
Original Paper

Chronic Kidney Disease Awareness Campaign and Mobile Health
Education to Improve Knowledge, Quality of Life, and Motivation
for a Healthy Lifestyle Among Patients With Chronic Kidney
Disease in Bangladesh: Randomized Controlled Trial

Mohammad Habibur Rahman Sarker1,2, MBBS, MPH, PhD; Michiko Moriyama2, RN, MSN, PhD; Harun Ur Rashid3,

MBBS, PhD, FRCP, FCPS; Md Moshiur Rahman2, MBBS, MPH, PhD; Mohammod Jobayer Chisti1, MBBS, MMed,

PhD; Sumon Kumar Das4, MBBS, PhD; Samir Kumar Saha5,6, BSc, MSc, PhD; Shams El Arifeen7, MBBS, MPH,

DrPH; Tahmeed Ahmed1, MBBS, PhD; A S G Faruque1, MBBS, MPH
1Nutrition and Clinical Services Division, International Centre for Diarrhoeal Disease Research, Bangladesh, Dhaka, Bangladesh
2Graduate School of Biomedical and Health Sciences, Hiroshima University, Hiroshima, Japan
3Kidney Foundation Hospital and Research Institute, Dhaka, Bangladesh
4Menzies - School of Health Research, Charles Darwin University, Darwin, Australia
5Child Health Research Foundation, Dhaka, Bangladesh
6Dhaka Shishu Hospital, Dhaka, Bangladesh
7Maternal and Child Health Division, International Centre for Diarrhoeal Disease Research, Bangladesh, Dhaka, Bangladesh

Corresponding Author:
Mohammad Habibur Rahman Sarker, MBBS, MPH, PhD
Nutrition and Clinical Services Division
International Centre for Diarrhoeal Disease Research, Bangladesh
68, Shaheed Tajuddin Ahmed Sarani, Mohakhali
Dhaka, 1212
Bangladesh
Phone: 880 1775170533
Email: habibur.rahman@icddrb.org

Abstract

Background: Chronic kidney disease (CKD) is linked to major health consequences and a poor quality of life. Despite the fact
that CKD is becoming more prevalent, public knowledge of the disease remains low.

Objective: This study aimed to evaluate the outcome of a health education intervention designed to enhance knowledge,
health-related quality of life (QOL), and motivation about healthy lifestyle among adults with CKD.

Methods: This study was a parallel-group (1:1), randomized controlled trial in the Mirzapur subdistrict of Bangladesh that
compared 2 groups of patients with CKD. Adults with CKD (stages 1-3) were enrolled in November 2020 and randomly assigned
the intervention or control group. The intervention group received health education through a CKD awareness campaign and
mobile health technologies and was observed for 6 months, whereas the control group received standard treatment. The primary
outcome was the evaluation of improved scores on the CKD knowledge questionnaire, and the secondary outcomes were improved
QOL and changes in the levels of blood pressure (BP), BMI, serum creatinine, fasting blood sugar (FBS), hemoglobin, cholesterol,
high-density lipoprotein cholesterol, triglyceride, serum uric acid, blood urea nitrogen (BUN), and albumin-to-creatinine ratio.

Results: The study enrolled 126 patients (control: n=63; intervention: n=63) and performed intention-to-treat analysis. The
analyses included repeated measures ANOVA, and the results were observed to be significantly different from within groups
(P<.001), between groups (P<.001), and the interaction of group × time factor (P<.001) for knowledge score. Diastolic BP and
BMI showed significant differences arising from within groups (P<.001 and P=.01, respectively) and the interaction of group ×
time factor (P=.001 and P=.02, respectively); food salinity and hip circumferences showed significant differences arising from
within groups (P=.001 and P=.03, respectively) and between groups (P=.001 and P=.02, respectively). Moreover, systolic BP
and waist circumference showed significant differences from within groups (P<.001 and P=.003, respectively). However, no
significant differences were found arising from within groups, between groups, and the interactions of group × time for QOL,
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urine salinity, and mid-upper arm circumference. Regarding the laboratory findings, from baseline to 6 months, the mean (SD)
FBS decreased by 0.51 (3.77) mmol/L in the intervention group and 0.10 (1.44) mmol/L in the control group (P=.03); however,
blood urea nitrogen increased by 3.64 (7.17) mg/dL in the intervention group and 1.68 (10.10) mg/dL in the control group (P=.01).

Conclusions: The health education strategy, which included a campaign and mobile health, showed promise for enhancing
CKD knowledge among patients with CKD. This strategy may also aid patients with CKD in controlling their FBS and BP. The
combined health education initiatives give evidence for scaling them up in Bangladesh and possibly other low- and middle-income
countries, particularly in rural and peri-urban settings.

Trial Registration: ClinicalTrials.gov NCT04094831; https://clinicaltrials.gov/ct2/show/NCT04094831.

International Registered Report Identifier (IRRID): RR2-10.2196/30191

(J Med Internet Res 2022;24(8):e37314) doi: 10.2196/37314
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Introduction

Chronic kidney disease (CKD) is responsible for poor health
outcomes, low quality of life (QOL), and high health care
expenses [1]. Globally, the rising trend of CKD is being
recognized as a future public health threat [2]. The prevalence
of CKD in stages 1-3 has been documented at 8.9% of the global
population [3], with rates higher in low-income nations such as
India (15.6%) [4] and Bangladesh (21.33%) [5]. Early stage
CKD is generally asymptomatic, and diagnosis is usually made
through serum creatinine and albumin-to-creatinine ratio tests
[6]. If left undetected and untreated, CKD can proceed to
end-stage renal disease, which requires expensive renal
replacement therapy such as dialysis or kidney transplantation
to save the patient’s life [7]. Over the last decade, the economic
burden of renal replacement therapy has increased dramatically
and is substantially higher in low- and middle-income countries
(LMIC) than in high-income countries [8]. Although primary
renal disease causes CKD, the great majority of patients with
CKD have concomitant health conditions such as diabetes,
hypertension, and older age [9]. The majority of individuals
with nonprimary renal disease are treated for associated risk
factors such as diabetes and hypertension rather than the CKD
itself [10]. Glomerular filtration rate declines slowly in most
patients with CKD in stages 1-3; however, the declining trend
varies among individuals and is influenced by a variety of
factors such as diabetes, high blood pressure (BP), and older
age, etc [6]. Individuals with CKD who receive proper
information and knowledge about CKD and its risk factors are
more likely to engage in health-promoting behaviors and
lifestyle changes [11]. CKD early diagnosis and prevention
strategies, such as a CKD preventive campaign, are currently
being applied in a number of high-income countries. Increasing
knowledge about CKD and its risk factors is a crucial strategy
for slowing the disease’ progression.

In Bangladesh, community health workers (CHWs) are health
cadres who work in public-sector health facilities. In recent
years, CHWs in some places have begun to provide services
for noncommunicable diseases, including health education and
counseling [12]. The use of CHWs to deliver an education and
monitoring intervention has been found to be effective in

noncommunicable diseases such as reducing BP and has the
potential to be scaled up in resource-limited settings [13,14].
They can make a substantial difference in the health of patients
living with CKD. CHWs can educate patients to help protect
their own kidneys and improve their QOL [15]. Mobile health
(mHealth) is still in its implementation phase in the field of
nephrology. However, mobile phone call–based health education
has great potential to provide CKD knowledge and improve
QOL, because it relies on basic mobile technology and requires
limited literacy or numeracy skills [15]. A
nephrologist-facilitated CKD health campaign also has the
potential to improve patients’knowledge and awareness [16,17].

The education of patients with CKD may increase perceived
kidney disease knowledge among patients, improve QOL, and
delay the progression of kidney disease [18,19]. A
community-based screening revealed a high prevalence of CKD
in stages 1-3, with only around 7% of the people being aware
of their condition prior to the study; however, no health
education intervention for these stages was investigated [5].
Most studies on the education of patients with CKD have
focused on individuals with end-stage disease and shown
improved outcomes [11]. However, a CKD campaign and
mHealth-based health education in the early stages could be an
integral part of patient management and the reduction of the
related risk factors, slowing down the progression of the disease,
and the need for such education is greater in rural and peri-urban
areas. Thus, this study aimed to evaluate the outcome of a health
education intervention designed to enhance knowledge,
health-related QOL, and motivation about healthy lifestyle
among rural and peri-urban adults with CKD (stages 1-3).

Methods

Design
This study was a community-based, single-center, prospective,
open-label, parallel-group (1:1), randomized control trial (RCT)
involving patients with CKD, conducted in a rural and
peri-urban population of Bangladesh. This study was designed
in accordance with the CONSORT (Consolidated Standards of
Reporting Trials) [20] and SPIRIT (Standard Protocol Items:
Recommendations for Interventional Trials) [21] guidelines.
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The study flowchart is shown in Figure 1. The total study
duration was 1 year; during that 1 year, the intervention duration

was 6 months, starting from mid-November 2020 and completed
in May 2021.

Figure 1. Flowchart of the participants throughout the study. CKD: chronic kidney disease.

Study Population and Sampling
This study was conducted in the demographic surveillance
system (DSS) area of the Mirzapur subdistrict under the Tangail
district, which is 60 km north of Dhaka, the capital city of
Bangladesh. The details of the Mirzapur DSS have been
described in a previous publication [5]. The research team
completed a CKD prevalence study before implementing this

RCT [5]. The Chronic Kidney Disease Epidemiology
Collaboration equation was used to estimate glomerular filtration
rate [22], and the National Kidney Foundation Kidney Disease
Outcomes Quality Initiative guidelines were used to define and
indicate the stages of CKD [23]. We randomly enrolled study
patients from the residents of the DSS who have been diagnosed
with CKD. The inclusion and exclusion criteria are shown in
Textbox 1.

Textbox 1. Inclusion and exclusion criteria.

Inclusion Criteria

• Adults (aged ≥18 years) of either gender, diagnosed with chronic kidney disease in stages 1-3 (any one of the following: estimated glomerular

filtration rate = 30-59 mL/min/1.73 m2 and albumin-to-creatinine ratio ≥30 mg/g for more than 3 months) [24]

• Lived continuously in the locality for at least 5 years

• Has a personal cell phone or access to a shared phone

• Gave written informed consent to participate in the study

Exclusion Criteria

• Individuals diagnosed with chronic kidney disease in stages 4 and 5

• Hospitalized at the time of enrollment

• Having any known, serious illness with questionable prognosis; for example, malignancy, mental illness, congenital disease, or gross physical
disability (if they have prescriptions)

• Declined to give consent to participate in the study

Randomization
Permuted block randomization technique was performed using
a block size of 6 based on a computer-generated random number

sequence. An experienced statistician, who is not involved in
the study in any way, prepared the randomization table and
listed the study patients’ numbers with the corresponding
intervention allocations for patients with CKD in sequentially
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numbered, sealed envelopes according to the randomization
schedule to correspond to the serial numbers of the patients with
CKD. These envelopes were kept in an office locker. Allocation
was concealed in identical sealed envelopes that were only
opened when the study patient was ready for enrollment under
the supervision of the principal investigator. This step took place
after a patient with CKD had been enrolled in the study, after
obtaining voluntary informed written consent and having been
assigned a study number.

Study Activities and Contents
CHWs conducted baseline home visits during the first week
and received written informed consent before interviewing
research patients and administering field-tested standardized
questionnaires to collect information on socioeconomic and
demographic characteristics, level of knowledge, and QOL.
Next, they advised the study patients to visit Kumudini
Women’s Medical College and Hospital’s laboratory for
study-related investigations. After evaluating the study patients’
eligibility, the statistician performed the randomization. The
responsible research staff then opened the sealed envelope,
revealing the patient’s random allocation, and handed the
patient’s ID number to the CHWs. Staff in this trial were not
blinded to the intervention or control groups; however, they
were blinded to the baseline interview. The CHWs called the
enrolled trial patients assigned to the intervention group and
invited them to the CKD awareness campaign.

In addition to baseline, at 3 and 6 months, the CHWs visited
the patients’ homes for an interview and physical examination
using the same questionnaire. After 6 months, the CHWs advised
the study patients to visit the laboratory for study-related
investigations.

During the home visits, the CHWs used a Portable Health Clinic
box with the essential diagnostic equipment for this research
(the details were described in our previous paper) [25]. At the
baseline, they collected sociodemographic information such as
age, gender, marital status, religion, occupation, educational
background, income per month, patient’s current medical history
including medication use, past medical history, and family
history (3 generations) including current and immediate past
medical history. The same information was collected at 3 and
6 months in case of any changes from the baseline. They also
administered a questionnaire on CKD knowledge and QOL.
Physical examinations were performed to measure BP, pulse,
height, weight, waist and hip circumferences, and mid-upper
arm circumference (MUAC). In addition, blood and spot urine
samples were taken to estimate the kidney function status and
their related risk factors such as serum creatinine, fasting blood
sugar (FBS), hemoglobin, cholesterol, high-density lipoprotein
cholesterol, triglyceride, serum uric acid, blood urea nitrogen
(BUN), and albumin-to-creatinine ratio (Multimedia Appendix
1).

Intervention Group
A CKD awareness campaign and mHealth technologies were
used to provide health education to the intervention group.

CKD Awareness Campaign
A nephrologist conducted the CKD awareness campaign in the
native language (Bengali). Important information related to
CKD, such as the basics of kidney function and kidney diseases,
stages, risk factors, and preventive measures were discussed
during the half day campaign. Health education materials
(leaflet, short textbook, and recording notebook) were provided
to the study patients. The details of the CKD campaign have
been discussed in the protocol paper [25].

mHealth Technology
A nephrologist trained the CHWs to conduct the mHealth
education. The CHWs were trained over 3 days. The training
was facilitated by a nephrologist and coordinated by the project’s
principal investigator. The program included lectures,
discussions, question-and-answer sessions, and role-playing.
We developed training materials that were tied to the study
objectives to ensure that the CHWs acquired the skills needed
to deliver the education to the target patients. The CHWs
conducted the health education over a mobile phone call using
mHealth technology once every 2 weeks during the intervention
period. They discussed with the study participants in the
intervention group about fundamental kidney disease, risk
factors, and CKD prevention methods. Over a 10-minute session,
the patients were free to discuss their health-related concerns
with the CHWs. The details of the contents have been described
in the protocol paper [25] (Multimedia Appendix 2).

BP Check
During the intervention phase, CHWs performed weekly home
visits to the patients belonging to the intervention group and
measured their BP.

Control Group
The control group received usual care and was observed without
intervention throughout the trial period. At 3 and 6 months, an
interview and physical examination were conducted for these
patients. Furthermore, they returned to the laboratory for
study-related investigations after 6 months.

Sample Size
The sample size was calculated based on the primary
outcome—the enhanced knowledge of the study patients
following the intervention of the health education program. We
assumed that the proportion of existing knowledge among
patients with CKD (stages 1-3) was 40% [26], with the
percentage of predicted knowledge increasing to 70% following
the intervention. As a result, with 90% power and 20% loss to
follow-up, the total sample size was 126 (63 in each group).
The details of the sample size calculation have been described
in the protocol paper [25].

Study Outcomes
The primary and secondary outcomes were measured at baseline,
3 months, and 6 months for both the intervention and control
groups (Textbox 2). The laboratory parameters were measured
at baseline and 6 months.
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Textbox 2. Primary and secondary outcomes.

Primary Outcome

• Evaluation of improved scores on the Chronic Kidney Disease Knowledge Questionnaire [26]

Secondary Outcomes

• Improved quality of life; measured by the EQ-5D-5L quality of life questionnaire [27]

• Changes in the levels of blood pressure, BMI, serum creatinine, fasting blood sugar, hemoglobin, cholesterol, high-density lipoprotein cholesterol,
triglyceride, serum uric acid, blood urea nitrogen, and albumin-to-creatinine ratio

Measurements of Knowledge and QOL
The evaluation of knowledge was measured using the Kidney
Knowledge questionnaire, a 24-item scale designed to assess
the CKD knowledge of patients in stages 1-3. A more in-depth
description of the method has been mentioned elsewhere [25].
QOL was measured using the standardized EQ-5D-5L
questionnaire [28]. In this study, we used the Japanese region’s
tariff to define the standard value (tariff) for EQ-5D-5L to assess
the impact of the health care interventions on QOL.

Statistical Analysis
In this study, intention-to-treat analysis was used to compare
the outcomes of the intervention and control groups. Missing
data were dealt with by using the last observation carried
forward method [29]. All baseline indicators at the time of
registration were analyzed to ensure the comparability of the
randomized samples. For the baseline assessment, continuous
variables were compared by 2-tailed t test or Mann-Whitney U
test, and categorical variables were compared by chi-square
test. Multiple comparisons were performed by 2-way repeated
measures ANOVA for the evaluation of the outcome variables
such as CKD knowledge questionnaire, physical measurements,
and QOL at baseline, 3 months, and 6 months. In addition,
generalized estimating equations were used to estimate the effect
of the health education after adjusting for relevant covariates.
However, outcome variables for laboratory findings were
measured at baseline and 6 months. Changes in the laboratory
profiles were compared between the intervention group and
control group by 2-tailed t test or Mann-Whitney U test after
checking the data normality. The significance level was set at
P<.05. The statistical analyses were conducted using SPSS
statistical software (version 20.0; IBM Corp).

Consent to Participate
All study patients provided written informed consent and
participated entirely voluntarily. The patients received a copy
of the consent form. Each study patient received written
information about the aim of the study and was informed that
they could decide to leave the study at any time and for any
reason. Patients in the intervention group were informed that
they would get additional health education alongside the usual
care, whereas patients in the control group were informed that
they would not receive any interventions. Patients were assured
that their information would not be disclosed, and they were
informed about the use of data for analysis and the use of the
results for enhancing patient care activities, conducting research,
and publication without disclosing their name or identity.

Ethics Approval
Ethical approval was obtained by the Research Review
Committee and Ethical Review Committee of the International
Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b)
(PR 19081). The study was registered at ClinicalTrials.gov
(NCT04094831).

Results

A total of 126 patients (control group: n=63; intervention group:
n=63) were enrolled in the study. Of the 126 patients, 5
withdrew from further participation during the follow-up
period—4 from the intervention group and 1 from the control
group. Of the 4 patients who withdrew in the intervention group,
2 did not participate in the health campaign, and the other 2 did
not continue their health education. The patient in the control
group, on the other hand, left the area after enrollment into the
study. The analyzable study patients, however, still comprised
126 patients, including 63 receiving mHealth education and 63
receiving usual care. Among these study patients, the mean
(SD) age was 57.97 (15.03) years and 57.32 (14.37) years for
the control and intervention groups, respectively. Among the
63 study patients in each group, 71% (n=45) were female in the
control group, whereas 60% (n=38) were female in the
intervention group; 67% (n=42) were housewives in the control
group, whereas 56% (n=35) were housewives in the intervention
group; and 79% (n=50) were married in the control group,
whereas 71% (n=45) were married in the intervention group.
Furthermore, comparisons between the control and intervention
groups in 4 other categories show the following differences:
being illiterate at 40% (n=25) versus 48% (n=30), income <US
$100/month at 14% (n=9) versus 22% (n=14), present tobacco
user at 13% (n=8) versus 16% (n=10), and current smokeless
tobacco user at 43% (n=27) versus 30% (n=19). These
characteristics did not differ significantly between the control
and intervention groups. Except for hip circumference, no
outcome indicators differed significantly at baseline. Baseline
details are given in Multimedia Appendix 3, and patient flow
through in the trial is shown in Figure 1.

The analyses included repeated measures such as ANOVA, and
the results were observed to be significantly different for within
groups, between groups, and the interaction of group × time
factor in terms of knowledge score. QOL on average changed
more favorably in the intervention group than in the control
group, but the difference largely failed to achieve statistical
significance. Diastolic BP and BMI showed significant
differences arising from within groups and the interaction of
group × time factor; food salinity and hip circumferences
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showed significant differences arising from within groups and
between groups. Moreover, Systolic BP and waist circumference
showed significant differences from within groups. However,
no significant differences were found arising from within groups,
between groups, and the interactions of group × time in terms
of urine salinity and MUAC (Table 1).

Using the generalized estimating equation, knowledge score
was considerably increased; however, food salinity and hip
circumference were significantly decreased in the intervention
group compared to the control group in both the unadjusted and
adjusted models. However, waist circumference was

considerably lower in the intervention group than the control
group in the adjusted model (Table 2).

Regarding the laboratory findings, from baseline to 6 months,
the mean (SD) FBS decreased by 0.51 (3.77) mmol/L in the
intervention group and by 0.10 (1.44) mmol/L in the control
group (P=.03); however, BUN increased by 3.64 (7.17) mg/dL
in the intervention group and by 1.68 (10.10) mg/dL in the
control group (P=.01). No other laboratory parameters showed
any significant changes over the 6-month duration of the study
(Table 3).

Table 1. Changes in the study outcomes between the intervention group and control group over time (2-way repeated measures ANOVA test was
performed).

P valueAt 6 months, mean (SD)At 3 months, mean (SD)Baseline, mean (SD)Characteristic, group

InteractionBetween
groups

Within
groups

<.001<.001<.001Knowledge score (%)

42.06 (17.06)45.96 (19.30)29.89 (18.81)Control

70.76 (13.12)68.98 (14.25)27.78 (18.34)Intervention

.91.21.83Quality of life (EQ-5D-5L score)

0.75 (0.14)0.76 (0.14)0.75 (0.14)Control

0.78 (0.12)0.78 (0.13)0.78 (0.14)Intervention

.05.18<.001Systolic blood pressure (mmHg)

131.25 (19.05)139.10 (21.89)143.73 (24.22)Control

126.55 (18.18)130.96 (18.21)143.43 (24.12)Intervention

.001.79<.001Diastolic blood pressure (mmHg)

82.19 (11.27)88.20 (12.88)88.37 (12.80)Control

81.31 (11.99)84.55 (10.70)91.38 (12.93)Intervention

.02.13.01BMI (kg/m2)

24.86 (3.73)24.71 (3.60)25.13 (3.49)Control

23.77 (4.45)23.84 (4.40)23.83 (4.43)Intervention

.40.57.96Urine salinity (g)

10.71 (3.24)10.20 (2.73)10.27 (2.79)Control

10.40 (3.65)10.80 (2.97)10.64 (3.26)Intervention

.19.001.001Food salinity (g)

0.62 (0.18)0.69 (0.30)0.65 (0.23)Control

0.49 (0.15)0.61 (0.22)0.62 (0.20)Intervention

.21.17.11Mid-upper arm circumference (cm)

28.00 (3.21)27.89 (3.20)28.11 (3.17)Control

27.03 (3.16)27.30 (3.40)27.36 (3.39)Intervention

.51.15.003Waist circumference (cm)

86.89 (11.01)86.88 (10.95)87.12 (11.03)Control

84.01 (11.32)84.08 (11.35)84.18 (11.37)Intervention

.34.02.03Hip circumference (cm)

93.57 (6.91)93.55 (6.88)93.72 (6.96)Control

90.29 (8.89)90.53 (8.71)90.61 (8.75)Intervention
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Table 2. Changes in the study outcomes between the intervention group and control group over time (using generalized estimating equation).

P valueAdjusteda Coefficient (95% CI)P valueUnadjusted coefficient (95% CI)Characteristic

<.00115.95 (11.76-20.14)<.00116.53 (12.06-21.00)Knowledge score (%)

.360.019 (–0.02 to 0.05).200.02 (–0.01 to 0.07)Quality of life (EQ-5D-5L score)

.19–4.14 (–10.43 to 2.14).17–4.37 (–10.71 to 1.95)Systolic blood pressure (mmHg)

.56–1.05 (–4.67 to 2.56).78–0.5 (–4.19 to 3.170)Diastolic blood pressure (mmHg)

.11–1.01 (–2.26 to 0.23).12–1.08 (–2.47 to 0.30)BMI (kg/m2)

.690.15 (–0.61 to 0.92).560.22 (–0.53 to 0.97)Urine salinity (g)

.001–0.08 (–0.12 to –0.03).001–0.08 (–0.12 to –0.03)Food salinity (g)

.09–0.86 (–1.86 to 0.14).16–0.77 (–1.87 to 0.32)MUACb (cm)

.02–3.83 (–7.21 to –0.46).14–2.87 (–6.74 to 0.99)Waist circumference (cm)

.01–3.09 (–5.60 to –0.58).02–3.13 (–5.86 to –0.40)Hip circumference (cm)

aAdjusted in a generalized estimating equation model for age, gender, education, marital status, and occupation.
bMUAC: mid-upper arm circumference.

Table 3. Changes of the laboratory values, from baseline to 6 months, between the intervention group and control group (intention-to-treat analysis
was performed).

P valueControl (N=63)Intervention (N=63)Variable

95% CIMean (SD)95% CIMean (SD)

.03b–0.46 to 0.26–0.10 (1.44)–1.46 to 0.44–0.51 (3.77)FBSa (mmol/L)

.34c–15.95 to –3.57–9.76 (24.57)–21.17 to –7.27–14.22 (27.58)Serum cholesterol (mg/dL)

.63b0.06-0.170.11 (0.21)0.07-0.160.11 (0.18)Serum creatinine (mg/dL)

.80c–8.46 to –3.95–6.21 (8.95)–9.09 to –4.15–6.62 (9.81)eGFRd (mL/min/1.73 m2)

.58b–4.46 to 0.14–2.16 (9.12)–3.62 to 0.89–1.36 (8.94)Serum HDL-ce (mg/dL)

.75b–18.32 to 23.752.71 (83.51)–56.44 to 18.79–18.82 (149.36)Serum triglyceride (mg/dL)

.89b0.03-0.110.07 (0.17)0.02-0.120.07 (0.18)Serum albumin (g/dL)

.65b–0.69 to –0.35–0.52 (0.67)–0.58 to –0.16–0.37 (0.82)Hemoglobin (g/dL)

.01b–0.86 to 4.221.68 (10.10)1.84-5.453.64 (7.17)BUNf (mg/dL)

.35b–0.06 to 0.450.19 (1.01)0.06-0.530.30 (0.94)Serum uric acid (mg/dL)

.27b–131.55 to –24.62–78.08 (212.29)–203.30 to 29.70–86.80 (462.59)ACRg (mg/g)

aFBS: fasting blood sugar.
bMann-Whitney U test.
cIndependent 2-tailed t test.
deGFR: estimated glomerular filtration rate.
eHDL-c: high-density lipoprotein cholesterol.
fBUN: blood urea nitrogen.
gACR: albumin-to-creatinine ratio.

Discussion

Principal Findings
To our knowledge, this study is the first trial assessing the
outcomes of a health education intervention using a
nephrologist-facilitated health campaign and CHW-conducted
health education using mHealth technology on patients with

CKD in Bangladesh. In this single-center, randomized trial of
patients with CKD in stages 1-3, health education through a
nephrologist-facilitated health campaign and CHW-conducted
mHealth education improved the patient knowledge status when
compared with usual patient care. In addition, mHealth can
significantly increase disease knowledge in patients with CKD.
The effectiveness of CKD campaigns in raising CKD awareness
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and boosting motivation for healthy lifestyle changes to reduce
CKD-related complications seems promising. Patients can rely
on nephrologists as they are a trusted channel for delivering
health education on CKD and related risk factors. Most LMIC
have a scarcity of nephrologists, particularly in rural areas;
therefore, policy makers should prioritize this leading health
problem while formulating appropriate intervention strategies.
On the other hand, CHWs play an important role in delivering
health education through mHealth [30], because they have the
ability to develop interventions and sustain community
well-being [31], especially in areas where there are a prevailing
shortage of registered physicians and nurses.

It is crucial for patients with CKD to keep their BP under control
as hypertension is a major risk factor for the development and
progression of CKD. In our analysis, the intervention group had
decreased systolic and diastolic BP at the end of the study.
Weekly BP measurements, in addition to health education, might
also have been influential for this study’s patients. Studies have
documented that regular BP monitoring reduces systolic and
diastolic BP significantly when compared to usual care [32].
Our findings are comparable with other similar studies that have
been undertaken in a range of settings [13,32]. An RCT in rural
India showed that a 3-month health education intervention
reduced BP in the intervention group compared to the control
group [13]. According to a research study, one-third of
Bangladeshis have never monitored their BP and have no idea
how to control it [14]. Weekly BP checks may alert patients to
their BP status, motivating them to better control their diastolic
BP. It has also been hypothesized that if patients are aware of
their weekly BP levels and know the risk of hypertension with
CKD, then they may be more likely to comply with medical
therapy in the longer term. In the intervention group, urine
salinity remained unchanged despite considerable reductions
in BP and dietary salinity. To decrease salt intake, people must
regulate their daily lives once they have gained knowledge,
which necessitates ongoing community education as well as
changes in food business policies.

Patients with diabetes and CKD are at a higher risk of
cardiovascular disease and renal failure. Comprehensive
education is essential for empowering patients with diabetes
and CKD to self-manage their health status [33]. Our effective
health education improved patients’ knowledge and awareness
about bringing changes in lifestyle and maintaining healthy
dietary practices in particular. We found that FBS level was
significantly reduced among the intervention group at the end
of the 6-month intervention period. According to a study
conducted among patients with diabetes in rural China [34],
health education enhanced diabetes knowledge and significantly
reduced FBS in the intervention group compared to the control
group. Related to the BMI, waist and hip circumferences also
showed a decreasing trend at the end of 6 months.

The intervention group’s BUN level increased significantly
when compared to the control group, which is a notable finding
in our study. In patients with CKD, BUN is a marker of the
retention of nitrogenous uremic solutes, which are
predominantly obtained from protein consumption [35].
Increased protein consumption is the most common extrarenal
cause of BUN elevation for patients in the early stage of CKD.

Nutritional health education is strongly recommended to achieve
a positive outcome.

This study observed a favorable trend of QOL improvement in
the intervention group compared to the control group; however,
no significant improvement was observed. Health education
has a strong favorable influence on all health-related QOL
metrics in patients undergoing hemodialysis. However, in our
analysis, patients with CKD in stages 1-3 were included, and
the 6-month trial duration could be the primary explanation for
these poor outcomes. Overall, our data are in line with the
concept that health education may improve QOL, even though
our study patients in the intervention group were illiterate.
These, once again, could be linked to poor urine salinity and
MUAC outcomes. Improving QOL, urine salinity, and MUAC
in this population may be a challenging goal, and perhaps,
multiple interventions with longer duration would be the best
approach to the problem.

Limitations and Strengths
This study’s limitations include a small sample size and a
6-month intervention and follow-up period, in which a longer
follow-up period could generate more accurate results. Our
study patients were selected randomly from the 3 unions of the
Mirzapur subdistrict, and this does not represent the entire rural
and peri-urban population with CKD. Moreover, data
contamination by neighbors and family members was very
plausible; however, the CHWs obtained a verbal agreement
from the study patients not to share any study details with their
neighbors or other family members. Furthermore, since the
participants provided their own data, the outcome assessment
was not blinded. The strengths of the study include the
facilitation of the health campaign by a nephrologist, and the
CHWs’ provision of health education through mobile phone
calls in the patients’native language (Bengali). Health education
materials were developed using the same native language for
better understanding even with the patients’minimum technical
knowledge and skills. Furthermore, the study’s strengths are
the unbiased systematic sampling approach used to recruit
patients and the standard laboratory facility used to identify
patients with CKD.

Practical Implications
Integrating nephrologists and CHWs for health education may
enhance the knowledge, glycemic control, and hypertension
care of patients with CKD in rural and peri-urban Bangladesh.
A CKD campaign and the use of mHealth technology would
be substantial advantages for the target populations to minimize
CKD risk factors. BP monitoring should be included in the
routine care of patients with hypertensive CKD to control their
BP.

Conclusions
The health education intervention through a campaign and
mHealth technologies demonstrated the potential for improving
CKD knowledge among patients with CKD. Education
campaigns may have potential for improving FBS and BP among
patients with CKD. Both the positive outcomes of health
education and weekly BP monitoring interventions on patients
with CKD provide evidence for the potential scaling up of these
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interventions in Bangladesh and possibly other LMIC, especially in rural and peri-urban settings.

Acknowledgments
Japan’s Grants-in-Aid for Scientific Research Program has provided funding for this study (grant 18H03113). We would like to
express our gratitude to the study patients for their generous support. We are grateful to Dr Yuko Ito for her enormous support
and Dr Ashir Ahmed (Kyushu University, Japan) for providing the Portable Health Clinic box. We would like to express our
heartfelt gratitude to the nephrologist, community health workers, and laboratory staff for their unconditional support. The
International Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b) is also grateful to the governments of Bangladesh,
Canada, Sweden, and the United Kingdom for providing core and unrestricted support.

Authors' Contributions
MHRS, MM, and ASGF designed the study. MHRS, MM, and ASGF performed the main statistical analysis. HUR, MMR, SKS,
SKD, SEA, TA, and MJC helped with the main statistical analysis and data interpretation. MM, MMR, MJC, SKS, SEA, TA,
ASGF, and MHRS helped with the material support during the study. All authors contributed to the drafting and review of the
manuscript and approved the final version to be published.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Study activities.
[DOCX File , 20 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Contents of the mobile health education (over a mobile phone call lasting approximately 10 minutes).
[DOCX File , 20 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Demographic characteristics and outcome variables among the study participants at baseline.
[DOCX File , 20 KB-Multimedia Appendix 3]

Multimedia Appendix 4
CONSORT-eHEALTH checklist (V 1.6.2).
[PDF File (Adobe PDF File), 84 KB-Multimedia Appendix 4]

References

1. Couser WG, Remuzzi G, Mendis S, Tonelli M. The contribution of chronic kidney disease to the global burden of major
noncommunicable diseases. Kidney Int 2011 Dec;80(12):1258-1270 [FREE Full text] [doi: 10.1038/ki.2011.368] [Medline:
21993585]

2. Luyckx VA, Tonelli M, Stanifer JW. The global burden of kidney disease and the sustainable development goals. Bull
World Health Organ 2018 Jun 01;96(6):414-422D [FREE Full text] [doi: 10.2471/BLT.17.206441] [Medline: 29904224]

3. GBD Chronic Kidney Disease Collaboration. Global, regional, and national burden of chronic kidney disease, 1990-2017:
a systematic analysis for the Global Burden of Disease Study 2017. Lancet 2020 Feb 29;395(10225):709-733 [FREE Full
text] [doi: 10.1016/S0140-6736(20)30045-3] [Medline: 32061315]

4. Varma PP. Prevalence of chronic kidney disease in India - where are we heading? Indian J Nephrol 2015;25(3):133-135
[FREE Full text] [Medline: 26060360]

5. Sarker MHR, Moriyama M, Rashid HU, Chisti MJ, Rahman MM, Das SK, et al. Community-based screening to determine
the prevalence, health and nutritional status of patients with CKD in rural and peri-urban Bangladesh. Ther Adv Chronic
Dis 2021;12:20406223211035281 [FREE Full text] [doi: 10.1177/20406223211035281] [Medline: 34377387]

6. Kidney Disease: Improving Global Outcomes (KDIGO). Chapter 1: definition and classification of CKD. Kidney Int Suppl
(2011) 2013 Jan;3(1):19-62 [FREE Full text] [doi: 10.1038/kisup.2012.64] [Medline: 25018975]

7. Stevens PE, Levin A, Kidney Disease: Improving Global Outcomes Chronic Kidney Disease Guideline Development Work
Group Members. Evaluation and management of chronic kidney disease: synopsis of the kidney disease: improving global
outcomes 2012 clinical practice guideline. Ann Intern Med 2013 Jun 04;158(11):825-830 [FREE Full text] [doi:
10.7326/0003-4819-158-11-201306040-00007] [Medline: 23732715]

J Med Internet Res 2022 | vol. 24 | iss. 8 | e37314 | p. 9https://www.jmir.org/2022/8/e37314
(page number not for citation purposes)

Sarker et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v24i8e37314_app1.docx&filename=fc94a51d3078b43686ec2362d98f1d6c.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e37314_app1.docx&filename=fc94a51d3078b43686ec2362d98f1d6c.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e37314_app2.docx&filename=f415a5d5abcf8e5535146a7aef35cf06.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e37314_app2.docx&filename=f415a5d5abcf8e5535146a7aef35cf06.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e37314_app3.docx&filename=c284f27d4ee4f64779d0f03924101234.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e37314_app3.docx&filename=c284f27d4ee4f64779d0f03924101234.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e37314_app4.pdf&filename=aa278a83030612f47f499b7cb48d535a.pdf
https://jmir.org/api/download?alt_name=jmir_v24i8e37314_app4.pdf&filename=aa278a83030612f47f499b7cb48d535a.pdf
https://linkinghub.elsevier.com/retrieve/pii/S0085-2538(15)55004-7
http://dx.doi.org/10.1038/ki.2011.368
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21993585&dopt=Abstract
http://europepmc.org/abstract/MED/29904224
http://dx.doi.org/10.2471/BLT.17.206441
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29904224&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(20)30045-3
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(20)30045-3
http://dx.doi.org/10.1016/S0140-6736(20)30045-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32061315&dopt=Abstract
http://www.indianjnephrol.org/article.asp?issn=0971-4065;year=2015;volume=25;issue=3;spage=133;epage=135;aulast=Varma
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26060360&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/20406223211035281?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/20406223211035281
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34377387&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2157-1716(15)31101-1
http://dx.doi.org/10.1038/kisup.2012.64
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25018975&dopt=Abstract
https://www.acpjournals.org/doi/abs/10.7326/0003-4819-158-11-201306040-00007?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.7326/0003-4819-158-11-201306040-00007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23732715&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


8. George C, Mogueo A, Okpechi I, Echouffo-Tcheugui JB, Kengne AP. Chronic kidney disease in low-income to
middle-income countries: the case for increased screening. BMJ Glob Health 2017;2(2):e000256 [FREE Full text] [doi:
10.1136/bmjgh-2016-000256] [Medline: 29081996]

9. Vallianou NG, Mitesh S, Gkogkou A, Geladari E. Chronic kidney disease and cardiovascular disease: is there any relationship?
Curr Cardiol Rev 2019;15(1):55-63 [FREE Full text] [doi: 10.2174/1573403X14666180711124825] [Medline: 29992892]

10. Chen TK, Knicely DH, Grams ME. Chronic kidney disease diagnosis and management: a review. JAMA 2019 Oct
01;322(13):1294-1304 [FREE Full text] [doi: 10.1001/jama.2019.14745] [Medline: 31573641]

11. Narva AS, Norton JM, Boulware LE. Educating patients about CKD: the path to self-management and patient-centered
care. Clin J Am Soc Nephrol 2016 Apr 07;11(4):694-703 [FREE Full text] [doi: 10.2215/CJN.07680715] [Medline:
26536899]

12. Rawal L, Jubayer S, Choudhury SR, Islam SMS, Abdullah AS. Community health workers for non-communicable diseases
prevention and control in Bangladesh: a qualitative study. Glob Health Res Policy 2020 Dec 24;6(1):1 [FREE Full text]
[doi: 10.1186/s41256-020-00182-z] [Medline: 33407942]

13. Gamage DG, Riddell MA, Joshi R, Thankappan KR, Chow CK, Oldenburg B, et al. Effectiveness of a scalable group-based
education and monitoring program, delivered by health workers, to improve control of hypertension in rural India: a cluster
randomised controlled trial. PLoS Med 2020 Jan;17(1):e1002997 [FREE Full text] [doi: 10.1371/journal.pmed.1002997]
[Medline: 31895945]

14. Jahan Y, Rahman MM, Faruque ASG, Chisti MJ, Kazawa K, Matsuyama R, et al. Awareness development and usage of
mobile health technology among individuals with hypertension in a rural community of Bangladesh: randomized controlled
trial. J Med Internet Res 2020 Dec 07;22(12):e19137 [FREE Full text] [doi: 10.2196/19137] [Medline: 33284129]

15. Tuot DS, Boulware LE. Telehealth applications to enhance CKD knowledge and awareness among patients and providers.
Adv Chronic Kidney Dis 2017 Jan;24(1):39-45 [FREE Full text] [doi: 10.1053/j.ackd.2016.11.017] [Medline: 28224941]

16. Tangri N, Stevens LA, Griffith J, Tighiouart H, Djurdjev O, Naimark D, et al. A predictive model for progression of chronic
kidney disease to kidney failure. JAMA 2011 Apr 20;305(15):1553-1559. [doi: 10.1001/jama.2011.451] [Medline: 21482743]

17. Wagner M, Wanner C, Schich M, Kotseva K, Wood D, Hartmann K, et al. Patient's and physician's awareness of kidney
disease in coronary heart disease patients - a cross-sectional analysis of the German subset of the EUROASPIRE IV survey.
BMC Nephrol 2017 Oct 25;18(1):321 [FREE Full text] [doi: 10.1186/s12882-017-0730-3] [Medline: 29070030]

18. Finkelstein FO, Story K, Firanek C, Barre P, Takano T, Soroka S, et al. Perceived knowledge among patients cared for by
nephrologists about chronic kidney disease and end-stage renal disease therapies. Kidney Int 2008 Nov;74(9):1178-1184
[FREE Full text] [doi: 10.1038/ki.2008.376] [Medline: 18668024]

19. Zimbudzi E, Lo C, Ranasinha S, Kerr PG, Usherwood T, Cass A, et al. Self-management in patients with diabetes and
chronic kidney disease is associated with incremental benefit in HRQOL. J Diabetes Complications 2017 Feb;31(2):427-432.
[doi: 10.1016/j.jdiacomp.2016.10.027] [Medline: 27914731]

20. Grant S, Mayo-Wilson E, Montgomery P, Macdonald G, Michie S, Hopewell S, CONSORT-SPI Group. CONSORT-SPI
2018 explanation and elaboration: guidance for reporting social and psychological intervention trials. Trials 2018 Jul
31;19(1):406 [FREE Full text] [doi: 10.1186/s13063-018-2735-z] [Medline: 30060763]

21. Chan A, Tetzlaff JM, Altman DG, Laupacis A, Gøtzsche PC, Krleža-Jerić K, et al. SPIRIT 2013 statement: defining standard
protocol items for clinical trials. Ann Intern Med 2013 Feb 05;158(3):200-207 [FREE Full text] [doi:
10.7326/0003-4819-158-3-201302050-00583] [Medline: 23295957]

22. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF, Feldman HI, CKD-EPI (Chronic Kidney Disease Epidemiology
Collaboration). A new equation to estimate glomerular filtration rate. Ann Intern Med 2009 May 05;150(9):604-612 [FREE
Full text] [doi: 10.7326/0003-4819-150-9-200905050-00006] [Medline: 19414839]

23. Kidney Disease: Improving Global Outcomes (KDIGO) Blood Pressure Work Group. KDIGO 2021 clinical practice
guideline for the management of blood pressure in chronic kidney disease. Kidney Int 2021 Mar;99(3S):S1-S87 [FREE
Full text] [doi: 10.1016/j.kint.2020.11.003] [Medline: 33637192]

24. Inker LA, Astor BC, Fox CH, Isakova T, Lash JP, Peralta CA, et al. KDOQI US commentary on the 2012 KDIGO clinical
practice guideline for the evaluation and management of CKD. Am J Kidney Dis 2014 May;63(5):713-735. [doi:
10.1053/j.ajkd.2014.01.416] [Medline: 24647050]

25. Sarker MHR, Moriyama M, Rashid HU, Rahman MM, Chisti MJ, Das SK, et al. Health education through a campaign and
mHealth to enhance knowledge and quality of life among patients with chronic kidney disease in Bangladesh: protocol for
a randomized controlled trial. JMIR Res Protoc 2021 Nov 19;10(11):e30191 [FREE Full text] [doi: 10.2196/30191] [Medline:
34806998]

26. Gheewala PA, Peterson GM, Zaidi STR, Jose MD, Castelino RL. Public knowledge of chronic kidney disease evaluated
using a validated questionnaire: a cross-sectional study. BMC Public Health 2018 Mar 20;18(1):371 [FREE Full text] [doi:
10.1186/s12889-018-5301-4] [Medline: 29554891]

27. van Hout B, Janssen MF, Feng Y, Kohlmann T, Busschbach J, Golicki D, et al. Interim scoring for the EQ-5D-5L: mapping
the EQ-5D-5L to EQ-5D-3L value sets. Value Health 2012;15(5):708-715 [FREE Full text] [doi: 10.1016/j.jval.2012.02.008]
[Medline: 22867780]

J Med Internet Res 2022 | vol. 24 | iss. 8 | e37314 | p. 10https://www.jmir.org/2022/8/e37314
(page number not for citation purposes)

Sarker et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://gh.bmj.com/lookup/pmidlookup?view=long&pmid=29081996
http://dx.doi.org/10.1136/bmjgh-2016-000256
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29081996&dopt=Abstract
http://europepmc.org/abstract/MED/29992892
http://dx.doi.org/10.2174/1573403X14666180711124825
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29992892&dopt=Abstract
http://europepmc.org/abstract/MED/31573641
http://dx.doi.org/10.1001/jama.2019.14745
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31573641&dopt=Abstract
https://cjasn.asnjournals.org/cgi/pmidlookup?view=long&pmid=26536899
http://dx.doi.org/10.2215/CJN.07680715
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26536899&dopt=Abstract
https://ghrp.biomedcentral.com/articles/10.1186/s41256-020-00182-z
http://dx.doi.org/10.1186/s41256-020-00182-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33407942&dopt=Abstract
https://dx.plos.org/10.1371/journal.pmed.1002997
http://dx.doi.org/10.1371/journal.pmed.1002997
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31895945&dopt=Abstract
https://www.jmir.org/2020/12/e19137/
http://dx.doi.org/10.2196/19137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33284129&dopt=Abstract
http://europepmc.org/abstract/MED/28224941
http://dx.doi.org/10.1053/j.ackd.2016.11.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28224941&dopt=Abstract
http://dx.doi.org/10.1001/jama.2011.451
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21482743&dopt=Abstract
https://www.biomedcentral.com/1471-2369/18/321
http://dx.doi.org/10.1186/s12882-017-0730-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29070030&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0085-2538(15)53493-5
http://dx.doi.org/10.1038/ki.2008.376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18668024&dopt=Abstract
http://dx.doi.org/10.1016/j.jdiacomp.2016.10.027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27914731&dopt=Abstract
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-018-2735-z
http://dx.doi.org/10.1186/s13063-018-2735-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30060763&dopt=Abstract
https://www.acpjournals.org/doi/abs/10.7326/0003-4819-158-3-201302050-00583?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.7326/0003-4819-158-3-201302050-00583
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23295957&dopt=Abstract
http://europepmc.org/abstract/MED/19414839
http://europepmc.org/abstract/MED/19414839
http://dx.doi.org/10.7326/0003-4819-150-9-200905050-00006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19414839&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0085-2538(20)31270-9
https://linkinghub.elsevier.com/retrieve/pii/S0085-2538(20)31270-9
http://dx.doi.org/10.1016/j.kint.2020.11.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33637192&dopt=Abstract
http://dx.doi.org/10.1053/j.ajkd.2014.01.416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24647050&dopt=Abstract
https://www.researchprotocols.org/2021/11/e30191/
http://dx.doi.org/10.2196/30191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34806998&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-018-5301-4
http://dx.doi.org/10.1186/s12889-018-5301-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29554891&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1098-3015(12)00058-7
http://dx.doi.org/10.1016/j.jval.2012.02.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22867780&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


28. Herdman M, Gudex C, Lloyd A, Janssen M, Kind P, Parkin D, et al. Development and preliminary testing of the new
five-level version of EQ-5D (EQ-5D-5L). Qual Life Res 2011 Dec;20(10):1727-1736 [FREE Full text] [doi:
10.1007/s11136-011-9903-x] [Medline: 21479777]

29. Lachin JM. Fallacies of last observation carried forward analyses. Clin Trials 2016 Apr;13(2):161-168 [FREE Full text]
[doi: 10.1177/1740774515602688] [Medline: 26400875]

30. Thondoo M, Strachan DL, Nakirunda M, Ndima S, Muiambo A, Källander K, InSCALE Study Group. Potential roles of
mHealth for community health workers: formative research with end users in Uganda and Mozambique. JMIR mHealth
uHealth 2015 Jul 23;3(3):e76 [FREE Full text] [doi: 10.2196/mhealth.4208] [Medline: 26206419]

31. Javanparast S, Windle A, Freeman T, Baum F. Community health worker programs to improve healthcare access and
equity: are they only relevant to low- and middle-income countries? Int J Health Policy Manag 2018 Oct 01;7(10):943-954
[FREE Full text] [doi: 10.15171/ijhpm.2018.53] [Medline: 30316247]

32. Verberk WJ, Kroon AA, Lenders JWM, Kessels AGH, van Montfrans GA, Smit AJ, Home Versus Office Measurement‚
Reduction of Unnecessary Treatment Study Investigators. Self-measurement of blood pressure at home reduces the need
for antihypertensive drugs: a randomized, controlled trial. Hypertension 2007 Dec;50(6):1019-1025. [doi:
10.1161/HYPERTENSIONAHA.107.094193] [Medline: 17938383]

33. McDuffie RH, Struck L, Burshell A. Empowerment for diabetes management: integrating true self-management into the
medical treatment and management of diabetes mellitus. Ochsner J 2001 Jul;3(3):149-157 [FREE Full text] [Medline:
22754392]

34. Chen S, Qian D, Burström K, Burström B. Impact of an educational intervention in primary care on fasting blood glucose
levels and diabetes knowledge among patients with type 2 diabetes mellitus in rural China. Patient Educ Couns 2020
Sep;103(9):1767-1773 [FREE Full text] [doi: 10.1016/j.pec.2020.03.010] [Medline: 32414563]

35. Kim HJ, Kim TE, Han M, Yi Y, Jeong JC, Chin HJ, et al. Effects of blood urea nitrogen independent of the estimated
glomerular filtration rate on the development of anemia in non-dialysis chronic kidney disease: the results of the KNOW-CKD
study. PLoS One 2021;16(9):e0257305 [FREE Full text] [doi: 10.1371/journal.pone.0257305] [Medline: 34506574]

Abbreviations
BP: blood pressure
BUN: blood urea nitrogen
CHW: community health worker
CKD: chronic kidney disease
CONSORT: Consolidated Standards of Reporting Trials
DSS: demographic surveillance system
FBS: fasting blood sugar
LMIC: low- and middle-income countries
mHealth: mobile health
MUAC: mid-upper arm circumference
QOL: quality of life
RCT: randomized controlled trial
SPIRIT: Standard Protocol Items: Recommendations for Interventional Trials

Edited by R Kukafka; submitted 16.02.22; peer-reviewed by N Koizumi, YC Chen, Y Jahan; comments to author 10.04.22; revised
version received 05.06.22; accepted 13.06.22; published 11.08.22

Please cite as:
Sarker MHR, Moriyama M, Rashid HU, Rahman MM, Chisti MJ, Das SK, Saha SK, Arifeen SE, Ahmed T, Faruque ASG
Chronic Kidney Disease Awareness Campaign and Mobile Health Education to Improve Knowledge, Quality of Life, and Motivation
for a Healthy Lifestyle Among Patients With Chronic Kidney Disease in Bangladesh: Randomized Controlled Trial
J Med Internet Res 2022;24(8):e37314
URL: https://www.jmir.org/2022/8/e37314
doi: 10.2196/37314
PMID:

©Mohammad Habibur Rahman Sarker, Michiko Moriyama, Harun Ur Rashid, Md Moshiur Rahman, Mohammod Jobayer Chisti,
Sumon Kumar Das, Samir Kumar Saha, Shams El Arifeen, Tahmeed Ahmed, A S G Faruque. Originally published in the Journal
of Medical Internet Research (https://www.jmir.org), 11.08.2022. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,

J Med Internet Res 2022 | vol. 24 | iss. 8 | e37314 | p. 11https://www.jmir.org/2022/8/e37314
(page number not for citation purposes)

Sarker et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://europepmc.org/abstract/MED/21479777
http://dx.doi.org/10.1007/s11136-011-9903-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21479777&dopt=Abstract
http://europepmc.org/abstract/MED/26400875
http://dx.doi.org/10.1177/1740774515602688
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26400875&dopt=Abstract
https://mhealth.jmir.org/2015/3/e76/
http://dx.doi.org/10.2196/mhealth.4208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26206419&dopt=Abstract
http://europepmc.org/abstract/MED/30316247
http://dx.doi.org/10.15171/ijhpm.2018.53
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30316247&dopt=Abstract
http://dx.doi.org/10.1161/HYPERTENSIONAHA.107.094193
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17938383&dopt=Abstract
http://europepmc.org/abstract/MED/22754392
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22754392&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0738-3991(20)30144-0
http://dx.doi.org/10.1016/j.pec.2020.03.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32414563&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0257305
http://dx.doi.org/10.1371/journal.pone.0257305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34506574&dopt=Abstract
https://www.jmir.org/2022/8/e37314
http://dx.doi.org/10.2196/37314
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


distribution, and reproduction in any medium, provided the original work, first published in the Journal of Medical Internet
Research, is properly cited. The complete bibliographic information, a link to the original publication on https://www.jmir.org/,
as well as this copyright and license information must be included.

J Med Internet Res 2022 | vol. 24 | iss. 8 | e37314 | p. 12https://www.jmir.org/2022/8/e37314
(page number not for citation purposes)

Sarker et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/

