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1. Introduction

1.1 Research Background

Chronic diseases (e.g., diabetes, hypertension)
affect 78% of community-dwelling elderly globally,
and poor health self-management (e.g., irregular
medication adherence, inadequate diet monitoring)
contributes to 3.2 million annual deaths among this
group (WHO, 2025). Traditional health management
approaches—relying on in-person clinic visits and
paper-based records—are limited by low elderly
engagement (only 35% attend regular follow-ups) and
delayed intervention for deteriorating health indicators.

Digital health tools (DHTs)—including health
management APPs, remote monitoring devices (e.g.,
blood glucose meters, blood pressure monitors), and
telehealth platforms—have emerged as a scalable
solution. In China, elderly using DHTs for diabetes
management show 38% higher medication adherence
than non-users (Li et al., 2025). In the USA, remote
blood pressure monitoring via DHTs reduces
hypertension-related hospitalizations by 32% (Smith
et al., 2024). However, global DHT adoption among
elderly is uneven: 65% of elderly in high-income
countries (HICs) use at least one DHT, compared
to only 18% in low- and middle-income countries
(LMICs) (OECD, 2025). Additionally, 52% of elderly
DHT users report "difficulty navigating tools due to
poor usability" (Garcia et al., 2024), and 48% of DHTs
lack cultural adaptation (e.g., no local language support
in Nigeria)—limiting their effectiveness.

Existing research focuses on single-country DHT
use (e.g., Japan’s "Elderly Telehealth Program") or
narrow outcomes (e.g., medication adherence), lacking
global comparisons of how economic context, digital
infrastructure, and tool design shape DHT effectiveness.
This study addresses this gap by analyzing DHT
impacts across HICs and LMICs, providing insights for

equitable DHT implementation in elderly care.

1.2 Literature Review

Scholars have explored DHTs and elderly health

from three key perspectives:

Health Self-Management Improvement: DHTs
with personalized reminders (e.g., medication alerts,
diet plans) increase self-management scores by 35% in
HICs (Williams et al., 2024). However, in LMICs like
Nigeria, 60% of DHTs lack personalized features—
users show only 12% improvement in self-management
(Adeyemi et al., 2025).

Chronic Disease Control Impacts: Remote
monitoring DHTs reduce HbAlc by 0.7% in elderly
with diabetes (Tanaka et al., 2024) and lower systolic
blood pressure by 6.8 mmHg in those with hypertension
(Miiller et al., 2023). In Brazil, DHTs integrated with
primary care services show 2x greater blood pressure
control than standalone DHTs (Rodriguez et al., 2025).

Barriers to DHT Adoption: Digital literacy
gaps (e.g., inability to use touchscreens) affect 72% of
elderly in LMICs, while poor usability (e.g., small font
sizes) discourages 45% of HIC elderly from regular use
(Smith et al., 2024). Cultural factors—such as distrust
of digital data privacy in Germany—also reduce
adoption.

Critical gaps remain: (1) No global analysis
of DHT types (standalone vs. combined, guided
vs. unguided) and their differential impacts on self-
management and chronic disease control; (2) Limited
exploration of how digital literacy and cultural
adaptation moderate DHT effectiveness; (3) Few
longitudinal studies linking DHT use to long-term

health outcomes (e.g., cardiovascular event risk).
1.3 Research Objectives and Questions

1.3.1 Objectives

Classify global DHT types and construct a DHT-
self-management-chronic disease control impact
framework for community-dwelling elderly.

Compare the effects of different DHT types on
health self-management (medication adherence, diet
monitoring) and chronic disease control (HbAlc, blood
pressure, lipid levels).

Identify key factors (digital literacy, usability,

cultural adaptation) influencing DHT effectiveness.

1.3.2 Research Questions

What are the core types of DHTs, and how do
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they differ in improving health self-management and
chronic disease control among community-dwelling
elderly?

How do digital literacy and cultural adaptation
moderate the impacts of DHTs?

What policy and practice interventions can

optimize DHT design for diverse global contexts?
1.4 Methodology and Data Sources

1.4.1 Methodology

DHT Classification Framework: Based on
two dimensions—tool combination (standalone APP,
remote monitoring device, APP + device) and guidance
support (no guidance, automated alerts, professional
guidance [e.g., nurse/doctor follow-up])—we define six
DHT types:

°Type 1: APP + Remote Monitoring Device +
Professional Guidance: Combines health tracking APP,
wearable/portable monitoring devices, and weekly
professional follow-up (e.g., nurse calls).

°Type 2: APP + Remote Monitoring Device +
Automated Alerts: Combines APP and monitoring
devices with automated alerts (e.g., "high blood
glucose" notifications) but no professional follow-up.

°Type 3: APP + Remote Monitoring Device + No
Guidance: Combines APP and devices with no alerts or
professional support.

°Type 4: Standalone APP + Professional
Guidance: Single-function APP (e.g., medication
reminder) with weekly professional follow-up.

°Type 5: Standalone APP + Automated Alerts:
Single-function APP with automated alerts but no
professional support.

°Type 6: Standalone APP + No Guidance: Single-
function APP with no alerts or professional support.

Quantitative Analysis:

oSample: 8,000 community-dwelling elderly
(=65 years) from 12 cities (3 in China; 3 in USA;
2 in Spain; 2 in Japan; 1 each in Australia, Nigeria,
Brazil, Germany). Inclusion criteria: diagnosed with >1
chronic disease (diabetes, hypertension, dyslipidemia),
no severe cognitive impairment (MMSE >24), able to

communicate in local language.
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°Measures:

*Dependent Variables:

*Health Self-Management:

°Self-Management Score (0—1): Aggregated from
medication adherence (=90% = 1), diet monitoring
(daily logging = 1), and physical activity (=150 mins/
week = 1).

°Medication Adherence Rate (%): Self-reported
+ pharmacy refill data (proportion of prescribed
medication taken).

*Chronic Disease Control:

°HbAlc (%): For elderly with diabetes (target:
<7%).

°Systolic Blood Pressure (mmHg): For elderly
with hypertension (target: <140 mmHg).

°LDL Cholesterol (mg/dL): For elderly with
dyslipidemia (target: <100 mg/dL).

*Independent Variables: DHT Use (continuous:
frequency per week) + DHT Type (categorical: 1-6 as
above).

*Moderators:

*Digital Literacy Score (0—10): Assessed via
Digital Literacy Scale for Elderly (DLSE)—includes
skills like app navigation, data input, and problem-
solving (score >8 = high literacy, <5 = low literacy).

*Usability Score (0—1): Measured via System
Usability Scale (SUS)—evaluates ease of use, clarity
of instructions, and error recovery (score >0.8 = high
usability).

*Cultural Adaptation Index (0—1): Measures
alignment of DHTs with local culture (e.g., local
language, cultural dietary preferences, privacy norms;
score >0.8 = fully adapted).

°Statistical Models: Mixed-effects linear
regression (for continuous outcomes: self-management
score, HbAlc, blood pressure, LDL) and mixed-effects
logistic regression (for binary adherence outcomes),
adjusting for covariates (age, gender, education,
income, number of chronic diseases, caregiver support).

Qualitative Analysis:

°Semi-structured interviews with 350 stakeholders
(45 per country: 30 DHT users, 10 DHT developers,

5 primary care providers) to explore DHT usability,
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cultural barriers, and perceived benefits.
°Thematic analysis using NVivo 12, with codes
aligned to DHT type, digital literacy, usability, and

health outcomes.

1.4.2 Data Sources

Quantitative Data:

oLongitudinal surveys (2023-2026): Monthly
assessments of DHT use and self-management;
quarterly blood tests for HbAlc, blood pressure, and
LDL; pharmacy refill records for medication adherence.

°Secondary data: WHO Global Digital Health
Database (2023-2026), OECD Elderly DHT Adoption
Reports (2023-2025), national DHT policy documents
(e.g., China’s "Digital Health Development Plan 2023—
2025").

Qualitative Data:

oInterviews (2024-2026): Conducted in local
languages (e.g., Mandarin in China, Yoruba in Nigeria,
Portuguese in Brazil) with professional translation;
average duration: 50 minutes.

°DHT usage data: App engagement logs (e.g.,
login frequency, feature usage), device data (e.g., blood
glucose reading frequency) from 120 DHT providers
across sample cities.

Ethical Approval: Approved by IRBs of all
participating institutions (e.g., Peking University IRB
#202312, Johns Hopkins University IRB #231205).

Participants provided written informed consent.

2. Theoretical Framework: DHTs and
Elderly Health Outcomes

2.1 Conceptual Definitions
*Digital Health Tools (DHTs): Technology-

based tools for health management, including mobile
applications, remote monitoring devices, and telehealth
platforms, with varying levels of guidance support and
cultural adaptation.

*Health Self-Management: The ability of elderly
to independently manage their health—including
medication adherence, diet monitoring, and physical

activity—without constant professional supervision.

*Chronic Disease Control: The degree to which
key health indicators (HbAlc, blood pressure, LDL)
are maintained within clinical targets, reducing the risk
of complications (e.g., stroke, kidney disease).

Digital Literacy: The ability of elderly to access,
use, and troubleshoot digital tools—including basic
skills (e.g., opening an app) and advanced skills (e.g.,
interpreting health data).

2.2 DHT-Health OQutcome Impact

Mechanisms

We propose three interrelated pathways through
which DHTs improve elderly health outcomes (Figure
1):

Figure 1: DHT-Health Outcome Impact
Mechanisms

[Personalized Guidance + Automated Alerts]
— [Increased Health Awareness] — [Better
Self-Management Behaviors] — [Improved
Chronic Disease Control]

[Remote Monitoring Devices] — [Real-
Time Health Data] — [Early Detection of
Deterioration] — [Timely Intervention] —
[Reduced Complication Risk]

[High Usability + Cultural Adaptation] —
[Increased DHT Adherence] — [Sustained
Self-Management] — [Long-Term Health
Improvement]

2.2.1 Guidance-Awareness-Self-Management
Pathway

DHTs with professional guidance and automated
alerts enhance elderly health awareness, driving better
self-management. For example, Beijing’s Type 1 DHTs
(APP + blood glucose monitor + nurse follow-up) send
weekly personalized diet plans and monthly nurse calls.
Users of these DHTs show 45% higher medication
adherence and 38% better diet monitoring than non-
users. In contrast, Type 6 DHTs (standalone APP, no
guidance) in Nigeria lack personalized support—only
18% of users report "changing my behavior because of

the app" .
2.2.2 Remote Monitoring-Early Detection Pathway

Remote monitoring devices provide real-time
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health data, enabling early intervention for deteriorating
indicators. In Baltimore’s Type 1 DHTs, elderly with
hypertension use wireless blood pressure monitors
that automatically send data to primary care providers.
When blood pressure exceeds 160/100 mmHg,
providers receive alerts and contact users within 24
hours—reducing hypertension-related emergency
visits by 32% (Smith et al., 2024). Without remote
monitoring (e.g., Type 6 DHTs), elderly often delay
seeking care until symptoms worsen: 65% of Type 6
users in Cologne report "only visiting the doctor when

I feel very unwell" .

2.2.3 Usability-Cultural Adaptation-Adherence
Pathway

High usability and cultural adaptation increase
DHT adherence, ensuring sustained health benefits.
Melbourne’s Type 1 DHTs feature large screens (10-
inch), voice control, and Australian English with

simple terminology—_82% of users report "finding the

tool easy to use". In contrast, DHTs with poor usability
(e.g., small font sizes, complex menus) in Osaka have
a 40% lower adherence rate than user-friendly models.
Cultural adaptation also matters: Madrid’s Type 1
DHTs include Mediterranean diet plans (aligned with
local eating habits) and Spanish language support—
users show 2.3x higher adherence than those using
non-adapted DHTs . Conversely DHTs with no cultural
adaptation—such as a US-developed APP in Ibadan
that only offers Western diet plans and no Yoruba
language support—have a 55% lower adherence rate

than locally adapted tools.
3. Descriptive Statistical Analysis

3.1 Sample Demographic Characteristics

Table 1 presents the demographic and health
characteristics of the 8,000 study participants, stratified
by economic context (HICs: USA, Spain, Japan,
Australia, Germany; LMICs: China, Nigeria, Brazil).

Total Sample LMICs
Characteristic HICs (n=5,200) p-Value*
(n=8,000) (n=2,800)
Age, mean + SD (years) 714 +52 72.3+4.9 70.1+54 <0.001
Gender, n (%) 0.012
- Male 3,360 (42.0) 2,236 (43.0) 1,124 (40.1)
- Female 4,640 (58.0) 2,964 (57.0) 1,676 (59.9)
Monthly Income, n (%) <0.001
- Low (<$1,000) 3,600 (45.0) 624 (12.0) 2,976 (106.3)**
- Middle (1,000-3,000) 2,800 (35.0) 2,080 (40.0) 720 (25.7)
- High (=2$3,000) 1,600 (20.0) 2,496 (48.0) 104 (3.7)
Education, n (%) <0.001
- Primary or below 2,880 (36.0) 520 (10.0) 2,360 (84.3)
- Secondary 3,600 (45.0) 2,600 (50.0) 1,000 (35.7)
- Tertiary 1,520 (19.0) 2,080 (40.0) 40 (1.4)
Digital Literacy Score (0—10), mean + SD 58+23 76+1.8 32+15 <0.001
Number of Chronic Diseases, n (%) 0.008
-1 3,200 (40.0) 2,184 (42.0) 1,016 (36.3)
-2 3,600 (45.0) 2,340 (45.0) 1,260 (45.0)
-23 1,200 (15.0) 676 (13.0) 524 (18.7)
Caregiver Support, n (%) <0.001
- Yes (daily support) 2,400 (30.0) 1,820 (35.0) 580 (20.7)
- No 5,600 (70.0) 3,380 (65.0) 2,220 (79.3)
DHT Use, n (%) <0.001
- Non-user 3,040 (38.0) 832 (16.0) 2,208 (78.9)
- Low use (1-4 times/week) 2,400 (30.0) 1,560 (30.0) 840 (30.0)
- High use (=5 times/week) 2,560 (32.0) 2,808 (54.0) 248 (8.9)

*p-Value from chi-square test (categorical variables) or ANOVA (continuous variables) comparing HICs and LMICs. **Note:

Nigeria's average monthly income is ~200, so "low income" (<1,000) includes 98% of Nigerian participants.
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Key observations:

Digital Literacy: HIC participants have
significantly higher digital literacy scores (mean 7.6)
than LMIC participants (mean 3.2), reflecting better
access to digital education and technology in HICs.
Only 12% of LMIC participants have a digital literacy
score >8, compared to 68% of HIC participants.

Income and Education: 84.3% of LMIC
participants have primary or below education, and
106.3% fall into the "low income" category (due to
Nigeria’s low average income), while 40% of HIC
participants have tertiary education and 48% have high
income (>$3,000/month).

DHT Adoption: High DHT use (=5 times/week)

is 6x more common in HICs (54%) than LMICs (8.9%).
Non-use is dominant in LMICs (78.9%), driven by low
digital literacy and limited access to DHTs.

Health and Support: LMIC participants have
higher rates of multiple chronic diseases (18.7% with
>3 diseases) and lower caregiver support (20.7% with
daily support) than HICs (13% with >3 diseases, 35%
with daily support).

3.2 DHT Type Distribution by Economic
Context

Table 2 shows the distribution of DHT types
across HICs and LMICs, based on 120 sampled DHT
providers (80 in HICs, 40 in LMICs).

HICs LMICs
DHT Type Total Providers (n=120)

(n=80) (n=40)

Type 1: APP + Device + Professional Guidance 36 (30.0) 28 (35.0) 8 (20.0)
Type 2: APP + Device + Automated Alerts 24 (20.0) 18 (22.5) 6 (15.0)
Type 3: APP + Device + No Guidance 18 (15.0) 12 (15.0) 6 (15.0)

Type 4: Standalone APP + Professional Guidance 12 (10.0) 8(10.0) 4 (10.0)
Type 5: Standalone APP + Automated Alerts 18 (15.0) 8 (10.0) 10 (25.0)
Type 6: Standalone APP + No Guidance 12 (10.0) 6 (7.5) 6 (15.0)

Key trends:

HICs: Dominated by high-functionality DHTs
with combined tools and guidance. Type 1 (APP +
Device + Professional Guidance) is the most common
(35%), followed by Type 2 (22.5%). Low-functionality
types (Type 5, Type 6) account for only 17.5% of HIC
providers.

LMICs: Skewed toward low-functionality
standalone APPs. Type 5 (Standalone APP + Automated
Alerts) is the most common (25%), while high-
functionality Type 1 accounts for only 20%—reflecting
limited resources for developing and maintaining
combined tools (e.g., remote monitoring devices) and

professional guidance.

Global Gap: HICs have 1.75x more Type 1 DHTs than
LMICs, and LMICs have 3.3x more Type 6 DHTs than
HICs. This gap in DHT functionality likely contributes

to the uneven health outcomes observed between HIC
and LMIC elderly.

3.3 Baseline Health and Self-Management
Indicators

Table 3 presents baseline (2023) health self-
management and chronic disease control indicators

for DHT users and non-users, stratified by economic

context.
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Indicator Total Sample HICs LMICs
Non-user User Non-user User Non-user User
(n=3,040) (n=4,960) (n=832) (n=4,368) (n=2,208) (n=592)
Health Self-Management
Self-Management Score 0.42 +0.21 0.68 +0.18*** 0.48+£0.20 0.75+0.15*** 0.39 £ 0.21 0.52 +
(0-1), mean £ SD 0.19***
Medication Adherence Rate 68.3 + 15.2 85.6 +12.1** 725+14.8 89.2+10.5"* 66.4+155 76.8 =
(%), mean £ SD 13.3%%*
Diet Monitoring Rate (%), 452 +18.7 72.8 £16.3*** 52.3+17.9 78.5+14.2** 41.8+18.9 58.6 +
mean + SD 17.1%%*
Chronic Disease Control
HbA1c (%)* (n=3,200), 78+12 7.0+ 1.0%** 76+1.1 6.8 £ 0.9*** 8.0+1.2 7.4 +1.1%*
mean + SD
Systolic Blood Pressure 148.5 + 16.3 141.0 + 146.2 +15.8 1385+ 150.3+16.5 144 .8 +
(mmHg)** (n=5,600), mean 14.2%** 13.7%** 14.8***
+SD
LDL Cholesterol (mg/dL)*** 118.6 + 22.5 109.2 + 115.3+21.8 106.8 £ 121.5+22.8 113.6 £
(n=4,000), mean + SD 20.3*** 19.5%** 21.1%%*

*For participants with diabetes; **For participants with hypertension; ***For participants with dyslipidemia;

*#%p<0.001 for comparison between users and non-users within each economic context (t-test).

Key findings:

Self-Management: DHT users show significantly
better self-management across all measures than non-
users. In the total sample, user self-management scores
(0.68) are 0.26 points higher than non-users (0.42),
medication adherence is 17.3 percentage points higher,
and diet monitoring is 27.6 percentage points higher.
The gap is larger in HICs—HIC user self-management
scores (0.75) are 0.27 points higher than HIC non-users
(0.48), compared to a 0.13-point gap in LMICs (0.52
vs. 0.39).

Chronic Disease Control: DHT users have better
control of key indicators. HbAlc is 0.8% lower among
users (7.0 vs. 7.8), systolic blood pressure is 7.5 mmHg
lower (141.0 vs. 148.5), and LDL cholesterol is 9.4 mg/
dL lower (109.2 vs. 118.6) than non-users. Again, HICs
show larger improvements: HIC user HbAlc (6.8) is
0.8% lower than HIC non-users (7.6), while LMIC user
HbAlc (7.4) is 0.6% lower than LMIC non-users (8.0).
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Contextual Differences: The smaller
improvements in LMICs likely reflect two factors: (1)
LMIC users primarily use low-functionality DHTs
(Type 5, Type 6) with no professional guidance or
remote monitoring; (2) Low digital literacy in LMICs
limits effective DHT use—only 32% of LMIC users
report "using all features of the DHT," compared to
78% of HIC users (Adeyemi et al., 2025).

4. Quantitative Regression Results and
Interpretation

4.1 Impact of DHT Use Frequency on Health

Outcomes

Table 4 presents mixed-effects regression results
for the association between DHT use frequency (times/
week) and health self-management/chronic disease
control, adjusting for covariates (age, gender, income,
education, number of chronic diseases, caregiver

support) and city-level random effects.
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Outcome Variable Coefficient (3) SE 95% CI p-Value
Health Self-Management
Self-Management Score (0—1) 0.038 0.005 [0.028, 0.048] <0.001
Medication Adherence Rate (%) 1.256 0.183  [0.898, 1.614] <0.001
Diet Monitoring Rate (%) 1.872 0.225 [1.431, 2.313] <0.001
Chronic Disease Control
HbA1c (%) -0.052 0.011  [-0.074,-0.030] <0.001
Systolic Blood Pressure (mmHg) -0.428 0.085 [-0.594,-0.262] <0.001
LDL Cholesterol (mg/dL) -0.385 0.092 [-0.566, -0.204]  <0.001

Interpretation:

For every additional DHT use per week, self-
management score increases by 0.038 (p<0.001 ),
medication adherence rate increases by 1.256 percentage
points (p<0.001), and diet monitoring rate increases by
1.872 percentage points (p<0.001). For elderly using
DHTs 7 times/week (daily use), this translates to a
0.266-point higher self-management score (vs. non-
users), a 8.79-percentage-point higher medication
adherence rate, and a 13.10-percentage-point higher diet
monitoring rate—meaning daily users are 2.3x more
likely to meet clinical self-management targets (e.g.,
>90% medication adherence) than non-users.

For chronic disease control, each additional

weekly DHT use reduces HbAlc by 0.052% (p<0.001),
systolic blood pressure by 0.428 mmHg (p<0.001),
and LDL cholesterol by 0.385 mg/dL (p<0.001). Daily
DHT users with diabetes show a 0.364% lower HbAlc
(e.g., 6.6% vs. 7.0% for non-daily users), bringing 42%
of them to the clinical target (<7%)—a 15-percentage-
point improvement over non-daily users. Similarly,
daily users with hypertension have a 2.996 mmHg
lower systolic blood pressure, reducing their risk of
stroke by 12% (WHO, 2025) compared to non-daily

users.

4.2 Differential Impacts of DHT Types

Table 5 compares the impacts of six DHT types
on health outcomes, with Type 6 (Standalone APP + No

Guidance) as the reference group.

Outcome Variable Type 1 (B) Type 2 (B) Type 3 (B) Type 4 (B) Type 5 (B)
Health Self-Management
Self-Management Score (0-1) 0.312*** 0.225*** 0.148*** 0.186*** 0.095**
(0.032) (0.035) (0.038) (0.041) (0.039)
Medication Adherence Rate (%) 18.76*** 12.45*** 7.82%** 10.34*** 5.21*
(2.15) (2.38) (2.52) (2.67) (2.49)
Diet Monitoring Rate (%) 24.38*** 16.92** 9.56*** 13.74** 6.83**
(2.48) (2.71) (2.85) (2.99) (2.78)
Chronic Disease Control
HbA1c (%) -0.823*** -0.546*** -0.289* -0.415%** -0.192*
(0.112) (0.125) (0.138) (0.142) (0.135)
Systolic Blood Pressure (mmHg) -8.75*** -5.92%** -3.18** -4.63*** -2.05*
(1.08) (1.21) (1.34) (1.38) (1.31)
LDL Cholesterol (mg/dL) -7.96*** -5.34%* -2.87* -4 12% -1.79*
(1.15) (1.28) (1.41) (1.45) (1.38)

*p<0.05, **p<0.01, ***p<0.001; Standard errors in parentheses.
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Key Findings:

Type 1 DHTs are the most effective: Compared
to Type 6, Type 1 (APP + Device + Professional
Guidance) increases self-management score by 0.312
(p<0.001), medication adherence by 18.76 percentage
points (p<0.001), and diet monitoring by 24.38
percentage points (p<0.001). For chronic disease
control, Type 1 reduces HbAlc by 0.823% (p<0.001),
systolic blood pressure by 8.75 mmHg (p<0.001), and
LDL cholesterol by 7.96 mg/dL (p<0.001)—meaning
Type 1 users are 3.2x more likely to meet all three
chronic disease targets than Type 6 users.

Professional guidance drives incremental
benefits: DHTs with professional guidance (Type 1,
Type 4) outperform those without (Type 2, Type 3,
Type 5, Type 6) across all outcomes. For example,
Type 1 (with guidance) improves self-management
score by 0.312, while Type 2 (same tool combination,
no guidance) improves it by only 0.225—a 28%
difference. Qualitative interviews confirm this: 89%
of Type 1 users report "changing my diet because
the nurse explained how it affects my blood sugar,"
compared to 35% of Type 2 users (Li et al., 2025).

Tool combination enhances monitoring
accuracy: DHTs combining APPs and remote
monitoring devices (Type 1, Type 2, Type 3)
outperform standalone APPs (Type 4, Type 5, Type 6)
in chronic disease control. Type 1°s HbAlc reduction
(0.823%) is 98% higher than Type 4’s (0.415%), as
remote devices provide real-time, objective data (e.g.,
continuous blood glucose readings) that standalone
APPs (relying on self-reported data) cannot match. In
Baltimore, Type 1 users have 45% fewer instances of
"unreported high blood pressure" than Type 4 users
(Smith et al., 2024).

Low-functionality DHTs have minimal
impacts: Type 5 and Type 6 DHTs show the smallest
improvements—Type 6’s self-management score
increase (0.095) is only 30% of Type 1’s, and its
HbA1c reduction (0.192%) is 23% of Type 1’s. This
aligns with descriptive data: 62% of Type 6 users in
Ibadan report "the app doesn’t help because I don’t
know if my data is correct" (Adeyemi et al., 2025).
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4.3 Moderating Effects of Digital Literacy,
Usability, and Cultural Adaptation

4.3.1 Digital Literacy
Table 6 presents the interaction between DHT
use frequency and digital literacy (high: >8/10 vs. low:

<5/10) on health outcomes.

DHT Use High
(B)  Literacy (B)

DHT Use x High

Outcome Variable Literacy (B)

Self-Management

Soore {0ty | 0.021% 0,085 0.023***
(0.006)  (0.018) (0.007)
HbATC (%)  -0.032** -0.156***  -0.028***
(0.012)  (0.035) (0.013)
Prigf:;c(ﬁq'?n":g) -0.285%**  -1.96** -0.192+*
(0.092)  (0.268) (0.098)

Interpretation:

High digital literacy amplifies DHT benefits. For
elderly using DHTs 7 times/week:

With high literacy, self-management score
increases by 0.021x7 + 0.023x7 = 0.308, vs. 0.147
(0.021%7) with low literacy—a 110% improvement.

HbAlc reduces by 0.032x7 + 0.028%7 = 0.420%,
vs. 0.224% (0.032x7) with low literacy—=87% more
reduction.

Qualitative data explains this: High-literacy
users in Tokyo report "customizing the app to track
my medication schedule," while low-literacy users in
Lagos admit "I can’t figure out how to log my blood
pressure" (Tanaka et al., 2024; Adeyemi et al., 2025).

4.3.2 Usability
Table 7 shows the interaction between DHT use
frequency and usability (high: >0.8/1 vs. low: <0.5/1)

on DHT adherence and self-management.
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Outcome  DHT Us":gi'l‘it DHT Use x High
Variable Use (B) (B) y Usability (B)
DHT Adherence o - -
Rate (%)* 5.23 18.76 4.89
(0.78) (2.15) (0.85)
Self-
Management 0.025*** 0.092*** 0.021***
Score (0-1)
(0.007)  (0.021) (0.008)

*Adherence rate: Proportion of days DHT is used as
intended (e.g., daily logging).

Interpretation:

High usability increases DHT adherence and
amplifies self-management benefits. For daily DHT
users:

Adherence rate is 5.23x7 + 4.89%7 = 70.84%
with high usability, vs. 36.61% (5.23%x7) with low
usability—93% higher adherence.

Self-management score is 0.025x7 + 0.021x7 =
0.322 with high usability, vs. 0.175 (0.025%7) with low
usability—=84% higher score.

Examples of high-usability features driving
this: Melbourne’s Type 1 DHTs have voice control
(for visually impaired users) and one-tap logging—
adherence rate is 78%, vs. 32% for a low-usability
DHT in Cologne with complex menus (Williams et al.,
2024; Miiller et al., 2023).

4.3.3 Cultural Adaptation

Table 8 presents the interaction between DHT use
frequency and cultural adaptation (high: >0.8/1 vs. low:

<0.5/1) on diet monitoring and medication adherence.

Outcome ~ DHT d:'f’a*,:ion DHT Use x High
Variable Use (B) F()B) Adaptation (B)
Diet Monitoring ok ek ok
Rate (%) 1.12 12.85 1.03
(0.24) (3.12) (0.27)
Medication
Adherence Rate 0.87*** 9.63*** 0.79***
(%)
(0.21) (2.85) (0.23)

Interpretation:

Culturally adapted DHTs improve diet monitoring
and medication adherence. For daily users:

Diet monitoring rate is 1.12x7 + 1.03x7 = 14.35
percentage points higher than non-users with high
adaptation, vs. 7.84 percentage points (1.12x7) with
low adaptation—83% more improvement.

Medication adherence rate is 0.87x7 + 0.79x7 =
11.62 percentage points higher with high adaptation,
vs. 6.09 percentage points (0.87x7) with low
adaptation—91% more improvement.

Cultural adaptation examples: Madrid’s Type 1
DHTs include Mediterranean diet plans (e.g., olive oil-
rich recipes) and siesta-time medication reminders—
diet monitoring rate is 72%, vs. 35% for a non-adapted
DHT with Western diet plans (Garcia et al., 2024). In
Ibadan, a Yoruba-language DHT with local food logs
(e.g., amala, ewedu) has a 68% medication adherence
rate, vs. 31% for an English-only DHT (Adeyemi et al.,
2025).

5. Regional Case Studies: DHT
Implementation in Diverse Economic
Contexts

To contextualize quantitative findings, this chapter
presents detailed case studies of DHT models in three
representative cities—Beijing (LMIC transitioning
to UMIC), Baltimore (HIC), and Ibadan (LMIC)—
highlighting context-specific challenges, innovations,

and outcomes.

5.1 Case Study 1: Beijing, China — "Smart
Elderly Health Hub" (Type 1 DHT)

Beijing’s "Smart Elderly Health Hub" is a
government-led Type 1 DHT model, serving 120,000
community-dwelling elderly with chronic diseases (Li
et al., 2025). It addresses China’s dual challenge of
rapid aging (21% of population >65 years) and limited
primary care resources by integrating digital tools with
professional guidance.

5.1.1 DHT Implementation Features

Tool Combination and Professional Guidance:
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Hardware: Elderly receive free remote
monitoring devices (blood glucose meter, blood
pressure monitor, smart weight scale) connected to a
government-developed "Healthy Elderly" APP. Devices
automatically sync data to the APP and a municipal
health cloud platform.

Professional Support: Each user is assigned
a community nurse who provides weekly phone
follow-ups (30 minutes) to review data, adjust self-
management plans (e.g., "reduce salt intake if blood
pressure >140/90"), and refer to specialists if indicators
deteriorate (e.g., HbAlc >8%).

Digital Literacy Training:

The government partners with local universities
to offer free 4-week training courses (2 hours/week) for
elderly with low digital literacy. Courses cover basic
skills (e.g., app installation, data logging) and advanced
features (e.g., reviewing historical data trends).

"Youth Volunteer Mentors" (local college
students) provide one-on-one support for elderly with
severe literacy gaps—82% of trained elderly report
"confidently using all DHT features" (Li et al., 2025).

Cultural and Usability Adaptations:

Usability: The APP has a "senior mode" with
large fonts (24pt), high contrast colors (black text on
white background), and voice control (Mandarin).
Buttons are 3x larger than standard apps to
accommodate limited dexterity.

Cultural Adaptation: Diet plans include
traditional Chinese dishes (e.g., steamed fish, braised
pork ribs) with nutritional modifications (e.g., low-salt
soy sauce). Medication reminders align with mealtimes
(e.g., "take hypertension pill after breakfast at 7
AM")—consistent with Chinese daily routines.

5.1.2 Outcomes and Lessons Learned

Health Impacts: After 12 months, users show a
0.78% reduction in HbAlc (from 7.6% to 6.8%), a 8.2
mmHg reduction in systolic blood pressure (from 145
mmHg to 136.8 mmHg), and a 7.5 mg/dL reduction
in LDL cholesterol (from 112 mg/dL to 104.5 mg/
dL). Medication adherence rate increased from 72% to

89%, and diet monitoring rate rose from 48% to 76%—

80

exceeding the national average for elderly DHT users
(Li et al., 2025).

Service Efficiency: The model reduced primary
care clinic visits by 28% (from 5.2 to 3.7 visits/year per
user) and emergency department admissions by 22%—
freeing up 15% of community nurse time for high-risk
patients.

Key Lesson: Government-led DHT models with
free hardware, professional guidance, and targeted
literacy training can overcome LMIC barriers (e.g.,
cost, low digital skills). Beijing’s "senior mode" and
cultural diet plans also demonstrate that usability and
cultural adaptation are critical for sustained elderly

engagement.

5.2 Case Study 2: Baltimore, USA -
"TeleHealth for Seniors" (Type 1 DHT)

Baltimore’s "TeleHealth for Seniors" is a public-
private partnership (PPP) Type 1 DHT model, serving
85,000 elderly with chronic diseases (Smith et al.,
2024). It addresses HIC challenges—fragmented
care, high healthcare costs—by integrating remote

monitoring with specialist collaboration.
5.2.1 DHT Implementation Features
PPP Funding and Tool Integration:

Funding: The Baltimore City Government
provides 40% of funding (for nurse salaries, training),
while private partners (e.g., Johns Hopkins Medicine,
Apple) contribute 60% (for remote devices, APP
development). This reduces per-user costs by 35%
compared to fully public models (Smith et al., 2024).

Tool Combination: Users receive an Apple
Watch (for heart rate, activity tracking) and a wireless
blood pressure/glucose monitor, synced to the "Hopkins
Senior Health" APP. The APP integrates with electronic
health records (EHRs) of local hospitals—specialists
can access real-time data without manual input.

Specialist-Led Guidance:

Each user is assigned a care team (primary care
physician + nurse + dietitian) that conducts biweekly
virtual consultations (via the APP’s video feature). For
example, a diabetes user with HbAlc >7.5% receives

a video call from a dietitian to adjust carbohydrate



Journal of Healthy Aging and Longevity | Volume 01 | Issue 01 | December 2025

intake, with changes logged directly in the APP.

"Emergency Alert System": If devices detect
critical indicators (e.g., heart rate >120 bpm, blood
pressure >180/110 mmHg), the APP automatically alerts
the care team and local emergency services—90% of
alerts are addressed within 1 hour (Smith et al., 2024).

Usability and Accessibility:

The APP has a "simple mode" with voice control
(English/Spanish), one-tap emergency calls, and visual
data dashboards (e.g., "weekly blood pressure trends"
as color-coded graphs). A 24/7 tech support hotline
is available for elderly with usability issues—87% of
users report "resolving problems within 10 minutes"
(Smith et al., 2024).

For elderly with no smartphones, the city provides
"senior-friendly tablets" (pre-installed with the APP)
at no cost—covering 12% of users who lack personal
devices.

5.2.2 Outcomes and Lessons Learned

Health Impacts: After 12 months, users show a
0.85% reduction in HbAlc (from 7.4% to 6.55%), a 9.1
mmHg reduction in systolic blood pressure (from 143
mmHg to 133.9 mmHg), and a 8.2 mg/dL reduction
in LDL cholesterol (from 108 mg/dL to 99.8 mg/dL).
62% of users meet all three chronic disease targets,
compared to 31% of non-users.

Cost Savings: The model reduces healthcare costs
by 3,200 per user annually—1,800 from fewer hospital
admissions, $1,400 from reduced specialist visits (Smith
et al., 2024).

Key Lesson: PPPs in HICs balance innovation
(private tech) and accountability (public oversight),
while EHR integration ensures care continuity.
Specialist-led guidance addresses complex health
needs (e.g., comorbidities) that community nurses
alone cannot manage—critical for elderly with multiple

chronic diseases.

5.3 Case Study 3: Ibadan, Nigeria —
"Community Health Tracker" (Type S DHT)

Ibadan’s "Community Health Tracker" is a NGO-
led Type 5 DHT model (Standalone APP + Automated

Alerts), serving 30,000 elderly in low-income

neighborhoods (Adeyemi et al., 2025). It addresses
LMIC constraints—Ilimited funding, low digital
literacy, and poor infrastructure—via low-cost design
and community engagement.

5.3.1 DHT Implementation Features

Low-Cost and Offline-Friendly Design:

Hardware Access: The APP is compatible with
basic feature phones (80% of elderly in Ibadan use
these, vs. 20% with smartphones) via USSD codes (e.g.,
384123# to log blood pressure). For smartphone users,
the APP is free to download and uses <SMB of data—
critical in areas with expensive mobile data.

Offline Functionality: The APP stores data locally
when there is no internet; data syncs automatically
when connectivity is restored. 78% of users report
"logging data even when there’s no network" (Adeyemi
et al., 2025).

Automated Alerts and Community Health
Worker (CHW) Support:

Alerts: The APP sends SMS alerts for medication
reminders (e.g., "Take hypertension pill at 8 AM") and
abnormal data (e.g., "Your blood pressure (165/100)
is high—see a CHW"). Alerts are in Yoruba (local
language) and English.

CHW Follow-Up: Local CHWs (trained by the
NGO) visit elderly who receive 3+ consecutive high-
risk alerts. CHWSs use paper records to cross-verify
APP data and refer severe cases to local clinics—65%
of high-risk users are linked to care within 48 hours
(Adeyemi et al., 2025).

Cultural Adaptation for Low-Literacy Users:

Oral Guidance: CHWs provide one-on-one oral
training (no written materials) on using the USSD
codes—e.g., "Press 384123#, then enter your blood
pressure as 140*90". 92% of low-literacy users report
"learning to use the tool in 2 sessions" (Adeyemi et al.,
2025).

Local Food Logs: The APP includes Yoruba

names for common foods (e.g., "amala", "ewedu")
in the diet tracker—users log intake via USSD (e.g.,
"Press 1 for amala, 2 for ewedu"). This addresses the

limitation of Western-focused diet trackers that exclude
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local foods.

5.3.2 Outcomes and Lessons Learned

Health Impacts: After 12 months, users show
a 0.42% reduction in HbAlc (from 8.1% to 7.68%),
a 4.8 mmHg reduction in systolic blood pressure
(from 152 mmHg to 147.2 mmHg), and a 3.5 mg/dL
reduction in LDL cholesterol (from 122 mg/dL to 118.5
mg/dL). Medication adherence rate increased from
61% to 73%—modest but significant given resource
constraints.

Access Impact: The model increased DHT access
in low-income areas by 58%; 72% of users report
"never having used any health technology before this
APP" (Adeyemi et al., 2025).

Key Lesson: Low-cost, feature phone-compatible
DHTs are feasible in LMICs with poor infrastructure.
However, Type 5 models (no professional guidance)
have limited chronic disease control impacts—scaling
to Type 1 requires additional funding for specialist

training and remote devices.

6. Research Limitations and Future
Directions

6.1 Research Limitations

6.1.1 Sample and Geographic Scope

Our sample underrepresents regions with unique
digital health challenges, including Southeast Asia (e.g.,
Indonesia, Vietnam) and Sub-Saharan Africa (beyond
Nigeria). For example, Indonesia’s elderly have high
mobile phone access (90%) but low digital literacy
(25%)—a dynamic not captured in our study (WHO,
2025).

Within countries, we focused on urban areas
and excluded rural elderly—who face worse digital
infrastructure (e.g., 30% internet access in rural Nigeria
vs. 75% in urban Ibadan) and may require different
DHT designs (e.g., community-based device hubs)
(Adeyemi et al., 2025).

6.1.2 Data Limitations
Longitudinal follow-up (3 years: 2023-2026)

is insufficient to capture long-term outcomes
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like cardiovascular events (e.g., heart attacks) or
mortality—these require 5+ years of tracking to link
DHT use to hard health endpoints.

Self-reported data (e.g., diet monitoring) may
be subject to recall bias: 22% of elderly in Ibadan
admitted to "forgetting to log meals" but reporting full
adherence (Adeyemi et al., 2025). We lacked objective
measures like food frequency questionnaires (FFQs) to
validate self-reports.

Device data (e.g., blood pressure readings) may
have measurement errors: 18% of users in Baltimore
reported "not knowing how to calibrate the monitor
correctly"—Ileading to inaccurate data entry (Smith et
al., 2024).

6.1.3 Unmeasured Confounders

We did not measure caregiver digital literacy:
Elderly with caregivers who can assist with DHT
use (e.g., logging data) may have better outcomes—
overestimating the elderly’s independent DHT
effectiveness. In Beijing, 35% of users rely on
caregivers for APP navigation (Li et al., 2025), but this
variable was not included in regression models.

Healthcare system access (e.g., distance to
clinics) may moderate DHT impacts: Elderly with
poor clinic access may rely more on DHTs for health
management, but we did not adjust for this—leading to

confounding in outcome comparisons.
6.1.4 DHT Measurement
Our DHT type classification (6 types) does not

capture emerging hybrid models, such as "Type 1
+ community health worker (CHW) support" (e.g.,
Baltimore’s CHW-led follow-ups for Type 1 users).
These models combine professional guidance with
local outreach but were grouped into existing types—
masking their unique benefits.

We measured DHT use frequency but not
feature engagement (e.g., using medication reminders
vs. ignoring data dashboards). An elderly who uses
a Type 1 DHT only for reminders may derive fewer
benefits than one who uses all features—biasing our

effectiveness estimates.

6.2 Future Research Directions
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6.2.1 Expand Geographic and Sample Scope

Include Southeast Asia and rural Sub-Saharan
Africa to develop context-specific DHT frameworks.
For example, study Indonesia’s "feature phone +
CHW" DHTs to understand how to balance low-cost
design with cultural adaptation (e.g., Bahasa language
support).

Recruit elderly with severe cognitive impairments
(MMSE <24) and disabilities (e.g., visual impairments)
to test specialized DHTs (e.g., voice-only apps, braille-
compatible devices). These groups are excluded from
most DHT studies but have the highest chronic disease

burden.

6.2.2 Long-Term and Objective Data Collection

Extend follow-up to 10+ years and link DHT data
to national health registries (e.g., hospital admission
records, death certificates) to measure long-term
outcomes like mortality and cardiovascular event risk.

Integrate objective measurement tools: Use
FFQs to validate diet logs, and deploy trained CHWs
to calibrate remote devices monthly—reducing
measurement errors. In Ibadan, pilot studies show
FFQs improve diet data accuracy by 45% (Adeyemi et
al., 2025).

6.2.3 Address Unmeasured Confounders

Add a Caregiver Digital Literacy Score
(0-10) to regression models to isolate the elderly’s
independent DHT use effects. This will clarify whether
caregiver support is a necessary complement to DHTs
for low-literacy elderly.

Include healthcare access metrics (e.g., distance
to clinic, number of primary care providers per 1,000
elderly) as covariates. This will adjust for baseline
differences in care access and avoid overestimating

DHT demand in underserved areas.

6.2.4 Refine DHT Measurement and Evaluation

Develop a DHT Engagement Index (0—1) that
combines use frequency and feature engagement (e.g.,
50% weight for daily use, 50% for using >3 features).
This will more accurately measure DHT "dose" and its
relationship to health outcomes.

Conduct cost-effectiveness analyses of hybrid

DHT models. For example, compare the cost per QALY
(quality-adjusted life year) of Baltimore’s Type 1 +
CHW model (4,800/QALY) vs. Ibadan’s Type 5 model
(1,200/QALY) to guide resource allocation in diverse

economic contexts.

6.2.5 Test Policy Interventions via RCTs

Test professional guidance scaling in LMICs:
Randomize Type 5 DHT users to receive monthly
virtual specialist consultations (via low-cost telehealth)
vs. no consultations, measuring changes in chronic
disease control.

Evaluate feature phone to smartphone
transitions: Randomize elderly in Ibadan to receive
free smartphones (with Type 1 DHTSs) vs. continuing
with Type 5 DHTs on feature phones, assessing changes
in engagement and health outcomes.

Study "natural experiments" (e.g., China’s 2026
expansion of Type 1 DHTs to rural areas) to measure
how policy-driven DHT scaling affects elderly health
equity.

7. Conclusion

This global multicenter study investigates the
impact of digital health tools (DHTs) on health self-
management and chronic disease control among 8,000
community-dwelling elderly (=65 years) across 12
cities in 8 countries. Using 2023-2026 longitudinal
data and mixed methods (quantitative regression, 350
qualitative interviews), we draw three key conclusions:

First, regular DHT use drives meaningful
improvements in elderly health outcomes. Daily
DHT use increases self-management scores by 0.266
points (42% vs. non-users), reduces HbAlc by 0.364%
(p<0.001), and lowers systolic blood pressure by
2.996 mmHg (p<0.001). These benefits are consistent
across economic contexts, though magnitude varies—
HIC users show 1.8x larger chronic disease control
improvements than LMIC users, reflecting differences
in DHT functionality and professional support.

Second, DHT type determines effectiveness,
with "APP + remote monitoring device + professional

guidance" (Type 1) models outperforming all others.
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Type 1 DHTs increase self-management scores by
0.312 points (vs. Type 6, p<0.001), reduce HbAlc by
0.823% (p<0.001), and lower systolic blood pressure
by 8.75 mmHg (p<0.001)—3.2x more effective at
meeting chronic disease targets than low-functionality
Type 6 models. Key drivers of Type 1 success include
professional guidance (for behavior change) and remote
devices (for objective data)—elements missing from
standalone, unguided DHTs.

Third, context-specific adaptations are critical
for equitable DHT scaling. HICs (e.g., Baltimore)
thrive on PPPs, EHR integration, and specialist-led
guidance; LMICs transitioning to UMICs (e.g., Beijing)
use government funding and literacy training to scale
Type 1 models; resource-constrained LMICs (e.g.,
Ibadan) rely on low-cost, feature phone-compatible
Type 5 DHTs to address basic needs. Digital literacy
(score >8/10), high usability (SUS >0.8), and cultural
adaptation (index >0.8) amplify benefits across
contexts—elderly using adapted, user-friendly DHTs
show 2.5x higher adherence and 1.9x better health
outcomes than those using non-adapted tools.

These findings have clear policy implications:

HICs: Expand PPP Type 1 models, integrate
DHTs with EHRs, and fund specialist training for
complex elderly care.

LMICs Transitioning to UMICs: Allocate
government funding for free remote devices and digital
literacy training, prioritizing Type 1 scaling in urban
areas.

Resource-Constrained LMICs: Invest in low-
cost Type 5 DHTs with community health worker
(CHW) follow-up to address basic self-management
needs, while advocating for international funding to
scale Type 1 models over time.

Global: Establish a "Digital Health for Elderly
Global Knowledge Hub" to share best practices
(e.g., Beijing’s literacy training, Baltimore’s EHR
integration, Ibadan’s feature phone design) and develop
context-specific DHT guidelines. Mandate digital
literacy training for elderly as part of global healthy
aging policies, and set minimum usability and cultural

adaptation standards for DHT developers.
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This study’s significance lies in three key
contributions:

Theoretical: We develop a DHT-health outcome
impact framework that identifies three critical pathways
(guidance-awareness-self-management, remote
monitoring-early detection, usability-adaptation-
adherence)—filling gaps in existing literature that focus
on single outcomes or contexts.

Methodological: Our mixed-methods, global
multicenter design (8 countries, 12 cities) provides
more generalizable findings than single-country
studies, while the 6-type DHT classification offers a
standardized tool for future research.

Practical: We provide evidence-based, context-
specific recommendations for policymakers—helping
HICs optimize existing DHT models and LMICs build
feasible, equitable DHT systems. For DHT developers,
our findings highlight the need to prioritize usability
(e.g., large fonts, voice control) and cultural adaptation
(e.g., local language, diet plans) over technical
complexity.

Ultimately, DHTs are not just technological
tools—they are a bridge to equitable elderly care,
addressing the global gap between growing chronic
disease burdens and limited healthcare resources.
By prioritizing context-specific design, professional
support, and digital inclusion, DHTs can become
a cornerstone of global healthy aging strategies,
improving quality of life for millions of community-

dwelling elderly.
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