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Abstract: Background:  Visual impairment has become a major public health issue worldwide. In China, the growing aging 
population and changing lifestyles have led to increasing demand for eye health management. Primary prevention is crucial for 
delaying or preventing visual impairment among older adults who are at risk but not yet affected.  Objective:  This study aimed 
to evaluate the effectiveness of an intelligent health management platform in improving the health outcomes of elderly 
individuals at high risk of visual impairment.  Methods:  Ninety participants meeting the inclusion criteria were randomly 
assigned to an intelligent health management group or a natural follow-up group, with forty-five in each. The intervention group 
received comprehensive health management through the intelligent platform, while the control group received routine care. 
Outcomes were measured at baseline, one, three, and six months, including quality of life, physiological function, self-
management, social function, disease burden, and risk of visual impairment. Data were analyzed using repeated measures 
analysis of variance.  Results:  Significant improvements were observed in physiological and social domains, self-management, 
disease burden, and comprehensive scores in the intervention group compared with the control group. Quality of life also 
improved significantly, and after six months, the intervention group showed a lower risk of visual impairment.  Conclusions:  
The intelligent health management program effectively enhanced physical and social function, improved self-management, 
reduced disease burden, and decreased the risk of visual impairment, thereby improving overall quality of life in high-risk 
elderly individuals.  
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1 Introduction 

According to 2020 data, the global population in‐
cluded 43.3 million individuals who were blind, 295 
million with moderate to severe visual impairment, 
258 million with mild visual impairment, and 510 mil‐
lion experiencing uncorrected near visual impairment 
due to inadequate access to reading glasses (Bourne et 
al., 2021). As the population ages, these figures are 
projected to rise significantly by 2050, with estima‐
tions of 61 million individuals classified as blind, 474 
million experiencing moderate to severe visual im‐
pairment, 360 million experiencing mild visual im‐
pairment, and 866 million facing uncorrected near vi‐
sual impairment (Bourne et al., 2021).

Visual impairment is a significant global public 
health concern that undermines the independence of 

older individuals and restricts their daily activities. It 
heightens the risk of falls (Kim, Byun, & Kim, 2020) 
and fractures (Crews et al., 2016; Menezes, Vilaça, & 
Menezes, 2016; Singh & Maurya, 2022), adversely af‐
fecting their quality of life (Cesareo et al., 2015). Ad‐
ditionally, visual impairment can lead to psychologi‐
cal challenges (van der Aa et al., 2015), including anx‐
iety (van Nispen et al., 2016) and depression (Heester‐
beek et al., 2017; van Nispen et al., 2016), fostering 
feelings of helplessness and social isolation (Swenor, 
Muñoz, & West, 2014). Caregivers often bear in‐
creased burdens, which can result in symptoms of fa‐
tigue and emotional strain. (Jin et al., 2021; Kulkarni 
et al., 2018). Previous research has highlighted that vi‐
sual impairment carries a substantial financial burden 
globally (Eckert et al., 2015; Naidoo et al., 2019).

The development of a disease can be divided in‐
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to three stages: the pre-disease phase, the disease 
phase, and the post-disease phase. From a prevention 
perspective, intervening early in older adults who 
have established risk factors—before functional vi‐
sion loss occurs—may delay or prevent progression 
to visual impairment. Primary prevention, also known 
as "preventing before the disease occurs, " is crucial 
for preventing, controlling, and delaying the onset of 
visual impairment in older adults who have certain 
risk factors but have not yet developed visual impair‐
ment. Although there is no universally accepted defi‐
nition for "high-risk" populations, this study opera‐
tionalized high risk using Yue Zhao's visual impair‐
ment risk prediction model; individuals with a score ≥ 
2.202 were considered at high risk (Zhao & Wang, 
2023).

China's '14th Five-Year National Eye Health 
Plan (2021-2025)' promotes building an eye-health 
service network and leveraging the 'Internet +' model 
in ophthalmology to enhance early diagnosis/treat‐
ment and chronic eye disease management. Abroad, 
mobile health apps have successfully monitored, pre‐
vented, and detected chronic diseases, tumors, and 
age-related issues, improving patients' (esp. the elder‐
ly, disabled, and chronically ill) quality of life. Intelli‐
gent health management methods have gained wide‐
spread development and promotion (Silva et al., 
2015). Utilizing mobile applications and internet tech‐
nology for health education and intervention can sig‐
nificantly enhance stroke patients' self-management 
skills and health knowledge levels (Tan et al., 2022). 
Community-based e-health solutions provide elderly 
individuals with improved healthcare education, mon‐
itoring capabilities, alerts, and consultations, enhanc‐
ing their self-management skills (Wu et al., 2022). 
Mobile text message reminders and health education 
have been proven to improve compliance with regular 
eye examinations for diabetic patients and increase 
awareness of ocular knowledge (Chen et al., 2018). 
However, evidence remains limited for integrated, 
hospital – home programs tailored to older adults at 
high risk of visual impairment.

Therefore, there's an urgent need to establish an 
effective hospital-home cooperation management and 
intervention program. Based on mobile apps, person‐
alized and comprehensive management services 
should be provided for older adults at high risk of vi‐
sual impairment according to their visual conditions 

and needs, covering physiology, psychology, social as‐
pects, and family support. This study's intelligent 
health management platform is a mobile healthcare 
app offering various medical services for high-risk in‐
dividuals via smartphones and WeChat. Services in‐
clude establishing e-health records, healthcare man‐
agement, health monitoring, rehabilitation skill train‐
ing, health education, psychological support, and re‐
mote follow-up (Supplementary material figure S1).

We conducted a randomized, parallel-controlled 
clinical trial to assess the effectiveness of an intelli‐
gent management platform in providing comprehen‐
sive health management for elderly individuals at 
high risk of visual impairment. We hypothesize that 
after 6 months of intervention, the elderly participants 
in the intelligent health management group will expe‐
rience improved quality of life, physiological func‐
tion, self-management abilities, family support, satis‐
faction, and reduced perceived burden and risk of vi‐
sual impairment.

2 Methods 

2.1 Study design

A parallel single-blind randomized controlled tri‐
al (RCT) was conducted at a Grade-A tertiary hospital 
in Shenyang, China. Ninety participants were recruit‐
ed from the ophthalmology outpatient department and 
randomly assigned to either the intelligent health man‐
agement group or the natural follow-up group, with 
45 individuals in each group. The intelligent health 
management group received a comprehensive health 
management program based on the intelligent health 
management platform, while the natural follow-up 
group received routine health management. The study 
period lasted for 6 months. The effectiveness of the in‐
tervention was assessed using the indicator system for 
managing visual impairment in the elderly population 
at four time points: pre-intervention, post-intervention 
at 1, 3, and 6 months. The primary and secondary out‐
comes were evaluated at baseline (T0), 1 month (T1), 
3 months (T2), and 6 months (T3) in both the intelli‐
gent health management and natural follow-up groups.

2.2 Participants

The recruitment flyers for this study were distrib‐
uted at the hospital's ophthalmology outpatient depart‐
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ment. Each participant signed a written informed con‐
sent. The following criteria were used to select pa‐
tients: (a) Age of 60 years or older, (b) Risk predic‐
tion model for visual impairment (Zhao and Wang, 
2023), with the risk score calculation formula as fol‐
lows: Z = 0.793×X1+1.238×X2+2.514×X3+1.251×X4-
0.547×X5-1.451×X6+0.713×X7+2.317×X8+3.485×X9-
1.089×X10. Elderly individuals with a score ≥ 2.202 
were included (X1 = age ≥ 75 years, X2 = diabetes, 
X3 = history of eye disease, X4 = history of corticoste‐
roid use, X5 = moderate-intensity physical activity, 
X6 = high-intensity physical activity, X7 = mild hyper‐
tension, X8 = moderate hypertension, X9 = severe hy‐
pertension, X10 = education level of college or above; 
0 = No, 1 = Yes).

Exclusion criteria comprised of the following: 
(a) Participants with other severe physical illnesses or 
significant abnormalities in liver or kidney function 
which could significantly impact follow-up; (b) Par‐
ticipants with comorbid mental illnesses or severe 
cognitive impairments were also ineligible; (c) Partici‐
pants with motor disabilities could not be combined.

2.3 Randomization

Using the SPSS random number generator, ran‐
dom group assignment was performed, and each par‐
ticipant was assigned a unique identifier based on 
their enrollment order. The subjects were then ran‐
domly allocated to the intelligent health management 
group or the natural follow-up group in a 1: 1 ratio. 
The randomization code was kept concealed within 
opaque envelopes, and the allocation information was 
not revealed before the randomization procedure.

2.4 Blinding

The research assistants who assigned older 
adults to their respective groups were unaware of 
their treatment allocation before the grouping process. 
Due to the nature of the intervention, it was not feasi‐
ble to blind the elderly participants and the imple‐
menters. Furthermore, assessors and statisticians were 
blinded to the group assignment during the efficacy 
assessment and data analysis. Before analysis and 
evaluation, all samples and data were anonymized.

2.5 Sample size estimation

The quality of life was the primary outcome 
measure in this study. Based on the intervention study 

results cited in (Zhang, 2021), the intervention group 
had an average quality of life score of 112.37 ± 7.53, 
while the control group had an average score of 
105.73 ± 6.48. The difference between the two 
groups' means after the intervention was 6.64, with a 
pooled standard deviation of 7.53. Considering α = 
0.05 and β = 0.10, the sample size calculation formula 
for comparing two sample means resulted in n =

 
2σ 2( )μα + μβ

2

( μ1 - μ2 )2
= 26. To account for a 20% attrition 

rate, each group was increased to 33, resulting in the 
final recruitment of 90 participants for this study, with 
45 participants in the intelligent health management 
group and 45 in the natural follow-up group.

2.6 Study intervention

2.6.1　Comprehensive health management program 
for the high-risk elderly population with visual 
impairment based on intelligent management 
platform

Older individuals within the health management 
group received comprehensive interventions tailored 
for the visually impaired elderly population at high 
risk, utilizing an intelligent platform. To identify suit‐
able health management strategies for this demo‐
graphic, the research team conducted a content analy‐
sis across multiple databases, extracting and analyz‐
ing relevant information from Chinese and English lit‐
erature during the study's preliminary phase (Li & 
Wang, 2022). They consulted seven experts to identi‐
fy six key attributes of control strategies and their cor‐
responding levels. The ultimate requirements for man‐
aging services for older adults with visual impairment 
encompassed the following components: continuity of 
care, application of assistive devices, health educa‐
tion, preventive healthcare, safety management, and 
rehabilitation training. Informed by the identified 
health management strategies, the researchers supple‐
mented specific aspects of complementary health 
management strategies and their levels through evi‐
dence-based practices.

Based on the preliminary research and literature 
search results, the research team invited experts in 
ophthalmology and nursing with extensive clinical ex‐
perience and specialized knowledge to participate in 
an expert meeting. During this meeting, the experts 
discussed the intervention program content's practical‐
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ity, scientific basis, and feasibility. Based on the dis‐
cussions held during the expert meeting, the research 
team has preliminarily determined a comprehensive 
intervention program for older people at high risk of 
visual impairment.

After obtaining informed consent from elderly 
individuals at high risk of visual impairment, we se‐
lected 10 participants who met the inclusion criteria 
to evaluate the comprehensibility and feasibility of 
the preliminary intervention program. The partici‐
pants provided feedback and suggestions, which fur‐
ther enhanced the intervention plan. Ultimately, we es‐
tablished the specific content of the comprehensive 
management program for the high-risk elderly popula‐
tion with visual impairment, utilizing the intelligent 
health management platform.

The comprehensive intervention program for old‐
er adults at high risk of visual impairment includes 
the following seven themes: establishment of electron‐
ic health records (personal basic information, medical 
diagnosis information, examination records), risk as‐
sessment and safety management (home environment 
assessment, home safety guidance, outdoor safety 
guidance, medication safety guidance), health moni‐
toring (blood pressure, blood sugar, vision, physical 
examination), rehabilitation skills training guidance 
(visual function exercise, orientation and activity exer‐
cise, daily living skills exercise), health education 
(preventive care, assistive device application, eye 
care, dietary care), psychological support (psychologi‐
cal counseling, emotional support), and remote fol‐
low-up (Supplementary material table S1 and fig‐
ure S2).

2.6.2　Usual care

The standard intervention plan for elderly indi‐
viduals in the natural follow-up group involved re‐
ceiving routine health management, assessing their 
physical condition, closely monitoring various indica‐
tors, advising them to prioritize rest and emotional 
regulation, strictly adhering to medical instructions 
for medication, and providing comprehensive infor‐
mation on proper medication methods and eye protec‐
tion. Regular outpatient follow-up visits were sched‐
uled, and immediate medical attention at the hospital 
was recommended in case of symptoms such as vi‐
sion loss or eye discomfort. The intervention would 
be terminated if there were severe adverse effects or 

the participant withdrew from the program.

2.7 Outcomes measures

The researchers developed a comprehensive 
questionnaire to gather demographic data, including 
age, gender, race, marital status, level of education, 
type of medical insurance, and monthly household in‐
come. The questionnaire also inquired about disease-
related information, such as the type and duration of 
eye diseases, the presence of other chronic illnesses, 
and the use of visual aids.

The evaluation index system for managing visu‐
al impairment in the elderly population was used to 
assess the effectiveness of health management in high-
risk elderly individuals with visual impairment. It was 
developed by Chinese scholar Yufei Ding (Ding, 
2023). It consisted of 6 scales and 18 individual indi‐
cators that collectively measured five primary indica‐
tors: QOL, physiological domain, self-management, 
social function, and disease burden, as well as 12 sec‐
ondary and 35 tertiary indicators.

2.7.1　Primary outcome

The main findings of this study focused on 
changes in quality of life scores. The Scale of Quality 
of Life for Diseases with Visual Impairment (SQOL-
DVI) is a questionnaire used to assess quality of life, 
consisting of 4 dimensions and 20 items. These di‐
mensions include symptoms and visual function, 
physical function, social activities, and mental health. 
Each item is scored on a scale of 1 to 10, with a total 
score ranging from 20 to 200. Higher scores indicate 
higher quality of life. The SQOL-DVI questionnaire 
is a reliable and valid tool for assessing quality of life, 
with good internal consistency (Cronbach's α = 0.932) 
and test-retest reliability (0.895).

2.7.2　Secondary outcomes

2.7.2.1 Physiologic function
The Modified Barthel Index (MBI) evaluates dai‐

ly life capabilities, including feeding, dressing, walk‐
ing, bowel and bladder control, personal grooming, 
bathing, toileting, stair climbing, and bed/chair move‐
ment. Scores on the MBI can range from 0 to 100, 
with higher scores indicating more potent everyday 
life abilities. The Cronbach's α coefficient for this 
scale is 0.93. The assessment of visual function in‐
cludes evaluating visual acuity, ocular pressure, and 
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visual field. The laboratory indicators include control 
levels of blood glucose, blood pressure, and blood 
lipid.
2.7.2.2 Self-management

The Self-Care Ability Scale for Elderly Individu‐
als was developed by Chinese scholar Luxia Fu et al. 
(Fu, 2022) and was utilized to evaluate the self-care 
abilities of older individuals. The scale had three di‐
mensions and 19 items, with a total score range of 19 
to 95. A Likert 5-point rating scale was used, and the 
scale's Cronbach's α coefficient was 0.958, with a test-
retest reliability of 0.920. The General Self-Efficacy 
Scale (GSES) was used to assess self-efficacy beliefs. 
Professor Schwarzer and colleagues from the Clinical 
and Health Psychology department at the Free Univer‐
sity of Berlin, Germany, developed the scale in 1981. 
A Chinese version of the scale was translated and re‐
vised by Caikang Wang et al. (Wang, Hu, & Liu, 
2001), with an analysis of its validity and reliability. 
The scale consisted of 10 items, and a Likert 4-point 
rating scale was used, ranging from 1 (completely in‐
correct) to 4 (entirely correct). The final score was cal‐
culated by summing all item scores and dividing by 
10. A higher score indicated a stronger sense of self-
efficacy. The scale's Cronbach's α coefficient was 
0.87 with a test-retest reliability of 0.83.
2.7.2.3 Social Function

The Perceived Social Support from Family Scale 
(PSS-FA) was used to assess the level of family sup‐
port. Procidano and Heller developed this scale in the 
United States and later revised it by Haiyan Zhang 
(Zhang, 1999), a Chinese scholar, to suit the Chinese 
context. The scale consists of 15 items and adopts a 
two-point scoring system. Participants are instructed 
to respond with "yes" for a score of 1 and "no" for a 
score of 0. Items 4, 10, 11, and 15 are reverse-scored. 
The total score ranges from 0 to 15, with higher 
scores indicating higher levels of family support. 
Scores from 0 to 5 indicate low family support, 6 to 
10 indicate moderate family support, and scores from 
11 to 15 indicate high family support. The reliability 
coefficient (KR-20) of this scale was 0.75. Social en‐
vironment conditions were assessed by asking two 
questions: 1) How often do you engage in heart-to-
heart conversations with friends or colleagues? and 2) 
How often do you exchange experiences with fellow 
patients? Organizational environment conditions were 
assessed by asking two questions: 1) How complete is 

your dynamic health record? and 2) How often do 
you participate in eye health promotion-related experi‐
ence-sharing meetings, health workshops, or skills 
training classes? To assess nursing satisfaction, the 
following questions were asked: 1) What is the atti‐
tude of the medical staff/service? 2) How is the medi‐
cal staff's professional expertise? 3) How well does 
the medical staff ensure your safety? 4) How well 
does the medical staff protect your privacy? 5) Have 
there been any medical accidents or incidents of care‐
lessness? and 6) How satisfied are you with the health 
education provided by healthcare professionals?
2.7.2.4 Disease burden

The Self-Perceived Burden Scale (SPBS) was 
utilized to evaluate the level of self-perceived burden. 
The complete score ranged from 5 to 50, wherein 
greater scores indicated greater self-perceived burden. 
Based on the complete score, the self-perceived bur‐
den was categorized as follows: no significant burden, 
mild burden, moderate burden, and severe burden. 
The Cronbach's α coefficient for this scale was 0.85. 
Economic burden was assessed by inquiring: 1) What 
are the medical expenses of treatment? 2) What are 
the expenses of caregiving?

2.8 Statistical analysis

SPSS 23.0 statistical software was utilized for 
data analysis. Statistical description was performed 
using mean ± standard deviation for normally distrib‐
uted continuous data. For non-normally distributed 
continuous data, statistical description was carried out 
using the median and interquartile range. Frequency 
and percentage were used for the statistical descrip‐
tion of categorical data. Before data analysis, the indi‐
ces were standardized using the range transformation 
method. For positively-oriented indices, the formula 

used was x =  
xmax - xi

xmax - xmin

. For negatively-oriented indi‐

ces, the formula used was x =  
xi - xmin

xmax - xmin

. The com‐

posite score was calculated by multiplying the stan‐
dardized values of each index level by the correspond‐
ing weight values. To improve readability, the results 
were multiplied by 100 in this study. Independent 
sample t-tests were utilized to compare the differenc‐
es in management effectiveness between the natural 
follow-up group and the intelligent health manage‐
ment group for visually impaired older adults at high 
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risk. Chi-square tests were used to compare the differ‐

ences in effectiveness between the natural follow-up 

group and the intelligent health management group 

for visually impaired older adults at high risk in count 
data. Repeated measures analysis of variance was em‐
ployed to compare the time effect, group effect, and 

interaction effect of control composite scores and di‐
mension scores before and after intervention at 1, 3, 

and 6 months between the natural follow-up group 

and the intelligent health management group for visu‐

ally impaired older adults at high risk. All p-values 

were based on two-sided tests, and p < 0.05 was 

deemed statistically significant.

2.9 Ethical consideration

Ethical approval has been obtained from the Eth‐

ics Committee of the First Affiliated Hospital of 
China Medical University with the number [2019] 
No. 15. Informed consent forms were gathered from 
all patients before participating. 

3 Results 

The data was collected between November 2022 
and April 2023. 90 older adults were randomly as‐
signed to two groups, with 45 in the health manage‐
ment group and 45 in the natural follow-up group. 
There was no loss to follow-up during the interven‐
tion period, and all 90 older adults were included in 
the data analysis. Figure 1 provides an overview of 
the CONSORT flowchart for the older adults who par‐
ticipated in the study.

Figure 1  Flow diagram of the trial.
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3.1 Participants' characteristics

This study included 90 participants aged 60 to 
82 years (Mean = 69.86, SD = 4.89). There were 43 
males (47.78%) and 47 females (52.22%). The study 
found no significant differences between the demo‐
graphic and disease-related data of the two groups 

(p > 0.05). There were no statistically significant dif‐
ferences in each dimension's comprehensive manage‐
ment scores and scores between the two groups of vi‐
sually impaired older adults at high risk before the in‐
tervention (p > 0.05). This suggests that the baseline 
scores and levels of each dimension were comparable 
between the two groups (Table 1 and Table 2).

Table 1  Participants' characteristics variables at baseline

Age, M (SD)

Sex, n (%)

Male

Female

Ethnicity, n (%)

Han

Other

Educational level, n (%)

Middle school

Senior high school

Junior college

Undergraduate and above

Monthly household income (yuan), n (%)

1000~3000

3000~5000

5000~10000

Medical insurance, n (%)

Self-paying

Medical insurance

Marital status, n (%)

Married

Divorced

Widowed

Living status, n(%)

Alone

With children

With spouse

Eye, n (%)

Left

Right

Both

Disease duration(year), n (%)

< 1

1~5

5~10

> 10

69.86 (4.89)

43 (47.78)

47 (52.22)

82 (91.11)

8 (8.89)

38 (42.22)

21 (23.33)

20 (22.22)

11 (12.23)

25 (27.78)

46 (51.11)

19 (21.11)

4 (4.33)

86 (95.67)

75 (83.33)

5 (5.56)

10 (11.11)

10 (11.11)

25 (27.78)

55 (61.11)

28 (31.11)

24 (26.67)

38 (42.22)

57 (63.33)

16 (17.78)

12 (13.33)

5 (5.56)

69.29 (5.61)

19 (42.22)

21 (57.78)

42 (93.33)

2 (6.67)

20 (44.44)

11 (24.44)

9 (20.00)

5 (11.12)

12 (26.67)

24 (53.33)

9 (20.00)

1 (2.22)

44 (97.78)

37 (82.22)

3 (6.67)

5 (11.11)

6 (13.33)

14 (31.11)

25 (55.56)

16 (35.56)

11 (24.44)

18 (40.00)

30 (66.66)

8 (17.78)

4 (8.89)

3 (6.67)

70.42 (4.04)

24 (53.33)

16 (46.67)

40 (88.89)

5 (11.11)

18 (40.00)

10 (22.22)

11 (24.44)

6 (13.33)

13 (28.89)

22 (48.89)

10 (22.22)

3 (6.67)

42 (93.33)

38 (84.44)

2 (4.45)

5 (11.11)

4 (8.89)

11 (24.44)

30 (66.67)

12 (26.67)

13 (28.89)

20 (44.44)

27 (60.00)

8 (17.78)

8 (17.78)

2 (4.44)

-1.100

0.137

0.444

0.180

0.262

0.329

1.215

0.843

1.745

0.275

0.711

0.931

0.914

0.609

1.000*

0.505

0.656

0.695*

Variables Total (n = 90) IHMG (n = 45) NFUG (n = 45) t/x2 p
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Type of eye disease, n (%)

Cataract

Age-related macular degeneration

Glaucoma

Diabetic retinopathy

Other

Visual aid, n (%)

Yes

No

Chronic disease, n (%)

Yes

No

18 (20.00)

18 (20.00)

11 (12.22)

39 (43.33)

4 (4.45)

18 (20.00)

72 (80.00)

59 (65.56)

31 (34.44)

11 (24.44)

5 (11.11)

5 (11.11)

21 (46.67)

3 (6.67)

11 (24.44)

29 (75.56)

30 (66.67)

15 (33.33)

7 (15.56)

13 (28.89)

6 (13.33)

18 (40.00)

1 (2.22)

7 (15.56)

33 (84.44)

29 (64.44)

16 (35.56)

5.684

1.111

0.049

0.225*

0.292

0.824

Table 1 Continued.

Variables Total (n = 90) IHMG (n = 45) NFUG (n = 45) t/x2 p

Note: IHMG = Intelligent health management group, NFUG = Nature follow-up group; *: P-values were calculated using Fisher's exact test

3.2 Effectiveness of the intervention program on 
the quality of life

The sphericity test results showed that Machly's 
W = 0.022 was statistically significant (p < 0.05). The 
repeated measures analysis of variance results showed 
that: 1) the main effect of time on the quality of life 
scores for the two groups was not statistically signifi‐
cant (p > 0.05). 2) The intergroup factors showed sta‐
tistically significant differences in the quality of life 
scores among two groups (p < 0.05). 3) The interac‐
tion between group and time was not statistically sig‐

nificant regarding quality of life scores (p > 0.05). 

There was a statistically significant difference in the 
quality of life scores between the two groups at time 

point T1 (p < 0.05). (Table 3, table 4 and supplemen‐

tary material figure S3). The intervention significantly 

improved quality of life (T1: p = 0.006, T2: p = 

0.355, T3: p = 0.507). Cohen's d values at each time 

point indicated moderate to large effects: 0.59 at T1 

for quality of life, and 1.08 at T1, 1.14 at T2, and 1.72 

at T3 for the overall composite score, demonstrating 

sustained improvement and lasting impact.

Table 2  Participants' outcome variables at baseline

Variables

Quality of life

Physiological function

Visual function assessment and intraocular pressure

ADL

Laboratory indicators

Self-management

Self-care ability

Self-efficacy

Social function

Family support

Social environment

Organizational environment

Nursing satisfaction

Disease burden

Economic burden

Self-perceived burden

Overall score

IHMG (n = 45)

16.71 ± 6.35

15.51 ± 4.29

6.48 ± 2.19

6.50 ± 2.60

2.53 ± 1.20

7.31 ± 2.52

3.82 ± 1.20

3.49 ± 1.84

5.20 ± 1.35

2.48 ± 0.96

0.62 ± 0.57

0.33 ± 0.37

1.81 ± 0.57

10.64 ± 2.20

6.08 ± 1.50

4.57 ± 1.67

55.38 ± 8.46

NFUG (n = 45)

15.88 ± 6.08

15.79 ± 3.73

6.08 ± 2.85

7.19 ± 1.95

2.51 ± 1.19

7.53 ± 2.14

4.02 ± 0.94

3.51 ± 1.70

5.01 ± 1.44

2.53 ± 1.49

0.55 ± 0.46

0.45 ± 0.44

1.78 ± 0.56

10.93 ± 3.18

6.16 ± 1.93

4.77 ± 2.25

55.14 ± 8.79

t

0.635

-0.324

0.741

-1.422

0.062

-0.441

-0.875

-0.049

0.628

-0.175

0.654

-1.405

0.254

-0.492

-0.224

-0.485

0.951

p

0.527

0.747

0.460

0.159

0.951

0.660

0.384

0.961

0.532

0.861

0.515

0.164

0.800

0.624

0.823

0.629

0.345

Note: IHMG = Intelligent health management group, NFUG = Nature follow-up group
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Table 4  Comparison of scores between groups at different time points after intervention.

Quality of life

Physiological function

Visual function assessment and intraocular pressure

ADL

Laboratory indicators

Self-management

IHMG

NFUG

t

p

IHMG

NFUG

t

p

IHMG

NFUG

t

p

IHMG

NFUG

t

p

IHMG

NFUG

t

p

IHMG

NFUG

45

45

45

45

45

45

45

45

45

45

45

45

17.79 ± 5.62

14.49 ± 5.47

2.825

0.006**

17.89 ± 4.62

16.10 ± 4.35

2.092

0.039*

7.32 ± 2.64

6.26 ± 2.65

1.913

0.059

7.52 ± 2.66

7.41 ± 1.93

0.216

0.830

3.05 ± 1.31

2.35 ± 1.27

2.582

0.011*

10.48 ± 2.87

6.51 ± 2.17

18.03 ± 5.74

16.96 ± 5.19

0.929

0.355

18.77 ± 4.70

15.91 ± 4.12

3.072

0.003**

7.62 ± 2.51

6.59 ± 3.00

1.778

0.079

7.66 ± 2.97

7.15 ± 2.12

0.947

0.346

3.49 ± 1.08

2.18 ± 1.20

5.439

< 0.001***

12.13 ± 2.37

6.31 ± 1.99

18.41 ± 5.84

17.62 ± 5.42

0.667

0.507

21.46 ± 2.80

15.15 ± 4.33

8.203

< 0.001***

8.56 ± 1.99

5.64 ± 2.73

5.798

< 0.001***

8.96 ± 1.62

6.91 ± 2.36

4.807

< 0.001***

3.94 ± 1.04

2.61 ± 1.30

5.396

< 0.001***

14.09 ± 2.57

6.18 ± 1.89

Variables Group N
Time points

T1 T2 T3

Table 3  Repeated measures ANOVA on scores at different time points between groups.

Variables

Quality of life

Physiological function

Visual function assessment and intraocular pressure

ADL

Laboratory indicators

Self-management

Self-care ability

Self-efficacy

Social Function

Family support

Social environment

Organizational environment

Nursing satisfaction

Disease burden

Economic burden

Self-perceived burden

Overall score

Time effect

F

2.271

9.563

3.170

4.577

9.319

30.230

115.790

2.849

23.360

2.027

3.450

36.471

6.105

3.281

0.950

6.039

16.548

p

0.094

< 0.001***

0.049*

0.017*

< 0.001***

< 0.001***

< 0.001***

0.067

< 0.001***

0.136

0.017*

< 0.001***

0.006**

0.025*

0.406

0.001**

< 0.001***

Group effect

F

6.445

19.830

11.756

2.254

22.884

171.494

173.28

32.377

34.706

3.857

6.858

47.474

19.112

13.370

23.655

19.151

64.055

p

0.013*

< 0.001***

0.001**

0.137

< 0.001***

< 0.001***

< 0.001***

< 0.001***

< 0.001***

0.053

0.010*

< 0.001***

< 0.001***

0.001**

0.059

< 0.001***

< 0.001***

Time × group effect

F

0.988

14.839

6.261

7.652

8.754

68.333

119.770

9.141

22.988

2.081

6.495

70.851

9.147

14.708

2.367

14.426

10.994

p

0.387

< 0.001***

0.003**

0.001**

< 0.001***

< 0.001***

< 0.001***

< 0.001***

< 0.001***

0.129

0.005**

< 0.001***

0.001**

< 0.001***

0.081

< 0.001***

< 0.001***

Note: *P < 0.05; **P < 0.01; ***P < 0.001
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Self-care ability

Self-efficacy

Social function

Family support

Social environment

Organizational environment

Nursing satisfaction

Disease burden

Economic burden

Self-perceived burden

Overall score

t

p

IHMG

NFUG

t

p

IHMG

NFUG

t

p

IHMG

NFUG

t

p

IHMG

NFUG

t

p

IHMG

NFUG

t

p

IHMG

NFUG

t

p

IHMG

NFUG

t

p

IHMG

NFUG

t

p

IHMG

NFUG

t

p

IHMG

NFUG

t

p

IHMG

NFUG

t

p

45

45

45

45

45

45

45

45

45

45

45

45

45

45

45

45

45

45

45

45

45

45

7.418

< 0.001***

6.80 ± 2.35

4.31 ± 0.86

6.685

< 0.001***

3.68 ± 1.35

2.20 ± 1.87

4.315

< 0.001***

5.53 ± 1.29

5.30 ± 1.17

0.879

0.382

2.50 ± 0.87

2.56 ± 1.00

-0.305

0.761

0.47 ± 0.41

0.43 ± 0.33

0.591

0.556

0.38 ± 0.36

0.50 ± 0.44

-1.451

0.150

2.18 ± 0.44

1.81 ± 0.57

3.400

0.001**

10.20 ± 2.86

0.49 ± 3.32

-0.455

0.650

6.19 ± 2.21

6.42 ± 2.38

-0.472

0.638

4.01 ± 2.15

4.08 ± 2.02

-0.157

0.876

61.90 ± 9.81

52.82 ± 6.65

5.141

< 0.001***

12.612

< 0.001***

8.29 ± 1.81

4.11 ± 0.86

13.981

< 0.001***

3.84 ± 1.38

2.20 ± 1.69

5.049

< 0.001***

6.53 ± 1.11

4.92 ± 1.12

6.881

< 0.001***

2.75 ± 0.88

2.40 ± 088

1.889

0.062

0.57 ± 0.37

0.41 ± 0.30

2.202

0.030*

1.04 ± 0.26

0.34 ± 0.40

9.882

< 0.001***

2.17 ± 0.41

1.70 ± 0.57

3.998

< 0.001***

9.36 ± 2.36

10.31 ± 3.29

-1.575

0.119

5.53 ± 2.01

6.40 ± 2.15

-1.981

0.051

3.83 ± 1.87

3.91 ± 2.16

-0.193

0.847

64.18 ± 10.02

54.41 ± 8.15

5.412

< 0.001***

16.612

< 0.001***

9.74 ± 1.98

3.96 ± 0.77

18.246

< 0.001***

4.35 ± 1.78

2.30 ± 1.00

5.947

< 0.001***

7.23 ± 0.98

4.79 ± 0.94

12.001

< 0.001***

2.85 ± 0.72

2.38 ± 0.82

2.888

0.005**

0.77 ± 0.43

0.39 ± 0.31

4.923

< 0.001***

1.39 ± 0.27

0.33 ± 0.32

15.217

< 0.001***

2.33 ± 0.40

1.76 ± 0.56

6.055

< 0.001***

8.64 ± 2.04

12.93 ± 2.74

-8.419

< 0.001***

5.31 ± 2.06

6.54 ± 2.18

-2.733

0.008**

3.32 ± 0.26

6.40 ± 1.60

-12.685

< 0.001***

69.83 ± 8.03

56.69 ± 7.22

8.162

< 0.001***

Table 4 Continued.

Variables Group N
Time points

T1 T2 T3

Note: IHMG = Intelligent health management group, NFUG = Nature follow-up group; *P < 0.05; **P < 0.01; ***P < 0.001
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3.3 Effectiveness of the intervention program on 
physiological function

The sphericity test indicated that the overall score 
in the physiological domain and the Machly W scores 
for each dimension were 0.320, 0.394, 0.236, and 
0.436, respectively, with p < 0.05. The data did not 
meet the sphericity assumptions; thus, a correction us‐
ing the Greenhouse-Geisser method was applied. The 
results of the repeated measures analysis of variance 
were as follows: 1) the main effect difference of time 
factor in the total score of the physiological domain 
and the scores of each dimension of the two groups 
was statistically significant (p < 0.05). 2) The inter‐
group factor showed statistically significant differenc‐
es in the total score of the physiological domain, visu‐
al function assessment scores, intraocular pressure 
scores, and laboratory indicator scores between the 
two groups (p < 0.05). 3) The interaction between time 
and intergroup factors was statistically significant in 
the physiological domain's total score and each dimen‐
sion's scores for the two groups (p < 0.05). (Table 3).

The simple effect analysis between groups 
showed that at T3, there were statistically significant 
differences in the total score of the physiological do‐
main and scores of each dimension between the two 
groups (p < 0.001), with the control group scoring 
higher than the natural follow-up group (Table 4). 
There were statistically significant differences in the 
total score of the physiological domain at all four 
time points (p < 0.05) (Supplementary material table 
S2, figureS3 and figureS4).

3.4 Effectiveness of the intervention program on 
self-management

The sphericity test results indicated that the as‐
sumption of sphericity was violated, with the self-
management total score and Machly W scores in each 
dimension being 0.232, 0.445, and 0.216, respective‐
ly, with p < 0.05. The results of the repeated measures 
analysis of variance revealed that: 1) The main effect 
of time on self-management total score and self-care 
ability score in two groups was statistically significant 
(p < 0.001). 2) There was a significant difference be‐
tween the groups regarding the self-management total 
score and scores in each dimension (p < 0.001). 3) 
The interaction effects between the group and mea‐
surement time were also found to be statistically sig‐
nificant for the self-management total score and 

scores in each dimension (p < 0.001) (Table 3).
The simple effect analysis between groups indi‐

cated that there were significant differences in the to‐
tal score and dimension scores of self-management 
among elderly individuals with two groups at time 
points T1, T2, and T3 (p < 0.001). The scores of the in‐
telligent health management group were also higher 
than those of the natural follow-up group (Table 4). 
The differences in total self-management and self-care 
ability scores were statistically significant at the four 
time points of T0, T1, T2, and T3 (p < 0.001). (Supple‐
mentary material table S3, figureS3 and figureS4).

3.5 Effectiveness of intervention programs on 
social function

The sphericity test demonstrated significant dif‐
ferences in the Machly W scores for the total score of 
the social function and scores in each dimension 
(0.262, 0.104, 0.587, and 0.200, respectively, p < 
0.05). The repeated measures ANOVA results indicat‐
ed that: 1) the time factor had a statistically signifi‐
cant main effect on the total score of the social func‐
tion of visually impaired high-risk elderly individuals 
(p < 0.05). 2) The between-group factor showed statis‐
tically significant differences in the total score of so‐
cial domain, social environment, organizational envi‐
ronment, and doctor-patient/nurse-patient relationship 
(p < 0.05) in the two groups. 3) The interaction effect 
of time and between-group factors was statistically 
significant in the total score of social domain (p < 
0.05) in both groups (Table 3).

The simple effect analysis between groups indi‐
cated that there were significant differences in the 
nursing satisfaction scores among the two groups at 
time point T1, (p < 0.05) (Table 4). The within-group 
simple effect tests showed that the total score of the 
social function for the intelligent health management 
group of elderly individuals showed an upward trend 
over time. The difference in the social function total 
score between the T0 and T1 time points was not sta‐
tistically significant (p > 0.05), while disagreements 
observed between other time points were statistically 
significant (p < 0.001). (Supplementary material table 
S4, figure S3, figure S4 and figure S5).

3.6 Effectiveness of intervention programs on 
disease burden

The sphericity test results indicated that the 
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Machly scores for the disease burden total and dimen‐
sion scores were 0.888, 0.789, and 0.884, respectively 
(p < 0.05). The results of repeated measures analysis 
of variance showed that:1) the time factor had a sig‐
nificant main effect on the disease burden total score 
and self-perceived burden score in both groups (p < 
0.05). 2) The between-group factor showed statistical‐
ly significant differences in the total score of disease 
burden and self-perceived burden in the two groups 
(p < 0.05). 3) The interaction effect of time and be‐
tween-group factors was statistically significant in the 
total score of disease burden and self-perceived bur‐
den in both groups (p < 0.001) (Table 3).

The simple effect analysis between groups indi‐
cated at time point T3, there were statistically signifi‐
cant differences in the total score of disease burden 
and self-perceived burden between the two groups 
(p < 0.001) (Table 5). The within-group simple effect 
tests showed that the disease burden score in the intel‐
ligent health management group gradually decreased 
over time. (Supplementary material table S5, figure 
S3 and figure S5).

3.7 Effectiveness of the intervention program on 
the visual impairment risk

The visual impairment risk scores of the two 
groups do not conform to a normal distribution. The 
Mann-Whitney U rank-sum test results indicate a sta‐
tistically significant difference in visual impairment 
risk scores between the two groups after intervention 
(p < 0.001), with the management group exhibiting 
lower risk scores than the natural follow-up group.

4 Discussion 

Our intervention program used an intelligent 
management platform to meet the health management 
needs of older people. It adopted a visual impairment 
management index system to evaluate the impact of 
the comprehensive health management plan on high-
risk visually impaired individuals. The program 
aimed to improve the quality of life, physiological 
function, self-management, and social function and re‐
duce the disease burden of high-risk elderly with visu‐
al impairment. The intelligent health management 
platform had advantages like convenience, efficiency, 
and strong interactivity. Results showed it effectively 

enhanced the physiological function, self-manage‐
ment ability, and social function of high-risk elderly 
with visual impairment while reducing disease burden 
and visual impairment risk. We encouraged the elder‐
ly to engage in self-management and social practices, 
e. g., sharing eye health knowledge and getting skill 
training. The program received high satisfaction from 
elderly participants.

4.1 Effectiveness of the intervention program on 
the quality of life

Importantly, we acknowledge counter-evidence 
from the broader literature. A recent Cochrane review 
concluded that multifaceted self-management inter‐
ventions for adults with established visual impairment 
may have little to no effects on health-related or vi‐
sion-related quality of life, with low-certainty evi‐
dence (Malkin et al., 2025). This discrepancy may re‐
late to differences in target populations, intervention 
goals, and intervention components.

A significant correlation exists between visual 
impairment in older adults and their quality of life 
(Tseng et al., 2018). After 3 to 6 months of interven‐
tion, both groups of elderly improved their quality of 
life scores, but the difference was not statistically sig‐
nificant. This may be because intervention can signifi‐
cantly improve the quality of life in the early stages. 
Still, its effect may gradually stabilize over time, re‐
sulting in no significant difference in quality of life 
scores between the two groups. Therefore, long-term 
evaluation is necessary to assess the lasting impact of 
interventions on the quality of life of older adults. 
Several studies have identified various factors influ‐
encing visual impairment in older adults, including 
eye diseases such as cataracts, glaucoma, diabetic reti‐
nopathy, age-related macular degeneration, and retinal 
vascular diseases (Quaranta et al., 2016; Wagner et 
al., 2020; Wang et al., 2016), as well as chronic dis‐
eases like diabetes and hypertension (Wang et al., 
2016), psychological health issues such as anxiety 
and depression (Frank et al., 2019), and poor lifestyle 
choices (Hu et al., 2017; Li et al., 2014; Tseng et al., 
2018). Therefore, a comprehensive analysis should 
consider factors such as the basic conditions of older 
adults, disease conditions, lifestyle, and the implemen‐
tation of intervention programs to assess intervention 
effects more comprehensively and accurately. Previ‐
ous studies have demonstrated that using smartphones 
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can enhance the quality of life for visually impaired 
individuals, increase their independence and sense of 
security, and facilitate their social integration (Robin‐
son et al., 2017). Min Xie et al. (Xie et al., 2022) stud‐
ied postoperative care for patients with diabetic reti‐
nopathy detachment using the WeChat platform. The 
results revealed a significant improvement in the pa‐
tient's quality of life across all aspects after imple‐
menting the WeChat intervention. Furthermore, their 
satisfaction rate increased by 15.22% compared to the 
control group. Junyan Guo et al. (Guo, Kong, & Yan, 
2023) implemented home care for patients with eye 
diseases through a multimedia platform that provided 
health education, dynamic tracking, and targeted care. 
Their findings showed that this approach improved 
the quality of life for individuals with low vision, sug‐
gesting that an intelligent health platform can effec‐
tively enhance the well-being of elderly individuals at 
high risk for visual impairment.

4.2 Effectiveness of the intervention program on 
physiological function

This study improved older adults' engagement 
and adherence to exercise programs through mobile 
applications that provided instructional videos, re‐
minders, and facilitated communication with health‐
care providers. An intelligent monitoring platform in‐
creased their awareness of visual health, prompting 
actions to enhance daily living skills, such as balanc‐
ing activities, combining work and rest, and exercis‐
ing regularly. By educating them on visual function 
assessment and health management, older adults be‐
came more proactive about their health. They proac‐
tively took steps to improve their physiological func‐
tion. Yan et al. (Yan & Yan, 2020) conducted a study 
on remote nursing for glaucoma patients. They found 
that the intervention group, which received remote 
nursing, experienced a significant decrease in intraoc‐
ular pressure compared to the control group. Addition‐
ally, the intervention group improved overall health 
status, vision, and social function. Similarly, Zhao et 
al. (Zhao, Li, & Shi, 2022) studied patients with reti‐
nal detachment, utilizing health education and interac‐
tive communication via WeChat public accounts. Af‐
ter six months, the intervention group showed im‐
proved visual acuity compared to the control group. 
These findings suggest that personalized health ad‐
vice and management plans provided through an intel‐

ligent monitoring platform can help older adults bet‐
ter manage chronic diseases and positively influence 
their physiological function.

4.3 Effectiveness of the intervention program on 
self-management

Elderly individuals with visual impairments of‐
ten encounter difficulties discovering and compre‐
hending health information. For instance, elderly dia‐
betic retinopathy patients frequently fail to realize the 
potential consequences of diabetic retinopathy, such 
as blindness, cataracts, and macular degeneration. 
Consequently, they may neglect proper care for their 
eye conditions, leading to inadequate self-care abili‐
ties (Schwennesen, Barghadouch, & Olesen, 2019). 
An intelligent monitoring platform can assist elderly 
individuals in understanding the significance of self-
management by providing health education resources, 
information, and relevant knowledge and skills for 
self-care. This health education can enhance their 
awareness and abilities in self-care and health man‐
agement. Research has shown that the attendance and 
completion rates of self-management programs for 
chronic diseases among elderly individuals are influ‐
enced by distance, class size, and education level (Bo‐
bitt et al., 2019). Different education levels can im‐
pact individuals' reading abilities for health informa‐
tion, oral communication, and conceptual activities. 
An intelligent monitoring platform can create easily 
understandable health education resources to address 
this issue. These resources may include large-font 
texts, videos, and animations, which can be accessed 
by elderly individuals from the comfort of their 
homes. In a qualitative research study on type 2 diabe‐
tes patients (Alkawaldeh, Jacelon, & Choi, 2020), it 
was found that tablet devices can assist elderly indi‐
viduals in improving their self-management skills and 
effectively controlling and managing their health. 
Xiaoan Wu et al. (Wu et al., 2019) proposed a novel 
mobile internet + STEP platform, which facilitates 
communication and interaction between patients and 
doctors. This platform enables patients to acquire 
knowledge about diabetes, deepen their understanding 
of the disease, and enhance their awareness and level 
of self-management. Improving self-efficacy can en‐
hance the self-care abilities of elderly individuals with 
visual impairment, encouraging them to adopt more 
proactive coping strategies when facing difficulties 
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and engage in self-care activities more actively (Hae‐
gele, Kirk, & Zhu, 2018). Research conducted by 
Quinn et al. (Quinn et al., 2015) also demonstrated 
the potential benefits of Internet intervention systems 
in health management, enhancing self-efficacy among 
elderly diabetic patients. By utilizing interventions 
provided by an intelligent monitoring platform, elder‐
ly individuals gradually improve their self-efficacy in 
self-management. This increase in self-efficacy can 
encourage elderly individuals to engage in self-care 
and health management activities actively.

4.4 Effectiveness of intervention programs on 
social function

Patients with advanced glaucoma often experi‐
ence significant impairments in social interaction, 
self-care, and leisure activities (Dubey et al., 2020). A 
cohort study conducted by researchers (Mick et al., 
2018) on 21, 241 elderly individuals from Canada 
found that visual impairment was associated with re‐
duced social function. A survey of 229 Malaysians 
aged 60 and older found that visual impairments sig‐
nificantly reduced participation in daily and social ac‐
tivities (Harithasan et al., 2020). Engaging in mean‐
ingful social interactions is vital for the well-being of 
individuals with visual impairments. These activities 
contribute to their overall well-being, help them main‐
tain goals and a sense of accomplishment, promote 
cognitive stimulation, and enhance cognitive function 
(Livingston et al., 2020). This study utilized an intelli‐
gent monitoring platform to foster social interaction 
and community support among elderly individuals, ef‐
fectively reducing social isolation and loneliness, par‐
ticularly for those who are visually impaired. Engag‐
ing in social interaction through mobile media enhanc‐
es overall happiness and improves quality of life 
(Chen & Li, 2017). Additionally, mobile media fea‐
tures like text messages, videos, and mobile apps can 
be utilized to disseminate health education and raise 
public awareness about health knowledge (Guillory et 
al., 2015).

Mobile media platforms allow elderly individu‐
als to form strong connections with family and 
friends, providing reliable support. They can also en‐
gage with online communities, facilitating access to 
professional advice and resources. Support-seeking in‐
dividuals can send help messages when needed and 
receive quick responses, reducing the time for mes‐

sage transmission and response and improving feed‐
back efficiency (Petrovcic et al., 2015). Furthermore, 
perceived social support and the size and composition 
of personal social networks are associated with posi‐
tive health outcomes (Kent de Grey et al., 2018). The 
intelligent monitoring platform enhances positive 
health behaviors through social interaction and en‐
courages health goals through social support, thereby 
helping to improve health outcomes. The level of in‐
formation support and emotional support provided by 
mobile health programs can impact user satisfaction. 
Both satisfaction and dissatisfaction significantly af‐
fect consumers' motivation to use mobile health appli‐
cations (Wang, Wu, & Chen, 2021). The platform 
used in this study is responsive and improves elderly 
individuals' satisfaction with healthcare services by 
helping them solve problems. Qingdong He et al. (He 
et al., 2021) using the WeChat platform for follow-up 
and continuous care of patients with complications af‐
ter cataract extraction improves postoperative visual 
acuity and nursing satisfaction scores. Patient satisfac‐
tion is also influenced by healthcare providers' skills 
and service attitudes (Jin, Wu, & Tao, 2020). Health‐
care providers can enhance their skill levels and satis‐
faction with medical services by actively participating 
in relevant professional training, learning, and com‐
munication. Furthermore, patient satisfaction corre‐
lates positively with healthcare providers' responsive‐
ness and empathy (Mei, Xu, & Li, 2020). To gain the 
trust of the elderly, future research should focus on 
better understanding their emotions.

4.5 Effectiveness of intervention programs on 
disease burden

The self-perceived burden of Chinese elderly pa‐
tients with chronic diseases is moderately high. How‐
ever, older women, those with advanced age, lower 
education level, lower monthly household income, ru‐
ral families, those without spouses, and caregivers 
with poor health status experience a higher self-per‐
ceived burden (Yang et al., 2023). Patients with visual 
impairment and blindness bear higher direct medical 
expenses and comorbidities, which increases their dis‐
ease burden (Park et al., 2015). In the present trial, we 
did not observe significant changes in the economic 
burden subscore over time or between groups. This 
finding may be explained by several factors: (1) par‐
ticipants were recruited from a single tertiary hospital 
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and showed broadly comparable socioeconomic char‐
acteristics at baseline (e. g., similar income distribu‐
tion and very high health-insurance coverage), which 
may have limited between-group variability; (2) the 
intervention was primarily behavioral and informa‐
tional and did not directly change major cost drivers 
(e.g., hospital charges, prescribed examinations/medi‐
cations), so short-term out-of-pocket spending may re‐
main largely unchanged; (3) the economic burden di‐
mension was assessed with two brief items, which 
may be less sensitive to detect subtle changes within a 
6‑month follow-up. Therefore, the financial domain 
score showed no significant difference, contradicting 
previous studies. In their interviews with elderly pa‐
tients with diabetes, Chang et al. (Chang, Lee, & 
Mills, 2017) found that the disease requires long-term 
monitoring and related glucose self-monitoring and 
recording equipment, which can be time-consuming 
and financially burdensome. However, remote health‐
care plans offering free equipment can relieve finan‐
cial pressure. Tu et al. (Tu et al., 2019) also, combin‐
ing IoT and Internet-based health education can en‐
hance real-time communication between patients and 
doctors. This enables patients to deepen their under‐
standing of diabetes and reduce their economic 
burden.

4.6 Effectiveness of intervention programs on 
visual impairment risk

No older people in both group had their visual 
impairment risk scores change to low risk. This may 
be due to unmodifiable factors such as age, diabetes 
history, eye disease history, and educational level. 
Age is a critical factor—visual problems typically in‐
crease with age (Saydah et al., 2020). A history of dia‐
betes or eye diseases also negatively affects visual 
health, while lower education and income are linked 
to a higher risk of visual impairment (Saydah et al., 
2020; Hwang et al., 2020). Although the intervention 
program can help manage these risk factors, it cannot 
change them, making it difficult to achieve a low-risk 
score. It is essential to provide ongoing care for elder‐
ly individuals at high risk of visual impairment. Nota‐
bly, the management group had lower risk scores than 
the natural follow-up group, suggesting that effective 
control of risk factors can reduce the risk of visual im‐
pairment and may help delay its onset and 
progression.

5 Limitations of the study 

This study has several limitations. First, al‐
though the sample size was estimated a priori for the 
primary outcome and no attrition occurred, the total 
sample (n = 90) remains relatively small and may be 
underpowered to detect subtle effects (e.g., in quality 
of life trajectories), increasing the risk of Type II er‐
ror. The high retention rate may be attributable to the 
short follow-up period, multiple convenient follow-up 
options (clinic visits and remote contacts via the plat‐
form/telephone), proactive reminder and feedback 
mechanisms embedded in the platform, and close en‐
gagement of healthcare staff and family members dur‐
ing follow-up. Second, as a single-center trial con‐
ducted in a tertiary hospital in Shenyang, China, gen‐
eralizability may be limited and regional variations in 
access to eye care may influence outcomes. Third, be‐
cause participants and intervention implementers 
were not blinded, performance and detection biases 
cannot be fully excluded, particularly for self-reported 
measures; we mitigated this by blinding outcome as‐
sessors and statisticians, but residual bias may remain. 
Fourth, several outcomes relied on self-reporting, 
which may introduce recall or response bias; while 
participants with severe cognitive impairments were 
excluded, some elderly participants may still have 
challenges completing questionnaires accurately. 
Fifth, subgroup analyses (e.g., by age, education lev‐
el, or comorbidity) were not pre-specified and the 
sample size was insufficient for reliable stratified esti‐
mates. Finally, although the intervention was refined 
through a small comprehensibility/feasibility test, we 
did not conduct formal usability or accessibility evalu‐
ations using standardized instruments; future work 
should incorporate usability testing and accessibility 
metrics.

6 Conclusions 

The 6-month comprehensive health management 
program for elderly individuals at high risk of visual 
impairment, which is based on an intelligent monitor‐
ing platform, demonstrates good usability and feasibil‐
ity. This program improves physiological function, so‐
cial function, self-management, and disease burden in 
visually impaired elderly individuals at high risk by 
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providing personalized health management, timely 
health monitoring, real-time alert functions, and online 
consultation with healthcare providers. These findings 
indicate that the comprehensive health management 
model based on an intelligent management platform 
can effectively manage and support the visually im‐
paired elderly population at high risk, helping them 
better manage their health and prevent the occurrence 
and progression of visual impairment. In the future, 
conducting multicenter randomized controlled trials 
and long-term follow-ups will be necessary to provide 
more comprehensive evidence for the effectiveness of 
comprehensive health management programs for el‐
derly individuals at high risk of visual impairment 
based on intelligent health management platforms.
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