URL: https.//wwwv.al zint.org/about/dementia-facts-figures/
dementia-stati sti cs/#:~:text=There%20are%6200ver%2010%20million,new%20case%020every%6203.2%20seconds [ accessed
2023-01-31]

What is mild cognitive impairment (MCI). Alzheimer's Society. 2026. URL: https.//www.alzheimers.gov/
alzheimers-dementias/mild-cognitive-impairment [accessed 2026-05-21]

Mitchell AJ, Shiri-Feshki M. Rate of progression of mild cognitive impairment to dementia--meta-analysis of 41 robust
inception cohort studies. Acta Psychiatr Scand. Apr 2009;119(4):252-265. [doi: 10.1111/].1600-0447.2008.01326.x]
[Medline: 19236314]

Kang Y, Lee E. Quality of life and its factorsin Korean elderly with mild cognitive impairment. Clin Nurs Res. Sep 25,
2018;27(7):871-889. [doi: 10.1177/1054773817714561] [Medline: 28649855]

Clement-Carbonell V, Ferrer-Cascales R, Ruiz-Robledillo N, Rubio-Aparicio M, Portilla-Tamarit |, Cabafiero-Martinez
MJ. Differencesin autonomy and health-related quality of life between resilient and non-resilient individuals with mild
cognitive impairment. Int J Environ Res Public Health. Jun 30, 2019;16(13):2317. [FREE Full text] [doi:
10.3390/ijerph16132317] [Medline: 31261987]

Hussenoeder FS, Conrad |, Roehr S, Fuchs A, Pentzek M, Bickel H, et al. Mild cognitive impairment and quality of lifein
the oldest old: a closer look. Qual Life Res. Jun 28, 2020;29(6):1675-1683. [FREE Full text] [doi:
10.1007/s11136-020-02425-5] [Medline: 31993915]

Teng E, Tassniyom K, Lu P. Reduced quality-of-liferatingsin mild cognitive impairment: analyses of subject and informant
responses. The American Journal of Geriatric Psychiatry. Dec 2012;20(12):1016-1025. [FREE Full text] [doi:
10.1097/jgp.0b013e31826ce640]

Novais T, Dauphinot V, Krolak-Salmon P, Mouchoux C. How to explore the needs of informal caregivers of individuals
with cognitive impairment in Alzheimer's disease or related diseases? A systematic review of quantitative and qualitative
studies. BMC Geriatr. Apr 17, 2017;17(1):86. [FREE Full text] [doi: 10.1186/s12877-017-0481-9] [Medline: 28415968]
Ahn IS, Kim J, Kim S, Chung JW, Kim H, Kang HS, et a. Impairment of instrumental activities of daily living in patients
with mild cognitiveimpai rment. Psychiatry Investig. Sep 2009;6(3):180-184. [FREE Full text] [doi: 10.4306/pi.2009.6.3.180]
[Medline: 20046393]

Shin J, Jang J, Afaya A. Effectiveness of eHealth interventions targeted to improve medication adherence among ol der
adults with mild cognitive impairment: a protocol for a systematic review and meta-anaysis. BMJ Open. Nov 02,
2022;12(11):e060590. [FREE Full text] [doi: 10.1136/bmjopen-2021-060590] [Medline: 36323471]

El-Saifi N, Moyle W, Jones C. Family caregivers perspectives on medication adherence challengesin older people with
dementia: aqualitative study. Aging Ment Health. Oct 2019;23(10):1333-1339. [doi: 10.1080/13607863.2018.1496226]
[Medline: 30460856]

Fisher GG, Franks MM, Plassman BL, Brown SL, Potter GG, Llewellyn D, et a. Caring for individuals with dementiaand
cognitive impairment, not dementia: findings from the aging, demographics, and memory study. J Am Geriatr Soc. Mar
2011;59(3):488-494. [FREE Full text] [doi: 10.1111/j.1532-5415.2010.03304.x] [Medline: 21391939]

Anhorigasom vardar eller stodjer ndgon de star néra. National Board of Health and Welfare (Social styrelsen). Jun 30, 2021.
URL: https://www.social styrel sen.se/publikationer/

anhoriga-som-ger-vard-ell er-stod-till-nagon-de-star-nara--underl ag-till-en-nationel | - strateqi-2021-6-7464/ [accessed
2026-06-26]

Springate B, Tremont G. Caregiver burden and depression in mild cognitive impairment. J Appl Gerontol. Sep
2013;32(6):765-775. [doi: 10.1177/0733464811433486] [Medline: 25474798]

Reppermund S, Brodaty H, Crawford JD, Kochan NA, Draper B, Slavin MJ, et a. Impairment in instrumental activities of
daily living with high cognitive demand is an early marker of mild cognitive impairment: the Sydney Memory and Ageing
Study. Psychol Med. Jan 11, 2013;43(11):2437-2445. [doi: 10.1017/s003329171200308x]

World Health Organization (WHO). Active ageing: a policy framework. The Aging Male. Jul 06, 2009;5(1):1-37. [doi:
10.1080/tam.5.1.1.37]

Peng Y, Wang H, Fang Q, XieL, Shu L, Sun W, et al. Effectiveness of mobile applications on medication adherencein
adults with chronic diseases: a systematic review and meta-analysis. J Manag Care Spec Pharm. Apr 2020;26(4):550-561.
[FREE Full text] [doi: 10.18553/jmcp.2020.26.4.550] [Medline: 32223596]

https://www.jmir.org/2026/1/e83123 JMed Internet Res 2026 | vol. 28 | e83123 | p. 17

RenderX

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v28i1e83123_app2.docx&filename=e11642decdc03989232d98add2f92e5c.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e83123_app2.docx&filename=e11642decdc03989232d98add2f92e5c.docx
https://linkinghub.elsevier.com/retrieve/pii/S1552-5260(16)30043-7
http://dx.doi.org/10.1016/j.jalz.2016.07.150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27583652&dopt=Abstract
https://www.alzint.org/about/dementia-facts-figures/dementia-statistics/#:~:text=There%20are%20over%2010%20million,new%20case%20every%203.2%20seconds
https://www.alzint.org/about/dementia-facts-figures/dementia-statistics/#:~:text=There%20are%20over%2010%20million,new%20case%20every%203.2%20seconds
https://www.alzheimers.gov/alzheimers-dementias/mild-cognitive-impairment
https://www.alzheimers.gov/alzheimers-dementias/mild-cognitive-impairment
http://dx.doi.org/10.1111/j.1600-0447.2008.01326.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19236314&dopt=Abstract
http://dx.doi.org/10.1177/1054773817714561
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28649855&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph16132317
http://dx.doi.org/10.3390/ijerph16132317
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31261987&dopt=Abstract
https://europepmc.org/abstract/MED/31993915
http://dx.doi.org/10.1007/s11136-020-02425-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31993915&dopt=Abstract
https://doi.org/10.1097/JGP.0b013e31826ce640
http://dx.doi.org/10.1097/jgp.0b013e31826ce640
https://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-017-0481-9
http://dx.doi.org/10.1186/s12877-017-0481-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28415968&dopt=Abstract
https://europepmc.org/abstract/MED/20046393
http://dx.doi.org/10.4306/pi.2009.6.3.180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20046393&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=36323471
http://dx.doi.org/10.1136/bmjopen-2021-060590
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36323471&dopt=Abstract
http://dx.doi.org/10.1080/13607863.2018.1496226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30460856&dopt=Abstract
https://europepmc.org/abstract/MED/21391939
http://dx.doi.org/10.1111/j.1532-5415.2010.03304.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21391939&dopt=Abstract
https://www.socialstyrelsen.se/publikationer/anhoriga-som-ger-vard-eller-stod-till-nagon-de-star-nara--underlag-till-en-nationell-strategi-2021-6-7464/
https://www.socialstyrelsen.se/publikationer/anhoriga-som-ger-vard-eller-stod-till-nagon-de-star-nara--underlag-till-en-nationell-strategi-2021-6-7464/
http://dx.doi.org/10.1177/0733464811433486
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25474798&dopt=Abstract
http://dx.doi.org/10.1017/s003329171200308x
http://dx.doi.org/10.1080/tam.5.1.1.37
https://europepmc.org/abstract/MED/32223596
http://dx.doi.org/10.18553/jmcp.2020.26.4.550
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32223596&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Ghani et a

19.

20.

21.
22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Bateman DR, Srinivas B, Emmett TW, Schleyer TK, Holden RJ, Hendrie HC, et al. Categorizing health outcomes and
efficacy of mHealth apps for persons with cognitive impairment: a systematic review. J Med Internet Res. Aug 30,
2017;19(8):e301. [FREE Full text] [doi: 10.2196/jmir.7814] [Medline: 28855146]

Anderberg P, Barnestein-Fonseca P, Guzman-Parra J, Garolera M, Quintana M, Mayoral-Cleries F, et a. The effects of
thedigital platform Support Monitoring and Reminder Technology for Mild Dementia (SMART4MD) for people with mild
cognitive impairment and their informal carers: protocol for a pilot randomized controlled trial. IMIR Res Protoc. Jun 21,
2019;8(6):€13711. [FREE Full text] [doi: 10.2196/13711] [Medline: 31228177]

Healthbit. URL: https.//www.healthbit.com/ [accessed 2026-06-03]

Quintana M, Anderberg P, Sanmartin Berglund J, Frogren J, Cano N, Cellek S, et a. Feasibility-usability study of atablet
app adapted specifically for personswith cognitiveimpairment-SMART4MD (Support Monitoring and Reminder Technology
for Mild Dementia). Int J Environ Res Public Health. Sep 18, 2020;17(18):6816. [FREE Full text] [doi:
10.3390/ijerph17186816] [Medline: 32961993]

OBryant SE, Humphreys JD, Smith GE, Ivnik RJ, Graff-Radford NR, Petersen RC, et al. Detecting dementia with the
mini-mental state examination in highly educated individuals. Arch Neurol. Jul 2008;65(7):963-967. [FREE Full text] [doi:
10.1001/archneur.65.7.963] [Medline: 18625866]

World Medical Association. World Medical Association Declaration of Helsinki: ethical principles for medical research
involving human subjects. AMA. Nov 27, 2013;310(20):2191-2194. [doi: 10.1001/jama.2013.281053] [Medline: 24141714]
Folstein MF, Folstein SE, McHugh PR. "Mini-mental state". A practical method for grading the cognitive state of patients
for the clinician. J Psychiatr Res. Nov 1975;12(3):189-198. [doi: 10.1016/0022-3956(75)90026-6] [Medline: 1202204]
Greenberg S. The geriatric depression scale (GDS). Best Practicesin Nursing Care to Older Adults. ? 2012;4(1):2. [FREE
Full text] [doi: 10.1097/01.naj.0000292207.37066.2f]

Serrano JP, Latorre IM, Gatz M. Spain: promoting the welfare of older adultsin the context of population aging. Gerontologist.
Oct 2014;54(5):733-740. [EREE Full text] [doi: 10.1093/geront/gnu010] [Medline: 24632624]

HoeJ, Katona C, Roch B, Livingston G. Use of the QOL-AD for measuring quality of lifein peoplewith severe dementia--the
LASER-AD study. Age Ageing. Mar 2005;34(2):130-135. [doi: 10.1093/ageing/afi030] [Medline: 15713856]

Torisson G, Stavenow L, Minthon L, Londos E. Reliability, validity and clinical correlates of the Quality of Lifein
Alzheimer's disease (QoL-AD) scalein medical inpatients. Health Qual Life Outcomes. Jun 14, 2016;14(1):90. [EREE Full
text] [doi: 10.1186/s12955-016-0493-8] [Medline: 27301257]

Logsdon R, GibbonsL, McCurry S, Teri L. Quality of lifein Alzheimer's disease: patient and caregiver reports. Journal of
Mental Health and Aging. 1999;5:32. [FREE Full text]

Rabin R, de Charro F. EQ-5D: a measure of health status from the EuroQol Group. Ann Med. Jul 2001;33(5):337-343.
[doi: 10.3109/07853890109002087] [Medline: 11491192]

Dolan P. Modeling valuations for EuroQol health states. Med Care. Nov 1997;35(11):1095-1108. [doi:
10.1097/00005650-199711000-00002] [Medline: 9366889]

Kiadaliri AA, Eliasson B, Gerdtham U. Does the choice of EQ-5D tariff matter? A comparison of the Swedish EQ-5D-3L
index score with UK, US, Germany and Denmark among type 2 diabetes patients. Health Qual Life Outcomes. Sep 15,
2015;13(1):145. [FREE Full text] [doi: 10.1186/s12955-015-0344-z] [Medline: 26374709]

Greiner W, Weijnen T, Nieuwenhuizen M, Oppe S, Badia X, Busschbach J, et al. A single European currency for EQ-5D
health states. Results from a six-country study. Eur JHealth Econ. Sep 1, 2003;4(3):222-231. [doi:
10.1007/s10198-003-0182-5] [Medline: 15609189]

Manca A, Hawkins N, Sculpher MJ. Estimating mean QALY sin trial-based cost-effectiveness analysis: the importance of
controlling for baseline utility. Health Econ. May 2005;14(5):487-496. [doi: 10.1002/hec.944] [Medline: 15497198]
Gluhm S, Goldstein J, Loc K, Colt A, Liew CV, Corey-Bloom J. Cognitive performance on the Mini-Mental State
Examination and the Montreal Cognitive Assessment across the healthy adult lifespan. Cognh Behav Neurol. Mar
2013;26(1):1-5. [FREE Full text] [doi: 10.1097/WNN.0b013e31828b7d26] [Medline: 23538566]

Lawton MP, Brody EM. Assessment of older people: self-maintaining and instrumental activities of daily living.
Gerontologist. 1969;9(3):179-186. [Medline: 5349366]

Bédard M, Molloy DW, Squire L, Dubois S, Lever JA, O'Donnell M. The Zarit Burden Interview: a new short version and
screening version. Gerontologist. Oct 2001;41(5):652-657. [doi: 10.1093/geront/41.5.652] [Medline: 11574710]

van Wely M. Mixed models for repetitive measurements: the basics. Fertil Steril. Jun 2024;121(6):914-917. [FREE Full
text] [doi: 10.1016/j.fertnstert.2024.04.009] [Medline: 38599311]

Aickin M, Gendler H. Adjusting for multiple testing when reporting research results: the Bonferroni vs Holm methods. Am
JPublic Health. May 1996;86(5):726-728. [doi: 10.2105/aph.86.5.726] [Medline: 8629727]

Kukull W, Larson E, Teri L, Bowen J, McCormick W, Pfanschmidt M. The Mini-Mental State Examination score and the
clinical diagnosisof dementia. JClin Epidemiol. Sep 1994;47(9):1061-1067. [doi: 10.1016/0895-4356(94)90122-8] [Medline:
7730909]

Lavori PW, Dawson R, SheraD. A multiple imputation strategy for clinical trials with truncation of patient data. Stat Med.
Sep 15, 1995;14(17):1913-1925. [doi: 10.1002/sim.4780141707] [Medline: 8532984]

Rubin D. Multiple Imputation for Nonresponse in Surveys. New York, NY. Wiley & Sons; 1987.

https://www.jmir.org/2026/1/e83123 JMed Internet Res 2026 | vol. 28 | e83123 | p. 18

(page number not for citation purposes)


https://www.jmir.org/2017/8/e301/
http://dx.doi.org/10.2196/jmir.7814
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28855146&dopt=Abstract
https://www.researchprotocols.org/2019/6/e13711/
http://dx.doi.org/10.2196/13711
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31228177&dopt=Abstract
https://www.healthbit.com/
https://www.mdpi.com/resolver?pii=ijerph17186816
http://dx.doi.org/10.3390/ijerph17186816
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32961993&dopt=Abstract
https://europepmc.org/abstract/MED/18625866
http://dx.doi.org/10.1001/archneur.65.7.963
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18625866&dopt=Abstract
http://dx.doi.org/10.1001/jama.2013.281053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24141714&dopt=Abstract
http://dx.doi.org/10.1016/0022-3956(75)90026-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1202204&dopt=Abstract
https://nclhealthandcare.org.uk/wp-content/uploads/2022/04/Diagnosing-mental-health-in-care-homes-geriatric-depression-scale.pdf
https://nclhealthandcare.org.uk/wp-content/uploads/2022/04/Diagnosing-mental-health-in-care-homes-geriatric-depression-scale.pdf
http://dx.doi.org/10.1097/01.naj.0000292207.37066.2f
https://europepmc.org/abstract/MED/24632624
http://dx.doi.org/10.1093/geront/gnu010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24632624&dopt=Abstract
http://dx.doi.org/10.1093/ageing/afi030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15713856&dopt=Abstract
https://hqlo.biomedcentral.com/articles/10.1186/s12955-016-0493-8
https://hqlo.biomedcentral.com/articles/10.1186/s12955-016-0493-8
http://dx.doi.org/10.1186/s12955-016-0493-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27301257&dopt=Abstract
https://d1wqtxts1xzle7.cloudfront.net/42235075/Quality_of_Life_in_Alzheimers_Disease_Pa20160206-14055-zai373-libre.pdf?1454796264=&response-content-disposition=inline%3B+filename%3DQuality_of_Life_in_Alzheimer_s_Disease_P.pdf&Expires=1783861820&Signature=QkR6YMB9PyKQg4q0gGJ-ozQ4LqY1KA9PIsvClVKJXHbhd-91KoKCXl1fs4sxgcO02YOnamYgxOzxiqGpVnA1cuG4PKCcVBZbaOoTGReRVVlDxGITJxvnnJtGVe20i66asMmEXGA6tb1m9Jkbqv-zl4AeAVTaeK2dFKebFoZIidH2Y3FJs5D~M1~vvpBIqPIcBmv23XmVW6PRwd7Gd9DMe9rqZ9CZ7B5zguvrjsONKfFh-Z45-XghAvgMKCzifZQLgCL7ODq9hOIpHI2dGd~c0QkGI~KFbFYoSls5cT116-pAKt3CTQhDu-7xdNv6zaJTTOIJnWHzxVplh4pyW97ZFA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
http://dx.doi.org/10.3109/07853890109002087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11491192&dopt=Abstract
http://dx.doi.org/10.1097/00005650-199711000-00002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9366889&dopt=Abstract
https://hqlo.biomedcentral.com/articles/10.1186/s12955-015-0344-z
http://dx.doi.org/10.1186/s12955-015-0344-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26374709&dopt=Abstract
http://dx.doi.org/10.1007/s10198-003-0182-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15609189&dopt=Abstract
http://dx.doi.org/10.1002/hec.944
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15497198&dopt=Abstract
https://europepmc.org/abstract/MED/23538566
http://dx.doi.org/10.1097/WNN.0b013e31828b7d26
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23538566&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=5349366&dopt=Abstract
http://dx.doi.org/10.1093/geront/41.5.652
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11574710&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0015-0282(24)00237-1
https://linkinghub.elsevier.com/retrieve/pii/S0015-0282(24)00237-1
http://dx.doi.org/10.1016/j.fertnstert.2024.04.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38599311&dopt=Abstract
http://dx.doi.org/10.2105/ajph.86.5.726
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8629727&dopt=Abstract
http://dx.doi.org/10.1016/0895-4356(94)90122-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7730909&dopt=Abstract
http://dx.doi.org/10.1002/sim.4780141707
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8532984&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Ghani et a

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Hunsaker A, Hargittai E. A review of internet use among older adults. New Media& Society. Jul 16, 2018;20(10):3937-3954.
[doi: 10.1177/1461444818787348]

Zhang H, Wang H, Yan H, Wang X. Impact of internet use on mental health among elderly individuals: a
difference-in-differences study based on 2016-2018 CFPS data. Int J Environ Res Public Health. Dec 23, 2021;19(1):101.
[EREE Full text] [doi: 10.3390/ijerph19010101] [Medline: 35010361]

SalisF, Costaggiu D, Mandas A. Mini-Mental State Examination: optimal cut-off levels for mild and severe cognitive
impairment. Geriatrics (Basal). Jan 12, 2023;8(1):12. [FREE Full text] [doi: 10.3390/geriatrics8010012] [Medline: 36648917]
Iribarren SJ, Akande TO, Kamp KJ, Barry D, Kader Y G, Suelzer E. Effectiveness of mobile apps to promote health and
manage disease: systematic review and meta-analysis of randomized controlled trials. IMIR Mhealth Uhealth. Jan 11,
2021;9(1):€21563. [FREE Full text] [doi: 10.2196/21563] [Medline: 33427672]

Guisado-Fernandez E, Blake C, Mackey L, SilvaPA, Power D, O'Shea D, et a. A smart health platform for measuring
health and well-being improvement in people with dementia and their informal caregivers: usability study. IMIR Aging.
Jul 23, 2020;3(2):e15600. [FREE Full text] [doi: 10.2196/15600] [Medline: 32706650]

Gustafson DH, Kornfield R, Mares M, Johnston DC, Cody OJ, Yang EF, et a. Effect of an eHealth intervention on older
adults quality of life and health-related outcomes: arandomized clinical trial. JGen Intern Med. Feb 2022;37(3):521-530.
[FREE Full text] [doi: 10.1007/s11606-021-06888-1] [Medline: 34100234]

Li A, Del Olmo MG, Fong M, Sim K, Lymer SJ, Cunich M, et al. Effect of a smartphone application (Perx) on medication
adherence and clinical outcomes: a12-month randomised controlled trial. BMJOpen. Aug 09, 2021;11(8):e047041. [FREE
Full text] [doi: 10.1136/bmjopen-2020-047041] [Medline: 34373299]

Tran S, Smith L, El-Den S, Carter S. The use of gamification and incentives in mobile health apps to improve medication
adherence: scoping review. IMIR Mhealth Uhealth. Feb 21, 2022;10(2):e30671. [FREE Full text] [doi: 10.2196/30671]
[Medline: 35188475]

Jakob R, Harperink S, Rudolf AM, Fleisch E, Haug S, Mair JL, et a. Factors influencing adherence to mHealth apps for
prevention or management of noncommuni cable diseases: systematic review. JMed Internet Res. May 25, 2022;24(5):€35371.
[FREE Full text] [doi: 10.2196/35371] [Medline: 35612886]

Bidargaddi N, Musiat P, Winsall M, Vogl G, Blake V, Quinn S, et al. Efficacy of aweb-based guided recommendation
service for acurated list of readily available mental health and well-being mobile apps for young people: randomized
controlled trial. JMed Internet Res. May 12, 2017;19(5):€141. [FREE Full text] [doi: 10.2196/jmir.6775] [Medline:
28500020]

Sterne JAC, White IR, Carlin JB, Spratt M, Royston P, Kenward MG, et al. Multiple imputation for missing datain
epidemiological and clinical research: potential and pitfalls. BMJ. Jun 29, 2009;338(jun29 1):b2393-b2393. [FREE Full
text] [doi: 10.1136/bmj.b2393] [Medline: 19564179]

Jakobsen JC, Gluud C, Wetterslev J, Winkel P. When and how should multiple imputation be used for handling missing
datain randomised clinical trials - a practical guide with flowcharts. BMC Med Res Methodol. Dec 06, 2017;17(1):162.
[FREE Full text] [doi: 10.1186/s12874-017-0442-1] [Medline: 29207961]

Mukherjee K, Gunsoy NB, Kristy RM, Cappelleri JC, Roydhouse J, Stephenson JJ, et al. Handling missing datain Health
Economics and Outcomes Research (HEOR): a systematic review and practical recommendations. Pharmacoeconomics.
Dec 25, 2023;41(12):1589-1601. [FREE Full text] [doi: 10.1007/s40273-023-01297-0] [Medline: 37490207]

Piculell E, Skér L, Sanmartin Berglund J, Anderberg P, Bohman D. Using a mobile application for health communication
to facilitate a sense of coherence: experiences of older persons with cognitive impairment. Int JEnviron Res Public Health.
Oct 28, 2021;18(21):11332. [FREE Full text] [doi: 10.3390/ijerph182111332] [Medline: 34769845]

Ghani Z, Saha S, Jarl J, Andersson M, Berglund JS, Anderberg P. Short term economic evaluation of the digital platform
“Support, Monitoring and Reminder Technology for Mild Dementia’ (SMART4MD) for people with mild cognitive
impairment and their informal caregivers. JAD. Apr 19, 2022;86(4):1629-1641. [doi: 10.3233/jad-215013]

Yousaf K, Mehmood Z, Awan |A, Saba T, Alharbey R, Qadah T, et a. A comprehensive study of mobile-health based
assistive technology for the healthcare of dementia and Alzheimer's disease (AD). Health Care Manag Sci. Jun
2020;23(2):287-309. [doi: 10.1007/s10729-019-09486-0] [Medline: 31218511]

Doody RS, Ferris SH, Salloway S, Sun Y, Goldman R, Watkins WE, et al. Donepezil treatment of patientswith MCI: a
48-week randomized, placebo-controlled trial. Neurology. May 05, 2009;72(18):1555-1561. [doi:
10.1212/01.wnl.0000344650.95823.03] [Medline: 19176895]

Yousaf K, Mehmood Z, Saba T, Rehman A, Munshi AM, Alharbey R, et a. Mobile-health applications for the efficient
delivery of health care facility to people with dementia (PwD) and support to their carers: a survey. Biomed Res Int.
2019;2019:7151475. [FREE Full text] [doi: 10.1155/2019/7151475] [Medline: 31032361]

Lansdall C, McDougall F, Butler L, Delmar P, ProssN, Qin S, et al. Establishing clinically meaningful change on outcome
assessments frequently used in trials of mild cognitive impairment due to Alzheimer's disease. J Prev Alzheimers Dis.
2023;10(1):9-18. [doi: 10.14283/jpad.2022.102] [Medline: 36641605]

Lacey L, Bobula J, Rudell K, Alvir J, Leibman C. Quality of life and utility measurement in alarge clinical trial sample of
patients with mild to moderate Alzheimer's disease: determinants and level of changes observed. Value Health. Jul
2015;18(5):638-645. [FREE Full text] [doi: 10.1016/j.jval.2015.03.1787] [Medline: 26297092]

https://www.jmir.org/2026/1/e83123 JMed Internet Res 2026 | vol. 28 | e83123 | p. 19

(page number not for citation purposes)


http://dx.doi.org/10.1177/1461444818787348
https://www.mdpi.com/resolver?pii=ijerph19010101
http://dx.doi.org/10.3390/ijerph19010101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35010361&dopt=Abstract
https://www.mdpi.com/resolver?pii=geriatrics8010012
http://dx.doi.org/10.3390/geriatrics8010012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36648917&dopt=Abstract
https://mhealth.jmir.org/2021/1/e21563/
http://dx.doi.org/10.2196/21563
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33427672&dopt=Abstract
https://aging.jmir.org/2020/2/e15600/
http://dx.doi.org/10.2196/15600
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32706650&dopt=Abstract
https://europepmc.org/abstract/MED/34100234
http://dx.doi.org/10.1007/s11606-021-06888-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34100234&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=34373299
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=34373299
http://dx.doi.org/10.1136/bmjopen-2020-047041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34373299&dopt=Abstract
https://mhealth.jmir.org/2022/2/e30671/
http://dx.doi.org/10.2196/30671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35188475&dopt=Abstract
https://www.jmir.org/2022/5/e35371/
http://dx.doi.org/10.2196/35371
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35612886&dopt=Abstract
https://www.jmir.org/2017/5/e141/
http://dx.doi.org/10.2196/jmir.6775
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28500020&dopt=Abstract
https://europepmc.org/abstract/MED/19564179
https://europepmc.org/abstract/MED/19564179
http://dx.doi.org/10.1136/bmj.b2393
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19564179&dopt=Abstract
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/s12874-017-0442-1
http://dx.doi.org/10.1186/s12874-017-0442-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29207961&dopt=Abstract
https://europepmc.org/abstract/MED/37490207
http://dx.doi.org/10.1007/s40273-023-01297-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37490207&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph182111332
http://dx.doi.org/10.3390/ijerph182111332
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34769845&dopt=Abstract
http://dx.doi.org/10.3233/jad-215013
http://dx.doi.org/10.1007/s10729-019-09486-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31218511&dopt=Abstract
http://dx.doi.org/10.1212/01.wnl.0000344650.95823.03
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19176895&dopt=Abstract
https://europepmc.org/abstract/MED/31032361
http://dx.doi.org/10.1155/2019/7151475
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31032361&dopt=Abstract
http://dx.doi.org/10.14283/jpad.2022.102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36641605&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1098-3015(15)01851-3
http://dx.doi.org/10.1016/j.jval.2015.03.1787
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26297092&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Ghani et a

64. Monaghan TF, Agudelo CW, Rahman SN, Wein AJ, Lazar JM, Everaert K, et al. Blinding in clinical trials: seeing the big
picture. Medicina (Kaunas). Jun 24, 2021;57(7):647. [FREE Full text] [doi: 10.3390/medicina57070647] [Medline: 34202486]

Abbreviations

AD: Alzheimer disease

BTH: Blekinge Institute of Technology

CONSORT: Consolidated Standards of Reporting Trials
CST: Consorci Sanitari de Terrassa

EVAS: European EQ-5D Visual Analogue Scale

IADL: Instrumental Activities of Daily Living

MCI: mild cognitive impairment

mHealth: mobile health

MMSE: Mini-Mental State Examination

PwWMCI: peoplewith mild cognitive impairment

QALY: quality-adjusted life years

QoL: quality of life

QoL-AD: Quality of Lifein Alzheimer’s Disease

RCT: randomized controlled trial

SAS: Servicio Andaluz de Salud

SMART4MD: Support, Monitoring and Reminder Technology for Mild Dementia
ZBl: Zarit Burden Interview

Edited by A Sone; submitted 28.Aug.2025; peer-reviewed by ME Heidari, A-S Rigaud; comments to author 06.Jan.2026; revised
version received 29.May.2026; accepted 31.May.2026; published 24.Jul.2026

Please cite as:

Ghani Z, Thant PE, Saha S, Anderberg P, Aparicio MQ, Barnestein-Fonseca P, Cellek S, Cleries FM, Garolera M, Guerrero-Pertifiez
G, Hayden K, Moore C, Zhang J, Berglund JS, Jarl J

Effects of the Digital App “ Support, Monitoring and Reminder Technology for Mild Dementia” (SMART4MD) on People With Mild
Cogpnitive Impairment and Their Informal Caregivers: 18-Month Multicenter Pragmatic Randomized Controlled Trial

J Med Internet Res 2026;28:€83123

URL: https:.//www.jmir.org/2026/1/e83123

doi: 10.2196/83123

PMID:

©Zartashia Ghani, Poe Eindra Thant, Sanjib Saha, Peter Anderberg, Maria Quintana Aparicio, Pilar Barnestein-Fonseca, Selim
Cdlek, Fermin Mayoral Cleries, Maite Garolera, Gloria Guerrero-Pertifiez, Karen Hayden, Carmel Moore, Jufen Zhang, Johan
Sanmartin Berglund, Johan Jarl. Originally published in the Journal of Medical Internet Research (https://www.jmir.org),
24.Jul.2026. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in the Journal of Medical Internet Research (ISSN 1438-8871), is properly cited. The
complete bibliographic information, a link to the original publication on https.//www.jmir.org/, as well as this copyright and
license information must be included.

https://www.jmir.org/2026/1/e83123 JMed Internet Res 2026 | vol. 28 | e83123 | p. 20
(page number not for citation purposes)

RenderX


https://www.mdpi.com/resolver?pii=medicina57070647
http://dx.doi.org/10.3390/medicina57070647
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34202486&dopt=Abstract
https://www.jmir.org/2026/1/e83123
http://dx.doi.org/10.2196/83123
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

