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Abstract

In Kinshasa, Democratic Republic of the Congo (DRC), between 68—86% of patients with
type 2 diabetes present with poor glycaemic control leading to increased risk of complica-
tions and high cost of care. Identifying the factors driving glycaemic control is essential for
better management. There is lack of data on factors associated with poor glycaemic control
and targeted interventions in the DRC. This study aims to determine the factors associated
with type 2 diabetes control and develop an appropriate intervention package in Kinshasa.
The study will comprise of three sub-studies as follows: the first sub-study being a concur-
rent parallel mixed-methods cross-sectional study to determine factors driving poor glycae-
mic control among patients in Kinshasa. A total of 614 patients will be invited to participate in
a cross-sectional study and respond to standardized questionnaires. A minimum of 20 pur-
posively selected patients will participate in the qualitative study that will involve in-depth
interviews about their perspectives on glycaemic control. In the quantitative study, multivari-
able logistic regression will be performed to determine factors associated with glycaemic
control, after identifying the confounding factors. In the qualitative study, thematic analysis
will be performed. Findings of the quantitative and qualitative studies on factors that are
associated with glycaemic control will be triangulated. And allow to conduct the second sub-
study, a qualitative inquiry with a minimum of 20 healthcare providers and 20 patients,
selected purposively, to explore their perspectives about potential interventions to improve
glycaemic control. At the last, the findings of both sub-studies will be subjected to an anony-
mous electronic three-round process Delphi study involving 25 stakeholders on the interven-
tion package to develop a framework to optimise glycaemic control in Kinshasa. The
implementation of the intervention package will occur after the completion of this study with
expected substantial impact on the patients, healthcare providers, and health system.
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PhD research protocol with three sub-studies to be
completed successively over four years. For these
studies, the modalities to access data underlying
the results will be indicated at the time of
publication. We will favour public access at the
Publisher’s site.
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Introduction

Non-communicable diseases (NCD) are responsible for more than 70% of deaths worldwide,
and more than three-quarters of these occur in low- and middle-income countries [1]. Diabe-
tes is one of the major non-communicable diseases. Globally, from 1980 to 2014, the preva-
lence of diabetes has almost quadrupled [2], and in 2019, it was the cause of 4.2 million deaths
and the reason for approximately $760 billion in global health expenditure [3]. Diabetes
requires many adjustments in the lives of patients to achieve control which can reduce or even
delay the onset of complications [4]. Patients are required to eat healthy, exercise, stop smok-
ing, manage stress, drastically limit alcohol consumption, follow the scheduled visits, adhere to
treatment, and participate actively in the treatment process [5]. Worldwide, diabetes control
remains a major challenge for people living with the disease with, the proportion of patients
with type 2 diabetes achieving glycaemic control being around 50% [6]. In Sub-Saharan Africa,
poor glycaemic control rates are higher [7]. Knowledge of the determinants of poor glycaemic
control is essential for planning interventions to ensure adequate management [7, 8]. Never-
theless, the reasons for poor glycaemic control in type 2 diabetic patients are complex and can
involve factors related to the patient (sociodemographic, economic, biologic, and psychologic
factors), caregiver (therapeutic inertia, poor training), the healthcare system (preparation for
chronic care model, few resources, organization), and society (culture and environment) [9,
10]. In addition, it should be noted that the presence and importance of these factors vary
through locations [7, 10].

This study will be conducted in the Democratic Republic of the Congo (DRC). In 2020, the
International Diabetes Federation estimated the prevalence of diabetes in the DRC to be
approximately 4.8% [11], with about 92% being type 2 diabetes [12]. The guidelines from the
Ministry of Health in the Democratic Republic of the Congo defined glycaemic control as a
level of glycosylated haemoglobin < 7.0% [12]. The rate of glycaemic control among diabetic
patients is extremely low with-local studies finding that control was not achieved in 68% to
86% of patients [13, 14]. This is within a context of socioeconomic deprivation, where patients
must pay from their own pockets and without a good integration of diabetes care in the health
system [15]. The burden of diabetes is a real hindrance to the wellness of both patients and
their families, and the effectiveness of the health system oriented towards other priorities with
limited resources [13], and the burden is greater when glycaemic control is not achieved, and
complications arise. It is imperative that all the stakeholders in diabetes management agree to
move towards the goal of better glycaemic control [8, 13]. Data on glycaemic control in the
DRC are very scarce [12] and the factors associated with glycaemic control are not fully
known, and no framework exists to improve control among patients with type 2 diabetes mel-
litus. Few studies have attempted to analyse factors related to poor glycaemic control among
patients with type 2 diabetes and have been conducted in single health facilities. In Kinshasa,
Longo-Mbenza et al. found, in a cross-sectional survey in one clinic in Kinshasa, that factors
associated with poor control in diabetes were Type 1 diabetes, diabetes duration > 4 years,
female gender, underweight, diabetic retinopathy, diabetic nephropathy, elevated total choles-
terol and higher levels of HDL-cholesterol [13]. In the latest study to date, Blum et al.,in a
cross-sectional survey in a centre for the follow-up of diabetic patients in a rural area, were
unable to identify any socio-economic factor underlying the very low proportion of glycaemic
control [14]. Very little attention was paid to identifying the lived experiences and perspectives
of diabetic patients, leading to a gap in knowledge that could have helped the understanding
and response to the poor glycaemic control in our setting [16]. Our approach to determine the
factors that explain poor glycaemic control will consist of a concurrent parallel mixed methods
cross sectional analytic study, which will include assessment of psychological and behavioural
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aspects, often neglected in the previous studies, but also of food insecurity, which is an increas-
ingly important factor in the control of diabetes [17]. The identification of the interventions to
improve glycaemic control will comprise of two components. The first component is to iden-
tify patients and healthcare provider’s perspectives on ways to improve glycaemic control. The
patients and healthcare providers’ perspectives have been found essential to build an adequate
system of care for diabetes [18]. These perspectives are variable according to settings and may
be different from patients to healthcare providers [19, 20]. In the DRC, to the best of our
knowledge, there have been no studies devoted to identifying patients and/or perspectives on
the control of type 2 diabetes. Consequently, we have designed a descriptive study on the per-
spectives of patients and healthcare providers on ways to improve glycaemic control in the
DRC. The second component of identifying the interventions will be to search for a consensus
from all the stakeholders involved in the management of diabetes in the country and in inter-
national level. In Kinshasa, a recent study in Kinshasa Primary HealthCare Network found
that the practice of type 2 diabetes care was poor [21]. In the DRC, very few interventions are
specifically directed towards glycaemic control [12]. Models for chronic care applied to diabe-
tes recognise the importance of restructuring health systems with greater empowerment of
patients, involvement of their families and the communities in the care, need for resources and
necessary changes in policies [22, 23]. As highlighted in the conceptual model resumed in the
Fig 1, innovative interventions that consider the specificities and context of care for patients
with diabetes are essential. The development of this consensus will advance with the identifica-
tion of factors associated with control of type 2 diabetes in the DRC, and the perspectives of
patients and healthcare providers on ways to improve glycaemic control.

Materials and methods

The study has obtained ethical clearance from the Ethics Committee of the Protestant Univer-
sity of the Congo (Comité d’éthique de I'Université Protestante au Congo, reference number:
CEUPC 0067; Date: 05/02/2021) and the Human Research Ethics Committee (Medical) of the
University of the Witwatersrand (reference number: M210308; Date: 26/08/2021). This study
protocol is registered on Open Science Framework (OSF) since May 1, 2021, with number: osf.
io/6fvt4. It will comprise, in addition to a systematic review and meta-analysis on glycaemia
control in sub-Saharan Africa (PROSPERO CRD 42021237941), the following three sub-stud-
ies: a concurrent parallel mixed methods cross-sectional analytic study on factors for glycaemic
control among patients with type 2 diabetes in Kinshasa, a qualitative descriptive study of per-
spectives from patients and healthcare providers on ways to improve glycaemic control, and a
Delphi study to develop an intervention package for glycaemic control. The two first sub-stud-
ies will gather the elements for the conceptualisation and choice of interventions in the ulti-
mate phase, the Delphi study. The research plan is summarized in the Fig 2. The cross-
sectional study will be reported according to the Strengthening the reporting of observational
studies in epidemiology (STROBE) guidelines [24], and the qualitative components of this
study will be reported according to Consolidated criteria for reporting qualitative research
(COREQ) guidelines [25].

Sub study 1

This study will be of a concurrent parallel mixed methods cross sectional analytic design to
identify drivers of poor glycaemic control among patients with type 2 diabetes mellitus. The
key outcome in this study is glycaemic control, which is defined as controlled if the HbAlc is
< 7% and uncontrolled if the HbAlcis > 7% [12].
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Fig 1. Conceptual model for glycaemic control among patients with type 2 diabetes mellitus in Kinshasa, DRC.
https://doi.org/10.1371/journal.pone.0268177.g001

Study setting. This study will be multicentric within the city of Kinshasa, the capital of
the DRC, which has an estimated total population of about 15 million inhabitants spread over
an area of 9,965 km* [26]. The study will be conducted in the health facilities belonging to the
Catholic Church and the Salvation Army. With a total of 66 health facilities (1 referral hospital
and 65 health centres) distributed across 24 health districts, these organizations own most of
the facilities that have integrated diabetes care in primary care. These healthcare facilities have
registered 9170 patients in 2020. The health centres serve as the first point of contact for the
patients; these are mainly managed by nurses who ensure routine care and refer patients with
problems to the doctor. In the referral hospital in general and in a minority of health centres,
outpatient diabetes care is managed by doctors assisted by nurses.

Qualitative phase. This will be a qualitative exploratory study on the lived experiences
and perspectives of type 2 diabetic patients on factors driving poor glycaemic control.

Study population, sample size and sampling. The study population will comprise of patients
with type 2 diabetes mellitus followed in the 20 healthcare facilities selected for the study in
Kinshasa. These healthcare facilities will be the same selected for the quantitative phase of this
sub-study; these will be selected from the total of 66 healthcare through sampling proportional
to number of diabetic patients followed. The inclusion criteria will be age >18 years and being

PLOS ONE | https://doi.org/10.1371/journal.pone.0268177 September 26, 2022 4/17


https://doi.org/10.1371/journal.pone.0268177.g001
https://doi.org/10.1371/journal.pone.0268177

PLOS ONE

Protocol for developing a framework to improve glycaemic control among patients with type 2 diabetes

y

Systematic Review and Meta-Analysis
to describe factors associated with type 2 diabetes
control in Sub-Saharan Africa

Study #1 )\
Mixed Methods Cross Sectional Study
to determine factors associated with poor control of
type 2 diabetes in Kinshasa, DRC

0

\

Factors associated with type 2 diabetes control in
Kinshasa, DRC /

/

Qualitative Descriptive Study
to identify perspectives from patients and healthcare
providers on ways to improve glycaemic control in the DRC

— e

Study #2

-

\V

Study #3
Delphi Study
to build a policy consensus on interventions to improve
glycaemic control in the DRC /

Fig 2. Research plan.

v

[ Intervention package ]

https://doi.org/10.1371/journal.pone.0268177.9002

on drug therapy for at least six months; the exclusion criteria will be: pregnancy, difficulty
communicating due to mental disability, and refusal to give consent.

Previous studies have recommended 20 interviews to be adequate to reach thematic satura-
tion when using thematic analysis, defined as the point at which no new concepts emerge from
subsequent interviews [27]. Nevertheless, heterogeneity of participants and the complexity of
the glycaemic control in diabetes will be considered in purposively recruiting patients e.g.,
ensuring diversities in sex, duration of illness, socioeconomic strata, treatment categories,
good and poor glycaemic control, are represented. While expecting to recruit a minimum of
20 patients, data saturation will determine the ultimate sample size.

We plan to purposively select patients with type 2 diabetes with both good and poor glycae-
mic control, based on their propensity to report their experiences. Health facilities’ teams who
know the patients will help in selecting them; these patients will then be invited for interviews
in the healthcare where they receive diabetes care.

Data collection. Prior to the commencement of sub study 1, the Principal Investigator will
recruit the research assistants (four medical doctors) and train them on study procedures,
research ethics and will ensure all have undertaken the online research ethics course. Research
assistants will be responsible for administrative tasks and recruiting participants. Prior to the
interviews, the Principal Investigator will provide study information summarized on a leaflet
to potential study participants and obtain written informed consent. A copy of the leaflet and
that of the signed consent form (to participate in the study and for audio recording) will be
given to the participant. In the respective facilities selected for the study, the interviews will be
conducted by the Principal Investigator in a quiet room where the confidentiality of the partic-
ipants’ statements will be guaranteed. The interviews will be guided by an interview schedule
(S1 Appendix). The interviews will be conducted in French or in Lingala depending on the
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preferences of the participants. All interviews will be audio recorded. A maximum of three
patients are expected to be interviewed per day for three times a week. It is envisaged that data
collection for the qualitative study will be completed in about 3 weeks. Each in-depth interview
will take approximately at most 45 minutes. At the end of the interview, a sample of 2 millili-
tres of veinous blood will be drawn from patients for glycosylated haemoglobin assay. We will
report on the distribution of poor versus good glycaemic controlled patients in the sample.
Data collection will be held in strict respect of rules edited for the prevention of the COVID-19
infection in the country and implemented in the selected health facility.

Data management and analysis. The recorded interviews will be transcribed verbatim and
then translated into English language by a language expert for analysis. Data coding and the-
matic analysis will be performed using the MAXQDA version 20. Similar themes would be
coalesced into major themes, and similar major themes, if necessary, will be aggregated into
categories. Outlying lived experiences will be sought out for and explanatory model that best
explain the inter-relatedness of themes and categories, and the experiences of patients on their
own glycaemic control.

Credibility, transferability, dependability, and confirmability. The credibility of the study
will be enhanced by peer debriefing and member checking; thick description of data will
ensure transferability; external audits conducted by the supervisors and one external expert on
qualitative research will ensure dependability, and the confirmability will be ensured by exter-
nal audits and audit trial [28]. Triangulation of findings between the principal investigator and
the supervisors will enhance credibility.

Bias. The biases that may interfere with the data are as follows: selection, interviewer, and
social desirability biases. The Principal Investigator will ensure that a comfortable environ-
ment has been provided for the interviews and ensure confidentiality to participants to mini-
mize the potential biases.

Quantitative phase. This will be a cross-sectional analytic study among patients with type
2 diabetes mellitus attending at the health centres and hospitals for type 2 diabetes mellitus in
Kinshasa, DRC.

Study population and setting. The study will be conducted in selected healthcare facilities
organizing diabetes care in Kinshasa. The total number of patients registered in these health-
care structures is 9170. The inclusion criteria will be age >18 years, and on drug therapy for at
least six months; the exclusion criteria will be: pregnancy, difficulty communicating due to
mental disability, and refusal to give consent.

Sample size estimation for the cross-sectional study. The estimated minimum sample size has
been computed by Epi info version 7.2.2.2 assuming that the prevalence of poor glycaemic
control is 68% [13], and a 95% confidence level, a power value of 80%, that among patients
who have been on diabetes treatment for < 7 years (Unexposed), 59,2% present with poor gly-
caemic control and those who have been on treatment for > 7 years (Exposed), 74,4% present
with poor glycaemic control, and a ratio (Unexposed: Exposed) of 0.47 [29]. The minimum
estimated sample size is 368. Adjusting for a design effect of 1.5, the calculated sample size of
552 was determined. At the last, to account for 10% non-response rate, the minimum required
sample size is 614 patients.

Sampling and recruitment of participants. As the healthcare facilities have unequal number
of patients, we will select the participants through probability proportional to the patient popu-
lation size. Through this strategy, we plan to randomly select 20 health facilities and in each
selected health facility, a minimum of 31 patients will be randomly selected. This process will
ensure that as result, a sample where each patient has the same overall probability of selection
or self-weighting.
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Practically, for the selection of the participants, at each selected health facility, the research
assistant will recruit eligible (age >18 years, on treatment > 6 months) type 2 diabetic patients
attending the clinic at the respective clinic day. The research assistant will pick the file of the
first patient on a clinic day to assess for eligibility and thereafter will pick every 3™ patient’s file
for the subsequent three patients for the administration of questionnaire in a particular day. In
a situation where the first patient is ineligible or the 3™ picked patient in the subsequent stage
is ineligible, the research assistant will pick the next patient/s until he/she obtains an eligible
patient and then continue with every 3* patient selection. If a patient refuses to participate,
the research assistant will pick the next patient on the list and thereafter, pick every 3™ patient
on the list. The process will continue until the number of patients is reached. We intend to
recruit about 4 patients per each of the five data collectors a day three times a week for a maxi-
mum of 11 weeks until the minimum sample size is attained.

Data collection. The research team (principal investigator and research assistants) will pro-
vide study information to each potential study participant and then obtain a written informed
consent. Data collection will be held in strict respect of rules edited for the prevention of the
COVID-19 infection in the country and implemented in the selected health facility.

The administration of the questionnaire. Once a patient is declared eligible and gave con-
sent for the study, the research team will proceed to assess physical and anthropometric
measurements. Then, the data collectors will administer the questionnaires. The administra-
tion of the questionnaire will last approximately up to 60 minutes. At the end of the data
collection, a blood sample is taken from the participant. The research team (principal inves-
tigator and research assistants) will administer the questionnaire to the study participants
using an electronic questionnaire prepared in REDCap on a Tablet/Smartphone. The ques-
tionnaire will be administered in French or in Lingala depending on the preferences of the
participants. The information that will be sought from the participants will be the followings:
patient factors (sociodemographic factors (age, gender, ethnic group, marital status, occupa-
tion, household income, education level, number of people with diabetes in the household,
social support), psychological factors (self-care management, diabetes distress, depression),
knowledge on diabetes, lifestyle (smoking, alcoholism, practice of exercise)); degree of food
insecurity (food security, low food security, very low food insecurity); clinical factors (physi-
cal measurements (weight, height, body mass index, waist circumference), characteristics of
diabetic disease (family history, duration, number and reason for previous hospitalisations,
co-morbidity (hypertension, depression, obesity. . .), treatment. . .); health system factors
(existence of health insurance, distance from health centre). The information about the
characteristics of diabetes disease will be verified in the patients’ medical records, if
available.

Measurements tools and operational definitions.

« Patients with type 2 diabetes will be those identified as such in the medical record.

+ Glycaemic control or diabetes control will be defined according to the followings: adequate
control—HbA1C <7.0%, poor control—HbA1C >7.0% [15, 30].

« A distance from participant’s place of residence to the health centre of < 5 kilometres or < 1
hour will be considered as adequate while > 5 kilometres or more than 1 hour will be inade-
quate.—A daily income < $1.9 will be set as threshold for poverty [31].

« Alcohol use will be assessed with the Alcohol Use Disorders Identification Test (AUDIT-C)
[32]; a score > 4 (in men) or >3 (in women) represents health-risk consumption while a
score > 5 (in men) or > 4 (in women) indicates alcohol dependence.
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Nicotine dependence among smokers will be assessed with the Fagerstrom Test for Nicotine
Dependence (FTND) [33]; the interpretation of the score obtained is as follows: 1-2: low
dependence, 3-4: low to moderate dependence, 5-7: moderate dependence, and > 8: high
dependence.

Physical activity will be assessed by use of the Global Physical Activity Questionnaire
(GPAQ). The GPAQ consists of 16 questions covering three domains as: activity at work,
transport and leisure activities [34].

Trained staff using validated devices will measure clinical parameters (height, weight, waist
circumference and blood pressure). Relating to the BMI, patients will be categorized as
underweight (BMI<18.5 Kg/m?), normal weighted (18.5-24.99 Kg/m?), overweighed
(BMI>25 Kg/m2), and obese: >30Kg/m2 [35]. For the waist circumference, normal values
are defined according to gender as: men <102 centimetres; women < 88 centimetres [36].
Hypertension will be defined as a systolic blood pressure level of 140 mmHg or higher and/
or a diastolic blood pressure level of 90 mmHg or higher [37].

Food security status will be measured with the household food insecurity scale (HFIAS), a
9-item measurement tool. It reports the experience of past four weeks [38, 39]. The HFIAS
categorises households into four levels of food access: food secure, mild food insecure, mod-
erately food insecure and severely food insecure.

Knowledge of diabetes will be assessed by the use of the simplified diabetes knowledge scale,
a true/false response format of the Revised Diabetes Knowledge Scale of the Michigan Diabe-
tes Research Center [40, 41]. It contains 20 items with three related to insulin users. The
internal reliability of the Revised Diabetes Knowledge Scale is 0.71 versus 0.61 for the Simpli-
fied Diabetes Knowledge Scale; the item correlation with the total knowledge test score ran-
ged from 0.23 to 0.45 for the Revised Diabetes Knowledge Scale versus 0.26-0.58 for the
Simplified Diabetes Knowledge Scale. The corrected item-total correlations were >0.2 for the
Revised Diabetes Knowledge Scale and the Simplified Diabetes Knowledge Scale [40]. The
Simplified Diabetes Knowledge Scale is used as a continuous score; no cut-off point has been
defined for knowledge.

Adherence to treatment will be assessed by the Morisky Green Levine test (MGL test) [42].
The MGL test is a structured four-point measure of treatment adherence with an alpha reli-
ability of 0.61. The MGL test divides patients into three categories of adherence: high,
medium, and low.

Social support will be assessed by the Multidimensional Scale for Perceived Social Support
(MSPSS) [43]; the MSPSS is a brief self-report questionnaire that contains 12 items rated in a
five-point Likert-type scale. The MSPSS assessed three sub-scales of the social support as:
family, friends, and significant others; its internal consistency and test-retest reliability are
excellent (Cronbach’s alpha: 0.81 to 0.98 in non-clinical samples and 0.92-0.94 in clinical
samples) [44]. For the Multidimensional Scale for perceived social support (MSPSS), the
mean scores are calculated as: Significant Other Subscale—sum across items 1, 2, 5, & 10,
and divided by 4. Family Subscale—sum across items 3, 4, 8, & 11, then divided by 4. Friends
Subscale—sum across items 6, 7, 9, & 12, then divided by 4. Total Scale—sum across all 12
items and divided by 12. Any mean scale score ranging from 1 to 2.9 could be considered
low support, a score of 3 to 5 as moderate support, and a score from 5.1 to 7 high support.

Screening of depression will be done using the Patient Health Questionnaire-9 (PHQ-9)
[45]. PHQ-9 is the 9-point depression module of the full PHQ and is a screening tool and
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measure of depression severity. The Cronbach’s alpha was 0.89 in a primary healthcare study
[46]. Depression screening with PHQ-9 will determine the following categories: moderate
depression (12-14), moderately severe depression (15-19), severe depression (20-27) [45].

Diabetes distress will be assessed through the Diabetes Distress Scale (DDS) [47], a 17-item
scale that captures four critical dimensions of distress: emotional burden (5 items), regimen
distress (5 items), interpersonal distress (3 items) and physician distress (4 items). Associa-
tions have been found between DDS scores and behavioural management and biological var-
iables when DDS scores are > 2.0 [48]. For the DDS, a mean item score 2.0-2.9 should be
considered ‘moderate distress,’ while a mean item score > 3.0 ‘high distress’.

Diabetes self-management will be assessed with the use of the Diabetes Self-Management
Questionnaire (DSMQ), a 16-item questionnaire recognised to be a reliable and valid instru-
ment that enables an efficient assessment of self-care behaviours associated with glycaemic
control [49]. It comprises for subscales: dietary control (4 items), glucose management (5
items), physical activity (3 items), and physician contact (3 items).

Laboratory procedures. All patients will have 2 millilitres of venous blood taken by the
researchers for determination of glycosylated haemoglobin. The glycosylated haemoglobin will
be assayed using the same validated method at one central laboratory at the Didactic Health
Centre of the School of medicine at the Protestant University of Congo at Kinshasa to avoid
differences between laboratories [50].

Variables. Outcome: the main outcome variable will be the glycaemic control that will be
assessed with HbA1c. Glycaemic control will be defined as HbAlc <7% [12, 26].

Exposures of interest: potential factors associated with glycaemic control as described above
in the information sought from the participants and related to patients, society, and health sys-
tem (S2 and S3 Appendices).

Data analysis. Statistical analysis will be performed using STATA 17. Quantitative variables
normally distributed will be expressed as mean * standard deviation; and non-normally dis-
tributed data as median with interquartile range (IQR). The categorical variables will be
expressed as frequency (n) and percentage (%). Subsequently, we will perform the bivariate
analysis to determine factors associated with glycaemic control using t -test or Mann-Whitney
U for continuous variables and Chi square test/Fisher exact test for categorical variables. We
will fit a multivariable logistic regression to assess factors associated with glycaemic control.
Age, sex, duration on treatment, food security will be included in the regression model a priori.
And other factors will be included in the model if they have a p-value of <0.20 in bivariate
analysis. The p value of <0.05 will be considered the statistically significant.

Reliability, validity, and generalisability. Ensuring the reliability of the study will be using
validated questionnaires for data collection and training of the research team. The findings
will be generalisable to the DRC context but could be extended for use in similar settings in
SSA.

Bias. The potential biases for this study are—selection (non- response of the eligible partici-
pants), recall, interpretation, and social desirability. We will minimize the biases by ensuring
the research assistants are properly trained and the aim of the study is clearly explained to the
participants.

Sub study 2

Using the findings from the sub study 1, we will carry out a qualitative study in the four clinics
in Kinshasa to explore patients’ and healthcare providers’ perspectives on how to improve the
control of glycaemia.
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Study population and sample. Patients and healthcare providers aged >18 years will be
invited to participate. Patients and healthcare providers will be chosen deliberately. Patients to
be selected will be those who have been followed for at least six months for diabetes and who
have mastered the model of care offered to patients with diabetes. Caution will be taken to
select those who will be willing to discuss their views on improving blood glucose control.
Attention will be paid to selecting male and female patients, from different socio-economic
categories and ages, and independently of their status regarding glycaemic control (controlled
and uncontrolled). About caregivers, preference will be given to selecting providers with long
experience of diabetes. Male and female providers will be selected as well as doctors and
nurses. The participants will be excluded if they present with difficulty communicating due to
mental disability or, refuse to give consent.

For each category of participants, patients, or healthcare providers, as stated by many
authors for adequate sample size, we expect to have 20 interviews but will continue to include
participants until thematic saturation [27]. The total of expected participants is 40; twenty (20)
patients and twenty (20) healthcare providers. Health managers in charge of the healthcare
facilities will help in selecting the health providers to be included in the study. In turn, health
facilities’ teams who know the patients will help in selecting them; these patients will then be
invited to come to the health facilities for interviews. The research team will ensure diversity of
participants in terms of sex/ gender, duration of diabetes, treatment types, type of healthcare
facility, etc. for patients and sex, years of professional experience, clinical category, type of
facility, etc. for healthcare providers. A maximum of three participants are expected to be
interviewed per day for three times a week. A maximum of five weeks will suffice to complete
data collection.

Data collection. The data collection will be carried through in-depth interviews which
will be audiotaped. Prior to the interviews, the Principal Investigator will provide study infor-
mation to potential study participants and obtain written informed consent for both the inter-
view and audio recording. The interviews will be guided by an interview schedule (S4 Appen
dix). This interview schedule will be updated based on the findings from the systematic review
associated with this research and the sub-study 1 on factors driving glycaemic control. At the
respective facilities, the principal investigator will interview the participants in a quiet room
where the confidentiality of the participants’ statements will be guaranteed. The interviews will
be conducted in Lingala or French depending on the preferences of the participants. All inter-
views will be audio recorded. Data collection will be held in strict respect of rules edited for the
prevention of the COVID-19 infection in the country and implemented in the selected health
facility.

Data management and analysis. The recorded interviews will be transcribed verbatim
and then translated into English language for analysis. Data coding and thematic analysis will
be performed using the MAXQDA version 20. Identified themes that are similar would be
coalesced into major themes, and similar major themes, if necessary, will be aggregated into
categories. Outliers” perceptions will be sought out for. Attempts will be made to develop
explanatory models that best explain the inter-relatedness of themes and categories, and the
perceptions of patients and healthcare providers on interventions that can improve glycaemic
control in type 2 patients.

Credibility, transferability, dependability, and confirmability. The credibility of the
study will be enhanced by triangulation, peer debriefing and member checking; thick descrip-
tion of data will ensure transferability; external audits conducted by the supervisors and one
external expert on qualitative research will ensure dependability, and the confirmability will be
ensured by external audits and audit trial [28].
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Bias. The biases that may interfere with the data are—selection (non-response of the eligi-
ble participants), interviewer, and social desirability biases.

Sub study 3

This will be a Delphi study, seeking policy consensus from important stakeholders in diabetes
management in developing the package of interventions to improve glycaemic control based
on the use of findings from the sub studies 1 and 2. A research team lead by the Principal
Investigator and including one supervisor and a statistician will conduct data collection and
initial analysis. Data interpretation will be done by the whole team of investigators.

Study site. The Delphi study will be anonymous electronic survey. The participants will
respond on potential glycaemic control interventions in Kinshasa.

Study population and sample size. The Delphi study will include all representatives of
stakeholders in diabetes management in Kinshasa, DRC. Twenty-five people will be involved-
five clinicians from the health centres, five managers in diabetes care, five representatives from
universities, five representatives from partners in diabetes management, and five representa-
tives from the Ministry of health. The clinicians are persons qualified in clinical practice of
medicine being doctors or nurses and taking care of diabetes; the managers are individuals
who are in charge of a healthcare structure (hospital, health centre) or a group of healthcare
structures organizing diabetes care; the representatives of universities will be diabetologists or
internal medicine experts; partners are all the persons or organizations participating in the
management of diabetes by providing financial or technical support; the representatives from
the Ministry of health will be individuals working in the National Program of diabetes and the
National Directorate against diseases. The participants will be purposively selected with cau-
tion to ensure motivation for the subject and expertise on diabetes control. Contacts will be
made with the structures organizing or providing a support for diabetes care to have delegates
as experts in the issue; known experts in the diabetes management will be contacted directly
through emails.

Inclusion/Exclusion criteria. All the participants will have an age >18 years; the exclu-
sion criteria being difficulty communicating due to mental disability, conflict of interest in
study participation, and refusal to give consent. Experts will be local or international experts
with preference given to those with current or past work in DRC.

Data collection. Participants will receive by e-mail a document on the purpose and objec-
tives of the study. They will be asked to consent electronically to participate in the study. Once
they accept to participate in the study, a second e-mail will inform them on the results of previ-
ous sub-studies of this study. This Delphi study will be a three rounds process. At the first
round, each stakeholder will be approached to answer an open-ended questionnaire on inter-
ventions to improve diabetes control in patients with type 2 diabetes. The participants’
responses at the first round will be used to identify items that will be used by the researchers to
draw a well-structured questionnaire on interventions to improve glycaemic control. In the
second round, experts will be subjected to the questionnaire built after the first round and
asked individually to rank the interventions in terms of priority. Their ratings will consist of
assessing each intervention according to a 4-point Likert scale (‘strongly agree’, ‘agree’, ‘dis-
agree’, ‘strongly disagree’). Additionally, they will be asked to motivate their ranking. At the
end of the second round, the researcher will summarize the rankings from the experts and
their motivations and feed back to the experts in the third round. In this third round, experts
will be asked to re-rank after reconsidering their opinions or judgements in light of other
group members’ rankings or to specify the reasons for remaining outside the consensus. At the
end of the third round, the researchers will sort out a list of remaining interventions and their
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rankings along with minority opinions and interventions achieving consensus. The experts’
contributions will be anonymous. Researcher team’ correspondences with experts will be
made in French and English while experts’ contributions will be made in English or French
depending on their preferences; feedback by the researcher will be in English and French.

Data analysis. The data from the first round will more consists of qualitative data; the
qualitative data will be summarized using content analysis. In the subsequent rounds, for each
round, medians will be used to describe group responses to each statement. And, between
rounds, data will be analysed to identify convergence and change of experts’ opinions or judge-
ments. Consensus will be defined as > 70% of experts agreeing/strongly agreeing or disagree-
ing/strongly disagreeing with a statement in the Round 3. Stability of consensus will be
considered as reached if the between round group responses vary by <10%.

Ethical considerations and declarations

The researchers declare that they will comply with the conditions under which this study has
obtained approval from the ethics committees of the Protestant University of Congo and
Human Research Ethics Committee (Medical) of the University of the Witwatersrand. Any
departure from the protocol will need two Ethics Committees. The authorization has been
obtained from the Kinshasa Primary HealthCare Network to conduct the study. A written con-
sent will be sought from participants of each of the sub-studies of this research. Withdrawal
from the study will have no impact on the care that patients receive or on the position that
health care providers occupy within the health care structure. No interventions will be carried
out on study participants. During this period of the pandemic, data will be collected in strict
compliance with the rules laid down for the protection of individuals in health facilities,
namely: wearing masks, social distancing, frequent hand washing and curfews. In this way,
crowds will be avoided throughout the data collection process. The research data will be kept
at the Protestant University of Congo for a period of 20 years after the end of the study. The
participants will not be paid for their participation in the study. Nevertheless, the participants
will be reimbursed for the transport to come to the healthcare structure in case they will be
invited. If one of the scales used in this study suspects a medical condition for which a partici-
pant needs to be managed, s/he will be referred to the appropriate facilities for management.

The research assistants will be acknowledged for their support in the study. The authorship
will be based on the fulfilment of all the four conditions listed in the International Committee
of Medical Journal Editors uniform requirements for manuscripts submitted to BioMedical
Journals [51].

Status and timeline of the study

The Table 1 presents the timeline of the study. None form of data collection has been con-
ducted at this stage.

Discussion

Diabetes mellitus, like other NCDs, is growing in importance globally with substantial impact
on mortality and a huge economic burden to societies [52, 53]. The progress of diabetes is dra-
matic in low-and-middle countries, like the DRC, because of the coexisting traditional health
priorities, few resources, and the unpreparedness of the health system [8, 54, 55]. The control
of glycaemia has shown to prevent or delay the occurrence of the complications [56]. Never-
theless, the control of glycaemia requires many adjustments for all the actors in the diabetes
care for better achievements. In the DRC, recent studies have shown high rates of poor control
among patients with type 2 diabetes. The burden of diabetes for the patients and the families is
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Table 1. Timing of the activities of the study.

Protocol drafting and approval
Sub study 1

Data collection

Data analysis

Sub study 2

Data collection

Data analysis

Sub study 3

Data collection

Data analysis

Dissemination of the findings

2020 2021 2022 2023
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

-
——

Q1: first quarter, Q2: second quarter, Q3: third quarter, Q4; fourth quarter.

https://doi.org/10.1371/journal.pone.0268177.t001

multiplied when complications arise and represents a real obstacle for the wellness of patients
and families, and the effectiveness of the health system [57]. As we stated earlier, it is time to
act unless we let diabetes continue with its innumerable consequences. In this way, as factors
for poor control of glycaemia vary according to settings, the identification of factors acting
primer roles in Kinshasa is a pre-requisite if we want effective interventions [7]. From the few
studies that have been conducted in the DRC, data on factors driving glycaemic control are
scarce [13, 14, 58]. And there were not many efforts to look on how the patients explain by
themselves poor glycaemic control that would contribute to the understanding of the phenom-
enon. Moreover, elements to build an adequate system of care for diabetes are unknown as we
have not yet explored perspectives from patients and the healthcare providers on ways to
improve glycaemic control.

This study will describe the factors associated with glycaemic control among patients with
type 2 diabetes in Kinshasa, DRC. And further explore the perspectives from patients and
healthcare providers on ways to improve the control of diabetes. The findings will inform the
development of the targeted intervention package to improve glycaemic control in Kinshasa,
DRC.

Findings of the planned studies should be interpreted in consideration of the following lim-
itations: the cross-sectional design of the study will not allow to establish the causal inference
for factors of poor glycaemic control. The qualitative nature of some components will not
guarantee the generalisability of the findings to other settings not similar to Kinshasa, DRC.

Supporting information

S1 Appendix. Interview guide for patients with type 2 diabetes sub-study 1.
(DOCX)

S$2 Appendix. Questionnaire for patients with type 2 diabetes sub-study 1.
(DOCX)

S$3 Appendix. Laboratory sheet.
(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0268177 September 26, 2022

13/17


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0268177.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0268177.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0268177.s003
https://doi.org/10.1371/journal.pone.0268177.t001
https://doi.org/10.1371/journal.pone.0268177

PLOS ONE

Protocol for developing a framework to improve glycaemic control among patients with type 2 diabetes

S4 Appendix. Interview guide for patients and healthcare providers sub-study 2.
(DOCX)

Acknowledgments

The authors acknowledge the team of the Department of Family medicine and Primary Care,
and that of that of the School of Public Health of the University of the Witwatersrand for their
contributions in the drafting of this study protocol.

Author Contributions

Conceptualization: Jean-Pierre Fina Lubaki.

Supervision: Olufemi Babatunde Omole, Joel Msafiri Francis.
Writing - original draft: Jean-Pierre Fina Lubaki.

Writing - review & editing: Joel Msafiri Francis.

References
1. Non-communicable diseases progress monitor 2020. Geneva: World Health Organization. 2020.
2. Non-communicable diseases country profiles 2018. Geneva: World Health Organization; 2018.
3. Internation Diabetes Federation. IDF Diabetes Atlas Ninth. Dunia: IDF. 2019. 168 p.
4. Kirkman MS, Mahmud H, Korytkowski MT. Intensive Blood Glucose Control and Vascular Outcomes in

Patients with Type 2 Diabetes Mellitus. Endocrinol Metab Clin North Am. 2018; 47(1):81-96. https://doi.
org/10.1016/j.ecl.2017.10.002 PMID: 29407058

5. Patient education: Type 2 diabetes and diet (Beyond the Basics)—UpToDate [Internet]. [cited 2022 Mar
3]. https://www.uptodate.com/contents/type-2-diabetes-and-diet-beyond-the-basics Patient education:
Type 2 diabetes and diet (Beyond the Basics)—UpToDate [Internet]. [cited 2022 Mar 3].

6. Giugliano D, Maiorino MI, Bellastella G, Esposito K. Glycemic control in type 2 diabetes: from medica-
tion nonadherence to residual vascular risk. Endocrine. 2018 Jul 1; 61(1):23-7. https://doi.org/10.1007/
$12020-017-1517-9 PMID: 29322300

7. Fekadu G, BulaK, Bayisa G, Turi E, Tolossa T, Kasaye HK. Challenges and factors associated with
poor glycemic control among type 2 diabetes mellitus patients at nekemte referral hospital, Western
Ethiopia. J Multidiscip Healthc. 2019; 12:963-74. https://doi.org/10.2147/JMDH.S232691 PMID:
31819470

8. Pastakia S, Pekny C, Manyara S, Fischer L. Diabetes in sub-Saharan Africa—from policy to practice to
progress: targeting the existing gaps for future care for diabetes. Diabetes, Metab Syndr Obes Targets
Ther. 2017 Jun; 10:247-63.

9. Chan JCN, Gagliardino JJ, Baik SH, Chantelot JM, Ferreira SRG, Hancu N, et al. Multifaceted determi-
nants for achieving glycemic control the international diabetes management practice study (IDMPS).
Diabetes Care. 2009 Feb 1; 32(2):227-33. https://doi.org/10.2337/dc08-0435 PMID: 19033410

10. Kamuhabwa AR, Charles E. Predictors of poor glycemic control in type 2 diabetic patients attending
public hospitals in Dar es Salaam. Drug Healthc Patient Saf. 2014; 6:155-65. https://doi.org/10.2147/
DHPS.S68786 PMID: 25368533

11. International Diabetes Foundation. Democratic Republic of Congo [Internet]. [cited 2020 Sep 9]. https:/
www.idf.org/our-network/regions-members/africa/members/21-democratic-republic-of-congo.html

12. Ministry of Public Health of the Democratic Republic of the Congo. [Standards and guidelines for diabe-
tes management] [Internet]. [cited 2021 May 1]. https://extranet.who.int/ncdccs/Data/COD_B6_NV_
Draft%20final_Normes%20Diab%C3%A8te_09_11_13final%20(2).pdf

13. Longo-Mbenza B, Muaka MM, Mbenza G, Mbungu-Fuele S, Mabwa-Mbalanda L, Nzuzi-Babeki V, et al.
Risk factors of poor control of HBA1c and diabetic retinopathy: Paradox with insulin therapy and high
values of HDL in African diabetic patients. Int J Diabetes Metab. 2008; 16(2):69—78.

14. Blum J, Chaney M, Mudji J, Mfungwa JK, Rice T, Labhardt ND. Glycaemic control among patients with
type 2 diabetes followed in a rural African primary care setting—A reality check in the Democratic
Republic of Congo. Prim Care Diabetes. 2020 Apr; 14(2):139-146. https://doi.org/10.1016/j.pcd.2019.
08.002 PMID: 31455548

PLOS ONE | https://doi.org/10.1371/journal.pone.0268177 September 26, 2022 14/17


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0268177.s004
https://doi.org/10.1016/j.ecl.2017.10.002
https://doi.org/10.1016/j.ecl.2017.10.002
http://www.ncbi.nlm.nih.gov/pubmed/29407058
https://www.uptodate.com/contents/type-2-diabetes-and-diet-beyond-the-basics
https://doi.org/10.1007/s12020-017-1517-9
https://doi.org/10.1007/s12020-017-1517-9
http://www.ncbi.nlm.nih.gov/pubmed/29322300
https://doi.org/10.2147/JMDH.S232691
http://www.ncbi.nlm.nih.gov/pubmed/31819470
https://doi.org/10.2337/dc08-0435
http://www.ncbi.nlm.nih.gov/pubmed/19033410
https://doi.org/10.2147/DHPS.S68786
https://doi.org/10.2147/DHPS.S68786
http://www.ncbi.nlm.nih.gov/pubmed/25368533
https://www.idf.org/our-network/regions-members/africa/members/21-democratic-republic-of-congo.html
https://www.idf.org/our-network/regions-members/africa/members/21-democratic-republic-of-congo.html
https://extranet.who.int/ncdccs/Data/COD_B6_NV_Draft%20final_Normes%20Diab%C3%A8te_09_11_13final%20%282%29.pdf
https://extranet.who.int/ncdccs/Data/COD_B6_NV_Draft%20final_Normes%20Diab%C3%A8te_09_11_13final%20%282%29.pdf
https://doi.org/10.1016/j.pcd.2019.08.002
https://doi.org/10.1016/j.pcd.2019.08.002
http://www.ncbi.nlm.nih.gov/pubmed/31455548
https://doi.org/10.1371/journal.pone.0268177

PLOS ONE

Protocol for developing a framework to improve glycaemic control among patients with type 2 diabetes

15.

16.

17.

18.

19.

20.
21.

22,

23.

24,

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

36.

Hightower JD, Hightower CM, Salazar Vazquez BY, Intaglietta M. Incident prediabetes/diabetes and
blood pressure in urban and rural communities in the Democratic Republic of Congo. Vasc Health Risk
Manag. 2011; 7(1):483-9. https://doi.org/10.2147/VHRM.S22707 PMID: 21822396

Zimmermann M, Bunn C, Namadingo H, Gray CM, Lwanda J. Experiences of type 2 diabetes in sub-
Saharan Africa: a scoping review. Glob Heal Res Policy. 2018 Dec; 3(1):25. Available from: https:/
ghrp.biomedcentral.com/articles/10.1186/s41256-018-0082-y PMID: 30214942

Walker RJ, Williams JS, Egede LE. Pathways between food insecurity and glycaemic control in individu-
als with type 2 diabetes. Public Health Nutr. 2018; 21(17):3237—44. https://doi.org/10.1017/
S$1368980018001908 PMID: 30088467

Pun SP, Coates V, Benzie IF. Barriers to the self-care of type 2 diabetes from both patients’ and provid-
ers’ perspectives: literature review. J Nurs Healthc Chronic llin. 2009 Mar; 1(1):4-19.

Wolpert HA, Anderson BJ. Management of diabetes: Are doctors framing the benefits from the wrong
perspective? BMJ. 2001 Oct 27; 323(7319):994—-6. https://doi.org/10.1136/bmj.323.7319.994 PMID:
11679393

Clark M. Patients ‘ Perspectives on Diabetes. J Diabetes Nurs. 2005; 9(3):87-91.

Kapongo RY, Lulebo AM, Mafuta EM, Mutombo PB, Dimbelolo JCM, Bieleli IE. Assessment of health
service delivery capacities, health providers’ knowledge and practices related to type 2 diabetes care in
Kinshasa primary healthcare network facilities, Democratic Republic of the Congo Health services
research in low and middle inco. BMC Health Serv Res. 2015; 15(1):1-6.

Stuckey HL, Adelman AM, Gabbay RA. Improving care by delivering the Chronic Care Model for diabe-
tes. Diabetes Manag. 2011; 1(1):37-52.

Lall D, Engel N, Devadasan N, Horstman K, Criel B. Models of care for chronic conditions in low/middle-
income countries: A “best fit” framework synthesis. BMJ Glob Heal. 2018; 3(6):1-12.

Elm E v, Altman D G, Egger M, Pocock S J, Gatzsche P C, Vandenbroucke J P et al. Strengthening the
reporting of observational studies in epidemiology (STROBE) statement: guidelines for reporting obser-
vational studies BMJ 2007; 335: 806 https://doi.org/10.1136/bmj.39335.541782.AD PMID: 17947786

Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative research (COREQ): a 32-
item checklist for interviews and focus groups. International Journal for Quality in Health Care. 2007; 19
(6):349-357 https://doi.org/10.1093/intghc/mzm042 PMID: 17872937

Megacity Kinshasa Eyes Climate Resilient Future Through Urban Management [Internet]. [cited 2022
Mar 2]. https://www.worldbank.org/en/news/feature/2021/08/19/why-kinshasa-could-be-in-the-
vanguard-of-megacities-climate-resilience.

Vasileiou K, Barnett J, Thorpe S, Young T. Characterising and justifying sample size sufficiency in inter-
view-based studies: Systematic analysis of qualitative health research over a 15-year period. BMC Med
Res Methodol. 2018; 18(1):1-18.

Guba EG. Criteria for assessing naturalistic inquiries. Educ Commun Technol. 1981; 29(2):75-91.

Chetoui A, Kaoutar K, EImoussaoui S, Boutahar K, El Kardoudi A, Chigr F, et al. Prevalence and deter-
minants of poor glycaemic control: a cross-sectional study among Moroccan type 2 diabetes patients.
Int Health. 2020 Jan 20: ihz107. https://doi.org/10.1093/inthealth/ihz107 PMID: 31957782

Johnson EL, Feldman H, Butts A, Chamberlain J, Collins B, Doyle-Delgado K, et al. Standards of medi-
cal care in diabetes—2020 abridged for primary care providers. Clin Diabetes. 2020; 38(1):10-38.
https://doi.org/10.2337/cd20-as01 PMID: 31975748

Ferreira FHG, Chen S, Dabalen A, Dikhanov Y, Dean NH, Ambar J, et al. A Global Count of the Extreme
Poor in 2012: Data Issues, Methodology and Initial Results. The Journal of Economic Inequality. 2016;
14:141-172

Bradley KA, McDonell MB, Bush K, Kivlahan DR, Diehr P, Fihn SD. The AUDIT Alcohol Consumption
Questions. Alcohol Clin Exp Res. 1998; 22(8):1842.

Heatherton TF, Kozlowski LT, Frecker RC, Fagerstrom K-O. The Fagerstrom Test for Nicotine Depen-
dence: a revision of the Fagerstrom Tolerance Questionnaire. Br J Addict. 1991; 86(9):1119-27.

Keating XD, Zhou K, Liu X, Hodges M, Liu J. Reliability and Concurrent Validity of Global Physical Activ-
ity Questionnaire (GPAQ): A Systematic Review. Int J Environ Res Public Health. 2019 Oct 26; 16
(21):4128. https://doi.org/10.3390/ijerph16214128 PMID: 31717742

World Health Organization. Obesity: preventing and managing the global epidemic: report of a WHO
consultation. Geneva: World Health Organization, 2000. https://apps.who.int/iris/handle/10665/42330

World Health Organization. Waist circumference and waist-hip ratio: report of a WHO expert consulta-
tion, Geneva, 8—-11 December 2008. Geneva: World Health Organization, 2011. https://apps.who.int/
iris/handle/10665/44583

PLOS ONE | https://doi.org/10.1371/journal.pone.0268177 September 26, 2022 15/17


https://doi.org/10.2147/VHRM.S22707
http://www.ncbi.nlm.nih.gov/pubmed/21822396
https://ghrp.biomedcentral.com/articles/10.1186/s41256-018-0082-y
https://ghrp.biomedcentral.com/articles/10.1186/s41256-018-0082-y
http://www.ncbi.nlm.nih.gov/pubmed/30214942
https://doi.org/10.1017/S1368980018001908
https://doi.org/10.1017/S1368980018001908
http://www.ncbi.nlm.nih.gov/pubmed/30088467
https://doi.org/10.1136/bmj.323.7319.994
http://www.ncbi.nlm.nih.gov/pubmed/11679393
https://doi.org/10.1136/bmj.39335.541782.AD
http://www.ncbi.nlm.nih.gov/pubmed/17947786
https://doi.org/10.1093/intqhc/mzm042
http://www.ncbi.nlm.nih.gov/pubmed/17872937
https://www.worldbank.org/en/news/feature/2021/08/19/why-kinshasa-could-be-in-the-vanguard-of-megacities-climate-resilience
https://www.worldbank.org/en/news/feature/2021/08/19/why-kinshasa-could-be-in-the-vanguard-of-megacities-climate-resilience
https://doi.org/10.1093/inthealth/ihz107
http://www.ncbi.nlm.nih.gov/pubmed/31957782
https://doi.org/10.2337/cd20-as01
http://www.ncbi.nlm.nih.gov/pubmed/31975748
https://doi.org/10.3390/ijerph16214128
http://www.ncbi.nlm.nih.gov/pubmed/31717742
https://apps.who.int/iris/handle/10665/42330
https://apps.who.int/iris/handle/10665/44583
https://apps.who.int/iris/handle/10665/44583
https://doi.org/10.1371/journal.pone.0268177

PLOS ONE

Protocol for developing a framework to improve glycaemic control among patients with type 2 diabetes

37.

38.

39.

40.

M,

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52,

53.

54.

55.

56.

Hypertension control. Report of a WHO Expert Committee. World Health Organ Tech Rep Ser. 1996;
862:1-83. 34.

Castell GS, Rodrigo CP, Ngo De La Cruz J, Aranceta Bartrina J. Household Food Insecurity Access
Scale (HFIAS). Nutr Hosp. 2015; 31:272-8. https://doi.org/10.3305/nh.2015.31.sup3.8775 PMID:
25719795

Teh L, Pirkle C, Furgal C, Fillion M, Lucas M. Psychometric validation of the household food insecurity
access scale among Inuit pregnant women from Northern Quebec. PLoS One. 2017; 12(6):e0178708.
Available from: http://www.ncbi.nim.nih.gov/pubmed/28614392 https://doi.org/10.1371/journal.pone.
0178708

Collins GS, Mughal S, Barnett AH, Fitzgerald J, Lloyd CE. Modification and validation of the Revised
Diabetes Knowledge Scale. Diabet Med. 2011 Mar; 28(3):306—10. https://doi.org/10.1111/j.1464-5491.
2010.03190.x PMID: 21309839

Fitzgerald JT, Funnell MM, Anderson RM, Nwankwo R, Stansfield CRB, Piatt GA. Validation of the
Revised Brief Diabetes Knowledge Test (DKT2). Diabetes Educ. 2016 Apr; 42(2):178-87. https://doi.
0rg/10.1177/0145721715624968 PMID: 26769757

Morisky DE, Green LW L D. Concurrent and predictive validity of a self-reported measure of medication
adherence. Med Care Vol. 24. 1986. p. 67—74. https://doi.org/10.1097/00005650-198601000-00007
PMID: 3945130

Zimet GD, Dahlem NW, Zimet SG, Farley GK. The Multidimensional Scale of Perceived Social Support.
J Pers Assess. 1988 Mar 1; 52(1):30—41.

Wongpakaran T, Wongpakaran N, Ruktrakul R. Reliability and Validity of the Multidimensional Scale of
Perceived Social Support (MSPSS): Thai Version. Clin Pract Epidemiol Ment Health. 2011; 7: 161—
166. https://doi.org/10.2174/1745017901107010161 PMID: 22114620

Van Steenbergen-Weijenburg KM, De Vroege L, Ploeger RR, Brals JW, Vioedbeld MG, Veneman TF,
et al. Validation of the PHQ-9 as a screening instrument for depression in diabetes patients in special-

ized outpatient clinics. BMC Health Serv Res. 2010; 10:235 https://doi.org/10.1186/1472-6963-10-235
PMID: 20704720

Kroenke K, Spitzer RL, Williams JBW. The PHQ-9: Validity of a brief depression severity measure. J
Gen Intern Med. 2001; 16(9):606—13. https://doi.org/10.1046/j.1525-1497.2001.016009606.x PMID:
11556941

Polonsky WH, Fisher L, Earles J, Dudl RJ, Lees J, Mullan J, et al. Assessing psychosocial distress in
diabetes: Development of the Diabetes Distress Scale. Diabetes Care. 2005 Mar; 28(3):626-31. https:/
doi.org/10.2337/diacare.28.3.626 PMID: 15735199

Fisher L, Hessler DM, Polonsky WH, Mullan J. When is diabetes distress clinically meaningful? Estab-
lishing cut points for the diabetes distress scale. Diabetes Care. 2012 Feb; 35(2):259-64. https://doi.
org/10.2337/dc11-1572 PMID: 22228744

Schmitt A, Gahr A, Hermanns N, Kulzer B, Huber J, Haak T. The Diabetes Self-Management Question-
naire (DSMQ): Development and evaluation of an instrument to assess diabetes self-care activities
associated with glycaemic control. Health Qual Life Outcomes. 2013; 11(1):1. https://doi.org/10.1186/
1477-7525-11-138 PMID: 23937988

Heinemann L, Freckmann G. Quality of HbA1c measurement in the practice: The German perspective.
J Diabetes Sci Technol. 2015; 9(3):687-95. https://doi.org/10.1177/1932296815572254 PMID:
25691655

ICMJE | Recommendations | Defining the Role of Authors and Contributors [Internet]. [cited 2022 Mar
18]. http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-
authors-and-contributors.html

Li S, Wang J, Zhang B, Li X, Liu Y. Diabetes Mellitus and Cause-Specific Mortality: A Population-Based
Study. Diabetes Metab J. 2019 Jun; 43(3):319-341. PMID: 31210036.

O’Connel JM, Manson SM. Understanding the economic costs of diabetes and Prediabetes and what
we may learn about reducing the health and economic burden of these conditions. Diabetes Care. 2019
Sep; 42(9): 1609—-1611 https://doi.org/10.2337/dci19-0017 PMID: 31431494

Kirigia JM, Sambo HB, Sambo LG, Barry SP. Economic burden of diabetes mellitus in The WHO African
region. BMC Int Health Hum Rights. 2009; 9(6). https://doi.org/10.1186/1472-698X-9-6 PMID:
19335903

Bommer C, Heesemann E, Sagalova V, Manne-Goehler J, Atun R, Barnighausen T, Volimer S. The
global economic burden of diabetes in adults aged 20-79 years: a cost-of-illness study. Lancet Diabetes
Endocrinol. 2017 Jun; 5(6):423—430. https://doi.org/10.1016/S2213-8587(17)30097-9 PMID: 28456416

Stratton IM, Adler Al, Neil HA, Matthews DR, Manley SE, Cull CA, et al. Association of glycaemia with
macrovascular and microvascular complications of type 2 diabetes (UKPDS 35): prospective

PLOS ONE | https://doi.org/10.1371/journal.pone.0268177 September 26, 2022 16/17


https://doi.org/10.3305/nh.2015.31.sup3.8775
http://www.ncbi.nlm.nih.gov/pubmed/25719795
http://www.ncbi.nlm.nih.gov/pubmed/28614392
https://doi.org/10.1371/journal.pone.0178708
https://doi.org/10.1371/journal.pone.0178708
https://doi.org/10.1111/j.1464-5491.2010.03190.x
https://doi.org/10.1111/j.1464-5491.2010.03190.x
http://www.ncbi.nlm.nih.gov/pubmed/21309839
https://doi.org/10.1177/0145721715624968
https://doi.org/10.1177/0145721715624968
http://www.ncbi.nlm.nih.gov/pubmed/26769757
https://doi.org/10.1097/00005650-198601000-00007
http://www.ncbi.nlm.nih.gov/pubmed/3945130
https://doi.org/10.2174/1745017901107010161
http://www.ncbi.nlm.nih.gov/pubmed/22114620
https://doi.org/10.1186/1472-6963-10-235
http://www.ncbi.nlm.nih.gov/pubmed/20704720
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
http://www.ncbi.nlm.nih.gov/pubmed/11556941
https://doi.org/10.2337/diacare.28.3.626
https://doi.org/10.2337/diacare.28.3.626
http://www.ncbi.nlm.nih.gov/pubmed/15735199
https://doi.org/10.2337/dc11-1572
https://doi.org/10.2337/dc11-1572
http://www.ncbi.nlm.nih.gov/pubmed/22228744
https://doi.org/10.1186/1477-7525-11-138
https://doi.org/10.1186/1477-7525-11-138
http://www.ncbi.nlm.nih.gov/pubmed/23937988
https://doi.org/10.1177/1932296815572254
http://www.ncbi.nlm.nih.gov/pubmed/25691655
http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html
http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html
http://www.ncbi.nlm.nih.gov/pubmed/31210036
https://doi.org/10.2337/dci19-0017
http://www.ncbi.nlm.nih.gov/pubmed/31431494
https://doi.org/10.1186/1472-698X-9-6
http://www.ncbi.nlm.nih.gov/pubmed/19335903
https://doi.org/10.1016/S2213-8587%2817%2930097-9
http://www.ncbi.nlm.nih.gov/pubmed/28456416
https://doi.org/10.1371/journal.pone.0268177

PLOS ONE Protocol for developing a framework to improve glycaemic control among patients with type 2 diabetes

observational study. BMJ. 2000 Aug 12; 321(7258):405—-12. https://doi.org/10.1136/bmj.321.7258.405
PMID: 10938048

57. Moucheraud C, Lenz C, Latkovic M, Wirtz VJ. The costs of diabetes treatment in low-and middle-
income countries: a systematic review. BMJ Global Health. 2019; 4: e001258. https://doi.org/10.1136/
bmjgh-2018-001258 PMID: 30899566

58. Cedrick LM, Fina Lubaki JP, Francois LB, Gboyega OA, Philippe LN. Prevalence and determinants of
poor glycaemic control amongst patients with diabetes followed at Vanga Evangelical Hospital, Demo-
cratic Republic of the Congo. Afr J Prim Health Care Fam Med. 2021 Apr 30; 13(1):e1—e6. https://doi.
org/10.4102/phcfm.v13i1.2664 PMID: 33970011

PLOS ONE | https://doi.org/10.1371/journal.pone.0268177 September 26, 2022 17/17


https://doi.org/10.1136/bmj.321.7258.405
http://www.ncbi.nlm.nih.gov/pubmed/10938048
https://doi.org/10.1136/bmjgh-2018-001258
https://doi.org/10.1136/bmjgh-2018-001258
http://www.ncbi.nlm.nih.gov/pubmed/30899566
https://doi.org/10.4102/phcfm.v13i1.2664
https://doi.org/10.4102/phcfm.v13i1.2664
http://www.ncbi.nlm.nih.gov/pubmed/33970011
https://doi.org/10.1371/journal.pone.0268177

