
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation 
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.

Yao et al. BMC Ophthalmology          (2024) 24:468 
https://doi.org/10.1186/s12886-024-03737-7

BMC Ophthalmology

*Correspondence:
Zheng Lin
liu_ql_ql@outlook.com

Full list of author information is available at the end of the article

Abstract
Objective This study aims to explore the effect of Internet + E-Coach chronic disease system intervention on fasting 
blood glucose (FPG), 2-hour postprandial blood glucose(2hPG), fasting serum insulin (FINS), triglyceride (TG), alanine 
transaminase (ALT) and quality of life in patients with chronic diabetic retinopathy.

Methods 208 patients with chronic diabetic retinopathy who were treated in the hospital from March 2021 to 
March 2023 are chosen and separated into two groups by random number Table 104 patients in the control group 
received routine continuous intervention, and the research group received Internet + E-Coach chronic disease system 
intervention. The cognition of disease related knowledge, blood related indicators inflammatory factor levels and 
improvement of life quality between the two groups before intervention, 6 and 12 months after intervention were 
compared.

Results Before the intervention, the comparison between the two groups in disease related knowledge scores, 
blood glucose, blood lipid, liver function indicators, inflammatory factor, and low vision quality of life scale (CLVQOL) 
scores was with P > 0.05. After 6 and 12 months of intervention, the research group had significantly higher scores 
for basic blood glucose intervention, healthy diet, reasonable exercise, and correct medication use compared to the 
control group (P < 0.05). FPG, 2hPG, TG and ALT in the research group were lower than those in the control group. FINS 
were higher in the control group, with P < 0.05. Interleukin-6 (IL-6), tumor necrosis factor (TNF-α), and hypersensitive 
C-reactive protein (Hs-CRP) in the research group were obviously lower than those in the control group (P < 0.05). The 
scores of far vision, movement and light perception, adjustment ability, reading and fine work, and daily living ability 
in the research group were higher than those in the control group, with P < 0.05.
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Background
Chronic diabetic retinopathy (DR) is a critical compli-
cation of diabetes patients. Foreign data survey showed 
that the average incidence rate of disease can reach more 
than 50%, and disease is an important cause of blindness 
[1]. At present, DR treatment is mainly aimed at delay-
ing the progress of the disease and protecting vision. It 
can improve the condition through the management 
of diabetes, drug treatment, laser treatment or surgery. 
However, the course of the disease is long, and it is neces-
sary to maintain the stable state of blood sugar level after 
the implementation of treatment to maintain the condi-
tion. However, the majority of patients are elderly and 
have a poor level of knowledge cognition, which leads to 
a decrease in compliance with rehabilitation, abnormal 
changes in disease-related blood indicators, increased 
body inflammatory response, worsened condition, and 
decreased quality of life.

Research of Dorna showed that most elderly patients 
with diabetes have poor knowledge of their own condi-
tion, low drug compliance during treatment, and large 
fluctuations in their condition [2]. Therefore, in the 
rehabilitation of DR patients, it needs to provide scien-
tific and effective intervention measures, which are very 
important for maintaining the condition and promoting 
prognosis. Mounirou et al. [3] conducted research to pro-
vide comprehensive and targeted continuous interven-
tion measures for DR patients, which can ensure their 
daily medication and maintain good habits.

The Internet + E-Coach chronic disease system is a new 
form of clinical care that combines health coach technol-
ogy with the Internet, transforming patients’ own behav-
ior into a theoretical basis, following the treatment and 
recovery process of chronic diseases. Researcher ensures 
that patients can receive the same level of intervention 
guidance at different locations to improve patients’ self-
management ability and compliance in home rehabilita-
tion [4]. Sahar [5] applied the E-Coach chronic disease 
system intervention to hypertension patients, enhancing 
their understanding of the condition, improving their 
self-management ability, and maintaining stable blood 
pressure levels. This topic applied Internet + E-Coach 
chronic disease system intervention in patients with 
chronic DR, and analyzed the nursing effect. Now it is 
reported as follows. For this reason, the main objective 
of this study was to evaluate the effects of the Inter-
net + E-Coach chronic disease system intervention 

on glucose, lipids, liver function and quality of life in 
patients with DR. Meanwhile, to further clarify the effec-
tiveness of the system, this study asked a Population-
Intervention-Comparison-Outcome (PICO) question, 
i.e., among patients suffering from chronic DR, whether 
the Internet + E-Coach chronic disease system interven-
tion is more effective in improving blood glucose, liver 
function, and quality of life compared with conventional 
continuous intervention, is it more effective in improv-
ing patients’ blood glucose, lipid, liver function levels 
and quality of life? It is reported as follows. This study 
hypothesizes that the Internet + E-Coach system will sig-
nificantly improve these health indicators and improve 
patients’ quality of life compared to conventional contin-
uous intervention.

Methods
Research materials
This study was designed as a randomized controlled trial 
(RCT) with the expectation of recruiting approximately 
220 patients with chronic DR, and 208 patients with 
chronic DR (DR) who met the criteria and were treated at 
hospital between March 2021 and March 2023 were actu-
ally included. Patients were randomly assigned to either 
the research group or the control group in a 1:1 ratio of 
104 patients per group by a computer-generated random 
number table to ensure that there were no systematic 
differences between groups. To minimize selection bias, 
the inclusion and exclusion criteria of the sample were 
strictly controlled to ensure that the two groups were 
comparable in terms of baseline characteristics. Interven-
tion implementers were aware of the patient groups, and 
data analysts remained blinded. There were 56 males and 
48 females in the control group. Age ranged from 45 to 58 
years old, with an average age of (52.48 ± 5.38) years. The 
disease course was 1–8 months, with an average course 
of (4.15 ± 2.01) months. Education background: 22 cases 
of junior high school or below, 61 cases of high school 
or technical secondary school, and 21 cases of college 
or above. Body mass index (BMI): 19–26 kg/m2, with an 
average BMI of (24.18 ± 1.26) kg/m2,. There were 59 males 
and 41 females in the research group. Age ranged from 
47 to 60 years old, with an average age of (52.93 ± 5.14) 
years. The course of the disease was 2–9 months, with 
an average course of (4.42 ± 2.11) months. Education 
background: 24 cases of junior high school or below, 65 
cases of high school or technical secondary school, and 

Conclusion The intervention of Internet + E-Coach chronic disease system can improve the knowledge of chronic 
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function indicators, reduce the inflammatory reaction of the body, and improve the quality of life.
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15 cases of college or above. BMI: 20–27 kg/m2, with an 
average BMI of (24.52 ± 1.66) kg/m2. The comparison in 
gender, age, course of disease, cultural background, and 
BMI was with P > 0.05. At the beginning of the study, 
all included patients were assessed at baseline, cover-
ing disease duration, degree of retinopathy, and general 
health status, and potential confounders such as age, 
gender, duration of diabetes, and baseline health status 
(e.g., hypertension, coronary artery disease, etc.) were 
recorded. Based on the previous studies and literature 
review, it was assumed that the mean difference between 
the intervention and control groups in the main outcome 
indicators, such as FPG, 2hPG, TG, etc., was 0.5 standard 
deviations, and a two-sided test was used, with the level 
set at 0.05 and the target statistical validity set at 0.80. 
The sample size was calculated as shown in Eq. (1).

 
n =

(
Zα/2 + Zβ

∆/σ

)2

 (1)

In Eq.  (1), Zα/2 denotes the critical value of the stan-
dard normal distribution, and if α  is 0.05, then the value 
of Z is 1.96; Zβ  denotes the test efficacy; ∆ denotes the 
effect size between the two groups; and σ  denotes the 
sample standard deviation. Considering the effect size 
and expected between-group differences, the minimum 
sample size required for this study was estimated to be 95 
patients per group. To ensure adequate statistical valid-
ity and to avoid bias, it ultimately increased the sample 
size to 104 cases per group, for a total sample size of 208 
cases.

Inclusion and exclusion criteria
Inclusion criteria
The inclusion criteria of this study were strictly based 
on the 2014 China DR Clinical Diagnosis and Treat-
ment Guidelines [6] to ensure the diagnostic accuracy 
and consistency of the sample. (A) Patients should to 
meet the diagnostic criteria for chronic DR in the 2014 
China DR Clinical Diagnosis and Treatment Guidelines. 
(B) Patients should have normal cognitive function and 
audio-visual ability, and be able to understand and partic-
ipate in the study. (C) The patient’s condition should be 
stable and all vital signs should be within normal range. 
(D) The patient and his/her legal representative should 
give informed consent and be willing to comply with the 
study requirements.

Exclusion criteria
(A) Allergic reactions, patients with a history of severe 
allergic reactions to commonly used hypoglycemic 
agents or any of the drugs involved in this study. (B) 
Disease stage, patients in the proliferative phase of DR, 
which may affect the effectiveness of the intervention 

due to complication. (C) Serious complications, patients 
with severe diabetic complications such as diabetic foot, 
diabetic nephropathy, diabetic ketoacidosis, etc. (D) 
Dysfunction, patients with severe hepatic or renal dys-
function or coagulopathy.

Selection process
After initial screening, all patients who meet the inclu-
sion criteria and do not fulfill the exclusion criteria will 
undergo further evaluation. In contrast to the general 
DR patient population, this assessment process was con-
ducted by an independent researcher who is not involved 
in the implementation of the intervention, ensuring a 
fair and consistent inclusion and exclusion process for 
all patients. During this process, the researcher was not 
involved in the decision of subgroups to maintain ran-
domization and blinding.

Research method
Patients in both groups received individualized medica-
tion with gliclazide extended-release tablets, metfor-
min hydrochloride, and acarbose during the period of 
care, with regimens developed and maintained by the 
attending physician. Data collection took place before 
the intervention (1  day before discharge), and at 6 and 
12 months post-intervention, and measures included 
FPG, 2hPG, FINS, TG, ALT, IL-6, TNF-α, Hs-CRP, and 
quality of life (CLVQOL scale). The CLVQOL scale was 
in self-report form and had been validated in a similar 
patient population. All data were collected by trained 
and qualified researchers using standardized instru-
ments to minimize measurement error. All blood sam-
ples were tested by the same model of fully automated 
biochemistry analyzer (Beckman Coulter AU5800) in 
the same ISO 15,189 accredited hospital laboratory to 
ensure data consistency and reliability. Specific drug use: 
the selected drugs included Gliclazide sustained-release 
tablets (manufacturer: Anhui Lianyi Pharmaceutical Co., 
Ltd.; National medicine permission number (NMPN): 
H20067657; Specification: 30  mg×2 plate × 15 tablets/
box). Drug application method: the first dose was 30 mg/
day, and if the blood sugar was stable, this dose should 
be maintained continuously. If blood sugar was not main-
tained well, the drug dose could be gradually increased 
to 60  mg, 90  mg, or 120  mg/day, with an interval of at 
least 1 month. If blood sugar was still high after 2 weeks 
of treatment, the drug dose could be increased after 2 
weeks of treatment at this dose, and the max drug dose 
could be controlled below 120  mg/day. Researcher sug-
gested that patients take medication at breakfast. Metfor-
min hydrochloride (manufacturer: Baiyunshan Dongtai 
Shangqiu Pharmaceutical Co., Ltd.; NMPN: H20043292; 
Specification: 0.25  g × 48 tablets/bottle). Drug applica-
tion method: the first medication was 0.25 g, 2–3 times/
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day, and the blood sugar was stable to maintain the drug 
dosage; If blood sugar was still not controlled, the drug 
dosage could be gradually increased to 1–1.5 g/day, and 
the daily medication should be less than 2  g. Patients 
were advised to take medication immediately during or 
after meals. Acarbose (manufacturer: Bayer Healthcare 
Co., Ltd.; NMPN: H20010716; specification: 50 mg × 30 
tablets) Drug application method: the starting dose of 
medication could 50 mg/time, 3 times/day. If blood sugar 
control could poor, the drug dosage should be gradually 
increased to 0.1  g/day, 3 times per day, or according to 
individual medical advice, it could be increased to 0.2 g/
day. Medications should be swallowed immediately 
before meals or chewed together with the first few bites 
of food. All participants were assessed for information 
technology prior to the intervention. For patients with 
low levels of information technology and no family sup-
port, the research team provided one-on-one training on 
platform login, data entry, and online communication. 
After training, participants were required to pass a com-
petency test to ensure they could use the platform inde-
pendently. To accommodate the working hours of most 
participants, the intervention design focused on flexibil-
ity, allowing them to record and interact in the morning, 
during lunch breaks, or in the evening. For participants 
with limited mobility or special needs, the platform pro-
vided customized advice and a reminder function to help 
them comply with the plan and adjust the intensity of the 
intervention to ensure that the intervention was practical 
and not burdensome.

Control group
Patients were assigned to the control group and contin-
ued to receive routine care, including daily diabetes man-
agement education and monthly telephone follow-ups, 
without experimental interventions or sham treatments. 
The control group visited the hospital every two months 
for comprehensive checkups, but there was no real-time 
data monitoring or automatic reminders. Patients carried 
self-monitoring records (e.g., blood glucose logbooks) at 
follow-up visits, and physicians adjusted treatment based 
on the records and test results. All data were maintained 
through the hospital’s electronic system and reviewed 
regularly. Follow-up visits were weekly before discharge 
and twice a month after discharge for 12 months.

Research group
The Internet + E-Coach chronic disease system inter-
vention were Implemented, including daily medication 
reminders, diet and exercise advice, health education 
push, and regular online counseling. Patients recorded 
health data (e.g., blood glucose, blood lipids, liver func-
tion) through the APP, and the healthcare team adjusted 
intervention strategies accordingly. Patients used the 

platform for at least 30 min a day, and the platform gen-
erated personalized recommendations and pushed health 
education content, including diabetes management and 
diet control. Knowledge recommendations were deliv-
ered in the form of sub-modules containing videos, text 
materials and interactive quizzes, with a quiz at the end 
of each module. The platform monitored data in real 
time, detected abnormalities and notified patients and 
doctors, while reminding patients to take medication and 
record blood glucose on time. Every two months patients 
were required to go to the hospital for a comprehensive 
checkup, with weekly follow-ups before intervention and 
bimonthly follow-ups after discharge for 12 months to 
monitor the effects.

Observation indicators and evaluation
At the end of the 6-month follow-up, the number of 
remaining follow-ups was 98 in the research group and 
96 in the control group. At the end of the 12-month fol-
low-up, the number of remaining follow-ups was 95 in 
the research group and 93 in the control group. Some 
patients were unable to complete all follow-up visits due 
to personal reasons (e.g., relocation, change in health 
status, etc.), but overall the completion rate of follow-up 
visits was high in both groups, with no significant loss-
of-follow-up bias. The following indicators were evalu-
ated before intervention (1 day before discharge), 6 and 
12 months after intervention.

Cognition of disease related knowledge: the depart-
ment assisted the investigator to prepare a questionnaire 
of disease related knowledge based on the question-
naire of diet management knowledge for type 2 diabetes 
patients [7] and the actual situation of this study. During 
the development process, the study invited a number of 
experts in the field for content review and validated the 
reliability and validity of the questionnaire through a 
pre-test with 50 similar patients to ensure its applicabil-
ity and accuracy. The questionnaire included 25 items, 
including basic intervention of blood sugar, healthy 
diet, reasonable exercise, and correct drug use. The total 
score of 0 ~ 5 grade scoring method was 100. The higher 
the score, the higher the patient’s awareness of various 
knowledge. A pre-test sample of 50 patients with DR was 
selected, who were similar to the study target population 
in terms of age, gender, and disease duration. The ques-
tionnaire data were analyzed using SPSS software, and 
Cronbach’s alpha coefficient was achieved by calculating 
the mean correlation between the items in the question-
naire, which took a value of 0.868, showing good internal 
consistency. Content validity was achieved by reviewing 
the questionnaire by five diabetes management experts, 
when the CVI was 0.895, indicating good content validity 
of the questionnaire.
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Blood indicators: Outcomes assessed by the attend-
ing physician assisting the investigators prior to dis-
charge and at review included standardized indicators for 
patients with diabetes, such as blood glucose levels (FPG, 
2hPG), insulin levels, and lipid levels (TG). Attention was 
also given to outcomes specific to patients with DR, such 
as indicators of liver function (ALT) and inflammation 
(IL-6, TNF-α, Hs-CRP).

Inflammatory factor indicators: The attending physi-
cian assisted the investigator in conducting laboratory 
tests on IL-6, TNF-α, and Hs-CRP before discharge 
and during follow-up. Venous blood was taken from 
the patient on an empty stomach in the morning and 
enzyme-linked immunosorbent assay was utilized to 
monitor the above indicators.

Quality of life: The investigator was assisted by a 
responsible nurse to evaluate the CLVQOL using a total 
of 4 dimensions and 25 items [8]. The scale included far 
vision, movement and light perception (12 items), regula-
tory ability (4 items), reading and fine work (5 items), and 
daily living ability (4 items), with a score of 0–5 levels. 
The total score was 0-125 points. The higher the score, 
the better the quality of life. The Cronbach’s α coefficient 
of the scale was 0.891, and the content coefficient was 
0.867, indicating good internal reliability and validity.

Participants in the intervention group acquired sys-
tematic health management knowledge through the 
Internet + E-Coach system, and the study predicted that 
their knowledge, blood sample values (insulin levels, 
glucose, lipids, liver function, and inflammatory mark-
ers), and quality of life using CLVQOL would be signifi-
cantly higher than those of the control group at 6 and 12 
months of the intervention.

Ethical considerations and informed consent
The study was proposed to first pass the ethical review 
of the hospital. The purpose and significance of the study 
were explained to the study subjects and after obtaining 
consent. The patients were assured that the privacy of the 
patients would not be disclosed. It was promised to the 
research subjects that the results of this study would be 
limited to the use of this study, would not involve their 
own rights and interests, and would not affect their nor-
mal treatment, in accordance with the principle of vol-
untary participation. The information of all research 
subjects would be replaced by the code, and the patient’s 
information would not be disclosed throughout the study 
and when the results were published.

Statistical data analysis
Data entered into statistical software SPSS25.0, [n (%)] 
was used to describe counting data, and inter group chi 
square χ2 inspection was utilized. The measurement 
data conforming to normal distribution were defined 

by mean ± standard deviation (x ± s), and independent t 
test was performed. It had statistically significant differ-
ence (P < 0.05). Meanwhile, to ensure the accuracy of the 
results, the study conducted multivariate regression anal-
ysis and analysis of variance (ANOVA) during the analy-
sis of extraneous variables (such as patient’s age, gender, 
duration of the disease, cultural background, body mass 
index, etc.) that may affect the results to control the 
disturbance of the results of the study caused by these 
extraneous variables, and the difference was statistically 
significant (P < 0.05).

Results
Comparison of disease related knowledge cognition 
between two groups before intervention, 6 and 12 months 
after intervention
Before the intervention, there was no significant differ-
ence between the two groups in the cognitive scores of 
basic glycemic intervention, healthy diet, rational exer-
cise and proper medication (P > 0.05), which indicated 
that the baseline levels of the two groups were similar. 
After 6 and 12 months of intervention, the research group 
showed significant improvement in all cognitive scores, 
and the scores were significantly higher than those of 
the control group (P < 0.05). Especially at 12 months, the 
research group showed a more significant increase in all 
scores, indicating that the Internet + E-Coach chronic 
disease system intervention had a significant advantage 
in promoting patients’ understanding and application of 
disease management knowledge. Through the chi-square 
test and independent samples t-test, it was found that the 
difference between the research group and the control 
group in several key clinical indicators was statistically 
significant (P < 0.05). The result was consistent with the 
study of Ding P et al. [10], both of which demonstrated 
that applying a similar E-Coach system to patients with 
bronchial asthma also significantly improved the level of 
awareness of disease knowledge, as denoted in Table 1.

Compared with the control group, which received 
routine ongoing interventions, the research group, 
after 6 and 12 months of intervention with the Inter-
net + E-Coach chronic disease system, showed an 
improvement of 7% and 3% in glycemic baseline inter-
ventions, 4% and 3% in healthy eating scores, 5% and 
3% in sensible exercise scores, and 6% and 4% in cor-
rect medication scores, respectively. From the figure, the 
comparison in the scores of various indicators before 
intervention was with P > 0.05. The various indicators 
showed an upward trend after 6 and 12 months of inter-
vention, and the research group was higher than the con-
trol group (P < 0.05) (See Fig. 1).
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Comparison of blood glucose, blood lipids, and liver 
function levels between two groups before intervention, 6 
and 12 months after intervention
Before the intervention, there was no significant differ-
ence in the blood indices of FPG, 2hPG, TG, ALT and 
FINS between the two groups (P > 0.05), indicating that 
the physiological status of the two groups was consistent 
at baseline. After 6 and 12 months of intervention, the 
FPG, 2hPG, TG, and ALT indexes of the research group 
decreased significantly and were lower than those of the 
control group (P < 0.05), showing the significant effect 
of the research group in controlling blood glucose and 
blood lipids. In addition, FINS levels were significantly 
higher in the research group, reflecting better islet func-
tion. This result is similar to the study of Verma et al. [13] 
who noted that internet-assisted intervention methods 
can help patients to better control their blood glucose 
and inflammation levels, as shown in Table 2.

Compared with the control group that received con-
ventional continuous intervention, FPG levels decreased 
by 3 mmol/L and 4 mmol/L, 2hPG levels decreased 
by 3 mmol/L and 5 mmol/L, and TG levels decreased 
by 1 mmol/L and 1.6 mmol/L in the research group 
after 6 and 12 months of intervention with the Inter-
net + E-Coach chronic disease system, respectively. ALT 

levels decreased by 6 U/L and 10 U/L, respectively, and 
FINS levels were elevated by 3 mmol/L and 5 mmol/L, 
respectively. The comparison of changes in the levels 
of various indicators is shown in Fig.  2 (a), (b), (c), (d) 
and (e). As shown in the figure, the comparison in the 
scores of various indicators before intervention was with 
P > 0.05. The FPG, 2hPG, TG, and ALT showed a decreas-
ing trend at 6 and 12 months of intervention, while the 
levels of FINS showed an increasing trend, and the con-
trol group was lower than the research group (P < 0.05).

Comparison of inflammatory factor levels between 
two groups before intervention, 6 and 12 months after 
intervention
Before the intervention, there was no significant differ-
ence in the levels of inflammatory factors such as IL-6, 
TNF-α, and Hs-CRP between the two groups (P > 0.05), 
indicating a consistent baseline status. After 6 and 12 
months of intervention, the levels of inflammatory fac-
tors in the research group decreased significantly and 
were lower than those in the control group (P < 0.05), 
showing a significant anti-inflammatory effect. This 
result suggested that the Internet + E-Coach chronic 
disease system intervention not only helped to improve 
metabolic indicators, but also effectively reduced the 

Table 1 Comparison of knowledge cognition between two groups before intervention, 6 and 12 months of intervention (‾x ± s, 
points)
Norm Period of intervention Groups n x ± s, points t P
Basic blood glucose intervention Before intervention Control group 104 10.08 ± 1.26 0.471 0.638

Research group 104 10.16 ± 1.19
Intervention for 6 months Control group 104 16.55 ± 2.48* 2.884 0.004

Research group 104 17.61 ± 2.81*
Intervention for 12 months Control group 104 18.45 ± 3.00*# 3.992 0.000

Research group 104 20.15 ± 3.14*#
Healthy diet Before intervention Control group 104 8.02 ± 1.68 0.372 0.710

Research group 104 8.15 ± 1.32
Intervention for 6 months Control group 104 15.86 ± 3.18* 2.670 0.008

Research group 104 17.10 ± 3.51*
Intervention for 12 months Control group 104 17.41 ± 3.67*# 4.099 0.000

Research group 104 19.67 ± 4.26*#
Reasonable exercise Before intervention Control group 104 12.15 ± 1.02 1.254 0.211

Research group 104 12.34 ± 1.16
Intervention for 6 months Control group 104 17.11 ± 2.02* 3.260 0.001

Research group 104 18.06 ± 2.18*
Intervention for 12 months Control group 104 19.97 ± 2.26*# 2.527 0.012

Research group 104 20.82 ± 2.58*#
Proper medication Before intervention Control group 104 10.08 ± 1.68 0.404 0.687

Research group 104 10.17 ± 1.53
Intervention for 6 months Control group 104 16.51 ± 2.53* 2.516 0.013

Research group 104 17.43 ± 2.74*
Intervention for 12 months Control group 104 19.57 ± 2.98*# 2.647 0.009

Research group 104 20.69 ± 3.12*#
Note: * Compared with before intervention in this group, P < 0.05; # Compared with this group after 6 months of intervention, P < 0.05. A 95% CI indicates that there 
is a 95% probability that the estimate will fall within that interval in repeated sampling



Page 7 of 12Yao et al. BMC Ophthalmology          (2024) 24:468 

inflammatory response of the body, which may improve 
the general health status of patients by reducing the 
release of systemic inflammatory mediators. This result 
is consistent with the findings of Najm I et al. [14]. Both 
emphasized that systematic and continuous care could 
significantly improve the inflammatory state of patients, 
thereby slowing the progression of chronic disease, as 
expressed in Table 3.

Compared with the control group that received routine 
ongoing interventions, the research group that received 
the Internet + E-Coach chronic disease system interven-
tions for 6 and 12 months experienced a decrease in the 

index levels of IL-6 by 7 pg/mL and 10% pg/mL, respec-
tively, a decrease in the index level of TNF-alpha by 157 
bg/L, respectively, and a decrease in the index level of 
Hs-CRP by 4 g/mL and 10 g/mL, respectively. The com-
parison of changes in the levels of various indicators is 
shown in Fig.  3 (a), (b) and (c). From the figure, before 
the intervention, the comparison in the scores of various 
indicators between the two groups was with P > 0.05. The 
IL-6, TNF-α, Hs-CRP levels showed a decreasing trend at 
6 and 12 months of intervention, and the control group 
was lower than the research group (P < 0.05).

Fig. 1 Cognitive score of disease related knowledge before intervention, 6 and 12 months of intervention. Note: (a) shows the basic intervention indica-
tors for blood sugar; Fig. 1 (b) shows the indicators for healthy diet; Fig. 1 (c) shows the indicators for reasonable exercise; Fig. 1 (d) shows the indicators 
for correct medication; Among them, the pink hexagon is the research group and the green quadrilateral is the control group; The ups and downs of the 
curve indicate the changes in the levels of various indicators before and after intervention
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Comparison of CLVQOL scale scores between two groups 
before intervention, 6 and 12 months after intervention
Before the intervention, there was no significant dif-
ference between the two groups in all scores of the 
CLVQOL scale (P > 0.05), showing that the baseline lev-
els of the two groups were similar in the areas of distance 
visual acuity, motor and light perception, accommoda-
tion, reading and fine work, and daily living ability. After 
6 and 12 months of intervention, all quality-of-life scores 
of the research group were significantly higher than those 
of the control group (P < 0.05), especially the improve-
ment in daily living ability and reading and fine work 
was more significant. In addition, no serious adverse 
effects related to the intervention were observed during 
the study, and all participants were able to tolerate the 
intervention and reported no significant negative health 
effects, as shown in Table 4.

Discussion
Diabetes as a potentially devastating disease that has 
increased with the number of deaths attributed to it 
and its incidence in the last few decades and consti-
tutes a major public health challenge of the 21st century, 
therefore the guidelines for the management of diabetic 
patients has become vital [9–15].

The significance of implementing Internet + E-Coach 
chronic disease system intervention for DR patients
DR is a common complication of diabetes and one of the 
leading causes of blindness [16]. Due to the vascular and 
neurological damage caused by the hyperglycemic state 
of DR patients, stabilizing blood glucose and improv-
ing self-management are key. This study showed that the 
Internet + E-Coach chronic disease system intervention 
significantly improved patients’ disease awareness, gly-
cemic control, and quality of life. This system provided 

Table 2 Comparison of blood glucose, blood lipids, and liver function levels between the two groups before intervention, 6 and 12 
months after intervention (‾x ± s)
Norm Period of intervention Groups n x ± s, points(95% CI) t P
FPG(mmol/L) Before intervention Control group 104 10.86 ± 2.16 0.950 0.343

Research group 104 10.58 ± 2.09
Intervention for 6 months Control group 104 8.75 ± 1.68* 5.911 0.000

Research group 104 7.46 ± 1.46*

Intervention for 12 months Control group 104 7.00 ± 1.32*# 12.127 0.000
Research group 104 5.12 ± 0.87*#

2hPG(mmol/L) Before intervention Control group 104 12.68 ± 2.15 0.442 0.659
Research group 104 12.81 ± 2.09

Intervention for 6 months Control group 104 10.21 ± 1.72* 9.214 0.000
Research group 104 8.24 ± 1.34*

Intervention for 12 months Control group 104 8.74 ± 1.32*# 6.726 0.000
Research group 104 7.55 ± 1.23*#

FINS (mmol/L) Before intervention Control group 104 12.84 ± 2.16 0.292 0.771
Research group 104 12.75 ± 2.29

Intervention for 12 months Control group 104 15.24 ± 3.91* 4.323 0.000
Research group 104 17.66 ± 4.16*

Intervention for 12 months Control group 104 17.06 ± 4.56*# 3.965 0.000
Research group 104 19.46 ± 5.29*#

TG (mmol/L) Before intervention Control group 104 3.99 ± 1.52 0.540 0.590
Research group 104 3.87 ± 1.68

Intervention for 6 months Control group 104 3.02 ± 1.28* 3.319 0.001
Research group 104 2.46 ± 1.15*

Intervention for 12 months Control group 104 2.62 ± 1.12*# 5.139 0.000
Research group 104 1.86 ± 1.01*#

ALT(U/L) Before intervention Control group 104 66.58 ± 12.48 0.130 0.896
Research group 104 66.74 ± 12.06

Intervention for 6 months Control group 104 59.19 ± 10.16* 2.276 0.024
Research group 104 56.09 ± 9.47*

Intervention for 12 months Control group 104 56.45 ± 8.16*# 2.035 0.043
Research group 104 54.26 ± 7.56*#

Note:# Compared with this group after 6 months of intervention, P < 0.05; * Compared with before intervention in this group, P < 0.05; FPG: Fasting blood glucose; 
2hPG: 2 h postprandial blood glucose; FINS: Fasting serum insulin; TG: Triglyceride; ALT: Alanine transaminase. A 95% CI indicates that there is a 95% probability that 
the estimate will fall within that interval in repeated sampling
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personalized health education and dynamic monitoring 
through the Internet platform, which enhanced patients’ 
self-management ability and adherence, thus effectively 
improving clinical outcomes. The results of the study 
showed that the application of the Internet + E-Coach 
system in the management of chronic complications of 
diabetes had obvious advantages compared with tradi-
tional intervention methods.

The impact of Internet + E-Coach chronic disease 
system intervention on the cognition of disease related 
knowledge in DR patients
It was found that after 6 and 12 months of intervention, 
the cognitive scores of patients in the research group 
were significantly higher than those of the control group 
in the areas of basic glycemic intervention, healthy diet, 
rational exercise, and proper medication (P < 0.05). This 

result suggested that the Internet + E-coach system could 
effectively improve the disease-related knowledge of DR 
patients. Compared with traditional care methods, this 
system enabled patients to understand the core content 
of disease management more deeply through personal-
ized health education and continuous remote guidance.
The study by Ding et al. showed that the application of 
a similar E-Coach system in bronchial asthma patients 
also significantly improved the cognitive level of disease 
knowledge [17], which further verified the reliability and 
generalizability of the results of this study. In addition, 
a study by Wilson et al. also showed that Internet-based 
nursing interventions could enhance patients’ health 
knowledge and promote the stability of long-term care 
outcomes [18].

Fig. 2 Comparison of changes in blood glucose, blood lipids, and liver function levels before intervention, 6 and 12 months after intervention. Note: (a), 
(b), (c) with (d) and (e) shows the FPG indicator, 2hPG indicator, TG indicator, and ALT indicator, respectively. Among them, the green column combined 
with a circular shape is used as the control group, while the green cylinder combination is the control group and the purple square column combination 
is the research group. The columnar fluctuation indicates the changes in the levels of various indicators before and after intervention
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The effect of Internet + E-Coach chronic disease system 
intervention on blood glucose, blood lipids, liver function, 
and inflammatory factors in DR patients
IL-6 is a cytokine, belonging to the biological class, which 
has an effect on the inflammatory response, tissue repair 
and immunoregulation of the human body. TNF-α is 
also a cytokine, produced by lymphocytes, macrophages 
and immune cells in the human body, which can partici-
pate in the inflammatory response, immunoregulation 
and apoptosis. Hs-CRP is a serum biomarker synthe-
sized by the liver, which is mainly used to evaluate the 
inflammatory state of the body, and has a great effect on 

the inflammatory response and can reflect the level of 
inflammation in the body [19]. The results of the study 
showed that after 6 and 12 months of intervention, the 
FPG, 2hPG, TG and ALT of the research group were 
significantly reduced and lower than those of the con-
trol group (P < 0.05), while the level of FINS was signifi-
cantly increased (P < 0.05), which showed the significant 
effect of the Internet + E-Coach system in stabilizing 
blood glucose, improving blood lipids and liver function. 
In addition, the levels of inflammatory factors such as 
IL-6, TNF-α, and Hs-CRP decreased significantly in the 
research group, indicating that the system intervention 

Table 3 Comparison of inflammatory factor levels between two groups before intervention, 6 and 12 months after intervention
Norm Period of intervention Groups n x ± s, points(95% CI) t P
IL-6(pg/mL) Before intervention Control group 104 18.55 ± 5.12 0.233 0.816

Research group 104 18.72 ± 5.40
Intervention for 6 months Control group 104 14.82 ± 3.01* 2.826 0.005

Research group 104 13.69 ± 2.75*
Intervention for 12 months Control group 104 13.06 ± 2.56*# 3.027 0.003

Research group 104 12.06 ± 2.19*#
TNF-α(ng/L) Before intervention Control group 104 157.59 ± 12.37 0.346 0.730

Research group 104 158.19 ± 12.62
Intervention for 6 months Control group 104 86.44 ± 9.68* 8.858 0.000

Research group 104 75.46 ± 8.13*
Intervention for 12 months Control group 104 46.38 ± 8.12*# 10.064 0.000

Research group 104 36.28 ± 6.23*#
Hs-CRP(mg/L) Before intervention Control group 104 8.59 ± 0.92 0.676 0.500

Research group 104 8.67 ± 0.78
Intervention for 6 months Control group 104 6.71 ± 0.59* 10.814 0.000

Research group 104 5.96 ± 0.39*
Intervention for 12 months Control group 104 4.62 ± 0.32*# 5.276 0.000

Research group 104 3.48 ± 0.18*#
Note:# Compared with this group after 6 months of intervention, P < 0.05; IL-6: Interleukin-6; TNF- α: Tumor necrosis factor; * Compared with before intervention in 
this group, P < 0.05; Hs-CRP: Hypersensitivity C-reactive protein. A 95% CI indicates that there is a 95% probability that the estimate will fall within that interval in 
repeated sampling

Fig. 3 Comparison of inflammatory factor levels between two groups before intervention, 6 and 12 months after intervention. Note: (a), (b), (c) show 
the IL-6, TNF- α and Hs-CRP indicators, respectively; Green and red bars represent the control and research groups, respectively; The columnar fluctuation 
indicates the changes in the levels of various indicators before and after intervention
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was effective in reducing the body’s inflammatory 
response. These findings were supported by the study of 
Verma et al. who pointed out that the Internet-assisted 
intervention approach could help patients better control 
their blood glucose and inflammation levels [20]. Najm 
et al. further emphasized that systematic and continuous 
care could significantly improve the inflammatory state 
of patients, thereby slowing the progression of chronic 
disease [21]. The present study is consistent with these 
literatures, suggesting that the Internet + E-coach system 
has a wide range of applications in chronic disease man-
agement for DR patients.

The impact of Internet + E-Coach chronic disease system 
intervention on the life quality of DR patients
This study expressed that compared to the control group 
receiving routine continuous care, the life quality in the 
research group was improved. DR patients could obtain 
comprehensive educational information on drug treat-
ment, disease management, and healthy living through 
systematic intervention, which could enhance their self-
management ability in disease rehabilitation on the basis 
of improving their cognition. Daily treatment according 
to the health plan of nursing staff could effectively con-
trol the condition and reduce the occurrence of com-
plications. Through dynamic monitoring and guidance 

through the APP, abnormal patient conditions could be 
detected in the early stage, early disease control could 
be carried out in a timely manner, further development 
of the disease could be prevented, life ability could be 
improved, and quality of life could be improved. Zhou et 
al., applied E-Coach chronic disease system intervention 
in patients with chronic heart failure to improve their 
health literacy, daily life ability and life quality [22]. This 
study is consistent with their research.

Conclusion
In summary, the Internet + E-Coach chronic disease sys-
tem intervention was statistically significant in improv-
ing glycemic control, decreasing inflammatory markers, 
and enhancing quality of life in DR patients (P < 0.05). 
It can be said that the results of the study have impor-
tant clinical implications for healthcare providers and 
patients. Patients made significant progress in glycemic 
control, reduction in inflammation, and improvement in 
quality of life through rationally designed interventions. 
Statistical significance further supported the reliability 
of these findings and enhanced their clinical application. 
The results of this study were valid in specific clinical set-
tings, but generalizability to different regions, settings 
with limited healthcare resources, or other populations 
has not been validated. Further studies in diverse settings 

Table 4 CLVQOL scale scores before intervention, 6 and 12 months after intervention in two groups (‾x ± s, points)
Norm Period of intervention Groups n x ± s, points (95% CI) t P
Distant vision, movement and light perception Before intervention Control group 104 25.68 ± 2.13 0.285 0.776

Research group 104 25.59 ± 2.42
Intervention for 6 months Control group 104 29.45 ± 3.81* 3.187 0.002

Research group 104 31.19 ± 4.06*
Intervention for 12 months Control group 104 32.18 ± 4.16*# 5.391 0

Research group 104 35.59 ± 4.93*#
Regulatory ability Before intervention Control group 104 5.19 ± 1.33 1.25 0.213

Research group 104 5.40 ± 1.08
Intervention for 6 months Control group 104 8.10 ± 2.10* 3.276 0.001

Research group 104 9.11 ± 2.34*
Intervention for 12 months Control group 104 9.96 ± 2.67*# 3.185 0.002

Research group 104 11.24 ± 3.11*#
Reading and fine work Before intervention Control group 104 7.68 ± 2.11 0.778 0.438

Research group 104 7.93 ± 2.51
Intervention for 6 months Control group 104 10.67 ± 3.59* 3.131 0.002

Research group 104 12.28 ± 3.82*
Intervention for 12 months Control group 104 12.44 ± 4.16*# 2.257 0.025

Research group 104 13.89 ± 5.06*#
Daily living ability Before intervention Control group 104 6.18 ± 1.36 0.490 0.625

Research group 104 6.27 ± 1.29
Intervention for 6 months Control group 104 9.67 ± 2.16* 4.837 0

Research group 104 11.37 ± 2.86*
Intervention for 12 months Control group 104 13.48 ± 3.25*# 2.327 0.021

Research group 104 14.64 ± 3.91*#
Note:# Compared with this group after 6 months of intervention, P < 0.05; * Compared with before intervention in this group, P < 0.05; CLVQOL: Low vision quality of 
life scale. A 95% CI indicates that there is a 95% probability that the estimate will fall within that interval in repeated sampling
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are needed in the future to assess the broad applicability 
of the intervention.
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