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Abstract

Background: Chronic kidney disease (CKD) is a major global health problem. Short-term self-management has been
considered to effect some renal and psychological endpoints. However, there are currently very few studies about

self-management for CKD that a) have been scientifically designed by a theory-based framework and b) that evaluate
the long-term effects and working mechanism. This study presents the rationale and design of a theory-based cohort
study to explore how this self-management intervention works and its effectiveness on the Chinese CKD population.

Methods: In this ambispective intervention cohort study,1,200 patients with CKD stages 1-5 will be recruited from
July 2015 to July 2024 in 3 branches of Guangdong Provincial Hospital of Chinese Medicine (GPHCM) in Guangdong
province, China. The patients in the self-management cohort will choose to receive an intervention that consists of
education, nutrition/diet modification, lifestyle change recommendation, medication review, and psychology sup-
port based on Social Cognition Theory (SCT). The patients in the control cohort will do regular follow-ups based on
the clinic rules. All the patients will be followed up for 5 years, or until the occurrence of a primary outcome. Detailed
clinical, laboratory markers, nutritional status, psychological exposures and outcome questionaries will be collected
semiannually in CKD stage 1-2 and trimonthly in stage 3-5 patients. The primary outcome is the occurrence of
composite clinical endpoints (doubling of serum creatinine level, ESKD, loss of renal function (> 40% decline in GFR
from baseline), death, major cardiovascular or cerebrovascular events). The main secondary outcomes include the
absolute change and slope of eGFR, absolute changes of urinary protein creatinine ratio, 24-h urine proteinuria, intact
parathyroid hormone level, and self-management adherence rate and quality of life from baseline to end of the study.
The effectiveness of self-management will be analyzed and the association between longitudinal trajectories of self-
management and renal outcomes will be evaluated.

Discussion: This study aims to provide further evidence for the effectiveness of theory-based self-management in
CKD patients and to improve the lives of patients with CKD by slowing progression, improving psychological well-
being and overall quality of life.
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Background

Chronic kidney disease (CKD) is a serious global public
health problem. It is reported a prevalence rate of 9.1%
in global and 10.8% in Mainland China adult population
[1, 2]. CKD can cause numerous complications, high
morbidity, increased mortality and heavy economic bur-
den especially progress to the end-stage kidney disease
(ESKD) [3, 4]. Blood pressure control with angiotensin-
converting enzyme inhibitors (ACEi) or angiotensin
receptor blockers (ARB) is considered the main pharmic
way to prevent CKD progression [5]. However, the tradi-
tional treatment method involves many challenges, such
as insufficient knowledge acquired by patients, low par-
ticipation in disease treatment decision-making, and low
compliance in the treatment [6]. Hence, finding a new
strategy for slow CKD progression is urgent.

Self-management, defined as the active management
by individuals of their treatment, symptoms, lifestyle
and the physical and psychological consequences inher-
ent in living with a chronic condition, is an established
treatment for managing CKD in recent years [7-12]. It
has contributed to a paradigm shift from a paternalis-
tic model to a more equitable and collaborative model
between nephrologists and patients [13, 14]. Dietary
adjustment is an important component of the self-man-
agement intervention due to disordered nutritional sta-
tus and commonly appeared protein-energy wasting
condition in the CKD population [15]. A scoping review
revealed that diet/nutrition intervention accounts for
over 60% of all list self-management topics [16]. A nutri-
tion intervention, together with patient’s education, life-
style change, risk factors control, psychological support,
pharmacist medication review, etc. is recommended as
preferred non-pharmacological alternative strategies for
managing CKD patients [5].

Studies showed this emerging strategy with the func-
tion to relieve renal-related symptoms, enhance patient-
centeredness and decrease patients’ concerns with
depression, anxiety, self-perceived burdens [5, 15, 17—
20]. However, the evidence of self-management for renal
outcomes is contradictory. A randomized controlled trial
(RCT) in Taiwan showed self-management may slow
the reduction of estimated glomerular filtration rate
(eGFR) in late-stage CKD patients within 12 months fol-
low up, it suggested that self-management may become
an effective strategy for managing CKD patients, but

systematic review and meta-analysis in RCT have shown
that although self-management interventions can lower
24-h urinary protein excretion, improve self-care activi-
ties and systolic blood pressure than usual care, it did
not provide additional benefits for eGFR and other renal
outcomes in non-dialysis patients [17-20]. While con-
sidering the median follow-up time of these studies is
13.44 months, in such a short follow-up period, it may
be difficult to distinguish the real effects of self-manage-
ment [20]. Furthermore, self-management is not easy to
evaluate, especially in the long-term study. Adherence to
the intervention plays a crucial role in the effectiveness
of nonpharmacologic treatment strategies [21]. But self-
management has low adherence rates, and long-term
persistence is difficult [22]. During the study period,
most patients’ clinical status and their participation in
self-management changed dynamically, which can lead
to inaccurate measures of interventions and get biased
research conclusions. Therefore, its effect on thwarting
the progression of CKD and other outcomes still needs
further research.

What’s more, self-management interventions can be
seen as complex interventions, it means not only num-
ber of and interactions between components within the
interventions, but also the complexity of how the inter-
vention works [23]. However, many studies give only
a conceptual or general definition of self-management
interventions, or no definition at all [18-20, 24]. When
the variety among self-management interventions is not
taken into account and no clear operational definition is
posited, this might lead to incorrect conclusions [25, 26].
Hence, a theory-based model is preferred, it can caus-
ally link behavioral determinants, through behavior, to
physiological and biochemical variables, and health out-
comes [27]. This theoretical basis approach ensures inter-
ventions have a greater chance of being effective, and
the reasons for these effects can be deduced [28]. How-
ever, existing research showed only 20% of studies were
designed based on a theoretical framework. More knowl-
edge about how self-management will work for CKD is
still need to be studied [16].

Considering the problems and gaps above, Self-Man-
agement Program for Patients with Chronic Kidney
Disease Cohort (SMP-CKD cohort), a theory-based
intervention cohort study alongside a process evalu-
ation aiming to improve the lives of patients with CKD
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by slowing progression and improving overall Quality of
Life (QoL) will be performed. In this protocol, we present
the rationale and design of this ongoing hospital-based
cohort study. The objective of this cohort include i) to
evaluate the long-term effectiveness of the theory-based
self-management program in the Chinese CKD popula-
tion; ii) to assess its longitudinal relationship to surro-
gate markers and renal outcomes, and; iii) to explore the
working mechanism of this complex intervention.

Methods

Study design and study population

An ambispective cohort study will be conducted in
the department of nephrology at the three branches
of Guangdong Provincial Hospital of Chinese Medi-
cine (GPHCM) in Guangdong province, China. Two
branches are located in different Districts in Guangzhou
city (Yuexiu and Fangcun District) and one in Zhuhai
city. The study population includes all CKD 1-5 patients
(speak Cantonese or Mandarin) attending the CKD con-
sultation outpatient clinic in GPHCM from July 2015 to
July 2024. Of 200 CKD patients were already registered in
the retrospective cohort from July 2015 to July 2019 and
they will keep following in the prospective cohort. Begin-
ning in August 2019, a prospective cohort will be built
on. All the patients will be followed for at least 5 years, or
until the occurrence of a primary outcome.

CKD is defined by a glomerular filtration rate
(GFR) <60 mL/min/1.73 m2 or markers of kidney dam-
age, or both, of at least 3 months duration [5]. GFR is
calculated by CKD-EPI equation, and CKD staging will
use the Kidney Disease Outcomes Quality Initiative
(KDOQI) definition [29]. Patients are eligible for inclu-
sion if they are Chinese, aged 18 to 80 years, have CKD
(Stages 1-5), and give a written signed informed consent.
Exclusion criteria for the study are psychosis or unable to
cooperate with clinical staff for other reasons and have a
history of dialysis or renal transplant.

Screening and Enrollment

Research assistants in our team are responsible for iden-
tifying patients from retrospective cohort and consulta-
tion outpatient in the Department of Chronic Disease
Management at GPHCM to ensure they meet inclu-
sion criteria. Considering the retrospective cohort is an
observational cohort, this study will use the date when
the patients are enrolled in the new cohort as their base-
line time. After pre-evaluation, nurses will first make an
appointment and then explain the study to candidates
through a face-to-face interview and answer any ques-
tions they have. If the patients do not agree to enroll
in SMP-CKD cohort, they will be registered in the
chronic disease management clinic in GPHCM and do
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regular follow-up based on the clinic rules (as the control
cohort). After confirming eligibility, all participants will
sign an informed consent. (Study process can be found
in Fig. 1).

Follow-up and Retention

After the pre-evaluation of the baseline variables, a cor-
responding individualized follow-up calendar will be for-
mulated. If there are no special circumstances, visits will
be conducted semiannually in stage 1-2 patients and tri-
monthly in stage 3-5 CKD patients. Flexibility of 1 week
before or after the next visit is allowed. The timeline can
be found in Table 1.

In view of reducing the systematic attrition in this long-
term cohort, some retention strategies will be considered:
1) During each visit, patients will receive a paper-version
calendar for reminding their next clinic visit. 2) A week
before a visit, nurses in the research team will send text
messages to remind them the date for their appointment.
Then, those who do not respond to the text messages
will be contacted again within 3 days. 3) A final notice
will be sent to patients via social media apps-WeChat, a
very popular communication tool in China to keep them
informed of the appointment. 4) Gift/ freebies incentives
for finishing a one-year follow-up circle.

Self-management intervention design and process
evaluation.

Intervention design

Social Cognition Theory (SCT) will be applied to design
a theory-based complex intervention. According to SCT,
motivational enhancements can ultimately lead to behav-
ior modification. It can help the individual modify their
behaviors, and then elevate the individual’s perceived
self-efficacy and outcome expectations [30]. The Behav-
ior Change Technique Taxonomy vl will be used to
specify the self-management intervention functions and
behavior change techniques [31].

Self-management interventions components will be
selected by reviewing existing epidemiological evidence,
consulting clinical psychologists, sociologist, epidemi-
ologists, and holding group meetings. The components
of this complex intervention include education, nutri-
tion/diet modification, lifestyle change recommendation,
medication review and psychology support. A multidis-
ciplinary team consisting of nephrologists, nurses, dieti-
tians, and postgraduate students will be in charge of the
delivery of all the interventions. All the team members
will participate in a 1-day workshop to standardize their
delivery.

The education will entail a 1.5-h integrated slide-lec-
ture, delivered by nephrologists and dietitians trimonthly
involving general CKD knowledge, dietary management,



Ouyang et al. BMC Nephrology (2022) 23:93

Page 4 of 11

Patients Registered in GPHCM
From July 2015 to July 2019

Patients recruit in GPHCM
From August 2019 to July 2024

Patients eliglble to

Register in a control group in
chronic disease management
clinic in GPHCM

paticipate in the study
T »
Yes =
+ No
Acquisition of baseline data in prospective cohort
. . . Supplement of baseline data in retrospective cohort
Nutrition-centred complex intervention
Patient education L > Necessary medication treatment
Self-management behavior change < Simple dietary advices
Patient-clinician cooperation
Motivation -
/th round follow-up
Stage 1-2: every 6 month
Stage 3-5: every 3 month
Process evaluation d
A 4 Y
End of follow-up:
if patients follow for 5 years, < Regular fo[lo‘w:up based on the
. clinic rules
or occurrence of primary outcome

I

and renal outcomes

Evaluate the association between self-
management(level,phenotype,trajectory )

Fig. 1 Details of study process

healthy lifestyle, pharmacological regimens and Chinese
herbal medicine instructions. Cooking courses will be
offered semiannually for 2 h a session with different top-
ics (macro-and micro-nutrients intake and restriction,
label reading, eating out, et al.), provided by dietitians
and nurses. All the courses will be taught in Cantonese or
Mandarin to accommodate the main languages spoken in
the Guangdong Province.

After assessing baseline anthropometric parameters
and biochemical findings, patients will receive face-to-
face dietary counseling from a dietitian includes the
protein, caloric, potassium, phosphorus, sodium intake
recommendations. Before each follow-up/clinic visit,
they will be asked to fill a diet diary to record all foods
and beverages consumed for 72 h, in succession two
weekdays and one weekend day, then dietitian will assess
their compliance by analyzing the diary data and offer
new individualized dietary prescriptions. All these rec-
ommendations and prescriptions are based on the Chi-
nese guideline [32].

During each visit, assessments include questionaries
review of CKD knowledge, symptoms, comorbidities,
lifestyle change (physical activity attendance, smoking
status, alcohol intake), psychological and self-efficacy sta-
tus by postgraduate students and nurses will be carried
out. Then nephrologist will hold a 30-min one-on-one,
face-to-face individualized interview based on current
self-management practices and biochemical markers. The

content of the interview will cover medication review,
knowledge gain, thoughts and feelings, using an interac-
tive, psychosocial approach underpinned by the SCT.

Some behavior change techniques will be used in this
study, they can be grouped into 5 domains: goals and
planning, feedback and monitoring, social support, self-
belief and shaping knowledge. On the goals and plan-
ning domain, the research team set some individualized
goals in terms of the behavior to be achieved (e.g., daily
walking at least 60 min), or a goal for a positive outcome
at the beginning of the study. In the next follow-up, we
will review behavior goals jointly with patients and con-
sider modifying goals in light of their achievement. In
the feedback and monitoring domain, self-monitoring of
behavior will be adopted (e.g., 3-day food diary), then the
research team monitor and provide evaluative feedback
on the performance of patients’ behavior (e.g., check how
many nutrients they intake each day by analyzing their
food diary) or biofeedback (e.g., inform their blood pres-
sure or eGFR slope curve). The techniques of instruction
on how to perform a behavior and information about
antecedents will be applied to the shaping knowledge
domain. For example, when conducting nutrition-related
lectures, food models will be displayed. Both practical
and emotional social support will be used in this study,
verbal persuasion about capability and mental rehearsal
of successful performance techniques will be used to
boost self-efficacy.



Ouyang et al. BMC Nephrology (2022) 23:93 Page 5 of 11
Table 1 Details about data collection
Timeline SMP-CKD Cohort Control Cohort
o NN ) ooy e
Baseline visit I LabJSM P\Q/ )\G\SE§ {DR/O\ \Cog) I ¢
am ] Regular follow-up:
_ N o pharmic treatment
Ve NCOND . -
6m \ /‘6 D\JQ /s %‘ {’SQI éF@ L os ) and education
< = - - according to
9m ) . 108/ guidelines.
/\/*\/ N/ \/' /r\/\/\/ YA /J\/‘\/ﬁ\/.ﬂ\f\
wND N-P (Psqi)(1PA JISSRSJGSES| Cog |(TCM|Bio-B(Bio-F| Os |
12m Le o) /Q DA AN ANAPA A A\,

Details of Data Collection

Demographics and

Age, sex, marital status, ethnicity, education, employment, tobacco consumption, alcohol habits,

Clinical data S&C comorbidities, medical history and pathological diagnosis, blood pressure, heart rate, respiratory rate,
pulse.
N-D Daily diet record (3-days)
., N-P Patient-Generated Subjective Global Assessment (PG-SGA)
Nutrition Status
N-C Anthropometry parameters and metabolic Characteristics include height, weight, blood pressure, heart
rate, waist circumference, triceps skin fold, biceps circumference and energy expenditure (REE)
24-hour urea nitrogen, urine calcium, urine potassium and urine sodium, urea, serum creatinine, urine
Laboratory markers : Lab protein ratio, creatinine, uric acid, total carbon dioxide (TCO2), full blood count, blood chemistry,
haemoglobin Alc and other related novel biomarkers.
Self-management M Self-management behavior questionnaire, Include investigation of medication adherence, adherence of
evaluation renal-knowledge education, adherence to diet and sport prescription, comorbidities.
PSQI Pittsburgh Sleep Quality Index (PSQI)
TPAQ International Physical Activity Questionnaire (IPAQ)
SF12 Short Form Healthy Survey Questionnaire (SF-12)
Patients-reported
outcomes (PROMs) i SSRS Social Support Rating Scale (SSRS)
GSES i General Self-Efficacy Scale (GSES)
PDRQ : Patient-Doctor Relationship Questionnaire (PDRQ-13)
Cog Cognitive Questionnaire
Chi Medici . . S . . . .
lr:;s dro(:n::cme TCM Comprehensive analysis of clinical information gained by the four diagnostic TCM procedures:
Differentiation observation, listening, questioning, and pulse analysis by self-designed questionnaires
Bio-B i Blood, Urine
Biological sample
Bio-F  Faeces
Outcomes Os Outcome assessment scale shown in table 2.

Items that all the patients should finish; Extra items that patients with CKD stage 3-5 should finish
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Medical staff, patients and their caregivers are
included in the intervention to facilitate their behavior
change. To encourage a collaborative patient role, the
research team will encourage patients to report prob-
lems directly to team members whenever they raise
questions, through face-to-face, telephone and WeChat
apps. Details are shown in Table 2 logic model for self-

management in CKD.
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Process evaluation

in Table 3.
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There are 3 aims of this process evaluation (1) program
fidelity between the planned and actual implementation
of the intervention (2) self-management adherence rate
(3) contextual factors influencing and maintaining user
engagement with the intervention. The details are shown

An independent nurse team will be responsible
for process evaluation, including data collection and

Table 2 Logic Model for Self-management in CKD

Problems

Intervention process

OUTPUTS

OUTCOMES and IMPACT

1. Growing demand for
self-management
intervention as an effective
therapeutic approach in
CKD patients.

2. Patients with CKD had a
low attendance rate and
adherence rate in
self-management

intervention.

Process evaluation

/
I
\

Intervention components:

Education

Nutrition modification
Lifestyle change suggestion
Medication review

Psychology support
Delivered by multiple staff:

Nurse (education, psychology
support)

Dietitian (education, nutrition

modification)

Nephrologist (education,
psychology support, lifestyle

Patient’s uptake of the Intervention
Knowledge increased

Motivation to change

Increased self-efficacy

Determine readiness to behavior

change

Increased activity in the intervention
Behavior change

Use some behavior change techniques:

Goal setting, feedback and monitoring,
social support, self-belief and shaping

X T knowledge.
change suggestion, medication —
. _— ~
review B . S N
//')' - T / Dose of the
yd ~ | —| . . .
/ Content and dose of the \ \ intervention received
) ~— -
intervention delivered / / —

Outcomes

Impact

.

(1) Program fidelity (Reach, dose delivered, dose received, duration)

(2) Self-management adherence rate

(3) Which contextual factors can influence patients’ engagement in the intervention.

Reduced comorbidities
Slowed progression

Increased patients and
caregiver’s awareness

and knowledge
Relieved symptoms

Improved clinical
indicators (eGFR,
blood pressure, iPTH,
etc)

Improved quality of life

Motivated to make
lifestyle changes by
triggers in the cohort

Identified the factors that
affect the implementation

of the behavior change

Increased heathy

behaviors

Improved provision of
self-management for
CKD patients

Increase health service
utilization and decreased
Disease burden for CKD
and other chronic

conditions

Table 3 Process Evaluation components and Definition

Components

Definition

Data source

Program fidelity
Reach
Dose delivered

Dose received
Duration

Contextual factors

Adherence

Proportion of intended target patients participate in the intervention

The amount of the intervention components provided to patients

What extent participants actively engaged with and/or used the materials provided to

Delivery records

Delivery records,
Audio records

Delivery records,

them
How long the patients participate in the intervention
Explore contextual factors affecting patients’engagement in the intervention

Self-management intervention adherence rate of the patients

Cognitive questionnaire
Delivery records

Patient survey
Patient characteristics
SSRS, GSES, PDRQ scale

Delivery records
Self-management
behavior questionnaire
Diet diary review
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management. This process evaluation team will design
the process evaluation program, conduct the evaluation,
and monitor its implementation. The process evaluation
data will be analyzed before analyzing the cohort data.

Note: SSRS, Social Support Rating Scale; GSES, Gen-
eral Self-Efficacy Scale; DPRQ, Patient-Doctor Relation-
ship Questionnaire.

Measures

Exposure measures

The details of the data collection are shown in Table 1.
Social-demographic and clinical data will be collected
only in prospective cohort by a predetermined ques-
tionnaire during the initial visit. Physical examination
and laboratory markers will be collected trimonthly in
patients with CKD 3-5 and semiannually in patients with
CKD 1-2.

The nutritional parameters will be evaluated by 1) a
validated daily diet record form recording all foods and
beverages consumed for 72 h, in succession two week-
days and one weekend day before the 24-h urine sam-
ple is collected. Trained staff will teach all patients how
to keep proper records in their diet logs. These dietary
data will be converted into daily nutrient intakes by using
the “Chinese food composition list, 2nd edition” [33].
2) Inbody-770 and tool measuring for anthropometric
parameters and Medgraphics Ultima CCM for metabolic
characteristics [34, 35]. 3) Patient-Generated Subjective
Global Assessment (PG-SGA) for symptoms, metabolic
stress and nutritional status [36].

A 11-item self-management behavior questionnaire
developed by our team will be used to measure the self-
management compliance. Patients-reported outcomes
(PROMs) will be used to identify lifestyle factors, self-
efficacy, psychological status and quality of life. A cog-
nitive questionnaire will be given to determine patients’
cognitive levels so that the nursing group can schedule
receptive and individualized courses [37]. Social support
score will be collected by the Social Support Rating Scale
(SSRS), self-efficacy score will be assessed by General
Self-Efficacy Scale (GSES), and patient and doctor rela-
tionship will be measured by a developed Patient-Doctor

Table 4 Definition of composite clinical endpoints
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Relationship Questionnaire (PDRQ-13) [38—40]. Patients’
other lifestyle factors (e.g., sleep and physical activity)
will be evaluated by the Pittsburgh Sleep Quality Index
(PSQI), and the International Physical Activity Ques-
tionnaire (IPAQ) [41, 42]. The Short Form Healthy Sur-
vey Questionnaire (SF-12) will be used to measure CKD
patients’ quality of life [43]. All above self-reported ques-
tionnaires are validated in Chinese population.

Outcome measures

The primary outcome is the occurrence of composite
clinical endpoints (doubling of serum creatinine level,
ESKD(eGFR <15 ml/min for CKD 1-4 patients; or dialy-
sis for at least 30 days or kidney transplant for patients
with CKD 1-5), loss of renal function(>40% decline in
GER from baseline), death(from any cause), major car-
diovascular or cerebrovascular events) during the 5-year
follow up (shown in Table 4) [44, 45]. Those outcome
data will be collected through the outcome assessment
scale during each visit by reviewing the laboratory test
results and the medical record in Hospital Information
System (HIS).

The main secondary outcomes include the absolute
change and slope of eGFR, absolute changes of urinary
protein creatinine ratio, 24-h urine proteinuria, intact
parathyroid hormone level (iPTH), and self-management
adherence rates (evaluated by self-management behav-
ior questionnaire) and quality of life. Other outcomes
include serum creatinine level (SCr), blood urea nitrogen
level (BUN), plasma albumin, triglyceride, cholesterol,
calcium, phosphate and other Laboratory markers and
cardiovascular function.

Sample size calculation

We selected the occurrence of composite endpoints as
the primary study outcomes to calculate the sample size.
Previous studies have reported that the composite end-
points rate range from 18.1-126/1,000 person-years [46,
47]. Based on these studies and our previous data, we
estimated that the incidence rate of a composite endpoint
in our cohort would be 60/1,000 person-years. There are
about 30 variables that may affect prognosis, and there

Clinical events Definition

1.A doubling of serum creatinine levels

Doubling of the serum creatinine level from baseline sustained for at least 30 days according to

central laboratory assessment

2.End-stage kidney disease (ESKD)

3.Loss of renal function

4.Death

5.Major cardiovascular or cerebrovascular events

Death from any cause

eGFR < 15 ml/min for CKD 1-4 patients; or dialysis or kidney transplant for CKD 1-5 patients
> 40% decline in GFR from baseline

Acute heart failure, myocardial infarction, ischemic cerebral infarction or intracranial hemorrhage
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should be at least 10 endpoints per variable. Thus, we
anticipate that recruiting 1,200 participants with 300
events over a 5-year follow-up will ensure adequate sta-
tistical power.

Statistical analysis plan

Categorical demographic and other baseline character-
istics variables will be summarized by frequencies and
percentages. Continuous variables will be summarized
by both mean and standard deviation for data with nor-
mal distributions or median and inter-quartile range for
non-normally distributed data. Either a Chi-square or
Fisher’s exact test will be used to compare categorical
variables between groups, while Mann—Whitney U-test
or Student’s t-test will be used for continuous variables,
if necessary.

The primary objective of this cohort is to evaluate the
effectiveness of the self-management program, we plan
to perform three separate analyses for the primary out-
come. First, the incidence rate of composite endpoint
events will be analyzed by the Chi-squared test. Second,
time to occurrence of composite clinical endpoints will
be analyzed using log rank test. The hazard ratio (HR)
with 95% CI will be estimated by using the Cox propor-
tional hazards model or competitive risk model. Third,
growth mixture models and group-based trajectory mod-
els (GBTM) will be used to analyze the trajectories of
exposure and outcome variables [48]. Covariates for the
models will be selected based on prior knowledge and
published papers. Logistic regression or Poisson regres-
sion will be used to analyze categorical outcomes. Liner
mixed-effect model will be applied to the longitudinal
data, such as the absolute change, and slope of eGFR and
other secondary outcomes.

Even with some retention strategies, considerable miss-
ing data is expected over 5-years follow-up. The propor-
tion of missing data will be summarized in each group
and at each visit point. If there is less than 20% of data
missing for the covariate data, we will perform a com-
plete case analysis. If there is more than 20% of miss-
ing data, we will perform Little’s test and use multiple
imputations under the assumption of missing is at ran-
dom. Subgroup analyses will be conducted across base-
line eGER levels, demographic status and other factors,
if possible. To test the credibility and robustness of the
findings, several sensitivity analyses will be performed,
including E-value and other advanced models [49]. Effect
modification will be investigated using stratified analyses
and formal tests of interaction. Mediation will be ana-
lyzed by adding the hypothesized mediators, one by one,
to the confounder-adjusted models to study the extent to
which they explain any association found.
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All analysis will be performed in PASW 18.0 (SPSS Inc.
IBM Corporation, Armonk, New York, USA) and STATA
SE/15.0 (Stata Corp. College Station, Texas, USA).

Discussion

To the best of our knowledge, this is the first theory-
based self-management cohort conducted in Mainland
China for CKD patients. This paper presents the protocol
for the design and process evaluation of this self-man-
agement cohort. We believe there are several elements
in the design and implementation of this study that allow
advantages for quality data to inform the management of
CKD in China.

Previous studies have regarded self-management as a
plausible way to slow CKD progression [20]. However,
due to the short follow-up time, their results have certain
limitations. This is because self-management adherence
is high in these studies, but patients experience ‘active’
self-management initially whereas self-management
behavior is neglected as time progresses [50]. Meanwhile,
applying self-management to CKD management needs
flexible appointments and re-planning options between
nephrologists and patients which is more suitable to
achieve by cohort research. Therefore, it is worthwhile to
study the effect of self-management through a long-term
follow-up in a real-world medical environment.

However, it’s not easy to maintain patients’ compli-
ance in the long-term follow-up study. Results from other
studies showed theory-based intervention can improve
medication and self-management adherence in other
chronic conditions [51, 52]. Guidelines also recommend
the explicit use of behavior change for addressing lifestyle
risk factors when designing and reporting interventions
for patients with CKD [53, 54]. In this cohort, behavior
change is based on the SCT framework [55]. The applica-
tion of this theory has shown positive effects on health
behaviors in many chronic disease settings such as dia-
betes, heart disease and neurological disorders [56, 57].
According to this theory, this cohort study will determine
the specific items to personalize educational content and
behavior change strategies based on psychosocial deter-
minants of self-efficacy, self-regulation, skill mastery,
and outcome expectations. Health education and self-
management programs focus not only on changing the
patient’s awareness of the disease, but also on improv-
ing their personalized self-efficacy attainment strategies
addressing motivation to change motivational enhance-
ment strategies, behavior modification, and emotion
management and stress management issues [58, 59].

Since self-management is a complex intervention, how
to deliver a reasonable self-management intervention
is still being explored [60]. We use process evaluation
to provide novel information and understanding about
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how self-management works in clinical practice. Process
evaluation will evaluate the components of execution, the
influence mechanism and context to identify and under-
stand the core components of self-management [61]. This
not only can increase understanding of how the process
is delivered, but also help us derive more reliable conclu-
sions about the effectiveness of interventions in terms of
whether they can be accepted by patients and healthcare
professionals [62].

However, this study has some limitations. Firstly, poten-
tial selection bias or confounder effect may exist because
it is a hospital-based design study, the results may not
sufficiently generalize to other populations. But we try to
select 3 branches hospitals, while the source populations
of these three hospitals have different demographic and
socioeconomic characteristics, it can increase the con-
fidence in the generalizability of the study. And more so
than other cohorts, its hospital-based design can ascer-
tain that CKD patients’ diagnoses and the interpretations
of the renal outcomes are accurate which means the risk
of misclassification bias is low [63]. Secondly, the long
study period is a double-edged sword. Although a con-
siderable amount of follow-up data can be obtained dur-
ing the study which allows us to have the possibilities to
dynamically evaluate patients’ condition and study the
relationship among longitudinal trajectories of exposure,
surrogate markers, and renal outcomes [48]. High rates
of patient’s lost-to-follow-up are inevitable, how to min-
imize the drop-outs and deal with the missing data is a
big challenge. One solution is the patients enrolled in this
cohort are registered in the chronic disease management
clinic in GPHCM, they will return to the outpatient clinic
for regular checkups because we are the designated hos-
pital for patients’ medical insurance. The other solution
is some retention strategies have been adopted, such as
reducing barriers to participation, setting reminder strat-
egies and gift/freebies incentives.

In a word, although self-management has been rec-
ommended in CKD guidelines, it is still in its infancy in
China. Better knowledge about the topic may highlight
the need for CKD patients and healthcare professionals
to facilitate lifestyle change, manage symptoms, and offer
rational support. The results of this project are expected
to provide evidence of high methodological quality on
the effectiveness of self-management intervention for
CKD patients in order to improve the lives of patients
with CKD by slowing progression, improving psychologi-
cal well-being and overall quality of life.
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