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Abstract
Objective: To study the correlation between initial presentation, metabolic control, longterm complication and the concomitant autoimmune diseases. In addition to exploring the
various risk factors that can impact the glycemic control in children and adolescents with
type 1 diabetes (T1DM).
Methods: A retrospective cross-sectional study was conducted on 461 patients including
children and adolescents with T1DM, who were followed up at the pediatric clinic at King
Abdul-Aziz University Hospital from January 2004 to December 2016. The medical records
and laboratory findings in the hospital’s electronic system of all patients were reviewed.
Collected data comprised of the primary disease presentation including hyperglycemic and
diabetic ketoacidosis (DKA) symptoms, associated autoimmune diseases and consequent
chronic complications.
Results: The mean patient age was 10.4 ± 4.8 years. A total of 62.1% and 27.9% initially
presented with hyperglycemia and DKA, respectively. Glycemic control did not significantly
differ between the pubertal and the pre-pubertal groups, although the glycated hemoglobin
A1c levels were higher in the pre-pubertal group (62.3%) than in the pubertal group (37.7%).
Chronic complications were observed as follows: steatohepatitis (11.1%), microalbuminuria
(11%), dyslipidemia (10.3%) and retinopathy (5.7%). Regarding the associated comorbidities, vitamin D deficiency was present in 58.9% of children and was significantly
associated with gender (68.4% females and 51.9% males), whereas autoimmune thyroiditis
and celiac disease were present in 20% and 8.2% of children, respectively.
Conclusion: Pre-pubertal children exhibited less glycemic control as compared to
adolescents. The most common presentation at diagnosis included signs of hyperglycemia
rather than those of DKA. The co-morbidities showed a significant relationship with gender.
Vitamin D deficiency is the most common associated medical condition in children with
diabetes.
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Introduction
Type 1 diabetes mellitus (T1DM) is considered to be
one of the most common endocrine diseases in children.
Approximately 50% of patients with T1DM are diagnosed
during the first 15 years of their lives [1]. The incidence
rate of T1DM is gradually increasing, with a prevalence of
109.5 per 100,000, among both children and adolescents
in Saudi Arabia [2,3]. Based on the recent report in 2013
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by the International Diabetes Federation, Saudi Arabia was
among the top 10 countries in terms of diabetes prevalence
with a percentage of 24 [4].
The most common initial presentations of T1DM include
hyperglycemic symptoms or acute diabetic ketoacidosis
(DKA). Hyperglycemic symptoms include polyuria,
polydipsia, weight loss, nocturia, nocturnal enuresis
and glycosuria, whereas acute DKA symptoms include
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abdominal pain, vomiting, ketone smell, ketonuria,
Kussmaul breathing, and confusion [5]. Children with
T1DM are at a high risk of developing autoimmune
diseases and other chronic complications. In fact,
studies have shown that children with diabetes could
develop other autoimmune diseases such as autoimmune
thyroiditis (AIT) and celiac disease (CD) [6,7]. In addition,
studies also showed an association between T1DM and
vitamin D deficiency. Moreover, chronic complications,
including retinopathy, nephropathy, dyslipidemia and
liver disease, are reported to be the most common chronic
complications in pediatric patients with T1DM [8].
Several factors contribute to the progression of diabetes
complications, including diabetes duration, age, pubertal
stage, and glycemic control [9]. Improved glycemic
control in children and adolescents with T1DM helps to
reduce and even prevent potential chronic complications
[10-12]. Such good glycemic control can be achieved via
frequent home monitoring of blood glucose levels and
regular daily insulin injections, or via insulin pump use.
Furthermore, patients are recommended to follow up with
regular HbA1c tests, healthy diet, and routine physical
exercise. Moreover, intensified insulin therapy has been
shown to enhance glycemic control and thus reduces
diabetic complications to a greater extent, as compared to
conventional insulin therapy [13].
In this study, we intend to evaluate the interrelationship
linking the initial presentation, metabolic control, longterm complication and the accompanying autoimmune
diseases. Additionally, to investigate the various risk
factors that can influence the glycemic control in children
and adolescents with type 1 diabetes (T1DM), who
visited the pediatric endocrine clinic at King Abdul-Aziz
University Hospital (KAUH) in Jeddah, Saudi Arabia.

Methods
This retrospective cross-sectional study was conducted
among children and adolescents with T1DM. Patients were
followed up at the pediatric clinic at KAUH from January
2004 to December 2016. The study population comprised
of 461 children and adolescents aged 1-18 years. The
data were obtained by reviewing the medical records and
laboratory findings from the hospital’s electronic system
of all patients. Puberty was defined according to Tanner’s
staging criteria, which defined puberty based on testes
enlargement of >4 ml in volume in males and based on
breast development in females. In the present study, the
mean age of males and females was 13 and 11 years,
respectively. Ethical approval for this study was obtained
from the Research Ethics Committee of KAUH.
The data collected included initial disease presentation,
hyperglycemia symptoms, DKA symptoms, associated
autoimmune diseases, and chronic complications.
Glycemic control was determined by measuring the
HbA1c levels; with a target of ≤ 7.5%. The average HbA1c
level over the last year was recorded. All the patients were
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allocated to 3 subgroups based on the glycemic control.
The good glycemic control group had an HbA1c of <7.5%,
the moderate glycemic control group had an HbA1c of 7.59% and the poor glycemic control group had an HbA1c of
>9% [14].
With regard to the laboratory findings and autoimmune
comorbidities, serum levels of free thyroxine (fT4; Normal
range, 12-22 pmol/L) and thyroid stimulating hormone
(TSH; Normal range, 0.27-5 mIU/L) were measured.
Thyroid antibody titers were also reviewed, as they were
considered essential for the diagnosis of autoimmune
thyroiditis. Moreover, high TSH levels with low fT4
levels were used to confirm hypothyroidism, whereas
high TSH levels with normal fT4 levels were considered
to reflect subclinical hypothyroidism. Celiac disease was
diagnosed based on the presence of a high titer of IgA antitissue transglutaminase (≥ 20 IU/L) and was confirmed
via Jejunal biopsy. However, a high antibody titer with
a negative biopsy result was considered to indicate latent
celiac disease. The presence of microalbuminuria was
screened via spot urine samples and confirmed using 24
h urine samples. Microalbuminuria was defined as urinary
albumin excretion of 20 200 μs/min (30-300 mg/day) or
an albumin/creatinine ratio of 2.5-25 mg/mmol in boys
and 3.5-25 mg/mmol in girls in the morning urine sample.
Retinopathy was identified by the presence of
microaneurysm, exudates, microvascular abnormalities,
hemorrhages, or macular edema. An experienced
ophthalmologist carried out the assessment for evidence of
cataract development, retinopathies, or refraction errors.
Dyslipidemia was diagnosed via abnormal lipid profile
measurements based on the following criteria: low-density
lipoprotein (LDL) >100 mg/dl, high-density lipoprotein
(HDL) <35 mg/dL and/or triglycerides (TG) >150 mg/dL.
Vitamin D deficiency was detected by measuring the level
of 25-hydroxyvitamin D (25(OH) D) in serum; a normal
vitamin D level was defined as a 25(OH) D concentration
of >30 ng/mL. If the serum 25(OH) D concentrations
was between 20 and 30 ng/mL, the patient was labeled
as vitamin D insufficient and when the concentration was
<20 ng/mL, the patient was labeled as vitamin D deficient.
To assess for the presence of steatohepatitis, liver
enzymes levels were measured, including aspartate
aminotransferase (AST; normal value, 0-60 IU/L), alanine
aminotransferase (ALT; normal value, 0-50 IU/L), and
gamma-glutamyltransferase (GGT; normal value, 0-50
IU/L).

Statistical Analysis
Data analysis was performed using the Statistical Package
for the Social Sciences (SPSS) software version 16.0.
Continuous variables, including age and mean HbA1c
levels, are presented as a mean ± standard deviation,
whereas categorical variables are presented as percentages.
The analysis was performed by comparing the differences
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in HbA1c levels among pubertal & prepubertal age groups
via independent-sample t-tests. Pearson correlation for
continuous data was used to test the correlation between
HbA1c levels with TG and LDL levels. Chi-square test
was used to determine the relationship between vitamin D
deficiency and gender. A p value of <0.05 was considered
statistically significant for individual variables.

Results
A total of 461 children and adolescents with T1DM
were enrolled, including 214 (46.4%) male patients
and 247 (53.6%) female patients (mean age, 10.3 ± 4.7
years). A total of 146 (70.2%) male patients were at the
prepubertal stage, whereas 62 (29.8%) male patients were
at the pubertal stage. Moreover, a total of 121 (51.7%)
female patients were at the prepubertal stage, whereas 113
(48.3%) female patients were at the pubertal stage.
The most common initial presentation of T1DM
included hyperglycemic symptoms without DKA in
251 of 404 (62.1%) patients. Polyuria was the most
common presenting symptom in 86.2% of cases. The
other symptoms included polydipsia (79.4%), weight
loss (42.2%), nocturia (11.1%), nocturnal enuresis (8%)
and glycosuria (5%). With regard to DKA, a total of 153
(37.9%) diabetic children initially presented with DKA.
Abdominal pain was the most common symptom (20.1%),
followed by vomiting (18.6%). CNS changes, in the form
of drowsiness and decreasing alertness were also observed
in 6.5% patients. Kussmaul breathing, acetone breath, and
ketonuria were observed in 3%, 2.3% and 1.8% of diabetic
children, respectively.

None of the cases presented with coma, seizures, or
arrhythmia during the course of management. No reports
of death due to diabetes were noted in this study. Regarding
glycemic control, 123 (49.0%) had poor glycemic control,
113 (45.0%) had moderate glycemic control and 15 (6%)
had good glycemic control in the prepubertal group.
Moreover, 94 (57.0%) had poor glycemic control, 61
(37.0%) had moderate glycemic control and 10 (6.1%)
had good glycemic control in the pubertal group (Figure
1 and Table 1).
The HbA1c level was 62.3% in the prepubertal group and
37.7% in the pubertal group. There was no significant
relationship between glycemic control and gender, as
50% of male patients and 54.5% of female patients had
poor metabolic control (p=0.390). Moreover, there was
no significant relationship between HbA1c levels and age
(p=0.840).
Vitamin D deficiency was observed in 208 (97.7%)
diabetic patients and exhibited a significant relationship
with gender (68.4% females and 51.9% males; p=0.001).
In particular, 42.9% of children with established T1DM
were vitamin D deficient, as compared to 57.1% of children
with recent-onset diabetes. There was a strong relationship
between poor glycemic control and vitamin D deficiency.
In fact, 123 (58.9%) patients with poor metabolic control
also had a low vitamin D level.
Most patients (83.4%) had normal TSH levels, whereas
the others (16.6%) had high TSH levels. Moreover,
approximately 89.5% of the studied population had
normal fT4 levels, whereas the remaining (6.2%) had high

Figure 1. Bar chart representing each age group in relation to the glycemic control level in the studied diabetic pediatric
patients
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Table 1. Demographic data of pediatric T1DM patients classified by glycemic control
HbA1c<7%
HbA1c 7-9%
HbA1c>9%
Variable
n (%)
n (%)
n (%)
Age
<5
(5.8) 3
(36.5) 19
(57.7) 30
5-10
(4.9) 6
(48) 59
(47.2) 58
10-15
(6.2) 11
(38.4) 86
(55.4) 98
>15
(9.2) 6
26 (40)
33 (50.8)
Gender
Male
(8) 16
(42) 84
(50) 100
Female
(5.1) 12
(40.4) 95
(54.5) 128
fT4 levels. With regard to autoimmune thyroiditis, most
cases (78.5%) had subclinical thyroiditis and 20% had
clinical thyroiditis. The celiac antibody titer was positive
in 8.2% of the studied patients, including 1.5% who were
confirmed via biopsy and 6.7% who had latent celiac
disease. The majority of cases (91.8%) showed normal
biopsy findings.
Long-term Complications
Steatohepatitis was detected in 13.7% of male patients
and 9% of female patients, as they had high levels of
AST. Moreover, ALT levels were high in 5.4% male
patients and 3.4% female patients, whereas GGT levels
were high in 0.6% male patients and 2% female patients.
Dyslipidemia was detected in 28 of 272 patients (10.3%)
due to the high total cholesterol (TC) levels. Of these
patients, 57.1% have reached puberty and 42.9% have not,
including 18 female patients (12.6%) and 10 male patients
(7.8%). Moreover, an increase in TG levels was detected
in 8 of 28 patients (3%).
As for the ophthalmological complications, in the routine
screening of 442 children, 25 (5.7%) were found to be
affected; in fact, both male and female patients were
found to be equally affected. Moreover, 12 (9.1%)
patients who had reached puberty and 9 (3.4%) patients
who had not yet reached puberty had eye complications.
Refraction errors, retinopathy, glaucoma and cataract
were detected in 20 (4.5%), 2 (0.5%) and 1 (0.2%)
patients, respectively. Furthermore, 4 out of 28 (14.3%)
affected children had good glycemic control, 9 out of 179
(5.1%) had moderate glycemic control and 13 out of 228
(5.7%) had poor glycemic control. Refraction errors were
noted in only 1 child aged <5 years and in 3 children aged
5-10 years; ophthalmological complications were most
commonly observed in children aged 10-15 years (n=14).
Only 8 patients aged >15 years had ophthalmological
complications.

Discussion
Approximately 65,000 children aged <15 years develop
T1DM annually worldwide. Between 13% and 80% of
these children present with DKA at the time of diagnosis. A
study conducted between 2011 and 2013 reported that the
highest frequencies for DKA at presentation of T1DM are
Curr Pediatr Res 2018 Volume 22 Issue 1
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noted in Saudi Arabia (44.9%), Taiwan (65%), Romania
(67%) and the United Arab Emirates (80%), whereas the
lowest such frequencies are noted in Hungary (23%),
Finland (22%), Canada (18.6%) and Sweden (14%) [5].
Another study by Salman et al showed that DKA was the
most common clinical presentation among children, and
was observed in 67.3% of these patients [15]. However,
in the present study, DKA was observed in only 37.9% of
patients, although the DKA incidence did not significantly
differ between Saudi and non-Saudi children (47.7% vs.
52.3%). The most common clinical presentations were
polyuria followed by polydipsia. Thus, DKA was less
common in the present study than in other local studies.
This reduction in DKA incidence may be attributed to
the high level of awareness among parents, the improved
health services provided and early detection of the disease.
Caring for pediatric T1DM patients is a major challenge.
Good glycemic control is essential for the prevention of
long-term diabetes complications, such as retinopathy,
nephropathy, and neuropathy. Moreover, good glycemic
control decreases the frequency of complications and
limits the progression of the current complications [16].
In the present study, we found that 6.4% of children had
good glycemic control, 41.1% had average glycemic
control and 52.4% had poor glycemic control. As the
age of children increased, glycemic control became more
challenging. In fact, glycemic control was found to be
worse in adolescents than in younger children [17,18].
In the present study, the HbA1c level was higher in the
prepubertal group. Similarly, a previous observational
study in 2011, did not show a significant relationship
between gender and glycemic control in children and
adolescents with T1DM, which was confirmed in the
present study. Cases of T1DM were more frequently
associated with autoimmune diseases as compared to
the general population, particularly with celiac disease
and autoimmune thyroid disease. The latter is the most
prevalent endocrine disease among diabetic patients [19].
A study was conducted on 17,749 children with T1DM in
118 diabetes centers in both Germany and Austria showed
that 63% of patients had positive thyroid antibody test
results [20]. In the present study, 326 had normal TSH
levels and 65 had high TSH levels, whereas 348 had
normal fT4 levels and 24 had high fT4 levels. Moreover,
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51 exhibited sub-clinical disease and 13 exhibited clinical
disease. There was no significant relationship between
gender and TSH levels and most males and females had
normal TSH levels.
Celiac disease is another autoimmune disease associated
with T1DM. The prevalence of celiac disease in T1DM
patients varies from 3% to 16% [21]. Another study
conducted in 2001 showed that 11 of 158 patients with
T1DM had celiac disease, as indicated via biopsy [22].
In the present study, 7 patients had celiac disease, 31 had
latent celiac disease and 424 were normal. Gender was not
a factor affecting the findings of celiac biopsy, and most
males and females had normal biopsy findings.
Vitamin D plays a significant role in bone regulation
and calcium metabolism. Vitamin D has recently been
proven to be important in the pathogenesis of autoimmune
diseases, such as T1DM. The compounds of vitamin D are
known to inhibit T-cell activation by binding to the vitamin
D receptor (VDR). Thus, VDR gene polymorphisms may
play a role in T-cell-mediated autoimmune diseases [23].
In the Iranian population, VDR gene polymorphisms were
found to be associated with T1DM [24,25]. Moreover,
several studies indicated that T1DM is associated with
vitamin D deficiency [26,27] consistent with our finding
that vitamin D deficiency was associated with T1DM in
208 (97.7%) patients. Bin Abbas et al. [28] showed that
the prevalence of vitamin D deficiency is 84% in T1DM
children as compared to 59% in healthy children. In the
present study, there was a significant relationship between
gender and vitamin D levels (p=0.001). Most males and
females had low vitamin D, although the proportion of
females was larger.
In Saudi Arabia, vitamin D deficiency is highly
predominant among T1DM children [29]. Based on the
present study, children with recent onset diabetes had a
higher incidence of vitamin D deficiency in comparison
to children with established T1DM. Moreover, Borkar in
2010 [27], showed that 86% of patients with recent-onset
diabetes were vitamin D deficient. Hence, the intake of
vitamin D supplements in early childhood may protect
against the development of T1DM [30]. In the present
study, we found a significant relationship between poor
glycemic control and vitamin D deficiency. Moreover,
the HbA1c levels were inversely related to the vitamin
D levels, thus indicating a possible connection between
glycemic control and vitamin D metabolism.
Long-term uncontrolled glycemia is associated with
risks of many life-threatening diseases and could have
undesirable effects on various body organs. Hepatic
involvement is common in diabetic patients and is an
important cause of death in this population. Fatty liver is
a well-known complication of diabetes, with a reported
frequency of 40-70% [31]. In another study conducted in
Egypt on 692 children, elevated ALT levels were found
in 27 (3.9%), hepatomegaly on physical examination
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was noted in 13 (1.9%) and abnormal ultrasonographic
findings were noted in 31 (4.5%) children [32]. Diabetic
patients are at a higher risk of developing fatty liver than
a normal person. In the present study, we found that 23
(13.7%) males had high AST levels and 18 (9%) females
had high AST levels. Moreover, ALT levels were high in
9 (5.4%) males and 7 (3.4%) females. The level of the
liver enzyme GGT was above normal in 1 (0.6%) male
and 4 (2%) females.
Dyslipidemia was associated with poor glycemic control
and was more common in children with diabetes [33].
A Korean study showed that 37.9% of 29 patients were
classified as having dyslipidemia, including an increase
in TC levels (27.6%) or increase in TG levels (14.3%).
The authors concluded that 33% adolescents with T1DM
had dyslipidemia. This finding may have been largely
associated with high HbA1c levels [34]. In the present
study, no significant associations were observed among
HbA1c, LDL and TG levels. Dyslipidemia was detected
in 28 patients (10.3%), due to high TC levels. Most of the
patients were females who had reached puberty, and an
increase in TG levels was noted in 8 of 28 patients (3%).
Another study reported a high prevalence of dyslipidemia
in young patients with T1D, particularly in pubertal
females [35].
Diabetic nephropathy is a major late complication of T1DM.
It is associated with significant morbidity and mortality.
Microalbuminuria is considered to be an early sign of
diabetic renal disease. In South America, 11.2% of the 205
patients admitted to the Pediatric Endocrinology Division
were found to have microalbuminuria [36]. In Turkey,
155 children were shown to have a mean HbA1c of 8.4%,
and 16.1% were found to have microalbuminuria [37].
In the present study, the frequency of microalbuminuria
was 11%, including 57% at the pubertal stage (8.4%
males and 13.5% females). The mean age of the cases of
microalbuminuria was 12.75 ± 4.758 years. A significant
association was observed between the occurrence of
microalbuminuria and poor glycemic control.
Chronic ophthalmological complications as a result
of diabetes occur in children with diabetes duration
of at least 5 years. In 2015, the Children's Hospital of
Pennsylvania conducted a study on the prevalence of
ocular pathology in T1DM children. A total of 370
children were examined, and none of the children had
diabetic retinopathy; however, 12 children had cataract
and 41 children had high refractive errors [38]. In Tikur
Anbesa Specialized Hospital in Ethiopia, the endocrine
clinic examined diabetic children between 9 and 17 years
of age. Of 86 children with a mean age of 13.7 years who
were examined for retinopathy, only 4.7% had retinopathy
(mean age, 14.25 ± 1.89 years) [39]. In Westmead
Children’s Hospital in Australia, diabetic children aged
12-20 years were clinically examined for retinopathy; of
the 944 patients, 9.0% had signs of retinopathy [40]. In
Muhimbili National Hospital Clinic in Italy, 99 children
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aged 5-18 years were surveyed in for diabetic control,
and 22.68% were found to have retinopathy [41]. In
the present study, a total of 442 patients underwent an
ophthalmological examination to determine the prevalence
of ophthalmological complications. Such complications
were noted in 25 patients (5.7%). No gender differences
were observed for any disease types. However, there were
significant differences in pubertal age and HbA1c levels
among these patients. In particular, we found that children
who reached pubertal age were more likely to have eye
disease, as compared to children who had not yet reached
pubertal age. Moreover, eye diseases were observed in
children with high HbA1c levels.

Conclusion
The occurrence rate of DKA was lower than that reported
in previous studies. In addition, unlike previous studies,
DKA was not the most common clinical presentation.
This difference may be related to the better awareness of
patients and early diagnosis. Hence, regular screening for
microalbuminuria is highly recommended for the early
detection of diabetic nephropathy. Early detection of
abnormal liver enzyme levels will also help prevent future
complications. Moreover, early screening of vitamin D
deficiency in children may protect against the development
of T1DM. Hence, we recommend more educational
sessions concerning diabetes care for both children and
their families in order to achieve a tight glycemic control
to further reduce the risk of complications.
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