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Abstract
Background: Limited research has investigated the influence of patient engagement on the long-term effects of mobile health
(mHealth) interventions, particularly among older adults.
Objective: This study aimed to examine the long-term impact of a social media–driven mHealth intervention on blood
pressure control among older Chinese individuals with hypertension, through repeated measurements of patient engagement
and outcomes at 5 preset time points.
Methods: The study included older Chinese individuals with hypertension between 2017 and 2022. Participants received a
hypertension self-management program via the WeChat social media app (Tencent Holdings Ltd), which provided clinically
based digital coaching. Blood pressure measurements were taken repeatedly using a home blood pressure monitor (HBPM)
connected to the app at baseline, 3, 6, 9, and 12 months. Patient engagement was evaluated based on the frequency of
completed measurements at corresponding follow-ups. Latent growth curve models (LGCMs) served to assess the impact of
patient engagement on blood pressure among older individuals with hypertension across preset points.
Results: A total of 1723 patients completed the 12-month follow-up (average age 70.1, SD 6.8 years; 890/1723, 51.7%
female; and baseline systolic blood pressure 137.2 mm Hg). LGCMs revealed systolic blood pressure decreased significantly
over 1 year, notably at 9 months (131 mm Hg, β9=3.244, P<.001), and continued up to 12 months (131.6mm Hg, β12=2.827,
P<.001). In addition, a higher frequency of completed measurements was associated with better systolic blood pressure control
at 3, 6, 9, and 12 months (β3=–0.016, P=.002; β6=–0.006, P=.02; β9=–0.002, P=.44; β12=–0.003, P=.02). These results
remained significant even after accounting for age, sex, and comorbidity status.
Conclusions: This study, using LGCMs and repeated measures data, revealed a significant positive impact of patient
engagement on long-term blood pressure control in mHealth interventions targeting older individuals with hypertension. These
findings stress the importance of integration of patient-centered engagement approach into mHealth programs designed for
chronic disease management in aging populations.
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Introduction
Noncommunicable diseases, often referred to as chronic
diseases, are a main cause of disability and death globally
[1]. The aging population, coupled with unhealthy behav-
iors such as sedentary habits and unbalanced diet, led to a
dramatic increase in chronic disease risk factors, including
hypertension [2,3]. Hypertension is a chronic condition that
progresses gradually over time, requiring continuous care
and self-management [4,5]. Health care services based on
mobile health (mHealth) are considered to be beneficial for
older individuals with hypertension as they facilitate a range
of favorable outcomes, including health care cost-effective-
ness, personalized medical care, and enhanced feedback on
health information [6]. Thus, mHealth holds the promise
of enhancing the quality and longevity of life for older
adults through the transformation of health care delivery and
personalized clinical support [7].

Older adults can potentially gain significant benefits from
using mHealth services. However, the association between
patient engagement and the results of mHealth services
among older patients remains unclear [8,9]. Historically,
patient engagement has been characterized by how proac-
tively participants engage with the intervention [10]. In
traditional face-to-face studies, patient engagement was
viewed as a crucial factor influencing health improvement.
Increased patient participation is linked to better interven-
tion effectiveness [11]. However, this relationship remains
unconfirmed in the context of mHealth interventions [12].
In the context of mHealth interventions for older adults,
results regarding the relationship between patient engage-
ment and intervention effectiveness have been inconsistent.
Several studies have uncovered relationships resembling
those observed in traditional interventions [13-15], whereas
other research has not yet identified significant relationships
[16-18]. Some studies found that patient engagement was
a dynamic and ongoing process [19]. For instance, some
patients registered but did not start the app or used it
intermittently, while others used it frequently over the long
term [20]. These different activities of using the app may
make the results of the intervention different. Consequently,
it is necessary to further investigate how patient engagement
affects health outcomes to clarify the dose-response relation-
ship within interventions.

Few mHealth studies in program evaluation have explored
the dose-response relationship. Among the limited stud-
ies, the most used is the pre-post design with a brief
follow-up period (typically within 12 weeks) [14-16,18].
A significant gap exists in the continuous assessment of
this relationship between patient engagement and health
improvements throughout the intervention period. It remains
uncertain whether mHealth interventions yield sustained
benefits. Specifically, it is not clear whether this relation-
ship emerges early (like traditional interventions) [21] or
later. Current mHealth studies differ in intervention lengths,

potentially resulting in varied findings concerning this
relationship. Among mHealth interventions targeting blood
pressure control in the study population, some lasted 2
weeks, while others extended to 6 months [13,15]. The
diverse durations of mHealth interventions complicate the
comparison of dose-response relationships. This challenge
is particularly pronounced when the relationship is assessed
only at pre- and postintervention time points. Long-term
mHealth research is warranted to gain a clearer understanding
of the potential relationship between patient engagement and
intervention effectiveness [22-24]. Longitudinal studies with
multiple measurements (at least 3) may enable the assessment
of the time-varying impact of patient engagement on health
improvements [25].

Inspired by the aforementioned research, this study makes
several unique contributions to the existing literature. First,
the study explored the relationship between patient engage-
ment and changes in blood pressure over a 1-year follow-up
period in an mHealth program targeting older individuals
with hypertension. By extending the time period, we can
more fully assess how patient engagement has evolved over
time and evaluate its sustained impact on blood pressure
control. Second, guided by insights from recent systematic
reviews of adherence studies, we used a reliable indicator
to assess various dimensions of longitudinal relationships
[26,27]. We assessed patient engagement and blood pressure
levels, as well as their changes, at 3, 6, 9, and 12 months,
using outcome and engagement measures across 5 time
points. Third, this study adopts a more refined longitudinal
modeling approach, latent growth curve models (LGCMs),
to explore their dose-response relationship at these inter-
vals. We hypothesize that greater engagement in long-term
mHealth interventions might contribute to more favorable and
enduring health outcomes.

Methods
Study Design
The study is a cohort investigation of individuals using
a hypertension self-management program adapted from the
“National Basic Public Health Service Standards (Third
Edition, 2017)” [28]. The study sample comprised managed
care hypertension cases from 50 primary care communities of
Zhongshan City, Guangdong Province, China, from January
1, 2017, to December 31, 2022.
Description of the mHealth Intervention
The mHealth intervention described here is a comprehen-
sive digital health program aimed at improving hyperten-
sion management among patients. It uses the Sevenguards
Health app, which serves as a user-friendly mobile app
and a supportive digital platform for self-management and
engagement between patients and health care providers
(Figure 1).
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Figure 1. The diagram of the Sevenguards Health app. (A) Patient registration: after signing up for the Sevenguards Health app, patients input key
demographic details like name, sex, date of birth, and comorbidity status. (B) Data upload: patients track their health by uploading data such as blood
pressure readings, medication logs, physical activity records, and dietary information. (C) Assignment to health care provider: each patient is linked
with a health care provider and receives a personalized management plan. (D) Patient engagement: patients use the app to track blood pressure and
plan adherence. (E) Data storage: all collected data are securely stored on the Sevenguards server. (F) Provider support: providers monitor data and
use WeChat to communicate, conduct follow-ups, and assist in blood pressure control.

This diagram provides an overall interface of the Seven-
guards Health app and guides users through its entire process.
Patients register and provide key demographic details (Figure
1A), then upload data from HBPMs to the connected app
(Figure 1B). They are assigned to specific health care
providers (Figure 1C) and engage in self-management via the
app (Figure 1D). The Sevenguards server handles data storage
and management (Figure 1E). The app informs providers
of patients’ conditions, supporting follow-up management
(Figure 1F).

Patients
Community doctors first screened patients from their villages
who might be eligible and invited them to join the
study. Subsequently, the research team completed the final
recruitment and obtained consent from participants. These
participants were then further enrolled (N=3251) into the
mHealth hypertension management program. The main
inclusion criteria were participants who (1) were aged 60
years or older, (2) had a documented history of hyperten-
sion from county-level or higher-level hospitals, and (3)
possessed at least basic communication skills. Patients who
were bedridden, had severe life-threatening conditions, or
had a life expectancy of less than 6 months were exclu-
ded from the study. To promote inclusivity, neither mobile
phone ownership nor technological literacy was a criterion for
patient recruitment.

The primary dataset comprised 1723 patients. Patient
records were selected based on registration with the Seven-
guards Health app between January 1, 2017, and December
31, 2022. During this period, (1) the app’s core functions
remained stable, ensuring that patient behavior was not
affected by changes in functionality; and (2) blood pressure
was continuously measured and recorded for over 12 months
following registration.
Measurement

Blood Pressure
To address potential measurement bias, we implemented
several quality control measures for blood pressure meas-
urements. The Lexin i5/i7 HBPMs were used for measure-
ments. Before being issued to participants, all HBPMs were
calibrated according to manufacturer guidelines. Participants
measured their blood pressure using the built-in cellular-con-
nected HBPMs, which are connected to the Sevenguards
Health account and require no additional setup.

During the study period, participants received standardized
training from the community doctors. This training ensured
the consistency and standardization of home blood pressure
measurement methods in line with the guidelines issued by
the China Blood Pressure Measurement Working Group in
2011 [29]. For both underlying measurement and psycholog-
ical reasons [30], blood pressure values measured on day
1 tend to be slightly higher than those from subsequent
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days. Many guidelines, therefore, advise against using day
1 measurements to guarantee a more accurate blood pressure
reading [31]. Accordingly, following the initial guidance, we
used second-day readings as the baseline to mitigate issues
with initial measurements. Ongoing support via WeChat
(Tencent) was provided to ensure participants maintained
proper measurement practices.

To assess blood pressure over time, we calculated (1) the
mean blood pressure at specific time points: baseline (day
2, representing the initial blood pressure level in hyperten-
sion management) and (2) follow-up intervals, assessing the
monthly mean blood pressure trends at 3 (range 0‐3) months,
6 (range 4‐6) months, 9 (range 7‐9) months, and 12 (range
10‐12) months from the baseline. Since participants joined
the program at different times, the follow-up duration varied
among them. Data beyond the 12-month report were not
analyzed.

Patient Engagement
Patient engagement was assessed using the frequency
of completed measurements for several reasons. Most
mHealth studies on blood pressure management rely on
apps or Bluetooth-connected blood pressure devices. In
related studies, measurement frequency has been widely
used for its simplicity and directness [32]. Clinical guide-
lines also emphasize that HBPM must meet a certain
frequency to ensure the reliability and effectiveness of
blood pressure management [33]. Thus, the frequency of
completed measurements was considered a reliable indicator
for engagement in mHealth interventions targeting health
outcomes. The indicator reflected how often a participant
used the HBPM during the specified blood pressure meas-
urement periods. For instance, if a participant measured his
blood pressure twice during the 0- to 3-month intervention
period, the frequency of completed measurements would be
recorded as 2. Since participants were encouraged to measure
their blood pressure multiple times, this indicator was used to
reflect repetitive feature of patient engagement. Both blood
pressure measurements and measurement frequency were
automatically recorded by the app.

Baseline Characteristics
Demographic data encompassed age, sex, and comorbidity
status. Comorbidities, including diabetes, were self-reported
by participants within the mHealth app.
Statistical Analysis
Descriptive statistics on blood pressure, patient engage-
ment, and baseline characteristics were provided. Continuous
variables that followed a normal distribution were summar-
ized using means and SDs. Nonnormally distributed variables
were characterized by medians and interquartile ranges.
Categorical variables were reported as counts and propor-
tions.

LGCMs were used to assess the impact of patient
engagement on blood pressure. This method was specifically
chosen due to its unique advantages in analyzing longitudinal

data with repeated measurements [34]. LGCMs are particu-
larly well suited to capture both the intercept and slope of
blood pressure changes over time, as well as the time-varying
effects of patient engagement. They provide a comprehensive
understanding of the dynamic relationship between patient
engagement and blood pressure control, which is crucial
for evaluating the long-term effects of the mHealth interven-
tion. Unlike traditional repeated measures ANOVA, LGCMs
can accommodate nonlinear patterns of change and handle
missing data more flexibly, which is particularly useful in
longitudinal studies where participants may miss scheduled
assessments. In addition, LGCMs enable the integration of
time-invariant and time-varying covariates, allowing us to
control for demographic characteristics while investigating
the dynamic relationship between patient engagement and
blood pressure.

Robust maximum likelihood estimation served to address
missing data and to estimate model parameters [34].
Descriptive analyses were performed in R (v 4.4; R Core
Team). LGCMs were executed using Mplus v 7.0 (Muthén &
Muthén). The above-mentioned analyses were performed at
the individual level using an intention-to-treat framework.

The LGCM analysis was conducted in 2 steps [34]. Given
the strong correlation between diastolic and systolic blood
pressure, only the latter was included in LGCMs [20]. First,
an unconditional LGCM was developed to model temporal
changes in blood pressure. The baseline blood pressure was
modeled as the intercept, with the average temporal change
represented as the slope. Loadings for the intercept factor
were uniformly set to 1. In growth curve modeling, the slope
factor is key to summarizing the rate of change over time. The
first loading is fixed at 0, serving as a baseline reference point
with no change. The second loading is fixed at 1, indicating
a unit change from the first to the second timepoint. The
remaining loadings are objectively estimated from the data. If
growth is linear, with a consistent rate of increase of 1 unit
per timepoint, the loadings would ideally be 0, 1, 2, 3, and so
on, representing a linear increase. However, if the growth is
nonlinear, the loadings for later time points will significantly
differ from those aforementioned integer values. For example,
if the third loading is estimated to be 1.5 and the fourth
loading is 2.8, this suggests a nonconstant rate of change.
The deviation from the expected linear values of 2 and 3
indicates a more complex growth trajectory. This method of
fixing the first 2 loadings and freely estimating the rest allows
researchers to test the assumption of linearity and identify any
deviations from a linear growth pattern, providing valuable
insights into the underlying dynamics of the growth process.

Second, a conditional LGCM was developed to inves-
tigate how patient engagement influences blood pressure.
It was an extension of unconditional LGCM, incorporat-
ing patient engagement and demographic characteristics as
control variables. The relationship between patient engage-
ment and health outcome was modeled as a time-vary-
ing effect. Specifically, health outcome (eg, systolic blood
pressure at 3 months) was regressed on the corresponding
patient engagement metric (eg, completion frequency from 0
to 3 months). Thus, patient engagement was regarded as a
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time-specific predictor of blood pressure. The conclusion was
reached after adjusting for demographic characteristics and
underlying trajectory of blood pressure.

The LGCM fit was assessed using chi-square tests and
several indices, such as the standardized root mean square
residual, Tucker-Lewis index, confirmatory fit index, and root
mean square error of approximation. Model fit was consid-
ered adequate based on the following criteria: Tucker-Lewis
index ≥0.95, confirmatory fit index ≥0.95, standardized root
mean square residual ≤0.08, and root mean square error of
approximation ≤0.08 [35].
Ethical Considerations
This study received ethical approval from the Public
Health School of Sun Yat-sen University (approval number
026/2022) and complied with the Declaration of Helsinki. All
participants were fully informed about the study procedures

and objectives, after which they voluntarily agreed to take
part and provided written consent. Participants were offered
free use of HBPMs, but no additional financial or material
incentives were provided for participation. All data were
securely stored on the Sevenguards server. All patient data
underwent deidentification processing to ensure anonymity.

Results
Baseline Characteristics
Table 1 shows the average age of individuals was 70.1
(SD 6.8) years. Approximately half of the overall sample
identified as female, comprising 890 out of 1723 participants
(51.7%). In addition, 113 participants out of 1723 (6.6%)
reported having both hypertension and diabetes.

Table 1. Demographic characteristics of patients (N=1723).
Variables Value
Age (years), mean (SD) 70.1 (6.8)
Sex, n (%)
  Male 833 (48.3)
  Female 890 (51.7)
Comorbidity status, n (%)
  Hypertension without diabetes 1610 (93.4)
  Hypertension with diabetes 113 (6.6)

Change in Blood Pressure and Patient
Engagement Over Time
Of the participants, 92.5% (1602/1723), 92.3% (1599/1723),
91.1% (1578/1723), and 92.7% (1606/1723) completed the
blood pressure measurements at 3, 6, 9, and 12 months,
respectively. Compared with mean systolic blood pressure
at baseline (137.2, SD 19 mm Hg), subsequent follow-up

assessments showed a reduction in systolic blood pressure.
The mean values were 134.1 (SD 13.5) mm Hg, 133.3 (SD
13.8) mm Hg, 131 (SD 13.6) mm Hg, and 131.6 (SD 13.3)
mm Hg at 3, 6, 9, and 12 months, respectively (Table 2). The
mean diastolic blood pressure was 77.3 (SD 8.8) mm Hg, 77
(SD 9.1) mm Hg, 75.9 (SD 9) mm Hg, and 76 (SD 9) mm Hg
at 3, 6, 9, and 12 months, respectively.

Table 2. Systolic blood pressure and patient engagement across the 12-month intervention.
Variablesa Value

Mean (SD) Median (IQR)
Systolic blood pressure
  Baseline 137.2 (19) 138 (125‐149)
  3 months 134.1 (13.5) 133 (125‐142)
  6 months 133.3 (13.8) 132 (124‐141)
  9 months 131 (13.6) 130 (121‐139)
  12 months 131.6 (13.3) 130 (122‐139)
Diastolic blood pressure
  Baseline 79.3 (11.6) 79 (71‐87)
  3 months 77.3 (8.8) 77 (71‐83)
  6 months 77 (9.1) 76 (70‐83)
  9 months 75.9 (9) 75 (69‐81)
  12 months 76 (9) 75 (69‐81)
Frequency of completed measurements
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Variablesa Value

Mean (SD) Median (IQR)
  3 months 32.3 (44.6) 18 (8‐40)
  6 months 63.7 (88.6) 36 (17‐75)
  9 months 64.1 (90.5) 36 (16‐78)
  12 months 64.4 (95.1) 34 (16‐76)

aFor blood pressure measurement, sample sizes were 1602, 1599, 1578, and 1606 at 3, 6, 9, and 12 months, respectively. For patient engagement, it
remained 1723 throughout the 12-month intervention.

Approximately 94.4% participants (1627/1723) uploaded
blood pressure data to at least 3 time points. The gradual
increase in patient engagement was observed throughout the
study period. The mean frequencies of completed measure-
ments were 32.3 (SD 44.6) times, 63.7 (SD 88.6) times, and
64.1 (SD 95.1) times at 3-, 6-, 9-, and 12-month follow-ups,
respectively. Upon comparing the values in Table 2, the

distribution of mean patient engagement was found to be
positively skewed. Specifically, mean values were substan-
tially higher than the medians at 3, 6, 9, and 12 months.
These trends are visually represented in Figure 2, illustrating
the changes in systolic (Figure 2A) and diastolic (Figure 2B)
blood pressure alongside patient engagement over the study
period.

Figure 2. Changes over time in blood pressure and patient engagement. DBP: diastolic blood pressure; SBP: systolic blood pressure.

Unconditional LGCM
The unconditional LGCM, which demonstrated good fit
(Figure 3), showed that systolic blood pressure declined
throughout the 12-month intervention program, with the

most significant reduction occurring at the 9-month timepoint
following baseline. The mean intercept value of 136.177 (SD
10.69; P<.001) reflects a baseline systolic blood pressure
of 136.177 mm Hg and the mean slope value of –1.559
(SD 2.941; P<.001). Factor loadings on the slope were 0,
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1, 1.819, 3.244, and 2.827 at 5 preset time points. The
results suggested a nonlinear trend in systolic blood pres-
sure reduction. There was a rapid decrease in systolic blood
pressure (–1.559 units) at 9 months, followed by a plateau
in the reduction. The variance of intercept was 114.271
(P<.001), suggesting significant individual variability in
baseline blood pressure. Meanwhile, the variance of slope

was 8.651 (P=.02), indicating substantial variability in change
rate. The covariance between the 2 was –11.141 (P=.003).
It indicated a significant inverse correlation between the rate
of change in individual systolic blood pressure and the initial
level. In other words, individuals with higher baseline systolic
blood pressure experienced a slower decline over time (Table
3).

Figure 3. Unconditional latent growth curve model for SBP (N=1723). Model fit statistics were χ27=89.351 (P<.001), Tucker-Lewis index=0.957,
confirmatory fit index=0.970, standardized root mean square residual=0.112, and root mean square error of approximation=0.083. Observed variables
are depicted with boxes. Latent variables are represented by ovals. Unidirectional arrows show the influence of one variable on another. Bidirectional
arrows denote correlations. A dotted line indicates nonsignificant paths. Time points are represented as: 0 (baseline), 3, 6, 9, and 12 months post
baseline. **P<.01, ***P<.001. SBP: systolic blood pressure.

Table 3. Estimated parameters for unconditional latent growth curve model for systolic blood pressure (SBP; N=1723).
Growth parameters Estimate SE P value
Slope0→SBP0 0.000 0.000 —a

Slope1→SBP3 1.000 0.000 —a

Slope2→SBP6 1.819 0.261 <.001
Slope3→SBP9 3.244 0.607 <.001
Slope4→SBP12 2.827 0.482 <.001
Mean intercept 136.177 0.475 <.001
Mean slope −1.559 0.400 <.001
Variance of intercept 114.271 7.847 <.001
Variance of slope 8.651 3.657 .02
Covariance of intercept and slope −11.141 3.758 .003

aNot available.

Conditional LGCM
The conditional LGCM incorporated patient engagement
as the time-varying covariate. It showed that an increased
frequency of completed measurements was significantly

linked to reduced systolic blood pressure at 3, 6, and 12
months. While not statistically significant, a comparable trend
was observed at 9 months. The conditional model demonstra-
ted good fit (Figure 4).
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Figure 4. Conditional latent growth curve model for systolic blood pressure (SBP) with patient engagement (N=1723). Model fit statistics were
χ232=121.150 (P<.001), Tucker-Lewis index=0.956, confirmatory fit index=0.968, root mean square error of approximation=0.040, and standardized
root mean square residual=0.064. Baseline characteristics included age, sex, and comorbidity status. Unidirectional arrows show the influence of
one variable on another. Bidirectional arrows denote correlations. A dotted line indicates nonsignificant paths. Time points are represented as: 0
(baseline), 3, 6, 9, and 12 months post baseline. *P<.05, **P<.01, ***P<.001.

Here, age, sex, and comorbidity status were incorporated as
covariates. The conditional LGCM indicated that neither sex
nor comorbidity status significantly influenced the intercept
or the slope of systolic blood pressure (Table 4). Age
significantly influenced the intercept, suggesting that younger
participants tended to have lower baseline systolic blood
pressure. The time-varying variable of patient engagement
significantly influenced blood pressure at 3, 6, and 12

months (frequency of completed measurements: β3=–0.016,
P=.002; β6=–0.006, P=.02; β12=–0.003, P=.02). However,
its effect on systolic blood pressure at 9 months was not
statistically significant (β9=–0.002, P=.44). After adjusting
for the underlying trajectory of systolic blood pressure and
baseline characteristics, participants with a higher frequency
of completed measurements reported lower systolic blood
pressure at 3, 6, and 12 months.

Table 4. Estimated parameters for conditional latent growth curve model for systolic blood pressure (SBP; N=1723).
Covariate parameters Estimate SE P value
Baseline characteristics
  Age→intercept 0.175 0.052 .001
  Sex→intercept −0.006 0.711 .99
  Disease→intercept 1.191 1.429 .40
  Age→slope 0.033 0.021 .12
  Sex→slope 0.283 0.272 .30
  Disease→slope −0.444 0.544 .42
Measures of patient engagement
  Engagement3→SBP3 −0.016 0.005 .002
  Engagement6→SBP6 −0.006 0.003 .02
  Engagement9→SBP9 −0.002 0.003 .44
  Engagement12→SBP12 −0.007 0.003 .02

Discussion
Principal Findings
The research is one of the first to examine the dynamic
temporal relationship between patient engagement and

blood pressure levels among older individuals with hyper-
tension using longitudinal data from an mHealth inter-
vention. We evaluate various aspects of this relationship
by measuring patient engagement through the frequency
of completed measurements. Our research examines the
relationship between patient engagement and intervention
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benefits, providing insights into dose-response relationship
and temporal features of mHealth interventions. The LGCM
results indicate that patient engagement has a positive impact
on blood pressure treatment effects, with this influence not
only persisting throughout the 12-month research period but
also increasing over time.
Lessons Learned
First and foremost, current research offers novel insights on
the dose-response relationship within mHealth interventions,
an area where existing literature is limited and inconclu-
sive [8,26]. There is a significant gap in the literature
on current mHealth interventions regarding whether the
momentum of intervention effects is sustained over time
in long-term follow-up and whether patient engagement
contributes to this momentum. The conflicting findings in
previous mHealth intervention studies may be attributed to
several factors, including improper study design or implemen-
tation, insufficient intervention duration, unclear targeting
of the participant population, and inappropriate or inad-
equate measurement and statistical analysis methods for
patient engagement [18,26,36,37]. There are some explana-
tions as to why the dose-response relationship observed in
this study is sustained and increased. Notably, interventions
that are evidence-based, rigorously designed, and effectively
implemented tend to yield sustained dose-response effects
[38]. The study contributes to current literature by providing
new evidence. It investigates a large cohort of older adults
enrolled in an mHealth program, with up to 12 months of
real-world follow-up data. Moreover, this study objectively
examines the influence of patient engagement on the long-
term effects of interventions using appropriate statistical
analysis methods. This finding is significant as it highlights
that mHealth interventions might exhibit diverse real-world
correlations with health outcomes due to varying levels of
patient engagement.
Relationship Between Patient
Engagement and Health Improvements
Identifying the ideal timing for the temporal relationship
between patient engagement and health improvements is
crucial. It enables better refinement of intervention design,
pacing, and determining the appropriate duration. The
unconditional LGCM results show that systolic blood
pressure begins to decrease from the third month and follows
a nonlinear pattern over the 12-month period. The steepest
decline occurs at the ninth month compared to the initial
point, after which the decrease slows down. Importantly, the
decline at the 12th month remains greater than that at the
sixth month. This pattern is similar to findings from another
mHealth study targeting patients with heart failure, which
demonstrated that the tangible benefits of mHealth interven-
tions became prominent around 4‐5 months but plateaued
after 8‐9 months, maintaining a stable trend [39]. The
nonlinear pattern may result from 2 factors: the cumulative
effect of patient engagement on health improvement and the
time required for behavior change to take effect. Our analysis
reveals that patient engagement peaks around the 9-month
timepoint compared to the third and sixth months, indicating

that patients’ willingness to participate in medical activities
reaches its highest level at this stage. This suggests that the
high-level patient engagement at 9 months may contribute to
the observed pattern.

From the perspective of short-term mHealth research,
studies show that interventions of insufficient duration may
fail to deliver the desired results [40]. However, from
the perspective of long-term mHealth studies, the observed
decline after the ninth month does not necessarily indicate an
end to the intervention’s benefits within the 1-year mHealth
intervention. In fact, it implies that the positive effects may
persist and even progress further, extending past this juncture.
This continued benefit is particularly important for patients
with frequent uncontrolled hypertension. For such individ-
uals, it is essential to effectively manage blood pressure
levels to prevent serious complications, including cardiovas-
cular diseases. Therefore, subsequent interventions aimed at
increasing patient engagement may be essential to maintain
the momentum of these health improvements.
Patient Engagement
Beyond identifying when dose–response relationships emerge
within the intervention, it further explores potential time-
varying associations between patient engagement and
treatment effects. We used the frequency of completed
measurements as a reliable measure of patient engagement
to assess this association. The conditional LGCM results
demonstrated that participants with higher patient engage-
ment tended to observe reduced systolic blood pressure at
the 3-, 6-, and 12-month intervals following baseline, after
accounting for the underlying trajectory of systolic blood
pressure and initial patient characteristics. To be specific,
at the second timepoint of the intervention, participants had
completed the measurements 32.3 times on average. Given
that these recordings were made at 3-month intervals, this
equates to a completion frequency of approximately once
every 3 days (32.3 times/90 days). Our findings are consis-
tent with previous findings in older individuals who also
completed chronic disease management challenges every 3
days (10 times /30 days) achieved better cardiac assessment
results [41]. Based on these frequency data, we infer that an
ideal frequency of blood pressure monitoring once every 3
days may be beneficial for hypertension management. This
is consistent with a recent study suggesting that 3 days of
monitoring may be sufficient to determine or rule out elevated
blood pressure in most patients [42]. The indicator captures
a critical issue of patient engagement, reflecting the partic-
ipants’ willingness to repeatedly engage with the interven-
tion [26]. Furthermore, it indicates that adherence to this
intervention can have clinically significant effects because it
correlates patient engagement, quantified into clear partici-
pation thresholds, with subsequent improvements in blood
pressure. This connection not only highlights the tangible
benefits of consistent patient involvement but also reminds us
of the importance of setting and achieving specific engage-
ment targets in mHealth interventions. By doing so, health
care providers can better adjust their programs to encour-
age patient participation and ultimately drive better health
outcomes.
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Limitations
This study has several limitations. First, excluding patients
who used the mHealth app for fewer than 12 months
may introduce selection bias toward better adherence and
treatment effects, limiting the findings’ generalizability.
Second, the study is geographically limited to specific regions
in Zhongshan City, China, which may affect the represen-
tation of the broader older hypertensive population due
to regional differences in medical resources, culture, and
patient behavior. Third, measuring patient engagement solely
by the frequency of completed measurements overlooks its
multidimensional nature, including interactions with health
care providers and self-management plan implementation.
Future research should incorporate these factors for a more

comprehensive understanding. We plan to conduct multicen-
ter studies with extended follow-up to better assess the
mHealth intervention’s impact.
Conclusions
In conclusion, our study demonstrates the positive impact
of patient engagement on hypertension management in older
adults through a 12-month mHealth intervention, using
LGCMs and repeated measure data from 5 time points. The
influence not only persisted throughout the 12-month research
period but also increased over time. The results stress
the importance of integrating patient-centered engagement
approaches into mHealth programs designed for chronic
disease management in aging populations.

Acknowledgments
We appreciate the efforts of all staff in data collection, data entry, and reporting in the monitoring communities. We
acknowledge and thank the managers of the Health Monitoring Program in the above monitoring areas: Xiang Huang,
Sanxiang Community Health Service Center of Zhongshan, Zhongshan, China; Jiezhen Feng, Sanxiang Community Health
Service Center of Zhongshan, Zhongshan, China; Xiasan Wang, Banfu Community Health Service Center of Zhongshan,
Zhongshan, China; Caibao Jiang, Banfu Community Health Service Center of Zhongshan, Zhongshan, China; Lili Pan,
Henglan Community Health Service Center of Zhongshan, Zhongshan, China; Lihua Tan, Minzhong Community Health
Service Center of Zhongshan, Zhongshan, China; Hongzhou Zhang, Nantou Community Health Service Center of Zhongshan,
Zhongshan, China; and Haitao Peng, Wuguishan Community Health Service Center of Zhongshan, Zhongshan, China. This
study was supported by grants from the Natural Science Foundation of Guangdong Province, China (2023A1515011951 and
2022A1515011237).
Data Availability
The data presented in this study are not publicly available due to issues of participant confidentiality but are available on
request from the corresponding author. Due to the need for specific home blood pressure monitoring devices, the app is not
currently publicly available for download and is only used by patients in the study cohort.
Authors’ Contributions
JZ initiated the study and contributed to the methodological design and research coordination. NZ, HL, XW, YZ, QP, and XZ
collected and managed data and conducted quality control. NZ, JY, and HL performed the statistical analysis. NZ drafted the
paper. NZ, HL, CD, SY, YG, and JZ provided an expert review of the paper. JZ supervised the study. All authors have read the
final version of the paper and approved the submission.
Conflicts of Interest
None declared.
References
1. Bennett JE, Stevens GA, Mathers CD, et al. NCD Countdown 2030: worldwide trends in non-communicable disease

mortality and progress towards Sustainable Development Goal target 3.4. Lancet. Sep 2018;392(10152):1072-1088. [doi:
10.1016/S0140-6736(18)31992-5] [Medline: 29784147]

2. Tsao CW, Aday AW, Almarzooq ZI, et al. Heart Disease and Stroke Statistics-2022 update: a report from the American
Heart Association. Circulation. Feb 22, 2022;145(8):e153-e639. [doi: 10.1161/CIR.0000000000001052] [Medline:
35078371]

3. Jayedi A, Soltani S, Abdolshahi A, Shab-Bidar S. Healthy and unhealthy dietary patterns and the risk of chronic disease:
an umbrella review of meta-analyses of prospective cohort studies. Br J Nutr. Dec 14, 2020;124(11):1133-1144. [doi: 10.
1017/S0007114520002330] [Medline: 32600500]

4. Abdisa L, Balis B, Shiferaw K, et al. Self-care practices and associated factors among hypertension patients in public
hospitals in Harari regional state and Dire Dawa City administration, Eastern Ethiopia: a multi-center cross-sectional
study. Front Public Health. 2022;10:911593. [doi: 10.3389/fpubh.2022.911593] [Medline: 35991019]

5. Whelton PK, Carey RM, Aronow WS, et al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/
PCNA Guideline for the Prevention, Detection, Evaluation, and Management of High Blood Pressure in Adults: a report
of the American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines.
Hypertension. Jun 2018;71(6):e13-e115. [doi: 10.1161/HYP.0000000000000065] [Medline: 29133356]

JOURNAL OF MEDICAL INTERNET RESEARCH Zhang et al

https://www.jmir.org/2025/1/e71668 J Med Internet Res 2025 | vol. 27 | e71668 | p. 10
(page number not for citation purposes)

https://doi.org/10.1016/S0140-6736(18)31992-5
http://www.ncbi.nlm.nih.gov/pubmed/29784147
https://doi.org/10.1161/CIR.0000000000001052
http://www.ncbi.nlm.nih.gov/pubmed/35078371
https://doi.org/10.1017/S0007114520002330
https://doi.org/10.1017/S0007114520002330
http://www.ncbi.nlm.nih.gov/pubmed/32600500
https://doi.org/10.3389/fpubh.2022.911593
http://www.ncbi.nlm.nih.gov/pubmed/35991019
https://doi.org/10.1161/HYP.0000000000000065
http://www.ncbi.nlm.nih.gov/pubmed/29133356
https://www.jmir.org/2025/1/e71668


6. Peyroteo M, Ferreira IA, Elvas LB, Ferreira JC, Lapão LV. Remote monitoring systems for patients with chronic
diseases in primary health care: systematic review. JMIR Mhealth Uhealth. Dec 21, 2021;9(12):e28285. [doi: 10.2196/
28285] [Medline: 34932000]

7. Skou ST, Mair FS, Fortin M, et al. Multimorbidity. Nat Rev Dis Primers. Jul 14, 2022;8(1):48. [doi: 10.1038/s41572-
022-00376-4] [Medline: 35835758]

8. He W, Cao L, Liu R, Wu Y, Zhang W. Factors associated with internet use and health information technology use among
older people with multi-morbidity in the United States: findings from the National Health Interview Survey 2018. BMC
Geriatr. Sep 6, 2022;22(1):733. [doi: 10.1186/s12877-022-03410-y] [Medline: 36068502]

9. Choi N. Relationship between health service use and health information technology use among older adults: analysis of
the US National Health Interview Survey. J Med Internet Res. Apr 20, 2011;13(2):e33. [doi: 10.2196/jmir.1753]
[Medline: 21752784]

10. Jiang H, Lin B, Liu Z, et al. Patient engagement in rehabilitation: an evolutionary concept analysis. Clin Rehabil. Feb
2025;39(2):224-235. [doi: 10.1177/02692155241309188] [Medline: 39985293]

11. Moore A, Chavez C, Fisher MP. Factors enhancing trust in electronic communication among patients from an internal
medicine clinic: qualitative results of the RECEPT study. J Gen Intern Med. Sep 2022;37(12):3121-3127. [doi: 10.1007/
s11606-021-07345-9] [Medline: 35048293]

12. Sextl-Plötz T, Steinhoff M, Baumeister H, Cuijpers P, Ebert DD, Zarski AC. A systematic review of predictors and
moderators of treatment outcomes in internet- and mobile-based interventions for depression. Internet Interv. Sep
2024;37:100760. [doi: 10.1016/j.invent.2024.100760] [Medline: 39139716]

13. Lv N, Xiao L, Simmons ML, Rosas LG, Chan A, Entwistle M. Personalized hypertension management using patient-
generated health data integrated with electronic health records (EMPOWER-H): six-month pre-post study. J Med
Internet Res. Sep 19, 2017;19(9):e311. [doi: 10.2196/jmir.7831] [Medline: 28928111]

14. Milani AR, Lavie CJ, Bober RM, Milani AR, Ventura HO. Improving hypertension control and patient engagement
using digital tools. Am J Med. Jan 2017;130(1):14-20. [doi: 10.1016/j.amjmed.2016.07.029] [Medline: 27591179]

15. Anthony CA, Polgreen LA, Chounramany J, et al. Outpatient blood pressure monitoring using bi-directional text
messaging. J Am Soc Hypertens. May 2015;9(5):375-381. [doi: 10.1016/j.jash.2015.01.008] [Medline: 25771023]

16. Ammenwerth E, Woess S, Baumgartner C, et al. Evaluation of an integrated telemonitoring surveillance system in
patients with coronary heart disease. Methods Inf Med. 2015;54(5):388-397. [doi: 10.3414/ME15-02-0002] [Medline:
26395147]

17. Kovell LC, Bothwick V, McCabe P, et al. Patterns of adherence to home blood pressure monitoring among older adults
with ischemic heart disease: an analysis from the RESILIENT trial of mobile health cardiac rehabilitation. J Cardiopulm
Rehabil Prev. Jan 1, 2025;45(1):57-64. [doi: 10.1097/HCR.0000000000000911] [Medline: 39602435]

18. Morawski K, Ghazinouri R, Krumme A, et al. Association of a smartphone application with medication adherence and
blood pressure control: the MedISAFE-BP Randomized Clinical Trial. JAMA Intern Med. Jun 1, 2018;178(6):802-809.
[doi: 10.1001/jamainternmed.2018.0447] [Medline: 29710289]

19. Grijpma JW, Mak-van der Vossen M, Kusurkar RA, Meeter M, de la Croix A. Medical student engagement in small-
group active learning: a stimulated recall study. Med Educ. Apr 2022;56(4):432-443. [doi: 10.1111/medu.14710]
[Medline: 34888913]

20. Wu D, An J, Yu P, et al. Patterns for patient engagement with the hypertension management and effects of electronic
health care provider follow-up on these patterns: cluster analysis. J Med Internet Res. Sep 28, 2021;23(9):e25630. [doi:
10.2196/25630] [Medline: 34581680]

21. Hanano M, Rith-Najarian L, Boyd M, Chavira D. Measuring adherence within a self-guided online intervention for
depression and anxiety: secondary analyses of a randomized controlled trial. JMIR Ment Health. Mar 28,
2022;9(3):e30754. [doi: 10.2196/30754] [Medline: 35343901]

22. Burks C, Shimbo D, Bowling CB. Long-term monitoring of blood pressure in older adults. Clin Geriatr Med. Nov
2024;40(4):573-583. [doi: 10.1016/j.cger.2024.04.009]

23. de Souza Ferreira E, de Aguiar Franco F, Dos Santos Lara MM, et al. The effectiveness of mobile application for
monitoring diabetes mellitus and hypertension in the adult and elderly population: systematic review and meta-analysis.
BMC Health Serv Res. Aug 12, 2023;23(1):855. [doi: 10.1186/s12913-023-09879-6] [Medline: 37573312]

24. Searcy RP, Summapund J, Estrin D, et al. Mobile health technologies for older adults with cardiovascular disease:
current evidence and future directions. Curr Geri Rep. Mar 2019;8(1):31-42. [doi: 10.1007/s13670-019-0270-8]

25. Fitzmaurice GM, Laird NM, Ware JH. Applied Longitudinal Analysis. Wiley; 2011. [doi: 10.1002/9781119513469]
ISBN: 978-1-119-51346-9

26. Donkin L, Christensen H, Naismith SL, Neal B, Hickie IB, Glozier N. A systematic review of the impact of adherence
on the effectiveness of e-therapies. J Med Internet Res. Aug 5, 2011;13(3):e52. [doi: 10.2196/jmir.1772] [Medline:
21821503]

JOURNAL OF MEDICAL INTERNET RESEARCH Zhang et al

https://www.jmir.org/2025/1/e71668 J Med Internet Res 2025 | vol. 27 | e71668 | p. 11
(page number not for citation purposes)

https://doi.org/10.2196/28285
https://doi.org/10.2196/28285
http://www.ncbi.nlm.nih.gov/pubmed/34932000
https://doi.org/10.1038/s41572-022-00376-4
https://doi.org/10.1038/s41572-022-00376-4
http://www.ncbi.nlm.nih.gov/pubmed/35835758
https://doi.org/10.1186/s12877-022-03410-y
http://www.ncbi.nlm.nih.gov/pubmed/36068502
https://doi.org/10.2196/jmir.1753
http://www.ncbi.nlm.nih.gov/pubmed/21752784
https://doi.org/10.1177/02692155241309188
http://www.ncbi.nlm.nih.gov/pubmed/39985293
https://doi.org/10.1007/s11606-021-07345-9
https://doi.org/10.1007/s11606-021-07345-9
http://www.ncbi.nlm.nih.gov/pubmed/35048293
https://doi.org/10.1016/j.invent.2024.100760
http://www.ncbi.nlm.nih.gov/pubmed/39139716
https://doi.org/10.2196/jmir.7831
http://www.ncbi.nlm.nih.gov/pubmed/28928111
https://doi.org/10.1016/j.amjmed.2016.07.029
http://www.ncbi.nlm.nih.gov/pubmed/27591179
https://doi.org/10.1016/j.jash.2015.01.008
http://www.ncbi.nlm.nih.gov/pubmed/25771023
https://doi.org/10.3414/ME15-02-0002
http://www.ncbi.nlm.nih.gov/pubmed/26395147
https://doi.org/10.1097/HCR.0000000000000911
http://www.ncbi.nlm.nih.gov/pubmed/39602435
https://doi.org/10.1001/jamainternmed.2018.0447
http://www.ncbi.nlm.nih.gov/pubmed/29710289
https://doi.org/10.1111/medu.14710
http://www.ncbi.nlm.nih.gov/pubmed/34888913
https://doi.org/10.2196/25630
http://www.ncbi.nlm.nih.gov/pubmed/34581680
https://doi.org/10.2196/30754
http://www.ncbi.nlm.nih.gov/pubmed/35343901
https://doi.org/10.1016/j.cger.2024.04.009
https://doi.org/10.1186/s12913-023-09879-6
http://www.ncbi.nlm.nih.gov/pubmed/37573312
https://doi.org/10.1007/s13670-019-0270-8
https://doi.org/10.1002/9781119513469
https://doi.org/10.2196/jmir.1772
http://www.ncbi.nlm.nih.gov/pubmed/21821503
https://www.jmir.org/2025/1/e71668


27. Sanatkar S, Baldwin PA, Huckvale K, et al. Using cluster analysis to explore engagement and e-attainment as emergent
behavior in electronic mental health. J Med Internet Res. Nov 28, 2019;21(11):e14728. [doi: 10.2196/14728] [Medline:
31778115]

28. National basic public health service specifications [Web page in Chinese]. National Health and Family Planning
Commission of the People’s Republic of China. URL: http://www.nhc.gov.cn/ewebeditor/uploadfile/2017/04/
20170417104506514.pdf [Accessed 2025-07-22]

29. The China Blood Pressure Measurement Working Group. China blood pressure measurement instrument. Chin J
Hypertens. 2011;19(12):1101-1115. [doi: 10.16439/j.cnki.1673-7245.2011.12.004]

30. Gazzola K, Honingh M, Truijen J, Zuliani G, Van Den Born BJH. Effect of anticipation and cuff inflation on blood
pressure during self-measurement. J Hypertens (Los Angel). 2018;36(9):1798-1802. [doi: 10.1097/HJH.
0000000000001775]

31. Liu Y, Ren M, Wang Z, et al. Comparative analysis of recommendations for timing and frequency of home blood
pressure monitoring in clinical practice guidelines. Med J Peking Union Med Coll Hosp. 2023(2):399-408. [doi: 10.
12290/xhyxzz.2022-0664]

32. Cao W, Milks MW, Liu X, et al. mHealth interventions for self-management of hypertension: framework and systematic
review on engagement, interactivity, and tailoring. JMIR Mhealth Uhealth. Mar 2, 2022;10(3):e29415. [doi: 10.2196/
29415] [Medline: 35234655]

33. Chinese Society of Cardiology, Chinese Medical Association, Hypertension Committee of Cross-Straits Medicine
Exchange Association, Cardiovascular Disease Prevention and Rehabilitation Committee, Chinese Association of
Rehabilitation Medicine. Clinical practice guidelines for the management of hypertension in China. Zhonghua Xin Xue
Guan Bing Za Zhi. Sep 24, 2024;52(9):985-1032. [doi: 10.3760/cma.j.cn112148-20240709-00377] [Medline: 39289992]

34. Bollen KA, Curran PJ. Latent Curve Models: A Structural Equation Perspective. 1st ed. Wiley; 2005. [doi: 10.1002/
0471746096] ISBN: 978-0-471-45592-9

35. Hu L, Bentler PM. Cutoff criteria for fit indexes in covariance structure analysis: conventional criteria versus new
alternatives. Struct Equ Modeling. Jan 1999;6(1):1-55. [doi: 10.1080/10705519909540118]

36. Beintner I, Vollert B, Zarski AC, et al. Adherence reporting in randomized controlled trials examining manualized
multisession online interventions: systematic review of practices and proposal for reporting standards. J Med Internet
Res. Aug 15, 2019;21(8):e14181. [doi: 10.2196/14181] [Medline: 31414664]

37. Fuhr K, Schröder J, Berger T, et al. The association between adherence and outcome in an Internet intervention for
depression. J Affect Disord. Mar 15, 2018;229:443-449. [doi: 10.1016/j.jad.2017.12.028] [Medline: 29331706]

38. Leeman J, Wiecha JL, Vu M, et al. School health implementation tools: a mixed methods evaluation of factors
influencing their use. Implement Sci. Mar 20, 2018;13(1):48. [doi: 10.1186/s13012-018-0738-5] [Medline: 29558964]

39. Koehler F, Koehler K, Deckwart O, et al. Efficacy of telemedical interventional management in patients with heart
failure (TIM-HF2): a randomised, controlled, parallel-group, unmasked trial. Lancet. Sep 22,
2018;392(10152):1047-1057. [doi: 10.1016/S0140-6736(18)31880-4] [Medline: 30153985]

40. Albasha N, Ahern L, O’Mahony L, et al. Implementation strategies to support fall prevention interventions in long-term
care facilities for older persons: a systematic review. BMC Geriatr. Jan 25, 2023;23(1):47. [doi: 10.1186/s12877-023-
03738-z] [Medline: 36698065]

41. Goyal S, Morita PP, Picton P, Seto E, Zbib A, Cafazzo JA. Uptake of a consumer-focused mhealth application for the
assessment and prevention of heart disease: The <30 days study. JMIR Mhealth Uhealth. Mar 24, 2016;4(1):e32. [doi:
10.2196/mhealth.4730] [Medline: 27012937]

42. Bradley CK, Choi E, Abdalla M, et al. Use of different blood pressure thresholds to reduce the number of home blood
pressure monitoring days needed for detecting hypertension. Hypertension. Oct 2023;80(10):2169-2177. [doi: 10.1161/
HYPERTENSIONAHA.123.21118] [Medline: 37577827]

Abbreviations
HBPM: home blood pressure monitor
LGCM: latent growth curve model
mHealth: mobile health

Edited by Andrew Coristine; peer-reviewed by Hongmei Yu, Sidan Du, Wenhao Qi; submitted 23.01.2025; final revised
version received 23.05.2025; accepted 28.05.2025; published 31.07.2025

Please cite as:
Zhang N, Lin H, Wu X, Zheng Y, Yin J, Ding C, Pan Q, Yang S, Luo H, Zou X, Ge Y, Zhang J

JOURNAL OF MEDICAL INTERNET RESEARCH Zhang et al

https://www.jmir.org/2025/1/e71668 J Med Internet Res 2025 | vol. 27 | e71668 | p. 12
(page number not for citation purposes)

https://doi.org/10.2196/14728
http://www.ncbi.nlm.nih.gov/pubmed/31778115
http://www.nhc.gov.cn/ewebeditor/uploadfile/2017/04/20170417104506514.pdf
http://www.nhc.gov.cn/ewebeditor/uploadfile/2017/04/20170417104506514.pdf
https://doi.org/10.16439/j.cnki.1673-7245.2011.12.004
https://doi.org/10.1097/HJH.0000000000001775
https://doi.org/10.1097/HJH.0000000000001775
https://doi.org/10.12290/xhyxzz.2022-0664
https://doi.org/10.12290/xhyxzz.2022-0664
https://doi.org/10.2196/29415
https://doi.org/10.2196/29415
http://www.ncbi.nlm.nih.gov/pubmed/35234655
https://doi.org/10.3760/cma.j.cn112148-20240709-00377
http://www.ncbi.nlm.nih.gov/pubmed/39289992
https://doi.org/10.1002/0471746096
https://doi.org/10.1002/0471746096
https://doi.org/10.1080/10705519909540118
https://doi.org/10.2196/14181
http://www.ncbi.nlm.nih.gov/pubmed/31414664
https://doi.org/10.1016/j.jad.2017.12.028
http://www.ncbi.nlm.nih.gov/pubmed/29331706
https://doi.org/10.1186/s13012-018-0738-5
http://www.ncbi.nlm.nih.gov/pubmed/29558964
https://doi.org/10.1016/S0140-6736(18)31880-4
http://www.ncbi.nlm.nih.gov/pubmed/30153985
https://doi.org/10.1186/s12877-023-03738-z
https://doi.org/10.1186/s12877-023-03738-z
http://www.ncbi.nlm.nih.gov/pubmed/36698065
https://doi.org/10.2196/mhealth.4730
http://www.ncbi.nlm.nih.gov/pubmed/27012937
https://doi.org/10.1161/HYPERTENSIONAHA.123.21118
https://doi.org/10.1161/HYPERTENSIONAHA.123.21118
http://www.ncbi.nlm.nih.gov/pubmed/37577827
https://www.jmir.org/2025/1/e71668


Impact of Patient Engagement on Blood Pressure Control Among Older Individuals With Hypertension in a Mobile Health
Intervention: Longitudinal Analysis Using Latent Growth Curve Modeling
J Med Internet Res 2025;27:e71668
URL: https://www.jmir.org/2025/1/e71668
doi: 10.2196/71668

© Nanxiang Zhang, Hai Lin, Xichun Wu, Yongjun Zheng, Jianan Yin, Chonglong Ding, Qi Pan, Shuo Yang, Hao Luo, Xinyan
Zou, Yingfeng Ge, Jinxin Zhang. Originally published in the Journal of Medical Internet Research (https://www.jmir.org),
31.07.2025. This is an open-access article distributed under the terms of the Creative Commons Attribution License (https://
creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided
the original work, first published in the Journal of Medical Internet Research (ISSN 1438-8871), is properly cited. The
complete bibliographic information, a link to the original publication on https://www.jmir.org/, as well as this copyright and
license information must be included.

JOURNAL OF MEDICAL INTERNET RESEARCH Zhang et al

https://www.jmir.org/2025/1/e71668 J Med Internet Res 2025 | vol. 27 | e71668 | p. 13
(page number not for citation purposes)

https://www.jmir.org/2025/1/e71668
https://doi.org/10.2196/71668
https://www.jmir.org
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.jmir.org/
https://www.jmir.org/2025/1/e71668

	Impact of Patient Engagement on Blood Pressure Control Among Older Individuals With Hypertension in a Mobile Health Intervention: Longitudinal Analysis Using Latent Growth Curve Modeling
	Introduction
	Methods
	Study Design
	Description of the mHealth Intervention
	Patients
	Measurement
	Statistical Analysis
	Ethical Considerations

	Results
	Baseline Characteristics
	Change in Blood Pressure and Patient Engagement Over Time
	Unconditional LGCM
	Conditional LGCM

	Discussion
	Principal Findings
	Lessons Learned
	Relationship Between Patient Engagement and Health Improvements
	Patient Engagement
	Limitations
	Conclusions



