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The increasing prevalence of chronic kidney disease (CKD) is a public
health burden in the world, as well as in Thailand. Self-management strategies can
effective prevent the progression of chronic diseases. This randomized controlled
experimental study examined the effectiveness of self-management and family
management support in combination with the mHealth application program in
persons with stage 3 CKD.

The 40 patients with stage 3 CKD and their family members were
recruited between November 2020 and 2021. They were randomly allocated into
either the experimental (n = 20) or control group (n = 20). The control group received
the usual care, while the experimental group received the program in addition to the
usual care. Four sessions of the program were carried out over four weeks, including
pre-intervention (week 1), post-intervention (week 4), and follow-up (week 16)
periods. Two-way repeated measures ANOVA and an independent t-test were used.

According to the results, there were statistically significant differences in
the interaction effects (time*group) as evidenced by the mean score for self-
management behaviors, SBP, and DBP. The participants in the experimental group
had better self-management behaviors and DBP than those in the control group at the
follow-up (F(1, 38) =6.276, p <.05; F(1, 38) = 7.521, p < .05, respectively).

Furthermore, there was a significant improvement of both self-
management behaviors and SBP in the experimental group across pre-intervention
and follow-up (Mugiff = -13.550, p <.05; Mgisr = 10.350, p < .05, respectively).



This program has shown a statistically significant increase in self-
management behavior and a decrease in BP over time, particularly in week 16.
Consequently, the mHealth application should be integrated into current nursing
practice to improve outcomes for those with stage 3 CKD. Long-term studies should

be carried out to test the sustainability of the findings.
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CHAPTER 1
INTRODUCTION

Background and significance

Chronic kidney disease (CKD) is a non-communicable disease (NCD) with
growing prevalence as a global public health problem, including Thailand. CKD is
defined as abnormalities of kidney structure or function. It may be with or without
decreased glomerular filtration rate (GFR) [GFR < 60 ml/min/1.73 m? for > 3 months],
and with or without kidney damage (KDIGO, 2013). CKD can be classified into 5
stages, follow the value of eGFR. It is a significant risk factor for cardiovascular
disease, which causes premature death. The global prevalence of CKD at all stages
are 11% to 13%, and most cases (approximately 7.6%) are in stage 3 (eGFR 30-59
ml/min/1.73 m?) (Hill et al., 2016). In Thailand, a high prevalence of adult patients
with CKD is reported (17.5%), and most of them (7.5%) are in stage 3 (Ingsathit et al.,

2010). CKD stage 3 can rapidly progress to end-stage renal disease (ESRD) if patients
continue to perform unhealthy behaviors and fail to adhere to therapeutic regimens.

Currently, there are 170,774 ESRD cases treated with renal replacement
therapy (RRT) or accounted for 2,580 cases per million populations (The Nephrology
Society of Thailand, 2020). Its incidence continuously increases by 15%-20% per
year. (The Nephrology Society of Thailand, 2015). The predicted numbers of patients
on RRT corresponded to an annual growth rate of 7.2%-7.4% for continuous
ambulatory peritoneal dialysis (CAPD) and hemodialysis (HD) and 4.8% for a kidney
transplant (KT) (Thammatacharee & Suphanchaimat, 2020). The rapid increase of
number of ESRD patients is considered a major public health problem that affects not
only physical, mental, social, economic aspect of patients but also health insurance
system of Thailand.

The cost of dialysis rapidly increases from 160 to 3,900 million Thai Baht
within five years (2008 to 2012), and continues to rise to 7,529 million Thai Baht in the
fiscal year 2017 of National Health Security Office (NHSO, 2017). This is the highest
budget for specific disease treatment in universal health coverage scheme (UCS) in
Thailand (Tangcharoensathien et al., 2015; Tantivess et al., 2013). In addition, patients



with ESRD who receive dialysis as a treatment are suffered either from physical
symptoms, namely, excessive tiredness, sleep disturbance, and pain in bones/joints
(Brown et al., 2017; Senanayake, 2017) or from psychological problems including
anxiety and depression (Schouten et al., 2019; Vasilopoulou et al., 2015). This leads
to a diminished quality of life (Ishiwatari et al., 2020; Joshi et al., 2017) and is associated
with an increased risk for future hospitalization (Hickson et al., 2018; Molnar et al.,
2018) and mortality rate (Chongthanakorn, 2018; Sanyang & Sambou, 2020).

The prevalence of CKD and its effects on health outcomes and economic
impact have made a national concern. In 2013, Ministry of Public Health (MOPH)
has formulated a policy of service plan for kidney disease 2013 to 2017 for preventing
and delaying the progression of CKD (MOPH, 2013). The strategy related to self-
management has been frequently used to achieve this goal. Self-management is not
only a concept broadly adopted in many countries as a key action but also an essential
strategy for improving chronic care at all ages (Wagner, 1998; Wagner et al., 1996).
Self-management is also a dynamic, interactive, and daily decision-making process
in which individuals engage in activities that help them manage and control chronic
illness (Barlow et al., 2002; Lorig & Holman, 2003). It has a procedure to make
certain behavioral changes over a prolonged period of time supported by health care
providers to control and monitor their chronic disease in daily life (Creer, 2000).

According the Individual and Family Self-Management Theory (IFSMT)
of Ryan and Sawin (2009), individuals and family members with self-management
behaviors tend to improve their health outcomes. They also assume responsibility of
self-management of chronic conditions or engage in healthy behaviors by purposefully
performing a cluster of learned behaviors. Living with a condition or engagement
in healthy behaviors is complex and requires integration of self-management
behaviors with lifestyles of individuals and family members. For CKD patients,
self-management is defined as their positive efforts to oversee and participate in their
health care that aims not only to optimize health and prevent complications but also
to control symptoms. It also encourages them to change towards healthy lifestyles and
to maintain their health condition (Curtin & Mapes, 2001). Five components of self-

management behaviors in CKD patients to be measured include (1) self-care activities,



(2) medication adherence, (3) communication with health care providers, (4) self-
advocacy, and (5) partnership in care (Curtin et al., 2008).

Self-management in CKD patients have revealed positive outcomes, which
are classified into the following four groups: 1) clinical outcomes such as blood
pressure (BP), estimate glomerular filtration rate (eGFR), serum creatinine, urine
protein, body weight, body mass index (BMI), and hemoglobin A1C (Chen et al.,
2018; Lin et al., 2013; Timmerman et al., 2017); 2) behavioral outcomes e.g., self-
care activity, self-management behaviors, medication adherence, communication
between patient and providers (Chen et al., 2018; Havas et al., 2018; Lin et al., 2013;
Walker et al., 2013); 3) cognitive outcomes including knowledge, and perceived self-
efficacy (Donald et al., 2018); and 4) quality of life (Blakeman et al., 2014; He et al.,
2017; Lee et al., 2016).

However, for patients with CKD stage 3, the essential outcomes that need to
be improved in order to prevent the progression of the disease are self-management
behaviors, kidney function or eGFR, and BP (Gonzélez et al., 2020; Peng et al., 2019;
Zimbudzi et al., 2018). From the literature review, the problem of patients with
early-stage CKD was a low level of self-management behavior (Sritarapipat et al.,
2012) to a moderate level (Photharos, 2017). The lowest scores of self-management
behaviors are in the components of self-advocacy, partnership in care, and
communication with health providers, respectively (Curtin et al., 2008; Krajachan
et al., 2018; Sritarapipat et al., 2012). Furthermore, 15% of CKD patients had a low
level of medication adherence (Cedillo-Couvert et al., 2018). It is a very important
factor that causes disease progression that is reflected by the decline of eGFR.

eGFR is the best test to measure the level of kidney function and determines
the stage of kidney disease, which can be calculated from results of serum creatinine,
age, body size, and gender. Thus, eGFR is recommended for routine use for kidney
function assessment in clinical practice (KDIGO, 2013). The purpose of slowing the
deterioration of kidney function is to prevent the loss of eGFR over 4 ml/min/1.73
m?/year (MOPH, 2013; Thanakitjaru, 2015). Achievement of this goal can delay the
need for dialysis in CKD patients for approximately 7 to 14 years (Jiamjariyapon
etal., 2017; Leesmidt, 2016). However, the research in Thailand found that 45.1%



of patients with stage 1-3b CKD have a rapid progress (Srina et al., 2018). The factors
that predict the rapid kidney function decline are previous cardiovascular disease,

low serum albumin, high proteinuria, low and high BMI, and high systolic BP (Srina
et al., 2018; Vigil et al., 2015).

High BP is a vital factor damaging glomerulus and nephron. It causes
protein leak in urine and reduces eGFR. Therefore, control of BP within the criteria
(less than 130/80 mmHg) is important to slow progression of disease. Moreover, the
reduction of cardiovascular disease risk which is the leading cause of premature death
in CKD patients can delay the disease progress (ACC/AHA, 2017; KDIGO, 2012),
The study on BP control in CKD stage 3 (Schneider et al., 2018) has found that the
prevalence of hypertension in CKD patients is 96.2%. However, only 49.3% of them
successfully control their BP. Thus, BP control in CKD patients remains a challenging
issue even in the setting of nephrology specialist care.

A review of the literature shows that healthcare providers have developed
a program to improve self-management behaviors and clinical outcomes for early-
stage CKD. It usually has the following components: (1) use of theory related
behavior modification to guide study designs and program development such as
self-regulation, health literacy, person-centered care, social-cognitive theory, and
individual and family self-management theory, (2) a multidisciplinary team approaches
to provide comprehensive care, and (3) delivery of interventions by face-to-face
interaction integrated with IT devices to transfer knowledge and encourage patients to
perform self-management behaviors continuing especially mobile phone (Blakeman
et al., 2014; Havas et al., 2018; Jiamjariyapon et al., 2017; Lin et al., 2013; Seephom
et al., 2014; Walker et al., 2013).

Moreover, key self-management processes that maintain self-management
behaviors include social facilitation (e.g., social influence and social support). The
social influence is a message in which respectful persons in positions with authority
and expert in advising and encouraging patients to engage in healthy behaviors and
maintain health management. These respectful persons might be family members with
indirect effects on self-management behaviors (Photharos et al., 2018). Furthermore,
social support, which is considered crucial in providing instrumental or information

support to a person or family, has the explicit goal of assisting or facilitating the



engagement in health behaviors (Ryan & Sawin, 2009). Although the family member
is a key person assisting patient with CKD to engage and maintain self-management
behaviors, the lack of their involvement during intervention delivery has been
reported (Welch, 2015).

The majority of the management of chronic conditions takes place in the
everyday home setting; therefore, family can be highly influential on individual
behaviors (Ory et al., 2013). A good family functioning can lead to improved self-care
confidence and autonomous motivation for medications and diet adherence (Stamp et
al., 2016). Also, the family is the key in constructing the conductive environment for
family engagement and support. Adaptation within the family includes maintenance
of cohesion between family members, normalization and contextualization of the
chronic condition (Whitehead et al., 2017). Therefore, the participation of family
members in self-management support program for persons with CKD is imperative.

IFSMT guides intervention because it is a dynamic phenomenon consisting
of three dimensions: context, process, outcomes. Factors in contextual dimension
influence individual and family engagement in self-management process resulting
in more positive outcomes for chronic disease patients (Ryan & Sawin, 2009).
According to an experimental research review based on this theory, it was found that,
after receiving self-management program, participants with chronic diseases had
significantly better health behaviors and clinical outcomes (Kaewsongk et al., 2018;
Seephom et al., 2014).

Currently, health services have changed rapidly with the adoption of
information communication technology (ICT) to support health care practice.
According to Thailand 4.0 Policy that focuses on innovation-driven economy, Health
4.0 is adapted by health care sector as well (MOPH, 2018). From Thailand 4.0 to
Health 4.0, it is essential to integrate electronic health (eHealth) strategy with a
framework in the same direction towards a long-term success. eHealth is a health care
practice supported by electronic processes and communications, and encompasses
a range of services or systems that are at the edge of medicine/health care and
information technology. It consists of eight components (MOPH, 2017), one of which
is mobile health (mHealth).



mHealth is defined by WHO as a medical and public health practice supported
by mobile devices such as mobile/smartphones, patient monitoring devices, personal
digital assistants (PDAs) and other wireless devices. It is increasingly used in health
care and public health practice for communication, data collection, patient
monitoring, and education. It facilitates adherence to chronic disease management
(WHO, 2011). The results of previous systematic reviews showed that mHealth
interventions were effective for improving self-management behaviors, treatment
adherence, and disease-specific clinical outcomes for patients with chronic diseases
such as diabetes mellitus, hypertension, stroke, asthma, and CKD (Hamine et al.,
2015; Kosa et al., 2019; Nakhornriab et al., 2017; Yi et al., 2018).

Ong and colleagues have developed a smartphone-based system to boost
self-management for patients with advanced-stage CKD and integrated its use with
usual care (Ong et al., 2016). The system comprises four functions, namely, BP
monitoring, medication management, symptom assessment, and laboratory result
tracking. The prebuilt customizable algorithms provide real-time personalized
feedbacks and alerts of patients to providers when pre-defined treatment thresholds
are crossed; or critical changes have occurred. The results showed that there was a

high number of patients adherence to sustainable smartphone use. The smartphone

program is able to reduce BP at a statistically significant level and to detect
medication errors. Patients said that they felt more confident in controlling their
conditions, while clinicians perceived patients to be better informed and more
engaged (Ong et al., 2016). In addition, the study of Chen et al. (2018) developed
mHealth for communications between the nephrologist and early-stage CKD patients.
In spite of its results showing a significant correlation between average daily usage
and physician-patient conversation, there was no statistical significance in light of
improved clinical outcomes such as urine protein, BMI, BP, and eGFR.

A previous study found that various effective self-management programs
could improve self-management behaviors of early-stage CKD patients after
completing the program. However, they were unable to maintain long-term self-
management behaviors (Lin et al., 2013). The lack of family member’s involvement
in self-management program (Welch, 2015) was also reported as the remaining
problem. Although mHealth application was used in self-management program, it had



few impacts on outcomes and had no function to monitor self-management behaviors
of patients with early-stage CKD (Chen et al., 2018). It is a challenge for health care
providers to effectively develop and implement such program in era of IT advancement
in line with electronic health (eHealth) strategy of Thailand’s Ministry of Public
Health 2017 to 2026 (MOPH, 2017).

According to literature review, there is a limit number of a randomized
controlled trial (RCT) studies integrated with IT devices to support self-management
in CKD patients (Lee et al., 2018), mainly in stage 3. At this stage, patients have no
symptoms which affect their daily life resulting in their unawareness of changes in
self-management behaviors. Also, most patients with CKD stage 3 may develop into
ESRD patients if they live without effective self-management behaviors. Therefore,
the researcher will conduct RCT study that aims to develop and examine the effectiveness
of self-and family management support combined with the mHealth application
among patients with CKD stage 3. This program is created from the synthesis of
evidence-based practice and supported by IFSMT of Ryan and Sawin (2009). Family
members are invited to participate in program activities, help patients use mHealth
application, and support self-management in daily life. The research activities will be
carried out in conjunction with multidisciplinary approach, which is the usual care.
The researcher expects that this program will generate good outcomes for patients
with CKD stage 3. They will be able to improve self-management behaviors, control
BP, and prevent the decline of eGFR.

Research Objectives

The effectiveness of self-and family management support combined with the
mHealth application among persons with CKD stage 3 is examined as follows:

1. To compare mean scores of self-management behaviors and BP between
the experimental and control groups at pre-intervention (week 1), post-intervention
(week 4), and follow-up (week 16).

2. To compare mean scores of eGFR between the experimental and control

groups at pre-intervention (week 1) and follow-up (week 16).



3. To compare mean scores of self-management behaviors and BP within the
experimental group at pre-intervention (week 1), post-intervention (week 4), and

follow-up (week 16).

Research Hypotheses

1. The participants in the experimental group have significantly higher mean
scores of self-management behaviors than those in the control group in post-
intervention (week 4) and follow-up (week 16) periods.

2. The participants in the experimental group have significantly lower mean
scores of SBP and DBP than those in the control group in post-intervention (week 4)
and follow-up (week 16) periods.

3. The participants in the experimental group have a significantly higher mean
score of eGFR than those in the control group in follow-up (week 16) periods.

4. For the experimental group, mean scores of self-management behaviors in
post-intervention (week 4) and follow-up (week 16) sessions are significantly higher
than those in pre-intervention (week 1) periods.

5. For the experimental group, mean scores of SBP and DBP in post-intervention
(week 4) and follow-up (week 16) are significantly lower than those in pre-intervention

(week 1) periods.

Conceptual Framework of the Study

This research conceptual framework was developed based on the theory of
Individual and Family Self-Management Theory (IFSMT) of Ryan and Sawin (2009)
and reviewed related literatures. According to Ryan and Sawin (2009), individual and
family self-management includes purposeful incorporation of health-related behaviors
into daily functioning of an individual or family. The family unit is not limited to
biological families. Individual and family self-management prevents or attenuates
ilness and facilitates the management of complex health regimens in many aspects that
reflect individual and family values as well as beliefs in a personally meaningful way.
The individual or family assumes responsibility for individual and family self-management,

which is likely in collaboration with health care professionals.



IFSMT has three major concepts, namely, context, process, and outcomes,
which dynamically affect each other. The context refers to risks or protective factors
and includes condition-specific factors, physical and social environments, and
individual and family characteristics. Condition-specific factors are those physiological,
structural or functional characteristics of the condition. This also includes its treatment
or prevention of the condition that affects the amount, type, and nature of behaviors
needed for self-management. Self-management processes of enhancing knowledge
and beliefs (e.g., self-efficacy), regulation of skills and abilities (e.g., self-monitoring),
and social facilitation (e.g., family support, instrumental support) are identified. Self-
management processes affect chronic disease management, both proximal outcomes
(e.g., self-management behaviors specific to a condition) and distal outcomes (e.g.,
health status, quality of life, and cost of health).

Also, this theory focuses on patients and their family members on the belief
that the family and the patient are the same units (family as a unit). When a change
occurs in any one member of the family, it leads to a change in the family system.
The families' characteristics of closeness, caregiver’s coping skills, mutually supportive
family relationships, clear family organization, and direct communication about the
illness and its management are related to better family and individual outcomes
(Grey et al., 2006). Therefore, the family is the center of care enabling patients to have
proper self-management behaviors and continuous practice. Moreover, receiving of
family support and collaboration with health care professionals promote the awareness
of health conditions or actual health behaviors. This will develop knowledge and self-
regulation skills and abilities including higher self-efficacy leading to the ability to
practice those behaviors and constant engagement in self-management.

Thus, the researcher will apply this theory to patients with CKD stage 3,
which needs to manage their conditions for three months. The research framework
consists of context and processes of self-management and is integrated with mHealth
application, which is the instrument supported by health care providers. The intervention
comprises four sessions over four weeks as follows: (1) identifying and measuring
risks and protective factors, (2) providing knowledge and caring beliefs, (3) developing

self-regulation skills and providing family support and mHealth application, and
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(4) developing abilities in self-evaluation and management of responses associated
with health behavioral change. Also, the empirical evidence is collected in order

to establish a program by modifying self-regulation activities (Lin et al., 2013),
self-efficacy activities (Nguyen et al., 2019), and mHealth application for CKD
patients (Ong et al., 2016). The improvement of self-management behaviors, BP, and
eGFR are the expected outcomes. The research framework of the study is presented in

Figure 1.

Implementation of Self-and Family Management
Support Integrated with the mHealth application
4 sessions over 4 weeks

Session 1: Identifying and measuring risks and > Self-management

protective factors. behaviors

Session 2: Providing knowledge and caring beliefs. Blood pressure

Session 3: Developing self-regulation skills and

providing family support and mHealth - eGFR

application.
Session 4: Developing abilities in self-evaluation
and management of responses associated

with health behavioral change.

Figure 1 Research Framework of the Study

Scope of the Research

A randomized controlled trial (RCT) was employed in this study to evaluate
the effectiveness of self-and family management support combined with the mHealth
application. The participants were CKD stage 3 and aged > 18 years who received
treatment and follow-up at Samut Prakan Hospital’s CKD clinic between November
2020 and November 2021. A total of 40 participants were randomly assigned to the

experimental and control groups of 20 each.
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Definition of Terms

1. Self-and family management support combined with the mHealth
application refers to a set of activities provided for participants in the experimental
group. The researcher uses this intervention in preparing persons and families to
assume responsibility of managing or engaging in healthy behaviors. The self-and
family management support combined with the mHealth application was developed
based on IFSMT of Ryan and Sawin (2009) and implemented in four sessions over
four weeks. mHealth application, run on mobile device with six interactive functions
to support health care practices, was specifically designed for persons with CKD stage
3.

2. Self-management behaviors is defined as activities performed by
patients with CKD stage 3 to prevent the progression of disease by engaging in health
care in daily life. Self-management behaviors consist of five components: (1) self-care
activities, (2) medication adherence, (3) communication, (4) self-advocacy, and (5)
partnership in care. They are measured by Self-Management Behaviors Questionnaire
(SMBQ) of Curtin et al. (2008) and translated in Thai by Sritarapipat et al. (2012).

3. Blood pressure (BP) is a unit that reflects the amount of pressure exerted
on artery wall when blood flows through it. BP has two values, namely, systolic blood
pressure (SBP) or peak blood pressure during active cardiac contraction, and diastolic
blood pressure (DBP) or pressure in the period of cardiac ventricles relax. In this study,
it is measured by Home Blood Pressure Monitoring (HBPM), Omron Hem-7120 brand.
The blood pressure measurement method follows the guidelines of Thai Hypertension
Society (2019).

4. Estimated Glomerular Filtration Rate (eGFR) is a unit of plasma that
flows from glomerulus into Bowman’s space over a specific period. It represents
kidney function and determines the stage of CKD. In this study, eGFR is calculated
by CKD-EPI creatinine equation. eGFR value is obtained from medical records of

participants at Samut Prakan Hospital’s CKD clinic.



CHAPTER 2
LITERATURE REVIEW

The literature reviews are presented in seven parts to provide an
understanding of the relevant context in the present study. The first part describes
chronic kidney disease. The second part focuses on the concept of self-management.
The third part describes the theoretical framework of the Individual and Family Self-
Management Theory (IFSMT). The fourth part describes family support enhancing
CKD patient self-management. The fifth part describes mHealth applications for CKD
management. The sixth part presents the outcomes of this study. The last part presents
self-and family management support combined with the mHealth application program

among persons with CKD stage 3.

Chronic kidney disease

Chronic kidney disease (CKD) is a global public health problem, including
in Thailand, which causes premature death and progression to ESRD that requires
treatment by dialysis or a kidney transplant (Thanakitjaru et al., 2014). Currently, the
tendency of disease incidence is increasing rapidly. Patients with CKD have a higher
chance of encountering many diseases, particularly cardiovascular disease and other
complications that occur from the permanent loss of kidney function. As a result,
health care providers must understand the definitions, classifications, etiology,
pathophysiology, signs and symptoms, risk factors for disease progression, and
management to effectively prevent CKD progression.

1. Definition of CKD

The Kidney Disease: Improving Global Outcomes (KDIGO) has recently
published an updated guideline to clarify the definition and classification of CKD
2012. The definition covers the updated recommendations for the evaluation and
management of individuals with CKD based on new evidence published in 2002
(KDIGO, 2013). The definitions of CKD describe abnormalities of kidney structure
or function that have been present for > 3 months, with implications for health as

follows:
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1) Markers of kidney damage (one or more)

- Albuminuria (albumin excretion rate [AER] > 30 mg/24 hours; albumin-to-
creatinine ratio [ACR] > 30 mg/g [> 3 mg/mmol]).

- Anomalies in urine sediment.

- Electrolyte and other abnormalities due to tubular disorders.

- Histology detects abnormalities.

- Imaging detects structural abnormalities.

- Kidney transplantation history.

2) Decreased glomerular filtration rate (GFR) < 60 ml/min/1.73 m? (GFR
categories G3a-G5).

2. Classification of CKD

The KDIGO (2012) recommends that CKD be classified based on the cause,
GFR category (Table 1), and albuminuria category (Table 2). A low glomerular
filtration rate and a high urine albumin value indicated a worsening of CKD. The
severity of a CKD classification helps a health care provider to provide care and
manage specifically with the disease and achieve an effective health outcome for a
patient with CKD.

Tables 1 GFR categories in CKD

GFR Category GFR (ml/min/1.73m?) Terms
Gl >90 Normal or high
G2 60-89 Mildly decreased=
G3a 45-59 Mildly to moderate decrease
G3b 30-44 Moderately to severely decrease
G4 15-29 Severely decreased
G5 <15 Kidney failure

= Relative to young adult level. In the absence of evidence of kidney damage, neither

GFR category G1 nor G2 fulfill the criteria for CKD (KDIGO, 2013, p. 27)
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Tables 2 Albuminuria categories in CKD

Category AER ACR (approximate equivalent)
(mg/24 hr)  (mg/mmol)  (mg/g) Terms
Al <30 <3 <30 Normal to mildly increased
A2 30-300 3-30 30-300  Moderately increased=
A3 >300 >30 >300  severely increases

*Relative to young adult level. =Including nephrotic syndrome (albumin excretion
usually > 2200 mg/24 hours [ACR > 2220 mg/g; > 220 mg/mmol;) (KDIGO, 2013, p. 28)

3. Etiology

The two main causes of CKD are diabetes and hypertension, which are
responsible for up to two-thirds of the cases (NKF, 2019). Genetics, male gender,
African American ethnicity, elderly people, obesity, dyslipidemia, low birth weight,
exposure to nephrotoxic agents such as alcohol, analgesic drugs, and heavy metals,
acute Kidney injury, low socioeconomic status, smoking, and obstructive sleep apnea
are all risk factors for CKD (Kazancioglu, 2013; KDIGO, 2012).

In Thailand, it is found that the most common cause of CKD is diabetes
(36.30%), followed by hypertension (23.30%), obstructive nephropathy (4.79%), and
chronic glomerulonephritis (2.43%) (Thanakitjaru et al., 2014). In addition, there are
other causes such as chronic pyelonephritis, polycystic kidney disease, lupus
nephritis, and analgesic drugs.

4. Pathophysiology

Pathophysiology of CKD occurs when glomerular, tubular, and vascular cells
are abnormal. The causes of renal injury are based on immunologic reactions (initiated
by immune complexes or immune cells), tissue hypoxia and ischemia, exogenic agents
such as drugs, endogenous substances (e.g., glucose or paraproteins, and others), and
genetic defects. Irrespective of the underlying cause, glomerulosclerosis and

tubulointerstitial fibrosis are common in CKD (Matovinovi¢, 2009).
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4.1 Mechanism of glomerular impairment

Hereditary defects account for a minority of glomerular diseases. A
prototype of inherited glomerular disease is Alport’s syndrome, or hereditary
nephritis, usually transmitted through an X-linked dominant trait, although autosomal
dominant and recessive forms have been reported as well. In its classical X-linked
form, there is a mutation in the COL4A5 gene that encodes the a5 chain of type IV
collagen located on the X chromosome.

Immunologic glomerular injury. Most acquired glomerular diseases are
triggered by immune-mediated injury, and metabolic and mechanical stress. Based on
pathological and pathogenetic aspects, it can be classified into three groups, including

(1) non-proliferative (without cell proliferation) glomerular diseases
without glomerular inflammation and deposition of immunoglobulins, (2) proliferative
glomerular diseases with deposition of immunoglobulins leading to increased cellularity
(proliferative glomerulonephritis, e.g., lupus nephritis, IgA nephropathy, anti-GBM,
postinfectious GN), and (3) heterogenous group of glomerular diseases in systemic
diseases such as glomerular disease in diabetes, amyloidosis, and paraproteinemia.

Non-immunologic glomerular injury. Hemodynamic, metabolic, and toxic
injuries can induce glomerular impairment. The important factors are systemic
hypertension, glomerular hypertension, and metabolic injury (e.g., diabetes mellitus).

1) Systemic hypertension can cause glomeruli and glomerular
hypertension, resulting in local changes in glomerular hemodynamic that may cause
glomerular injury. The kidney is normally protected from systemic hypertension by
autoregulation, which can be overwhelmed by high blood pressure, meaning that
systemic hypertension is translated directly into the glomerular filtration barrier,
causing glomerular injury. Chronic hypertension leads to arteriolar vasoconstriction and
sclerosis, with consequent secondary sclerosis and glomerular and tubulointerstitial
atrophy. Different growth factors such as angiotensin Il, EGF, PDGF, and CSGF, TGF-
R cytokine, activation of stretch-activated ion channels, and early response genes are
involved in coupling high blood pressure to myointimal proliferation and vessel wall

sclerosis.
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2) Glomerular hypertension is normally an adaptive mechanism in
remaining nephrons to increase workload caused by nephron loss, regardless of the
cause. This sustained intraglomerular hypertension increases mesangial matrix
production and leads to glomerulosclerosis by ECM accumulation. The process is
mediated by TGF- in the first place, with a contribution from angiotensin Il, PDGF,
CSGF, and endothelins. Systemic and glomerular hypertension are not necessarily
associated; as glomerular hypertension may precede systemic hypertension in
glomerular disease.

4.2 Mechanism of tubulointerstitial impairment

Regardless of the etiology, CKD is characterized by renal fibrosis,
glomerulosclerosis, and tubulointerstitial fibrosis. The impairment of the
tubulointerstitium (tubulointerstitial fibrosis and tubular atrophy) is at least as
important as that of the glomeruli (glomerulosclerosis). There is a common consensus
that the severity of tubulointerstitial injury correlates closely with long-term
impairment of renal function. The current study focuses on explaining the
pathophysiology of hypertension and diabetes, which are the main causes of CKD,
with the following details:

Hypertension is a common disease in patients with CKD. The prevalence
ranges from 60% to 90%, depending on the stage of CKD and its cause. CKD is
closely linked to pathophysiologic states such that sustained hypertension can lead
to worsening kidney function and a progressive decline in kidney function can
conversely lead to worsening blood pressure control. The pathophysiology of
hypertension in CKD is complex and it is a sequela of multiple factors, including
reduced nephron mass, increased sodium retention and extracellular volume
expansion, sympathetic nervous system overactivity, and activation of hormones
including the renin-angiotensin-aldosterone system (RAAS), and endothelial
dysfunction.

CKD is associated with increased activity of the RAAS. There is a
reduction in blood flow in peritubular capillaries downstream of sclerosed glomeruli.
As a result of this reduced effective (perceived) blood flow, glomeruli in these regions

secrete excessive renin, thereby increasing circulating angiotensin 11 levels.
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Angiotensin Il has a direct vasoconstrictor effect, which increases systemic vascular
resistance and blood pressure. Because there are fewer functioning glomeruli in
CKD, each remaining glomerulus must increase its glomerular filtration rate (GFR).
Increasing systemic arterial pressure helps bolster perfusion pressure and GFR

(Ku et al., 2019).

Angiotensin Il also promotes sodium reabsorption in the proximal tubule
and (through aldosterone) in the collecting duct. Moreover, the net loss of overall
GFR impairs sodium excretion, which also leads to sodium retention. Sodium
retention causes hypertension through volume-dependent and volume-independent
mechanisms. Excess extracellular volume leads to increased perfusion of peripheral
tissues, which stimulates vasoconstriction, increases peripheral vascular resistance,
and therefore increases BP. Extracellular volume expansion also leads to the
production of ouabain-like steroids that induce vasoconstriction and therefore increase
peripheral vascular resistance. Volume-independent mechanisms include increased
vascular stiffness and increased central sympathetic outflow (a direct sequela of
increased extracellular sodium) (Ku et al., 2019).

Overactivity of the sympathetic nervous system (SNS) in CKD stimulates
renin production by the renal juxtaglomerular cells. Beyond SNS activation by
sodium retention, renal ischemia also leads to renal afferent nerve excitation through
adenosine. Finally, experimental and clinical studies suggest that angiotensin |1 levels
(which are higher in patients with CKD as detailed above) directly stimulate SNS
activity. Endothelial dysfunction (including impaired nitrous oxide production),
oxidative stress, and elevated endothelin levels are also implicated in the pathogenesis
of hypertension in patients with CKD (Ku et al., 2019).

Thus, HT leads to high intraglomerular pressure, impairing glomerular
filtration and finally damaging the glomeruli, leading to an increase in protein
filtration, resulting in abnormally increased amounts of protein in the urine
(microalbuminuria or proteinuria). Microalbuminuria is the presence of small amounts
of albumin in the urine and is often found as the first sign of CKD. Proteinuria
(protein-to-creatinine ratio > 200 mg/q) is present when CKD progresses, and
it is associated with a poor prognosis for both kidney disease and CVD (Buffet &
Ricchetti, 2012). While hypertension contributes to the development of CKD, CKD
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is also a major factor in the progression of hypertension. Thus, patients with CKD
need to control blood pressure, which has the benefit of slowing the progression of
CKD, and hypertension, and preventing CVD risk.

Diabetic kidney disease (DKD) develops in approximately 40% of
patients who have diabetes types 1 and 2. Risk factors for DKD can be conceptually
classified as susceptibility factors (e.g., age, sex, race/ethnicity, and family history),
initiation factors (e.g., hyperglycemia and acute kidney injury), and progression
factors (e.g., hypertension, dietary factors, and obesity). The most prominent
established risk factors are hyperglycemia and hypertension (Alicic et al., 2017).

The normal healthy glomerulus includes afferent arterioles, capillary
loops, endothelial cells, basement membrane, podocytes, parietal epithelial cells, and
tubule epithelial cells and is impermeable to albumin. In contrast, the structure of the
kidneys will be changed by DKD. The earliest consistent change is the thickening of
the glomerular basement membrane, which is apparent within 1.5-2 years of the DM
type 1 diagnosis. It is paralleled by capillary and tubular basement membrane
thickening. Other glomerular changes include loss of endothelial fenestrations,
mesangial matrix expansion, and loss of podocytes with effacement of foot processes.
Within 5-7 years after DM type 1 diagnosis, mesangial volume expansion is
detectable (Alicic et al., 2017; Reidy et al., 2014). In later stages of diabetes,
interstitial changes and glomerulopathy coalesce into segmental and global sclerosis.
Renal structure changes in patients with DM2 are similar to those seen in DM1,
but they are more heterogeneous and less predictably associated with clinical
presentations (Alicic et al., 2017). Changes in kidney structure allow plasma proteins
to escape into the urine, causing proteinuria and the hypoproteinemia, edema, and
other signs of impaired kidney function.

Furthermore, critical metabolic changes from hyperglycemia-induced
alters kidney hemodynamics and promotes inflammation and fibrosis in early diabetes
leading to several abnormalities, including hyperaminoacidemia, hyperperfusion, and
high intraglomerular pressure (Alicic et al., 2017). However, systemic and glomerular
hypertension causes the nephron to be permanently destroyed, causing the glomerular

filtration rate to decrease. Therefore, controlling blood sugar levels together with
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controlling blood pressure, especially with medications that inhibit the angiotensin
system, is an effective way to slow DKD progression.

5. Signs and symptoms

The clinical manifestations of CKD are initiated by an increase in
nitrogenous waste, causing a condition known as "uremia,"” which induces other
complications. The uremia state includes signs and symptoms of altered fluid,
electrolytes, and acid-base balance; alterations in regulatory functions (e.g., blood
pressure control, production of red blood cells, and impaired vitamin D synthesis);
and the effects of uremia on body function (e.g., uremia encephalopathy, peripheral
neuropathy, and pruritus). At this stage, many organs and structures in the body are
virtually affected. The symptoms at the onset of uremia (e.g., weakness, fatigue,
nausea, apathy) are often subtle. More severe symptoms include extreme weakness,
frequent vomiting, lethargy, and confusion. Without treatment of dialysis or a renal
transplant, coma and death can follow (Grossman & Porth, 2014).

A person with CKD stage 3 has moderate kidney damage. They are more
likely to develop kidney disease complications, but they may not experience any
severe symptoms until their kidneys fail. Patients may notice symptoms such as
feeling tired and having less energy, difficulty concentrating, poor appetite, difficulty
sleeping, muscle cramping at night, swollen feet and ankles, puffiness around their
eyes, especially in the morning, dry and itchy skin, and the need to urinate more
frequently, especially at night (NKF, 2019). Furthermore, the symptoms of the early
stages of CKD are bone and joint pain, lack of energy, and difficult sleep (Brown et
al., 2017; Senanayake et al., 2017).

Bone and joint pain

In 2012, the NKF subdivided stage 3 CKD (eGFR 30-59 ml/min/1.73 m?)
into 2 subtypes, which are stage 3a (eGFR 45-59 ml/min/1.73 m?) and 3b (eGFR 30-44
ml/min/1.73 m?). The purpose of this division is to acknowledge that stage 3 CKD
encompasses a broad range of renal functions and that there may be clear biological
distinctions among the renal-bone-vascular calcification pathophysiology (e.g., CKD-
MBD) between 3a and 3b CKD. Derangements in the biochemical regulatory process
that accompany CKD become more severe as the disease progresses. Early CKD is
associated with a progressive rise in osteocyte-derived fibroblast growth factor 23
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(FGF-23) and, later, a progressive rise in endogenous parathyroid hormone production
(PTH) that is higher in stage 3a than in stage 3b CKD (Miller, 2014).

Bone disease can happen in the early stages of CKD. However, most
patients with early-stage CKD may have no symptoms or feelings of bone disease but
may present in late-stage CKD. The regulation of serum phosphate levels requires a
daily urinary excretion of an amount equal to that ingested in the diet. With
deteriorating renal function, phosphate excretion is impaired, resulting in risen serum
phosphate levels. At the same time, serum calcium levels, which are inversely
regulated to serum phosphate levels, fall. The drop in serum calcium stimulates
releasing of parathyroid hormone (PTH) causing increased calcium resorption from
bone. Vitamin D synthesis is also impaired in CKD. The kidney regulates vitamin D

activity by converting the inactive form of vitamin D (25[0H;j vitamin D3) to
calcitriol (1,25 [OHj vitamin D3), the active form of vitamin D (Grossman & Porth,

2014). Therefore, resulting in subsequent bone disease which usually causes bone
pain, joint pain, bone deformation, poor mobility, and bone fractures.

Lack of energy or Fatigue

Lack of energy or fatigue usually occurs from anemia. In CKD anemia
may occur at an early stage (CKD stage 2 and 3), in which the threshold values for
making the diagnosis of anemia, and the need for treatment is Hb < 13 g/dl in men,
Hb < 12 g/dl in women (Cases et al., 2018). Among patients with CKD, there is a
relative deficiency in erythropoietin production, and this is the main reason for
anemia in CKD patients. Other factors that may contribute to anemia include iron
deficiency, blood loss, inflammation, hemolysis, and nutritional deficits (Fishbane &

Spinowitz, 2018). Anemia results in reduced oxygen delivery to the body’s organs and

tissues, making symptoms such as fatigue, shortness of breath, insomnia, headaches,
and reduced mental acuity common. Fatigue may develop slowly as anemia
progresses, and patients may not be fully aware of how their lives have been affected.
Anemia can affect cardiovascular function. Anemia-related renal failure
causes a decrease in blood viscosity and a compensatory increase in heart rate. The
decreased blood viscosity also exacerbates peripheral vasodilation and contributes

to decreased vascular resistance. Cardiac output increases in a compensatory fashion
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to maintain adequate perfusion. Anemia also limits myocardial oxygen supply,
particularly in people with coronary heart disease, leading to angina pectoris and other
ischemic events (Grossman & Porth, 2014).

Difficult sleep or Insomnia

Insomnia is defined as "a repeated difficulty with sleep initiation,
duration, consolidation, or quality that occurs despite adequate opportunity and
circumstances for sleep, and results in some form of daytime impairment.” Insomnia
patients typically have difficulty falling and staying asleep, as well as unwanted
prolonged periods of wakefulness during normal sleep periods (Nigam et al., 2018).
Previous studies have identified physiological and psychological risk factors for
insomnia. There is a direct link between orexin or hypocretin levels and insomnia.
Orexin has been linked to arousal, wakefulness, and appetite. In patients with CKD
or ESRD, a lack of orexin (hypocretin) leads to increased periods of wakefulness that
can be associated with insomnia. Also, kidney dysfunction leads to hypercalcemia,
generating psychiatric overtones typically associated with hypercalcemia, such as
anxiety, depression, psychosis, and insomnia (Nigam et al., 2018).

However, the cause of sleep disorders is complicated includes
psychological disorders (depression, anxiety), lifestyle factors (coffee/nicotine use,
daytime napping, sleep hygiene), as well as intrinsic, CKD-specific factors (anemia,
bone/joints pain, uremia, alterations in neurotransmitter production). Thus, the way
to manage insomnia must be to preserve kidney function and manage other problems
together.

6. Factors predicting the progression of CKD
KDIGO (2012) has defined CKD progression based on one or more of the
following: (1) GFR decline (90 (G11, 60-89 [G21, 45-59 [G3a], 30-44 (G3b], 15-29

(G4, 15 (G5 ml/min/1.73 m?). A certain drop in eGFR is defined as a drop in GFR
category accompanied by a 25 or greater drop in eGFR from baseline; (2) rapid

progression is defined as a sustained decline in eGFR of more than 5 ml/min/1.73
m?/year; and (3) increasing the number of serum creatinine measurements and

duration of follow-up increases confidence in assessing progression. The prediction
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of the progression of CKD depends on many factors, especially the eGFR and

albuminuria categories (Figure 2).

Persistent albuminuria categories
Description and range

Al A2 A3
Prognosis of CKD by GFR and Albuminuria Normal to Moderately Severely
Categories mildly increased increased
increased

< 30 mg/g 30-300 mg/g > 300 mg/g
< 3mg/mmol | 3-30 mg/mmol | > 30 mg/mmol

G1 | Normal or high >90
" A qé’ G2 | Mildly decreased 60-90
& ©
g E 5 | G3a | Mildly to moderately | 45-59
g; S decreased
S E § G3b | Moderately to 30-44
o = = severely decreased
O 3 | G4 | Severely decreased 15-29
o)
G5 | Kidney failure <15

Note: GFR and albuminuria grid to reflect the risk of progression by intensity of
coloring by Green: low risk (if no other markers of kidney disease, no CKD);
Yellow: moderately increased risk; Orange: high risk; Red, very high risk (KDIGO,
2013, p. 34).

Figure 2 Prognosis of CKD by GFR and albuminuria category

The CKD patients with progression are recommended to meet a specialist
to examine for reversible causes of progression. The factors associated with CKD
progression including cause of CKD, level of GFR, level of albuminuria, age, sex,
race/ethnicity, elevated BP, hyperglycaemia, dyslipidaemia, smoking, obesity, history
of cardiovascular disease, ongoing exposure to nephrotoxic agents, and others.

According to the report of CKD progression in Thailand from the Thai-
SEEK project 2 (The Nephrology Society of Thailand, 2015) during eight years’
follow-up, the overall incidence of CKD was 28 percent, and abnormal albuminuria

was the major contributor for CKD diagnosis. The main abnormality that a nephrologist

provides a diagnosis of CKD was hypertensive nephropathy and glomerular disease,
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which contributed about 50 percent of diagnosis. The rate of eGFR declines in average
of 1.58 ml/min/1.73m? per year. The incidence rate of CKD progression was 23
percent. The factors associated with CKD progression are diabetes mellitus and
hyperuricemia. Moreover, the factors related to death, including age > 45 years, male
gender, low income, hypertension, work involve significant physical activity and CKD
status which the ESRD showed the highest incidence rate of death.

7. Management for slowing CKD progression

Although CKD is generally progressive and irreversible, there are guidelines
for providers and patients to slow the progression, enabling patients to live longer
without complications or the need for renal replacement therapy. Treatment strategies
to slow progression and reduce cardiovascular risk are 1) nutritional management,
2) lifestyle modification, and 3) medical management to control blood pressure and
blood glucose, and reduce albuminuria (KDIGO, 2013; The Nephrology Society of
Thailand, 2015).

1) Nutritional management

CKD causes the accumulation of waste produced by protein metabolism and
induces uremia, leading to various complications. It also induces electrolytes and
acid-base imbalance causing life-threatening conditions such as hyperkalemia and
metabolic acidosis. Thus, nutrition management for patients with CKD is important
to reduce the risk of CKD progression and complications, especially by reducing the
intake of protein, sodium, potassium, and phosphate.

Protein restriction
High protein intake may lead to increased intraglomerular pressure and

glomerular hyperfiltration. This can cause damage to the glomerular structure,
leading to aggravating CKD. Hence, a low protein diet of 0.6-0.8 g/kg/day is often
recommended for the management of patients with non-dialysis-dependent CKD.
In addition, patients with CKD should avoid a high protein diet of more than 1.2
g/kg/day, because it can induce alterations in renal function (Kalantar-Zadeh et al.,
2016). Patients with CKD should consume at least 60% protein as a high biological
value protein or protein containing all essential amino acids, such as meat protein or
egg white. Besides, they should get enough energy from the diet as follows: those
aged under 60 years should receive 35 kcal/kg of ideal body weight. Blood albumin
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levels should be checked every 3-6 months, with albumin levels greater than 3.5 g/dl
(The Nephrology Society of Thailand, 2015).

Sodium restriction

In CKD, the kidneys' inability to excrete sodium is a major cause of
hypertension and albuminuria and can lead to the progression of the disease. Thus,
dietary sodium restrictions for CKD have become an important practice to control
blood pressure and albuminuria. KDIGO (2012) recommended lowering salt intake
to <90 mmol (< 2 g) per day (corresponding to 5 g of sodium chloride) in adults with
CKD unless contraindicated. The result of a meta-analysis of RCTs in adult patients
with non-dialysis CKD (stages 1-4) showed a moderate dietary sodium restriction
can reduce BP and proteinuria/albuminuria significantly (Garofalo et al., 2018).
Thus, they should avoid high sodium intake (> 4.6 g/day) because it is associated
with adverse outcomes such as a decline in both creatinine-based measures of renal
function (GFR) and an increase in proteinuria (Smyth et al., 2014).

Potassium restriction

Hyperkalemia is a life-threatening complication for CKD patients. Serum
potassium concentration is a key determinant of the resting cell membrane potential of
neurons and muscle fibers. Consequently, hyperkalemia is associated with a variety of
neuromuscular complications, including abdominal cramping, weakness, and cardiac
arrhythmias. Approximately 90% of potassium is excreted through the kidneys. In
CKD, the ability of potassium excretion is decreased while potassium excretion in
the gastrointestinal tract is increased, resulting in hyperkalemia. Hyperkalemia often
results from failure to follow dietary potassium restrictions, leading to constipation,
acute acidosis that causes the release of intracellular potassium into the extracellular
fluid, trauma or infection that causes the release of potassium from body tissues, or
exposure to medications that contain potassium, prevent its entry into cells or block
its secretion in distal nephrons (Grossman & Porth, 2014).

The assumption is that dietary potassium intake is an important element
of serum potassium concentrations in CKD patients. Therefore, the recommendation
to avoid high-potassium foods is fundamental to preventing hyperkalemia. The

Nephrology Society of Thailand (2015) recommends eating foods with low potassium



25

such as vegetables: cucumbers, zucchini, raw papaya, green beans, onion, cabbage,
and fruit: pineapple, watermelon, grapefruit, mangosteen, rambutan, and apple.

Phosphate restriction

Levels of serum phosphorus in patients with CKD remain within the
normal range or may even be modestly below the normal range until the GFR declines
to 20 to 30 mL/min/1.73 m? (stage 4 of CKD). Thus, it may appear that restriction of
rich-phosphate foods is not necessary for patients with Stages 1, 2, and 3 of CKD.
However, phosphate retention occurs in stage 3a and such phosphate retention
participates in the genesis of secondary hyperparathyroidism (KDIGO, 2017). Indeed,
the blood levels of PTH are elevated when GFR falls to 60 mL/min/1.73 m?, even
though serum phosphorus levels are not elevated. Thus, controlling serum phosphate
is important for patients with CKD to reduce the risk of cardiovascular disease and
mortality rate.

Reducing phosphate and protein intake is a widely accepted strategy to
aid in the control of hyperphosphatemia. It is a essential part of the recommendations
issued by both the KDIGO and KDOQI guidelines, with a daily phosphate intake of
800 to 1,000 mg/d and a daily protein intake (as the major source of phosphate) of 1.2
g/kg body weight (Barreto et al., 2019). In addition, phosphate binders are provided to
reduce the absorption of dietary phosphate in the gastrointestinal tract. Patients with
CKD stage 3b-5 with hyperparathyroidism should maintain normal levels of calcium
and phosphate in combination with the treatment of vitamin D deficiency. If the
parathyroid hormone level tends to increase, calcitriol (active vitamin D) or
alfacalcidol (vitamin D analog) is considered to provide for tracking calcium levels
and periodic serum phosphate (The Nephrology Society of Thailand, 2015).

2) Lifestyle modification

Much evidence shows that lifestyle may have an impact on the risk of
developing CKD and the risk of CKD progression. Meanwhile, the management
of CKD patients focuses on physical activity and quitting smoking.

Physical activity

There is evidence showing that higher physical activity levels are
associated with slower rates of eGFR loss in CKD patients. Participants who
performed physical; activity > 150 minutes per week had the lowest rate of eGFR
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cystatin C loss (mean, 26.2% per year compared with 29.6% per year among inactive
participants). Each 60-minute increase in weekly physical activity duration was
associated with a 0.5% slower decline in eGFR (95% confidence interval, 0.02 to
0.98; p < .05) in adjusted analyses (Robinson-Cohen et al., 2014). KDIGO (2012) has
also recommended and encouraged people with CKD to perform physical activity
compatible with cardiovascular health and tolerance (aiming for at least 30 minutes,
5 times per week), to achieve a healthy weight (BMI of 20 to 25, according to
country-specific demographics).

Stop smoking

Smoking is a risk factor for the onset and progression of CKD in the
general population; the risk increases with an increase in smoking duration, several
cigarettes smoked daily, and packs/year (Choi et al., 2019; Hallan & Orth, 2011).
The result of a systematic review found that the consumption of > 15 packs per year
increases the risk of progression of CKD (Elihimas Janior et al., 2014).

Two mechanisms might explain the relationship between smoking and
CKD onset and progression. The first is related to conditions that predispose to CKD,
such as DM and HT. Smoking can cause further endothelial damage in patients with
HT or DM, resulting in CKD onset or progression. The second category is a shared
feature of smoking and CKD, specifically, oxidative stress. As a result, oxidative
stress is already increased during the early stages of CKD as a result of enhanced
oxidant production and a compromised antioxidant mechanism (Nagasawa et al.,
2012). Thus, advice to stop smoking is a benefit for CKD patients.

3) Medical management
Controlling the progression of CKD requires treatment with medication,

especially antihypertensive and hypoglycaemic drugs, to control blood pressure, and
blood glucose levels, and reduce albuminuria. Patients with CKD must have effective
medication management by meeting the goals of CKD management guidelines
(KDIGO, 2012; The Nephrology Society of Thailand, 2015) and concordance with
HT (ACC/AHA, 2017) and DM (ADA, 2020) guidelines in follows:
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Blood pressure control

Hypertension is one of the leading factors that contribute to the
progressive decline of renal function, leading to ESRD, and thus has become an
important target in the treatment of CKD. Currently, the treatment target for patients
with CKD is a clinic systolic BP < 130 mmHg (ACC/AHA, 2017; KDIGO, 2012).
Uncontrolled hypertension can lead to significant cardiovascular morbidity and
mortality and accelerate progression to ESRD. Although intensive blood pressure
control has not been shown in clinical trials to slow the progression of CKD, it
reduces the risk of adverse cardiovascular outcomes and mortality (Ku et al., 2019).

The main approaches to hypertension management in CKD include
dietary (salt) restriction, exercise, stopping smoking, and initiation of treatment with
angiotensin-converting enzyme inhibitors (ACE-1) or angiotensin receptor blockers
(ARB) and diuretic therapy. Support CKD patients' exercise, control weight, and have
a body mass index (BMI) value of between 20 and 25 kg/m?. The limitation of sodium
intake to less than 2,000 mg/day and quitting smoking (The Nephrology Society
of Thailand, 2015). An ACE-I, or ARB, is a medication that is recommended for
controlling blood pressure in CKD patients. The KDIGO (2012) suggests using ARB
or ACE-I for diabetic adults with CKD and urine albumin excretion of 30—300 mg/24
hours (or equivalent) and non-diabetic adults with CKD and urine albumin excretion
> 300 mg/24 hours (or equivalent). There is sufficient evidence to recommend
combining an ACE-I with an ARB to prevent the progression of CKD.

Blood glucose control

Hyperglycemia, the defining feature of diabetes, is a fundamental cause
of vascular target organ complications, including DKD. Intensive treatment of
hyperglycemia prevents elevated albuminuria or delays its progression, but patients
may be at an increased risk of severe hypoglycemia.

Evidence that intensive treatment affects the loss of GFR is sparse. There are
three recommendations related to assessing for hyperglycemia, including 1) a target
HbA1c of 7% to prevent or delay the progression of the microvascular complications of
diabetes, including DKD; 2) untreated diabetes and HbA1c target of < 7% in patients at
risk of hypoglycemia; and 3) target HbAlc be extended above 7% in individuals with
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co-morbidities or limited life expectancy and risk of hypoglycemia (ADA, 2020; NKF,
2012). Moreover, the patients should control their pre-prandial capillary plasma glucose
to a normal level of 80-130 mg/dL (4.4—7.2 mmol/L). This is recommended for diabetic
patients with stage 1-3 CKD with an AER of less than 300 mg/day and without the risk of
hypoglycemia, which may control blood sugar levels to be close to the recommended low
level. The maximal acceptable postprandial capillary plasma glucose level should be less
than 180 mg/dL (less than 10 mmol/L) (The Nephrology Society of Thailand, 2015).

In conclusion, CKD is a complex disease, both in its cause and pathology,
that affects all systems of the body. Therefore, it must require comprehensive
management of CKD and co-morbidity together. CKD management focuses on
nutrition and medication management as well as lifestyle modification. Furthermore,
the co-morbidity can be prevented by controlling blood pressure and blood glucose

levels to continue to slow the progression of CKD effectively.

Self-management concept

Chronic diseases are health problems that require ongoing management over
years or decades. Self-management is the key to approaching this issue and improving
health outcomes, which embraces a range of indicators such as knowledge, skills, and
bio-psychosocial markers of health (Boger et al., 2015). Self-management support is
an essential aspect of the integrated care program for the prevention and management
of the chronic disease. It is key to deliver person-centered care in which patients are
empowered to participate in the management of their condition actively. In this
session, the definition, and attributes of self-management for a person with chronic
disease related to CKD are described.

1. Definitions of Self-management

Although self-management is often used interchangeably with terms such as
self-care, self-regulation, and disease management, the different tasks are performed.
Many authors interpret self-care as consisting of those performed at home by healthy
people to prevent illness, rather than merely managing an existing illness. At the same
time, self-regulation is more distantly related, referring to the capacity to control and
manage thoughts, emotions, or behavior (Grady & Gough, 2014). Self-management

emphasizes an individual’s involvement in defining health. Self-management is the
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intention and “involves the use of specific processes, can be affected by specific
programs and interventions, and result in specific types of outcomes” (Ryan & Sawin,
2009). Disease management is a group of coherent interventions designed to prevent
or manage one or more chronic conditions using a systematic, multidisciplinary
approach and potentially employing multiple treatment modalities. The goal of
disease management is to promote self-management by patients and to address the
ilinesses or conditions with maximum clinical outcome, effectiveness, and efficiency
(Schrijvers, 2009).

Based on the concept, self-management has been described and considered
for more than 40 years, with the term first used by Creer (2000), who defined self-
management of chronic illness as a procedure where patients change some aspect of
their behavior. It involves processes including goal selection, information collection,
information processing and evaluation, decision making, action, and self-reaction.
Self-management is also described by WHO as one of the critical components in
improving chronic care by focusing on supporting behavioral skills to manage
conditions at home and includes having the necessary medications and medical
equipment, self-monitoring tools, and self-management skills as part of integrated
care (Nufio et al., 2012).

For CKD, Curtin & Mapes (2001) defined self-management as the patients’
positive efforts to oversee and participate in their health care to optimize health,
prevent complications, control symptoms, manipulate medical resources, and
minimize the intrusion of the disease into their preferred lifestyles.

2. Attributes of self-management

According to the literature reviews, self-management is categorized into
three characteristics: self-management processes, self-management tasks, and self-
management skills. These terms are used interchangeably in the literature, but they
have different meanings and practices. The self-management process specifies the
work of patients living with a chronic illness that underlies tasks and skills. Both
tasks and skills are viewed as behaviors, but tasks as the essential work of self-
management, while skills describe the specific ways an individual accomplishes tasks
(Schulman-Green et al., 2012).
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Self-management process

Individuals actively manage chronic illnesses through self-management,
which is a dynamic process. It involves processes including (a) goal selection,
(b) information collection, (c) information processing and evaluation, (d) decision
making, (e) action, and (f) self-reactions. Successful mastery and performance of
self-management skills result in the following outcomes, including (a) changes in
mortality and morbidity indices of the disease, (b) improvement in the quality of life
experienced by patients and those around them; and (c) the development of self-
efficacy, patients’ beliefs in what they can contribute to the management of their
disorder, in part through their becoming partners with their physicians and other
health care providers to control the chronic disease or disorder (Creer, 2000).

Grey et al. (2006) depicted self and family management processes as
being influenced by risk and protective factors and as contributing to outcomes
but did not specify these processes. Ryan and Sawin (2009) described the self-
management processes of enhancing knowledge and beliefs (i.e., self-efficacy,
outcome expectancy, goal congruence), regulation of skills and abilities (i.e., goal-
setting, self-monitoring, reflective thinking, decision making, planning and action,
self-evaluation, emotional control), and social facilitation (i.e., influence, support,
collaboration). These processes of self-management have higher specificity than
previous conceptualizations. However, they do not address the emotional or
existential challenges of living with a chronic illness.

Self-management tasks and skills

Corbin and Strauss conducted a qualitative study on people with chronic
conditions (Corbin & Strauss, 1988). They found three sets of self-management tasks.
The first set of tasks involves the medical management of the condition, such as
taking medication, adhering to a special diet, or using an inhaler. The second set of
tasks consists of maintaining, changing, and creating new meaningful behaviors or
life roles. For example, people with back pain may need to change the way they
garden or participate in favorite sports. The final task requires an individual to deal
with the emotional sequel of having a chronic condition, which alters one’s view of
the future. Someone with chronic disease commonly experiences emotions such as

anger, fear, frustration, and depression.
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Therefore, learning to manage these emotions becomes a part of the work
that is required to maintain the condition. Lorig and Holman (2003) defined self-
management as a common term in health education, and its name is attached to many
health promotions and patient education programs. It presents three self-management
tasks, which are medical management, role management, and emotional management.
It comprises six self-management skills for chronic disease, including problem-
solving, decision making, resource utilization, the formation of a patient-provider
partnership, action planning, and self-tailoring (Lorig, & Holman, 2003). In addition,
self-management for CKD patients in the pre-dialysis stage comprises five skills or
behaviors, including communication with health care providers, partnership in care,
self-care activities, self-advocacy, and medication adherence (Curtin et al., 2008)

The above literature review reveals that the definition and attribute of
self-management vary according to the context of each chronic disease, most of which
do not specify all three attributes together. However, Schulman-Green et al. (2012)
explain that self-management consists of three processes as follows (1) focusing on
illness needs, (2) activating resources, and (3) living with a chronic illness, in which
the tasks and skills are delineated for each category.

1) Focusing on illness needs reflects the tasks and skills that are necessary
for the physical management of chronic conditions. As a part of this process,
individuals learn about chronic illness, take ownership of their health needs, and
perform health promotion activities. Tasks and skills of learning about self-
management include acquiring information about the disease and learning requisite
regimens, skills, and strategies to manage daily illness needs. Taking ownership of
health needs involves the tasks and skills of learning about and managing body
responses, completing health tasks (e.g., keeping appointments, taking medications),
and becoming an expert (e.g., goal setting, decision making, problem-solving,
planning, and evaluation) (Schulman-Green et al., 2012).

2) Activating resources that are integral to optimum self-management
include individuals (e.g., family members, friends, healthcare providers) and
community resources and services (e.g., spiritual resources, social and transportation
services). Such community resources assist individuals in managing various aspects

of their illness, including medical, psychosocial, spiritual, and financial facets. Self-
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management tasks and skills related to activating resources include communicating
with healthcare providers, coordinating services, identifying and benefiting from
psychological resources, being part of a spiritual community, obtaining and managing
social support, and addressing social or environmental challenges (Schulman-Green
etal., 2012).

3) Living with a chronic illness is a self-management process that
includes tasks and skills related to coping with the disease and growing as a person,
as well as transitioning from a focus on the illness needs to integrating the illness into
the context of the individual's life. Four tasks are identified: processing emotions,
adjusting, integrating illness into daily life, and meaning-making (Schulman-Green
etal., 2012).

In conclusion, the characteristics of self-management are defined in
different ways by the objective of practice. Self-management of chronic illness
combines the elements of the process, tasks, and skills to encourage them to be active
agents in managing their health, which effects on normalizing of the chronic
condition. Most of the self-management definitions, skills, and tasks focus on
individual self-management but do not involve family. The researcher realizes the
importance of family in supporting and helping patients with chronic diseases to have
better self-management behaviors. Therefore, the theory of individual and family
self-management of Ryan and Sawin (2009) was used as a guideline for the program's

activities among persons with CKD stage 3.

The Individual and Family Self-Management Theory

Individual and family self-management theory (IFSMT) by Ryan and Sawin
(2009) is a middle-range descriptive theory based on deductive and inductive
processes. This theory is established from different sources of conceptual
perspectives, including three types of literature. (1) Articles focus on theoretical
constructs, including risk and protective factors and complementary outcomes,
processes of self-regulation, and common tasks across chronic conditions. (2) Articles
describe theoretically based self-management interventions and programs. (3) Articles

examining the efficacy of theoretically based self-management research reviews.
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Figure 3 The individual and family self-management theory was modified with the

permission of the authors (Ryan & Sawin, 2014).

Self-management is used to manage chronic conditions as well as to engage
in health promotion behaviors (Ryan & Sawin, 2009). It is a multidimensional,
complex phenomenon that is conceptualized as affecting individuals, dyads, or
families across all developmental stages. It includes condition-specific risk and
protective factors, the physical and social environment, and the unique characteristics
of individuals and family members. Furthermore, it consists of self-management
processes, specifically, facilitation of knowledge and beliefs, improvement of self-
regulation skills and abilities, and social facilitation. It affects several outcomes, both
short and long term (Figure 3).

1. Context dimension

The contextual factors are risks or protective factors that refer to (1)
condition-specific factors, (2) physical and social environments, and (3) individual

and family characteristics. Condition-specific factors are the physiological, structural,
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or functional aspects of the condition, its treatment, or prevention that influence the
amount, type, and nature of behaviors required for self-management. Examples of
condition-specific factors are the complexity of the condition or treatment, trajectory,
physiological stability, or physiological transitions. Environmental factors are
physical or social aspects such as accessibility to health care, the transition from one
health care provider or setting to another, transportation, neighbourhood, work,
school, culture, or social capital. Individual family factors are those characteristics
that affect the individual and family directly (Ryan & Sawin, 2009; 2014).

In the current research, the researchers emphasize family factors, because
whether children or adults have a chronic illness, affects the family in every aspect.
Thus, if a person has proper family functioning, it will also positively affect the self-
management behavior of those with chronic disease or illness. The family includes
parents, siblings, spouse/ partner, and friends, which has a significant potential to
influence patients’ chronic illness self-management (Lee et al., 2017). Moreover,
the family function has an indirect effect on self-management behavior among
persons with early-stage CKD (Photharos et al., 2018). Thus, the engagement of
family members (defined here as any family member or friend providing unpaid
support for health care) who provide care for a person with chronic disease in the
management programs may lead to the improvement of effective patient self-
management sustainably.

The models of programs that aim to increase effective family support for
chronic illness management and self-care among adult patients should have three
domains consisting of 1) Programs that guide family members in setting goals for
supporting patient self-care behaviors, leading to improved implementation of family
support roles, mixed success, and enhanced patient outcomes. 2) Programs that train
the family in supportive communication techniques, such as prompting patients
coping techniques or use of autonomy-supportive statements, cause successfully
improved patient symptom management and health behaviors. 3) Programs that give
families the tools and infrastructure they need to track clinical symptoms and
medications (Rosland & Piette, 2010). Although proper family functioning leads to
better self-management behaviors among chronic disease patients, there is a lack of
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family involvement during intervention delivery for early-stage CKD (Welch et al.,
2015), which needs to be improved in research and practice.

2. Process dimension

The model is influenced by theories of health behavior change, including;

1) self-regulation theory, 2) social support theory, and 3) research related to SM of
chronic illnesses. According to this descriptive theory, persons will be more likely to
engage in the recommended health behaviors if they have been informed about and
embrace health beliefs consistent with their behavior if they develop self-regulation
abilities to change their health behaviors, and if they experience social facilitation that
positively influences and supports them to engage in preventative health behaviors
(Ryan & Sawin, 2009; 2014).

Knowledge and beliefs have an impact on behavior, specifically on self-
efficacy, outcome expectancy, and goal congruence. Self-regulation is the process that
is used to change health behavior and consists of activities such as goal-setting, self-
monitoring, reflective thinking, decision making, planning, self-evaluation, and the
management responses associated with health behavior change. Social facilitation
includes the concepts of social influence, social support, and negotiated collaboration
between individuals, families, and health care professionals. All three processes of
self-management were developed as a program to improve the self-management
behaviors and clinical outcomes of patients with stage 3 CKD.

Self-regulation is an iterative process that people engage in to achieve
changes in health behaviors. Self-regulation comprises skills and abilities including
1) goal setting, 2) self-monitoring and reflective thinking, 3) decision making,

4) planning and action, 5) self-evaluation, and 6) management of responses (Ryan &
Sawin, 2009). Lin et al. (2013) have developed a self-management education program
based on self-regulation theory to evaluate its effectiveness on self-efficacy and self-
management behavior and CKD progression among patients with early-stage of CKD.
In this single group, pre-test and post-test, repeated-measures, longitudinal study,
participants underwent baseline pre-testing (T0) and post-testing at 3 (T1), 6 (T2),
and 12 months (T3) after the self-management program was completed. The results

showed self-efficacy increased significantly at T2 (x2 = 8.97, p <.05) and T3
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(x2 = 10.71, p < .05) compared with TO, but it did not improve for self-management
behavior. However, eGFR rates remained stable throughout the 12 months.

Self-efficacy is a behavior-specific concept and refers to the degree of an
individual’s confidence and ability to successfully engage in behavior in normal and
stressful situations (Ryan & Sawin, 2009). Nguyen et al. (2019) conducted a study
about the effectiveness of self-management programs in people with CKD stage 3-5
focused on self-management, knowledge, self-efficacy, health-related quality of life,
and blood pressure. The intervention was guided by a social cognitive theory and
included a face-to-face educational session followed by telephone support. Both
groups followed for 16 weeks. At week 16, compared with the control group, large
effect sizes for improved self-management, knowledge, and self-efficacy were
detected. In terms of health-related quality of life, the physical and mental health
components significantly improved. However, there were no significant differences
in either systolic or diastolic blood pressures.

Social influence is a message or dialogue in which respected persons in
positions of perceived authority with expert knowledge advise and encourage
individuals and families to engage in specific health behaviors. These respected
persons may be health care providers, family, friends, neighbors, work colleagues,
and members of community groups or printed or electronic mediums such as
magazines, television, or the internet (Ryan & Sawin, 2009). Social influence, which
is used most frequently, is to encourage and facilitate behavior change through advice
and recommendations from medical experts and health professionals, as well as to
provide reminders to improve medication or treatment adherence.

Support (emotional, instrumental, or informational) consists of
emotional, instrumental, or informational support provided for a person or family
with the explicit goal of assisting or facilitating their engagement in health behaviors
(Ryan & Sawin, 2009). The mHealth application is an instrument supported by health
care providers and widely used for caring for patients with various chronic diseases.
However, there is a lack of understanding of how to use mHealth applications to

maintain CKD patients' self-management continuity.
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3. Outcome dimension

This theory has proximal and distal outcomes. The proximal outcome is an
individual/family's actual engagement in self-management behaviors specific to a
condition, risk, or transition, in addition to managing symptoms and pharmacological
therapies. The cost associated with health care services is referred to as a proximal
outcome. Distal outcomes are related, in part, to the achievement of proximal outcomes.
These outcomes fall into three primary categories: health status, quality of life, or
perceived well-being, and cost of health-both direct and indirect (Ryan & Sawin, 2009;
2014). In the current study, the self-management behaviors among persons with stage 3
CKD were measured as a proximal outcome and blood pressure and eGFR were

measured as distal outcomes.

Family support enhancing CKD patient self-management

Traditionally self-management focused on individuals or families. Self-
management is defined uniquely combines these parallel theories, integrating individual
and family self-management. From the perspective of systems theory, a change in one
component of a system, i.e., a family member leads to changes in the system (family)
and all of its members. An individual’s capacity and needs affect the success or failure
of the individual or the family in self-management (Ryan & Sawin, 2009). Chronic
kidney diseases are illnesses that require attention throughout life and they require
people to make major changes to adapt their lives to these conditions both for the
people who suffer from the disease and /or their families. In Thailand, most patients
will rely on their family members to take care of them when they are ill or getting old.
When one person in a family is diagnosed with a chronic disease, everyone in the
family must help him or her, especially with physical, emotional, instrumental, and
financial support. Thus, the family considers an important social support source for
the individual with chronic disease.

The majority of the management of chronic disease takes place in the
everyday home setting and family can be highly influential on individual behaviors
(Ory et al., 2013). The family is key to constructing a conducive environment for
engagement and support. Adaptation within the family included maintaining cohesion

between family members, normalization, and contextualization of the chronic
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condition (Whitehead et al., 2017). Besides, the patients with good family functioning
can lead improved self-care confidence and autonomous motivation for medications
and diet adherence (Stamp et al., 2016) which is consistent with the research of
Penarrieta et al. (2015). They study self-management and family support in chronic
diseases. The result shows percentages of the relationship of the group with good self-
management and good family functioning represented 84% of the sample against 16%
of the group with good self-management and poor family functioning. The results of
Spearman showed a significant correlation (rs = 0.327, p < .001) between self-
management and family function. The analysis of the Kendall Tau correlation
coefficient showed a significant correlation between self-management and family
functionality of 0.24 (p < .001).

Moreover, family participation in self-management support programs was
also beneficial in delaying the progression of chronic disease. Thojampa (2017)
studied the effects of self-management support and family participation enhancing
programs on the delayed progression of diabetic nephropathy in Thai adults with
type 2 diabetes. The results show that there was a significant difference in self-
management activities among three points of time (week 1, week 8, and week 12),

p < .05. Also, after attending the program (week 12), the experimental group had a
higher score on self-management activities and self-efficacy than their baseline values
(week 1). The mean HbAlc level, serum creatinine level, and glomerular filtration
rate between the experimental and control groups had significant differences.

It showed that after attending the self-management support and family participation
enhancing program (week 12), the results of the experimental group had significantly
changed and showed better outcomes than those of the control group.

Support from family and other social groups has been cited as a key factor
in changing diet patterns (e.g., sodium reduction) and increasing physical activity.
However, research shows that caregivers report feeling unprepared, having
insufficient knowledge, and receiving inadequate support from clinicians. Thus,
allowing the family and other caregivers to get involved in CKD patient education
may better equip them to support the patients they care for and ultimately yield
improved patient outcomes (Narva et al., 2016). There is also a need for patients to

involve their families in self-management interventions. Both patients and caregivers
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identified and appreciated support from family due to family members' helping them
with very practical tasks, finding information and resources (e.g., websites), and
assisting with driving, cooking, and medication management (Donald et al., 2019).
Therefore, it is imperative to promote family involvement in self-management support

programs to improve and maintain health outcomes for CKD patients.

The mHealth applications for CKD management

Currently, technology has become more advanced, and integrating
information technology into health care is a challenge. Therefore, health service
providers must develop their capabilities to use technology and create innovative
health services, especially mHealth, which is gaining popularity due to its ease of use.
Thus, before the development of mHealth for CKD management, it is necessary to
know the definitions and applications of mHealth, the support of the Thai government
to use mHealth, and mHealth applications that are used in the literature on chronic
diseases, including CKD, as follows:

1. Definition of mHealth

There are various definitions of mHealth. For example, mHealth is defined
as "mobile computing, medical sensors, and communication technologies for
healthcare™ (Istepanian et al., 2004). The Global Observatory for eHealth (2011)
defines mHealth, or mobile health, as medical and public health practice supported by
mobile devices, such as mobile phones, patient monitoring devices, personal digital
assistants (PDAs), and other wireless devices. mHealth involves the use and
capitalization of a mobile phone’s core utility of voice and short messaging service
(SMS) as well as more complex functionalities and applications including general
packet radio service (GPRS), third and fourth generation mobile telecommunications
(3G and 4G systems), global positioning system (GPS), and Bluetooth technology.
Alternatively, mHealth may mean the use of mobile devices to monitor or detect
biological changes in the human body while device management entities, such as
hospitals, clinics, or service providers, collect data and use them for healthcare and

health status improvement (Park, 2016).



40

Although mHealth has many meanings, it has the same purpose in that
people can access health information and health care services equally. Also, to
promote good health and well-being. For this research, mobile health refers to mobile
devices such as mobile phones or tablets with interactive functions that support the
self-management of patients with CKD stage 3.

2. The application of mHealth

The use of mobile and wireless technologies has the potential to transform
health care service delivery with multiple functions. From the survey of WHO (2011),
fourteen categories of mobile applications were found as follows: health call centers,
emergency toll-free telephone services, managing emergencies and disasters, mobile
telemedicine, appointment reminders, community mobilization and health promotion,
treatment compliance, mobile patient records, information access, patient monitoring,
health surveys, and data collection, surveillance, health awareness-raising, and
decision support systems.

Presently, there are a growing number of mobile applications for chronic
illness patients. The most commonly used applications for CKD patients are CKD
information and CKD self-management (57%), e-consultation (25%), CKD nutrition
education (24%), and eGFR calculators (19%). The most commonly used applications
among health care professionals are comprehensive clinical calculators (including
eGFR; 45%), CKD medical professional information (24%), stand-alone eGFR
calculators (21%), and CKD clinical decision support (21%). In the aspects of patient
care, the applications are intended to support self-management for CKD patients by
encouraging patients to participate actively in health care activities (83.6%), recognize
and effectively respond to symptoms (50.9%), and disease-specific knowledge
(48.2%) (Lee et al., 2018).

The previous study identified two general weaknesses in the existing
applications: In essence, the applications fell short of accommodating advanced
interactive features such as providing motivational feedback and promoting family
member and caregiver participation in the applications' utilization (Siddique et al.,
2019). Therefore, the development of the application should increase the interactive
function between the patients and the health care providers so that effective
communication can deal with the problem directly. Besides, the family should
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participate in application utilization to encourage patients to have proper self-
management behavior continuously.

3. The support of the Thai government to use mHealth

The policy of Thailand 4.0, aims to change for a value-based economy,
which is driven by innovation. As a result, the health care sector will adapt to Health
4.0 as well (MOPH, 2018). It is essential to integrate the eHealth strategy into a
framework for moving in the same direction to be successful in the long term. eHealth
IS a healthcare practice supported by electronic processes and communication and
encompasses a range of services or systems that are at the edge of medicine,
healthcare, and information technology (MOPH, 2017). Also, the technology driving
Health 4.0 and eHealth comprises (1) social web and networking; (2) telehealth;

(3) electronic health records; (4) mobile applications; (5) eLearning; (6) internet
of things; (7) cloud computing; (8) big data and health analytics; (9) robotics; and
(10) artificial intelligence (MOPH, 2017; Paoin, 2017).

mHealth is considered the most popular technology used to test, but it has
both benefits and barriers. The benefits of using mHealth for people to be more
involved in their health care are those people who care about their health with
enthusiasm. People will also receive services from hospitals that are convenient,
faster, and of higher quality. The barriers to using mHealth are still lack of a policy
framework, uncertainty about cost-effectiveness, people's lack of knowledge of
applications, and lack of technical expertise (MOPH, 2017).

4. mHealth applications that have been used in the literature on chronic
disease, including CKD.

Previous evidence showed that using mHealth applications leads to
effectively improving outcomes for chronic diseases such as stroke, diabetes,
psychotic disorders, lung disease, and cardiovascular disease. Nakhornriab and
colleagues (2017) tested the effectiveness of a mobile application on medication
adherence in patients with stroke. The mHealth application consists of 7 main
functions, including personal information, medicine boxes, medication information,
medication statistics, appointments, settings, and contact staff. The results showed

that medication adherence was statistically significantly higher in the experimental
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group than in the control group (p < .05). The mobile application can improve patient
adherence to medication by 42.85%.

Triantafyllidis et al. (2019) conducted a systematic review of mHealth in
chronic disease management by showing the features and outcomes of mHealth
interventions. The results showed the highest percentage of the interventions targeted
patients with diabetes (63%), followed by patients with psychotic disorders (23%),
lung diseases (10%), and cardiovascular disease (3%). The studies showed significant
positive outcomes in glucose concentration, physical activity, lung function
parameters, mental health interventions assessing N-back performance, medication
adherence, and hospitalizations.

For CKD, the mHealth application was developed and tested for
effectiveness to improve self-care and self-management. It has several functions,
which are as follows: (1) documentation, including personal information, medical
history, blood test results, weight, and current medication; (2) monitoring or tracking,
including blood pressure, laboratory results, and exercise (3) provides information
on CKD, diet, medicine, and exercise. (4) symptom assessment and management,

(5) communication with healthcare providers, (6) reminders, and (7) Real-time
personalized patient feedback and alerts to providers when predefined treatment
thresholds are crossed or critical changes occur (Chen et al., 2018; Doyle et al., 2019;
Ong et al., 2016). Outcomes that were significantly improved using the mobile
application for CKD patients can be classified into two groups, including (1) self-
management behavior; communication, exercise, and medication management,

and (2) clinical outcomes: blood pressure control, six-minute walking test, total
cholesterol, LDL cholesterol, waist circumference, and body fat (Chen et al., 2018;
Doyle et al., 2019; Ong et al., 2016). Data from the interview showed that after using
the mobile application, patients indicated feeling more confident and in control of
their condition, and clinicians perceived patients to be better informed and more
engaged (Ong et al., 2016).

In conclusion, the mHealth application helps to improve self-management
behaviors, clinical parameters, and outcomes specific to CKD. The mHealth
application is a tool with an excellent solution to collect and provide various health

information on patient health, including maintenance of patient medical records and
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medication adherence. It also contributes to the decision of healthcare providers to

provide treatment to patients.

Outcomes of a self-management program among persons with CKD

Improved health, prevention of complications, and worsening of chronic
iliness are critical measures of effective self-management. In several pieces of
evidence, self-management programs among patients with CKD are effective in
improving health outcomes in self-management behaviors and clinical outcomes,
which include blood pressure and estimated glomerular filtration rate.

1. Self-management behaviors

Self-management behaviors are the behaviors that are used to manage
chronic conditions as well as engage in health promotion behaviors (Ryan & Sawin,
2009). For CKD patients, self-management is applied to an individual to promote
positive attempts to control and participate in health care in daily life and to embrace
tasks in the medical, role, and emotional management to optimize health, prevent
complications, control symptoms, organize medical resources, and minimize the
intrusion of the disease into the person’s preferred lifestyle (Curtin & Mapes, 2001).

For this study, self-management behaviors were measured among people
with CKD stage 3 by the Self-Management Behaviors Questionnaire (SMBQ),
which was modified by the researcher from the SMBQ for people with CKD at the
pre-dialysis stage by Curtin et al. (2008). They comprise five attributes, self-care
activities, medication adherence, communication, self-advocacy, and partnership in
care (Curtin et al., 2008).

Self-care activities

Self-care activities represent the "action" dimension of self-management and
are based on the premise that the best outcomes in health care result when patients are
actively involved in their care. Self-care entails performing some aspects of physical
care and also includes behaviors such as tracking treatment progress, monitoring
symptoms and side effects and pursuing positive wellness-related behaviors in their
daily lives, such as a healthy diet and regular exercise (Curtin et al., 2005; Curtin
et al., 2008).
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Medication adherence

WHO defines adherence as "the extent to which a person’s behaviors-taking
medication, following a diet, and/or executing lifestyle changes-correspond with
agreed recommendations from a health care provider." (Sabaté, WHO, NMH, &
CCH, 2001). In most cases, medications constitute a critical part of care, and
clinicians must encourage patients to take medications as prescribed. The
interdependence of the various dimensions of self-management becomes clear in
the context of the adherence component. That is, if communication is effective and
a working partnership is present, there should be, in turn, a greater likelihood of
adherence. (Curtin et al., 2008).

The literature review found that patients with early-stage CKD had a low
level of self-management behaviors, which accounted for 58.8 percent. The lowest
scores of self-management behaviors are in the domains of self-advocacy, partnership
in care, and communication with health providers, respectively (Curtin et al., 2008;
Krajachan et al., 2018; Sritarapipat et al., 2012). The self-management program has
significantly improved self-management behaviors and activities compared with usual
care (Suwanwaha et al., 2016; Zimbudzi et al., 2018).

Communication

Communication is essential because disease self-management is neither safe
nor feasible unless patients provide their clinicians with information about their
symptoms, ask questions that promote independent problem solving, and receive
relevant information and guidance from their clinicians in return (Curtin et al., 2008).
Effective patient-provider communication is of particular importance for CKD
patients. Patients' capacity to slow the progression of CKD may be limited by their
lack of knowledge about the disease, its co-morbidities, psychosocial influences, and
their ability to interact and communicate effectively with their health care provider
(Lopez-Vargas et al., 2014). Ineffective communication can result in inadequate CKD

knowledge, poor self-management adherence, and worse health outcomes.
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Self-advocacy

Self-advocacy in self-management represents patients’” willingness to act
positively in their self-interest, make decisions for themselves, negotiate with health
care professionals, and exercise control over their care and treatment. Examples of
self-advocacy behaviors include seeking second opinions, changing doctors, offering
suggestions regarding care and treatment, and using treatments other than or in addition
to what is suggested by the physician (Curtin et al., 2008).

Partnership in care

A partnership is a dynamic relationship among diverse actors based on
mutually agreed objectives and pursued through a shared understanding of the most
rational division of labor based on the respective comparative advantages of each
partner. The partnership encompasses mutual influence, with a careful balance
between synergy and respective autonomy, which incorporates mutual respect,
equal participation in decision-making, mutual accountability, and transparency
(Brinkerhoff, 2002). Partnership in care is crucial to self-management. It is
interdependent with the communication dimension of self-management because
a true partnership with the healthcare team is only possible when patients can
effectively communicate with them. A successful partnership includes behaviors
related to patients’ pursuit of improved communication with clinicians as well as
independent and proactive information seeking from sources other than the clinicians,
such as articles, books, or health websites (Curtin et al., 2008).

2. Blood pressure (BP)

BP is the value that reflects the amount of pressure exerted on the walls of
the arteries as the blood moves through them. It is measured in millimeters of mercury
(mmHg). Both the systolic and diastolic pressure are measured, and these figures are
usually represented with the systolic pressure first, followed by the diastolic pressure.
Normal BP values are systolic pressure between 120-129 mmHg and diastolic
pressure between 80-84 mmHg (Thai Hypertension Society, 2019). If BP is high or
if someone is diagnosed with hypertension, it is the most significant risk factor for
the development and progression of CKD. BP typically rises with declines in kidney
function, and sustained elevations in BP hasten the progression of kidney disease
(Judd & Calhoun, 2015). The interaction between hypertension and CKD is
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complicated and increases the risk of adverse cardiovascular events, especially
systolic BP elevation (Flint et al., 2019). Thus, BP monitoring is essential in the
management of hypertension in CKD patients. For CKD management, the optimal
blood pressure level was less than 130/80 mmHg (ACC/AHA, 2017; KDIGO, 2012).
When blood pressure rises, factors such as sodium and potassium intake, physical
fitness, alcohol, smoking, amphetamine, obesity, corticosteroid, non-steroidal anti-
inflammatory drugs (NSAIDs), and herbs should be considered (Thai Hypertension
Society, 2019; Whelton et al., 2017).

From the literature review, it was found that the prevalence of hypertension
in patients with CKD stage 3 is 96.2 percent. Only 49.3 percent had undergone blood
pressure control, according to studies (Schneider et al., 2018). have shown that self-
management programs for people with CKD have significantly improved BP
compared to usual care (Peng et al., 2019; Suwanwabha et al., 2016; Zimbudzi et al.,
2018). There are a few studies that found no significant improvement in blood
pressure levels (Seephom et al., 2014).

3. Estimated Glomerular Filtration Rate (eGFR)

eGFR is a value of the plasma flow from the glomerulus into Bowman’s
space over a specified period. It represents kidney function and determines the stage
of chronic kidney disease. GFR cannot be measured directly. The urinary or plasma
clearance of an ideal filtration marker, such as inulin, iothalamate, or iohexol, is the
gold standard for the measurement of GFR. However, this is cumbersome and not
used in clinical practice. Instead, serum levels of endogenous filtration markers, such
as creatinine, have traditionally been used to estimate GFR (NKF, 2014). The main
factors affecting creatinine generation are muscle mass (e.g., increased muscle mass,
malnutrition/muscle wasting) and diet (e.g., restriction of dietary protein and ingestion
of cooked meats). However, serum creatinine alone is not an adequate marker of
kidney function. There are various methods to calculate eGFR. For this study,
eGFR calculated by the CKD-EPI equation is expected to perform better than the
Modification of Diet in Renal Disease (MDRD) Study equation, especially at higher
GFR, with less bias, improved precision, and greater accuracy. (Levey et al., 2009).
This equation comprises four parameters, including serum creatinine, age, gender, and

ethnicity.
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The normal value for eGFR is 90 ml/min/1.73 m?and it is considered the
best test to measure kidney function and determine the stage of kidney disease
(NKF, 2019). The level of eGFR and its magnitude of change over time is vital to
the detection of kidney disease, understanding its severity, making decisions about
diagnosis, prognosis, and treatment, and screening of CKD progression. One year is
a proper period to measure an eGFR decline rate, and it is a good predictor of CKD
prognosis (Nojima et al., 2017). However, an eGFR is a standard outcome to measure
the progression of CKD. Thus, it is necessary to measure eGFR between the

experimental and control groups after receiving an intervention in the current study.

A Self-and family management support combined with the mHealth

application program among persons with CKD stage 3

Although there are many self-management programs for CKD patients, there
are still limited programs that integrate IT tools into the program. Thus, the researcher
needs to review all the literature that uses IT tools to support self-management among
persons with CKD stage 3. The literature review found eight experimental studies,
two systematic reviews and two meta-analyses that were associated with the self-
management support integrated mHealth application program among persons with
CKD stage 3 (Blakeman et al., 2014; Chen et al., 2018; Doyle et al., 2019; Havas
etal., 2018; He et al., 2017; Jeddi et al., 2017; Lee et al., 2016; Lin et al., 2013;
Seephom et al., 2014; Timmerman et al., 2017; Walker et al., 2013; Zimbudzi et al.,
2018), which has the following three components:

1. Elements and components of self-management support interventions

All the included studies had a theoretical underpinning for their self-
management elements. Key elements of these interventions are derived from self-
regulation (Lin et al., 2013), social cognitive (Timmerman et al., 2017), and
individual and family self-management theory (Seephom et al., 2014). Standardized
education and training (e.g., dietary control and exercise, blood pressure management,
blood sugar control, and emotional distress reduction), peer contact, multidisciplinary

team, goal setting, problem-solving, and social support are among these elements.
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2. Delivery characteristics

Most of the studies had more than one delivery element that utilized face-to-
face delivery and integrated IT tools, such as VDO media (Lin et al., 2013), telephone
support and consultation (Havas et al., 2018; Seephom et al., 2014), interactive
websites (Blakeman et al., 2014), mobile applications (Chen et al., 2018; Doyle et al.,
2019), and the nutrition data system for research software (Timmerman et al., 2017).
All studies had members of the multidisciplinary team facilitating the delivery of
self-management support interventions. A diversity of providers included nurses,
nephrologists, dietitians, social workers, general practitioners, and lay health workers,
among whom nurses are the most common health professional group.

3. Duration of intervention delivery

The study duration varied and ranged from three weeks to three years, with at
least four weeks required to achieve clinically meaningful outcomes and a three-month
follow-up effect (He et al., 2017; Jeddi et al., 2017; Lee et al., 2016; Zimbudzi et al.,
2018). Also, the duration of the face-to-face session was between 20 minutes and
2 hours, and the telephone phone session lasted 5-60 minutes (Havas et al., 2018;
Timmerman et al., 2017).

From the above literature review, there is still a gap in research, which is
a lack of systematic involvement of the family in self-management programs. The
family has a crucial person for chronic disease management. The majority of the
management of chronic conditions takes place in the everyday home setting, and
family can be highly influential on individual behavior (Ory et al., 2013). Proper
family functioning can lead to improved self-care confidence and autonomous
motivation for medication and diet adherence (Stamp et al., 2016). Also, families
were essential in constructing an environment that was conducive to family
engagement and support. Adaptation within the family included maintaining cohesion
between family members, normalization, and contextualization of the chronic
condition (Whitehead et al., 2017).

Also, there is a limit to the interactive IT tools that have an interactive
function to transfer knowledge, communication, and trigger patients to have effective
and sustainable self-management behaviors. The IT tools that are integrated into the

self-management support program consists of telephones, mobile applications,
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telemedicine, video conferencing, computerized systems (websites), and the internet.
The mobile application was often used to transfer data or knowledge and to
communicate with healthcare providers or researchers (Blakeman et al., 2014)
because it was easier to use and access than computerized systems (Jeddi et al., 2017).
Moreover, 49.6 million Thai people (79.3%) use a mobile phone (National Statistical
Office, 2015). Thus, integrating mHealth into the self-management program for Thai
people is suitable.

CKD stage 3 is considered a critical problem because it has the highest
number of all stages of CKD which further develop into a massive number of ESRD
if they live without effective self-management programs. Therefore, the researcher
conducted an RCT study that aimed to develop and examine the effectiveness of self-
and family management support combined with the mHealth application program
among persons with CKD stage 3. This program was created from the synthesis of
evidence-based practice and is supported by the IFSMT of Ryan and Sawin (2009).
Family members were invited to participate in program activities to help patients
using the mHealth application and support self-management in daily life.

The program implementation consisted of four sessions over four weeks.
The delivery intervention comprised: (1) identifying and measuring risks and
protective factors, (2) providing knowledge and caring beliefs, (3) developing
self-regulation skills and providing support from family and mHealth applications,
and (4) developing abilities in self-evaluation and management of responses
associated with health behavior change. The outcomes were measured three times:
pre-intervention (week 1), post-intervention (week 4), and follow-up (week 16).

The mHealth application was designed by researchers and created by experts who
developed the mHealth application. It was used for Android operating systems and
working online. This application consisted of six functionalities that were proper for
self-management among patients with CKD stage 3, as follows: (1) personal
information; (2) eGFR calculation; (3) laboratory result record and BP monitoring;
(4) trend graph; (5) CKD management; and (6) communication with the healthcare
provider. We expected that the program might show good outcomes for patients with
CKD stage 3, were able to improve self-management behaviors, control BP, and
prevent the decline of eGFR.



CHAPTER 3
RESEARCH METHODOLOGY

The objective of this study was to examine the effectiveness of self-and
family management support combined with the mHealth application program on
self-management behaviors, BP, and eGFR among persons with CKD stage 3. This
chapter describes the research design, population and sample, research setting,
instrumentation, protection of human subjects, data collection procedures, and data

analysis.

Research Design

A randomized controlled trial (RCT), pre-post intervention, and follow-up
design were applied in this study. It is considered the goal standard of experimental
research. RCT design is made up of three properties, which are as follows:

1) Manipulation: The manipulation in this study was the self-and family
management support combined with the mHealth application program plus usual care,
which was provided for the participants in the experimental group.

2) Control: This study controlled threats and prevented confounding factors
by controlling the individual characteristics, setting, and dose of intervention. The
experimental group received self-and family management support combined with the
mHealth application program plus usual care, whereas the control group received only
usual care. Internal validity was controlled by performing a double-blind technique
(blinding the participants and outcomes assessor) until allocation concealment was
completed.

3) Randomization: Controlled external validity was performed by randomly
assigning participants into either a control or experimental group using simple random
sampling without replacement.

Thus, the RCT design was appropriate for a research design to test the
effectiveness of the self-and family management support combined with the mHealth
application program for persons with CKD stage 3.
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Population and Sample

Target populations refer to Thai people with CKD stage 3 who had been
diagnosed by a nephrologist with an eGFR of 30-59 ml/min/1.73m? for > 3 months
and followed up at the CKD clinic at Samut Prakan Hospital in 2020.

Participants refer to the target population who had met inclusion criteria.

Inclusion criteria for the participants were:

1) Aged > 18 years.

2) CKD stage 3a (eGFR = 45-59 ml/min/1.73 m?) or 3b (eGFR = 30-44
ml/min/1.73 m?).

3) Controllable co-morbidity diseases (based on clinical parameters from the
medical history). HT with BP < 180/110 mmHg without symptoms of hypertensive
crisis. DM with FBS < 250 mg/dl and without symptoms of diabetic crisis.

4) Free from a cognitive impairment which was screened by the Thai mental
state examination (TMSE). The cutoff point for TMSE was > 23 scores.

5) The participants or family members possessed the Android smart mobile
phones and were able to use mobile phone applications fluently and were feasible to
access the internet.

6) Full ability to read and write in Thali.

7) Living in the province of Samut Prakan.

Inclusion criteria for family members were:

1) Aged > 18 years.

2) Living with the participants.

3) Take responsibility and role of the main caregiver, overseeing the
patient's diet, medication, and follow-up visits.

Exclusion criteria:

1) The participants with advanced CKD or who received hemodialysis
during program activities

2) The participants who had adjusted to increasing their antihypertensive

drug dose during program activities.
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Discontinuation criteria:

Termination criteria:

1) The participants who had a severe illness or were in a critical phase and
needed to be hospitalized during program activities.

2) The participants who died during the program activities.

Withdrawal criteria:

1) The participants who requested to withdraw because they were
inconvenient to participate in the program activities as scheduled.

Sample Size

The sample size was calculated by using a power calculation with the
G*power program (Version 3.1.9.2; Faul, Erdfelder, Buchner & Lang, 2009). Power
analysis involved the F test for ANOVA repeated measure within-between factors
with a power of .80, a significance level of .05, and an effect size of .56, all of which
were obtained from a previous study on self-management intervention for CKD
(Zimbudzi et al., 2019). The effect size was then transformed into F tests by the
converting effect size program, which was equal to .28 (Lenhard & Lenhard, 2016).
These measures were repeated three times with a total minimum sample size of 32
participants and a 25% attrition rate (Suresh & Chandrashekara, 2012). Therefore,
a total of 40 participants were finally recruited, and 20 of them were randomly

assigned to each group.

Recruitment Procedures

Recruitment procedures were performed at the CKD clinic of Samut Prakan
Hospital in the following steps:

Step 1: Potential participants were randomly assigned to the experimental
and control groups by lottery for the week of CKD clinic service. The experimental
group was recruited in the second week of the month and the control group was

recruited in the fourth week of the month.
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Step 2: The 1% research assistant (RA1) checked the name list of CKD
patients who had made appointments with the nephrologist at the CKD clinic the
day before the meeting. Then, RA: verified medical history records to recruit the
potential participants who were in line with inclusion criteria.

Step 3: Potential participants arrive at the CKD clinic. The RA; approached
them to screen for cognitive impairment by the TMSE. If the score of TMSE > 23
points, it meant that the participants had no cognitive impairment. Then, assessing
the ability to use mobile phone applications and internet access was performed, and
family members who were taking the role of the main caregiver and could participate
in the program were asked to participate.

Step 4: The researcher explained the research objectives, processes, benefits,
and potential risks of the study to the eligible participants. If the participants were

willing to participate, they received a consent form to sign.

Randomization Procedures

Simple random sampling was used for this study. Initially, the researcher
prepared 2 slips, each of which was written with the symbol "E" meaning the
experimental group, and "C" meaning the control group. Then the head nurse of the
CKD clinic drew out a slip from a box on which the first draw was randomly assigned
in the second week of the month, and the second draw was randomly assigned in the
fourth week of the month. As a result, the participants following up at the CKD clinic
in the second week of the month were assigned to the experimental group, and the
participants following up at the CKD clinic in the fourth week of the month were

assigned to the control group.

Research Setting

Samut Prakan Hospital is a tertiary hospital with more than 500 beds where
there were specialists in every department, including the nephrology department.
The nephrology department is responsible for 570 patients with ESRD, including 348
undergoing peritoneal dialysis, 180 undergoing hemodialysis, and 42 receiving

supportive care. The CKD clinic is an outpatient department that provided medical
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services for patients with CKD at stages 3 to 5 to promote prevention, slowing the
deterioration of the kidneys, and treatment of kidney replacement therapy. The
number of patients with CKD who followed up at the CKD clinic was 121, divided
into stage 2 of 6 cases, stage 3 of 67 cases, stage 4 of 44 cases, and stage 5 of 4
cases. The clinic is open on the second and fourth Thursday of each month from
13.00 to 16.00 hrs.

A treatment protocol for CKD clinics following the service plan (kidney
disease) of the MOPH (2013) consists of three parts: a multidisciplinary team,
educational programs, and data management systems for CKD patients. The
multidisciplinary team refers to healthcare providers who have been working at the
CKD clinic comprising of nephrologists, RRT nurse practitioners, dietitians,
pharmacists, and physiotherapists. The educational program consists of medication
use, dietary control, and health care practices. The data management system of CKD
patients was beneficial for the analysis of outcomes indicators based on the criteria
of the Nephrology Society of Thailand. The activities of the CKD clinic are: (1)
measuring vital signs and blood and urine testing before meeting the nephrologist;
(2) meeting the nephrologist to receive treatment and medication; (3) meeting other
health care providers to obtain knowledge about medication use, dietary control,
self-care activity, and exercise; and (4) receiving the next follow-up appointment,
which CKD stage 3 often follows-up at 4 months.

In the CKD clinic, nurses play an important role in the care of patients with
CKD by educating and assisting them to be aware of their disease and make informed
decisions about long-term therapy. Keep track of the eGFR, BP, and blood sugar in
the diaries of CKD patients. Educating patients on the importance of BP control
ensures they are aware that reducing raised BP and maintaining good glycemic

control is a key factor in preventing the progression of CKD.



55

Research Instruments
Three types of research instruments were used to collect the data in this
study. The details of each instrument were described as followed:
1. Screening Instruments
1.1 The Thai Mental State Examination (TMSE)
This form was developed by the Train the Brain Forum Committee in
Thailand (1993). It is intended to be used as a screening test for dementia in the
elderly. It was used to screen for cognitive impairment among the elderly with stage 3
CKOD in this study. The total score for TMSE comprised 30 points, containing six
basic sub-tests; orientation (6 points), registration (3 points), attention (5 points), the
calculation (3 points), language (10 points), and recall (3 points). The cut-off points
for screening normal people without cognitive impairment for the TMSE was > 23
points.
2. Data Collection Instruments
2.1 The Demographic Data Record Form
This form was developed by the researchers to gather demographic
data from the participants, consisting of three parts: general information for the
participants, general information for the family, and health information for the
participants. Part 1: Participants' general information included their gender, age,
religion, marital status, education level, occupation, medical care entitlements,
income, and use of technological devices. Part 2: Families' general information,
such as the number of family members, their ages and relationships, and the family's
income. Part 3: Health Information for the participants included the current stage of
CKD, duration of diagnosis with CKD, weight, height, BMI, serum creatinine, serum
albumin, urine protein, urine creatinine, hemoglobin, hematocrit, blood glucose,
HbA1C, lipid profile, comorbidities, current medications, and history of hospital
admission.
2.2 The Clinical Outcomes Record Form
This form was developed by the researchers to gather the values for BP
and eGFR. The value of BP was measured by the RA: at the CKD clinic, Samut
Prakan Hospital, using a sphygmomanometer brand Omron Hem-7120. BP was

measured as a baseline after immediately completing the intervention and follow-up
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period. The value of eGFR was also obtained from the medical record at the baseline
and follow-up period.

2.3 The Self-Management Behaviors Questionnaire (SMBQ)

It was developed by Curtin et al. (2008) based on Curtin and Mapes’s
self-management concept (Curtin & Mapes, 2001), and it has been used to measure
self-management behaviors for patients with CKD at the pre-dialysis stage.

The SMBQ consisted of five dimensions of self-management behaviors with 37
items, including self-care activities (11 items), medication adherence (1 item),
communication (8 items), self-advocacy (10 items), and partnership in care (7 items).
This instrument had five-point Likert-type scales ranging from 1 (never) to 5 (all the
time) as a scoring system. Scores ranged from 37 to 185, obtained by summarizing
the response values across all items. The total score indicates the level of self-
management behaviors, with 37-85.9 being considered low, 86-135.9 was considered
moderate, and 136-185 was considered high. The scale’s internal consistency
reliability showed a good value, with coefficients (alpha) for the subscales ranging
from 0.70 to 0.84 (Curtin et al., 2008).

This instrument was translated into Thai by Sritarapipat et al. (2012)
using the back-translation technique and was used in research on the causal model
of elderly Thais’ self-management behaviors of pre-dialysis CKD. Cronbach’s alpha
for the SMBQ was 0.95. Moreover, the instrument was used in research on the
effectiveness of self-management enhancement programs for Thais with CKD at pre-
dialysis stages by Suwanwaha et al. (2016). Cronbach’s alpha for the Thai version
SMBQ was 0.92. For this research, the instrument was modified regarding the time
to assess self-management behaviors from six months to one month, which was
appropriately considered for the program activities.

3. Intervention Instruments

3.1 The protocol of self-and family management supports combined

with the mHealth application program for persons with CKD stage 3

This protocol was adopted from two constructs of the individual and family
self-management theory of Ryan & Sawin (2009; 2014), related to context and
process. Furthermore, the activities of self-regulation (Lin et al., 2013) and self-
efficacy (Nguyen et al., 2019) were also applied to the protocol. This protocol
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consisted of four sessions over four weeks with the delivery interventions by the
researchers and the 2" research assistant (RA2) (Table 3).

3.2 Worksheets

Seven worksheets were used in conducting research activities as follows:
1) Identifies risk and protective factors, 2) Assess the self-management knowledge,
3) Assess the self-efficacy, 4) Self-management planning, 5) Assess the self-
management behavior modification, 6) Assess the benefits and problems of
participating in the program, and 7) Assess the satisfaction with the mHealth
application.

3.3 CKD Handbook

There were two handbooks provided for the participants. The title of
a CKD handbook was "Tips and tricks to preventing renal failure.” The content
was appropriate for general people and patients with CKD. It was produced by the
Nephrology Society of Thailand, the National Health Security Office, and the Food
and Drug Administration (2015). This handbook included necessary information and
knowledge regarding self-management such as kidney function, the effect of CKD,
signs and symptoms, hypertension and diabetes mellitus management, diet and
lifestyle changes, and tips and tricks for preventing renal failure. CKD’s nutrition
handbook title was "How to eat when kidneys start to deteriorate.” It contained the
main principles of diet planning for people with chronic kidney diseases, food menus,
and food exchange categories.

3.4 VDO's media

The VDO media regarding CKD knowledge could be downloaded from
the YouTube of the Rama Channel. Two parts and six episodes of VDO contained
a variety of talks with the expertise of a nephrologist, lasting about 10 minutes per
episode. The content featured in the VDO included causes of CKD, risk factors, signs
and symptoms, complications, medical treatment, nutritional management, and
medication use for CKD stages 1-3.

3.5 PowerPoint Handout

The researcher created ten PowerPoint handouts on the following topics:
1) Kidney anatomy and functions, 2) Causes of CKD, 3) Symptoms of CKD, 4) Stage
and prognosis of CKD, 5) Lifestyle changes to protect the kidneys, 6) Diet for CKD
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patients, 7) BP and blood sugar control, 8) Medicines, supplements, herbs, and
nephrotoxic substances, 9) Therapeutic therapy for renal replacement, and 10) the
mHealth applications for CKD management.

3.6 Home Blood Pressure Monitor (HBPM)

HBPM was an effective self-monitoring tool for hypertensive patients.

It helped to improve the diagnosis of white-coat hypertension and the prediction

of cardiovascular risk. Furthermore, HBPM was less expensive and simpler to
implement (George & MacDonald, 2015). For this research, BP was measured using
the Omron brand Hem-7120 and verified for accuracy equal to + 5 mmHg by the
medical equipment center at Samut Prakan Hospital. The researchers gave 20 HBPM
devices to the participants in the experimental group. They were asked to monitor
BP at home by following the standard procedures and taking two measurements on
each occasion after 5 minutes of sitting rest and 1 minute between measurements.
Then recorded the average BP in the mHealth application 1-2 times a week (Thai
Hypertension Society, 2019; Whelton et al., 2017; Unger et al., 2020).

3.7 The mHealth Application

The mHealth application was called "Kidney Healthy," and was designed
by researchers and created by experts who developed the mHealth application. It was
used for Android operating systems and working online. This application consisted of
six functionalities that were proper for supporting self-management among persons
with CKD stage 3, as follows:

1) Personal information: This function was used to record code names and
personal data, both general and health-related data.

2) eGFR Calculator: The calculator was used to calculate eGFR by using
the CKD-EPI creatinine 2009 equation (Levey et al., 2009). This equation included
four variables comprised of serum creatinine, age, gender, and ethnicity.

3) BP monitoring and laboratory result recording: This function was used
to record laboratory results such as eGFR, urine protein, serum albumin, serum
creatinine, and HbA1C, as well as to monitor BP at home at least 1-2 times per week.
The evaluation results were shown at the bottom of the screen, representing simple
alerts and feedback when predefined treatment thresholds were crossed or critical

changes occurred.
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4) Trend graph: This function showed trend graphs of laboratory results
such as eGFR, urine albumin, BP, and HbA1c that represented the progression of
CKD and co-morbidity.

5) CKD management: This function adds CKD handbooks and VDO’s
media to provide knowledge of the disease, medication, nutrition, and exercise for
patients with stage 3 CKD, as well as management when the patients had problems
controlling their BP and the progression of their CKD.

6) Communication: This function was an interactive function that
provided a channel of communication or consultation between patients and healthcare

providers when serious problems occurred.
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Psychometric Properties of Research Instruments

Content Validity

The content validity of SMBQ), the research protocol, and the mHealth
application were tested by five experts, including one nephrologist, three specialist
professors in internal medicine nursing and care for CKD patients, and one nurse
practitioner in renal replacement therapy and CKD care. The experts were asked to
assess the content validity of the instruments based on consideration of content,
language suitability, and arrangement. The instruments were then revised according
to the recommendations of the experts. The result of the Content Validity Index (CVI)
of the SMBQ was .95.

Reliability

The reliability of the SMBQ was tried out on 15 participants who had
similar characteristics to the participants in the study at the CKD clinic of Samut
Prakan Hospital. The internal consistency reliability of the SMBQ was good with the
Cronbach’s alpha value of.84. The actual reliability for the SMBQ among the three
times measured were .86, .87, and .89, respectively.

Inter-rater reliability

During the training phase for the research assistant to collect data, the
researchers and the RA: independently marked the answers from five participants in all
of the questionnaires at the same time. Then, the inter-rater reliability was tested using
the percentage of the agreement to examine the confirmatory understanding of each item

between the researchers and the RA:. The value of inter-rater reliability was .92.

Protection of Human Subjects

Protection of the rights of participants in this study complied with the
Declaration of Helsinki (World Medical Association, 2013). This research was
registered as a randomized trial by the Thai Clinical Trial Registry (project code
TCTR20200928004). After approval from the research ethics committee of Burapha
University (project code G-HS 064/2563) and the human research review boards of
Samut Prakan Hospital (project code 0g05463), the data collection started. The

researchers provided information about the research study either verbally or via an



62

information sheet to potential participants individually. The information included

research objectives, benefits, potential risks, types of questionnaires, time involved,
and tasks to be completed. The participant’s right to withdraw from the study at any
time was also explained. After that, informed consent was signed by the participants
before providing the questionnaires. The confidentiality of participants was ensured

by using a code number to ensure their privacy.

Pilot Study

The pilot study was conducted to test the feasibility of the self-and family
management support combined with the mHealth application program. The inclusion
criteria recruited stage 3 CKD patients and family members to install the mHealth app
called "Kidney Healthy" for CKD management for four months. The outcome was
initially evaluated following the completion of the program in weeks 4 and 16.

Five families were interested in participating in this research. Most of the
participants were female (60%). The age level of participants was adult, with an
average age of 57.46 years (SD = 18.58), and the CKD was at stage 3b (60%). Most
caregivers were healthy, with an average age of 43.32 (SD = 16.31). Self-management
behaviors were much higher in week 4 (Mgifr = -13.80, p <.05), and slightly increase
at week 16 without any intervention. The results of the pilot study showed that this
intervention possibly increased self-management behaviors even in the short term.
Therefore, the researcher must find ways to enable participants and family members
to maintain self-management behaviors by boosting, encouraging, and empowering
them via mHealth applications. After the intervention period, systolic blood pressure
(SBP) drops significantly (Fz12=6.69, p < .05). The number of times BP was
recorded in the application, 2.04 times per week (r =-.90, p < .05), was one factor
correlated with the decrease in SBP. Whereas, there was no significant decrease in
diastolic blood pressure (DBP).

After participating in the pilot study program, the participants and family
members reported the behavioral changes. The participation in dietary control,
exercise, stress relief, kidney function monitoring, BP monitoring, and taking more
strict medication. The adoption of mHealth applications has made it easier for people

to take care of themselves. The ten items of overall satisfaction with mHealth
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application usage were 4.6 out of 5 scores (high level). The highest score was for

the topic "Content presentation is clearly formatted, not confusing, and easy to
understand." The lowest score was for the topic "Application menu use language that
IS easy to understand and implement." After that, the mobile health application was
improved based on user evaluations and recommendations.

The problem of participation in the program among the participants and
family members was the number of sessions in the program were too many times,
making it impossible to participate every time. Therefore, the researchers merged two
and three sessions together for the convenience of the participants and family
members. It was also beneficial to the participants and family members to be able
to try the mHealth application longer and more proficiently. Therefore, this study
provided preliminary feasibility for the mHealth and family involvement program to

improve self-management behaviors and reduce BP.

Data Collection Procedures

The procedures for data collection consisted of three phases as followed:

1. Research Assistant Training and Preparation Phase

Two research assistants (RA) in this study were practitioner nurses. They
were trained to collect data and to help researchers implement the program. Firstly,
the researchers recruited two RA who were nurse practitioners and had at least five
years of work experience caring for CKD patients and were currently working at the
CKOD clinic at Samut Prakan Hospital. The researcher then provided information on
the study, including objectives, inclusion criteria for recruiting participants, consent
forms, and the role of RA1. The RA1 was formally trained to recruit the participants
and collect the data. If there were any questions or concerns raised during the training
sessions, they were addressed and declared. A pilot study was conducted after the
RA: had fully understood the study details and procedures. Then five participants
who had the same characteristics as the potential participants were interviewed by
the researcher and RA to test the inter-rater reliability of the research instrument.

Thereafter, the training of RA2 was formally provided to an intervenor that
helped researchers conduct the program at sessions 2 and 3. The researcher explained

the details of the program objectives and activities for each session. In the pilot study,



64

the researcher demonstrated how to conduct each session and the solutions to solve
the problem when it occurred. After having a full understanding of the study details
and procedures, RA was then returned to demonstrate how to conduct each session
with five participants who had the same characteristics as the potential participants
and finally provided constructive feedback at the end of each program session.

2. Implementation Phase

2.1 The permission letters for data collection from Burapha University
were sent to the directors of Samut Prakan Hospital.

2.2 After obtaining IRB approval from Samut Prakan Hospital, the
researchers contacted the head nurse, head nurse of the ODP, and staff of the CKD
clinic at Samut Prakan Hospital to describe the study plans and provide essential
information about the research study and data collection procedures to obtain their
permission to assess the setting for conducting the research study.

2.3 After being authorized to collect the data, the head nurse of the CKD
clinic randomly recruited the participants into the experimental and control groups
by drawing a weekly lottery. To reduce the potential contamination between the two
groups, the experimental group was recruited in the second week of the month. The
control group was recruited in the fourth week of the month.

2.4 After permission was granted from the CKD clinic at Samut Prakan
Hospital. When the potential participants came to the CKD clinic, the researcher
introduced themselves and informed the potential participants about the study's
objectives, the process of data collection, the human rights protection issues, and
ethical considerations, as well as the time requirement for participating in the study.
Afterward, they were given time to review and decide before signing consent form.
If the potential participants wanted to participate, they received a consent form to
sign. On the other hand, the potential participants who did not wish to participate were
then selected as the next number on the recruitment list.

2.5 After signing the document of consent to take part in the research
project, the RA; started to collect the participants’ demographic data. The participants
were asked to fill in the parts of general information about the participant and family,

and the RA filled in the data gained from the medical record in the parts of health
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information. Also, measuring BP, obtaining the value of eGFR from the medical
record, and filling in the data on the clinical outcomes record form was conducted.

2.6 Then, RA1 gave the self-management behavior questionnaires with 37
items to the participants, which took approximately 45 minutes to complete. Before
answering the self-management behavior questionnaire, RA; provided additional
information to the participants that, during the survey, if they were uncomfortable
answering a specific question, they could refrain from answering that question.

2.7 The RA: verified the completeness of the data in all questionnaires
immediately after finishing the interview/data collection and thanked the participants
for their participation. Then the researcher made an appointment for the next
implementation phase.

2.8 During program implementation, twenty participants in the control
group received usual care from the CKD clinic at Samut Prakan Hospital. The usual
care of the CKD clinic provided essential knowledge to manage CKD froma
multidisciplinary team including a nephrologist, RRT nurse practitioner, a dietitian,
a pharmacist, and a physiotherapist. Furthermore, the CKD nutrition booklet and
a notebook to record information about risk factors for CKD were provided. The
progression of treatment was recorded via a graph showing eGFR levels and a record
of treatment.

2.9 In the experimental group, twenty participants received self-and
family management support combined with the mHealth application program plus
usual care from the CKD clinic at Samut Prakan Hospital. The researchers and RA;
delivered the program following the protocol. The program consisted of four sessions
over four weeks, as followed:

Session 1 (week 1): Identifying and measuring risk and protective factors,
which aimed to identify condition-specific factors, physical/social environment, and
individual/family factors that could be a possible risk or protective factor. The
researchers conducted the program by themselves individually in the first week,
spending approximately 30 minutes in a private room at the CKD clinic, Samut
Prakan Hospital.

Session 2 (week 2): Providing knowledge and caring beliefs for the

participants and family members. This session aimed to provide and improve their
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knowledge to increase understanding and self-confidence to manage CKD. The
researchers and RA2 conducted the program on a small group of 10-12 persons/group
(participants of 5-6 persons and family members of 5-6 persons) in the second week,
spending approximately 60 minutes in a private room at the CKD clinic, Samut
Prakan Hospital. The essential topics for CKD knowledge consisted of causes, signs
and symptoms, complications, treatment, and self-management guidelines to delay
renal degeneration (The Nephrology Society of Thailand, 2015).

The self-efficacy activity of Nguyen et al. (2019) was used in the program
to increase self-confidence to manage CKD. The self-confident encouraging program
included (1) providing feedback from patients by identifying problems of concern for
CKD knowledge and self-management, identifying priority goals related to self-
management behavior, and sharing experiences of managing their health such as
choosing healthy food, exercising, and taking medication; (2) assisting the
participants in developing achievable goals and identifying strategies to manage their
current condition related to kidney disease; and (3) positive reinforcement in
responding to participants' concerns.

Session 3 (week 2): This session consisted of two activities, including
(1) developing self-regulation skills and (2) providing support from family and the
mHealth application. The researchers, RA2, and IT experts conducted the program in
a workshop for 10-12 persons/group (participants 5-6 persons and family members
5-6 persons) in the third week, spending approximately 120 minutes in a private room
at the CKD clinic, Samut Prakan Hospital.

Activity 1: Developing self-regulation skills aimed at encouraging
collaboration between participants and healthcare providers in order to learn and
establish self-regulation skills. The self-regulation activities of Lin et al. (2013) were
selected to apply in the program, including (1) proposing personal target problems to
be addressed in disease management; (2) observing and judging causes producing
problems; (3) setting up workable personal goals; (4) developing specific strategies to
achieve goals; (5) self-evaluating the effectiveness of strategies to achieve the goal,

and (6) recognizing one's outcome performance.
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Activity 2: Providing support from family and mHealth application.

This session aimed to provide a better understanding of the importance of CKD self-
management and instruction on how to use the mHealth application to support self-
management. This session comprised three activities, including (1) demonstrating
how to install the mHealth application named "Kidney Healthy" and filling in the
username and password for registration and also how to use six functions of the
mHealth application; (2) allowing the participants and their family members to try

it out by recording their laboratory results and BP in the application, communication
with healthcare provider via line official; (3) return-demonstration of how to use the
mHealth application to the researchers, RA2, and IT experts, after they had been using
the mHealth at home.

Session 4 (week 4): Developing abilities in self-evaluation and
management of responses associated with health behavior change. This session aimed
to encourage the participants to evaluate their change in self-management behaviors
and clinical outcomes. The researcher conducted the program by themselves
individually in the fourth week, spending approximately 30 minutes in a private room
at the CKD clinic, Samut Prakan Hospital. This session encouraged the participants to
evaluate their change in each domain of self-management behavior and change in
laboratory results, especially BP level and eGFR from the mHealth application. They
also explained how the management of physical, emotional, and cognitive responses
associated with self-management behavior changed. Finally, inquiring about benefits,
problems, and obstacles of involving a family to participate in the program activities
and using the mHealth application to support self-management were performed as
well as assessing the satisfaction of mHealth application.

3. Evaluation Phase

3.1 After all four sessions of the program completed in week 4, the
researchers thanked the participants and their family members for participating in the
program. Then, the RA; assessed outcomes of self-management behaviors and BP
immediately after completing the program (week 4). Meanwhile, the outcomes of
the participants in the control group were assessed at the same time.

3.2 For the follow-up period, the RA1 made an appointment with the
participants in the experimental group in the next three months after completing the
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program (week 16) for assessing the sustainability of self-management behaviors, BP,
and eGFR at the CKD clinic, Samut Prakan Hospital. Simultaneously, the control
group received the appointment to complete a questionnaire at the CKD clinic.

3.3 After the follow-up period was completed, services provided for the
participants in the control group were the CKD handbook, HBPM brand Omron Hem-
7120, and accessibility to use the mHealth application.

To comply with the guidelines for preventing the spread of new coronavirus
disease 2019 (COVID-19) at every phase of the research project. The researcher
adjusted the data collection pattern according to the social distancing guidelines and
maintained cleanliness according to the policy of Samut Prakan Hospital. Before
entering the CKD clinic, the participants’, RAs’, and researchers’ body temperature
must be checked. Furthermore, a facemask was asked to be used at all times of the
program activity and data collection, using alcohol, hand sanitizers, and disinfectants

to clean the device, including the location used for data collection.

Data Analyses

The statistical analysis of the data was performed using a statistical software
program. The level of significance was set at .05 as followed:

1. Descriptive statistics, including frequency, percentage, mean, and
standard deviation, were used to analyze and describe the demographic characteristics
of the participants.

2. Chi-square test, Fisher’s exact test, and independent t-test was used to
evaluate the differences in the demographic characteristics between the experimental
and control groups.

3. Independent t-test was used to examine the changes in mean scores of
eGFR between the experimental and control groups at pre-intervention (week 1) and
follow-up (week 16).

4. Two-Way Repeated Measures ANOVA (one within-one between) was
employed to test for changes in mean scores of self-management behaviors, SBP, and
DBP comparing the experimental and control groups at pre-intervention (week 1),
post-intervention (week 4), and follow-up (week 16).
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Potential participants were randomly assigned to the experimental and control

groups by lottery for the week of CKD clinic service. The experimental group was

recruited in the second week of the month and the control group was recruited in

the fourth week of the month.

v

medical history records.

Participants were recruited according to the inclusion criteria by verifying

v

Pre-intervention (week 1): After the consent form was signed, record the
demographic data, measured the SMBQ, BP, and eGFR.

The researcher provides self-and family
management support combined with the mHealth
applications program plus usual care for the
experimental group
Session 1 (weekl): Identifying and measuring risks

and protective factors (individual session).

Session 2 (week 2): Providing knowledge and
caring beliefs (group session).

Session 3 (week 2): Developing self-regulation
skills and providing support from family and
mHealth application (workshop session).

Session 4 (week 4): Developing abilities in self-
evaluation and management of responses associated

with health behaviors change (individual session).

The multidisciplinary
team at the CKD clinic
provides usual care for

the control group

Post-intervention: Measure outcome variables using the SMBQ and BP

after completion of the intervention immediately at week 4.

v

v

Follow-up: Measure outcome variables using the SMBQ, BP, and eGFR

after completion of the intervention at week 16.

Figures 4 Flow diagram of study processes and interventions




CHAPTER 4
RESULTS

This chapter presented the results of this study in seven-part parts. The
first part revealed the CONSORT Flow Diagram. The second part described the
demographic characteristics of the participants and their families. The third part
reported the evaluation of statistical assumptions for the dependent variables. The
fourth part reported descriptive statistics of the outcome variables. The fifth part
reported the comparisons of pre-intervention scores of outcome variables. The sixth
part showed the study’s hypotheses testing. The final part described the conclusion
of the findings.

CONSORT Flow Diagram

The number of patients with CKD who followed up at the CKD clinic was
121 cases. Sixty-seven participants were assessed for eligibility criteria, and 44 were
invited to participate in the research project. However, 4 of them declined to
participate in the research project, eventually leaving only 40 participants who were
willing to participate in the research project. Forty participants were randomly
assigned to the experimental group (20 cases) and the control group (20 cases).

The experimental group received the program. In the period of post-
intervention and follow-up, there was no drop-out rate among the participants in the
experimental group. Therefore, the analysis of the results was performed for both

experimental group (n = 20) and a control group (n = 20), as shown in Figure 5.
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Figures 5 CONSORT flow diagram of the progress through the phases of a parallel

randomized trial of two groups (Schulz et al., 2010)
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The demographic characteristics of the participants

The demographic data of the participants consisted of three parts: general
information, health information, and family information. Part 1 described the
participants' general information, such as gender, age, religion, marital status,
education level, occupation, payment scheme, income, smoking, alcohol
consumption, use of technological devices, and use of mobile phone applications.
Part 2 described the health information of the participants, including the current stage
of CKD, duration of diagnosis with CKD, body mass index (BMI), serum creatinine,
urine protein, urine creatinine, hemoglobin, hematocrit, fasting blood sugar,
hemoglobin A1C (HbALC), lipid profile, comorbidities, current antihypertensive
medications, and history of hospital admission. Part 3 described the family's general
information, including the number of family members, the relative and age of the
main caregiver, the family income, and the health of the main caregiver. These
demographic characteristics were analyzed using descriptive statistics including
frequency, percentage, mean, and standard deviations. The differences in
demographic characteristics between the experimental and control groups were
analyzed by the chi-square test, Fisher's exact test, and independent t-test statistics
as shown in tables 4 to 6.

In the experimental group, 75% of the participants were males. The majority
age group was elderly (70%) and the mean age was 63.70 years (SD = 11.63, range
43-87). All participants were Buddhist (100%) and 90% were married. The level of
education was lower than a bachelor's degree (80%) among employees, merchants,
and business owners (55%). They had incomes < 5,000 baht per month (50%) and
used the universal coverage (100%) for their healthcare scheme to access health care.
The majority of them (65%) did not smoke and drank alcohol (55%). Regarding
technological devices, they mostly used mobile telephones 5-7 days/week (95%)
and used mobile applications 5-7 days/week (60%).

As shown in Table 4, most of the individual characteristics in the control
group were like those in the experimental group. Most of them were males (65%).
The major age group was the elderly (75%), with a mean age of 66.25 years (SD = 10,
range 47-85). The religion was Buddhism (95%), and they were mostly married

(70%). The level of education was lower than a bachelor's degree (95%) for
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employees, merchants, and business owners (55%). They had incomes < 5,000 baht
per month (50%) and used the universal coverage (100%) for their healthcare scheme
to access health care (80%). Most of the participants had never smoked (65%) or
drank alcohol (60%). They mostly used a mobile telephone 5-7 days/week (70%) and
a mobile application 5-7 days/week (70%).

The information between the experimental and control groups was compared
by using an independent t-test for continuous data, a chi-square, and Fisher's exact
tests for categorical data to determine their differences. The statistics showed no
significant differences in the participants’ general information between the two groups
(p >.05). The details are shown in Table 4.

Tables 4 Description of the general information of participants

Characteristics Experimental group  Control group Test p-value
(n=20) (n=20)
n % n %

Gender x2 = .476 490
Male 15 75 13 65
Female 5 25 7 35

Age (years) x2 =.125 723
43-59 6 30 5 25
>60 14 70 15 75
Average 63.70 £ 11.63 66.25+10.00 t=-744 462
Range 43-87 47-85

Religion Fisher's 1.00
Buddhism 20 100 19 95 exact

Christianity 0 0 1 5 =1.026
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Characteristics

Experimental group Control group

Test p-value

(n=20) (n=20)
n % n %
Marital status Fisher's 235
Married 18 90 14 70 exact
Single, Separated, 2 10 6 30 =2.500
and Widow
Education Fisher's 342
< Bachelor's Degree 16 80 19 95 exact
> Bachelor's Degree 4 20 1 5 =2.057
Occupation ¥2<.001  1.000
Unemployed 7 35 7 35
Employee, 11 55 11 55
Merchant,
Business owner
State enterprise, 2 10 2 10
Government officer,
Retired civil servant
Income/Month (Baht) ¥2<.001  1.000
< 5,000 10 50 10 50
5,000-50,000 8 40 8 40
> 50,000 2 10 2 10
Payment scheme Fisher's 1.000
Universal coverage 17 85 16 80 exact
Social insurance, 3 15 4 20 =.173

State enterprise,

Government welfare
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Tables 4 (Continued)
Characteristics Experimental group  Control group Test p-value
(n=20) (n=20)
n % n %
Smoking x2 <.001 1.000
No 13 65 13 65
Yes, ever 7 35 7 35
Alcohol drinking x2 =.102 749
No 11 55 12 60
Yes, ever 9 45 8 40
Use of technology device
Mobile phone Fisher's .091
1-4 days/week 1 5 6 30 exact
5-7 days/week 19 95 14 70 =4.329
Use of mobile phone application x2 = 3.636 .057
1-4 days/week 8 40 14 70
5-7 days/week 12 60 6 30
Tablet / iPad Fisher's .342
Never 19 90 16 80 exact
Ever 1 5 4 20 = 2.057
Computer Fisher's 1.000
Never 16 80 17 85 exact
Ever 4 20 3 15 =.173

Sixty percent of the participants in the experimental group had CKD stage
3b, with a mean duration of CKD diagnosis of 5.75 years (SD = 4.98, range 1-19).

Hypertension was the most common comorbidity disease (40%). There has been no

history of hospitalization due to CKD in the previous year (75%). Most of them had
overweight (50%) with BMI = 25-29.9 kg/m?, average 25.00 kg/m? (SD = 2.89, range
18.36-30.51). The high HbA1C of 9.10% (SD = 3.84, range 5-12.60). The normal

values of laboratory tests were reported, including serum albumin, hematocrit,



76

hemoglobin, fasting blood sugar, and lipid profile. Abnormal laboratory results
showed an average serum creatinine of 1.64 mg/dl (SD = 0.32, range 1.04-2.21),
urine protein of 49.26 mg/mmol (SD = 141.68, range 4-631).

In the control group, 52.4% were diagnosed with CKD stage 3b. The mean
duration of CKD diagnosis was 5.46 years (SD = 5.40, range 0.25-20). Hypertension
with dyslipidemia was the most common comorbid disease (30%). No history of
hospitalization related to CKD in the past 1 year (80%). Most of them had normal
weight (55%) with BMI = 18.5-24.9 kg/m?, average 26.94 kg/m? (SD = 4.54, range
21.54-36.79). The normal values of laboratory tests were reported, including serum
albumin, hematocrit, hemoglobin, fasting blood sugar, HbAlc, cholesterol, and high-
density lipoprotein cholesterol (HDL-C). Abnormal laboratory results showed the
average serum creatinine was 1.47 mg/dl (SD = 0.33, range 0.98-2.11), triglyceride
was 158.46 mg/dl (SD = 66.33, range 87-326), and low-density lipoprotein
cholesterol (LDL-C) was 101.94 mg/dl (SD = 48.21, range 35-230).

The health information of participants between experimental and control
groups in the pre-intervention period was compared using an independent t-test,

a chi-squared, and Fisher's exact tests. The result showed no difference, except
for triglyceride level where the control group was significantly higher than the

experimental group (t = - 2.921, p < .05) (Table 5).

Tables 5 Descriptions of health information of the participants

Characteristics Experimental group  Control group Test p-value
(n=20) (n=20)
n % n %
The current stage of CKD x2 =.102 .749
Stage 3a 8 40 9 45

Stage 3b 12 60 11 55
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Tables 5 (Continued)

Characteristics Experimental group  Control group Test p-value
(n=20) (n=20)
n % n %

HT x2 = 1.026 311
Yes 8 40 5 25
No 12 60 15 75

HT and DM Fisher's 1.000
Yes 2 10 3 15 exact
No 18 90 17 85 =.229

HT and DLP x2 =.125 123
Yes 5 25 6 30
No 15 75 14 70

HT and DM and DLP Fisher's 1.000
Yes 1 5 2 10 exact
No 19 95 18 90 =.360

HT and DM and DLP and CVD Fisher's 487
Yes 0 0 2 10 exact
No 0 0 18 90 =2.105

History of hospital admission related CKD 1 year ago Fisher's 1.000
No 15 75 16 80 exact
>1time 5 25 4 20 =.143

BMI (kg/m?) x2=4.940 176
<185 1 5 0 0
18.5-24.9 8 40 11 55
25-29.9 10 50 5 25
>30 1 5 4 20
Average 25.00 £ 2.89 26.94 £ 4,54 t=-1.606 116
Range 18.36-30.51 21.54- 36.79
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Tables 5 (Continued)

Characteristics Experimental group  Control group Test p-value
(n=20) (n=20)
M (SD) M (SD)

Duration of diagnosis CKD (years) t=.175 .862
Average 5.75+4.98 5.46 +£5.40
Range 1-19 0.25-20

Number of antihypertensive drugs t=-1.085 .285
Average 1.50+.76 1.85+1.23
Range 1-3 0-4

Serum creatinine (mg/dl) t=1.570 125
Average 1.64 +0.32 1.47 +0.33
Range 1.04-2.21 0.98-2.11

Serum albumin (mg/dl) t=-1.102 279
Average 3.71+0.92 3.97£0.40
Range 2-4.60 2.70-4.40

Hematocrit (%) t =-.407 .686
Average 40.09 + 3.25 40.65 +5.28
Range 34.50-48.10 32.70-49.80

Hemoglobin (g/dl)
Average 12.65+1.12 13.10£ 1.75 t=-.959 344
Range 10.50-14.80 10.30-16.00

Fasting Blood Sugar (mg/dl) =-704 .488
Average 111.30 +48.41 123.31 + 38.19
Range 77-243 84-218

HbA1C (%) t=1.793 .100
Average 9.10+3.84 6.93+0.93
Range 5-12.60 5.90-8.30
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Tables 5 (Continued)
Characteristics Experimental group  Control group Test p-value
(n=20) (n=20)
M (SD) M (SD)
Total cholesterol (mg/dl) t=.477 .641
Average 169.71 + 43.38 159.44 + 42.25
Range 138-258 71-206
Triglycerides (mg/dl) t=-2921  .007*
Average 97.23 + 36.23 158.46 + 66.33
Range 49-161 87-326
LDL-C (mg/dl) t=.292 772
Average 97.60 £ 33.32 101.94 £ 48.21
Range 59-194 35-230
HDL-C (mg/dl) t=.959 .366
Average 53.00 £ 21.21 41.25 + 14.51
Range 38-68 14-59

All families in the experimental group had more than two members, with an
average of four. The main caregivers of the participants were their husbands or wives
(55%), and they were healthy (70%). The majority of primary caregivers were adults
(70%), with a mean age of 50.25 years (SD = 14.41, range 20-74). Families had
incomes of between 10,001 and 50,000 baht per month (40%).

For the control group, most families had a family member more than two
people (85%), with an average of four. The main caregivers of the participants were
their husbands or wives (60%), and healthy (60%). The main caregiver's age was
reported to be adult (65%), with a mean age of 53.10 years (SD = 14.45, range 26—
73). They had an income of between 10,001 and 50,000 baht per month (55%). The
general information of family members between experimental and control groups in
the pre-intervention period was compared with an independent t-test and a chi-
squared test. There were no significant differences in general information of family

members between the two groups (p > .05). The details are shown in Table 6.
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Tables 6 Descriptions of the general information of family members

Characteristics Experimental group  Control group Test p-value
(n=20) (n=20)
n % n %

Number of family members Fisher's 231
1-2 0 0 5 15 exact
> 2 20 100 17 85 =3.243
Average 3.80+1.32 3.95+1.54 t=-.331 743
Range 2-7 2-8

Main caregiver x2=.102 .749
Husband or Wife 11 55 12 60
Child or Grandchild 9 45 8 40

Age of main caregiver (years) x2=.114 736
20-59 14 70 13 65
>60 6 30 d 35
Average 50.25 £ 14.41 53.10+14.45 t=-.625 536
Range 20-74 26-73

Health of main caregiver 2 =.440 507
Healthy 14 70 12 60
Having illness 6 30 8 40

Family income/Month (Baht) y2=.918  .632
<10,000 7 35 5 25
10,001-50,000 8 40 11 55

> 50,000 5 25 4 20
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Evaluations of statistical assumptions for the dependent variables

Multivariate techniques and their univariate counterparts were based on
a fundamental set of assumptions representing the requirements of the underlying
statistical theory. Assumptions testing for repeated measures ANOVA comprised
1) outliers, 2) normality, 3) homogeneity of variance, and 4) compound symmetry.

1. Test for outliers

The univariate outliers of the variables were tested using a box plot, which
revealed that the experimental group had two cases outliers (Case No. 17 for SMBQ
data at Time 3, Case No. 20 for SBP data at Time 2 and Time 3, and Case No. 20 for
DBP data at Time 2 and Time 3). The control group had no outliers. The multivariate
outliers of variables were tested by Mahalanobis distance with chi-square. There were
no multivariate outliers in terms of probability of values (Mahalanobis values < .001).
Thus, the total sample size was 20 cases for the intervention group and 20 cases for
the control group.

2. Normality testing

The scores of self-management behaviors, SBP, and DBP were tested for
univariate normality, a Kolmogorov-Smirnov (p >.05), and by visual inspection of the
participants’ histograms and normal Q-Q plots. A z value of skewness and kurtosis
was calculated by dividing the skewness or kurtosis value by their standard error.
Values were between £1.96, which corresponded to a .05 error level. These results
indicated that the self-management behaviors, SBP, and DBP were within the normal
distribution for both the intervention and control groups.

3. Homogeneity of variance (between-subject)

Levene's statistic was used to test the assumption of homogeneity of
variances for the between-subject design. The test of homogeneity of variances for the
between-subject comparison showed no significance (p >.05). This indicated that the
variances of the dependent variables between groups were equal. Then the
homogeneity of variances assumption was met. All of the error variances of the
subscale were equal across groups.

4. Mauchly’s test of sphericity (within-subject)

Mauchly’s test of sphericity was used to test the assumption of sphericity.

The total score of self-management behaviors showed no significant
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(p >.05) indicated that the homogeneity of variance-covariance matrices was equal
and the sphericity assumptions were met. Therefore, Sphericity Assumed was selected
to report the results of repeated measure ANOVA in these aspects. In contrast, the
value of SBP and DBP were significant (p < .05) indicating the homogeneity of
variance-covariance matrices was not equal, and the sphericity assumptions were not
met. Therefore, Greenhouse-Geisser was selected to report the results of the repeated

measure ANOVA in these aspects.

Descriptive statistics of the outcome variables

In this study, outcome variables were total score self-management
behaviors, SBP, and DBP. They were measured at pre-intervention (week 1), post-
intervention (week 4), and follow-up (week 16) as illustrated in table 7.

For the experimental group, the mean scores of self-management behaviors
were at a moderate level for all three time periods but gradually increased. The mean
score of SBP at pre-intervention was 131.30 mmHg (SD = 22.98), which exceeded
the SBP treatment standard of less than 130 mmHg. However, BP levels gradually
continued to decrease after receiving the program. The mean scores of DBP were
normal and continued to decrease after receiving the program.

For the control group, the mean scores of self-management behaviors were
at a moderate level for all three time periods but increased in the post-intervention
period and decreased at follow-up. SBP and DBP mean scores decreased in the post-
intervention period but increased at follow-up. An estimated glomerular filtration rate
(eGFR) was measured at pre-intervention (week 1) and follow-up (week 16). During
the follow-up period, the mean eGFR scores in the experimental group were higher.
In contrast, the mean eGFR scores in the control group were lower during the follow-
up period (Table 7).



Tables 7 Means and standard deviations of self-management behaviors scores, SBP,
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and DBP, and eGFR at pre-intervention (week 1), post-intervention (week 4),

and follow-up (week 16) for the experimental and control group

Variable Week  Experimental group Control group
(n=20) (n=20)
M SD M SD

Total score of self- 1 112.20 20.23 113.35 19.54
management behaviors 4 121.00 20.46 115.30 15.75
16 125.75 18.45 111.00 18.79

Subscale score 1 42.90 10.80 40.90 7.84
Self-care activities 4 46.30 7.06 45.45 6.56
16 48.10 6.53 44.00 7.66

Medication adherence 1 5.00 0.00 4.90 7.66

4 5.00 0.00 5.00 0.00

16 5.00 0.00 5.00 0.00

Communication 1 24.65 6.80 26.35 7.07
4 26.05 6.98 25.00 7.36

16 27.05 6.43 23.00 7.48

Self-advocacy 1 25.25 4.08 25.50 4.67
4 27.20 4.90 25.35 3.25

16 27.85 5.95 25.25 4.55

Partnership in care 1 14.40 6.08 15.70 4.50
4 16.45 6.95 14.50 6.02

16 17.75 6.42 13.75 5.98

SBP 1 131.30 22.98 127.50 14.55
4 126.80 18.90 126.30 12.97

16 120.95 16.40 129.70 11.47




Tables 7 (Continued)
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Variable Week  Experimental group Control group
(n=20) (n=20)

M SD M SD
DBP 1 79.35 13.07 79.80 13.76
4 78.50 11.30 79.40 12.16

16 74.60 9.82 82.60 8.59

eGFR 1 42.47 9.18 42.28 9.86
16 44.27 11.04 43.48 10.62

Comparisons of the pre-intervention score of outcome variables

During pre-intervention (week 1), the scores of all outcome variables were

compared between the experimental and control groups. These outcomes were

conducted to examine their differences before implementing the intervention by using

an independent t-test. The results showed no significant differences (p > .05) in mean

scores of self-management behaviors, SBP, DBP, and eGFR between the

experimental and control groups at pre-intervention (Table 8).

Tables 8 Comparisons of the mean scores of outcome variables between the

experimental and control group measured at the pre-intervention (week 1)

Variable Experimental  Control group t p-
group (n = 20) (n=20) value
M SD M SD
Self-management behaviors 11220 20.23 11335 1954 -183 .856
SBP 131.30 2298 12750 1455 .625 .536
DBP 79.35 13.07 79.80 13.76 -.106 .916
eGFR 42.47 9.18 4228 986 -932 .357
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Testing of research hypotheses

This study aimed to examine the effectiveness of self-and family
management support combined with the mHealth application program among persons
with CKD stage 3. Research hypotheses were to compare the study outcomes of self-
management behaviors, SPB, DBP, and eGFR of the participants between the
experimental and control groups during three-time measures.

1. Comparisons of self-management behavior scores obtained from
three-time measures in the experimental and control groups, as well as three-
time measures within the experimental group

Two-Way Repeated Measures ANOVA (one within-one between) was used
to determine a mean difference in total scores of self-management behaviors between
the experimental and control groups at the pre-intervention (week 1), post-
intervention (week 4), and follow-up (week 16). Bonferroni-corrected pairwise t-tests
were used to compare the differences between each pair of times. The result showed
that there was a significant difference in the interaction effect (time*group) (F(2, 76)
=3.233, p < .05, 0%, = .078) (Table 9). Although the main effects of group (between-
subjects) and time (within-subjects) were not a significant difference.

The line graph connecting each time point of self-management behaviors
scores in the experimental group showed a dramatic increase over time, whereas

those in the control group showed an increase at week 4 and a decrease at
week 16. The details are shown in Figure 6.

The finding indicated that persons with CKD stage 3 who received self-and
family management support combined with the mHealth application program and
those who did not receive had mean self-management behavior scores that changed

over time.
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Tables 9 Repeated measure ANOVA for self-management behaviors scores

Source variation SS df MS F p-value %
Between subjects

Group 1241.633 1 1241.633 1.820 185 046
Error 25921.167 38 682.136
Within subjects

Time 804.017 2  402.008 2.043 137 .051
Time*Group 1272117 2 636.058 3.233  .045* .078
Error time 14952533 76 196.744

n% = Partial Eta Squared

Estimated Marginal Means of SMB
Group

130
s Fxperimental group

= = = Control group

125

120

Estimated Marginal Means

115

110
Week 1 Week 4 Week 16

Figures 6 Comparisons of self-management behaviors scores between experimental and

control group among 3 times measures
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After the interaction effects showed significance, the simple effects were
later tested to determine the effects of each group at each point of time (between-
subjects). At the follow-up (week 16), the simple effects of groups revealed a
significant difference (F (1, 38) = 6.276, p < .05, 0%, = .142) (Table 10). This finding
presented that the self-management behaviors of the participants in the experimental

group were better than those in the control group during the follow-up period.

Tables 10 Simple effect of groups on self-management behaviors scores between

experimental and control groups at each point of times

Source df SS MS F p-value 1%
Pre-intervention (week 1)
Group 1 13.225 13.225 .033 .856 .001
Error 38 15029.750  395.520
Post-intervention (week 4)
Group 1 324.900 324,900 974 .330 .025
Error 38 12670.200 333.426
Follow-up (week 16)
Group 1 2175.625 2175.625 6.276 .017* 142
Error 38 13173.750 346.678

n?p = Partial Eta Squared

For the simple effect of time (within-subjects), there were statistically
significant differences in the experimental group for at least one pair of times
(F(2, 38) = 5.094, p <. 05, n%, = .211) (Table 11). At the follow-up (week 16),
the mean scores of self-management behaviors in the experimental group were
significantly higher than in the pre-intervention (week 1) (Maitf = 13.550, p < .05)
(Table 12). These findings indicated that patients with CKD stage 3 who received
self-and family management support combined with the mHealth application program
at follow-up (week 16) had better self-management behaviors than in the pre-
interventions (week 1). When the time changed, self-management behaviors

improved.



Tables 11 Simple effect of time on self-management behaviors scores in the

experimental and control groups
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Source df SS MS F p-value n°

Experimental group

Between subject 19  15144.317

Interval 2 1890.700 945.350 5094 .011* 211

Error 38 7052.633 185.596

Total 59 24087.65
Control group

Between subject 19  10776.850

Interval 2 185.433 92.717 446 .023

Error 38 7899.900 207.892

Total 59  18862.183 0.446

n% = Partial Eta Squared

Tables 12 Comparisons of mean difference of total scores of self-management behaviors

between each pair of times within the experimental and control groups by

using Bonferroni-corrected pairwise t-tests

Time Time \RT SE  p-value 95% ClI for Difference
Lower Upper
Experimental group
Week 1 Week4  -8.800 4.258  .137 -19.465 1.865
Week 1 Week 16 -13.550* 4.467 .013* -24.739 -2.361
Week 4 Week 16 -4.750 4.575 917 -16.210 6.710
Control group
Week 1 Week4  -1.950 4.258 1.000 -12.615 8.715
Week 1 Week 16  2.350  4.467  1.000 -8.839 13.539
Week 4 Week 16 4300 4575 1.000 -7.160 15.760
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2. Comparisons of SBP and DBP scores obtained from three-time
measures in the experimental and control groups, as well as three-time measures
within the experimental group

Two-Way Repeated Measures ANOVA (one within-one between) was used
to determine a mean difference in total scores of SBP and DBP between the
experimental and control groups in the pre-intervention (week 1), post-intervention
(week 4), and follow-up (week 16). Bonferroni-corrected pairwise t-tests were used
for comparisons of the differences between each pair of times.

For SBP, the result showed that there was a significant difference in the
interaction effect (time*group) (F(1.654, 62.866) = 4.260, p < .05, n% = .101). For
DBP, the result showed that there was a significant difference in the interaction effect
(time*group) F(1.682, 63.899) = 3.550, p < .05, n, = .085). Both SBP and DBP
found no significant difference in their main effects (Table 13). The line graph
connecting each time point of SBP and DBP in the experimental group showed a
dramatic decrease over time, whereas those in the control group showed a decrease
at week 4 and an increase at week 16. The details are shown in Figures 7 and 8.

The finding indicated that patients with CKD stage 3 who received self-and
family management support combined with the mHealth application program and

those who did not receive had mean SBP and DBP scores that changed over time.

Tables 13 Repeated measure ANOVA of the SBP and DBP scores

Source variation SS df MS F  p-value %
SBP

Between subjects

Group 66.008 1 66.008  .104 749 .003
Error 24095.317 38 634.087

Within subjects

Time 349.717 1.654 211.389 1.760  .185 .044
Time*Group 846.517 1.654 511.683 4.260 .025* 101
Error time 7550.433 62.866 120.103

n?p = Partial Eta Squared
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Table 13 (Continued)

Source variation SS df MS F  p-value %
DBP

Between subjects

Group 291.408 1 291.408 .965 332 .025
Error 11471.383 38 301.879
Within subjects

Time 19.517 1.682 11.606  .193 787 .005
Time*Group 358.717 1.682 213.323 3.550 .042* .085
Error time 3839.767 63.899 60.091

n?p = Partial Eta Squared

Estimated Marginal Means of SBP

132 Group
= Experimental group
* 5 3 Control group

130
128
126

124

Estimated Marginal Means

122

Week 1 Week 4 Week 16

Time

Figures 7 Comparisons of estimated marginal means of SBP between experimental and

control group among 3 times measures
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Estimated Marginal Means of DEP
Group

84
= Experimental group

* = * Control group

82 .
+

a0

Estimated Marginal Means

Week 1 Week 4 Week 16

Time

Figures 8 Comparisons of estimated marginal means of DBP between experimental

and control group among 3 times measures

After the interaction effects showed significance, the simple effects were
later tested to determine the effects of each group at each point in time. For SBP, there
was no difference in the mean scores of self-management behaviors between the
experimental and control groups at the 3-times point (Table 14). However, there was a
significant difference in mean DBP scores between the experimental and control
groups at the follow-up (week 16) (F(1, 38) = 7.521, p < .05, n% =.165) (Table 15).
This finding demonstrated that the DBP of the participants in the experimental group

was better than the control group during the follow-up period.



Tables 14 Simple effect of groups on SBP scores at each point of times
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Source df SS MS F p-value %
Pre-intervention (week 1)
Group 1 144400 144400  .390 536 .010
Error 38  14053.200 369.821
Post-intervention (week 4)
Group 1 2.500 2.500 .010 923 <.001
Error 38  9981.400 262.668
Follow-up (week 16)
Group 1 765.625  765.625  3.823 .058 .091
Error 38  7611.150 200.293
n% = Partial Eta Squared
Tables 15 Simple effect of groups on DBP scores at each point of times
Source df SS MS F p-value %
Pre-intervention (week 1)
Group 1 2.025 2.025 011 916 <.001
Error 38 6841.750 180.046
Post-intervention (week 4)
Between subject 1 8.100 8.100 .059 810 .002
Error 38 5235.800 137.784
Follow-up (week 16)
Between subject 1  640.000 640.000 7.521 .009* .165

Error 38 3233.600  85.095

n?p = Partial Eta Squared
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For the simple effect of time (within-subjects), there were statistically
significant differences in mean SBP scores in the experimental group at least one pair
of times (F(2, 38) = 4.445, p < .05, n% =.190 (Table 16). The mean SBP scores in the
experimental group were significantly lower at the follow-up (week 16) than at the
pre-intervention (week 1) (Maiff = -10.350, p < .05) (Table 18). While none of the
time pairs in the mean scores of DBP were statistically different (Table 17 and 19).
These findings indicated that patients with CKD stage 3 who received self-and family
management support combined with the mHealth application program at follow-up
(week 16) had better SBP than in the pre-intervention (week 1). When the time
changed, SBP improved.

Tables 16 Simple effect of time on SBP scores in the experimental and control groups

Source df SS MS F p-value %

Experimental group
Between subject 19  17325.650

Interval 2 1077.300 538.650 4.445 .018* .190
Error 38 4604.700 121.176
Total 59 23007.650

Control group
Between subject 19 6769.667

Interval 2 118.933 59.467 767 471 .039
Error 38 2945.733 77.519
Total 59 9834.333

n?p = Partial Eta Squared
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Tables 17 Simple effect of time on DBP scores in the experimental and control groups

Source df SS MS F p-value n%

Experimental group
Between subject 19  5850.983

Interval 2 256.633 128.317 2.956 .064 135
Error 38 1649.367 43.404
Total 59 7756.983

Control group
Between subject 19  5620.400

Interval 2 121.600 60.800 1.055 .358 .053
Error 38  2190.400 57.642
Total 59  7932.400

n% = Partial Eta Squared

Tables 18 Comparisons of mean difference of SBP scores between each pair of time
differences within the experimental group and control group by using

Bonferroni-corrected pairwise t-tests

Time Time Maife SE  p-value 95% ClI for Difference
Lower Upper
Experimental group
Week 1 Week 4 4500 3.367 .568 -3.932 12.932
Week 1 Week 16  10.350* 3.602 .020* 1.328 19.372
Week 4 Week 16  5.850 2.344  .051 -.021 11.721
Control group
Week 1 Week 4 1.200 3.367 1.000 -7.232 9.632
Week 1 Week 16  -2.200 3.602  1.000 -11.222 6.822

Week 4 Week 16  -3.400 2.344 465 -9.271 2471
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Tables 19 Comparisons of mean difference of DBP scores between each pair of time
differences within the experimental group and control group by using

Bonferroni-corrected pairwise t-test

Time Time Maite SE  p-value 95% CI for Difference
Lower Upper
Experimental group
Week 1 Week 4 .850 2.421  1.000 -5.213 6.913
Week 1 Week 16 4750 2534  .206 -1.596 11.096
Week 4 Week 16  3.900 1.696  .081 -.349 8.149
Control group
Week 1 Week 4 400 2.421  1.000 -5.663 6.463
Week 1 Week 16  -2.800 2534  .828 -9.146 3.546
Week 4 Week 16  -3.200 1.696  .201 -7.449 1.049

3. Comparisons of eGFR scores obtained from two-time measures in the
experimental and control groups

An independent t-test was used to examine the changes in mean scores of
eGFR between the participants in the experimental and control groups in the pre-
intervention (week 1) and follow-up (week 16).

During the follow-up period (week 16), the mean eGFR scores in the
experimental group were higher than in the control group (Mt =.80, SD = 3.43), as
shown in Table 20. However, there was no significant difference in the mean score of
eGFR between the experimental and control groups (t = .232, p = .818).

The result indicated that patients with CKD stage 3 who received self-and
family management support combined with the mHealth application program plus usual
care and those who received only usual care had no difference found in mean scores of
eGFR.
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Tables 20 Comparison of an eGFR at follow-up (week 16) between the experimental

group and control groups

Variable Experimental group Control group Mean t p-value
(n=20) (n=20) difference
M (SD) M (SD) M (SD)

eGFR 44.27(11.04) 43.48(10.62) 80(3.43) .232 .818

Conclusion of the findings

In a three-time measurement, self-management behaviors, SBP, DBP, and
eGFR were used to determine the effectiveness of self-management and family
management support in combination with the mHealth application program in people
with stage 3 CKD. The results of the research can be concluded as follows:

Two-Way Repeated Measures ANOVA was used to test the mean difference
in self-management behaviors, SBP, and DBP scores between the experimental and
control groups at pre-intervention (week 1), post-intervention (week 4), and follow-up
(week 16). We found self-management behaviors, SBP, and DBP in the experimental
group presented continuous improvements, and there was a significant change at the
sixteenth week of the follow-up period. In the control group, it improved after the
experiment at the fourth week but worsened at the sixteenth week follow-up.

According to the findings, the mean score for self-management behaviors,
SBP, and DBP revealed statistically significant differences in the interaction effects
(time*group). The participants in the experimental group had better self-management
behaviors and DBP than those in the control group at the follow-up (F(1, 38) = 6.276,
p <.05; F(1, 38) = 7.521, p < .05, respectively). Additionally, there was a significant
improvement of both self-management behaviors and SBP in the experimental group
across pre-intervention and follow-up (Maifr = -13.550, p <.05; Maitr = 10.350, p <
.05, respectively).
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Lastly, an independent t-test was used to test the mean difference in eGFR
between the experimental and control groups during pre-intervention (week 1)
and follow-up (week 16). The result revealed that during the follow-up period
(week 16), the mean eGFR scores in the experimental group were higher than in
the control groups. Nevertheless, there was no significant difference in the mean
score of eGFR between the two groups (t =.232, p = .818). Based on the findings,
it can be concluded that four of the five research hypotheses are supported,
demonstrating the effectiveness of this research program.



CHAPTER 5
DISCUSSION

This chapter was presented in five parts, namely, a summary of the study,
discussion of the research findings, strengths and limitations, suggestions and

recommendations, and, finally, conclusion.

Summary of the study

A randomized controlled trial (RCT), pre- and post-intervention, and follow-
up designs were conducted to examine the effectiveness of self-and family
management support combined with the mHealth application on self-management
behaviors, BP, and eGFR among persons with CKD stage 3. Self-and family
management support combined with the mHealth application was developed based on
IFSMT of Ryan and Sawin (2009). This selected theory was applied in this study and
implemented with CKD stage 3 patients, who need to manage their condition for four
months. The research framework consisted of context and processes of self-
management integrated with mHealth application based on the support from family
members and healthcare providers. The intervention comprised four sessions over
four weeks as follows: (1) identifying and measuring risks and protective factors, (2)
providing knowledge and caring beliefs, (3) developing self-regulation skills and
providing family support and mHealth application, and (4) developing abilities in self-
evaluation and management of responses associated with health behavioral change.
The empirical evidence was also collected to establish a program by modifying self-
regulation activities of Lin et al. (2013), self-efficacy activities of Nguyen et al.
(2019), and mHealth application for CKD patients (Ong et al., 2016).

The data collection was conducted at CKD clinic in Samut Prakan Hospital,
Thailand from November 2020 to November 2021. Forty participants with CKD stage
3a (eGFR = 45-59 ml/min/1.73 m?) or 3b (eGFR = 30-44 ml/min/1.73 m?) were
recruited into this study using inclusion criteria. To prevent bias and contamination
between the two groups, the lotto drawing method was used in randomly assigning

potential participants to experimental and control groups (20 each) in different weeks
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of CKD clinic service. In other words, the experimental and control groups were
recruited in the second and fourth week of the month, respectively. In post-intervention
period, there was no dropout from the study. The outcome variables, including self-
management behaviors, SBP, DBP, and eGFR, were gathered before receiving the
program (week 1). After four sessions of the program were completed in week 4, the
outcomes were measured immediately. They were then reexamined in week 16 to assess
the sustainability after program completion. Meanwhile, only eGFR was measured in
week 1 and 16. The data were analyzed with descriptive statistics, chi-square, Fisher's
exact test, independent t-test, and Two-Way Repeated Measures ANOVA.

The results revealed no differences in general information of participants
and family members in both intervention and control groups. However, for health
information, participants had a significant difference in mean scores of triglycerides.
In pre-intervention session, there was no significant difference of self-management
behavior scores, SBP, DBP, and eGFR in both groups.

Two-Way Repeated Measures ANOVA (one within-one between) was used
to determine the mean difference of self-management behaviors, SBP, and DBP
obtained from three-time measures. The results indicated statistically significant
differences in the interaction effects (time*group) as evidenced by the mean score
of self-management behaviors, SBP, and DBP. In the follow-up (week 16) period,
the simple effect of group-presented self-management behavior and DBP was
significantly different. The mean scores of self-management behaviors and SBP in
the experimental group were significantly higher than those in the pre-intervention
(week 1) period. In addition, an independent t-test was used to determine the mean
difference in eGFR between the experimental and control groups obtained from two-
time measures. However, there was no significant difference in the mean score of

eGFR in the two groups during the follow-up period.

Discussion of the research findings

The overall results of the current study indicated that self-and family
management support combined with the mHealth application partially support
hypotheses. The program was able to improve self-management behaviors and

significantly reduce SBP and DBP among stage 3 CKD patients. However, the
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intervention had no significant effect on their eGFR. The discussion of the effectiveness

of a self-and-family management support combined with the mHealth application in the
experimental and control groups across three-time measurement period was consistent
with the following findings:

Self-management behaviors

Hypothesis 1: The participants in the experimental group have significantly
higher mean scores of self-management behaviors than those in the control group in post-
intervention (week 4) and follow-up (week 16) periods.

The first hypothesis was supported by the statistical result of Time*Group
interaction effect on self-management behavior scores, which revealed a statistical
significance (F(2, 76) = 3.233, p < .05, n% = .078). Also, there was a significant
difference in mean scores of self-management behaviors between experimental and
control groups in follow-up (week 16) period (F(1, 38) = 6.276, p < .05, n%, = .142).
The research findings indicated that, in week 16, persons with CKD stage 3 who
received usual care together with self-and family management support combined with
the mHealth application had significant higher mean scores of self-management
behaviors than those who received only usual care.

Hypothesis 4: For the experimental group, mean scores of self-management
behaviors in post-intervention (week 4) and follow-up (week 16) sessions are
significantly higher than those in pre-intervention (week 1) periods.

This hypothesis was supported by the difference in the mean score of self-
management behaviors in week 16 in comparison to week 1. A statistical significance
was found (Muairs = 13.550, p < .05). The findings indicated that, in follow-up (week
16) period, persons with CKD stage 3 who received usual care together with self-and
family management support combined with the mHealth application had significantly
higher mean scores of self-management behaviors than those in pre-intervention (week 1)
session.

The significant increase in self-management behaviors scores was due to the
component characteristics of program and intervention that integrated with several
methods. Firstly, the program development was fundamentally based on individual
and family self-management theory (IFSMT) and a literature review. IFSMT

illustrates the complexity of self-management process and provides a framework for
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demonstrating how contextual risk and protective factors, as well as components of
self-management process contribute to patient outcomes. Self-management behaviors
and health status are consistent with the "process by which individuals and families
use knowledge and beliefs, self-regulation skills and abilities, and social facilitation to
achieve health-related outcomes” (Ryan & Sawin, 2009). Therefore, patients and family
members are expected to engage in promoting health behaviors and modifying lifestyles.

Secondly, the participants’ increased self-management behaviors are also
explained by the trainings of self-regulation skills, namely, goal setting, self-monitoring
and reflective thinking, decision making, planning and action, and self-evaluation.
Self-regulation is frequently studied in relation to the processes of selection, goal
pursuit, and behavioral change. The stages of behavior change process consist of
(2) initial response, (2) continued response, (3) maintenance, and (4) habit (Weinstein
et al., 1998). The strength of self-regulatory seems to be more important in the initial
response and continued response phases when compared to the maintenance and habit
phases. During the initial response phase, individuals are likely to have a difficulty in
successfully initiating the new pattern of behavior if they are in a situation involving
other significant self-regulatory demands. Given that the threat passed by lapses and
relapses is predicted to occur during the continued response phase, self-regulatory
strength should be an important determinant in whether individuals are able to
complete this phase of behavior change process (Rothman et al., 2004).

Thirdly, another explanation was that increased self-management behaviors
might be because of informational support and more self-efficacy. Knowledge was
delivered in the second session of intervention through VDO presentation regarding
CKD together with the distribution of Power Point Handout and self-management
booklets entitled "Tips and tricks to preventing renal failure™ and "How to eat when
kidneys start to deteriorate". Despite the fact that the knowledge was the elementary
intervention that improved a range of outcomes among patients with CKD, it alone
was insufficient to promote and sustain health behavioral change, particularly where
there is such a complex regimen.

Previous studies have shown that knowledge of CKD and self-efficacy has
positive relationships with self-management (Chuang et al., 2021; Moktan et al.,
2019). Self-efficacy was the most significant predictor for self-management and



102

explained 49% of total variance (Chuang et al., 2021). Thus, self-efficacy could be seen
as a mediator and predictor of self-management. In the social cognitive theory (SCT),
self-efficacy could be improved through performance accomplishment, vicarious
experience, verbal persuasion, and self-appraisal as strategies to support self-
management behavior (Bandura, 1997). Performance accomplishment was a sense

of confidence derived from within individuals when they felt a sense of success,
particularly when they believed that they have mastered such behavior. Performance
accomplishment was the most important strategy to assist participants to actually
perform self-management behavior. According to Nguyen et al. (2019) who conducted
a self-management program based on social cognitive theory (SCT) in patients with
CKD, large effect sizes for improved self-management were found in week 16 when
compared to the control group.

These findings were consistent in some parts with previous studies that
showed the effectiveness of self-management enhancement programs for Thais with
CKD at pre-dialysis stage (Suwanwaha et al., 2016). Self-management enhancement
program aimed to train participants with nine skills of self-management; enhance their
perceived self-efficacy; and provide them with information regarding CKD and self-
management concepts. Results revealed that, after the completion of 4-week program,
the experimental group had significantly better self-management behaviors in
comparison to the control group. The program could successfully modify self-
management behaviors in a short period of time. No difference was found in a longer
term (4 months), self-management behavior scores were higher when compared to
pre-intervention period.

Fourthly, social support has been shown to be a significant predictor for self-
management behaviors (Chen et al., 2018). In this study, family support was the most
important for participants. Healthcare providers play a different role in helping
patients to carry out disease management tasks, while family caregivers provide more
hands-on and day-to-day care than any other individual. As such, they need not only
access to information but also ability to process and take action in order to provide the
best quality care. Therefore, family caregivers are expected to be helpful in encouraging
self-management behaviors and thereby ensuring better health outcomes (Sperber et
al., 2013; Vaccaro et al., 2014). In Thai culture, family involvement in providing care
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cannot be ignored, especially for the elderly and persons with disabilities/chronic
diseases. Therefore, family participation programs were also effective for health
behaviors and health outcomes of patients with CKD stage 3.

The maintenance of self-management behaviors for chronic disease needed
the family caregiver’s support. A chronic disease could occur and cycle in recurrence
throughout a lifetime. It affected the patient’s symptoms and mood so emotional and
physical supports were needed. Additionally, family members influenced the patient’s
psychological adjustment and iliness management, adoption of behaviors influencing
recovery, functioning, and adherence to treatments (Goldberg & Rickler, 2011). In
this study, after the caregiver was involved in the program, they were more knowledgeable
about CKD including its pathology, diet, exercise, stress relief, and medication. They
were more confident in providing care for their family member with CKD and involved
in setting goals, planning, implementing, self-monitoring, and evaluating their
performance. Besides, the results showed that goals of most patients and caregivers
were to improve kidney function so that they needed no dialysis. Consequently, they
were encouraged to stick to the plan by the time the assessment was done.

Finally, the integration of mHealth application supported patients' decision-
making and improved healthcare delivery. The study results corresponded to several
studies that integrated mobile phone self-management system with usual care. The
functions of mHealth provided educational contents, namely, CKD handbook and
VDO media, CKD medication, renal diet, self-monitoring, and communication with
healthcare providers (Doyle et al., 2019; Fakih ElI Khoury et al., 2020; Ong et al.,
2016; St-Jules et al., 2021; Yang et al., 2020). It ensured efficacy of health outcome
improvement and behavior modification in patients with CKD. Moreover, the
continuity of patient-centered care for CKD provided by mHealth application could
support patients' self-management. The value of a novel mHealth approach for
individualized medication and health management is demonstrated (Hsieh et al., 2018).
mHealth system had the potentials to optimize personalized care into existing clinical
services and might help hospitals and health authorities to perform continuous quality

improvement and policy development.
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Blood pressure (BP)

Hypothesis 2: The participants in the experimental group have significantly
lower mean scores of SBP and DBP than those in the control group in post-
intervention (week 4) and follow-up (week 16) periods.

This hypothesis was supported by the statistical result of the Time*Group
interaction effect on SPB and DBP, which revealed a statistical significance (F(1.654,
62.866) = 4.260, p <.05, n% =.101; F(1.682, 63.899) = 3.550, p <.05, n%, = .085,
respectively). Moreover, there was a significant difference between the experimental
and control groups in terms of mean scores of DBP in the follow-up (week 16) period
(F(1, 38) = 7.521, p < .05, n, = .165). The research findings indicated that in week
16, persons with CKD stage 3 who received usual care together with self-and family
management support combined with the mHealth application had lower mean scores
of DBP than those who received only usual care.

Hypothesis 5: For the experimental group, mean scores of SBP and DBP in post-
intervention (week 4) and follow-up (week 16) are significantly lower than those in pre-
intervention (week 1) periods.

This hypothesis was partially supported by the difference in the mean score
of SBP in week 16 when compared to week 1. A statistically significance was found
(Maifs = -10.350, p < .05). The findings indicated that, in follow-up (week 16) period,
persons with CKD stage 3 who received usual care together with self-and family
management support combined with the mHealth application had significantly lower
mean scores of SBP than those in pre-intervention (week 1) period.

The significant decrease in SBP and DBP was due to the component
characteristics of program and intervention that integrated with three methods. Firstly,
mHealth application was able to record BP. The recorded data were analyzed and a
trend graph of BP was displayed. The upward trend graph indicated behavioral
modifications that caused the increase in BP. On the other hand, the graph with a
downward trend implied that participants had good BP control. In addition, interactive
feedback and counseling by the researcher via mHealth application might help
participants to identify factors contributing to a high BP so that problems could be

resolved efficiently and rapidly. Therefore, interactive mHealth intervention might be
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useful for improving BP control in adults, especially those with inadequate BP control
(Luetal., 2019).

With the ongoing development of mobile technologies and scarcity of
healthcare resources, mHealth—based self-management has emerged as a useful
treatment for hypertension. Its efficacy was evaluated in numerous studies. According
to the meta-analysis, mHealth intervention groups had a greater reduction in both SBP
and DBP when compared to the control groups, - 3.78 mmHg (p < .001; 95% CI -4.67
to -2.89) and -1.57 mmHg (p <.001; 95% CI -2.28 to -0.86), respectively. Subgroup
analyses showed consistent reductions in SBP and DBP across different frequencies
of reminders, interactive patterns, intervention functions, and study duration
subgroups. A total of 16 studies reported better medication adherence and behavioral
change in the intervention groups, while the other 8 showed no significant change
(Li et al., 2020).

Secondly, BP monitoring was essential for managing hypertension in
patients with CKD. The optimal BP for CKD management is less than 130/80 mmHg
(KDIGO, 2021; Whelton et al., 2017). The researcher provided accurate HBPM to all
participants in the experimental group to measure BP daily or 1-2 times a week
following standard guidelines (Thai Hypertension Society, 2019; Whelton et al.,
2017; Unger et al., 2020). HBPM plays an important role in monitoring hypertensive
patients. Self-measured BP monitoring was associated with a reduction in BP, and the
benefits of self-measured BP monitoring were at the greatest when it was done along
with cointerventions (Shimbo et al., 2020). There were numerous international guidelines
on hypertension management that supports the use of self-monitoring as an adjunct to
home-based BP assessments. The effect of self-blood pressure monitoring (SBPM) is
associated with the decreased BP (p < 0.001) (Jo et al., 2019; Sheppard et al., 2020).
The increase in the frequency of SBPM > once a week and better drug compliance
(Jo et al., 2019) resulted in the reduction of BP. A nurse-led training program was an
effective strategy to improve patients’ adherence to correct guidelines and techniques
of SBPM at home (Simonetti et al., 2021).

Finally, the effective reduction of BP needed lifestyle modification. The
components of the intervention that reduced BP were composed of four main
activities: exercising (at least 30 minutes, 5 days per week), eating of low-saturated



106

fat and low sodium diet, medication adherence, and stress relief. The control of SBP
and DBP levels was associated with a lower risk of composite kidney outcome that
reflected CKD progression. SBP had a greater association with adverse kidney
outcomes than DBP (Lee et al., 2021). This program was more effective than DBP in
reducing SBP because it was related to the participants’ health factors such as BMI
and blood lipids.

For this study, BMI, triglyceride, and LDL-C of the control group were
higher than normal level. This made it difficult and time-consuming to control DBP.
BMI influenced long-term BP variability. As BMI increased, the mean value of the
average real variability of systolic blood pressure (ARVSBP) gradually rose too.
ARVSBP increased by 0.077 for every one-unit increase in BMI. Multiple logistic
regression analysis indicated that, when compared to normal weight, the obesity or
being overweight was a risk factor for the increase in ARVSBP. The corresponding
odds ratios for being obese or overweight were 1.23 (1.15-1.37) and 1.10 (1.04-1.15),
respectively (Chen et al., 2018). Also, there was a significantly positive correlation
among DBP, triglyceride, and LDL-C (Anika et al., 2015; Behradmanesh & Nasri,
2012). Therefore, to achieve DBP reduction goal, the decrease of BMI, triglyceride,
and LDL-C had to be emphasized.

Estimated glomerular filtration rate (eGFR)

Hypothesis 3: The participants in the experimental group have a significantly
higher mean score of eGFR than those in the control group in follow-up (week 16)
periods.

The mean scores of eGFR in the experimental group were higher than the
ones in the control group during the follow-up period (week 16) (Maiff = .80, SD =
3.43). However, there was no significant difference of the mean scores of eGFR
between the experimental and control groups (t = .232, p =.818). The result indicated
that patients with CKD stage 3 who received usual care together with self-and family
management support combined with the mHealth application and those who received
only usual care had no different mean scores of eGFR. Therefore, these findings
failed to support research hypothesis.

This corresponded to the findings of a systematic review and meta-analysis,
which found that self-management intervention programs had no significant effect
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on eGFR change (Lee et al., 2016; Peng et al., 2019). However, it has been shown that
this program can increase eGFR, which exceeds care goals of CKD patients. The goal
of preventing renal impairment was to keep eGFR from a rapid decrease over 4
ml/min/1.73 m2/year (MOPH, 2013; Thanakitjaru, 2015).

The increase in eGFR in both experimental and control groups might be the
impact of multidisciplinary care. The previous study showed the effectiveness of
multidisciplinary care in increasing eGFR. Trisirichok et al. (2019) studied the effects
of self-management supported by multidisciplinary teams to delay CKD progression
in patients with CKD stage 2-4. In month 12 after the program, participants had a
significant increase of mean score of eGFR to the level of p <.05. According to
2-year study of Jiamjariyapon et al. (2017) who investigated the effectiveness of
comprehensive multidisciplinary health care program (Integrated CKD Care) in
delaying the progression of stage 3—4 CKD in rural Thai communities, the difference
of mean score of eGFR over time in the intervention group was significantly lower
than the one in the control group at 2.74 ml/min/1.73 m? (95%CI 0.60 - 4.50, p < .05).

The integration of mHealth with CKD patient care was found both effective
and ineffective in improving eGFR. Chen et al. (2018) developed mHealth application
for communication between the nephrologist and early-stage CKD patients. The results
showed a significant correlation between average daily usage and physician-patient
conversation. However, there was no statistical significance in improving clinical
outcomes such as BMI, BP, urine protein, and eGFR. Li et al. (2020) studied the
effectiveness of mHealth application and social media in supporting self-management
of patients with CKD stage 1-4. After the completion of intervention, eGFR of the
experimental group was higher than the one of the control groups (M =72.47, SD =
24.28 vs M = 59.69, SD = 22.25 ml/min/1.73m?, p < .05). The decline in eGFR was
significantly slower in the intervention group (- 0.56 vs - 4.58 ml/min/1.73 m?) too.

Another reason why results reflected no statistically significant was that
participants in the experimental group had a high level of HbAlc (M =9.10, SD =
3.84). A relationship between HbALC variability and renal progression in type 2
diabetes patients with CKD stages 3-4 was found. The results indicated that a greater

HbA1C variability and a decrease of HbA1C, which might be related to the intensive
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diabetes control, was associated with a lower risk of progression to dialysis in patients
with stages 3-4 CKD and poor glycemic control (HbAlc > 7%) (Lee et al., 2018).

Therefore, program activities integrated with social media or other platforms
could be an additional avenue for monitoring health behaviors, namely, walk step
count, distance, and consumed calories. This could effectively increase eGFR and
slow CKD progression. There are strategies for a more rigorous controlling of HbAlc
levels. In addition, the appropriate timing of eGFR measure should be up to one year
(Nojima et al., 2017) for reliably predicting CKD progression.

Strength and limitation

The strengths of the study should be acknowledged according to the
following three essential points: First, this research was guided by the Individual and
Family Self-Management Theory (IFSMT) of Ryan and Sawin (2009). It was widely
used for improving self-management behaviors and health status in patients with
chronic diseases. IFSMT consisted of three major concepts, which dynamically affect
each other, including context, process, and outcomes. The context of participants and
their families were assessed as follows: 1) condition-specific factors, 2) physical and
social environments, and 3) individual and family characteristics. After that, the
factors that supported and hindered self-management behaviors were identified in
order to devise individualized care plans.

Theoretical processes that are effective for improving research outcomes
include knowledge, self-efficacy, self-regulation, and social support. The
comprehensive education on all aspects of CKD and changes in care beliefs was
provided to enhance greater confidence in self-management. The development of
self-regulation skills were essential in self-management process, which consisted
of identifying problems, setting goals, planning clear actions, strengthening
self-discipline and self-monitoring, and evaluating performance. When plan
implementation generated a concrete effect, its consequence was maintained change
in self-management behaviors. Inviting family members to participate in program

activities was also found to be very important. Because family members play a role
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in supporting the self-management of CKD patients in their daily lives, such as
managing diet and medications, encouraging exercise, observing and monitoring
abnormalities in symptoms, and attending medical appointments on a regular basis.

Second, eHealth strategy relied on the use of mobile phone technology for
health care of patients with CKD. It was the beginning for adjusting service model
of CKD Clinic in the 21% century. It was also coherent with the Ministry of Public
Health's policy, which stated that the application was a powerful and effective health
care devise that was accessible at anytime and anywhere. It was found that mHealth
intervention may not play a major role in improving clinical outcomes when compared
with conventional care. More importantly, this study also found that clinical outcomes
could be ameliorated even further by combining mHealth with support by a family
caregiver rather than using mHealth intervention exclusively. According to the
analytical results, mHealth intervention could be used as a treatment strategy to
optimize the effective management of hypertension and CKD.

Finally, participants in the experiment group received HBPM to monitor
their BP daily and record it in mHealth application. HBPM had various advantages as
follows. It could take multiple readings over an extended period of time and avoids
white-coat reaction to BP measurement. It was reproducible and able to make a better
prediction of cardiovascular morbidity and mortality than office BP. Patients could
better understand hypertension management, while telemonitoring allowed healthcare
professionals to oversee remote monitoring and detects increased BP variability
(George & MacDonald, 2015). HBPM use was common in patients with hypertension
and CKD. HBPM users were more likely to follow lifestyle and dietary modifications
for the effective controlling of BP and CKD progression.

Three following limitations to this study should be addressed: First, this
research was conducted only in one setting; therefore, it has limitations on its
generalizability in other settings with different contexts. Second, as this research
stored BP data in mHealth application, limitations in mobile application skills and
internet connections might hinder the registration of BP and use of other functions
of mHealth application. In comparison to older patients, younger patients and family
members were more likely to use mHealth intensively and interactively. Therefore,

technology literacy of patients should be thoroughly assessed by renal teams before
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its implementation in practice. Finally, COVID-19 pandemic has made it difficult to
conduct research and to closely follow the plan. The number of participants in the
group session was reduced due to location and individual restrictions. For this reason,
the researcher modified research activities to suit this pandemic situation so that the

research could be carried out.

Suggestions and recommendations

The results of this study provide evidence for healthcare providers to
improve self-management behaviors and BP in CKD stage 3 patients. Moreover, this
intervention offers an increased scope of practice for health professionals, nurses, or
caregivers who can apply the evidence to support the use of the individual and family
self-management theory (IFSM). The integration of mobile phone technology with
CKD patient care is consistent with the Thai Ministry of Public Health's eHealth
strategy and essential in COVID-19 pandemic situation. It allows patients to receive
continuing and equal care and stay safe from COVID-19. The identified gaps in this
study are the introduction of health policies and organizational supports for mHealth
and HBPM implementation in CKD stage 3 patients. The findings may reflect the
necessary development of a comprehensive service model that utilizes mHealth
technologies for home monitoring and self-management of CKD stage 3 patients.

Self-directed mHealth programs may be a useful adjunct to usual care with
multidisciplinary approach. As most CKD patients are the elderly, the use of technology
might be problematic, especially among Thai elderly. Therefore, it is important to
allow family members who are competent in technology use to participate in CKD
care program. Nurses should hold sessions with rigorous hands-on training for both
participants and their health care providers to ensure they have the full set of skills to
leverage mHealth application.

Future research should focus on other health care settings to confirm the
effectiveness of integrating mHealth application regarding regular services, to assess
long-term sustainability of self-management behavior change, and to determine the
quality of life and overall cost-effectiveness. mHealth application functionality should
be developed to cover all aspects of CKD patient care. The information technology (IT)

Experts should be invited to review application's design, usability, and reliability prior
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to deployment. In addition, other platforms and technologies should be considered such as

I0S system, telehealth, and social media, to improve the quality of CKD patient care.

Conclusion

Self-and family management support combined with the mHealth
application was developed based on Individual and Family Self-Management Theory
(IFSMT) by Ryan and Sawin (2009) and a literature review. In follow-up (week 16)
session, it was found to enhance self-management behaviors and reduce SBP and DBP
when compared to usual care. This program took family as a "unit of care” and
incorporated IT technology to enhance health literacy about CKD for individual patients
and family members; improve their self-management skills at home; promote self-
monitoring to trigger any clinical changes (BP, eGFR); and provide more effective
long-distance communication for client-providers. Moreover, it was found to be an
effective approach for patients with CKD and their family members in developing
knowledge, confidence, and self-regulation skills to manage their illness. Therefore,
professional nurses should integrate this program into clinical practice for better

patient outcomes.
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The Thai mental state examination (TMSE)
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The Self-Management Behaviors Questionnaire (SMBQ)
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Mobile Health Application

ayndufiniamsanasg

Tuinuazgmstiudin Sanmsnsaoia mmmm Immunum

I &3

,_m
ﬂuﬂannnﬁuﬂn awnuuﬂ‘ha‘lm!ak Mnummﬂuﬂn AnuduTafia

tuvindou Tuintaga

-
faliamudsoninfulsata

Annang

fomsfofisaammany




148

BRBBUZRIE

n

(98uryd SIOIARYDQ [I[BAY YIIM PJRIDOSSE Sasu0dsal JO JustuaFeuLl

pue UONEN[EAD-J[3S Ut SaNI[Iqe Surdo[oAd(T) MLURBIE LUBEMBE[IHAL[LILLUULE

UL 0t QuufIALE RL m_a ¢ 14 @mﬂﬁv@;rwﬂﬁ@aermrc@a@nc\:v@_3&3@nw?mrc:ﬁcwrnrcgrﬂ@rﬁzﬁ\r b UOISsag

ELBRPELUBL] M WU (uoneorjdde presyguw pue Ajwey woiy poddns Surpraoid

Mrcm\mﬁm_‘ﬁ :r\m&._w;uﬁm@\”& pue s[[iys uone[ngai-yos urdooad(]) @M@@ircawﬁ%@dw,\ri@:w@:m\m@;@w@wﬁr

WLF OTT | BEIFEEITE ~U11 RLLRLS W R WM [4 [4 CmrnuaawveﬂﬁgerG\ercSmﬁcﬁﬁvcn@:w@iﬁ&;@:ﬁ@mrcnmc\_}:ﬁ@\wﬁ ¢ UOISSog

(s3o119q Sured

WLI 09 | ReRnbu RLLALAHRUIIRLLH 4 4 pue a3pajmous| SuIpIroId) c:.@ﬁc:%@mi?@nc:m;;@E 17 UOISSag

(s10308] 9A1309)01d puE SYSLI

WL, 0¢ BUUITRLE R WM 1 ! Sunmnseaw pue SurkJnuspy) 3«%vmmw\m@ﬁwg;wmﬁa@@mﬁmdnw?wadﬂﬁnw :] UOISS3S
Leei :v_.:m_._,m WFC;‘.\«_“:@M& Wwwc wrra_.nm reeuey

¢ ﬁwwwmﬁm@mgw@mwmgwﬁ@? @M@mngFUS\moEw,\r;@:;%Rm\mv@dﬁamrc@wwrcﬁﬂwﬁhﬁwzmc:w_ﬁwv@?;wmcFm T UBLELY

R

[ UBLELWBEBIEEEULUIERD ULV[TE ¥

r@ﬁn_\m; UoIssaS § wﬂ\w&;@cww?voaagnmmwmaw BMRELBBBZRZEZLTT PEGBBUELUPBUZRZE PGBBILSRZE PABBULLUMGURRZE @annw 14 wﬂ\_m&;@an_ﬁ

;@;ﬁ@;ﬂ@—a”@cmnﬁﬂmzwppﬁmu,@@—&;wrc € ﬁwamwﬂm&@&r@ww—,ﬂ;@w@? Erv@_rw@wcw_(c_(w_a\@w@:

q.ﬂ\m

smaw;\—mzrﬂc v@m;EwFCG\WWFCRwWCw—wE,@m& @W@Wir@_rw;\mugw;g@:_._vm_Rﬁ.ww@d:.&w_(cG\@wrc;ﬁ.@_ﬂhﬂ.@;wc:w_ﬂw




149

LLUMRLY
RTTBUUITHLBRLL[L (€
MesBLiing

w@:_,\_urqwrc:r\w&wa@@m (T

I Kﬁrw;ﬁﬁﬁ w\m@wh&ﬁ@mw_ﬁmﬁw@

DRIMBELUBLELUCWUEER[LOM LIZLTMALIILBURLL(IITRL T'T

DLELIV] VL] MULRUI

PRIFLBELUBLLLUBBILLL[LE
MLIGEUAFLSMIBRELLUNLILL]
> W ] e E

RLL[ILEILZLMRCLVIBUK T’

sHLEREMIRLIT CLUITQEU] MLUTTLMITL v\m@@&f@mwﬁkﬁa@
) !

@@Rrﬁ@n@:\w;rm\@ Lo O\m@;@m@nrwn_ﬂ@@@?;m%w\,@@m -

Pm@ﬂ@m@w@:@@@ﬁ

WL RLMBIRLL[L (1 MECOHIBLALU | HLBRLL[L (€ 20T epeeiing
uig] LABLS FLLBLUELULAUELTIBELU RGBDULLUMILZLRBIIMLUENLD RUIMLURLUMLYALL[L DLOLIW] BL]
©
RLL[L € w;m@w_ﬁa#:mna@ ELULMBGULIELY AT ERBLIIBIROTIMLURLUMLBRLLL - (T Be  ALMBIRLL[L (I UTTY| LULAUINGIMBELULY
PRILBLLUBLELLUBBLELI[LE BLEMHILBELURKDRAILILZEUBHRLT LRULELU MLEBE] BL] PLRLIV] UL MLULRUINGINY Zcm_&@mmumw:@
¥ .
FLIGCUAFBIILEW | WLA | DRRDEITFENLLY UL PRAPBLIIELULE FLLT VL] SLMBIRLL[L - | ELUBLELUBMMUUNLARLYNEU | RLUAFLMILBURLLL
= 14 n I = 1 [ n LI 1 ] 1 4 [ &
RLL[LILZE T WHLML - [ OF | RLL[L € A{LLUMGLURLIDRIABERMLLIEMLILUCAUIALILLE [T | PRAUMLMILULRUINLOMGL ['] mwwng:;:\m@% 1
w@ass:wc
GIEDRLUI/fBLU[LR/eL Leed BLBREBINEBUNLLUCU BeeRe L/ReeMeLLuty yrBze(1BIUE
154 mu P .ﬂ. 1 n 1 < n< W3 n S < ? n

@@@?mrwﬁmiwwc?mg WL 0€ r@ﬁﬁﬁ wrCrm?wgwwﬁr;rwivww R@mdgﬁ_manwwcmwa;muwm?v@_m 8]

BLLELUMEEULUTILILY (S10308) 9A1109)0Id puE YSLI SULINSEIW pue SUIAFIIUSP]) J\Ev@mw\w L[LRUIIRREIAL @mﬁmﬂnm?u@:ﬁnm [ UOISS9S | ﬁwrrs_._v_w




150

uonedrdde peoqw aue|em

Z\_u_,nrm\@.é_,nn_mm_‘m L :rSrv;w -
= < wu

m\mwﬂnwcjw_‘ﬂ;_u_ﬁn\_mf_%"_m\\ma_ﬁ@m@

M USLILBLILELUZBTIGERIEMLURD

w\ww_,ﬁmcﬁ:w_ﬁwSn_ugﬂ_mr\_%ﬁ_m\\m@;@m@

3n_ucmcr_,ﬁu\rmﬁm~cn@:@memy\:c_r@

@WWRmcﬂﬂmﬁwﬁwgﬁmﬁw;\m@;@w@

3wcm¢:ﬁrmrmemrcn@:@_mom.z:@_rw

RLLMEUTIL[L] PRRBLLL[LR | ULH MEUTBMMETIL] LLUBGRUELLID MEUIBMMEIIS ELUNGLBELRMD | HAUILMMETIS|ELUDGRLBLERLD
/MERLZEML 9 WHLMT - | O LufBfs reR] efALLge 1°€ | LBl AEA|ZELLULAUINLONEGR T'e | LML NER] ZE[LNBMLEW GMI "¢
ELUBLELULE ZUTIPRIBELUBL ELUBLELULE ZUTIPRIMBELUBLELY MESALIUIBLRRY] bRIFLY
pRIMBELUBLELUMEEUBLM ELUMELUBBMBO[LITARL[LILLY | MLLUBBMMY[LITHRL[LIELUMUBGALAUT | ELUBLELUMELUBBMMY[LIT HRY[L
n <= = _U =4 .U n I3 .U n = .U
FRY[LIMELELULLEHABUIL | WL MULELERUILIEMRELERBTIRLUNLE WIGMREELBRBIIBLUBLERLLDRHLITRY ELUULEHABUILARHBIMRBLLUY
N Foor | ® LA~ 2 _ 2 g g oo F
PRHIMEVELUY § UWHLMLL - | 0T DLUBEHIMEBELUIALLUIL 1T Ecw_unrmgmzm@m@;wcﬁ 1'C mrca\wﬁcmzm@%zwc\ﬁ@% T
€ Ut UOISSaSH | € U4 UOISSOS M ¢ WHLIT| o@acmwrm@@rv@ﬂ:s
® ® = @ G
DRIMBELUBLELUM] | WL | ¢ WFLLNT] L] NWURLIEULITINELY :rmﬁ%_mﬁxaam;% PRIMIBLLUBLELY £LUBL ELUBMAEIRE[LBLLRLL
i ® 1 ® 1
ALIEULIMIBBLLU ¥ WHLBMY - | Ol PRIFLBLLUBLELUBNAMIZE[L I'T | OM FIHRL[IBLRRLBIBUL ibREU 1'] PLRRLBIBUL] MLLIMSRMT |
\\M .ﬂu n =3 =7 1 n 1 I3 I 1 n 1 I = 1 mw
v@@a;zwc
ELUneLy
LBE zﬁcpr;awazza@ns;wc;wwc@c ReeRe LH/RBLEMEL LRy Sawwmwsn
< 1 S < ~S L6 =73 < » ~

wﬁwc_.se\@.w

n

G@@_Jw_\w;_.us_,nwwcmwmrw\r UL 0€ r@@ﬂmw Wrcrm_.ﬁwgw.@@r;rm_ﬁvmw reegi

], cLRLUN wa;mﬂn E[LDRL 8 RLLELUMELURURIILY (98ueyp 101ARYDQ YI[BAY YIIM PIJRIDOSSE SISUOASAIT JO JUIUDSRURW PUL UOIIBN[BAD-J[IS UI SONI[IQR

SurdofoAa(T) _,\_V_\QF..@RMwcma_ﬁvc\_ﬁ:;ww_._uﬁ_m_\ccr@@@_w\wv@#rw:@&mrcwrc@a@nG:v93@:@ﬁW?Mrcﬁwcmrzruzrm@rﬁ—@\wﬁ P uoIsso§ ¢ ﬁmurs_._v_w







152

o
N odl/o&om

@NEN5FUTIINANTIRIIUINTETTIIN1 AT TUNY e
NANINYIFEY TN

ANENTIUNIRISANATEsTIIMTITElunyed wminendeysmn lafasanlasanside

SHAIATINTGANY : G-HS 064/2563
a a a a ) ) ] ) a o P a
Tﬂﬂmsﬁmsm $ Uisawawa‘uaﬂﬂiu.nsuauuauumimﬂn'ﬁmul,msmnuuawwaLﬂ'vua"umwuanamawqmnssu

3 . o Gl 8 o al
N179ANTIAULD ﬂ?quﬂuiﬁﬁmLlaﬁaﬂiqﬂqsniaiﬂﬂ\ﬂm “Ua\'iNVlﬂiiﬂ‘lmlﬂasQigﬂﬁw m:

v
nMvAaBLUUdNLatiinguAIUAN
Wantilasen1539e : wNauaes udlad
' oo oo an oo a
wignuiidein : Tansziudadiednu angneruiamans

AnEnsINSAIsANATesTINNITelunyed iningrdeysm TeRasanuduiud Tnsinside
Y} & 1Y) a aw ¢ al va o a £ o & €y ia
danardulununannsveseiesssunsideluuyud lneifideimsmansuazdnaasluamnduiyed Lifing
dasdindns adafnim uaghineliiinndunseundegrsmyidouasiitriulasanside

= Vo o aw | awv a

Judtuaumslisuiumsideluvevinevedasmaideiiauels (@auenminsiaaeu)

“l 9 a a aw « o v & - 1Y)

o. WuulauBLiaTesuMIRITNITEsTINNTIelunyed  aluil b Tl < e Aueeu WA, lodon

. lonanslasin1sideatunwning Uil o Uil < LiBu Augeu WA, odom

. lenansuasginsnlasanside atuil o Wl & oy Augeu na. baom

< nasuanimudugenvesitninlasinmside 2T & Fufl lom Hou NINYIAN WA lodom

& nasuansswazndenedesieillilumsifedenunsinsanangninandui vieyailiiiudeyasie
ndithimlasinside a0UT @ Tuil b LFoU NINYIAL WA, bdom

o, Wna1sou 4 (Enil) atuil - fudl - dew - wa -

o de o - o
o o o o - @
’J‘uwm.lﬂmﬂ‘ CIUN e& DU NUYIYU WA bdbe

\
I}

a9 3
h %_? ”'s;n@“u d
(399N TIRNTE AT.INTA WADEY)

Usgsmuannssunsinnsandiesssunsideluuyed ininerdeysm
o g A -
497l o (NGUARTIN/ Ineneansguniw/ nenemaniuazimalulag)



153

%’W s (%
szl o

nilsiasusesaiesssunisidelunywd
Tsane1uasaynsusnis

N153I98ULAKENANTUTENBUYBINITIFLAINTIUNITUANINIUEN IS UN1TRINRIN
AMZNTINNITRITUNIDIEFT5UNTTIVETUNYWE TsaneuiaaynsUsinisuds  Siemnufiudinasive
Mganunisiicnuaseadesiuninvsesssuaina  aaenvunguuisdeteidutazdeimunnielu

Ussina Jaiuaumsiisiiunisiduaudeiauenisisetils

Fon15338 (ny) : Uszavsravedlusunsuafuayumsdanmsnuesimfusenndinduguniniede
' a o Y a Y 2ol
fEnnANTINNITINNITAULLY AURUlaTin LagdniN1InTevesln vownillsa

X o = ' =
laFesisvesi 3 : MvnasluuUguuasTinguAIUAL

Fon15339w (99ngw) : Effectiveness of a Self-Management Support Integrated with the Mobile
Health Application Program on Self-Management Behaviors, Blood Pressure,
And Estimated Glomerular Filtration Rate among Persons with Chronic

Kidney Disease Stage 3 : A Randomized Controlled Trial.

as

W38 : WNEIUEITT Nelles

' = as a )
WUBUNFING : ALEWEIUIAAIEAT UMINETTEYTW

ch o B
(3517 i » | REROSERIOR,

(Wedsznng IUTEENNING) (Weiaen Asgiannuum)
UIsUAMENTTUNITAIITUIRILETIUNTIVE I UNYWE Usg51UAMENTTUNITARIUIIWINE
Tssweutaaynsusnig Tsameuaaymnsusinig

NUNYLAVITUTDS : 005463
Juitsuses : 9 wgadneu 2563

o alas a
AUNTUTDIMUADNE : 8 WOATNBU 2564

HRD2/D/PANS/NMIG /U TIRT U5 TTH



154

PNAIUTAINNNE UL

VoI 3ININ3IN15398 (Consent Form)

[

SHATATINGINY ¢ oo G-HS 064/2563..........

v
A

Tasam 53981504 Yszanswaveddsunsuarivayunisdanisaueesniuuennamiy

A \

gquMniode ABNGANISHMSIAMIAUBY ANNAUTaRA tazdnsIMsnIeIvedln voadiil

Tsnlaiseseszazi 3: msmaasauuguuaziingunILAILAN

Yo A v A A
TG UEOH TUN e eeeerere e BB e eerereesnrreereeeeeans TP vevereeneneeeeanns
oll ~ A Y Y caow A Y Yy Yo
nouazasu i luenmsudainudusoNvoIfiITIu 1ATINIT IV D1 145

v
[

a =2 o J Aav ad a = 1 =
ﬂ”lif]‘ﬁ‘]JWEJ‘DQ’J@IQﬂigﬁ\‘]ﬂ“Ui’NIﬂ’Nﬂﬁﬂﬁ]ﬂ I5N1779Y LLASTIIASIBYARN I €] ATUN $‘lﬂu

A

9 o o Y Y 1 Ay R Yanw WY INY 1Y Y Yy Y 9
L@ﬂﬁWi"UﬁlyaﬁTﬂi‘]JtﬂHHi’nJTﬂiQﬂ1i’Ji]El Gﬁﬂ@?ﬁ]ﬂllﬂclﬂll]uﬂﬂlﬂl‘lﬁﬂ uazﬁm‘wgmmjﬂfﬂ

[

o a [ J Y I 1T a9y Y [ J o 1 Ay 9y [
ﬂ1®‘ﬁ°1_I1EJ@NﬂﬁT)ﬂTLIi‘I’JHL‘]Ju’OEJNmm’J HAZHIVYIUTDNINISADUATDTUAN €] NUIWREINY

Y
Aav A

=~ [ Y < 15 o 1 9 9 Y
LﬂEJ'Jﬂ‘]Jﬂ’]fl"Ji]EJH@'JfJﬂ’J’INW]?JGLi] Lla$lliJﬂﬂUchfﬂutﬁu%us]ﬂWLﬂWW@iﬂ

9 Y 9 1 aov dyﬂ} o Aa aa a Y
GUTWH]H"IJ15'33JTﬂi\‘lﬂ15’ﬁ]ﬂuﬂﬂlﬂﬂ’ﬂllﬁhﬂiclfﬂ LAgUANTNICUDNLANNITIVITIV

9 9
dd‘ %

a o S ¥ a Y Aa o (=} 1 o {
Tﬂ‘idm‘inﬂum El,ﬂﬂhl@ NITUBNANNITIVITIUNITIVSUU NNWﬁﬂi%ﬂU@]@ﬂ’liiﬂ‘H?Iiﬂ‘ﬁ

9 [ 2 N Yo 1 ) ' 3 9 a v o Y Y d 9 a v
VINLATIZ NN @i'ﬂﬁﬂhlﬂ Q'Jﬂfli‘uiﬁ]il')'li]g!ﬂ‘U“U’E]iJ“alﬂEJ'Jﬂ'iJG]'JGUWWWTLﬂUﬂ'NNaU ﬂ%ﬂJﬂLWﬂllﬂ

1 A J a o a Y Y Y 1 1 A A Y
mwwiumumﬂua;ﬂwam‘mi}ﬂ ﬂTiL‘]JﬂLWEJGU’EJM”a"UENSUWWH]W]’E]‘I’TH’JEJ\HHG]N ] NINYIUDI
Y Yo 9 Y
G]E]\iulﬂ‘i‘ijﬂia!ﬂuﬂ@%1ﬂslﬂ1/‘|lﬁﬂ

Y A 9

R AN Yy 9 a v
GU’]Wlfﬂ’lll@f]’luGllf]ﬂ'J']llGU’NWulla'ﬁllﬂi]’]llml’lﬂlﬂﬂﬂﬂﬂigﬂ’li Llaghlﬂa\‘iu']uclulﬂﬂﬁ'li
A 2y < Aady PRI ! A A v A Y Yaw Y
U;ﬁﬂ\?ﬂ')’]llﬂuﬂﬂﬂu@'ﬁﬂﬂ'ﬁ’ln&@nﬁlfﬂ ﬂiﬂ!1/]6U'IWlﬂ’l"llla’liJ’liﬂ@’lu%i@!eUﬂuWuQﬁ@hlﬂ q.')i]flvlﬂ
! 9 a Y 19 £y 9 a2 Y 9 Y =X A
@11!5116?]'311]11!!@ﬂfﬁillﬁﬂQﬂﬁ?ﬂﬂﬂﬂﬂﬂiﬁllﬂﬂﬂ?‘ll%?ﬁﬂ%uﬁﬂiﬁ]ﬂl!ﬁ’) VIWLDTIIIAIUINTITD

o g o 1A 9 k) a dy Y 3
Usegnvaeiuulsvestmd luenaisuaasnnuavgeutinltonuaule

U

L3 0 2 0 T NeUugou
(et )

(S0 02 1 WY



155

dw Yy Yy I a v
lE)ﬂﬁ]ﬁ‘lf!!%\‘]ﬁﬂﬂiﬁuiﬂiﬂﬂ1§3%ﬂ
(Participant Information Sheet)

(M3UNguNA0a)

THATATINIIY 1 ..o G-HS 064/2563..........

TA5aN15390i504 : YszanTruaveelUsunsuaiuayumstansauLITINA LI WNAIATY

quamiods AewnANTTNNTIANITAUDY ANWAY Tatia LazonsINMInTeIvedla veedhll
dy [ li' 1 = 1

Tsalaieseszezi 3: mInaaewUUguIazinguAIUAIUAY

= Y Y a v
13U E‘J]L"lﬂﬁ’JiJjﬂﬁﬂﬂﬁ’Jﬁ]ﬂ

A A

‘ﬁ/”IWLﬁS]}W WA uales HaadSyauen ﬂﬂl%WﬂTUWaﬁWﬁﬁg UHINIABYTN

9 9 U

YoiFowFyMudnsanInsensidelsedninaves lUsunsuaivdyunisianisauLe
' o a & A A YA A A o A ' A 9
swnusennanTuguiene veedniIsa laisesszezi 3 nounimuszanaudnsIums

9
v v A

e voiseuldniuniiuieazideauodInsansIteaail

E4
[

Aa v o 4 a v (%
TasansItetttagiszasnmalseliunavoaTUsunsuaiuayuMIITIaNITAUID

a q

FWAULONNARFUFYAINLDDD ADNYANTTUMITIANITAUDY ANAUTaHA LAZOATING
Yt £ o 4 A A e Y v
309904 1n voegnii lsn laiseseszezi 3 netlmelse Temilumsszasanuivtiveslsn
dsl o
laGosa

[

' P~ Y 1 = cao A 9 Y ' A Y1 [ a
NINNIUANAINILLVITIUNITANHIIIYU "111WLi]WfJﬂ’NiJiJiJiJEJGl‘m/nui’nm%ﬂ‘iimmﬁ

TA53n159 TagMsao UV TOUNINTDYATIUYAAALAZIUDAOUDIWHOANTIUNITIANIT
o gjl g’/ ~ A g’/ ~ Y o o 4 g}J ~ A 1~ Qy a 1
AUBY T1UIU 3 ATI ATIN 1 ABATIITANNUAIIY (A1 1) ATIN 2 WataFaaunanssuNgu
o L4 g { o 4 1 g’/ = dy
Fan 4) nazasan 3 @Fla1v 12) unazasaldnarlunisasuilszuia 45 u1H venanil
Y Y a T oA Yo @ ,é} o g’z Y aa
{39890 1N INAINITUAGUARITENALIYY T14IU 4 AT & viesllszyunaiinyzas

[

A dy g’u ~ [ 4 a a [
ladon Tsaweruraaynsdsins aedl aseR 1 (@an 1) Aanssumsseyuazlszmiulve

(33
Do

{ [ [ o J a 4
@oytladeifesiu 14191 30 wadi a5 2 (@)a1 2) AvnssumsTianuuazanudolums
o Y A (% J a o [ Y
gua 14a1 1 52Tue A5 3 (@ 3) AenssuiauineMsAIURUALIDY 5IUNINT5
adudyumItamsauesndnFnluaseuniazuonndamsuguniniions 19na12

@ g’./ { [ 4 a o a o
2109 1azATIN 4 (ﬁ"ﬂﬂ"m 4) AINTTUMTNALIANNEINIT0 UM UssiliuaueaazIang



156

A a A a 9 A X Y] A
miﬁ’émﬁummﬂﬂmﬂmilﬂaﬂuuﬂqumﬂiiuqmm‘w 141781 30 WIN BIMFHAHM BN
o A ¥y A ¥ A < @ 4 @ a
MnanssuIuATIN 1 tazaouLUUAoUDINATIN 1 tag 3 Lﬂumiuﬂwmmﬁ@m’miﬂmﬂﬂ@\

X Y H
o4 l5anenua ﬁ"Jl!ﬂWil!ﬂWMWﬂLﬁ@NWﬁWﬂﬂﬂﬁﬁNiuﬂﬁﬂ“ﬁ 2,3,4 nazaoULUUdo U0 U

[ [

g’/ ~ I o A o A a Y = a A
A599 2 WumsdanNgMen NN TNV 1ATINISTITY {ITEISAIBAIBINITIAUN NI
Y i1
yarsemsidonarliunmiutazaniznluaseunss $1u9u 200 VI/AU/MST Laziiown
1 Aa o < Qy [ Yo A [ [ a an A
wendaau Tlsunsumuaz lasumseatannuau Tadauuuadnea 11a509
ao 2 g S v a o A ya 9y
HavoImsIvetitlulse Temidedrimuazausnluaseunis Nz laizeuiuas
Wanninbz lunssanisauesluEeanisnaugue s Mmssulszniuel nseonmainie

@ a < Y a o Y Y
LLaZﬂ1iﬂ’J‘Uﬂllﬂ’NiJﬂu1’dW@l uaﬂmﬂuum'lmmwwam%uﬁaﬁaiumiﬂummmg

a 1 A @ v X

a Y a oA [
AANDEDAITNUUANDINTIFUNIN “LI‘L!“I/Iﬂlmgﬁﬂﬁ'lllNa@]i’)ﬂ‘ﬂN‘Hﬂﬂﬂj‘]ﬂﬁﬂ?illﬁ%ﬂ??ﬂﬂu

a ]

Y A A

a =1 a a 9 g‘/ Y o o = 1 Y a [ =
Tatia UnsudadsuionuaNuialnandoun Ivmuuziii Feadawalinanisdsunlasy
WOANTTUMIIANMIAUOY FWNTDAIVANANNAY Tatia uazyzaomsidouundla

Y a o o I 9 ) 1 a a a Y
M35 TasansIveindulddrennuaiasle vuldnsdasnisdisow

ao Y o <3| Y 9 av Y A
Iﬂfl'\iﬂ']ig{l]ﬂhlﬂllagﬁ']lniﬂﬂ@u@]gaﬂﬂfﬂ']ﬂﬂ’lﬁlﬂuZ‘!!"U'lianiﬂi\‘lﬂ']igfﬂﬂulﬂnﬂul@ Tﬂﬂfﬂi

9 1

Uesnienoudvesniuae hiliwansznuasdnilszmsla q Mnuaziia1dsy doyaaie

U

A

1 <3 Y I o (= a 1 ) Y I
GU?J\TVITL!ﬂzgﬂLﬂTJul'JHJLIﬂ’J']llﬁﬂllﬁ$ﬁ]guliJNﬂ1§L‘]JﬂLWEJGHfJGIJ@QVI']u msmmuasumga%tﬂuﬂlu

S A % 1 ya o 1

g - <] 4 a g 1
nsan netideyavzgniny I3 lumsesnouiiuaes TS Har uvesnmzgIdemniu diu
<] { 1 I (% J aw
nasvzinu B ludenaisildnyus 1Aidlunar 17 vasmsmeuninanisitenazazgn

o o o g’/
i llhanerasaniu
1 A o A 9 [ a 1 9 9 =1 A A
WML MnNKI ot aedellszmslaainsaaanot g WaIEIT) NUAT AU
WeNNAMEAS UM1INIATYIN MelaY InTANT 080-2215229 FwisrauAneufInILLAL
9 o 1 A A A oA Y L4 = a S
Poaadovoanunnie HIeAnABTN HIILFNAATINGG A5, VLA WFY 019135N1TNE
[ @ -4 A o 1T (a wa { 3 1
Wan wueay InsAnT 081-9875586 aztigaae lud jriaaiun lasue 13 luenarspueg
A0 TA59n15390 @ nTaudundinaenssunIiTusosssunsatelunysd
UHTINABYIN NBIUTHITMIITeuazuianssy mnomyInsan 038-102620
Y
Av A

4 1 a <3 U a
Lﬁf]‘ﬂTHWﬁ]ﬁﬂ!n!é}’z]l,?iuﬁllﬂi]il"ﬁjﬁﬁllﬁluﬂﬁ’mflu ﬂjam1nﬂ§m1mum1u1uauaau

v v Y
5 TATIMSNUUDIAIY 1azveVOUNTZAM TUAMNT o0 UL B Rl



157

dw Yy Yy I a v
lE)ﬂﬁ]ﬁ‘lf!!%\‘]ﬁﬂﬂiﬁuiﬂiﬂﬂ1§3%ﬂ
(Participant Information Sheet)

(WM3UNGNAIVYYN)

THATATINIIVY ;..o G-HS 064/2563..........

TA5aM3390i504 : UszanTruavealsunsuaiuayumsTanIsaueITINA U WNAIATY
A A 1 a [ v a o YA

FUAMiiedo ABWYANTTUNTIANITAUIOY ANNAL TalA 1AZOATINI1TNTOW |a Yol
k4 1

Tsalaiseseszezi 3: MinaaewUUguIazinguAIUAIUAY

~ Y 9 a o
138U @Lﬂ]'lﬁ')ﬂiﬂﬁ\‘lﬂ?i')ﬁ]ﬂ

A A

9 Y a =Y 4 a Y]
VTN u’l\iﬁ'l'JLLﬁ\iﬁéJ lliﬁﬁﬁ UAAUITUUUDN AUSNYIUIAFTAT WH1INUIIUITN

D] U

a 1 Y a o a A o [
GU’OGEJULGBQJU‘VITL!L"]HTJJJIﬂi\iﬂTﬁ’)ﬁ]ﬂﬂiZﬁ‘ﬂ‘ﬁWﬁ"l]ﬁ]xﬂﬂiuﬂillﬁuﬂﬁuuﬂ1iﬁ]ﬂﬂ1i¢]um\1

Y H
A 1 =

J @ a < A A YA A @ ~ 1 Y 1
FIUNUVUBNWAATUTUNTNNDDD m@ﬁ@,ﬂﬂiiﬂqﬁliﬂiﬁiﬁﬂﬁﬂ 3 NOUNNIUIZANAUVITINUNIT

[ [

a = Y = a dy
9 ‘(’JGll’ﬂl,iﬂui'ﬂ‘ﬂ'lu‘ﬂi'miﬁla&@ﬂﬂﬂ]@ﬂiﬂi\‘lﬂ'ﬁ'} AU

[ @

a dyd s A = a A Y] @
Tnsansveuldagiszasmivefnlszaninaved llsunsuarivayunmsians
AUDITIWNULENNAIATUFYNNLDDD AONYANTIUMTIAMIAUBY ANUAY Tatia azons)
Y~ A o 4 A4 o Y Y
M3n3509904 I voedniiIsa laeseszez 3 Natiive)sz Tenilumsszasnnuinmiives
£
Tsalai5e59
1 dl Y = a o dy 9 9 1 A Y U a
WINMUANAINIZIIITINMIANYIITEN NINDIVBANNT IV IHNIUTINAINTTUVB
Tasansa TagmsaouuUdoUDINTOYAdIUYANALAZUUDAOUDINNYANTINNITIANS
o g’/ [ dy g’/ d' A g’/ d‘ YA o 1Y 4 g}./ d‘ [ 4 g}./
AUIBY TIUIU 3 ATI AIUATIN 1 ABATITANNUEIVE (Fa1n 1) ATaN 2 (d1la1 4) nazasa
d’ [ 4 1 g’/ 9 = Lé Ly d’
1 3 (da1vi 12) udazaselynarlunisaeulseuia 45 w1 Fansanuieiiono

o

¥ A I @ 4 [ a '
uuvaeun I luasn 1 uag 3 !ﬂJuﬂ’]ﬁuﬂﬂNWﬂLﬁ@ﬁi?ﬁ]ﬁﬂﬁqﬂﬂ@lmﬂﬂi'ﬁﬂw&?ﬂ']ﬁ aIUNITUA

[ [

A Y A I v A o Aa a Uy
nngienULUaeU I luATIN 2 umsianineienriinanssuuedInsaNsIve §Ive
1 a (] o [ [~ Qy
W UMFAUFINTAUNNNI DT AN TF oA IRUN NI 11U 200 LN LASHAIINESITY
o 7 A 1 @ 4 o o A PN '
Tdsunsnluddain 12 Miuez 1dsumsioaiaanuaulafiauuuadnoa 1 1AI99 HAVDI

Y v F v
Tasamsavetazidlud sz Yosu luninsauaei lddni IsalaSodeszosn 3 1Aang

U

Il
a A

Ysulasunganssumstamsaues Auquanuau Tada uazszaomsidouvodla



158

Y
=

Y a o I Y @ 1 Aaa A Aa Y 1
ﬂ']ﬁﬂl']ﬁ')lljﬂﬁﬂﬂ']ﬁﬁﬂﬂulﬂullﬂﬂ']flﬂ'ﬂuﬁuﬂﬁal‘ﬂ ﬂ?uuﬁﬂﬁﬂ{]iﬁ'ﬁﬂ?i!‘lﬂﬁﬂw
a o (% I 1 awv 4
Tasan1339e lduazamisnnoudreennnmaiudiiniuinsinisive lannile Taenis

Uersnienoudivesniuaz hiliwansznuasdnilszmala q Anuazita1dsu doyani

A

1 I y I o 12 a 1 o Y <
Gummngﬂm‘u"bl,ﬂumma‘uu,azﬁ]x"lwumﬂﬂmmﬁmmmmu mimmuamaya%gﬂuiu

9 s W

¥ 2 <] 4 a ] A o v 2 1
HINTIY VNﬁGU@MaﬂgﬂﬂLﬂUll'imlulﬂ%@\‘]ﬂ@NW?LQ@ﬁWNﬁWﬁWWﬂﬂJ@Qﬂﬂ!%E;T’J‘ﬂfllﬂWuu qIU

U U

< {q 1 < [ ' av
nasvznu B ludenarsnldnyus 1Hiunar 17 vasmsmeuninanisitonazazgn

G
v

i llharenaaninin
' A o A 9 @ a 1 9 9 2 A A
NI etemedelszmalacunsofane g WRa1Maes) NAAT A
J a o v J 9 Y a °
WONAFNETAT UUIINGIABYTN Heay INTANN 080-2215229 TINITUAND VAN LA
9 [ 1 A A A VoA Y o = a P
Foaadounaniiunniiio nieaaaei FEemMans 19138 a3, WNN5H WIFNY 0191507110301
Y v & Y Yoo 1A ua iy 9 Y g
wan neay Insani 081-9875586 wazdgave lulgiaawnlasuasidluendrssuea
Y 9 a o Y @ a a a o J
AI91591 1ATI015998 A1150UIINIEIAVLNTTUNITNIITUIIETITNNIIIT8 TUnYYE
a v a2 a o v o 14
WMINGIRBYIN NBIVTHITMIIVBUAZUIANTIN W8y INTANn 038-102620
A [ a 9 < Y Aa o dy a 1
wemuiasanudui Ui lumsivel veanungaasnlulugusensu

A Y 1 A 1 d‘dy
TATINMSNUULNIAIY uazmamaummmiummimumlmmum U NY



APPENDIX D

Evaluation of assumptions



Test assumptions

1. Univariate outlier of the variables

1.1 Univariate outlier was tested by Box-plot
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1.2 Multivariate outlier was tested by Mahalanobis distance

Group 1 4% MAH 1 £ MAH_SMBQ & MAH 2 & MAH_SBP & MAH 3 4 MAH_DBP

1 353022 3169 91505 8218 63132 8892
2 358464 3099 25261 9687 23483 9718
3 58636 8994 284497 4162 1.73044 6302
4 274432 4327 3.78417 2857 2 61193 4554
3 3.24086 23560 1.756203 6254 1.03360 7931
3 3.03918 3856 2.69448 4412 2.83540 177
7 1.83423 6074 4 66707 1979 4.18307 2424
8 5.03802 1690 82787 8428 18632 9799
g 1.66587 6445 72233 8679 64442 8862
10 76349 8582 285695 4142 2 66987 4471
11 06624 19956 6.07019 1082 1.26761 7368
12 83649 8407 3.06984 3810 3.16398 3670
13 1.39944 7057 63766 8878 41377 9374
14 5.40782 1443 1.87104 5996 35477 9494
15 228883 5147 2 62779 4526 1.97102 5784
16 6.95694 0733 143196 6981 231825 5090
17 6.42567 0926 1.48089 6867 6.64420 0841
18 2.37500 4983 12.64336 0055 596757 132
19 4.25634 2352 551117 1380 5.48422 1396
20 5.84668 1193 1565466 0013 6.93458 0740
Group 2 & MAH 1 & MAH_SMBQ & MAH 2 & MAH_SBP & MAH 3 & MAH_DBP
21 6.28594 0985 2.06385 5593 353728 3160
22 140275 7049 5.04843 1683 337224 3317
23 6.43778 0921 6.83278 0774 8.82305 0317
24 69437 8745 2 22573 5269 47635 9241
25 8.61414 0319 160369 8956 4.47376 2146
26 4 15166 2455 69446 8745 24201 9705
27 1.60721 6578 210671 5506 3.97252 2644
28 A1434 9373 2.57413 4620 4.03422 2578
29 1.65092 6479 2.18199 5355 5.85948 A187
30 2 74656 4324 4.43108 2185 514735 1613
31 2.36890 4995 4.23383 2373 4 51667 2108
32 4.32693 2283 60121 8962 3.66268 13003
33 1.85271 6035 48313 9226 65851 8829
kY 2 64045 4504 3.29764 3578 51501 9156
35 1.69555 6379 1.55960 6686 87720 8309
36 3.39307 3349 1.73703 6287 1.97455 ATTT
a7 4.77633 1889 217961 5360 317245 3658
38 90629 8239 1.34857 7176 291119 4055
39 _AB359 9002 75568 8600 85786 8356
40 57184 9028 2.69739 4407 1.70931 6349

1 = Experimental group 2 = Control group
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2. Normality of distribution

2.1 Test of univariate normality

Variables  Group Kolmogorov-Smirnov@ Interpret
Statistic df Sig.

SMBQ_T1 1 163 20 173 Normality
2 .148 20 .200* Normality

SMBQ T2 1 152 20 .200* Normality
2 121 20 .200* Normality

SMBQ_T3 1 141 20 .200* Normality
2 079 20 .200* Normality

SBP_T1 1 134 20 .200* Normality
2 172 20 121 Normality

SBP_T2 1 110 20 .200* Normality
2 132 20 .200* Normality

SBP_T3 1 143 20 .200* Normality
2 170 20 130 Normality

DBP_T1 1 .080 20 .200* Normality
2 .080 20 .200* Normality

DBP_T2 1 147 20 .200* Normality
2 071 20 .200* Normality

DBP_T3 1 157 20 .200* Normality
3 108 20 .200* Normality

eGFR_Pre 1 77 20 102 Normality
2 148 20 .200* Normality

eGFR_Post 1 142 20 .200* Normality
2 .168 20 140 Normality

1 = Experimental group 2 = Control group

* This is a lower bound of the true significance a. Lilliefors Significance Correction
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3. Homogeneity

3.1 Levene’s test of equality or error variances?

Variables F dfl df2 Sig.
SMBQ_T1 189 1 38 .666
SMBQ_T2 1.640 1 38 .208
SMBQ T3 015 1 38 904
SBP_T1 3.338 1 38 .076
SBP_T2 1.048 1 38 312
SBP_T3 451 1 38 .506
DBP_T1 .035 1 38 .852
DBP_T2 230 1 38 634
DBP_T3 .062 1 38 .804

Tests the null hypothesis that the error variance of the dependent variable is equal
across groups.
a. Design: Intercept + group

Within Subjects Design: Times

4. Assumption of sphericity (within-subject)
4.1 Mauchly's test of sphericity?

Dependent variable Mauchly's W Approx. Chi-Square df Sig.

SMBQ .993 .259 2 879
SBP 791 8.671 2 .013
DBP 811 7.768 2 021

Tests the null hypothesis that the error covariance matrix of the orthonormalized
transformed dependent variables is proportional to an identity matrix.
a. Design: Intercept + group

Within Subjects Design: Times
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