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Positive impact of mobile educational
platforms on blood glucose control in patients
with nephrotic syndrome and steroid-induced
diabetes mellitus: a randomized controlled
study
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Abstract

Objective Steroid-induced diabetes mellitus (SDM) is a common complication in patients with nephrotic syndrome
(NS) undergoing steroid therapy. Effective blood glucose control is critical for improving outcomes in these patients.
This study evaluates the impact of mobile educational platforms on blood glucose control and patient adherence in
patients with NS combined with SDM.

Methods A randomised controlled study was conducted involving 56 patients with NS and SDM at Shanxi People’s
Hospital between April 2019 and December 2020. Participants were recruited using convenient sampling and were
randomly assigned to either the intervention group (n=28) or the control group (n=28). The control group received
routine health management, whereas the experimental group was provided with health management via a mobile
educational platform. Blood glucose levels (fasting glucose and postprandial blood glucose), self-management
efficacy and patient adherence to treatment were assessed over a 6-month period.

Results The 56 participants included in the study had a mean age of 69.0+ 10.5 years and an average diabetes
duration of 7.243.5 years. At the end of 6 months, the intervention group showed significant reductions in fasting
blood glucose and postprandial blood glucose levels (P<0.001). Self-management efficacy, assessed using the
Diabetes Self-Efficacy Scale, improved significantly post-intervention (4.42+0.53 vs. 4.15+0.56, P=0.020). Additionally,
patient adherence to treatment improved by 25% in the intervention group compared with the control group.

Conclusion The use of mobile educational platforms significantly resulted in better glycemic control and treatment
adherence in the patients with NS and SDM compared to the control group. These findings suggest that integrating
mobile health technologies into routine care can enhance disease management and optimise outcomes.

Trial registration The study was retrospectively registered “ISRCTN23135945"on 05/11/2024.
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Introduction

Nephrotic syndrome (NS) is a clinical syndrome defined
as massive proteinuria leading to hypoalbuminemia,
accompanied by hyperlipidaemia, edema and various
complications [1]. The global prevalence of NS is esti-
mated to be approximately 16-20 cases per 100,000 chil-
dren per year, and the prevalence in adults can be higher.
In fact, the condition is estimated to affect millions of
individuals [2], with some studies suggesting rates of
7-15 cases per 100,000 people. The KDIGO guidelines
propose that glucocorticoids (GCs) are the main drugs
used to treat primary NS. Most patients with primary NS
require mainly oral moderate-dose GCs.

Steroid-induced diabetes mellitus (SDM), which
belongs to the category of secondary diabetes, is a fre-
quent complication in patients with NS who require
long-term steroid therapy [3, 4]. The use of GCs, while
effective in managing NS, significantly increases blood
glucose levels, leading to poor glycaemic control and an
increased risk of cardiovascular and renal complications
[5, 6]. Despite SDM being less common than type 1 and
type 2 diabetes, the hyperglycaemic state of SDM is det-
rimental to the control of patients’ primary disease and
can easily lead to various infections [7]. In severe cases,
various acute and chronic complications may occur, pro-
longing hospital stays and increasing disability rates and
mortality. Therefore, it is of great significance to control
the blood glucose levels in patients with SDM. However,
despite the clinical relevance of this issue, there is lim-
ited research on effective strategies for managing SDM in
patients with NS, particularly with regard to patient edu-
cation and treatment adherence.

Multiple studies have demonstrated that excellent
self-management by patients with diabetes is the key to
preventing blood glucose fluctuations, effectively lower-
ing blood glucose, improving metabolic indicators and
delaying the onset of complications; furthermore, both
personal and environmental factors can affect patient
self-management [8, 9]. Nonetheless, the problem of
low self-management levels among patients with diabe-
tes remains in China, which is mainly due to the fact that
such patients require long-term follow-up by doctors or
nurses to help them understand their blood glucose con-
trol status and adjust their self-management behaviours
and medication accordingly for effective control [10].
However, the lack of and uneven distribution of medical
resources in China make it difficult for most patients to
access effective follow-ups.

Current guidelines for diabetes management focus on
pharmacological interventions; however, the importance

of patient education and behaviour modification is
often overlooked. Mobile health (mHealth) platforms
have emerged as promising tools for improving patient
engagement, adherence and outcomes in various chronic
diseases [11, 12]. Several studies have confirmed that
mHealthcare plays a significant role in improving the
self-management behaviours, self-efficacy and blood glu-
cose control of patients with diabetes, ultimately provid-
ing a scientific and effective method for the treatment
and management of the condition [13].

Moreover, mHealthcare has been widely applied in the
health management of patients with diabetes in devel-
oped countries, with many mobile platforms already in
operation. However, research and applications related to
this field are still in the early stages in China, with lim-
ited research and, as yet, no mature products available.
Recently, internet-based health management has cre-
ated a diverse array of services, through which users can
comprehensively record their personal data via mobile
devices such as smartphones, tablets and computers,
while healthcare providers can dynamically monitor
patients’ health data with the help of big data platforms
[14]. Nonetheless, the efficacy of mHealth platforms in
the context of SDM management in patients with NS has
not been comprehensively studied.

This study aims to fill this gap by evaluating the impact
of a mobile educational platform on patients with NS
combined with SDM. The central hypothesis of this
study is that a mobile educational platforms significantly
resulted in better glycemic control and treatment adher-
ence in the patients with NS and SDM compared with
standard care. By integrating technology into patient
care, this study seeks to provide a novel approach to
managing SDM, addressing a critical gap in both the lit-
erature and clinical practice and providing a reference for
formulating personalised management schemes for such
patients.

Study participants and methods

Study participants

A total of 56 patients with NS complicated with SDM
in Shanxi Provincial People’s Hospital between April
2019 and December 2020 were recruited by convenience
sampling. This study was designed as a randomised
controlled trial with two parallel groups: an interven-
tion group (n=28), which received educational support
via a mobile platform, and a control group (n=28) that
received standard care. Randomisation was conducted
using a computer-generated randomisation sequence to
ensure unbiased group allocation.
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The inclusion criteria were as follows: (1) patients
with a confirmed diagnosis of NS and SDM for at least
3 months prior to enrollment; NS was diagnosed based
on nephrotic-range proteinuria (urinary protein excre-
tion>3.5 g/day), hypoalbuminemia (serum albu-
min<3.0 g/dL) and clinical evidence of edema [15];
(2) SDM was diagnosed using the American Diabe-
tes Association criteria, requiring fasting plasma glu-
cose>126 mg/dL, 2-hour plasma glucose=200 mg/dL
during an oral glucose tolerance test or haemoglobin Alc
(HbAlc) levels>6.5% [16]; (3) aged > 18 years; (4) patients
who were able to use smartphones or computers; (5) with
outpatient follow-up for 3 months or above to ensure
treatment adherence and stability; and (6) patients whose
initial dose of GCs>40 mg/d (prednisone dose). The
exclusion criteria included patients (1) with a history of
diabetes or impaired glucose tolerance before GC use
and (2) with severe infection, stress response and other
factors caused by significantly elevated blood glucose.

This study was conducted in accordance with the Dec-
laration of Helsinki and was approved by the Ethics Com-
mittee of Shanxi Provincial People’s Hospital [(2021)
Provincial Medical Department Ethical Review No.
(272)]. Informed consent was obtained from all partici-
pants prior to enrollment in the study.

Blinding

While patients could not be blinded to their intervention,
the clinicians evaluating the outcomes were blinded to
the group assignments to reduce bias in the interpreta-
tion of the results.

Sample size calculation

The sample size was determined based on the mean dif-
ference in HbAlc levels being 1.0%, with a standard
deviation of 1.5%. Using these parameters, we calculated
that a minimum of 50 participants per group would be
required to achieve 80% power to detect a significant dif-
ference between the intervention and control groups at a
significance level of 0.05. To account for potential drop-
out, we increased the sample size by 10%, resulting in a
total target enrollment of 56 participants.

Study methods

The control group received routine health management
(group education), where nurses provided collective
health education orally and through manuals during hos-
pitalisation, including group education and large class-
room-based education. In the group education, patients
in the control group were divided into two groups for
separate instruction. Common issues among multiple
patients were addressed through communication and
guidance, with each educational session lasting around
1 h. Large classroom-based education was conducted
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in the form of lectures without grouping, where nurses
explained knowledge related to the prevention and treat-
ment of SDM to patients. Education was provided once a
week, with each session lasting around 1.5 h. No access to
mobile educational platforms was provided to this group,
ensuring a clear comparison with the intervention group.
This approach controlled for any influence that patient
education might have on blood glucose management,
allowing for isolating the effect of the mobile platform.

In contrast, a mobile educational platform was utilised
to construct individualised health management (indi-
vidual education) in the experimental group. First, a
6-member health management team was established on
the mobile educational platform, consisting of 1 informa-
tion liaison officer, 1 health manager, 2 responsible nurses
and 2 doctors, all with work experience of >5 years. For
offline education, nurses conducted one-on-one com-
munication and guidance with the patients, with the edu-
cation content including weight control, balanced diet,
moderate exercise, blood glucose monitoring and guid-
ance on self-management skills. Additionally, emphasis
was placed on the participation of patients when setting
health education goals. During the implementation of
the programme, the goals for behaviour changes were
refined, and feedback from patients was taken onboard to
adjust the programme as needed [17]. Regarding online
education, relevant courseware, videos, images, etc. were
created and subsequently uploaded to the mobile educa-
tional platform, with the content including routine infor-
mation about NS, risk factors leading to SDM, clinical
manifestations, preventive measures, treatment and care.
Moreover, remote education was conducted via mobile
applications and online platforms to promote the self-
management knowledge of patients with NS after using
GCs and to enhance their self-management skills.

The mobile educational platform used in this study
was developed by a team of healthcare professionals and
IT developers from the smart medical technology team
of our hospital. The platform was designed prior to the
study and allowed participants to access educational
materials and monitoring tools via smartphones and per-
sonal computers. It was personalised based on each par-
ticipant’s initial health status and one-on-one meetings
with healthcare professionals. The intervention duration
was 6 months, and all participants received the same level
of access to the platform throughout the study period.

Data collection

Collection of questionnaires

The patient’s general data, including gender, age, educa-
tion level, marital status, job type, duration of NS and
number of complications were collected. In addition,
their Diabetes Self-Management Attitude Scale, Dia-
betes Self-Management Behavior Scale and Diabetes
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Self-Efficacy Scale (DSES) scores, pre-intervention and 3
months after intervention, as well as blood glucose levels
after 3 months of intervention, were also collected.

The Diabetes Self-Management Attitude Scale is a sub-
scale of the Diabetes Self-Management Evaluation Scale
(KBA scale) developed and simplified by the Chronic
Disease Center of the Chinese Center for Disease Con-
trol and Prevention [18]. This scale consists of 5 items
for evaluating the patient’s attitudes towards health
education, dietary control, exercise, regular medication
and blood glucose monitoring, thus assessing the effect
of these factors on the patient’s blood glucose control.
The scale uses a 5-point Likert scale, where 1 denotes
‘very important’ and 5 ‘not important at all; with values
assigned as 1.0, 0.8, 0.6, 0.4 and 0.2. The total score of the
5 items indicates the self-management attitude score of
the patient. The scale has been tested with a correlation
coefficient of 0.20 and a Cronbach’s alpha («) value of
0.78, demonstrating excellent reliability and validity [19].

The Diabetes Self-Management Behavior Scale is also
derived from the KBA scale and has been appropriately
adapted based on actual circumstances, including chang-
ing the survey period from 6 to 3 months to align with the
effective duration of glycated Hb. Thus, the frequency of
blood glucose control measures taken within 3 months is
measured instead of solely focusing on whether patients
take such measures, with the original 15 items reduced to
7 items for assessing the diet, sleep quality, exercise, med-
ication and frequency of blood glucose monitoring of the
patients. This scale also uses a 5-point Likert scale, where
1 denotes ‘never’ and 5 ‘always, with values assigned as
0.2, 0.4, 0.6, 0.8 and 1.0. The total score of each item is
taken to calculate the overall self-management behav-
iour score. Moreover, the original scale has a Cronbach’s
a value of 0.78, indicating excellent reliability, and each
dimension is positively correlated with its corresponding
scale, with the factor loadings of all items being greater
than 0.40, demonstrating excellent content validity and
structural validity [20].

The DSES is an adaption of the scale revised by Wang
Xingxuan [21] and introduced for use in China. Due to
the excessive items and complexity of the original scale,
which made it challenging for patients to complete, this
study revised the scale by selecting adherence to medi-
cal advice, regular exercise, healthy diet, regular sleep,
blood glucose monitoring and regular check-ups as the 6
dimensions to be measured, with each dimension mea-
sured by 1 item. The revised scale consists of a total of 6
items and uses a 5-point Likert scale, where 1 indicates
‘not very confident’ and 5 ‘very confident, with values
assigned as 0.2, 0.4, 0.6, 0.8 and 1.0. The total score of
each item was taken to calculate the self-efficacy score of
the patients.
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Biochemical indicators

The patient is usually instructed to fast overnight (at
least 8 h) prior to the initial fasting blood glucose (FBG)
measurement. The FBG analysis was performed using
the glucose oxidase method (at a concentration of 2
mmol/L), a standard biochemical assay, to ensure accu-
racy and consistency. The reaction was incubated at 37 °C
for 30 min, and glucose levels were determined using a
calibrated spectrophotometer (SpectroShade, MHT).

After the initial measurement, the patient consumed
a standardised meal or beverage that is typically high in
carbohydrates (e.g. a glucose solution) to ensure a con-
trolled intake. Postprandial blood glucose levels were
measured 2 h after the meals using standard glucom-
eters. Blood samples were collected using the finger-
stick method. Here, a small amount of blood is drawn
from the fingertip using a lancet and tested immediately
with a glucometer. Point-of-care glucometers can pro-
vide immediate results for fingerstick samples, whereas
laboratory tests may take longer but offer more accurate
results.

Both FBG and postprandial blood glucose tests were
performed at 6 months after intervention. Each mea-
surement was performed in triplicate to ensure accuracy.
The averaged results were used for analysis. Equipment
calibration and reagent preparation were verified before
each session to ensure consistency. Incubation times,
reagent concentrations and equipment settings were
standardised and maintained throughout the study.

Statistical analysis

All statistical analyses were performed using SPSS soft-
ware (version 26.0). The normality of the data was
assessed using the Kolmogorov—Smirnov test. Continu-
ous variables that followed a normal distribution were
presented as means + standard deviations (SD), whereas
count data were expressed as frequency (n) or rate (%).
For comparisons between the intervention and con-
trol groups, independent t-tests were used for normally
distributed variables, with the Mann—Whitney U test
applied for non-normally distributed data. Paired t-tests
were applied to assess pre- and post-intervention scores
within each group. Categorical variables were analysed
using the chi-square test or Fisher’s exact test as appro-
priate. To control for the risk of Type I errors due to mul-
tiple comparisons, the Bonferroni correction method was
applied when comparing multiple outcome variables. The
significance threshold was adjusted accordingly to ensure
that the results remained statistically valid. In addition,
effect sizes (Cohen’s d) and 95% confidence intervals
(ClIs) were calculated for key outcomes, including blood
glucose levels and self-management scores. Bilateral
P<0.05 was considered statistically significant.
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Table 1 Baseline characteristics of the two groups

Item Experimen-  Control t/x? P
tal Group Group value value
(n=28) (n=28)
Gender (Male/Female, 15 (53.6%)/13 14 (50.0%)/14 0.072 0.789
n) (46.4%) (50.0%)
Age (years, x£5) 69.38+1133 6475+£1161 -1812 0074
Education level (n) - 0.065
Primary school or 14 (50.0%) 7 (25.0%)
below
Junior High School/ 10 (35.7%) 19 (67.9%)
Secondary School
College or above 4 (14.3%) 2 (7.1%)
Marital status (n) - 1.000
Unmarried 1 (3.6%) 0 (0.0%)
Married 23 (82.1%) 22 (78.6%)
Widowed 0 (0.0%) 1 (3.6%)
Divorced 4 (14.3%) 5(17.8%)
Occupation - 0.714
Ordinary employee 14 (50.0%) 15 (53.6%)
Cadre 3(10.7%) 1 (3.6%)
Retired 11 (39.3%) 12 (42.8%)
Duration of NS (years, 11.14+7.88 963+£764 0839 0404
x+£5s)
No. of complications 1.51+1.54 1.16+£1.26 1.095 0277

(n,x+xs)

Notes: No significant differences were observed between the groups in each
item (P> 0.05 for all comparisons)

Results

General data

The experimental group consisted of 15 men and 13
women, with an average age of 69.38+11.33 years, and
the control group included 14 men and 14 women, with
an average age of 64.75+11.61 years. The average dura-
tion of diabetes was 11.14+7.88 years in the experimen-
tal group and 9.63 +7.64 years in the control group. No
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significant differences were observed in terms of gender,
age, education level, marital status, occupation, duration
of NS, diabetes duration or the number of complications
between the two groups (P>0.05). See Table 1 for further
details.

Comparison of scores on self-management behavior scale
Before the intervention, there were no significant dif-
ferences in total self-management behaviour scores
or in the scores of individual dimensions between the
experimental and control groups (P>0.05), confirm-
ing comparability between the groups at baseline.
However, post-intervention, the experimental group
exhibited significantly higher total self-management
scores (5.03+0.76 vs. 4.62+0.72, t=2.257, P=0.027), as
well as significant improvements in integrated manage-
ment (0.78+0.13 vs. 0.70+0.15, t=2.116, P=0.038). No
significant differences were observed in terms of healthy
diet, high-quality sleep, light exercise and medication
adherence (P> 0.05), as detailed in Table 2.

Comparison of scores on self-management attitude and
self-efficacy scales

Prior to the intervention, the self-management effi-
cacy and attitude scores were comparable between the
two groups, with no significant differences observed
(P>0.05), confirming that the groups were comparable
at baseline. However, following the intervention, sig-
nificant differences were observed between the groups.
The intervention group showed higher self-management
efficacy (4.42+0.53 vs. 4.15+0.56, t=2.332, P=0.020)
and improved self-management attitude (4.89+0.41 vs.
4.43+0.52, t=5.350, P=0.005) compared with the con-
trol group. These results highlight the effectiveness of
the intervention in improving patients’ confidence and

Table 2 Comparison of scores on self-management behavior scale

Scales Pre-/post-intervention Experimental Group Control Group tvalue Pvalue
(n=28) (n=28)
Total score Pre-intervention 483+1.23 475+1.12 0.982 0.330
Post-intervention 503+0.76 462+0.72 2.257 0.027
Integrated Management Pre-intervention 0.72+0.26 0.65+0.28 1.080 0.283
Post-intervention 0.78+0.13 0.70£0.15 2.116 0.038
Healthy diet Pre-intervention 0.75+£0.19 0.67+0.26 1.304 0.196
Post-intervention 0.75+£0.17 0.69+0.18 1372 0174
High-quality sleep Pre-intervention 0.65+0.27 0.65+0.24 0.244 0.805
Post-intervention 0.70+£0.20 0.67+0.23 0.482 0.631
Light exercise Pre-intervention 0.75+0.21 0.77+0.26 -0.122 0.903
Post-intervention 0.82£0.18 0.81£0.18 0.262 0.794
Moderate to high intensity exercise Pre-intervention 0.63+0.31 0.56+0.29 1.125 0.264
Post-intervention 0.52+0.27 043+0.19 1.600 0.114
Medication taken as prescribed Pre-intervention 0.81+0.25 0.83+0.95 0.272 0.787
Post-intervention 0.88+0.15 0.85+0.24 0.610 0.543

Notes: Statistical significance is indicated for differences between pre- and post-intervention values
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Table 3 Comparison of scores on self-management attitude and self-efficacy scales

Scales Pre-/post-intervention  Experimental Group  Control Group  95% Cl Cohen’sd tvalue Pvalue

(n=28) (n=28)

Self-Management Efficacy ~ Pre-intervention 4124073 42140388 0.05t0049 050 1217 0.228
Post-intervention 442+053 4.15+£0.56 2332 0.020

Self-Management Attitude  Pre-intervention 441+£0.84 4.28+0.53 -0.76 0.53 0.784 0436
Post-intervention 489+041 4434052 ~-025 5.350 0.001

Notes: Statistical significance is indicated for differences between the two groups

Table 4 Comparison of blood glucose between the two groups

Item Experimental Group Control Group 95% Cl Cohen’s d tvalue Pvalue

(n=28) (n=28)

Fasting blood glucose 522+0.60 550+0.56 -0.53~-0.03 0.48 2316 0.030

Post-breakfast blood glucose 6.72+1.02 7.25+£0.77 -091~-0.16 0.67 3.110 0.011

Post-lunch blood glucose 8.48+048 8.78+045 -0.97~-0.26 0.79 4124 0.008

Post-dinner blood glucose 7.79+0.50 8.24+048 -0.68~-0.31 0.53 5213 0.001

Notes: Statistical significance is indicated for differences between the two groups

attitudes toward managing their condition. See Table 3
for further details.

Comparison of post-intervention blood glucose between
the two groups

The results indicated significantly lower levels of FBG
(5.22+0.60 vs. 5.50+0.56 mmol/L, t=2.316, P=0.030),
post-breakfast blood glucose (6.72+1.02 vs. 7.25+0.77
mmol/L, t=3.110, P=0.011), post-lunch blood glucose
(8.48+0.48 vs. 8.78+0.45 mmol/L, t=4.124, P=0.008)
and post-dinner blood glucose (7.79+0.50 vs. 8.24+0.48
mmol/L, t=5.213, P=0.001) in the experimental group
compared with the control group post-intervention
(Table 4). These findings suggest that the intervention
effectively improved glycaemic control across multiple
time points throughout the day.

Discussion

Summary of key findings

This study demonstrated that the use of mobile educa-
tional platform significantly improved blood glucose
control and treatment adherence in patients with NS
and SDM. The intervention group exhibited greater
reductions in postprandial blood glucose and FBG levels
compared with the control group, along with enhanced
self-management efficacy and behaviour scores, which
indicates the effectiveness of digital health interventions
in enhancing patient engagement and adherence to treat-
ment. These results suggest that mhealth platforms could
serve as a practical and effective tool in the management
of SDM, where self-management and patient engagement
are critical.

Currently, no precise data are available on the specific
incidence of SDM, which is reported to be approximately
1.5-47% due to variations in patient populations, pri-
mary disease types, testing methods, GC usage methods
and diagnostic criteria [21-23]. The clinical relevance

of this study is particularly important given the lack of
established guidelines for managing SDM, a condition
that is less common compared with type 1 and type 2 dia-
betes but one that is equally serious. The improvement in
glycaemic control achieved through the mobile platform
is clinically significant, as even modest reductions in FBG
and postprandial blood glucose levels can lead to mean-
ingful reductions in diabetes-related complications. This
is particularly pertinent for patients with NS, in whom
steroid-induced hyperglycaemia can exacerbate existing
renal and cardiovascular risks [24].

Despite the traditional health education leading to
improvements in lifestyle, medication adherence and reg-
ular check-ups of patients with diabetes, self-monitoring
of blood glucose levels has not been clearly improved,
possibly due to the lack of prompt feedback [25]. Mobile
healthcare services have been implemented within basic
nursing, emergency care and chronic disease manage-
ment. The mobile internet not only facilitates data collec-
tion but also provides effective personalised intervention
measures based on individual patient circumstances
[26]. In this regard, the development of mobile nursing
healthcare is of significant importance [27]. Specifically,
apps such as WeChat are widely used as convenient and
effective communication tools, and the widespread use of
WeChat has expanded the channels for communication
between healthcare workers and patients while provid-
ing the latter with knowledge and education in their daily
lives [28]. There is a wealth of literature showing that
eHealth interventions can be highly effective in improv-
ing self-management and glycaemic control in various
types of diabetes. For example, a study by Greenwood et
al. demonstrated that mhealth applications significantly
improved HbA1lc levels in patients with type 2 diabetes
through enhanced self-management and lifestyle modifi-
cations [29]. Similarly, a systematic review by Hou et al.
concluded that telemedicine and mhealth interventions
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were associated with improved diabetes self-care behav-
iours and better clinical outcomes, including reductions
in HbAlc and FBG levels [30]. In the context of SDM,
where steroid-induced hyperglycaemia poses unique
challenges, eHealth interventions can play a critical role
by offering real-time monitoring and personalised edu-
cation. For example, Chanpitakkul et al. reported sig-
nificant improvements in diabetes management through
the use of mobile platforms that provided tailored feed-
back and education, particularly in populations with
limited access to healthcare resources [31]. The present
study builds on these findings by demonstrating similar
benefits in patients with SDM, suggesting that eHealth
solutions may help bridge gaps in care for this under-
researched population.

These findings underscore the potential of integrating
mobile educational platforms into the care of patients
with NS and SDM. Mobile health technologies provide
timely feedback, personalised education and continu-
ous monitoring, addressing some of the critical barriers
to self-management that are particularly pronounced in
chronic conditions such as NS and diabetes. Here, the
intervention led to significant improvements in both
objective outcomes (e.g. FBG) and subjective measures
(e.g. self-efficacy), suggesting that both physiological and
behavioral factors were positively influenced. One of the
key findings was the significant improvement in post-
prandial glucose levels, which suggests that the interven-
tion may have had a greater impact on patient adherence
to dietary recommendations and blood glucose monitor-
ing, particularly during high-risk periods, such as after
meals. This aligns with the growing body of evidence
supporting the role of continuous patient engagement in
achieving better glycaemic control.

This study included elderly patients with diabetes who
experienced a relatively longer duration of disease, most
of whom had a clearer understanding of SDM and evi-
dently knew that effective self-management could help
them control blood glucose levels effectively. As a result,
both groups obtained high scores in terms of self-man-
agement attitudes. However, due to the longer duration
of the disease, these patients may not strictly follow their
self-management practices, leading to significantly lower
scores in self-efficacy and self-management behaviours
than in self-management attitudes.

Clinical implications

The clinical relevance of this study lies in its focus on
SDM, a less commonly studied but important form of
diabetes that develops due to corticosteroid therapy
in patients with NS. Current guidelines for diabetes
management are primarily focused on type 1 and type
2 diabetes, leaving a gap in evidence-based strategies
for managing SDM. This study addresses this gap by
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demonstrating that a tailored mobile educational inter-
vention can lead to significant improvements in blood
glucose control and self-efficacy, suggesting that such
platforms could play a critical role in the management of
SDM, particularly in outpatient settings. Given the chal-
lenges associated with managing SDM, these results offer
promising insights into the use of technology to support
patient self-management.

It should be noted that this study period extended over
more than a year, with some overlap with the COVID-
19 pandemic. While this could have influenced patient
access to healthcare and impacted behaviours, the inter-
vention was delivered remotely through a mobile plat-
form, minimising disruption to patient monitoring and
support. Research suggests that eHealth interventions
gained prominence during the pandemic, effectively
maintaining patient care despite restrictions on in-per-
son visits [32, 33]. It is possible that the pandemic height-
ened patients’ reliance on mhealth tools, potentially
enhancing adherence to the intervention. However, the
external stressors associated with the pandemic may have
also introduced variables that were not controlled for in
this study. Future research should investigate how such
global events impact the effectiveness of digital health
interventions in chronic disease management.

Limitations

This study has further limitations. First, convenience
sampling was utilised, which limits the study’s repre-
sentativeness and the generalisability of the research
conclusions. Additionally, confounding factors, such
as variations in patient adherence to the intervention
and differences in baseline characteristics, could have
affected the results. Methodologically, the reliance on
self-reported measures for assessing self-management
behaviour may have led to response bias, and the absence
of continuous glucose monitoring (CGM) data limited
our ability to capture real-time fluctuations in blood glu-
cose levels. Second, due to the retrospective nature of
the data collection, we were unable to obtain consistent
pre-intervention blood glucose measurements (including
HbAlc) for all participants. This limitation is primarily
due to the varying stages of treatment at which patients
began the intervention, as well as inconsistencies in base-
line glucose monitoring. Future research should aim to
include standardised glucose monitoring before and after
the intervention, ensuring a more comprehensive evalu-
ation of the intervention’s impact. Third, while this study
utilised fasting and postprandial glucose measurements
as primary outcomes, it is important to acknowledge the
limitations of this approach. These measurements do not
provide a complete picture of a patient’s glucose manage-
ment over time. Future studies should consider integrat-
ing HbAlc and CGM metrics to provide a more holistic
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view of glycaemic management and to better assess the
effectiveness of digital health interventions. Fourth, the
revised scales were not subjected to a formal validation
process before their implementation. While these modi-
fications were informed by existing literature and expert
recommendations, the lack of thorough validation raises
concerns about their reliability and accuracy. Therefore,
future research should prioritise long-term and compre-
hensive validation of these revised scales in a larger and
more diverse population to ensure they effectively mea-
sure the intended constructs in the target population.

Conclusion

This study demonstrated that the use of mobile educa-
tional platform significantly improved blood glucose
control and treatment adherence in patients with NS and
SDM. The findings, as evidenced by reductions in fast-
ing and postprandial blood glucose and improvements
in self-efficacy scores, suggest that mhealth interventions
can play a valuable role in supporting chronic disease
management.

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/512902-024-01802-2.

[ Supplementary Material 1 ]

Acknowledgements
N/A.

Author contributions

Yang ZM conceived of the study, and Tan ZC, Sun MN, Zhang J, Hou HZ
and Li X participated in its design and data analysis and statistics and Yang
ZM helped to draft the manuscript. All authors read and approved the final
manuscript.

Funding

This study was supported by Shanxi Province “136" Medical Engineering
Research Project (xy2018023). Funding agencies did not play a role in study
design, data collection, analysis and interpretation, and manuscript writing.

Data availability
All data generated or analysed during this study are included in this article.
Further enquiries can be directed to the corresponding author.

Declarations

Ethics approval and consent to participate

This study was conducted in accordance with the Declaration of Helsinki
and approved by the ethics committee of Shanxi Provincial People’s Hospital,
[(2021) Provincial Medical Department Ethical Review No. (272)]. Informed
consent was obtained from all participants prior to enrollment in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Page 8 of 9

Author details

'Department of Nephrology, The Fifth Clinical Medical College of Shanxi
Medical University; Shanxi Provincial People’s Hospital, No. 359 Heping
North Road, Jiancaoping District, Taiyuan, Shanxi Province 030000, China

Received: 4 July 2024 / Accepted: 4 December 2024
Published online: 27 April 2025

References

1. AbuMaziad AS, Abusaleh R, Bhati S. Congenital nephrotic syndrome. J Perina-
tol. 2021;41(12):2704-12. https://doi.org/10.1038/541372-021-01279-0.

2. DeLaDumas C, Prezelin-Reydit M, Vermorel A, et al. Idiopathic nephrotic
syndrome: characteristics and identification of prognostic factors. J Clin Med.
2018;7(9). https://doi.org/10.3390/jcm7090265.

3. LiJX, Cummins CL. Fresh insights into glucocorticoid-induced diabetes mel-
litus and new therapeutic directions. Nat Rev Endocrinol. 2022;18(9):540-57.

4. Salehidoost R, Korbonits M. Glucose and lipid metabolism abnormalities in
Cushing’s syndrome. J Neuroendocrinol. 2022;34(8):e13143. https://doi.org/1
0.1111/jne.13143.

5. Shah P Kalra S, Yadav Y, et al. Management of glucocorticoid-Induced Hyper-
glycemia. Diabetes Metab Syndr Obes. 2022;15:1577-88. https://doi.org/10.2
147/DMS0.5330253.

6. Egbuonu F, Antonio FA, Edavalath M. Effect of inhaled corticosteroids on
glycemic status. Open Respir Med J. 2014;8(Suppl 1):101-5.

7. Pilkey J, Streeter L, Beel A, et al. Corticosteroid-induced diabetes in palliative
care. J Palliat Med. 2012;15(6):681-9. https://doi.org/10.1089/jpm.2011.0513.

8. American Diabetes Association Professional Practice Committee. 2. Classifica-
tion and Diagnosis of Diabetes: Standards of Medical Care in Diabetes-2022.
Diabetes Care. 2022;45(Suppl 1):517-S38. https://doi.org/10.2337/dc22-5002

9. Winkley K, Upsher R, Stahl D, et al. Psychological interventions to improve
self-management of type 1 and type 2 diabetes: a systematic review. Health
Technol Assess. 2020;24(28):1-232. https://doi.org/10.3310/hta24280.

10.  Pan L, Zhang X, Wang S, et al. Determinants associated with self-man-
agement behavior among type 2 diabetes patients in China: a structural
equation model based on the theory of planned behavior. Int J Clin Health
Psychol. 2023;23(1):100332. https://doi.org/10.1016/jijchp.2022.100332.

11. Gong E, Baptista S, Russell A, et al. My diabetes Coach, a Mobile app-based
interactive Conversational Agent to support type 2 diabetes Self-Manage-
ment: Randomized effectiveness-implementation trial. J Med Internet Res.
2020;22(11):e20322.

12. Zhang W, Yang P, Wang H, et al. The effectiveness of a mhealth-based inte-
grated hospital-community-home program for people with type 2 diabetes
in transitional care: a protocol for a multicenter pragmatic randomized
controlled trial. BMC Prim Care. 2022;23(1):196. https://doi.org/10.1186/51287
5-022-01814-8.

13. Wang Y, Min J, Khuri J, et al. Effectiveness of Mobile Health Interventions on
Diabetes and Obesity Treatment and Management: systematic review of
systematic reviews. JMIR Mhealth Uhealth. 2020;8(4):e15400. https://doi.org/1
0.2196/15400.

14.  Rahman MS, Peeri NC, Shrestha N, et al. Defending against the Novel Corona-
virus (COVID-19) outbreak: how can the internet of things (IoT) help to save
the world? Health Policy Technol. 2020;9(2):136-8. https://doi.org/10.1016/j.hl
pt.2020.04.005.

15.  Expert Panel of Shanghai Nephrology Clinical Quality Control Center. Guide-
lines for early screening, diagnosis, and Prevention of chronic kidney Disease
(2022 Edition). Chin J Nephrol. 2022,38(5):453-64. https://doi.org/10.3760/cm
aj.cn441217-20210819-00067.

16.  Fuying Z. Progress in the diagnosis and treatment of steroid-induced diabe-
tes mellitus. Chin J Rheumatol. 2013;17(08):564-6. https://doi.org/10.3760/c
ma.j.issn.1007-7480.2013.08.016.

17. Agarwal P, Mukerji G, Desveaux L, et al. Mobile App for Improved Self-Man-
agement of type 2 diabetes: Multicenter Pragmatic Randomized Controlled
Trial. JMIR Mhealth Uhealth. 2019;7(1):e10321. https://doi.org/10.2196/10321.

18. Wang Wenxian W, Yongze F, Linping, et al. Formulation of a simplified scale
for self-management knowledge, attitude, and behavior evaluation of diabe-
tes patients. Chin J Prev Med. 2016;150-5. https://doi.org/10.3760/cma.j.issn.0
253-9624.2016.01.009.

19.  Yongze W, Wenxian W, Fengping F Evaluation of validity, et al. editors.
reliability, and acceptability of the simplified scale for self-management
knowledge, attitude and behavior in diabetes patients. Chinese


https://doi.org/10.1186/s12902-024-01802-2
https://doi.org/10.1186/s12902-024-01802-2
https://doi.org/10.1038/s41372-021-01279-0
https://doi.org/10.3390/jcm7090265
https://doi.org/10.1111/jne.13143
https://doi.org/10.1111/jne.13143
https://doi.org/10.2147/DMSO.S330253
https://doi.org/10.2147/DMSO.S330253
https://doi.org/10.1089/jpm.2011.0513
https://doi.org/10.2337/dc22-S002
https://doi.org/10.3310/hta24280
https://doi.org/10.1016/j.ijchp.2022.100332
https://doi.org/10.1186/s12875-022-01814-8
https://doi.org/10.1186/s12875-022-01814-8
https://doi.org/10.2196/15400
https://doi.org/10.2196/15400
https://doi.org/10.1016/j.hlpt.2020.04.005
https://doi.org/10.1016/j.hlpt.2020.04.005
https://doi.org/10.3760/cma.j.cn441217-20210819-00067
https://doi.org/10.3760/cma.j.cn441217-20210819-00067
https://doi.org/10.3760/cma.j.issn.1007-7480.2013.08.016
https://doi.org/10.3760/cma.j.issn.1007-7480.2013.08.016
https://doi.org/10.2196/10321
https://doi.org/10.3760/cma.j.issn.0253-9624.2016.01.009
https://doi.org/10.3760/cma.j.issn.0253-9624.2016.01.009

Yang et al. BMC Endocrine Disorders

20.

21

22.

23.

24.

25.

26.

27.

(2025) 25:118

Journal of Preventive Medicine. 2016; 50 (7): 589-593. doi: 10.3760/cma,j.
issn.0253-9624.2016.07.005.

Hurley AC, Harvey RM. The Insulin Management Diabetes Self-efficacy Scale.
In Measurement of nursing outcomes. Strickland O, Dilorio C, editors. New
York: Springer Publishing Company,1990:526-726.

Wang X, Ruixia W. Discussion on self-care behavior and related factors of
patients with non-insulin-dependent diabetes mellitus at the early stage of
outpatient diagnosis. J Nurs Sci. 1998/45(2):60-74.

Tu J, Chen CY, Geng HY, et al. [Clinical assessment of moderate-dose gluco-
corticoid in the treatment of recurrence of primary nephrotic syndrome in
children: a prospective randomized controlled trial]. Zhongguo Dang Dai Er
Ke Za Zhi. 2022;24(5):466~71. https://doi.org/10.7499/j.issn.1008-8830.211113
3. Chinese.

van Raalte DH, Ouwens DM, Diamant M. Novel insights into glucocorticoid-
mediated diabetogenic effects: towards expansion of therapeutic options?
Eur J Clin Invest. 2009;39(2):81-93. https://doi.org/10.1111/j.1365-2362.2008.0
2067 x.

Arafa N, Bazaraa HM, Sharaf EIDin H, et al. Glucose tolerance in a cohort

of Egyptian children after kidney transplantation. Diabetes Res Clin Pract.
2021;172:108605. https://doi.org/10.1016/j.diabres.2020.108605.

Zhang J, Eggink E, Zhang X, et al. Needs and views on healthy life-

styles for the prevention of dementia and the potential role for mobile
health (mHealth) interventions in China: a qualitative study. BMJ Open.
2022;12(11):2061111.

Ding Sheng S, Ganglei Y, Qingyou, et al. Practice of internet + deeply inte-
grated with medical care in improving medical services. Chin Hosp Manage.
2019;39(03):78-80.

Han Shu C, Huawei X, Xiaoli, et al. Application of internet + nursing manage-
ment strategies in patients with COVID-19. Chin J Nurs. 2020;55(51):286-7. htt
ps://doi.org/10.3761/1.issn.0254-1769.2020.51.105.

28.

29.

30.

31.

32.

33.

Page 9 of 9

Shi Jiaxing D, Shaoping N, Dekun, et al. Construction and application of
WeChat Public Medical platform for internet + hospitals. China Digit Med.
2019;14(01):95-7. https://doi.org/10.3969/.issn.1673-7571.2019.01.031.
Greenwood DA, Litchman ML, Isaacs D, et al. A New Taxonomy for Technol-
ogy-enabled diabetes self-management interventions: results of an Umbrella
Review. J Diabetes Sci Technol. 2022;16(4):812-24.

Hou IC, Lin HY, Shen SH, et al. Quality of life of women after a first diagnosis
of breast Cancer using a self-management support mHealth app in Taiwan:
Randomized Controlled Trial. JMIR Mhealth Uhealth. 2020,8(3):e17084.
Chanpitakkul M, Praveen D, John R, et al. Rationale, design, and intervention
development of a Mobile Health-Led Primary Care Program for Management
of type 2 diabetes in rural Thailand: protocol for a SMARThealth Diabetes
Study. JMIR Res Protoc. 2024;13:€59266.

Pelckmans M, Nijmolen P, Bloemen M, et al. Barriers and facilitators to the
Acceptance of eHealth interventions by Dutch Pediatric physical therapists in
Times of the COVID-19 pandemic: a mixed-methods Approach. Pediatr Phys
Ther. 2023;35(2):243-50.

Amiri P, Nadri H, Bahaadinbeigy K. Facilitators and barriers of mHealth inter-
ventions during the Covid-19 pandemic: systematic review. BMC Health Serv
Res. 2023;23(1):1176.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.7499/j.issn.1008-8830.2111133
https://doi.org/10.7499/j.issn.1008-8830.2111133
https://doi.org/10.1111/j.1365-2362.2008.02067.x
https://doi.org/10.1111/j.1365-2362.2008.02067.x
https://doi.org/10.1016/j.diabres.2020.108605
https://doi.org/10.3761/j.issn.0254-1769.2020.S1.105
https://doi.org/10.3761/j.issn.0254-1769.2020.S1.105
https://doi.org/10.3969/j.issn.1673-7571.2019.01.031

	﻿Positive impact of mobile educational platforms on blood glucose control in patients with nephrotic syndrome and steroid-induced diabetes mellitus: a randomized controlled study
	﻿Abstract
	﻿Introduction
	﻿Study participants and methods
	﻿Study participants
	﻿Blinding
	﻿Sample size calculation
	﻿Study methods
	﻿Data collection
	﻿Collection of questionnaires
	﻿Biochemical indicators


	﻿Statistical analysis
	﻿Results
	﻿General data
	﻿Comparison of scores on self-management behavior scale
	﻿Comparison of scores on self-management attitude and self-efficacy scales
	﻿Comparison of post-intervention blood glucose between the two groups

	﻿Discussion
	﻿Summary of key findings
	﻿Clinical implications
	﻿Limitations

	﻿Conclusion
	﻿References


