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Abstract
Background: Hyperglycemia and dyslipidemia are commonly found metabolic abnormalities in diabetic children
and adolescents and both increase the risk of cardiovascular disease. This study aimed to assess the prevalence and
the pattern of dyslipidemia in Egyptian children and adolescents with type 1 diabetes (T1DM) and determine its
relation with the glycemic control.
Results: This retrospective study included 806 children and adolescents with T1DM; 358 (44.42%) males and
448 (55.58%) females. Their mean age was 11.71 ± 3.6 years. Clinical and laboratory data were recruited from
patients’ files. Laboratory data include the most recent fasting lipid profile (triglycerides (TG), total cholesterol
(TC), high-density lipoprotein (HDL) and low-density lipoprotein (LDL)), and the mean glycosylated
hemoglobin (HbA1c) levels over the preceding year presented in percentage were calculated. Dyslipidemia in
children and adolescents with T1DM represented 70.47% (568 patients). No statistically significant differences
were detected between patients with and without dyslipidemia. As regards the pattern of dyslipidemia, high
LDL and low HDL were the most frequent abnormalities in the study group; 62.16%, 60.21%, respectively.
Patients with poor glycemic control (HbA1c > 7.5%) represent 73.45% and they were significantly older, with
longer diabetes duration and higher TC, TG, and LDL compared to patients with good glycemic control.
Significant positive correlations were found between HbA1c, TG, TC, and LDL with the age and diabetes
duration.
Conclusion: We detected high prevalence of dyslipidemia in children and adolescents with T1DM. Therefore,
dyslipidemia should be screened for in earlier ages in Egyptian children and adolescents suffering from T1DM.
Programs directed to the prevention of dyslipidemia should be conducted, particularly for this group, in order
to prevent/delay cardiovascular complications related to dyslipidemia. Also, parents should receive proper
education targeting the prevention, control, and care of their diabetic children with dyslipidemia.
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Background
Type 1 diabetes mellitus (T1DM) is one of the most
common endocrine disorders in children and adolescents. It has been estimated to affect about 3% of children around the world [1]. Hyperglycemia and
dyslipidemia are metabolic abnormalities commonly
found in children and adolescents with T1DM and both
increase the risk of cardiovascular disease (CVD) [2].
The prevalence of dyslipidemia is continuously increasing worldwide probably due to Westernization of diet,
sedentary lifestyle, reduced physical activity, and
urbanization as well as obesity [3].
HDL levels in T1DM are commonly reported to be
higher than those detected in the general population,
although CVD risks in this patient group are considerably high. It has been demonstrated that the HDL has
the capacity to transform from a protective antiinflammatory molecule to a dysfunctional proinflammatory equivalent in the presence chronic illness
[4]. This effect could be attributed to factors as systemic inflammation [5] or renal dysfunction [6] and can
lead to reversal of the well-documented inverse relationship between serum HDL levels and adverse CVD
outcomes [7]. Also, hypertriglyceridemia occurs in
T1DM. Moreover, patients with diabetes show qualitative and kinetic abnormalities for all lipoproteins. Many
factors may explain to the changes in lipid metabolism
observed in T1DM patients, including insulin deficiency or even resistance, adipocytokines, and hyperglycemia due to poor glycemic control. Insulin deficiency
or resistance stimulates an intracellular lipase that in
turn increases the secretion of non-esterified fatty acids
(NEFA) from triglycerides (TG) stored in the active
central adipose tissue. High levels of NEFA in the circulation increase hepatic TG production which results
in increased secretion of apolipoprotein B (apoB). Additionally, the normal inhibitory effect of insulin on hepatic apoB production and TG secretion in very lowdensity lipoproteins (VLDL) is lost, because the liver
cannot respond to increased NEFA flux under severe
insulin deficiency; therefore, VLDL secreted becomes
larger and more TG-rich. This hypertriglyceridemia is
further increased by reduced VLDL catabolism [8].
Lipoprotein lipase found on vascular endothelium
largely determines the rate of degradation of TG from
the circulation. In contrast to intracellular lipase, this
vascular lipoprotein lipase is downregulated by either
insulin resistance or deficiency. This decrease in lipoprotein lipase activity also results in postprandial
lipemia. Thus, hypertriglyceridemia in patients with
T1DM is mainly due to defective removal of TG. This
mechanism provides essential knowledge for understanding hypertriglyceridemia occurring in T1DM patients [9].
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Atherosclerosis can occur earlier in life in patients
with T1DM, leading to increased morbidity and mortality compared with the general population [10]. Dyslipidemia increases the frequency and severity of micro and
macrovascular complications of T1DM and is responsible for about 4.4 million deaths worldwide [11, 12].
Atherogenic dyslipidemia is one of the major and modifiable risk factors for CVD and its related mortality in
diabetic patients [3]. Moreover, an association between
elevated glycosylated hemoglobin (HbA1c) and serum
lipid levels has been reported [10]. The aim of the study
is to assess the prevalence and the pattern of dyslipidemia in Egyptian children and adolescents with T1DM
and determine its relation with the glycemic control.

Methods
Study population

This retrospective study included 806 children and adolescents (1–18 years), at least 1-year diabetes duration.
Patients with other autoimmune or chronic conditions
condition or taking drugs that may affect the lipid profile
were excluded. All the patients were not using any medication except insulin. Data of the patients were collected
from patients’ files during the period from March to December 2017.
Patients were classified based on their lipid profile into
2 groups: dyslipidemia and normo-lipidemia groups and
comparison was done between the 2 groups. We were
unable to assess puberty and family history of CVD due
to limitations in the medical records.
Data collection

The data were extracted from the medical records of the
children and adolescents with T1DM. Diabetes mellitus
was diagnosed according to the American Diabetes Association (ADA) criteria which takes into consideration
typical clinical symptoms of diabetes, such as polyuria
and polydipsia, usually non-obese with no signs of insulin resistance, may present with diabetic ketoacidosis,
and requiring insulin from the onset of disease, and the
following laboratory findings: random plasma glucose >
11.1 mmol/L, fasting plasma glucose > 7.0 mmol/L, or
glycated hemoglobin (HbA1C) > 6.5% [13].
Patients’ anthropometric data including height, weight,
and BMI were plotted on Egyptian growth curves [14].
Children were defined as overweight or obese if their
BMI was equal to or above 85th percentile and above
95th percentile respectively and both groups were excluded from out study. Growth vision computer software
provided by Novo Nordisk, Denmark, was employed to
assess height SDS (standard deviation score), weight
SDS, and BMI SDS.
Data also included the current age, gender, age of
diagnosis of T1DM, diabetes duration in addition to the
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most recent laboratory data including fasting lipid profile (triglycerides (TG), and total cholesterol (TC), highdensity lipoprotein (HDL), and low-density lipoprotein
(LDL). Mean glycosylated hemoglobin (HbA1c) levels
over the preceding year presented in percentage were
calculated. All children and adolescents with T1DM received similar diabetes, nutrition, physical activity counseling, and insulin treatment (basal–bolus regimen
(multiple daily injections)) as per department protocol.
Total daily insulin dose per kilogram was calculated (U/
kg/day). Secondary hyperlipidemia from thyroid disorders, renal, and liver diseases were excluded.
Dyslipidemia was defined as having low-density
lipoprotein-cholesterol (LDL) ≥ 100 mg/dl, high-density
lipoprotein-cholesterol (HDL) < 40 mg/dl (males), and <
50 mg/dl (females), total cholesterol (TC) ≥ 200 mg/dl,
and triglycerides (TG) ≥ 150 mg/dl according to ADA
definition, and dyslipidemia is present if one or more of
these lipid or lipoprotein levels are abnormal [15].

Statistical analysis

All data were tabulated and analyzed using the Statistical
Package for Social Science (SPSS version 22). The data
were presented as number and percentages for the qualitative data, mean, standard deviations and ranges for the
quantitative data with parametric distribution and median with inter quartile range (IQR) for the quantitative
data with non- parametric distribution. Chi-square test
was used in the comparison between two groups with
qualitative data. Independent t test was used in the comparison between two groups with quantitative data and
parametric distribution and Mann-Whitney test was
used in the comparison between two groups with
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quantitative data and non-parametric distribution. P
values < 0.05 were considered statistically significant.

Results
The study group included 806 children and adolescents
with T1DM; 358 (44.42%) males and 448 (55.58%) females. Their mean age was 11.71 ± 3.6 years. Females
had significantly high TG compared to males; however,
there was not any other statistically significant differences between them (Table 1).
Dyslipidemia in children and adolescents with T1DM
represented 70.47% (568 patients). Age, sex, diabetes
duration, age of diabetes onset, HbA1c, diabetes control,
and anthropometric data did not show any statistically
significant differences between patients with and without
dyslipidemia, and only the lipid profile (TG, LDL, TC,
HDL) showed significant differences between the compared groups (Table 2). As regards the pattern of dyslipidemia, high LDL and low HDL were the most frequent
abnormalities in the study group; 62.16%, 60.21 respectively (Fig. 1).
Patients with poor glycemic control (HbA1c > 7.5%) represent 73.45% and they were significantly older, with longer
diabetes duration and higher TC, TG, and LDL compared
to patients with good glycemic control (Table 3).
There were significant positive correlations between
HbA1c, TG, TC, and LDL with the age, and diabetes
duration (Table 4).
Discussion
Diabetes is one of the predisposing agents for dyslipidemia and atherosclerosis, and there are evidences which
show atherosclerosis even begins at childhood [9]. Moreover, the risk of coronary artery disease (CAD) is 2–4

Table 1 Demographic and laboratory characteristics of the study group by gender
Males (n = 358)

Females (n = 448)

P value

Age (years), median (range)

11.8 (2.8–17.7)

12.3 (2.6–18)

0.14

Age of diabetes onset (years), median (range)

6 (1–15.1)

6.4 (1–15)

0.34

Diabetes duration (years), median (range)

5 (1–17)

5 (1–15.2)

0.58

Insulin dose (U/kg/day), mean ± SD

1.3 ± 0.7

1.2 ± 0.8

0.06

Weight SDS, mean ± SD

− 0.8 ± 1.3

− 0.7 ± 1.1

0.23

Height SDS, mean ± SD

− 1.25 ± 1.3

− 1.43 ± 1.4

0.06

BMI SDS, mean ± SD

− 0.8 ± 1.21

− 1 ± 1.7

0.06

TC (mg/dl), mean ± SD

153.57 ± 45.23

158.71 ± 45.38

0.12

TG (mg/dl), mean ± SD

80.6 ± 39.73

86.39 ± 36.94

0.03*

LDL (mg/dl), mean ± SD

96.57 ± 32.41

98.73 ± 31.96

0.35

HDL (mg/dl), mean ± SD

51.24 ± 16.1

52.25 ± 19.78

0.43

HbA1c (%), mean ± SD

8.75 ± 1.77

8.75 ± 1.81

0.97

Dyslipidemia, frequency (%)

243 (67.88%)

325 (72.54%)

0.15

*P value < 0.05 is considered significant, TC total cholesterol, TG triglycerides, LDL low-density lipoprotein, HDL high-density lipoprotein, HbA1c glycosylated
hemoglobin, BMI body mass index, SDS standard deviation score

Soliman and Ibrahim Egyptian Pediatric Association Gazette

(2021) 69:21

Page 4 of 7

Table 2 Demographic and laboratory data of patients with and without dyslipidemia
Dyslipidemia (n = 568)

Normo-lipidemia (n = 238)

P value

12.1 (2.6–18)

12 (3–17.7)

0.29

• Male

243 (42.78%)

115 (48.32 %)

0.15

• Female

325 (57.22 %)

123 (51.68 %)

Age of diabetes onset (years), median (range)

6.1 (1–15)

6 (1–15.1)

0.75

Diabetes duration (years), median (range)

5 (1–17)

5 (1–15)

0.08

Age (years), median (range)
Sex

Insulin dose (U/kg/day), mean ± SD

1.1 ± 0.7

1.2 ± 0.67

0.06

Weight SDS, mean ± SD

− 0.7 ± 1.4

− 0.89 ± 1.3

0.07

Height SDS, mean ± SD

− 1.53 ± 1.6

− 1.62 ± 1.4

0.45

BMI SDS, mean ± SD

− 0.56 ± 1

− 0.7 ± 1.2

0.08

TC (mg/dl), mean ± SD

167.96 ± 75.8

128.75 ± 29.71

< 0.001*

TG (mg/dl), mean ± SD

90.24 ± 41.42

68.5 ± 23.25

< 0.001*

LDL (mg/dl), mean ± SD

107.69 ± 31.81

73.94 ± 16.87

< 0.001*

HDL (mg/dl), mean ± SD

48.59 ± 18.45

59.53 ± 15.1

< 0.001*

HbA1c (%), mean ± SD

8.79 ± 1.77

8.62 ± 1.83

0.22

Poor

425

167

0.17

Good

143

71

Glycemic control

*P value < 0.05 is considered significant, TC total cholesterol, TG triglycerides, LDL low-density lipoprotein, HDL high-density lipoprotein, HbA1c glycosylated
hemoglobin, BMI body mass index, SDS standard deviation score

times in diabetic individuals more than normal people
[16]. Early diagnosis of raising blood cholesterol levels in
asymptomatic individuals enables the recognition of an
essential modifiable risk factor for CAD and who may
get benefit from more serious dietary interventions [12].

Our study represents retrospective data from a single
large diabetes care center in which we found a high
prevalence of dyslipidemia (70.47%) in children and adolescents with T1DM. This high prevalence has been also
reported in many studies [17–20]. However, this

Fig. 1 Pattern of dyslipidemia in the study group. TC, total cholesterol; TG, triglycerides; LDL, low-density lipoprotein; HDL,
high-density lipoprotein
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Table 3 Demographic and laboratory characteristics of the study group by glycemic control
Age (years), median (range)

Poor glycemic control (n = 592)

Good glycemic control (n = 214)

P value

12.4 (2.8–18)

11 (2.6–17.72)

0.001*

0.64

Sex
• Male

260

98

• Female

332

116

Age of diabetes onset, median (range)

6.12 (1–14.4)

6 (1–15.1)

0.36

Diabetes duration (years), median (range)

5 (1–17)

4.8 (1–14.7)

0.01*

Insulin dose (U/kg/day), mean ± SD

1.29 ± 0.41

1.24 ± 0.32

0.1

Weight SDS, mean ± SD

− 0.9 ± 1.4

− 0.69 ± 1.5

0.06

Height SDS, mean ± SD

− 1.34 ± 1.2

− 1.42 ± 1.5

0.43

BMI SDS, mean ± SD

− 0.6 ± 1.4

− 0.8 ± 1.3

0.06

TC (mg/dl), mean ± SD

160.42 ± 46.51

145.19 ± 40

<0.001*

TG (mg/dl), mean ± SD

85.7 ± 39.6

78.61 ± 34

0.02*

LDL (mg/dl), mean ± SD

99.5 ± 33.16

93.1 ± 28.8

0.13*

HDL (mg/dl), mean ± SD

52 ± 19.2

51.25 ± 15.25

0.6

HbA1c (%), mean ± SD

6.46 ± 1.52

6.76 ± 0.58

<0.001*

Dyslipidemia, frequency (%)

425 (71.79 %)

143 (66.82 %)

0.17

*P value < 0.05 is considered significant, TC total cholesterol, TG triglycerides, LDL low-density lipoprotein, HDL high-density lipoprotein, HbA1c glycosylated
hemoglobin, BMI body mass index, SDS standard deviation score

relatively higher than a study done in Bangladesh reporting a prevalence of 64% [10] and a previous Egyptian
study that reported a prevalence of 65% that was done
on 60 children and adolescents [21]. This high prevalence in our study was much higher than that reported
by other studies who found a prevalence ranged from
26.2 to 48.5% [11, 22, 23]. This high prevalence of dyslipidemia among our patients could be attributed to the
poor glycemic control as the number and percent of diabetic patients with poor glycemic control was higher
than their equivalents of good glycemic control in

dyslipidemia patients compared to normo-lipidemic patients but this did not reach statistical significance. Furthermore, the prevalence of dyslipidemias in the general
Egyptian population including children and adolescents
is high and underdiagnosed (37% of the Egyptian population) [24].
As regards the pattern of dyslipidemia, high LDL and
low HDL were the most frequent abnormalities in the
study group. This is in line with many previous studies
[17, 21, 25, 26]. One study documented that increased
TC and LDL were the main abnormalities [15].

Table 4 Correlations between the lipid profile and the demographic parameters and glycemic control
Age of diabetes onset

Diabetes duration

Age

BMI

Insulin dose

HbA1c

TC

TG

LDL

HDL

HbA1c

Pearson correlation

− 0.02

0.05

− 0.02

0.06

0.03

P value

0.61

0.14

0.64

0.09

0.34

Pearson correlation

0.24

0.08

0.12

0.05

0.2

P value

< 0.001*

0.02*

0.001*

0.17

<0.001*

Pearson correlation

0.17

0.11

0.08

0.09

0.18

P value

< 0.001*

0.002*

0.026*

0.06

<0.001*

Pearson correlation

0.03

0.05

0.02

0.01

0.02

P value

0.17

0.15

0.53

0.13

0.32

Pearson correlation

0.02

0.17

0.07

0.14

0.14

P value

0.13

0.14

0.17

0.11

0.33

Pearson correlation

0.19

0.13

0.11

0.07

1

P value

< 0.001*

< 0.001*

0.001*

0.07

*P value < 0.05 is considered significant, TC total cholesterol, TG triglycerides, LDL low-density lipoprotein, HDL high-density lipoprotein, HbA1c glycosylated
hemoglobin, BMI body mass index
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However, some studies found that hypertriglyceridemia
was the main disorder [10, 23, 27]. The wide range of
prevalence and patterns of dyslipidemia in different
studies may be due to multiple genetic factors in different ethnicities.
There were no significant differences in the prevalence
of dyslipidemia between males and females. This is in
concordance with a study conducted in Iran in 2017
[12]. On the other hand, Homma et al. [17] reported
that females had significantly higher dyslipidemia
prevalence.
There were no statistically significant differences between patients with and without dyslipidemia regarding
age, sex, diabetes duration, age of diabetes onset, HbA1c,
and glycemic control. This agreed with Zabeen et al.
[10], and Rahbar and Hajian [12]. Nevertheless, another
study reported that age, BMI, HbA1c, and poor metabolic control were significantly higher in cases with dyslipidemia [11].
Patients with poor glycemic control represent (HbA1c
> 7.5%) 73.45% and they had significantly older, with
longer diabetes duration, and higher TC, TG, and LDL
compared to patients with good glycemic control. In
addition, a significant association between HbA1c and
the serum lipids was found in this study. This is in concordance with the results reported by other studies [10,
20, 28]. Serum lipids were higher in patients with poor
metabolic control, but there was not significant relation
between HbA1c, and diabetes duration as reported by
one study [23]. However, other authors found no correlation between poor GC and HDL, LDL, TC, or the TG
which is different from our results [17]. These results
provide evidence that poor glycemic control can be considered a potential modifiable risk factor for dyslipidemia
in this patient group.
There were significant positive correlations between
HbA1c, TG, TC, and LDL with the age and diabetes
duration. Verma et al. [29] found a significant relation
between diabetes duration and HbA1c, which had
conformity with this study. Another study reported a
significant relationship between HbA1c and TG levels
but its relationship with disease duration was not significant [12].
The strengths of this study include the large sample
size. However, possible confounding variables that may
account for the association between poor glycemic control and dyslipidemia were not considered. Patients with
poor glycemic control and poor treatment compliance
may be the ones who also do not undertake preventive
measures as exercise, healthy diet, and strict follow-up.
Data of pubertal assessment were not included in the
study as this retrospective study depended mainly on
data obtained from patients’ records which showed deficiency in this aspect and this limited the power to
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examine the well-known association between the different pubertal stages and dyslipidemia.

Conclusions
This study demonstrated high prevalence of dyslipidemia
among children and adolescents with T1DM. High LDL
and low HDL were the most frequent abnormalities in
the study group. Longitudinal studies might be needed
for early diagnosis and effective treatment of dyslipidemia which is a potential modifiable risk factor of CVD
in children and adolescents with T1DM. So, we suggest
that dyslipidemia should be screened for in early ages,
particularly in Egyptian children and adolescents suffering from T1DM. Also, parents should be educated about
the control and care of their diabetic children with
dyslipidemia.
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