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Abstract: Background: Diabetes is a real public health problem in children and adolescents because
of its chronicity and the difficulty in the control of blood glucose levels at paediatric age. Objective:
The aim of this study was to assess the link of socio-demographic and anthropometric characteristics
with the management and glycemic control in children with typel diabetes (T1D). Materials and
Methods: The study included a sample of 184 children with T1D of 15 years old or less. A
structured questionnaire was used to collect information on socio-demographic status, characteristics
and complications of the disease, diabetes management, diet, physical activity and therapeutic
education of participants. Weight and height were measured and body mass index calculated. Results:
The mean age of the patients surveyed was 8.49 + 4.1 years; the majority (68.5%) was of school age,
female (53.2%) and was from low socioeconomic level (83.2%). Only 20.1% of the patients had a
good glycemic control. The low socioeconomic status and overweight or obesity were significantly
more prevalent in children with poor compared to those with good glycemic control (P < 0.001).
Multivariate analysis revealed an association of poor glycemic control with the family history of
diabetes (adjusted OR = 38.70, 95% CI: 11.61, 128.98) and the absence of therapeutic education
(adjusted OR = 3.29, 95% CI: 1.006, 10.801). Conclusions: This study shows that diabetes is
associated with overweight and obesity in children and that the quality of glycemic control is



88

generally poor in these patients. The data showed also that improving the quality of life of T1D
patients requires good therapeutic education, hence the need to introduce a real national policy.

Keywords: type 1 diabetes; children; management; overweight; obesity; glycemic control

Abbreviations: IDF: International Diabetes Federation; T1D: Type 1 diabetes; ISPAD: International
Society for Paediatric and Adolescent Diabetes; DCCT: Diabetes control and complications trial;
HbAic: Glycated haemoglobin; WHO: World Health Organization; WC: Waist circumference;
WHItR: Waist-to-Height ratio; BMI: Body mass index; SD: Standard deviations; FBG: Fasting blood
glucose; PPG: Postprandial blood glucose; OR: Odds ratio; CI: Confidence interval, RAMED:
Medical assistance scheme; ADA: American Diabetes Association; Vs: Versus

1. Introduction

Diabetes is today a real increasing public health problem and the most worrying current
pathologies in the world. The International Diabetes Federation (IDF) has estimated in 2019 that 463
million people are affected by diabetes worldwide, and the prediction is to increase to 578 million in
2030 and 700 million in 2045 [1].

Young people are not spared from this global epidemic, especially (T1D), the most serious and
common endocrine disease in children and adolescents with a risk of acute and chronic
complications [2], because of the chronicity of the disease and the difficulty in achieving glycemic
control in paediatric age as recommended by the International Society for Paediatric and Adolescent
Diabetes (ISPAD) [3]. In 2019, the IDF estimated to 600 900 out of a population of 1.98 billion
children aged 0 to 14 years suffer from T1D worldwide, and at 98 200 the annual number of incident
cases (In Morocco, this number is estimated at 2.4 million) [1].

In Morocco, a country in the midst of a demographic, nutritional, and epidemiological transition [4],
diabetes is emerging presently as a challenge facing health care, in its daily practice. According to
the latest national survey carried out by the Ministry of Health in collaboration with WHO, the
prevalence of diabetes reached 10.6% of the population [5]. In 2003, 700 diabetic children were
followed up at the Children’s Hospital in Rabat only [6]. In addition, Morocco is among the
countries of the MENA Region with the highest number of children and adolescents (0 to 19 years)
living with DT1 in 2019. It is also among the countries with the highest number of new cases of DT1
among children and adolescent [1].

The challenge for children and adolescents with T1D today is to achieve a good glycemic
control to prevent or delay the onset of long-term vascular complications [7]. It is also important to
limit hypoglycemia and hyperglycemia for harmonious development, good social and academic
integration and a better quality of life for the child and his parents [8]. To achieve these goals, the
American Diabetes Association’s (ADA) “Standards of Medical Care in Diabetes” include new
recommendations for the medical management of DT1 in children and adolescents, such as self-
monitoring of capillary blood glucose 6 to 10 times daily, intensive insulin regimens, personalized
medical nutritional therapy, changes in dietary habits, regular physical activity and the assessment of
psychosocial problems and family stress [9].
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Despite the significant progress provided by healthcare systems around the world, only a small
percentage of American children and adolescents meet the ADA Glycated Haemoglobin (HbAic)
goal of <7.5% [10]. Recently, an average HbAlc level of 8.1 + 1.5% was found in a European cohort,
suggesting that the situation is similar in other Western countries [11]. In Morocco, few studies have
dealt with the characteristics and course of T1D in children and adolescents. The objectives of the
present study are therefore to evaluate the socio-demographic and anthropometric characteristics, the
various factors of glycemic control and management of T1D in children from an agricultural
province, El Jadida in Morocco.

2. Materials and methods
2.1. Study population

This prospective, descriptive and analytical study was carried out at the paediatric unit of
Provincial Hospital Center Mohamed V Hospital in the Province of El Jadida, over the period from
January 2018 to May 2020. The target population was 184 diabetic children, aged 15 years or less,
with TID for 12 months to avoid the period of remission due to residual endogenous insulin
secretion in recent diabetes, and treated in the above-mentioned unit by paediatricians.

A structured questionnaire was used and completed by the patients or their parents to collect
data on the socio-demographic and socio-economic characteristics, family history, the characteristics
of the disease (duration of diabetes, fasting and postprandial blood glucose), measurement of the
HbAc level on the same day, disease complications (acute and chronic), diabetes management (type
of insulin used, method of administration, number of daily insulin injections and frequency blood
glucose self-monitoring per day), diet, level of physical activity and therapeutic education.
Anthropometric parameters were also measured.

Concerning the treatment modalities:

1. The treatment regimen included a conventional or basal-bolus regimen.

2. Type of insulin: Human Insulins (a mixture of rapid-acting and intermediate-acting
insulins) or Insulin Analogues (long-acting basal insulin analogues and rapid-acting
bolus insulin analogues).

3. Number of injections per day: 2 times/day, 3 times/day or 4 times/day.

The interview was done with the parents (or the participant’s guardian) when the child’s age is
less than 11 years old and with the child himself or herself, when the child is 11 years old or older.
Treating physicians and medical records were also of our data sources.

2.2. Socio-demographic and socio-economic characteristics
The participant’s socio-demographic and socio-economic status collected through the structured

interviews included, household size, area of residence, parental education and occupation, household
income and parental medical coverage.
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2.3. Anthropometric parameters

These parameters were measured on participants in the pediatrics unit on the day of the
interview according to the World Health Organization (WHO) standards [12]. Weight was measured
in kilogram to the nearest 100 g, on children lightly dressed and without shoes, using a standard scale.
The height (Ht) was measured in the participants to the nearest centimeterusing a wall tape with their
heels joined, straight legs, arms dangling and shoulders relaxed. The waist circumference (WC) was
measured on the respondents stand with feet 2.5 cm apart, legs straight, arms dangling and shoulders
relaxed, the measuring tape was placed uncompressed at midway between the iliac crest and the last
rib, at the end of expiration. Waist-to-Height Ratio (WHtR) was calculated and the WHtR cut-off of
0.5 1s used to define abdominal obesity for both boys and girls [13].

The body mass index (BMI), a measure that estimates the fat mass of individuals, was
calculated by dividing the weight in kg by the square of the height expressed in meters (kg/m?):
BMI = Weight (kg)/Height? (m?). The references established by WHO in 2007 are used to calculate
Z Score values for BMI for age using WHO software, AnthroPlus (Version 1.0.4, 2010), to assess the
growth of children and adolescents worldwide [14]. Children under five years old are considered
underweight when Z score < —2 standard deviations (SD), overweight when a Z score > +2 SD and
obese if Z score > +3 SD [15]. For the children aged 5 to 19 years, they were classified into 3
categories: underweight when Z Score < —2 SD, overweight if Z Score > +1 SD and obese if Z
Score >+2 SD [16,17].

2.4. Biochemical measures

Metabolic control of the disease was assessed in the diabetic patients using HbAic rates. The
level of this parameter was measured, by Boronate Affinity Chromatography, with the same assay
kits (A1C EZ 2.0; Bio-Hermes). According to ISPAD recommendations, the HbAic level is optimal
if <7.5%; suboptimal if 7.5% < HbAic < 9.0%; and high risk when HbAic > 9.0% [18]. The patients
were divided into two groups: a poor metabolic control group if HbAic > 9.0%; and a good
metabolic control group when HbAic <9.0%.

The other biological parameters, fasting blood glucose (FBG) and postprandial blood glucose
(PPG), were measured by the enzyme glucose oxidase method coupled with a colorimetric reaction
using the same assay kits (CS-1200 Package; Dirui).

2.5. Statistical analysis

Data analysis was performed using SPSS (Statistical Package for the Social Sciences) for
Windows version 25.0. Descriptive analysis was conducted to determine the characteristics of the
participants in this study, namely the socio-demographic variables, anthropometric and biological
measures. Variance tests (ANOVA) and Chi-square tests are applied for means + standard deviations
and proportions with percentages of continuous and categorical variables, respectively. In addition,
univariate and multivariate logistic regression analysis were performed to explore the association
between the dependent and independent variables. This analysis is adjusted for variables deemed
significant. The results of logistic regression were expressed in odds ratio (OR) adjusted with a 95%
as confidence interval (CI). P values below 0.05 are considered statistically significant for all tests.
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2.6. Ethical aspects

The questionnaire used in this study was validated by a scientific committee of the University
Chouaib Doukkali of El Jadida and the data collection was started after obtaining an authorization
from the Regional Health Directorate in the Casablanca-Settat region of Morocco. For each child, the
free and informed written consent of the parents or guardians was obtained before beginning the
survey. The procedures and objectives of the study were also clearly explained to the participants.
The confidentiality and anonymity of the information collected is also respected.

3. Results
3.1. Glycemic control in T1D patients

As presented in the Figure 1, the assessment of the glycemic control in the study patients
showed that 20.1% only of the overall sample had reached the HbAic target (HbAic < 7.5%) as

recommended by ISPAD, while 28.8% had suboptimal glycemic control and half (51.1%) a poor
glycemic control (HbAic > 9%).
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Figure 1. Patient’s distribution by glycated haemoglobin (HbAic) levels. The HbAic
level is optimal if <7.5%; suboptimal if 7.5% < HbAic < 9.0% and poor when HbAic >
9.0%. Abbreviations: HbAic: Glycated haemoglobin.

3.2. Socio-demographic, anthropometric and biological characteristics of the study population

Table 1 gathers together the various socio-demographic characteristics of the studied population.
The survey included a total of 184 diabetic subjects, with an average duration of T1D of 3.48 + 2.32
years (1 to 13 years) and a family history of diabetes in half of them (49.9%). Also, 53.2% of the
patients were female (sex ratio 0.85). The patients mean age was 8.49 = 4.1 years, ranging from 2 to
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15 years and the most representative age group was of 11-15 years old (40.8%), with a majority
(68.5%) in school age and 95.18% of them schooled. The majority of these participants resided in
urban areas (61.4%) (vs 38.6% in rural areas) and 63% lived in nuclear families. Illiteracy was
75.5% among the patient’s parents, with a higher rate among mothers (69%) than fathers (13.6%).
However, a higher level of education was found in 3.8% of the mothers. The patients came from parents
mostly of low socioeconomic level (83.2%) and 77.2% of them had the medical assistance scheme.
Table 1 shows also that the population had an average BMI of 19.44 + 5.24 kg/m? with normal
weight prevalent in 63.6%, underweight in 15.8%, overweight in 17.9%, obesity in 2.7% and
abdominal obesity (WHtR > 0.5) in 27.2% of the patients. Also, the average FBG was 269 + 88
mg/dl and the average PPG was 349 + 100.9 mg/dl. HbAic levels ranged from 5% to 15.90%

(9.66 + 2.24%).

Table 1. Socio-demographic, anthropometric and biological characteristics of the study

population.
Characteristics N %
Patients characteristics
Sex Male 85 46.2
Female 99 53.8
Age category <4 years 46 25.0
5-10 years 63 342
11-15 years 75 40.8
Sociodemographic characteristics
Area of residence Urban 113 61.4
Rural 71 38.6
Education attainment  Preschool 58 31.5
Primary school 67 36.4
College school 53 28.8
Dropping out of school 6 33
Type of family Nuclear 116 63.0
Compound 68 37.0
Education attainment Never attended 127 69.0
of the father Primary school 11 6.0
College school 10 5.4
Secondary school 11 6.0
University 25 13.6
Education attainment Never attended 139 75.5
of the mother Primary school 22 12.0
College school 9 4.9
Secondary school 7 3.8
University 7 3.8
Father’s profession Official 18 9.8
Laborer 145 78.8
Trader 21 11.4
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Characteristics Mean + SD N %

Sociodemographic characteristics

Mother’s profession Official 4 2.2
Laborer - 14 7.6
Trader - 4 2.2
Housewife - 162 88.0

Socio-economic Low - 153 83.2

status Medium - 24 13.0
High - 7 3.8

Medical coverage for RAMED - 142 77.2

parents Mutualist - 27 14.7
Without - 15 8.2

Anthropometric parameters

Weight (kg) 29.37 £15.23 -

Height (m) 1.25+0.23 -

BMI (kg/m?) 19.44 +£5.24 -

BMI categories n (%) Normal weight - 117 63.6
Overweight - 33 17.9
Obese - 5 2.7
Minceur - 29 15.8

WHIR (cm) 0.45+0.05

WHIR categories No abdominal obesity (WHtR < 0.5) - 134 72.8
Abdominal obesity (WHtR > 0.5) - 50 27.2

Biological characteristics

fasting blood glucose (mg/dl) 269 + 88 -

postprandial blood glucose (mg/dl) 349 +100.9 -

HbAc (%) 9.66 +2.24 -

Abbreviations: SD: Standard deviation; N: Number; RAMED: Medical assistance scheme; BMI: Body mass index;
WHtR: Waist-to- Height ratio; HbA c: Glycated haemoglobin.

3.3. Socio-demographic, anthropometric and biological characteristics by HbAic level

The Table 2 results show that the proportions of children with T1D aged 11 to 15 years, patients
living in rural areas, children who dropped out of school, patients living in compound families,
patients with parents never attended, patients with laborer fathers and housewife mothers, and
children of low income parents were significantly higher among T1D children with poor compared to
those with good glycemic control.

The table data show that BMI, FBG and PPG were also significantly higher in T1D children
with poor than those with good glycemic control. In addition, overweight and obesity were
significantly higher in children with poor than good glycemic control (P < 0.001).
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Table 2. Sociodemographic, anthropometric and biological characteristics by HbAic level.

Characteristics Optimal Suboptimal Poor Total P-value
HbAc HbAc HbAc (n=184)
(n=37) (n=53) (n=94)
Sociodemographic characteristics
Sex Male 19(22.4) 24(28.2) 42(49.4) 85(100) 0.779
Female 18(18.2) 29(29.3) 52(52.5) 99(100)
Age category <4 years 8(17.4) 16(34.8) 22(47.8) 46(100) <0.001
5-10 years 21(33.3) 20(31.7) 22(34.9) 63(100)
11-15 years 8(10.7) 17(22.7) 50(66.7) 75(100)
Area of residence  Urban 31(27.4) 32(28.3) 50(44.2) 113(100) 0.005
Rural 6(8.5) 21(29.6) 44(62.0) 71(100)
Education Preschool 10(17.2) 22(37.9) 26(44.8) 58(100) 0.015
attainment Primary school 20(29.9) 20(29.9) 27(40.3) 67(100)
College school 7(13.2) 10(18.9) 36(67.9) 53(100)
Dropping out of 0(0.0) 1(16.7) 5(83.3) 6(100)
school
Type of family Nuclear 32(27.6) 32(27.6) 52(44.8) 116(100) 0.004
Compound 5(7.4) 21(30.9) 42(61.8) 68(100)
Education Never attended 16(12.6) 38(29.9) 73(57.5) 127(100) <0.001
attainment of the  primary school 5(45.5) 1(9.1) 5(45.5) 11(100)
father College school 1(10.0) 5(50.0) 4(40.0) 10(100)
Secondary school 2(18.2) 3(27.3) 6(54.5) 11(100)
University 13(52.0) 6(24.0) 6(24.0) 25(100)
Education Never attended 20(14.4) 38(27.3) 81(58.3) 139(100) 0.012
attainment of the  primary school 8(36.4) 6(27.3) 8(36.4) 22(100)
mother College school 3(33.3) 3(33.3) 3(33.3) 9(100)
Secondary school 2(28.6) 4(57.1) 1(14.3) 7(100)
University 4(57.1) 2(28.6) 1(14.3) 7(100)
Father’s Official 12(66.7) 4(22.2) 2(11.1) 18(100) <0.001
profession Laborer 21(14.5) 41(28.3) 83(57.2) 145(100)
Trader 4(19.0) 8(38.1) 9(42.9) 21(100)
Mother’s Official 3(75.0) 1(25.0) 0(0.0) 4(100) 0.003
profession Laborer 6(42.9) 4(28.6) 4(28.6) 14(100)
Trader 1(25.0) 3(75.0) 0(0.0) 4(100)
Housewife 27(16.7) 45(27.8) 90(55.6) 162(100)
Socio-economic Low 20(13.1) 42(27.5) 91(59.5) 153(100) <0.001
status Medium 11(45.8) 10(41.7) 3(12.5) 24(100)
High 6(85.7) 1(14.3) 0(0.0) 7(100)
Medical coverage = RAMED 19(13.4) 41(28.9) 82(57.7) 142(100) <0.001
for parents Mutualist 15(55.6) 9(33.3) 3(11.1) 27(100)
Without 3(20) 3(20) 9(60) 15(100)
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Characteristics Optimal Suboptimal Poor Total P-value
HbAc HbAc HbAc (n=184)
(n=37) (n=153) (n=94)
Anthropometric parameters
Weight (kg) 2539+£12.64 25.19+£12.84 3330+16.45 29.37£1523 <0.001
Height (m) 1.20+0.202 1.20+0.219 1.30+0.245 1.25+0.234 0.013
BMI (kg/m?) 18.46 +£4.94 17.98 £4.21 20.64 £ 5.62 19.44 £5.24 0.005
WHIR (cm) 0.468 £0.054  0.468+0.051 0.449£0.057  0.458+0.055 0.061
BMI categories Normal weight 25(21.3) 38(32.5) 54(46.2) 117(100.0) 0.045
n (%) Overweight 3(9.1) 5(15.2) 25(75.8) 33(100.0)
Obese 2(40.0) 0(0.0) 3(60.0) 5(100.0)
Minceur 7(24.1) 10(34.5) 12(41.4) 29(100.0)
WHIR categories ~ No abdominal 28(20.9) 36(26.9) 70(52.2) 134(100.0) 0.630
n (%) obesity
Abdominal obesity  9(18.0) 17(34.0) 24(48.0) 50(100.0)
Biological characteristics
FBG Mean + SD 240 +100.5 261 £100.05 286+ 71 269 + 88 0.018
PPG 312+ 122 332+119 369 + 78 349+£1009 0.014
HbAc (%) 7.08 +£0.499 8.38 £0.355 11.39+£1.767 9.66+2.244 <0.001

Abbreviations: RAMED: Medical assistance scheme. BMI: Body mass index; SD: Standard deviation; n: Number; FBG:
fasting blood glucose; PPG: postprandial blood glucose. The differences between socio-demographic, anthropometric
and biological characteristics according to the level of HbA c were compared by Anova-test for continuous variables and

by Pearson Chi2 for categorical variables. The mean difference is significant at the 0.05 level.
3.4. Diabetes management characteristics by HbAlIc level

As shown in the Table 3, there is a significant association between glycemic control and family
history of diabetes (P < 0.001). Glycemic control is associated with the type of insulin (P = 0.003),
the number of insulin injections (P < 0.001), the self-adaptation of insulin doses (P < 0.001), the
adherence to therapy (P < 0.001), the self-monitoring of blood glucose (P < 0.001), the therapeutic
education (P < 0.001), the lipodystrophies (P = 0.002) and with the diet monitoring (P < 0.001).

Table 3. Management characteristics according to the HbAic level of the paediatric
population studied.

Variables Optimal Suboptimal Poor HbAic  Total P-value
HbAc HbAc (n=94) (n=184)
(n=37) (n=53)
Family history of No previous history 36(38.3) 48(51.1) 10(10.6) 94(100) <0.001
diabetes History of diabetes 1(1.1) 5(5.6) 84(93.3) 90(100)
Type of insulin Human Insulins 33(18.4) 52(29.1) 94(52.5) 179(100) 0.003
Analogues Insulins 4(80) 1(20) 0(0.0) 5(100)
Administration Insulin syringes 32(19.9) 50(31.1) 79(49.1) 161(100) 0.189
mode Insulin injection pen 5(21.7) 3(13.0) 15(65.2) 23(100)

Continued on next page
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Variables Optimal Suboptimal Poor HbAic  Total P-value
HbAc HbAc (n=194) (n=184)
(n=37) (n=153)

Number of 2 times/day 32(22.5) 44(31.0) 66(46.5) 142(100)  <0.001
injections per day 3 times/day 12.7) 8(21.6) 28(75.7) 37(100)

4 times/day 4(80.0) 1(20.0) 0(0.0) 5(100)
Self-adaptation of Yes 15(57.7) 8(30.8) 3(11.5) 26(100) <0.001
insulin doses No 22(13.9) 45(28.5) 91(57.6) 158(100)
Observance Yes 3(8.8) 4(11.8) 27(79.4) 34(100.0) <0.001
therapeutic No 34(22.7) 49(32.7) 67(44.7) 150(100)
Self-monitoring of <4 times/day 18(11.8) 43(28.1) 92(60.1) 153(100) <0.001
blood glucose > 4 times/day 19(61.3) 10(32.3) 2(6.5) 31(100)
Therapeutic Yes 34(28.3) 38(31.7) 48(40.0) 120(100)  <0.001
fﬁ:f;stﬁr;dmugﬁs No 34.7) 15(23.4) 46(71.9) 64(100)
Lipodystrophies Yes 7(16.7) 4(9.5) 31(73.8) 42(100) 0.002

No 30(21.1) 49(34.5) 63(44.4) 142(100)
Complications Ketoacidosis 13(16.9) 17(22.1) 47(61.0) 77(100) 0.132
during the last 12 Gevere hypoglycemia ~ 6(31.6) 7(36.8) 6(31.6) 19(100)
months No complications 18(20.5) 29(33.0) 41(46.6) 88(100)
Diet monitoring Strict diet 13(68.4) 5(26.3) 1(5.3) 19(100) <0.001

Partial diet 24(20.5) 47(40.2) 46(39.3) 117(100)

No diet 0(0.0) 12.1) 47(97.9) 48(100)
Regular physical Yes 11(28.9) 11(28.9) 16(42.1) 38(100) 0.270
activity No 26(17.8) 42(28.8) 78(53.4) 146(100)

Note: The differences between supports characteristics according to the level of HbA;c were compared using a

Chi-square analysis. The mean difference is significant at the 0.05 level.
3.5. Determinants of glycemic control

The associations between the management factors studied and glycemic control of diabetes
were analyzed. Using univariate analysis showed that the determinants of poor glycemic control
were the presence of a family history of diabetes (unadjusted OR = 117.60, 95% CI: 40.89, 338.19),
the failure to self-adjust insulin doses (unadjusted OR = 10.41, 95% CI: 3.002, 36.12), the poor
adherence to therapy (unadjusted OR = 4.77, 95% CI: 1.95, 11.65), the self-monitoring of blood
glucose levels less than 4 times/day (unadjusted OR = 0.04, 95% CI: 0.01, 0.19), the presence of
lipodystrophies (unadjusted OR = 353, 95% CI: 1.64, 7.58), the absence of therapeutic education
(unadjusted OR = 3.83, 95% CI: 1.98, 7.38) and the lack of diet monitoring (unadjusted OR = 846.00,
95% CI: 50.19, 14257.89).

Multivariate logistic regression analysis used to assess the risk of each factor revealed that the
presence of a family history of diabetes (adjusted OR = 38.70, 95% CI: 11.61, 128.98) and the
absence of therapeutic education (adjusted OR = 3.29, 95% CI: 1.006, 10.801) were associated with
poor glycemic control (Table 4).
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Table 4. Determinants of glycemic control in the studied paediatric population.

Variables Unadjusted OR p* Adjusted OR p**
(95% CI) value (95% CI) value
Family history of No - -
diabetes Yes 117.60 (40.89; 338.19) <0.001 38.70 (11.61; 128.98)  <0.001
Self-adaptation of Yes - -
insulin doses No 10.41 (3.002; 36.12) <0.001 2.93(0.15; 55.13) 0.473
Observance therapeutic ~ No - -
Yes 4.77 (1.95; 11.65) <0.001 8.20 (0.55; 120.69) 0.125
Self-monitoring of > 4times/day - -
blood glucose <4times/day  0.04 (0.01; 0.19) <0.001 13.14 (0.09; 1737.78)  0.301
Therapeutic education Yes - -
during the last 12 No 3.83 (1.98; 7.38) <0.001 3.29 (1.006; 10.801)  0.049
months
Lipodystrophies No - -
Yes 3.53 (1.64; 7.58) <0.001 2.29 (0.52; 10.05) 0.270
Diet monitoring Strict diet - -
Partial diet 11.66 (1.50; 90.36) 0.019 0.214 (0.002; 29.152)  0.539
No diet 846.00 (50.19; 14257.89)  <0.001 0.903 (0.006: 134.078) 0.968

Abbreviations: OR: Odds ratio; CI: Confidence interval. *: Test of univariate analysis; **: Test of multiviate analysis.

Signifiance level set at P < 0.05.
4. Discussion

This study reports that the quality of the glycemic control is poor in Moroccan children and
adolescents with T1D. Indeed, the study data revealed an average HbAic level of 9.66% with only
20.1% of the global sample having good glycemic control [19] which corresponds to two diabetics
out of ten. These results are similar to those reported, in 2017, in a study conducted at the Marrakech
University Hospital Center in Morocco reporting a rate of 25.34% of the children with well-
controlled diabetes [20]. This poor quality of glycemic control was also noted in another country in
the same region, Algeria, a percentage of 22% only of children with well-controlled diabetes was
found [21].

Another determining factor concerns the patient’s socio-demographic characteristics. The
children and adolescents studied have an average age of 8.5 years with the age group between 11 and
15 years old being the most representative (40.8%). Moreover, almost all of these patients (83.2%)
come from disadvantaged families with a low socioeconomic level. This result corroborates with
other studies that found the socio-economic characteristics were unfavourable in almost half of the
children with diabetes [22].

Education level of the parents is another determinant that should play an essential role in the
daily management of the disease treatment and monitoring in young diabetic children. It could enable
the child to gradually acquire the knowledge and skills necessary to participate actively in the
treatment, management and monitoring of the disease in later life [23]. The present study showed
indeed a link between the parent’s educational level and HbAic levels. On the other hand, contrary to
previous studies that reported a poor metabolic control of diabetes in patients with high
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socioeconomic status [24], the present study reports an association between the parent’s
socioeconomic level and their child glycemic control.

Another factor examined here, related to glycemic control, is weight management as judged by
anthropometric parameters in the paediatric study population. Indeed, like several developing
countries, a global transition is currently underway in Morocco and includes an epidemiological
transitions and a nutritional transition which have accompanied the lifestyle changes induced by
urbanization and globalization [25]. These changes have led to a continuous increase in the
prevalence of childhood overweight and obesity in the recent decades. Thus, according to the WHO
(2016), Morocco is ranked among the countries with overweight/obesity prevalence of 10 to 14.9%,
alongside Algeria and Tunisia [26]. This increase is partly explained by changes of dietary habits in
the Moroccan general population, whose consumption of energy-rich foods and beverages is
increasing in association with increased sedentary behaviors [27]. This study revealed a double
burden of malnutrition in this category of patients, ranging from underweight in 15.8% of patients to
overweight prevalent in 17.9% and obesity in 2.7% of patients.

Recently, other studies have also shown that the prevalence of overweight and obesity in young
people with T1D is similar to that of non-diabetic patients [28]. However, young people with T1D
are more likely to be overweight than obese compared to non-diabetics [28]. In addition, increased
insulin requirements have been shown by the DCCT study [29] to be associated with weight gain
over time, in people with T1D due to the anabolic and lipogenic actions of insulin [30]. In the present
study, there is a significant difference of the glycemic control between the BMI classes. This is
consistent with several studies that have shown that higher levels of HbAic are associated with
overweight/obesity [31]. Conversely, extremely high levels of HbAic have been reported to be
associated with remarkably low BMI in other studies [32].

4.1. Diabetes management and glycemic control

This study data report also a relationship between diabetes history and glycemic control. In
accordance with this result, poor metabolic control was found in patients with T1D having family
history of diabetes [33]. Also, insulin therapy is the cornerstone of medical treatment for
T1D.Although controversial in the literature, the results of the present study showed that there is an
association between the type and number of insulin injections and glycemic control. Several studies
have in fact found a better control with intensive treatment compared to the conventional one [34],
whereas other studies revealed that the conventional treatment is associated with a poor metabolic
control in adolescents [35], or even no improvement of HbAlc levels in patients receiving intensive
treatment compared to those treated with the conventional one [36].

Besides, the self-monitoring of blood glucose levels is an essential element in the management
of T1D in children and adolescents [37] that has as the main objective is to adapt the insulin
doses [38]. This is confirmed in the present study revealing an association between capillary blood
glucose levels, the self-adaptation of insulin doses and the glycemic control. It is also consistent with
previous studies that have reported a correlation between the daily capillary blood glucose levels and
the improvement of HbAic [39].

The common acute complications of TID include severe hypoglycemia and diabetic
ketoacidosis which cause significant morbidity and sometimes mortality [40]. Although a glycemic
control improvement has been reported to reduce complications in diabetic patients during childhood
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and adolescence [41], no correlation was found between the frequency of acute complications and
the glycemic control in this study and, this result is similar to that of Li¢vre et al. study [42].

This study showed also a link of glycemic control with diet. Only 10.3% of the study sample
followed a regular diet, even though it represents a determining factor for good glycemic control.
Diabetic children should indeed follow a healthy diet, identical to that recommended for non-diabetic
children [43]. However, over-consumption of calories and fat leading to weight gain in youth [44] is
detrimental to young people with T1D because of the negative impact of saturated fat on glycemic
control [45]. In addition, the SEARCH for Diabetes in Youth Study group reported that most of the
youth with T1D do not meet the American Diabetes Association (ADA) recommendations for total
fat, vitamin E, fiber, fruits, vegetables, and cereals, and that only 6.5% met the recommendations for
less than 10% energy intake from saturated fat [46].

On the other hand, regular physical activity, another critical component of blood glucose control
is recommended to improve the health of youth with T1D [47] reducing the risk of cardiovascular
disease, hypertension, metabolic syndrome, obesity and depression [48]. In addition, physical
activity in children and adolescents with T1D, leads to the improvements of BMI, triglyceridemia
and cholesterolemia levels [49]. Kummer et al.” study showed that children with T1D were less
physically active than their non-diabetic peers [50]. The present study results did not show a
significant relationship between physical activity and glycemic control. In agreement with this result,
other authors have found that there is no significant effect of physical activity on HbAic reduction
attributed to increased food consumption before physical activity, as a source of fuel or, as a strategy
to prevent the exercise-induced hypoglycemia, and the rebound hyperglycemia after exercise [51].

Therapeutic education is another key tool of diabetes management [52]. This education should
be provided by a multidisciplinary team that aware of the specific needs of young people with
diabetes and their families to achieve better long-term results [53]. Knowledge of glycemic targets by
patients and their parents as well as the consistency in the goals set by the diabetes care team are
associated with better metabolic control [54]. Nevertheless, even well-organized, multidisciplinary
care does not always achieve the desired results. The Hvidoere Study Group on Childhood Diabetes
showed that, only one third (1/3) of patients achieved HbAic levels < 8% [55]. Our study emphasizes
however, the importance of therapeutic education confirming thus the DCCT data [56].

Overall, the results of the present study identified the factors determining poor glycemic control
and preventing acute complications of T1D. The presence of a family history of diabetes and the
absence of therapeutic education must, therefore, be determined in order to better control the disease.

Among the factors to be considered are the hormonal changes of puberty that influence blood
sugar control. The action of insulin decreases by about 30—50% due to growth hormones and sex
hormones. In the majority of diabetic adolescents, insulin injections will need to be constantly
adjusted to maintain adequate blood sugar control.

Adolescence also means changes in the child’s social behaviours. The search for autonomy, the
influence of friends on eating and physical activity behaviours, greater concern about body image,
and concerns about diabetes are all factors that shape the adolescent’s behaviours. They can
influence adherence to treatment and blood glucose control. For a smooth transition, a meeting with
the health care team is necessary at puberty. It is appropriate to involve the young person in
treatment adjustments and to actively participate in meetings with health care professionals. The
young person with diabetes acquires autonomy, but it must not be forgotten that parents support and
listening remain essential during this transition period [57,58].
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5. Conclusions

Overall, this study revealed poor glycemic control with only 20.1% of patients having an
HbA1c < 7.5%. The protective variables significantly associated with good glycemic control were the
absence of a family history of diabetes and no therapeutic education. The study results also showed
gaps in the management of diabetes in Morocco. This draws attention to the need to develop a real
strategy, involving comprehensive care for the child and his/her family, in order to align with
international recommendations for glycemic control in children and adolescents with diabetes
without forget the importance of therapy education. The latter should allow the child and the parents
to better understand the disease for good glycemic control and a better quality of life for the child
and the family.

Acknowledgements

The authors wish to thank the Provincial Delegation of El Jadida Province, Regional Health
Directorate in the Casablanca-Settat and the medical and paramedical team for their cooperation. We
also wish to acknowledge the director of Provincial Hospital Center as well as the staff in laboratory
of biological analysis this hospital for their cooperation. Special thanks are extended to the staff of
the Pediatric Unit of the said hospital for allowing us to collect data. The study was supported by the
Moroccan Ministry of Higher Education and Research.

Funding source(s)

This research did not receive any specific grant from funding agencies in the public, commercial,
or not-for-profit sectors.

Conflicts of interest
The authors declare that they have no competing interest.
References

1. International Diabetes Federation (IDF) (2019) Diabetes in the young: a global perspective. In:
IDF Diabetes Atlas. Ninth Edition. Brussels: International Diabetes Federation. Available from:
www.idf.org.

2. The Diabetes Control and Complications Trial/Epidemiology of Diabetes Interventions and
Complications Research Group (2000) Retinopathy and nephropathy in patients with type 1
diabetes four years after a trial of intensive therapy. N Engl J Med 342: 381-389. [Erratum in: N
Engl J Med (2000), 342: 1376].

3. DiMeglio LA, Acerini CL, Codner E, et al. (2018) ISPAD Clinical Practice Consensus
Guidelines 2018: Glycemic control targets and glucose monitoring for children, adolescents, and
young adults with diabetes. Pediatr Diabetes 19: 105-114.

4. Amuna P, Zotor FB (2008) Epidemiological and nutrition transition in developing countries:
impact on human health and development. Proc Nutr Soc 67: 82-90.

AIMS Medical Science Volume 8, Issue 2, 87—-104.



101

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Ministry of Health (2017-2018) Report of the national survey on common risk factors for non
communicable diseases, STEPS, Morocco. Available from:
https://www.who.int/ncds/surveillance/steps/STEPS-REPORT-2017-2018-Morocco-final.pdf.
Balafrej A (2003) Management of diabetic children at the University Hospital Center of Rabat:
an example of partnership or personal initiative on the periphery of the School of Medicine?
Public Health 15: 163—168. (In French)

Nathan DM, DCCT/EDIC Research Group (2014) The diabetes control and complications
trial/epidemiology of diabetes interventions and complications study at 30 years: overview.
Diabetes Care 37: 9-16.

Tubiana-Rufi N, Czernichow P (2003) Special problems and management of the child less than
5 years of age. In: Contemporary Endocrinology: Type 1 Diabetes: Etiology and Treatment,
New Jersey, USA: SHP Inc, 279-292.

American Diabetes Association (2021) Children and adolescents: standards of medical care
diabetes—2021. Diabetes Care 44: S180-S199.

Miller KM, Foster NC, Beck RB, et al. (2015) Current state of type 1 diabetes treatment in the
U.S.: updated data from the T1D exchange clinic registry. Diabetes Care 38: 971-978.
Rosenbauer J, Dost A, Karges B, et al. (2012) Improved metabolic control in children
andadolescents with type 1 diabetes: a trend analysis using prospective multicenter data from
Germany and Austria. Diabetes Care 35: 80-86.

Purnell JQ (2000) Definitions, Classification, and Epidemiology of Obesity. [Updated 2018 Apr
12]. In: Feingold KR, Anawalt B, Boyce A, and al., editors. Endotext [Internet]. South
Dartmouth (MA): MDText.com, Inc. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK279167.

McCarthy HD, Ashwell M (2006) A study of central fatness using waist-to-height ratios in UK
children and adolescents over two decades supports the simple message—"keep your waist
circumference to less than half your height”. Int J Obes (Lond) 30: 988-992.

WHOAnthro (version 1.0.4, January 2011) and macros [Internet]. [cité 5 mai 2012]. Available
from: http://www.who.int/childgrowth/software/en/.

WHO Child Growth Standards (2006) Length/height-for-age, weight-for-age, weight-for-length,
weight-for-height and body mass index-for-age. Methods and development. Available from:
https://www.who.int/childgrowth/standards/Technical report.pdf?ua=1.

World Health Organization: WHO Child Growth Standards (2007) Growth reference data for 5—
19 years. Available from: http://www.who.int/growthref/en/.

Butte NF, Garza C, de Onis M (2007) Evaluation of the feasibility of international growth
standards for school-aged children and adolescents. J Nutr 137: 153—-157.

Rewers M, Pihoker C, Donaghue K, et al. (2007) Assessment and monitoring of glycemic
control in children and adolescents with diabetes. Pediatr Diabetes 8: 408—418.

International Diabetes Federation (2011) Global IDF/ISPAD guideline for diabetes in childhood
and adolescence. Available from:
https://cdn.ymaws.com/www.ispad.org/resource/resmgr/Docs/idf-ispad_guidelines 2011 _0.pdf.
Karkouri FZ (2017) Modalities of care for diabetic children at Marrakech University Hospital.
Morocco (thesis).

AIMS Medical Science Volume 8, Issue 2, 87—-104.



102

21.

22.

23.

24.

25.
26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Bensenouci A, Achir M, Boukari R, et al. (2014) Management of type 1 diabetic children in
Algeria (Diab Care Pediatric). Med Metab Dis 8: 646—651.

Ben Becher S, Chéour M, Essadam L, et al. (2009) Management of type 1 diabetes in childhood
in Tunis: current report and perspectives. Arch Pediatr 16: 866—867. (in French)

Anderson BJ, Auslander WF, Jung KC, et al. (1990) Assessing family sharing of diabetes
responsibilities. J Pediatr Psychol 15: 477-492.

Edwards R, Burns JA, McElduff P, et al. (2003) Variations in process and outcomes of diabetes
care by socio-economic status in Salford, UK. Diabetologia 46: 750-759.

Benjelloun S (2002) Nutrition transition in Morocco. Public Health Nutr 5: 135-140.

World Health  Organization (2016) World diabetes report. Available from:
https://apps.who.int/iris/bitstream/handle/10665/254648/9789242565256-fre.pdf.

Belahsen R (2014) Nutrition transition and food sustainability. Proc Nutr Soc 73: 385-388.

Liu LL, Lawrence JM, Davis C, et al. (2010) Prevalence of overweight and obesity in youth
with diabetes in USA: the SEARCH for Diabetes in Youth study. Pediatr Diabetes 11: 4—11.
Boucher-Berry C, Parton EA, Alemzadeh R (2016) Excess weight gain during insulin pump
therapy is associated with higher basal insulin doses. J Diabetes Metab Disord 15: 47.
Pinhas-Hamiel O, Levek-Motola N, Kaidar K, et al. (2015) Prevalence of overweight, obesity
and metabolic syndrome components in children, adolescents and young adults with type 1
diabetes mellitus. Diabetes Metab Res Rev 31: 76—84.

Minges KE, Whittemore R, Weinzimer SA, et al. (2017) Correlates of overweight and obesity in
5,529 adolescents with type 1 diabetes: the T1D exchange clinic registry. Diabetes Res Clin
Pract 126: 68-78.

Hogel J, Grabert M, Sorgo W, et al. (2000) Hemoglobin Alc and body mass index in children
and adolescents with IDDM. An observational study from 1976-1995. Exp Clin Endocrinol
Diabetes 108: 76-80.

Huppertz E, Pieper L, Klotsche J, et al. (2009) Diabetes mellitus in German primary care:
quality of glycaemic control and subpopulations not well controlled-results of the DETECT
study. Exp Clin Endocrinol Diabetes 117: 6—14.

Hughes CR, McDowell N, Cody D, et al. (2012) Sustained benefits of continuous subcutaneous
insulin infusion. Arch Dis Child 97: 245-247.

Nathan DM, Cleary PA, Backlund JY, et al. (2005) Intensive diabetes treatment and
cardiovascular disease in patients with type 1 diabetes. N Engl J Med 353: 2643-2653.
Rosenbauer J, Dost A, Karges B, et al. (2012) The DPV Initiative and the German BMBF
Competence Network Diabetes Mellitus. Improved metabolic control in children and
adolescents with type 1 diabetes: a trend analysis using prospective multicenter data from
Germany and Austria. Diabetes Care 35: 80—86.

Nordly S, Mortensen HB, Andreasen AH, et al. (2005) Factors associated with glycaemic
outcome of childhood diabetes care in Denmark. Diabet Med 22: 1566—1573.

Guilmin-Crépon S, Tubiana-Rufi N (2010) Self-monitoring of blood glucose in children and
adolescent with type 1 diabetes. Med Metab Dis 4: S12—-S19.

Asvold BO, Sand T, Hestad K, et al. (2010) Cognitive function in type 1 diabetic adults with
early exposure to severe hypoglycemia: a 16-year follow-up study. Diabetes Care 33: 1945—
1947.

AIMS Medical Science Volume 8, Issue 2, 87—-104.



103

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Hanas R, Lindgren F, Lindblad B (2009) A 2-year national population study of pediatric
ketoacidosis in Sweden: predisposing conditions and insulin pump use. Pediatr Diabetes 10:
33-37.

Nordwall M, Arnqvist HJ, Bojestig M, et al. (2009) Good glycemic control remains crucial in
prevention of late diabetic complications—the Linkoping Diabetes Complications Study.
Pediatr Diabetes 10: 168—176.

Lievre M, Marre M, Robert JJ, et al. (2005) Cross-sectional study of care, socio-economic status
and complications in young French patients with type 1 diabetes mellitus. Diabetes Metab 31:
41-46.

Katamay SW, Esslinger KA, Vigneault M, et al. (2007) Eating well with Canada’s Food Guide
(2007): development of the food intake pattern. Nutr Rev 65: 155-166.

Patrick K, Norman GJ, Calfas KJ, et al. (2004) Diet, physical activity and sedentary behaviors
as risk factors for overweight in adolescence. Arch Pediatr Adolesc Med 158: 385-390.
Michaliszyn FS, Shaibi GQ, Quinn L, et al. (2009) Physical fitness, dietary intake, and
metabolic control in adolescents with type 1 diabetes. Pediatr Diabetes 10: 389-394.
Mayer-Davis EJ, Nichols M, Liese AD, et al. (2006) Dietary intake among youth with diabetes:
the SEARCH for diabetes in youth study. J Am Diet Assoc 106: 689—697.

Riddell MC, Gallen IW, Smart CE, et al. (2017) Exercise management in type 1 diabetes: a
consensus statement. Lancet Diabetes Endocrinol 5: 377-390.

Warburton DER, Nicol CW, Bredin SSD (2006) Health benefits of physical activity: the
evidence. CMAJ 174: 801-8009.

Quirk H, Blake H, Tennyson R, et al. (2014) Physical activity interventions in children and
young people with type 1 diabetes mellitus: a systematic review with meta-analysis. Diabet Med
31: 1163-1173.

Kummer S, Stahl-Pehe A, Castillo K, et al. (2014) Health behaviour in children and adolescents
with type 1 diabetes compared to a representative reference population. PLoS One 9: e112083.
Chimen M, Kennedy A, Nirantharakumar K, et al. (2012) What are the health benefits of
physical activity in type 1 diabetes mellitus? A literature review. Diabetologia 55: 542-551.
Guerci B, Tubiana-Rufi N, Bauduceau B, et al. (2005) Advantages to using capillary blood —
hydroxybutyrate determination for the detection and treatment of diabetic ketosis. Diabetes
Metab 31: 401-406.

Von Sengbusch S, Muller-Godeffroy E, Hager S, et al. (2006) Mobile diabetes education and
care: intervention for children and young people with Type 1 diabetes in rural areas of northern
Germany. Diabet Med 23: 122-127.

Swift PGF, Skinner TC, De Beaufort CE, et al. (2010) Target setting in intensive insulin
management is associated with metabolic control: the Hvidoere childhood diabetes study group
centre differences study 2005. Pediatr Diabetes 11: 271-278.

Mortensen HB, Robertson KJ, Aanstoot HJ, et al. (1998) Insulin management and metabolic
control of Type 1 Diabetes Mellitus in Childhood and Adolescence in 18 Countries. Hvidere
Study Group on Childhood Diabetes. Diabet Med 15: 752—-759.

The Diabetes Control and Complications Trial Research Group (1993) The effect of intensive
treatment of diabetes on the development and progression of long-term complications in insulin-
dependent diabetes mellitus. N Engl J Med 329: 977-986.

AIMS Medical Science Volume 8, Issue 2, 87—-104.



104

57. Geoffroy L, Gonthier M (2012) Diabetes in children and adolescents, 2 Eds., Montreal: Ste-
Justine University Hospital Center editions, 451-465.

58. Tfayli H, Arslanian S (2007) The challenge of adolescence: Hormonal changes and insulin
sensitivity [Online]. Available from: https://studylibfr.com/doc/3271994/1e-d%C3%A9fi-de-1-
adolescence---changements-hormonaux-et-sensi.

© 2021 the Author(s), licensee AIMS Press. This is an open access

AatMs AJIMS Press article distributed under the terms of the Creative Commons
@ Attribution License (http://creativecommons.org/licenses/by/4.0)

AIMS Medical Science Volume 8, Issue 2, 87—-104.



