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Abstract
Objectives: Type 1 diabetes mellitus is a chronic autoimmune disease caused by insufficient production of insulin. Many 
studies have linked type 1 diabetes mellitus to vitamin D3 deficiency. We investigated the prevalence of vitamin D deficiency 
in Sudanese children and adolescents with type 1 diabetes mellitus and assessed the impact of vitamin D deficiency treatment 
on their glycemic control.
Methods: In 2019–2022, we conducted a quasi-experimental study on 115 children with type 1 diabetes mellitus (1–19 years 
old) at the Sudan Childhood Diabetes Center. Vitamin D supplements were given orally to deficient patients for 3 months. 
The concentrations of hemoglobin A1c, fasting blood glucose, insulin dosage, and vitamin D (25-hydroxyvitamin D (25(OH)
D)) were measured before and after vitamin D3 administration. One-way ANOVA and paired sample t-tests were used to 
evaluate the effect of supplementation.
Results: Only 27% of type 1 diabetes mellitus children were deficient in vitamin D, whereas 31.1% were inadequate and 
40.9% were sufficient. The administration of vitamin D supplements slightly improved hemoglobin A1c levels in 67.7% of the 
patients, but the difference was not significant (mean 10.8 ± 2.1% before, 10.1 ± 2.5% after, p0.05 = 0.199). However, there 
was a significant decrease in the fasting blood glucose level (mean: 174.978.5–136.759.1 ng/ml; p0.05 = 0.049). Vitamin D levels 
were significantly increased after treatment (mean = 49.6 ng/mL; t-test = −11.6, 95% CI 40.8–(−28.6); p0.05 = 0.000). After 
vitamin D3 supplementation, 25.8% of individuals changed their insulin dosage; however, there was no significant variation 
in insulin needs.
Conclusions: The prevalence of vitamin D deficiency in children and adolescents with type 1 diabetes mellitus in Sudan is 
relatively high; incorporating vitamin D supplements in their treatment plan may improve their glycemic control.
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Introduction

Diabetes mellitus is a globally challenging chronic disease. 
It can be classified into three main types based on the causes 
(i.e., type-1, type-2, and gestational diabetes). The term 
“type 1 diabetes mellitus” (T1DM) refers to insulin-depend-
ent diabetes mellitus, which is caused by the autoimmune 
destruction of insulin-producing β-cells in the pancreas with 
subsequent requirement of exogenous insulin intake for sur-
vival.1 Over 1.5 million children and adolescents between 0 
and 19 years of age were reported to have type 1 diabetes 
(approximately 18% of the global prevalence worldwide), 
with a rapid expected increase, especially in countries with 
limited resources.2 Statistics in Sudan in 2015 showed that 
the incidence of T1DM among children and young people 
<20 years old was 10.1/100,000, and the prevalence was 
0.74/1000.3 Many factors contribute to the etiology of 
T1DM. Genetics, viral infectious agents, intestinal microbi-
ota, vaccines, dietary factors, toxins and chemical com-
pounds, and psychosocial and socioeconomic factors are the 
leading causes of T1DM.4

Vitamin D3 is a fat-soluble secosteroid dietary supple-
ment, and vitamin D3 deficiency can be considered a risk 
factor for developing T1DM.5 Vitamin D deficiency appears 
to be a widespread global issue that affects people of all 
ages.6 Several studies have been published on vitamin D 
(25(HO)D) levels worldwide. However, the data are scarce 
and outdated in regard to African countries, including 
Sudan.7 There is no broad consensus as to what constitutes a 
vitamin D deficiency. The variation in definitions is attrib-
uted to the serum levels of vitamin D 25-hydroxyvitamin D 
(25(OH)D), that is, deficient (⩽20 ng/mL), insufficient (20–
29 ng/mL), and optimal (⩾30 ng/mL).8 A lack of sunlight 
exposure plays a major role in widespread vitamin D3 defi-
ciency. Poor status and malnutrition, premature birth, sex, 
low socioeconomic status, urban livelihood, obesity, and 
advanced age are considered risk factors.8,9

Vitamin D deficiency contributes to both the initial insu-
lin resistance and subsequent onset of diabetes caused by β-
cell death. Vitamin D reduces inflammation, which is a major 
process in inducing insulin resistance.10 Insulitis is an inflam-
matory lesion that is considered the histological hallmark of 
T1DM and consists of the infiltration of pancreatic islets by 
macrophages, T helper cells (CD4+ or Th cells), and cyto-
toxic T cells (CD8+), ultimately resulting in the destruction 
of β-cells. This inflammation plays an important role in 
T1DM pathogenesis, contributing to β-cell dysfunction and 
apoptosis through cytokines and chemokines produced by 
both β-cells and immune cells.11,12 More recent studies have 
confirmed the direct effects of vitamin D3 (1,25(OH)2D3) on 
B lymphocyte homoeostasis, including the inhibition of dif-
ferentiation, maturation of B lymphocytes into plasma cells, 
and class-switched memory cell differentiation. Other B 
lymphocyte targets known to be modulated by 1,25(OH)2D3 
include IL-10 and CCR10. These effects support the role of 

vitamin D in the prevention of autoimmune diabetes.13–15 In 
this study, we investigated the effect of vitamin D3 supple-
mentation on the diets of children and adolescents with 
T1DM to evaluate glycemic changes.

Methodology

Study design

This was a quasi-experimental design, hospital-based study 
without a control group (one-group pretest–posttest design). 
The study was conducted at the Sudan Childhood Diabetes 
Center, Khartoum, Sudan. The Center serves approximately 
3000 children serving in Khartoum State and supervises 25 
diabetes clinics in other states of Sudan. It is considered one 
of the largest diabetes centers in Africa. The study was per-
formed between 2019 and 2022 and included all children 
(⩽19 years old) with an established diagnosis of T1DM 
according to the International Society for Pediatric and 
Adolescent Diabetes (ISPAD) Consensus Guidelines of 2018 
(https://www.ispad.org/page/ISPADGuidelines2018) and 
vitamin D levels below 20 ng/mL who were followed up at 
the center during the period of the study.

Sample size and study setting

The sample size for the study was calculated using the ade-
quate sample size in the prevalence study formula without a 
finite population16:

n
Z P P

d
�

�2

2

1( )

where n = sample size, Z = statistics at the 95% confidence 
level, d = precision (5% or 0.05), and P = expected prevalence 
or proportion = 0.075% based on the prevalence calculated by 
Saad et al.3 for children (aged 6 months–19 years) with T1DM 
in Khartoum state (2015). The total number of participants 
was 117 children and adolescents (aged ⩽ 19 years), keeping 
in mind that this sample size is very limited and would pro-
duce a smaller vitamin-D-deficient subgroup with limited 
demographic and socioeconomic characteristics that do not 
provide a comprehensive analytical view. The study reports 
no selection bias of samples.

The 117 T1DM study subjects were divided into three 
groups based on their serum levels of vitamin D (25(OH)D). 
Group A = 47 participants (vitamin D sufficient or optimal 
30–100 ng/mL), Group B = 37 participants (vitamin D insuf-
ficient 20–29 ng/mL), and Group C = 33 participants (vitamin 
D deficient ⩽ 20 ng/mL). Two participants in Group C with-
drew from the study, and 31 participants were included in 
Group C. Participants were screened for diseases such as dia-
betes with celiac disease malabsorption (effect on the absorp-
tion of vitamin D supplementation) and/or other diseases 
such as thyroid disease, chronic renal disease, liver disease, 
or immune deficiency. Patients may also take medications 
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such as vitamin D supplements for the previous 3 months, 
antiepileptic drugs such as rifampicin, antiretroviral drugs, 
and steroid therapy that might interact with vitamin D sup-
plementation. These diseases and treatments were considered 
reasons for exclusion from the study.

Treatment and monitoring of T1DM-vitamin D 
deficiency

Group C received vitamin D treatment for a period of 
3 months at a precalculated daily single dosage, with tol-
erable upper intake limits (ULs) for age stratification as 
follows: 1–3 years (2.500 IU), 4–8 years (3.000 IU), and 
9–18 years (4.000 IU).17 Vitamin D was purchased from 
Vitabiotics (London, UK). The effectiveness of the treat-
ment was ensured by direct monitoring of the correct 
dose intake and assessing the presence/absence of possi-
ble side effects. All the children were monitored for 
symptoms and signs of vitamin D toxicity (vomiting, 
polyuria, and gastritis) by the study PI at each follow-up. 
Most reports suggest a toxicity threshold for vitamin D 
between 10.000 and 40.000 IU/day; however, symptoms 
of toxicity are unlikely at daily intakes below 10,000 IU/
day.18 Adequate dietary calcium intake (e.g., milk, yogurt) 
and a diet rich in vitamin D were ascertained through 
dietary recall and a checklist. The PI also monitored, 
advised, and managed participants’ lifestyles,17 physical 
activities, and school adherence based on a preprepared 
checklist (Supplemental File S1) and reported no changes 
throughout the study that might have affected the out-
come after vitamin D supplementation.

The criteria for measuring the effectiveness of the treat-
ment were evaluated based on the concentrations of hemo-
globin A1c (HbA1c), fasting blood glucose (FBG), insulin 
dose based on the type of insulin, adherence to insulin intake, 
adherence to vitamin D intake, duration of diabetes, glyce-
mic control, and frequency of hospital admission.

Blood sample and data collection

Three-milliliter blood samples were collected from par-
ticipants and processed based on the manufacturer’s pro-
tocol for each test. A chemiluminescence immunoassay 
was used for the quantification of vitamin D2 and D3 
(25(OH)D) in serum samples using a protocol described 
in the commercially available VIDAS kit (Biomeriéux, 
Marcy-l’Étoile, France). Whole blood samples were used 
for quantitative determination of HbA1c using a MISPA-i2 
kit (Agappe Diagnostics Ltd., Mumbai, India). FBG was 
measured using biosystem blood glucose (Biosystem 
Corp, Crediton, UK). Insulin compliance was measured 
according to the Morisky Medication-Taking Adherence 
Scale (MMAS) (4 items).19 Further data, such as age, sex, 
weight, and duration of diabetes, were collected from the 
Center’s patient records.

Statistical methods

Descriptive statistics (Chi-square test for associations) were 
used to test the significance of associations between demo-
graphic parameters and different statuses of vitamin D defi-
ciency, and Pearson correlation, paired sample t-tests, and 
analysis of variance (one-way ANOVA) were used to ana-
lyze the effect of supplementation on vitamin D, HbA1c, and 
FBG levels at a statistically significant level (p < 0.05). The 
SPSS software package version 20 (IBM SPSS Statistics for 
Windows, Version 20.0, IBM Corp, Armonk, NY, USA) was 
used for the analysis.

Ethical considerations

Legally authorized representatives of the participating chil-
dren and adolescents were told about the study’s goals and 
objectives, and they were granted both verbal and written 
agreement, allowing the use of the obtained data for scien-
tific reasons (Supplemental File S2). The study was approved 
by the ethical committees of the Ministry of Health, General 
Administration of Strategic and Information, Innovation, 
Development, and Scientific Research, Khartoum, Sudan 
(No: 217) (Supplemental Files S3 and S4). The STROBE 
statement checklist was used for reporting (Supplemental 
File S5).

Results

Demographic characteristics of T1DM 
participants

There were 117 adolescent T1DM participants in this quasi-
experimental study conducted between 2019 and 2022; two 
of them withdrew, and their data were omitted from the 
study. Fifty-nine (51.3%) of the participants were males. 
All participants’ ages ranged between 1 and 19 years 
(mean = 11.6 ± 4.0 years; median = 12 years; 75th percen-
tile = 14 years). Their mean weight was 33.3 ± 14.6 kg, and 
the 75th percentile was 44 kg. Their families’ socioeconomic 
status was as follows: 85.2% resided in urban areas, 75.6% 
owned a house or a flat, and the rest were on rent. 
Approximately 54.8% of the fathers owned businesses, and 
12.2% were not working. A total of 58 (50.5%) of the partici-
pants’ mothers held high degrees from universities, while 
5.2% were illiterate; however, most of them were stay-at-
home mothers (89, 77.4%). Only 51 (44.3%) of the partici-
pants had health insurance, and 81.7% of the children went 
to school. Upon monitoring the children’s physical activity, 
52 (45.2%) were moderately active, 43.5% were highly 
active, and 4.4% showed low physical activity or none. All 
our participants were asked to identify the frequency with 
which they consumed certain nutrients. The percentages of 
participants who regularly consumed dairy products were 
66.1% for milk, 68.7% for yogurt, and 53.9% for cheese. 
Moreover, the intake of vegetables and fruits was 60.9% and 
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52.2%, respectively, while the consumption of fish (20.9%) 
was lower than the consumption of 56.5%. Throughout the 
study, no changes were observed in lifestyle or dietary intake.

Insulin regimens, storage, and diabetes and 
vitamin D status

The most common insulin regimen used among the study 
participants (39.1%) was premix insulin and short-acting 
insulin. Premixed insulin alone was used by 27% of the par-
ticipants. However, 24.3% of the participants used long-act-
ing insulin in addition to short-acting insulin. Long-acting 
insulin alone was used by 6.1% of the participants. Other 
combinations were also reported. The insulin was mainly 
stored in refrigerators; however, 7.8% of the participants 
stored it in ice coolers or at room temperature. The partici-
pants were assessed for adherence to insulin therapy, which 
revealed that 33.9% were careless about dose timing, 33% 
forgot to take their doses, 6.1% stopped taking their insulin 
when they felt better, and 2.6% stopped taking it when they 
felt worse.

Diabetes status among participants was assessed through 
three measures: the duration of diabetes, the number of hos-
pital admissions, and the HbA1c values. The mean duration 
of diabetes was 4.1 ± 3.3 years, ranging from 0.1 years to 
12 years; the 75th percentile was 6 years. The hospital admis-
sion frequency ranged between 0 and 30 admissions, with a 
mean of 1.8 ± 4.0 hospital admissions (75th percentile = 2 
times the number of admissions). The mean HbA1c level 
was 10.4 ± 2.2%, ranging from 5.7% to 15% (75th percen-
tile = 12%). Based on the baseline levels of HbA1c, the data 
were divided into two groups (i.e., controlled and uncon-
trolled). Eighty percent of the participants had uncontrolled 
diabetes. The mean baseline vitamin D concentration was 
27.6 ± 10.4 ng/mL, ranging between 9.7 and 61.2 ng/mL. 
The participants were subsequently divided into groups 
based on the levels of vitamin D: 40.9% (Group A), 32.1% 
(Group B), and 27% (Group C) had insufficient vitamin D. 
There was a reverse correlation between vitamin D levels 
and the duration of diabetes (r = −0.249; P0.05 = 0.007).

The statistical associations between various vitamin D 
statuses and all previously mentioned demographic charac-
teristics and the HbA1c status of the participants and their 
nutritional intake are shown in Tables 1 and 2, respectively.

T1DM participants with vitamin D deficiency

Thirty-one T1DM patients (27%) were vitamin D deficient. 
Monitoring and follow-up following vitamin D administra-
tion revealed varying levels of adherence to the treatment 
strategy. A total of 6.5% were negligent with their dose 
schedule, 3.2% stopped taking their doses when they felt bet-
ter, and 1.7% stopped when they felt worse.

Prior to and after vitamin D administration, HbA1c and 
FBG levels were tested in triplicate. Although there were no 

significant changes in HbA1c levels before or after vitamin 
D administration (mean = 10.8 2.1 ng/mL, 10.1–2.5 ng/mL; 
P0.05 = 0.199), 67.7% of patients demonstrated improve-
ment in their HbA1c status, with HbA1c levels decreasing 
from baseline. However, there was a significant reduction 
in blood glucose levels upon correcting vitamin D defi-
ciency with supplementation (mean = 174.9 ± 78.5 mg/dL, 
136.7 ± 59.1 mg/dL; P0.05 = 0.049), with an obvious signifi-
cant increase in vitamin D levels (mean = 14.9 ± 3.3 ng/mL, 
49.6 ± 16.2 ng/mL; P0.05 = 0.000); however, there was no sig-
nificant correlation (r = 0.071, P0.05 = 0.704) (Table 3).

Participants who received vitamin D supplementation had 
their insulin doses revised and adjusted. The changes intro-
duced provided no significant association between insulin 
dose and HbA1c status (Table 4).

Discussion

Vitamin D affects the etiology of many diseases, such as dia-
betes. To our knowledge, this is the first study to investigate 
the relationship between vitamin D levels and pediatric 
T1DM in Sudan.

A global perspective provided by a comprehensive meta-
analysis showed that vitamin D deficiency is prevalent in 
children and/or adolescents with T1DM.20 This finding is 
consistent with the prevalence reported in our study (27%). 
This percentage is also comparable to the 20% reported by 
Al Senani et al.21 and the 14.8% reported by Giri et al.22 
However, it was lower than the prevalence reported in stud-
ies conducted in Egypt (53.3%)23 and India (63%).24 
Moreover, in a study conducted by Al Kharashi and col-
leagues on 100 Saudi children with T1DM, 70% were 
reported to suffer from reduced levels of vitamin D.25

The relatively high prevalence of vitamin D deficiency in 
Sudan might be attributed to genetic polymorphisms and a 
predisposition, especially because vitamin D is controlled 
by approximately 200 genes and is influenced by the dark 
skin complications of African people due to the increase in 
melanin pigmentation, which lowers the absorption of UV 
light, hence decreasing the ability of the skin to synthesize 
vitamin D.26,27 Nonetheless, a previous study performed 
among Sudanese women revealed an apparent insuffi-
ciency, with more than 80% showing that sunray exposure 
is inadequate; however, the authors concluded that sun-ray 
exposure may not be critical, and other factors should be 
carefully evaluated.28

One of the important nonskeletal effects of vitamin D is 
its role in glucose homeostasis. Vitamin D appears to protect 
pancreatic β-cell function and improve insulin sensitivity in 
target organs.14,29 While several studies have shown the 
impact of vitamin D status on glycemic control in adults,30 
few studies have been conducted in children.22 Poor glyce-
mic control can be indicated by the measurement of HbA1c, 
which was not associated with the presence or severity of 
vitamin D deficiency according to our results. Although we 
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Table 1. Association between demographic characteristics of the participants and vitamin D status (N = 115).

Characteristics Vitamin D status *P0.05

Deficiency Insufficiency Sufficiency Total

n (%) n (%) n (%) n (%)

Gender
 Male 15 (26.8) 13 (23.2) 28 (50.0) 56 (48.7) 0.08
 Female 16 (27.1) 24 (40.7) 19 (32.2) 59 (51.3)
  Total 31 (27.0) 37 (32.2) 47 (40.9) 115 (100)
Age
 ⩽5 years 0 (0.0) 3 (33.3) 6 (66.7) 9 (7.8) 0.004
 6–12 years 8 (15.1) 22 (41.5) 23 (43.4) 53 (46.1)
 >12 years 23 (43.4) 12 (22.6) 18 (34.0) 53 (46.1)
  Total 31 (27.0) 37 (32.2) 47 (40.9) 115 (100)
Residence
 Urban 28 (28.6) 34 (34.7) 36 (36.7) 98 (85.2) 0.094
 Rural 3 (17.6) 3 (17.6) 11 (64.7) 17 (14.8)
  Total 31 (27.0) 37 (32.2) 47 (40.9) 115 (100)
Health insurance
 Yes 17 (33.3) 17 (33.3) 17 (33.3) 51 (44.3) 0.26
 No 14 (21.9) 20 (31.3) 30 (46.9) 64 (55.7)
  Total 31 (27.0) 37 (32.2) 47 (40.9) 115 (100)
Housing
 Owned house 9 (25) 8 (22.2) 19 (52.8) 36 (31.3) 0.4
 Owned flat 15 (29.4) 18 (35.3) 18 (35.3) 51 (44.3)
 Rented house 1 (33.3) 0 (0.0) 2 (66.7) 3 (2.6)
 Rented flat 6 (24.0) 11 (44.0) 8 (32.0) 25 (21.7)
  Total 31 (27.0) 37 (32.2) 47 (40.9) 115 (100)
Maternal education
 Illiterate 3 (50.0) 1 (16.7) 2 (33.3) 6 (5.2) 0.038
 Primary 4 (18.2) 8 (36.4) 10 (45.5) 22 (19.1)
 Secondary 11 (37.9) 3 (10.3) 15 (51.7) 29 (25.2)
 University and above 13 (22.4) 25 (43.1) 20 (34.5) 58 (50.4)
  Total 31 (27.0) 37 (32.2) 47 (40.9) 115 (100.0)
Father job
 Free business 19 (30.2) 16 (25.4) 28 (44.4) 63 (54.8) 0.282
 Employee 5 (14.3) 15 (42.9) 15 (42.9) 35 (30.4)
 Not working 6 (42.9) 5 (35.7) 3 (21.4) 14 (12.2)
 Medical field 1 (33.3) 1 (33.3) 1 (33.3) 3 (2.6)
  Total 31 (27.0) 37 (32.2) 47 (40.9 115 (100.0)
Mother job  
 Not working 24 (27.0) 28 (31.5) 37 (41.6) 89 (77.4) 0.519
 Medical field 4 (50.0) 2 (25.0) 2 (25.0) 8 (7.0)
 Employee 3 (16.7) 7 (38.9) 8 (44.4) 18 (15.7)
  Total 31 (27.0) 37 (32.2) 47 (40.9) 115 (100.0)
School adherence  
 Yes 26 (27.7) 29 (30.9) 39 (41.5) 94 (81.7) 0.63
 No 5 (31.3) 6 (37.5) 5 (31.3) 16 (13.9)
 Not applicable 0 (0.0) 2 (40.0) 3 (60.0) 5 (4.3)
  Total 31 (27.0) 37 (32.2) 47 (40.9) 115 (100.0)
Physical activity
 Low/No activity 5 (38.5) 5 (38.5) 3 (23.1) 13 (11.3) 0.608
 Moderate activity 15 (28.8) 15 (28.8) 22 (42.3) 52 (45.2)
 Heavy activity 11 (22.0) 17 (34.0) 22 (44.4) 50 (43.5)
  Total 31 (27.0) 37 (32.2) 47 (40.9) 115 (100.0)

(Continued)



6 SAGE Open Medicine

Table 2. Association between participant dietary consumption practices and vitamin D levels (N = 115).

Nutrition Vitamin D status *P0.05

Deficiency Insufficiency Sufficiency Total

n (%) n (%) n (%) n (%)

Milk
 Always 16 (21.1) 22 (28.9) 38 (50.0) 76 (66.1) 0.060
 Sometimes 8 (38.1) 9 (42.9) 4 (19.0) 21 (18.3)
 Rarely 7 (38.9) 6 (33.3) 5 (27.8) 18 (15.7)
  Total 31 (27.0) 37 (32.2) 47 (40.9) 115 (100.0)
Yoghurt
 Always 20 (25.3) 20 (25.3) 39 (49.4) 79 (68.7) 0.038
 Sometimes 7 (25.9) 13 (48.1) 7 (25.9) 27 (23.5)
 Rarely 4 (44.4) 4 (44.4) 1 (11.1) 9 (7.8)
  Total 31 (27.0) 37 (32.2) 47 (40.9) 115 (100.0)
Cheese
 Always 15 (24.2) 20 (32.3) 27 (43.5) 62 (53.9) 0.629
 Sometimes 11 (31.4) 13 (37.1) 11 (31.4) 35 (30.4)
 Rarely 5 (27.8) 4 (22.2) 9 (50.0) 18 (15.7)
  Total 31 (27.0) 37 (32.2) 47 (40.9) 115 (100.0)
Vegetables
 Always 14 (20.0) 25 (35.7) 31 (44.3) 70 (60.9) 0.232
 Sometimes 13 (35.1) 11 (29.7) 13 (35.1) 37 (32.2)
 Rarely 4 (50.0) 1 (12.5) 3 (37.5) 8 (7.0)
  Total 31 (27.0) 37 (32.2) 47 (40.9) 115 (100.0)
Fruits
 Always 8 (13.3) 23 (38.3) 29 (48.3) 60 (52.2) 0.010
 Sometimes 16 (38.1) 11 (26.2) 15 (35.7) 42 (36.5)
 Rarely 7 (53.8) 3 (23.1) 3 (23.1) 13 (11.3)
  Total 31 (27.0) 37 (32.2) 47 (40.9) 115 (100.0)
Fish
 Always 3 (12.5) 5 (20.8) 16 (66.7) 24 (20.9) 0.032
 Sometimes 13 (33.3) 16 (41.0) 10 (25.6) 39 (33.9)
 Rarely 15 (28.8) 16 (30.8) 21 (40.4) 52 (45.2)
  Total 31 (27.0) 37 (32.2) 47 (40.9) 115 (100.0)

Characteristics Vitamin D status *P0.05

Deficiency Insufficiency Sufficiency Total

n (%) n (%) n (%) n (%)

Insulin regimen
 Long acting 0 (0.0) 2 (28.6) 5 (71.4) 7 (60.1) 0.158
 Long acting + short acting 8 (28.6) 9 (32.1) 11 (39.3) 28 (24.3)
 Premix + short acting 15 (33.3) 14 (31.1) 16 (35.6) 45 (39.1)
 Premix 7 (22.6) 9 (29.0) 15 (48.4) 31 (27.0)
 Short acting 1 (100.0) 0 (0.0) 0 (0.0) 1 (0.9)
 Long acting + premix + short acting 0 (0.0) 3 (100.0) 0 (0.0) 3 (2.6)
  Total 31 (27.0) 37 (32.2) 47 (40.9) 115 (100.0)
HbA1c status
 Controlled (6%–9%) 2 (25.0) 1 (12.5) 5 (62.5) 8 (7.0) 0.362
 Uncontrolled (⩾7%) 29 (27.1) 36 (33.6) 42 (39.3) 107 (93.0)
  Total 31 (27.0) 37 (32.2) 47.40.9) 115 (100.0)

*Bold values represent significance at P0.05.

Table 1. (Continued)

(Continued)
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reported an improvement in glycemic control by HbA1c 
measurement (67.7% of participants) after vitamin D treat-
ment where the numbers dropped from baseline, there was 
no significant difference in HbA1c before and after supple-
mentation. Such results could be attributed to the doses and 
the duration of supplementation as well as the variation in 
insulin sensitivity which might require further adjustment.31 
This was consistent with other reports in which improve-
ments in glycemic control measured by HbA1c levels were 
documented but without statistical significance.23,24,32 In a 
systematic meta-analysis review conducted in 2022, 
Nascimento et al evaluated the effect of vitamin D supple-
mentation on HbA1c levels and reported a significant 

improvement in glycemic control in 50% of the analyzed 
studies.33 However, there is yet to be consistent evidence on 
the effect of vitamin D supplementation on the glycemic 
control of children/adolescents with T1DM, as other studies 
have shown that vitamin D supplements fail to improve gly-
cemic control.21,34 FBG was reduced after correcting vitamin 
D deficiency in our type 1 diabetic patients, whereas daily 
insulin requirements changed after vitamin D treatment by a 
high percentage, but the difference was not significant, as in 
previously published reports.24,35

Although Balla and his colleagues reported a significant 
improvement in the metabolic control of children and ado-
lescents with type 2 diabetes in Sudan after vitamin D 

Table 2. (Continued)

Nutrition Vitamin D status *P0.05

Deficiency Insufficiency Sufficiency Total

n (%) n (%) n (%) n (%)

Meat
 Always 15 (23.1) 22 (33.8) 28 (43.1) 65 (56.5) 0.837
 Sometimes 12 (33.3) 10 (27.8) 14 (38.9) 36 (31.3)
 Rarely 4 (28.6) 5 (35.7) 5 (35.7) 14 (12.2)
  Total 31 (27.0) 37 (32.2) 47 (40.9) 115 (100.0)

*Bold values represent significance at P0.05.

Table 3. Effect of vitamin D on the glycemic control of T1DM-vitamin D deficiency patients (N = 31).

Values Vitamin D supplementation ANOVA *P0.05 Paired t-test P0.05 (2-tailed) 95% CI

Before treatment After treatment F

HbA1c (%)
 Mean ± SD 10.8 ± 2.1 10.1 ± 2.5 1.687 0.199 1.749 0.0904 0.1263–1.6360
 Median 11 10.1
 Min–Max 6.5–14.5 5.2–15
Vitamin D level (ng/mL)
 Mean ± SD 14.9 ± 3.3 49.6 ± 16.2 137.275 0.000 −11.583 0.000 40.8161 to −28.5807)
 Median 14.9 49.6
 Min–Max 9.7–19.9 19.4–79
Fasting blood glucose level (mg/dL)
 Mean ± SD 174.9 ± 78.5 136.7 ± 59.1 4.091 0.048 2.2889 0.0304 3.8994–72.619
 Median 156 120
 Min–Max 70–360 49–280

*Bold values represent significance at P0.05.

Table 4. Association between HbA1c status and insulin dose adjustments among patients with T1DM and vitamin D deficiency 
(N = 31).

HbA1c status Insulin dose Total n (%) p-Value

Increased n (%) Unchanged n (%) Decreased n (%)

Improved (Decreased from baseline) 6 (28.6) 15 (71.4) 0 (0.0) 21 (67.7) 0.202
Unimproved (Same or Increased from baseline) 1 (10.0) 8 (80.0) 1 (4.8) 10 (32.3)
 Total 7 (22.6) 23 (74.2) 1 (4.8) 31 (100.0)
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supplementation, such improvements were not observed in 
our type 1 diabetic subjects.36 Furthermore, a systematic 
meta-analysis conducted in 2015 showed that there is no 
supporting evidence for the notion that vitamin D supple-
mentation can improve hyperglycemia, β-cell secretion, or 
insulin sensitivity in patients with T2DM.37 The poor glyce-
mic control reported in our study can also be attributed to 
carelessness and poor compliance with insulin intake by 
33.9% of participants with different vitamin D statuses.

Diabetes is a complicated chronic disease controlled by 
many factors, including genetics and environmental factors. 
Socioeconomic factors are key predictors of pediatric T1DM 
outcomes. Many layers have been identified: (1) diabetes 
care (i.e., insulin, physical activity, nutrition management, 
frequent clinic visits, glucose monitoring, and technology 
used), (2) individual factors (i.e., age, duration of diabetes, 
family relationships, and genetic factors), (3) social determi-
nants of health (i.e., economic stability, health and health 
care, education, and social and community context), (4) soci-
ety, and (5) public policy (i.e., health insurance, value-based 
care, and research funding).38,39 Many of these factors were 
investigated in this study in relation to diabetes and vitamin D 
status. Maternal education is a main element that affects the 
outcome of diabetes and can be associated with glycemic 
control through the care and supervision of children and ado-
lescents at home and through follow-ups with schools. Age 
was also a factor associated with vitamin D deficiency in our 
T1DM patients. According to Zabeen et al.,40 vitamin D defi-
ciency was more common in older individuals, whereas 
younger individuals had a greater prevalence of vitamin D 
sufficiency. It was also reported that vitamin D deficiency is 
significantly more common in older children who have diabe-
tes for a longer period of time than in nondeficient patients.41

Although all other demographic and socioeconomic char-
acteristics investigated were not significantly associated 
with vitamin D status, other studies reported otherwise. For 
instance, in Saudi Arabia and Egypt, the prevalence of vita-
min D deficiency is associated with female sex.25,42 
Al-Othman et al.43 reported that in adolescents with age-
matched comparisons, groups with the same amount of sun 
exposure and moderate or high physical activity had higher 
vitamin D levels than other groups. In Bangladesh, residen-
tial status and location were associated with vitamin D defi-
ciency, and 59.5% of patients residing in urban locations 
were deficient due to the air pollution that limited their out-
door activity. They also reported that there were significant 
correlations between vitamin D status and the number of 
hospital admissions and between vitamin D status and the 
socioeconomic status of parents.40 Svoren et al.,41 however, 
indicated in their study that the duration of diabetes signifi-
cantly affects vitamin D status, where a longer diabetes dura-
tion is significantly associated with vitamin D deficiency. 
Moreover, parents’ respective jobs and socioeconomic status 
have no effect. Unlike what was reported in a Saudi Arabian 
study, the dietary intake of yogurt, fruits, and fish was 

significantly associated with the various statuses of vitamin 
D. This might be attributed to the variation in these dietary 
sources among the various economic classes in Sudan, which 
affects the regular intake of these nutrients.25

The outcome contrast observed in relation to studies con-
ducted on vitamin D deficiency among T1DM children and 
adolescent subjects in regard to the status of serum vitamin 
D can be explained by the variation in the intervention doses 
and duration. This may also be related to the variation in 
study design and sample size, which was evident in Yang 
et al.,20 who reported that the proportion of patients with 
vitamin D deficiency in a case-control study tended to be 
greater than that in other studies, which contributed to the 
variation in the results after vitamin D supplementation.

Overall, many limitations were associated with the study 
and could be summarized as follows: (1) the use of a non-
standardized insulin regimen, (2) the use of different types 
of insulin analogs, (3) the relatively small sample size lim-
iting the detailed analytical breakdown of outcomes accord-
ing to demographic and socioeconomic characteristics and 
limiting the generalizability of the study based on those 
characteristics, and (4) the short duration of the study, as 
such a study might require a longer duration for the treat-
ment to produce more accurate and comprehensive results. 
This limitation does not negate the strength of this study 
because it is the first study on the effect of vitamin D sup-
plementation on the glycemic profile of adolescent children 
suffering from T1DM in Sudan. The continuous monitoring 
and follow-up with participants throughout the study pro-
vided accurate data and close monitoring and anticipation 
for possible confounders that could present with any life-
style or dietary changes.

Conclusion

The high prevalence of vitamin D deficiency and insuffi-
ciency among T1DM children in Sudan highlights the impor-
tance of regular vitamin D screening and maintaining rigorous 
attention to glycemic control. Moreover, vitamin D defi-
ciency was significantly more common in older children and 
participants who had illiterate mothers and poor nutrition, 
which could be addressed through educational and awareness 
programs that emphasize the importance of nutrition and its 
effects on children’s health and how to provide proper care 
for children and adolescents with type 1 diabetes.

Acknowledgements

We acknowledge the help in participants’ follow-ups and blood 
testing provided by staff members of the Sudan Childhood Diabetes 
Center, Khartoum, Sudan, throughout the period of the study.

Authors’ contributions

Conceptualization and writing of the original draft were performed 
by HAS and AOE. The data collection, investigation, and formal 
analysis were conducted by HAS, OBO, and YMA. The data were 



Suliman et al. 9

validated and visualized by HAS, AAE, and KHA. The final draft 
was edited by AAE. All authors revised the manuscript and 
approved the final draft.

Availability of data and materials

Data from this study will be available upon request and will be 
provided by Dr. Hiba Abdelmoniem Suliman Elsheikh, Email: 
hooby1983@gmail.com

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

Ethics approval

Ethical approval for this study was obtained from the Ministry of 
Health, General Administration of Strategic and Information, 
Innovation, Development, and Scientific Research, Khartoum, 
Sudan (No: 217).

Informed consent

Legally authorized representatives of participating children and 
adolescents were told about the study's goals and objectives, and 
they granted both verbal and written agreement, allowing the use of 
the obtained data for scientific reasons, a copy of the informed con-
sent form is provided as a Supplemental File S2.

Trial registration

Not applicable.

ORCID iD

Hiba Abdelmunim Suliman  https://orcid.org/0009-0006- 
9069-5740

Supplemental material

Supplemental material for this article is available online.

References

 1. Banday MZ, Sameer AS and Nissar S. Pathophysiology of dia-
betes: an overview. Avicenna J Med 2020; 10(04): 174–188.

 2. Gregory GA, Robinson TIG, Linklater SE, et al. Global inci-
dence, prevalence, and mortality of type 1 diabetes in 2021 
with projection to 2040: a modelling study. Lancet Diabetes 
Endocrinol 2022; 10(10): 741–760.

 3. Saad FM, Mahmoud LA, Ali AMM, et al. Incidence and prev-
alence of type 1 diabetes mellitus in children and adolescents 
aged 6 months–19 years in Khartoum State, Sudan. Sudan J 
Paediatr 2020; 20(2): 163.

 4. Rewers M, Stene LC and Norris JM. Risk factors for type 1 
diabetes. Bethesda (MD): National Institute of Diabetes and 
Digestive and Kidney Diseases (NIDDK), 2023.

 5. Lips P. Vitamin D physiology. Prog Biophys Mol Biol 2006; 
92(1): 4–8.

 6. Amrein K, Scherkl M, Hoffmann M, et al. Vitamin D defi-
ciency 2.0: an update on the current status worldwide. Eur J 
Clinic Nutr 2020; 74(11): 1498–1513.

 7. Hag AE and Karrar Z. Nutritional vitamin D deficiency rickets 
in Sudanese children. Ann Trop Paediatr 1995; 15(1): 69–76.

 8. Tsiaras W and Weinstock MA. Factors influencing vitamin D 
status. Acta Derm Venereol 2011; 91(2): 115–124.

 9. David L. Common vitamin D-deficiency rickets. In: Nestle 
nutrition workshop series: 1991. Pen Argyl, PA: Nestec Ltd., 
Vevey/Raven Press, Ltd, 1991, pp. 107–122.

 10. Infante M, Ricordi C, Sanchez J, et al. Influence of vitamin D 
on islet autoimmunity and beta-cell function in type 1 diabe-
tes. Nutrients 2019; 11(9): 2185.

 11. Foulis A, McGill M and Farquharson M. Insulitis in type 1 
(insulin-dependent) diabetes mellitus in man—macrophages, 
lymphocytes, and interferon-γ containing cells. J Pathol 1991; 
165(2): 97–103.

 12. Mathis D, Vence L and Benoist C. β-Cell death during pro-
gression to diabetes. Nature 2001; 414(6865): 792–798.

 13. Luong Kv, Hoang Nguyen LT and Pham Nguyen DN. The role 
of vitamin D in protecting type 1 diabetes mellitus. Diabetes 
Metab Res Rev 2005; 21(4): 338–346.

 14. Chiu KC, Chu A, Go VLW, et al. Hypovitaminosis D is asso-
ciated with insulin resistance and β cell dysfunction. Am J Clin 
Nutr 2004; 79(5): 820–825.

 15. Di Rosa M, Malaguarnera M, Nicoletti F, et al. Vitamin D3: 
a helpful immuno-modulator. Immunology 2011; 134(2): 
123–139.

 16. Daniel W. The Fisher exact test. In: Daniel WW (ed.) 
Biostatistics: a foundation for analysis in the health sciences. 
7th ed. New York: John Wiley and Sons, 1999, pp. 606–611.

 17. Institute of Medicine, Food and Nutrition Board, Committee 
to Review Dietary Reference Intakes for Vitamin D and 
Calcium. Dietary reference intakes for calcium and vitamin 
D. Washington, DC: National Academies Press (US), 2011.

 18. Mutlu GY and Hatun Ş. Use of vitamin D in children and 
adults: frequently asked questions. J Clin Res Pediatr 
Endocrinol 2018; 10(4): 301.

 19. Tan X, Patel I and Chang J. Review of the four item Morisky 
medication adherence scale (MMAS-4) and eight item 
Morisky medication adherence scale (MMAS-8). INNOVAT 
Pharm 2014; 5(3): 5.

 20. Yang X, Chai M and Lin M. Proportion of vitamin D defi-
ciency in children/adolescents with type 1 diabetes: A system-
atic review and meta-analysis. BMC Pediatr 2023; 24(1): 192.

 21. Al Senani A, Al Rawahi A, Ahmed O, et al. The effect of 
vitamin d status of type 1 diabetic children on their glycemic 
control. Teikyo Med J 2021; 44(3): 769–775.

 22. Giri D, Pintus D, Burnside G, et al. Treating vitamin D defi-
ciency in children with type I diabetes could improve their gly-
caemic control. BMC Res Notes 2017; 10(1): 1–5.

 23. Ragab MH, Sherif EM, Abd-El Gawad NB, et al. Influence of 
supplementary vitamin D on the prognostic pathway of type1 
diabetes among children. Biomed Pharmacol J 2021; 14(1): 
303–309.

 24. Sharma S, Biswal N, Bethou A, et al. Does vitamin D supple-
mentation improve glycaemic control in children with type 1 

mailto:hooby1983@gmail.com
https://orcid.org/0009-0006-9069-5740
https://orcid.org/0009-0006-9069-5740


10 SAGE Open Medicine

diabetes mellitus? A randomized controlled trial. J Clin Diagn 
Res JCDR 2017; 11(9): SC15.

 25. ALkharashi NA. Estimation of vitamin D deficiency preva-
lence among Saudi children in Armed Forces Hospital and 
Riyadh Care Hospital in Riyadh, Kingdom of Saudi Arabia 
and its relation to type 1 diabetes mellitus. Saudi Med J 2019; 
40(12): 1290.

 26. Ames BN, Grant WB and Willett WC. Does the high preva-
lence of vitamin D deficiency in African Americans contribute 
to health disparities? Nutrients 2021; 13(2): 499.

 27. Mogire RM. The epidemiology and genetic architecture 
of vitamin D deficiency in African children. UK: Open 
University, 2021.

 28. Husain NE, Badie Suliman AA, Abdelrahman I, et al. Vitamin 
D level and its determinants among Sudanese women: does it 
matter in a sunshine African Country? J Fam Med Prim Care 
2019; 8(7): 2389–2394.

 29. Bizzarri C, Pitocco D, Napoli N, et al. No protective effect of 
calcitriol on β-cell function in recent-onset type 1 diabetes: the 
IMDIAB XIII trial. Diabetes Care 2010; 33(9): 1962–1963.

 30. Felício KM, de Souza ACCB, Neto JFA, et al. Glycemic 
variability and insulin needs in patients with type 1 diabetes 
mellitus supplemented with vitamin D: a pilot study using 
continuous glucose monitoring system. Curr Diabetes Rev 
2018; 14(4): 395–403.

 31. Al-Agha AE and Ahmad IA. Association among vitamin D 
deficiency, type 1 diabetes mellitus and glycemic control. J 
Diabetes Metab 2015; 6(594): 2.

 32. Segovia-Ortí R, Bennassar AB, de Sotto-Esteban D, et al. 
Vitamin D status is related to severity at onset of diabetes and 
worse glycemic control. J Pediatr Endocrinol Metab 2020; 
33(10): 1265–1271.

 33. Nascimento BF, Moreira CFF, da Fonseca ER, et al. Effects 
of vitamin D supplementation on glycemic control of children 
and adolescents with type 1 diabetes mellitus: a systematic 
review. J Pediatr Endocrinol Metab 2022; 35(8): 973–988.

 34. de Melo FTC, Felício KM, de Queiroz NNM, et al. High-
dose vitamin D supplementation on type 1 diabetes mellitus 

patients: is there an improvement in glycemic control? Curr 
Diabetes Rev 2022; 18(1): 66–73.

 35. Panjiyar RP, Dayal D, Attri S, et al. Sustained serum 
25-hydroxyvitamin D concentrations for one year with chole-
calciferol supplementation improves glycaemic control and 
slows the decline of residual β cell function in children with 
type 1 diabetes. Pediatr Endocrinol Diabetes Metab 2018; 
24(3): 111–117.

 36. Balla D, Abdalla AM, Elrayah ZAE, et al. The association of 
25 (OH) vitamin D level with glycemic control and nephropa-
thy complication in Sudanese with type 2 diabetes. Health Sci 
2018; 7(2): 62–68.

 37. Nigil Haroon N, Anton A, John J, et al. Effect of vitamin D 
supplementation on glycemic control in patients with type 
2 diabetes: a systematic review of interventional studies. J 
Diabetes Metab Disord 2015; 14: 3.

 38. Lipman TH and Hawkes CP. Racial and socioeconomic dis-
parities in pediatric type 1 diabetes: time for a paradigm shift 
in approach. Diabetes Care 2021; 44(1): 14–16.

 39. Alassaf A, Odeh R, Gharaibeh L, et al. Impact of socioeco-
nomic characteristics on metabolic control in children with 
type 1 diabetes in a developing country. J Clin Res Pediatr 
Endocrinol 2019; 11(4): 358.

 40. Zabeen B, Nahar J, Ahmed B, et al. Vitamin D status in chil-
dren and adolescents with type 1 diabetes in a specialized dia-
betes care centre in Bangladesh. Endocrinol Diabetes Metab 
2022; 5(1): e00312.

 41. Svoren BM, Volkening LK, Wood JR, et al. Significant vita-
min D deficiency in youth with type 1 diabetes mellitus. J 
Pediatr 2009; 154(1): 132–134.

 42. Hafez M, Hassan M, Musa N, et al. Vitamin D status in 
Egyptian children with type 1 diabetes and the role of vita-
min D replacement in glycemic control. J Pediatr Endocrinol 
Metabol 2017; 30(4): 389–394.

 43. Al-Othman A, Al-Musharaf S, Al-Daghri NM, et al. Effect 
of physical activity and sun exposure on vitamin D status of 
Saudi children and adolescents. BMC Pediatr 2012; 12(1): 
1–6.


