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Purpose: This study aimed to assess the association between caregiver’s level of type 1 
diabetes (T1D) nutrition knowledge with children’s dietary diversity score (DDS), mean 
intake of macronutrients, nutrient adequacy ratios (NARs) and mean adequacy ratio (MAR).
Research Design and Methods: A cross-sectional analytical study design was used. The 
study was conducted at 6 diabetes clinics in Uganda among 59 caregivers and 61 children. 
T1D nutrition knowledge survey (NKS) was used to assess the caregiver’s nutrition knowl-
edge, and the 24-hour dietary recall and dietary diversity score (DDS) questionnaires were 
used to collect data on the child’s dietary intake.
Results: Majority (93.2%) of the caregivers had low T1D nutrition knowledge. 
Carbohydrate counting was the least performed nutrition knowledge domain. The children’s 
mean DDS, calorie intake and MAR were 5.7 ± 1.6, 666.7 ± 639.8 kcal and 0.7 ± 0.3, 
respectively. The mean NARs of carbohydrate, protein, and fat were 0.9 ± 0.3, 0.9 ± 0.4, 0.5 
± 0.5, respectively. There was a significant association between DDS with NARs of carbo-
hydrate, protein, fat, vitamins A, B2, B3, B5, B12, folic acid, zinc and MAR. No formal 
education was significantly associated with a lower mean NKS score among caregivers (p = 
0.039). Caregivers’ T1D nutrition knowledge, age and family size explained 14% of varia-
tion in the child’s dietary diversity (p = 0.041).
Conclusion: Despite poor nutrition knowledge among caregivers especially on carbohydrate 
counting, dietary diversity among children with T1D remained favorable. Excess carbohydrate 
intake was observed with inadequate intake of proteins, fats and micronutrients (vitamin A, 
B vitamins and calcium). Caregivers with low education were more likely to register poor 
nutrition knowledge; therefore, there is need to develop and tailor nutrition education pro-
grammes to enhance comprehensive learning among caregivers for improved outcomes.
Keywords: nutrition education, type 1 diabetes, nutrient intake, diabetes, adolescents

Introduction
Type 1 diabetes (T1D) is on the increase and it is estimated globally that over 
600,000 children aged 0–14 years have T1D with over 90,000 new cases per year.1 

Incidence or prevalence data on T1D in Uganda is lacking. However, data from 
some T1D clinics indicate enrolment of over 1000 T1D patients that have an 
increasing trend.2 Management of T1D involves a multifaceted assortment of 
daily tasks and requires collaboration with the caregiver.3,4 Children with T1D 
often depend on the assistance of caregivers to help them implement their diabetes 
care tasks.5,6 A caregiver’s knowledge on T1D in particular, nutritional 
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management is crucial in helping children maintain good 
metabolic control and ensure proper healthy development.7 

However, in many economically disadvantaged countries 
such as Uganda access to structured nutrition education 
can be limited, contributing to poorly controlled diabetes 
in children with T1D.8

The influence of parental/caregiver knowledge on chil-
dren’s adherence to diabetes care behaviors and recom-
mendations has been documented by several studies.5 

A facility-based study conducted in Uganda found that 
caregivers with low knowledge about diabetes did not 
adhere to diabetes care and management recommenda-
tions; however, this study did not consider dietary 
practices.9 Another study conducted in Tanzanian care-
givers reported a significant association between diabetes 
knowledge and glycated hemoglobin (HbA1c) levels.10 In 
Kenya, another study established that the nutritional 
knowledge level among caregivers was significantly asso-
ciated with the dietary practices of their children.11 

A Ghanaian study also reported a positive effect of care-
giver feeding behaviors on their children’s nutritional 
outcomes.12 A study conducted among pediatric patients 
with T1D showed an association between caregiver nutri-
tion knowledge and improved glycaemic control.13 

However, no study has been conducted to investigate the 
relationship between the dietary intake of children with 
T1D and type 1 diabetes nutrition knowledge of the care-
givers. Our study, therefore, focused on the caregiver’s 
level of T1D nutrition knowledge and its association 
with children’s dietary diversity score (DDS), intake of 
energy, protein, and fat, nutrient adequacy ratio (NAR) 
and mean adequacy ratio (MAR) in selected diabetes 
clinics in Uganda. We hypothesized that the caregiver’s 
level of T1D nutrition knowledge would be associated 
with children’s DDS and children’s mean intake of macro-
nutrients, NARs and MAR.

Research Design and Methods
Study Setting and Design
A cross-sectional analytical study was conducted from July 
to December 2019 at six diabetes clinics in Uganda. This 
study was embedded in a cluster-randomized trial that aims 
to determine the effectiveness of a nutrition education pack-
age on glycaemic control among children with T1D aged 
3–14 years in Uganda.14 Caregiver-child dyads were con-
secutively recruited during routine clinic visits with the 
assistance of the diabetes nurse specialists based at the 

clinics. A caregiver was defined as the individual who 
provided unpaid daily care including feeding most of the 
time. All caregiver-child dyads aged 3–14 years that had 
been enrolled in the diabetes clinics for more than 6 months 
and consented and assented were recruited in the study. 
A total of 59 caregivers and 61 children were recruited.

Data Collection and Measurements
A structured questionnaire was used to collect information 
on socio-demographic information (age, sex, relation to 
child, marital status, occupation, level of education, family 
size) and type 1 diabetes related characteristics such as 
insulin use, disease duration and family history of T1D. 
The type 1 diabetes nutrition knowledge survey (NKS) 
questionnaire was adopted, Ugandan contextualized and 
used to assess the caregiver’s level of specific and general 
diabetes nutrition knowledge based on four domains, namely 
carbohydrate counting, healthful eating, nutrition label read-
ing and blood glucose response to food.15 The results of the 
NKS were scored based on the percentage of correct 
answers ranging from 0% to 100% with a higher percentage 
indicating better nutrition knowledge. The 24-hour dietary 
recall was used to collect quantitative information for nutri-
ent adequacy assessment in reference to energy, protein, fat, 
Vitamins (A, B1, B2, B3, B5, B6, B12), biotin, folic acid, 
calcium, iron and zinc. Volumetric vessels and household 
measures such as cups, spoons and plates were used to help 
the study participants correctly estimate the amount of food 
and drink consumed.16,17

The 9-food group dietary diversity questionnaire was 
used to collect information on the variety of foods con-
sumed by the study participants basing on the 24-hour 
dietary recall.18 The 9 food groups considered included 
starchy staples (cereals, roots, tubers), vitamin A rich 
fruits and vegetables, other fruits, other vegetables, 
legumes, nuts and seeds, oils and fats, meat, poultry and 
fish, milk and milk products, eggs.19 Study participants 
whose dietary intake included mixed dishes, individual 
ingredients were matched to a food group for a score of 
1, each food group was only counted once, and the total 
number of food groups tallied to give the dietary diversity 
score. To determine the minimum DDS, a cut-off of at 
least 4 out of the 9 food groups was considered.18,20,21

Ethical Considerations
The study was conducted in accordance with the 
Declaration of Helsinki. Study participants were informed 
of the purpose of the study, voluntary participation, 
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withdrawal privilege and confidentiality. Written informed 
consent and assent were obtained from the caregivers and 
the children, respectively. Ethics approval was obtained 
from St. Francis Hospital Nsambya Review and Ethics 
Committee (reference number: SFHN/REC/83) and 
a research permit obtained from the Uganda National 
Council of Science and Technology (reference number: 
HS186ES).

Data Analysis
Demographic and type 1 diabetes related characteristics of 
the participants were summarized with frequencies and 
percentages for categorical variables and means and stan-
dard deviations for continuous variables using IBM SPSS 
Statistics for Macintosh, Version 26.22 Continuous vari-
ables were tested for normality using the Kolmogorov– 
Smirnov statistic. An independent sample t-test was 
applied to analyze normally distributed data such as sex 
of caregiver and NKS scores. Mann–Whitney U-test was 
applied to analyze data that violated normality such as 
DDS. ANOVA was used to test whether there were sig-
nificant differences in the mean NKS scores based on 
caregivers’ level of education and age distribution. 
Spearman’s rank correlation coefficient was used to test 
for correlation between caregiver’s level of type 1 diabetes 
nutrition knowledge and DDS, NAR, and MAR.

To establish the socio-demographic correlates of care-
givers’ level of type 1 diabetes nutrition knowledge (mea-
sured as NKS scores) and child’s dietary diversity 
(measured as DDS) simple linear regression was used 
and the resultant β coefficients and 95% confidence inter-
vals were obtained and reported. This was followed by 
modelling of various variables in a multiple regression 
model to determine which variables accounted for var-
iance in DDS. Variables included in the multivariable 
model were first tested for co-linearity using the variance 
inflation factor (VIF). A p-value of less than 0.05 was 
considered statistically significant. A one-way Analysis 
of covariance (ANCOVA) was also conducted to explore 
the impact of the level of education (no formal education, 
primary, secondary or university or higher) on caregivers 
level of type 1 diabetes nutrition knowledge whilst con-
trolling for age of the caregiver and child’s duration with 
T1D. Stratified analysis was conducted to explore the 
association between the level of caregivers T1D nutrition 
knowledge and DDS categorization based on caregivers’ 
level of education.

Nutrient Intake Calculation
All dietary intake collected from the 24-hour dietary recall 
was entered into and analyzed using the NutriSurvey 2007 
software and the food composition table for central and 
eastern Uganda developed by HarvestPlus.23 NAR was 
calculated as the amount of a nutrient consumed divided 
by the recommended dietary allowance (RDA) for that 
particular nutrient. MAR was calculated as the summation 
of each of the NARs divided by the total number of 
nutrients. The MAR was calculated as a measure of the 
adequacy of the overall diet.24,25 Macronutrient intake and 
nutrient requirements were based on the German Society 
for Nutrition (DGE) and the International Society for 
Pediatric and Adolescent Diabetes (ISPAD) guidelines.26

Results
Caregiver Socio-Demographic 
Characteristics
The caregivers had a mean age of 38.4 ± 10.2 years, 
caregivers aged 40 years and above accounted for 45.8%. 
The majority (69.5%) were female. The primary caregiver 
was a parent (84.7%), most of the caregivers were married 
or co-habiting (79.7%). The highest proportion (33.9%) 
had completed secondary education and more than half 
(54.2%) were informally employed (Table 1).

Socio-Demographic Correlates of NKS 
Scores and DDS
Socio-demographic correlates of caregivers’ level of type 
1 diabetes nutrition knowledge (measured as NKS scores) 
and child’s dietary diversity (measured as DDS) were 
examined. Results showed that having no formal education 
was significantly associated with a lower mean NKS score 
(p = 0.039) compared to those with primary, secondary, 
university or higher education. Family size was also sig-
nificantly positively associated with the child DDS, with 
children from larger families more likely to have a higher 
DDS (p = 0.027). The rest of the variables were not found 
to be significantly associated (Table 2).

Caregiver Nutrition Knowledge Scores
Most of the caregivers (93.2%) scored fifty or less percen-
tage points with a mean NKS score of 30.2 ± 15.4 (Table 3). 
The NKS domain with the best mean percentage score of 
correct responses was blood glucose response to food with 
a score of 66.9 ± 36.6. The second-best response was on 
healthful eating and third, nutrition label reading (40.0 ± 
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19.3 and 27.1 ± 27.9, respectively). Carbohydrate counting 
was the fourth and lowest performed domain (5.7 ± 12.3).

One-way between-groups analysis of variance was 
conducted to explore the impact of level of education (no 
formal education, primary, secondary or university or 
higher) on NKS scores. There was a significant difference 
between the groups: (F (3, 55) = 4.839, p = 0.005). 
A Tukey post hoc test showed that there was a significant 
difference in mean NKS score between those caregivers 
with no formal education and those that had a primary 
education (p = 0.014), secondary education (p = 0.011) 
and university level or higher education (p = 0.002). No 
significant differences in NKS scores were observed based 

on sex of caregiver (t-test; p = 0.929) and caregivers age 
distribution (F (4, 54) = 0.533, p = 0.712).

A one-way ANCOVA was also conducted to explore the 
impact of the level of education (no formal education, 
primary, secondary or university or higher) on NKS scores 
whilst controlling for age of the caregiver and duration of 
T1D. Normality, linearity, homogeneity of variances, 
homogeneity of regression slopes and reliable measurement 
of the covariate’s checks were conducted and none of the 
assumptions we are violated. There was a statistically sig-
nificant difference in NKS scores F (3, 52) = 4, p = 0.012, 
partial eta squared = 0.19. Fisher’s exact test did not show 
any statistically significant association between level of 
caregivers type 1 diabetes nutrition knowledge and DDS 
categorization based on caregivers level of education 
(Fisher’s exact test, p = 0.564).

Children’s T1D Related Characteristics
The mean age of the children was 9.8 ± 3.2 years with 
almost equal gender representation. Most (67.8%) of the 
children had no family history of T1D while those who 
had a family history had mainly grandparents (52.6%) and 
siblings or cousins (42.1%) diagnosed with T1D. The 
highest proportion (57.4%) had T1D for 2–5 years with 
the majority (67.2%) of the children reporting being on 
a multiple daily insulin injection regimen (≥3 times a day) 
(Table 4).

Children’s Dietary Intake
The children’s mean DDS and calorie intake were 5.7 ± 
1.6 and 1666.7 ± 639.9 kcal, respectively. The majority 
(75.4%) had a high DDS (≥5). There was no significant 
difference in DDS for males (5.8 ± 1.5) and females (5.6 ± 
1.6) (Mann–Whitney U-test; p = 0.719). The mean 
daily percent calories from carbohydrates were 68.6 ± 
15.4. The mean NARs of carbohydrate, protein, and fat 
were 0.9 ± 0.3, 0.9 ± 0.4, 0.5 ± 0.5, respectively. 
Micronutrient adequacy as summarized in Table 5, only 
vitamin B6 had excess intake with a NAR above 1. 
Inadequacies were observed with Vitamins A, B1, B2, 
B3 B5, B12, biotin and folic acid that all had mean 
NARs below 1. Adequate intake of minerals was observed 
where, iron and zinc both had a NAR of 1 except calcium 
that was below 1. The MAR was 0.7 ± 0.3 (Table 5). There 
was a significant positive correlation between DDS with 
NARs of carbohydrate, protein, fat, vitamins A, B2, B3, 
B5, B12, folic acid, zinc and MAR (Table 6). The chil-
dren’s DDS, intake of macronutrients, MAR and most 

Table 1 Socio-Demographic Characteristics of Caregivers

Characteristics n (%) or Mean ± SD 
(N=59)

Mean Age of Caregiver (Years) 38.4 ± 10.2

Caregiver age distribution (years)
≤ 25 6 (10.2)

26–29 3 (5.1)

30–35 12 (20.3)
36–39 11 (18.6)

≥ 40 27 (45.8)

Sex of caregiver
Male 18 (30.5)
Female 41 (69.5)

Relation to the child
Parent 50 (84.7)

Aunt/Uncle 1 (1.7)

Sibling/Cousin 6 (10.2)
Grandparent 2 (3.4)

Marital status
Single 8 (13.6)

Co-habiting/Married 47 (79.7)

Divorced/Widowed/Separated 4 (6.8)

Occupation of caregiver
Public sector 7 (11.9)
Private sector 19 (32.2)

Informal sector 32 (54.2)

Unemployed 1 (1.7)

Level of education
Primary 17 (28.8)
Secondary 20 (33.9)

University or higher 17 (28.8)

No formal education 5 (8.5)

Family size 5.9 ± 1.4

Abbreviation: SD, standard deviation.
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NARs were not significantly correlated with caregiver’s 
NKS scores apart from the NARs of folic acid and biotin. 
Vitamin B12 NAR was positively correlated with care-
giver’s NKS scores (Table 7).

Simple linear regression showed that a unit increase in 
caregivers’ level of type 1 diabetes nutrition knowledge 
would lead on average to 0.012 increase in children’s DDS 
[β = 0.012; 95% CI: 0.018, 0.056]. Caregivers level of type 1 
diabetes nutrition knowledge accounted for 1.3% of the 
variation in the child’s dietary diversity, however, this was 
not statistically significantly, F (1, 57) = 0.755, p = 0.389 
(Table 8).

Table 2 Socio-Demographic Correlates of Caregivers’ Level of Type 1 Diabetes Nutrition Knowledge and Child’s Dietary Diversity

Characteristics Correlates of NKS Scores Correlates of DDS

β (95% CI) p-value β (95% CI) p-value

Caregiver age distribution (years)
≤ 25 −6.774 (−47.821, 34.273) 0.738 −0.298 (−4.582, 3.985) 0.888
26–29 17.263 (−13.179, 47.704) 0.256 −0.645 (−3.822, 2.532) 0.681

30–35 4.949 (−10.010, 19.907) 0.504 −0.378 (−1939, 1.183) 0.624

36–39 −0.579 (−16.879, 15.721) 0.943 0.139 (−1.495, 1.773) 0.864
≥ 40 −0.344 (−12.622, 11.933) 0.955 −0.052 (−1.283, 1.179) 0.932

Age of caregiver (years) −0.284 (−0.669, 0.101) 0.145 0.033 (−0.007, 0.073) 0.108

Sex of caregiver
Male 1.318 (−11.251, 13.887) 0.832 −0.259 (−1.571, 1.052) 0.689
Female −3.475 (−14.329, 7.379) 0.520 0.084 (−1.004, 1.172) 0.876

Marital status
Single −5.553 (−51.021, 39.915) 0.805 1.370 (−3.375, 6.115) 0.560

Co-habiting/Married 4.560 (−16.242, 25.361) 0.658 −0.354 (−2.525, 1.817) 0.741

Divorced/Widowed/Separated −0.740 (−18.331, 16.859) 0.932 0.167 (−1.597, 1.930) 0.849

Relation to the child
Parent −0.955 (−31.056, 29.147) 0.949 −1.291 (−4.433, 1.850) 0.408
Aunt/Uncle −2.242 (−69.146, 64.662) 0.946 −3.289 (−10.271, 3.693) 0.344

Sibling/Cousin 19.386 (−19.593, 58.365) 0.320 −1.977 (−5.885, 1.930) 0.311
Grandparent −23.615 (−57.994, 10.765) 0.172 3.120 (−0.326, 6.566) 0.075

Occupation of caregiver
Public sector 6.267 (−15.237, 27.771) 0.556 0.531 (−1.713, 2.775) 0.633

Private sector 6.713 (−7.013, 20.440) 0.326 0.156 (−1.276, 1.588) 0.826

Informal sector −0.260 (11.474, 10.954) 0.963 −0.010 (−1.143, 1.114) 0.986

Level of education
Primary 1.928 (−17.850, 21.705) 0.844 1.380 (−0.684, 3.444) 0.182
Secondary −2.339 (−21.701, 17,024) 0.807 1.642 (−0.378, 3.663) 0.107

University or higher 0.779 (−17.871, 19.430) 0.933 −0.049 (−1918, 1.821) 0.958

No formal education −22.488 (−43.773, −1.203) 0.039* −2.055 (−4.189, 0.078) 0.059

Family size 1.665 (−1.000, 4.331) 0.216 0.314 (0.037, 0.591) 0.027*

Note: *Significant correlation at 0.05 (2-tailed). 
Abbreviations: β, beta coefficient; CI, confidence interval; NKS scores, type 1 diabetes nutrition knowledge survey; DDS, dietary diversity score.

Table 3 NKS Categories

NKS Score Categories n (%) or Mean ± SD 
(N=59)

Low type 1 diabetes nutrition knowledge 

(≤ 50%)

55 (93.2)

Medium type 1 diabetes nutrition 

knowledge (51–75%)

4 (6.8)

High type 1 diabetes nutrition knowledge 

(≥ 76%)

0 (0)

Mean NKS score 30.2 ± 15.4

Abbreviations: NKS, type 1 diabetes nutrition knowledge survey; SD, standard 
deviation.
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Multiple linear regression analysis was conducted to deter-
mine whether the child’s DDS differed according to care-
givers’ type 1 diabetes nutrition knowledge, age and family 
size. There was a significant relationship between family size 
and child’s DDS (p = 0.027). However, the relationships 
between caregivers’ type 1 diabetes nutrition knowledge and 
child’s DDS (p = 0.108) and caregivers age and child’s DDS 
(p = 0.425) were not significant. Caregivers’ type 1 diabetes 
nutrition knowledge, age and family size explained 14% of 
variation in the child’s dietary diversity. F (3, 54) = 2.950, 
p = 0.041, R2 = 0.141 (Table 8).

Multiple linear regression also showed that DDS reduced 
with increased duration of T1D where children who had T1D 
for a period of 1 year or less were less likely to have a lower 
dietary diversity score compared to children who had T1D for 
a period of 6 or more years’ duration. [β = −0.091; 95% CI: 
−1.714, 7.205]. Furthermore, children who had T1D for 
a period of 2–5 years were less likely to have a lower dietary 

diversity score compared to children who had T1D for a period 
of 6 or more years’ duration. [β = −0.328; 95% CI: −2.019, 
−0.096; p = 0.032]. However, joint probability showed the 
duration of T1D was not a significant predictor of DDS (p = 
0.083) (Table 8).

Discussion
Children with T1D are dependent on caregivers to super-
vise and help them implement their diabetes care plan.5 

In this study, most of the caregivers were aged 40 years 
and above. This finding is similar to a study conducted 
among caregivers of children with diabetes in Poland by 
Kobos and Imiela27 who reported a mean age of mothers 

Table 4 Children’s T1D Related Characteristics

Characteristics n (%) or Mean ± SD 
(N=61)

Mean age of child (years) 9.8 ± 3.2

Mean age of child (male) 9.2 ± 3.7

Mean age of child (female) 10.3 ± 2.5

Sex of child
Male 30 (49.2)
Female 31 (50.8)

aDuration of T1D (years)
≤1 9 (14.8)

2–5 35 (57.4)
≥6 15 (24.6)

No response 2 (3.2)

Insulin regimen
≤ 2 times a day 15 (24.6)

≥ 3 times a day 41 (67.2)
No response 5 (8.2)

bFamily history of T1D
Yes 19 (32.2)

No 40 (67.8)

Family history of T1D relation to 
child

Aunt/Uncle 1 (5.3)
Sibling/Cousin 8 (42.1)

Grandparent 10 (52.6)

Notes: aDuration of T1D refers to the length of time since the child was first 
diagnosed; bFamily history of T1D means whether any other family member had 
been diagnosed with T1D. 
Abbreviation: T1D, type 1 diabetes.

Table 5 Children’s Dietary Intake

Characteristics n (%) or Mean ± SD 
(N=61)

DDS
Mean DDS 5.7 ± 1.6

Low DDS (≤ 4) 15 (24.6)
High DDS (≥ 5) 46 (75.4)

Dietary intake
Energy (kcal) 1666.7 ± 639.8

Carbohydrate (g) 283.6 ± 109.7
Protein (g) 54.1 ± 28.9

Fat (g) 39.6 ± 38.2

Nutrient energy contribution (%)
Carbohydrate (45–50) 68.6 ± 15.4

Protein (15–20) 12.8 ± 4.7
Fat (<35) 18.5 ± 12.8

Nutrient adequacy ratio
Carbohydrate 0.9 ± 0.3

Protein 0.9 ± 0.4

Fat 0.5 ± 0.5
Vitamin A 0.4 ± 0.6

Vitamin B1 0.7 ± 0.5

Vitamin B2 0.6 ± 0.4
Vitamin B3 0.5 ± 1.0

Vitamin B5 0.5 ± 0.3

Vitamin B6 1.3 ± 1.1
Vitamin B12 0.6 ± 0.4

Biotin 0.3 ± 0.4

Folic acid 0.6 ± 0.4
Calcium 0.4 ± 0.3

Iron 1.0 ± 0.5

Zinc 1.0 ± 0.6

Mean adequacy ratio 0.7 ± 0.3

Abbreviations: DDS, dietary diversity score; SD, standard deviation.
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and fathers as 39.6 ± 6.8 and 43.2 ± 7.6 years, respec-
tively. The majority of the caregivers were parents; this 
finding is similar to that reported by Nuncio-Naud et al28 

among Canadian children and adolescents with T1D. It 
would be important for parents to have adequate knowl-
edge and skills required in management of T1D for 
effective blood sugar control while supporting optimal 
growth, development, health and wellbeing. The propor-
tion of type 1 diabetic children with an affected first- 
degree relative at the time of diagnosis is about 10–12% 
and this increases with years of follow up. Kyokunzire 

and Matovu9 reported a familial history of T1D in over 
50% of the total study participants at two urban diabetes 
clinics in Kampala, Uganda. In contrast, the study found 
that most children in Uganda had no family history of 
T1D. This probably could be due to lack of accumulative 
knowledge of disease history in the families that partici-
pated in the study.29

Table 6 Correlation Between Dietary Diversity Score and 
Nutrient Adequacy Ratios, Mean Adequacy Ratio

Characteristics DDS

NARs Rho p-value

Carbohydrate 0.316 0.013*
Fat 0.311 0.015*

Protein 0.416 0.001**

Vitamin A 0.315 0.013*
Vitamin B1 0.130 0.317

Vitamin B2 0.457 0.000**

Vitamin B3 0.290 0.024*
Vitamin B5 0.293 0.022*

Vitamin B6 0.062 0.637

Vitamin B12 0.395 0.002*
Biotin 0.182 0.160

Folic acid 0.317 0.016*

Calcium 0.130 0.319
Iron 0.127 0.330

Zinc 0.348 0.006*

MAR 0.299 0.019*

Notes: *Significant correlation at 0.05 (2-tailed); **Significant correlation at 0.01 
(2-tailed). 
Abbreviations: DDS, dietary diversity score; SD, standard deviation; NARs, 
nutrient adequacy ratios; MAR, mean adequacy ratio; rho, correlation coefficient.

Table 7 Correlation Between Caregivers’ Nutrition Knowledge 
Scores and DDS, Macronutrient Intake, NARs and MAR

Characteristics NKS Scores

Rho p-value

DDS 0.131 0.323
Energy intake 0.239 0.068

Protein intake 0.193 0.143

Fat intake 0.129 0.332
Carbohydrate NAR 0.163 0.218

Protein NAR 0.193 0.143

Fat NAR 0.129 0.332
Vitamin A NAR 0.057 0.666

Vitamin B1 NAR 0.226 0.085

Vitamin B2 NAR 0.148 0.263
Vitamin B3 NAR 0.114 0.391

Vitamin B5 NAR 0.210 0.111

Vitamin B6 NAR 0.255 0.051
Vitamin B12 NAR −0.090 0.498

Biotin NAR 0.385 0.003**

Folic acid NAR 0.307 0.018*
Calcium NAR 0.053 0.691

Iron NAR 0.244 0.063

Zinc NAR 0.170 0.198
MAR 0.187 0.156

Notes: *Significant correlation at 0.05 (2-tailed); **Significant correlation at 0.01 
(2-tailed). 
Abbreviations: NKS, type 1 diabetes nutrition knowledge survey; DDS, dietary 
diversity score; rho, correlation coefficient; NAR, nutrient adequacy ratio; MAR, 
mean adequacy ratio.

Table 8 Associations of Dietary Diversity Score and Socio-Demographic, Type 1 Diabetes Nutrition Knowledge and Type 1 Related 
Characteristics in Simple and Multiple Regression Models

Characteristics Simple Regression Multiple Regression

β (95% CI) p-value β (95% CI) p-value

Age of caregiver (years) 0.033 (−0.007, 0.073)b 0.108

Family size 0.314 (0.037, 0.591)b 0.027*

NKS scores 0.012 (−0.15, 0.039)a 0.389 0.011 (−0.017, 0.039)b 0.425

Duration of T1D (years)

≤ 1 −0.091 (−1.714, 0.914)c 0.544
2–5 −0.328 (−2.019, −0.096)c 0.032*

Notes: *Significant correlation at 0.05 (2-tailed); aSimple regression (DDS against NKS scores); bMultiple regression (DDS against NKS, family size and age of caregiver); 
cMultiple regression (DDS against duration of T1D). 
Abbreviations: β, beta coefficient; CI, confidence interval; NKS scores, type 1 diabetes nutrition knowledge; DDS, dietary diversity score.
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Nutritional management of children with T1D requires 
collaboration with the caregiver whose nutrition knowl-
edge has been associated with improved nutritional out-
comes in the child.5 This study found that caregivers had 
low nutrition knowledge that had a positive association 
with education level, this finding does not concur with the 
study by Nuncio-Naud et al28 that reported high nutrition 
knowledge among parents of children with T1D. Our 
finding indicates a deficit of T1D nutrition knowledge 
among caregivers of children with T1D in Uganda espe-
cially among those with low education level. The knowl-
edge domain of carbohydrate counting had the lowest 
mean percentage score despite its significance in manage-
ment of blood sugar. This finding is in contrast to a study 
conducted by Smart et al30 that reported caregivers being 
able to estimate the carbohydrate content of meals with 
reasonable accuracy. The finding highlights the main nutri-
tion knowledge gap that needs to be addressed among 
caregivers as they probably lack adequate knowledge on 
carbohydrate counting and therefore less likely to correctly 
estimate the carbohydrate content of their children’s diet.31 

Nutrition knowledge on healthy eating and nutrition label 
readings were also poorly performed. There was negative 
association between education level and NKS scores 
where caregivers with no formal education were more 
likely to have lower scores compared to educated counter-
parts. This finding is in agreement with Moskovitz et al32 

who reported lower levels of parent education being asso-
ciated with a lower probability of adequate diabetes 
knowledge. Our finding implies that caregivers with low 
formal education are probably less likely to acquire and 
process nutrition knowledge and should be targeted with 
innovative methods to enhance learning and knowledge 
retention.33

Maternal nutrition knowledge has been positively asso-
ciated with children’s diet34–37 since, caregivers play sig-
nificant role in shaping the principles of rational nutrition 
among their children.38 This study did not find significant 
associations between caregivers’ NKS scores and chil-
dren’s DDS, mean intake of macronutrients as we had 
hypothesized.39 This could be attributed to the low mean 
knowledge score among the caregivers indicating 
a general poor knowledge level. Another possible explana-
tion for our finding is that most of the diabetes education 
programs for children and adolescents with TID in 
Uganda40–42 often do not include their caregivers. This 
implies that caregivers possibly do not get adequate 
knowledge on how to positively manage their children’s 

diabetes and this consequently may contribute to the dis-
connect between their level of nutrition knowledge and 
their children’s dietary practices. Despite the lack of sta-
tistical significance adequate nutrition knowledge is still 
vital in ensuring that caregivers help their children adhere 
to multiple diabetes-related tasks.7,10

The nutritional principles of feeding children and ado-
lescents with T1D do not differ from those of their non- 
diabetic counterparts.38 In addition, consuming a diverse 
diet can help children and adolescents with T1D meet their 
nutritional requirements and development milestones.37 

Analysis of the children’s dietary intake data revealed 
a high carbohydrate intake that is similar to what was 
reported by Folsom and Hannon43 in a study conducted 
among adolescents with T1D. However, Folsom and 
Hannon also reported higher protein and fat intake. The 
dietary intake of children and adolescents with T1D should 
contribute approximately 45–50% of energy from carbo-
hydrates, fat less than 35% of energy and protein 15–20% 
of energy.26 This study found that the children and ado-
lescents’ energy proportion of macronutrients exceeded 
the International Society of Pediatric and Adolescent 
Diabetes (ISPAD) recommended ranges with high carbo-
hydrate intake and low protein and fat intake.26 This find-
ing is in disagreement with Seckold et al44 who reported 
energy proportion of macronutrients that were within the 
ISPAD recommended ranges among Australian children 
with T1D. Children with T1D in Uganda may be consum-
ing excess carbohydrates with inadequate intake of pro-
teins and fats45 and the discrepancies should be addressed 
in targeted interventions for optimal nutrient intake.

Vitamins B1, B2, B3 B5, B12, biotin, and folic acid are 
some of the B complex vitamins that play significant roles 
in cellular functioning, acting as co-enzymes in enzymatic 
reactions. This study findings indicate that the children’s 
dietary intake was deficient in comparison with recom-
mended nutrient intakes. This increases the risk to sub- 
optimal neurological and physiological functioning of the 
body.46 Furthermore, inadequate folic acid intake has been 
related to endothelial dysfunction which is a risk factor to 
the development of atherosclerosis later in life among 
children with T1D.47 Vitamin A intake also was low 
with the children consuming only 40% of the RDA con-
firming that that vitamin A deficiency remains prevalent in 
Uganda48 despite its vital role in maintaining healthy 
vision, and the immune system. This study also found 
calcium intake was below the RDA that is in agreement 
with a systematic review by Patton49 who reported similar 
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findings. Calcium plays a significant role in promoting 
good bone health, therefore low calcium intake could 
contribute to poor bone development due to low bone 
mineral density increasing the children’s risk of osteoporo-
tic fractures.

The current study found that the majority of the children 
had a DDS of greater than 4, this is higher than a DDS of 3.8 
reported in a study conducted among South African children 
by Steyn et al,20 despite similarities in carbohydrate, protein 
and fat energy contribution in the diet. This study finding 
signifies a favourable dietary diversity among the children 
with T1D in Uganda that could have attributed to favorable 
mean adequacy ratio among the children who met 90% of the 
RDA of carbohydrate and protein. However, low fat intake 
was observed where the children only met 50% of the RDA 
which puts them at risk of essential fatty acid deficiencies.50 

There was a significant positive association between DDS 
with NARs of carbohydrate, fat, protein, folic acid, biotin, 
zinc, vitamins A, B2, B3, B5, B12 and MAR. This is similar 
to a study by Mirmiran et al25 conducted among adolescents 
in which it reported a significant association between DDS 
and most of the NARs. In the same study, DDS was also 
positively correlated with MAR. These findings indicate that 
improving DDS positively influences nutrient adequacy.

The current study found that caregivers’ T1D nutrition 
knowledge level, age and family size jointly predicted chil-
dren’s DDS, these findings are further corroborated by stu-
dies conducted in Ghana and Tanzania that found caregiver 
nutrition knowledge and household/family size predicted 
dietary diversity.37,51 Children who had T1D for periods of 
1 year or less and 2–5 years were less likely to have a lower 
dietary diversity score compared to children who had T1D 
for a period of 6 or more years. This finding is consistent with 
Chisholm et al,52 who also reported longer T1D duration to 
be correlated with poorer dietary adherence. This finding 
suggests the need for repeated nutrition education input for 
caregivers of type 1 diabetic children in order to ensure 
sustained adherence to dietary recommendations.

Strengths and Limitations
One of the limitations of this study is the design that was 
cross-sectional with a small consecutively recruited sam-
ple. In addition, the study relied on caregivers’ dietary 
recall, which may be subject to recall bias, however inter-
viewer training and cross-validation were conducted to 
minimize recall bias. Furthermore, the study only assessed 
nutrition knowledge and dietary intake at a point in time, 
a longitudinal study would be an ideal study design to 

compare caregiver’s nutrition knowledge and children’s 
dietary intake over different seasons in time. However, 
the study identified the caregiver’s knowledge deficits 
and areas that should be focused on in relation to inter-
ventions such as nutrition education. Also, the findings 
may serve as preliminary evidence to help inform larger 
studies to further examine the nutrition knowledge of 
caregivers of children with T1D in a sub-Saharan setting.

Conclusion
Overall children with T1D in Uganda have favorable diet-
ary diversity. However, excess carbohydrate intake was 
observed with an inadequate intake of proteins and fats. 
Additionally, there was inadequate intake of B vitamins, 
vitamin A and calcium. There may be need to examine the 
individual types of food consumed by children with T1D 
in order to identify food selection considerations that may 
be contributing to the inadequate intake of micronutrients, 
proteins and fats. In addition, caregiver’s had low nutrition 
knowledge levels, particularly in carbohydrate counting. 
Caregivers with no formal education were more likely to 
have lower nutrition knowledge scores compared to edu-
cated counterparts. Therefore, caregiver nutrition educa-
tion interventions should be designed to address the needs 
of this particular sub-group of caregivers.
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