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Purpose: This study will aim to evaluate whether the provision of a structured nutrition
education course to caregivers of children and adolescents with type 1 diabetes mellitus
(T1DM) will help improve their children’s glycemic control, dietary intake, and diversity.
Research Design and Methods: The study will be a cluster randomized controlled trial
conducted at 10 health facilities with established TIDM clinics in Uganda. The facilities will
include: Mulago National Referral Hospital, St. Francis Hospital, Lubaga Hospital, Mbale
Regional Referral Hospital, Soroti Regional Referral Hospital, Holy innocents’ Hospital,
Virika Hospital, Kagando Hospital, Nyakibale Hospital, and Wakiso Health Centre IV. The
facilities will be randomized to control or intervention at a ratio of 1:1. A total of 100
caregiver-child pairs will be recruited. The participants in the control group will continue to
receive routine medical care, while those in the intervention group will receive routine
medical care and attend a structured group nutrition education course. The course will be
delivered over 3 months, it will consist of a total of 8 face-to-face sessions lasting 45 minutes
each. A two-member team of a diabetes specialist nurse and dietician will conduct the
sessions. Each session will be conducted once a week and a question-and-answer session
held every after 2 sessions. The primary outcome which is a change in glycated hemoglobin
(HbAlc) and secondary outcomes (caregivers’ level of knowledge on general and diabetes-
specific nutrition knowledge, children’s dietary diversity score, and children’s mean intake of
energy, protein, and fat) will be assessed at baseline, 3, and 6 months. Intention-to-treat
analysis will be conducted. Data will be reported according to the Consolidated Standards of
Reporting Trials (CONSORT) statement for cluster-randomized trials. The trial is registered
with the Pan African Clinical Trials Registry (PACTR201902548129842).

Keywords: glycated hemoglobin, diabetes, glycemic control, caregivers, Uganda

Introduction

Type 1 diabetes mellitus (TIDM) is one of the major forms of diabetes that affects
children worldwide." TIDM is caused by the body’s autoimmune response leading to
the destruction of the insulin-producing cells, therefore individuals with T1DM pro-
duce very little or no insulin. The reason why this happens is not yet fully understood
but it has been attributed to several factors.”” Dietary components, viral infections and
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toxins have been proposed as possible environmental factors
contributing to the pathogenesis of TIDM.*

Prevalence and incidence of T1DM vary markedly
among countries but globally it is estimated that 600,900
children and adolescents (aged 0—14 years) have T1DM,
with 98,200 new cases each year. The largest number of
children and adolescents with new and existing TIDM are
in India, the United States of America, and Brazil. However,
in terms of incidence per 100,000 population per year,
Scandinavian populations such as Finland (62.3) and
Sweden (43.2) have the highest incidence rates of TIDM
among children and adolescents aged 0 to 14 years. In Africa,
it is estimated that 25,800 children and adolescents (aged
0-19 years) have T1DM, with 10,300 newly diagnosed cases
each year.” TIDM is the most predominant form of diabetes
in African children,” several studies in Africa reported the
prevalence of TIDM as 0.33 per 1000 in Nigerian children
and 0.95 per 1000 in Sudanese school children.®” In
Tanzania and Sudan, the incidence was reported at 1.5 per
100,000 per year and 100,000 per year
respectively.®” A recent survey of TIDM prevalence and

10.1 per

incidence in Rwanda reported that the prevalence of TIDM
at 16.4 per 100,000 in those less than 26 years, and 4.8 per
100,000 in those less than 15 years. Incidence figures were
2.7 per 100,000 per year for those less than 26 years and
1.2 per 100,000 per year for those less than 15 years.'® In
Uganda, there have not been any published studies that
document the incidence or prevalence of TIDM. However,
recent data from 32 T1DM clinics indicates enrolment of
1187 children, this is on the increase from about 150 enrolled
children in 2009.""*'? Despite the improvements in pediatric
T1DM care and management in Uganda over the years,
several barriers to standard care of pediatric diabetic patients
in Uganda still exist such as lack of adequately trained health
professionals, limited availability of insulin, injection
devices and self-monitoring consumables such as test strips
and glucometers and high cost of management and care
relative to household income. Furthermore, TIDM places
a profound emotional burden on families with children and
adolescents with TIDM.>"

A health facility-based study conducted in Uganda in
2018 reported more than 80% of the children having poorly
controlled blood glucose levels with a mean HbA ¢ level of
9.7%. It was further noted that adherence to dietary recom-
mendations was low, and most likely characterized of a high
intake of saturated fat and low fruit and vegetable intake.
However, it was suggested that reinforcing caregiver invol-
vement in the children’s diet could help improve adherence

to dietary recommendations.'*'> In Tanzania, a study
reported a significant association between caregivers’
knowledge of diabetes and HbAlc levels.'® A parent-
based nutrition educational intervention targeting mealtime
behaviors reported a decrease in mean daily blood glucose
levels among children with type 1 diabetes.'” However, in
the United Kingdom, a structured education course for 11 to
16 year olds with TIDM reported no change in HbAlc
among the participants.'®

Patient and parent or caregiver-centered nutrition edu-
cation is little explored in sub-Saharan Africa, despite
being a fundamental component of diabetes education.
When made easy to understand, knowledge-based,
patient and parent or caregiver centered, nutrition educa-
tion improves glycaemic control and helps prevent the
development of complications.'®*° It is therefore vital
that children diagnosed with TIDM and their caregivers
be educated and trained with adequate nutritional man-
agement skills and knowledge to enable them to manage
of TIDM
successfully.?' #* The nutritional goal for individuals

and survive the onset safely and
with diabetes is to attain and sustain near-normal blood
glucose levels by ensuring proper management of insulin
therapy, physical activity, and diet. However, in children,
it is important that the diet also provides for their other
macro and micro-nutritional needs to ensure normal
growth and development. Therefore, caregivers empow-
ered with updated nutrition knowledge through nutrition
education can serve as change agents and therefore bring
about an improvement in their children’s feeding
behaviour.**

In Uganda, there is no documented information of
any study conducted to establish if nutrition education
of caregivers of type 1 diabetic children affects their
nutrition knowledge and their children’s glycemic con-
trol and dietary practices. Furthermore, the nutrition
education module in the current diabetes education cur-
riculum is not contextualized for the Ugandan pediatric
T1DM patients and yet structured nutrition education is
vital in the management of diabetes in children as it
strengthens their ability to successfully manage their
condition using available resources.”>° Therefore, the
developed structured nutrition education course will be
the first Ugandan contextualized nutrition education
course specifically developed for caregivers of children
and adolescents with TIDM.

The primary objective of the study is to evaluate

whether the provision of a structured nutrition education
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course to caregivers of children and adolescents with
T1DM will help improve their children’s glycemic con-
trol, dietary intake and diversity compared with the
usual health education.

Research Design and Methods

Study Setting

The study will be conducted at 10 TIDM clinics in
Uganda. These clinics where purposively selected because
they have established pediatric type 1 diabetes clinics.'
The clinics will be randomly allocated to the control or
intervention group at a ratio of 1:1.

Study Design

The study design as indicated in the CONSORT flow
diagram (Figure 1) will be a cluster randomized controlled
trial that is CONSORT guidelines compliant.*’ T1DM
clinics (clusters) rather than individuals will be randomly
allocated to the 2

Outcomes will be assessed at three-time points: baseline,

intervention and control groups.

3, and 6 months. The control group will also receive the
structured nutrition education course after the post-
intervention data collection.

The participants in the control group will continue to
receive routine medical care and the usual health educa-
tion. The intervention group will also continue to
receive routine medical care and health education; how-
ever, they will also attend structured group nutrition
education sessions. The nutrition education sessions
will be conducted using food demonstrations and audio-
visual aids. In addition, they will receive nutrition edu-
cation materials (posters and brochures) for further

reference.

Study Duration

The total study duration is 36 months, with the interven-
tion (structured nutrition education course) being delivered
over 3 months with 3 months post-intervention follow-up.
Data collection started in 2019.%

Sampling

A mixed-methods sampling technique will be used.*® 10
T1DM clinics will be purposively selected. Simple random
sampling will be used to distribute the clusters into the inter-
vention and control groups. Consecutive sampling will be used
to select the study participants in each cluster due to the low
number of participants in the age group (3—14 years).*!

Randomization

The study will comprise two study groups; a control
group and an intervention group. 10 TIDM clinics will
be randomly assigned using a formula generated in
Microsoft Office Excel 2016 to either intervention or
control group at a ratio of 1:1. The biostatistician will
be blinded to control for bias during data analysis.
However, due to the nature of the intervention, the
study participants will not be blinded.

Sample Size Calculation
To have 80% power to detect a 1.0% difference in HbAlc; the

sample size (n) was calculated using the following formula.***

n=2 [(a + b)zaz}

(1 —Mz)z

Considerations

n = the sample size in each of the groups

W= population mean in intervention group (HbAlc =
9.9)**

l> = population mean in control group (HbAlc = 8.9)

pi-wo = the difference the investigator wishes to detect

o® = standard deviation (1.6)**

The power of the test was set at 80% and significance
at 5%

a = 1.96 (conventional multiplier for alpha = 0.05)

b = 0.842 (conventional multiplier for power = 0.80,
(beta = 0.20)

n=2 [(1.96 +0.842)°1.62
(9.9 — 8.9)

n =40.19

To adjust for the clustering effect the sample size was
inflated by a design effect (DE) to get the adjusted sample
.35
size.

DE = 14(m —1)p

Where 7 is the average cluster size as the clusters vary in
size and p is the intra-cluster correlation coefficient (ICC).
Since there is no previous study documenting the ICC, an
ICC of 0.01 was considered and an average cluster size of 12
was considered.

DE =1.11

The calculated sample size is 40.19 * DE (1.11) =
44.61. The sample size will be increased by 10% to
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Purposive selection and randomization of 10
T1DM clinics to either the control or intervention

group using a 1:1 ratio

100 caregivers-child pairs will

Enrollment

Baseline data
collection
N=100

v Allocation v

be screened for eligibility to
participate in the study

1N
Allocation to Control (5 clinics)
(n=50)
= Receive routine medical care
= Usual health education

v | Follow-Up v

J
Allocation to Intervention (5 clinics)
(n=50)
= Receive routine medical care
= Usual health education
= Attend a structured nutrition
education course

Data collection at 3 and 6 months

= Caregivers’ general and
diabetes-specific nutrition
knowledge

= Children’s mean intake of
energy, protein, and fat

= Children’s dietary diversity
score

= HbA1lc

Figure | CONSORT diagram showing flow of study.

Data collection at 3 and 6 months

= Caregivers’ general and
diabetes-specific nutrition
knowledge

= Children’s mean intake of
energy, protein, and fat

= Children’s dietary diversity
score

= HbA1c

Notes: Adapted from Schulz KF, Altman DG, Moher D, CONSORT Group. CONSORT 2010 statement: updated guidelines for reporting parallel group randomized trials.
Annals of Internal Medicine. 2010;152(11):726-732. Copyright © 2010, The American College of Physicians.?”

49.07 participants per study group to cater for loss to
follow-up. This was rounded off to 50 respondents in
each study group, therefore a total of 100 study partici-
pants will be recruited.

Recruitment of Participants

Caregivers of/fand children with TIDM at the diabetes
clinics will be informed about the objectives of the study
and the inclusion criteria. Those caregiver-child pairs that
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accept to participate in the study and meet the inclusion
criteria will be asked to give their consent and assent
respectively. The diabetes clinics are currently not aware
of whether they are in the intervention or control group.

Inclusion Criteria

Caregivers of/and children diagnosed with TIDM aged
between 3—14 years. The patients should have attended
the diabetic clinic for a minimum of six months. In addi-
tion, the caregivers should have consented, and the chil-
dren assented to taking part in the study.

Exclusion Criteria

Children diagnosed with and receiving treatment for acute
infections such as urinary tract infections, skin infections,
respiratory infections, and chronic complications such as
diabetic retinopathy, nephropathy, and diabetic neuropathy
as illness is associated with hyperglycemia which will
impact the primary outcome of the study (HbAlc).
Children who attend boarding schools will be excluded
as the feeding practices are predetermined by the school
management and this would introduce bias to the study.
Furthermore, caregivers or children that have attended
prior nutrition education courses will be excluded.

Table | Structured Nutrition Education Course Content

Intervention

Design

The structured nutrition education course will consist of
a total of 8 sessions lasting 45 minutes each conducted in
the intervention centers at different times. The topics to be
covered and a brief description of each of the sessions are
detailed in Table 1. The sessions will be interactive and
include problem-solving exercises. Each session will be
conducted once a week and a question-and-answer session
held every after 2 sessions. The question-and-answer ses-
sions are intended to help participants reflect and consoli-

date their understanding.

Delivery

A two-member team of experienced health educators (a
diabetes specialist nurse and a specialist diabetes dietician)
will conduct the sessions using food demonstrations and
audio-visual aids. In addition, the participants will receive
nutrition education materials (posters and brochures). To
promote adherence and completion of the course,
Individual follow-up sessions will be conducted for those
individuals that may need further or any clarification on any
component of the session. Also, the study participants will
be sent a reminder every week via the mobile phone of the

Session Topic Brief Description

Session | Overview of food and This lesson will introduce caregivers to the basics of nutrition such as the different categories of food

nutrients classes, nutrients obtained from food and their food sources.

Session 2 Impact of nutrients on This lesson will help caregivers develop an understanding how nutrients from food affect blood sugar

blood sugar and help them make informed choices regarding food choices for their children.

Session 3 Blood sugar monitoring | This lesson will help caregivers appreciate the importance of self-monitoring of blood sugar as a vital
aspect of the effective management of type | diabetes, and guide them to evaluate their child’s
response to treatment and assess whether they are achieving their blood sugar targets and and also
help them be able to detect low or high blood sugar early.

Session 4 Carbohydrate counting | This lesson will introduce caregivers to carbohydrate counting as a meal planning approach that aims
to help control blood sugar levels.

Session 5 Eating out and healthy This lesson will guide caregivers on how to make healthy food and snack choices when eating out in

snack choices a fun and convenient way.

Session 6 Interpreting food labels | This lesson will guide caregivers on how to use the nutrition information on a food label to make
informed food choices for their children.

Session 7 Healthy eating and meal | This lesson will help caregivers learn how to develop a healthy and balanced meal plan for their

planning children.

Session 8 Exercise This lesson will help caregivers appreciate the importance of regular exercise or physical activity in
type | diabetes management.
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next session and encouraged to complete all sessions.>®
Written and verbal feedback will be sought from the parti-
cipants after each session. Furthermore, venues will be
selected for adequate space and ease of access.

Treatment Fidelity

Treatment fidelity will be ensured by using expert content
validated facilitator and participant guides and the same
set of health educators to deliver the intervention.

Primary Outcome Measure

The primary outcome for the study is the percentage
change in mean HbAlc levels of the children. We
hypothesize that children and adolescents with T1DM
whose caregivers are randomized to the intervention
group and attend the structured nutrition education course
will demonstrate significantly lower HbAlc values than
those receiving routine health education.

HbAlc testing will be done at the different study sites
using a portable point-of-care system for hemoglobin Alc
testing, using the HemoCue® HbAlc 501 system
analyzer’’ (Angelholm, Sweden). It will be calibrated as
per manufacturer instructions at the time of the study. The
reference levels will be < 7.5% (good control) and > 7.5%
(poor control). A blood sample will be obtained by prick-
ing each child using a sterile single-use lancet. A drop of
blood will then be placed at the tip of the HemoCue®
HbAlc 501 patient test cartridge and the HbAlc results
determined at three-time points (baseline, 3 and 6 months).
A 1.0% difference in HbAlc will be deemed to be of
clinical significance. However, Iron deficiency anemia
(IDA) can lead to falsely high HbAlc values, the reason
as to why this happens remains unclear.*® However, blood
samples with extremely high HbAlc values (> 15%) will
be repeated using a different analytical method.*
Furthermore, a clinical assessment for IDA will be con-
ducted and if confirmed, those HbAlc results will not be
considered in the final data analysis.

Secondary Outcomes Measures

Secondary outcomes will be caregivers’ level of knowl-
edge of general and diabetes-specific nutrition knowledge,
children’s mean intake of energy, protein, and fat, and
children’s dietary diversity score, these outcomes will be
assessed at three-time points (baseline, 3 and 6 months).
We hypothesize that children with TIDM whose care-
givers are randomized to the intervention group and attend
the structured nutrition education course will have higher

dietary diversity scores and their caregivers will demon-
strate significantly improved general knowledge on nutri-
tion in diabetes, carbohydrate counting, and food label
interpretation than those receiving the routine health
education.

A validated, brief questionnaire will be Ugandan con-
textualized and used to collect information on general
knowledge on nutrition in diabetes, carbohydrate counting,
and food label interpretation.*® The repeated 24-hour diet-
ary recall will be used to collect quantitative information
on the intake of energy, protein, and fat. Caregivers will be
asked to recall all the foods and fluids consumed by their
children 24 hours preceding the interview in terms of
quantities of household measures. Food photographs and
volumetric vessels will be used to help the participants
correctly identify and quantify the foods and drinks con-
sumed. To reduce the random error that may arise out of
the day-to-day food intake variation, two 24-hour dietary
recalls will be conducted on a random sub-sample of 40%
of the sampled caregiver-child pairs on non-consecutive
days. Respondent bias will be minimized by conducting
interviews on randomly selected non-consecutive days
both weekdays and weekend days.*'*?

The dietary diversity questionnaire (DDQ) will be used
to collect information on the variety of foods consumed by
the study participants.*’ The DDQ will comprise a list of
different food groups from which the consumed foods
from each food group will be selected based on the infor-
mation provided by the respondent. Ingredients in mixed
dishes in any quantity will be matched to a food group for
a score of 1, each food group will only be counted once,
and the total number of food groups tallied to give the

. . . 434
dietary diversity score.**

Other Measurements

A structured questionnaire will be used to collect informa-
tion on socio-demographic information (sex, age, marital
status, occupation, education, religion, income, family
size), and the children’s medical history (insulin type,
number of injections, and years since diagnosis).

Statistical Analysis

All statistical analyses will be by intention-to-treat with
a p-value of <0.05 being considered as statistically signif-
icant. The data will be analyzed using IBM SPSS Statistics
for Macintosh, Version 26.*° Kolmogorov—Smirnov statis-
tic will be used to check the normality of the variables
before analysis. Descriptive summary statistics will be
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used to describe the characteristics of the study population.
Inferential statistics such as the chi-square test will be used
to examine the differences between categorical variables
and t-test for continuous variables. The difference-in-
differences (DiD) statistical technique will be used to
identify changes in outcomes associated with the
intervention.*” The intervention effect will be estimated
after controlling for baseline differences between the two
groups by comparing the difference in primary and sec-
ondary outcomes between the study groups at the start of

the intervention and end of the intervention.

Consent and Participation

The study will compile with the Helsinki Declaration. To
ensure that study participants are as fully informed as
about the their
a participant information leaflet detailing the purpose of

possible nature of involvement,
the study, what and how the information will be obtained
(procedures), withdrawal privilege, voluntary participa-
tion, and confidentiality will be developed for the children,
adolescents and their caregivers. Signed informed consent
will be requested from the caregivers. Children and ado-
lescents will also be asked for assent in taking part in the
study after explaining to them what the study entails using
language that is appropriate for their age and mental capa-
city. Data of participants who withdraw will not be
included in the final analysis. However, their information
will be analyzed separately to determine the characteris-
tics, reasons for drop out, and lessons learned.

Adverse Events

Caregivers shall be trained on the risks and how to recog-
nize the early warning signs of hypoglycemia and hyper-
glycemia. And any cases of hyper or hypoglycemia will
immediately be referred to the doctor/diabetes specialist
nurse for standard operating procedures for the manage-
ment of hypoglycemia or hyperglycemia. In, addition,
a diabetes emergency kit/hypo box will be available at all
diabetes clinics in the intervention group. The intervention
will not alter the participant’s medication routine but rather
will support compliance to recommendations. The contacts
of the principal investigator, medical doctor, and diabetes
specialist nurse will be provided to all participants, and they
will be informed to contact them in case of an adverse event.

Data Monitoring and Withdrawal
The formulation of the data monitoring team was not deemed
necessary as the intervention will not alter the participant’s

medication routine but rather will monitor compliance to
recommendations that already form part of the diabetes educa-
tion package. In addition, periodic reports will be submitted by
the researcher to the REC regarding the progress of the trial
and any adverse events. The attending clinician of the study
participants will have the obligation to withdraw the partici-
pant from the study should he or she anticipate that the inter-
vention may put the participant at risk.

Data Storage

All computers with data related to the study will have the
latest antivirus, anti-malware software installed, they will
be password protected and kept in a secure place at all
times and best practice recommendation of secure reten-
tion of data for 5 years will be adhered to. The principal
investigator and biostatistician will have access to all trial
data.

Dissemination

Results will be disseminated via peer-reviewed publica-
tions and to the health management teams at the selected
health facilities. Copies will be deposited at the libraries of
the participating health facilities and representative bodies
for people with diabetes mellitus.

Ethics Approval

Ethics approval has been granted by the St. Francis
Hospital Nsambya Review and Ethics Committee
(SFHN/REC/83) and a research permit was obtained
from the Uganda National Council of Science and
Technology (HS186ES). Any protocol amendments will
be reported to the REC and trial participants. The trial is
registered with The Pan African Clinical Trials Registry
(PACTR201902548129842). The trial will be conducted in
accordance with the Declaration of Helsinki.

Discussion

The nutritional goal for individuals with type 1 diabetes is to
attain and sustain near-normal blood glucose levels by ensur-
ing proper management of insulin therapy, physical activity,
and dietary practices like ensuring a balance between carbo-
hydrate intake and insulin administration. However, in chil-
dren, it is vital that the diet also provides for their nutritional
needs to ensure normal growth and development.
A caregiver’s level of knowledge of general and diabetes-
specific nutrition knowledge; in particular its nutritional
management and their active involvement in their child’s

diabetes management are crucial tools to achieving the
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above-mentioned goal.*> A study by Noorani, Ramaiya, and
Manji'® conducted in Tanzania reported a significant associa-
tion between diabetes knowledge of caregivers with HbAlc
levels. Chege and Kuria®® also established a significant asso-
ciation between dietary practices and level of nutritional
knowledge among caregivers and recommended the imple-
mentation of interventions to educate caregivers on good
nutritional practices. Another study conducted in Ghana
also showed the tremendous effect of caregiver feeding
behaviors on child nutritional outcomes.*” Tt should be
noted that, most of the studies done look at the relationship
between caregiver’s nutrition knowledge and its effect on
a child’s nutritional status. Studies about nutrition manage-
ment of TIDM among children with type 1 diabetes are
limited especially in Uganda.

This study may be faced with some impediments. First
of all, caregivers may over or underestimate dietary intake
due to recall bias. This will be minimized by using house-
hold measures during the quantification of food consumed
and conducting the 24-hour dietary recall on two different
days of the week to cater for variability in foods and
drinks consumed. Secondly, study participants may find
it difficult to consistently attend the intervention sessions
for a period of 3 months, however, to ensure completion of
the course, study participants will be sent a reminder every
week via the mobile phone of the next session and encour-
aged to complete all sessions, in addition, their transport
will be reimbursed. Thirdly, socioeconomic differences
may exist between study participants. This may cause
a variation in the application of the nutrition knowledge
obtained during the intervention although this will be
adjusted for during multivariate analysis.

Major strengths of the study will be the randomized
design, the structured nutrition education course will also
include Ugandan contextualized illustrations and instruc-
tional methods that make learning very simple and inter-
esting. In addition, some of the topics such as
carbohydrate counting will refer to already exiting
Ugandan contextualized materials such as the carbohy-
drate counting guide for Uganda which have not been
included in the current diabetes education curriculum
used in the health facilities. Additionally, the findings
will promote the utilization of a contextualized structured
nutrition education guide tailored to the needs of care-
givers of pediatric type 1 diabetes mellitus patients and
enable them to use foods within their reach in a way that
helps their child maintain good glycaemic control and
ensure adequate dietary intake.
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