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Abstract Cross sectional study of gestational diabetes in Guelma

Abstract

Gestational diabetes mellitus (GDM) is a type of diabetes that develops during pregnancy
and typically disappears after childbirth.

The present work is cross-sectional study based on structured questionnaire including :
demographic characteristics, medical history, lifestyle factors, and pregnancy outcomes. It
involved 180 pregnant women aged between 17 to 47 years old, aimed to identify the prevalence
of GDM and to examine its association with many factors in Guelma.

The results indicate that Out of the 180 participants, 19% were diagnosed with GDM. The
analysis of the questionnaire data revealed that several risk factors were associated with the
development of GDM. This included maternal age (>25 years), obesity (pre-pregnancy BMI
>30 kg/m?), and family history of diabetes. Additionally, physical activity and high
carbohydrate intake were identified as modifiable risk factors. The findings underscore the
importance of early screening and intervention, particularly for women with identified risk

factors.

Keywords: pregnancy, Gestational diabetes mellitus, prevalence, risk factors, cross-

sectional study.
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Résumé

Le diabéte gestationnel sucré (DG) est un type de diabéte qui se développe pendant la

grossesse et disparait généralement apres 1’accouchement.
Le présent travail est une étude transversale basée sur un questionnaire structuré comprenant :
les caractéristiques démographiques, les antécédents médicaux, les facteurs de mode de vie et
les résultats de la grossesse.180 femmes enceintes ont été recrutées agées de 17 a 47 ans,
L’objectif était d’identifier la prévalence de la DG et d’examiner son association avec de
nombreux facteurs & Guelma.

Parmi les 180 participantes, 19 % ont recu un diagnostic de DG. L’analyse des données
du questionnaire a révélé que plusieurs facteurs de risque étaient associés au développement du
DG. Ceux-ci comprend I’age de la mére (>25 ans), I’obésité (IMC de 30 kg/m? avant la
grossesse) et les antécédents familiaux de diabete. De plus, I’activité physique et 1’apport élevé
en glucides ont été identifiés comme des facteurs de risque modifiables. Les résultats soulignent
I’importance du dépistage et de I’intervention précoces, en particulier pour les femmes

présentant des facteurs de risque identifiés.

Mots clés: Grossesse, diabete gestationnel sucré, prévalence, facteurs de risque, étude

transversale.
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Introduction

According to the world health organization, pregnancy is defined as the term used to
describe the period in which a fetus develops inside a woman's womb or uterus. It usually lasts
about 40 weeks, or just over 9 months, as measured from the last menstrual period to delivery.
Health care providers refer to three segments of pregnancy, called trimesters (Napso et al.,
2018).

Maternal physiology if not well adapted can result in pregnancy issues such gestational
diabetes, preeclampsia, fetal growth restriction, fetal overgrowth, and preterm birth, all of
which can have an immediate negative impact on the health of the fetus and the mother.(Napso
et al.,2018).

According to estimates, gestational diabetes mellitus affected 9-25% of pregnancies
worldwide (Alejandro et al.,2020), with gestational diabetes mellitus accounting for 86.4% of
these instances. Furthermore, given the concurrently rising rates of pre-gestational obesity and
excessive weight gain during pregnancy, a rise in the prevalence of gestational diabetes mellitus
consequences is anticipated (Ortiz et al.,2021).

Because it is a risk factor for type 2 diabetes and is associated with fetal-maternal morbidity,
gestational diabetes which has long been underdiagnosed and underestimated—now plays a
significant role in diabetology (Bensalem et al.,2015).

The Aim of the present study was to investigate the prevalence , risk factors , and
associated complications of gestational diabetes among pregnant women in the region of
Guelma .Our document is divided into two parts, first a theoretical section represented by
definition, mechanism and physiological changes that occur during pregnancy and gestational
diabetes. The second part represents the practical work in which we conducted a descriptive
cross sectional study based on a questionnaire and distributed the findings outcomes according
to multiple risk factors. The analysis of the questionnaire data revealed that several risk factors
were associated with the development of GDM. This included maternal age (>25 years), obesity

(pre-pregnancy BMI >30 kg/m?), and family history of diabetes.
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1) Pre-gestational diabetes
1.1) Definition of diabetes

It refers to a group of metabolic disorders brought on by partial or complete insulin
deficiency and linked to hyperglycemia (Egan and Dinneen, 2019).

Insulin-producing beta cells in the islets of Langerhans of the pancreas are constantly
adjusting their hormone release levels in response to the glucose environment. When diabetes
mellitus (DM) occurs, insulin either does not function at all or acts poorly (insulin resistance),
which raises blood sugar levels (Sapra and Bhandari, 2023).

1.2) Types of pre-gestational diabetes
1.2.1) type 1 diabetes

Type 1 diabetes (T1D) is the most common form of diabetes in young people (Zemba et
al., 2023)

The hallmark of T1D is the autoimmune devastation of insulin-producing f cells in the pancreas
by macrophages and CD4+ and CD8+ T lymphocytes that invade the islets. It typically results
in complete insulin insufficiency (Figurel). Approximately 10% of all cases of diabetes are
caused by this condition (Gillespie, 2006).

According to estimates, 0.5% of people in the general population are at risk. The risk is
increased by a personal history of type 1 diabetes-related disorders (autoimmune disorders) as

well as a family history of the disease (Pasarica et al., 2021).

Type 1 Diabetes

Healthy Diabetic
Immune cells
@ - destroy
e ‘ beta cells
2 e in the pancreas
————___ Pancreas produces
® Sg ¢ insulin
P *® Pancreas cannot
e - - o produce insulin
e g v *eten,aigeds 3hoe0tt
g e s Wy S . o So0%8 <
"/J ' : S A T
0. ’ l.'
° o _® o® Insulin moves More glucose
@ e __— glucose to cells in the blood
Glucose

Figure 1:Beta cells in normal person and in type 1diabetes [1]
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1.2.2) Type 2 diabetes

Type 2 diabetes (T2DM) accounts for approximately 90% of cases of DM due to tissue
insulin resistance (IR), insufficient insulin secretion by pancreatic islet B-cells, and an
inadequate compensatory insulin secretory response (Figure2) ; [2].
It's defined by hyperglycemia, which can be brought on by decreased insulin secretion, insulin
resistance, or an increased liver output of glucose, alone or in combination (Rizvi et al., 2016).
Its pathogenesis and evolution are undoubtedly varied, influenced by both genetic and
environmental factors (Riddle et al., 2021).
Also among the risk factors are drugs, family history, obesity, and lifestyle choices (Rizvi et
al., 2016).

Type 2 Diabetes

Normal Diabetic
———__ Pancreas produces - ——__ Pancreas produces
e PY @ insulin S ¢ less insulin
P ® o S @
=
e e . il .
@° °o o0 ™ ” °o° ° ®e®e0,0 :g°°'o° s °
i gl WP S W % 900, S 0% 0 o,
o‘:w" of ° 2. %ggo %:sﬂa‘ Sﬁ *zf
© ’ . ¥ °° ao
e @ ® @ Insulin moves More glucose ® Insulin moves less
Glucose * e glucose to cells intheblood ® @ _— glucose to cells

Figure 2 : Beta cells in normal person and in type 2 diabetes [3]

2) Gestational Diabetes Mellitus
2.1) Definition
GMD is acommon pregnancy complication in which women without a history of diabetes
develop spontaneous hyperglycemia during pregnancy (Plows et al., 2018).
The most prevalent metabolic illness, GDM can strike up to 25% of pregnant women between
weeks 24 and 28 of their pregnancy (Lewandowska, 2021).
Numerous unfavorable pregnancy outcomes—for both the mother and the fetus—are linked

to this illness (Sweeting et al., 2022).
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2.2) Modification of the carbohydrate metabolism in healthy pregnant women

Pregnancy is characterized by metabolic acceleration, consisting of an anabolic phase and
a subsequent catabolic phase, which maintain the energy flow necessary for fetus growth
(Parrettini et al., 2020).
A physiological, gradual, and reversible insulin resistance linked to reactive hyperinsulinism
occurs throughout a typical pregnancy (Kampmann et al., 2019).

2.2.1) Metabolic glycoregulation in pregnant women

The initial functional change observed during pregnancy is a rise in fasting insulin levels.
The early phase of pregnancy is characterized by an anabolic state. After meals, the mother
stores energy reserves in adipose tissue with the help of placental hormones. Maternal
anabolism remains dominant for up to 22 weeks of amenorrhea (Lelarge, 2016).
Around the middle of the second trimester, the catabolic phase begins. While maternal storage
is preserved, the fetus's energy needs come first.
Elevated blood levels of hormones (Figure3), specifically cortisol, progesterone, and placental
lactogen, cause an increase in insulin resistance throughout the second and third trimesters of
pregnancy (Meykiechel et al., 2023).
2.2.2) Hormonal variations in healthy pregnant women

A multitude of hormones with physiological effects on the mother are secreted by the
placenta during gestation (Figure3), making it an extremely active endocrine organ (Napso et
al., 2018).
These hormones swiftly tweak nutrient metabolism to favor the growing fetus needs. To stave
off detrimental hypoglycemia between meals, a storage system must kick in promptly during
pregnancy, ensuring the mothers reserves aren’t depleted by her unborn child. Carbohydrate
balance in the mother is finely regulated by maternal hormones, working to ramp up fat
storage, curtail energy usage, and prolong glucose processing (Jee and Sawal, 2024).

e Estrogen and progesterone
The corpus luteum produces progesterone and estrogen throughout the first 10 weeks of
pregnancy. Following implantation, the placenta starts to generate these two steroid hormones
at progressively higher concentrations, which peak in the final trimester. Progesterone and
estrogen levels sharply decline in the early postpartum period (Costa, 2015).
Apart from the placenta, the ovaries and, to a lesser degree, the liver, muscle, bone, and brain
are other organs that release estrogen during pregnancy [4].
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e Cortisol
The hormone temporarily boosts energy levels by flooding the body with more glucose.
Under stress, the livers gluconeogenesis facilitates the cortisol hormones access to glucose
stored in protein reserves, so blocking the body’s ability to produce insulin and preventing
glucose storage. Nonetheless, the body retains its overall resistance to insulin when cortisol

levels increase (Graham et al., 2019) ;[5].

e Placental lactogenic hormone (HPL)

It is @ hormone with numerous similarities to prolactin that is released by the placenta. In
addition to promoting the production of milk, it aids in the development of fetal tissues and
annexes. On the thirteenth day of pregnancy, the syncytiotrophoblast begins to secrete it.

Its content steadilyrises until the 36th week, at which point it somewhat declines until the
40th week, reflecting placental function. It possesses mammo trophic, lactogenic, and
luteotropic qualities. Because of its somatotropic effects, fetal development is aided. Moreover,
it demonstrates hyperglycemic, proteolytic, and lipolytic action. When fetal distress is detected
and a reduction in plasma content indicates intrauterine growth retardation, the measurement
has predictive significance (Sibiak et al., 2020);[6].

It's been proposed that HPL plays a significant role in the development of insulin resistance in
humans (Dirar and Doupis, 2017).
Prolactine

During pregnancy, prolactin, a hormone secreted by the pituitary gland, plays a crucial
role in preparing the breasts for lactation by stimulating breast tissue growth, promoting
colostrum production, and suppressing ovulation to maintain pregnancy. Additionally, prolactin
contributes to maternal bonding and regulates fluid balance to support the increased fluid

requirements during pregnancy and lactation [7]
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Prolactin

Total T3 & T4

Approximate % change from
pre-pregnancy

Pre- 15t 2nd 3rd
pregnancy Trimester

Key: hPL = human placental lactogen

Reproduced with permission from Caroline Day and Cliff Bailey

Figure 3: Hormonal changes that can influence glucose homeostasis in pregnancy
(Lindsay,2009).

2.3) pathophysiology of Gestational Diabetes

It's been proposed that HPL plays a significant role in the development of insulin
resistance in humans (Dirar and Doupis, 2017).

The pathophysiology of GDM includes both tissue insulin resistance and [-cell
impairment, as GDM is typically caused by B-cell malfunction on a background of persistent
insulin resistance throughout pregnancy. These conditions are typically present before
conception and may worsen over time, increasing the chance of developing type 2 diabetes after
childbirth (Plows et al., 2018).

2.3.1) Insulin resistance

A physiological phenomenon known as maternal insulin resistance arises in order to
sustain the fetal energy supply throughout gestation. While most people manage this metabolic
adaptation, some women get GDM (Choudhury and Devi Rajeswari, 2021)

When cells stop responding to insulin as effectively, they develop insulin resistance. The major
transporter that brings glucose into cells for energy, glucose transporter 4 (GLUT4), is
inadequately translocated across the plasma membrane as a result of insulin signaling failure,
which is the molecular basis of insulin resistance (Plows et al., 2018).

When compared to normal pregnancy, GDM reduces the rate of insulin-stimulated glucose
absorption by 54% (Catalano, 2013)
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In GDM, Lactogen (HPL), increased levels of growth hormone and cortisol, the release of
insulinase from the placenta, and higher estrogen and progesterone all contribute to the
development of insulin resistance during pregnancy (Choudhury and Devi Rajeswari, 2021).
Therefore, HPL is considered a powerful antagonist to insulin activity during pregnancy (Rassie
et al.,2022)..
2.3.2) Beta cell dysfunction

B-cells' main job is to respond to a glucose load by storing and secreting insulin. B-cell
dysfunction is defined as when B-cells are unable to detect blood glucose levels accurately or
to produce enough insulin in response. It is believed that prolonged and excessive insulin
production in response to chronic fuel excess causes B-cell malfunction (Plows et al., 2018).
Insulin resistance worsens [-cell dysfunction. When insulin-stimulated glucose uptake
decreases, it can lead to hyperglycemia, putting extra strain on p-cells to produce more insulin
in response. The direct impact of high glucose levels on 3-cell failure is known as glucotoxicity
(Plows et al., 2018).

Figure4 shows a linkage diagram between B-cell malfunction, insulin resistance, and GDM.
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NORMAL PREGNANCY
Beta cell structure/function
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Figure 4 : B-cell, blood glucose, and insulin sensitivity during normal pregnancy and GDM

2.4)

(Plows et al.,2018).

Pathophysiology of fetal in GDM

The primary macronutrient that supports fetal growth is maternal glucose (Mclntyre et

al., 2019). (Figureb)

Long-term exposure to hyperglycemia and/or certain amino acids (such as leucine and arginine)

during fetal development can cause hyperinsulinemia (Plows et al., 2018)

Free fatty acids (FFASs) that come from mother lipoproteins are lipolyzed on the placental

surface with the help of endothelial lipase (EL). Only a tiny percentage of these FFAs, though,

cross the placenta and enter the fetal FFA pool. Rather, hepatic de novo lipogenesis, which uses

excess maternal glucose as a precursor, produces most fetal FFAs. Maternal overnutrition

affects this process.
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Triglyceride synthesis is stimulated by fetal insulin, which leads to the synthesis of fat in the
white adipocytes of the fetus (Mclintyre et al., 2019).

—

Maternal § Placental 8 Fetal
Amino
acids ’g\ﬁ\
e

Glucose
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Figure 5: Pathophysiology of fetal in GDM (Mclintyre et al., 2019).

2.5) Risk factors of gestational diabetes
Certain women are more susceptible to gestational diabetes. There are two categories of
identified risk factors for GDM, variables with a high impact and factors with a low impact.
* High impact
Maternal age
When the pregnant woman is over 35 years old, the risk of GDM increases (He et al.,
2022);(Deng et al., 2022).
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Obesity

Women with a body mass index (BMI) over 30 kg/m2 have a higher risk of developing
gestational diabetes due to increased insulin resistance. Specifically, adipose tissue, particularly
when situated in the abdominal region, is associated with an augmented release of substances
that impact insulin sensitivity, including non-esterified fatty acids, glycerol, certain hormones,
and cytokines (Yen et al., 2019).
Ethnic background

Compared to women of European origin, women from specific ethnic backgrounds such
as South Asian, African American, Hispanic, Native American, and Pacific Islander have a
greater frequency ofGDM. The aforementioned elevated risk is ascribed to a genetic
predisposition, dietary practices, and lifestyle elements that are characteristic of these cultures
(Spanakis and Golden, 2013).
Family History of Diabetes

A family history of diabetes, especially among first-degree relatives (parents or siblings),
elevates the likelihood of developing GDM. Genetic factors may contribute to insulin resistance
and impaired glucose tolerance inaffected individuals (Chen et al., 2015 ; Plows et al., 2018).
Personal history of gestational diabetes

The prevalence increases to 50% in women who had previously developed GDM during
a pregnancy [8].
Fetal macrosomy history
Birth weight of a child weighing more than 4 kg [8].

* Low impact

Maternal multiparity

Multiple pregnancies are a risk factor for GDM, however they have a lower influence
than other variables such as obesity, advanced mother age, a family history of diabetes, and
ethnicity. While many pregnancies can contribute to increased maternal metabolism and insulin
resistance, resulting in a tiny increase in GDM risk with each successive pregnancy, their
influence is minor when compared to other major risk factors.
Still, multiparity should be taken into account when determining the total risk of gestational
diabetes. (Egeland and Irgens, 2001)
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Lifestyle habits

While unhealthy lifestyle habits like poor diet,and lack of physical activity, , can
contribute to GDM risk, their impact is generally considered less significant compared to other
factors. Nonetheless, promoting healthy habits during pregnancy is crucial for reducing overall
gestational diabetes risk and improving maternal and fetal outcomes (Zhang and Ning, 2011).
2.6) Symptoms of gestational diabetes

GDM typically remains asymptomatic. In most instances, the condition is identified
solely through blood sugar level screenings conducted during gestational diabetes testing.
However, elevated blood sugar levels (hyperglycemia) may induce symptoms in some women
including : increased thirst, frequent urination, dry mouth, fatigue, blurred vision and genital
itching or thrush.
Nevertheless, these symptoms can also be commonplace during pregnancy and may not
invariably indicate GDM. It is through a blood sample that it will be possible to detect an
abnormal increase in blood sugar levels (Hammoud et al., 2012);[9].
2.7) Detection and diagnosis

It is important to do a serious risk assessment for GDM development at the very first
prenatal appointment,such as glucose testing as soon as possible if they have a strong family
history of diabetes or glycosuria, a personal history of GDM, or significant obesity. If these
women are found not to have GDM at the initial screening, they should have another test,
usually between weeks 24 and 28 of pregnancy. The diagnosis of GDM was based on the two-
hour 75 g oral glucose tolerance test (75 g OGTT). (Chen et al., 2015); (Lewandowska, 2021).
Blood sugar levels that are equal to or lower than (1.40g/L) one hour after consuming the
glucose solution are typically considered normal for the glucose screening test.
If a pregnant woman's blood glucose level exceeds (1.40g/L), the next step is typically the oral
glucose tolerance test (OGTT). This test helps determine if the woman has GDM.

Abnormal blood values for a 2-hour 75-gram oral glucose tolerance test representing in table 1

Table 1: Abnormal blood values for 75-gram OGTT(Alfadhli, 2015)

Fasting 1 hour after a meal 2 hour after a meal
Before a meal (preprandial) (postprandial) (postprandial)
greater than 0.919 g/L greater than 1.802 g/L greater than 1.531g/L
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2.8) Complications of gestational diabetes

Many consequences may arise from GDM. These can be broadly classified as effects on
the mother and child, which can be identified at any point throughout the pregnancy, at birth,
or much later on (Lindsay, 2009).

2.8.1) Maternal complications
e Short term complications
Polyhydramnios (Excessive Amniotic Fluid)

GDM may result in polyhydramnios, marked by an abnormal buildup of amniotic fluid.
This condition heightens the chances of preterm labor, premature membrane rupture, and
related complications (Preda et al., 2022);[10].

Preeclampsia and Hypertension

Women diagnosed with GDM face a higher likelihood of developing preeclampsia,
marked by elevated blood pressure and organ damage indicators. which can lead to
complications for both the mother and the baby (Braunthal and Brateanu, 2019).

Increased Risk of Cesarean Section (C-Section)

GDM increases the likelihood of requiring a cesarean delivery due to factors such as fetal
macrosomia, shoulder dystocia, and other birth complications associated with larger babies
(Gorgal et al., 2011).

e Long term complications
Cardiovascular Disease

Postpartum metabolic syndrome and cardiovascular disease risk are increased in women
with GDM. Several risk factors, such as central obesity, hypertension, insulin resistance, and
dyslipidemia, are associated with metabolic syndrome (Sheiner, 2020).

Malignancies

Women having a history of GDM may be more vulnerable to long-term cancer
development in the future; these women were more likely to be hospitalized for cancer years
after giving birth. There is substantial evidence linking GDM to an increased risk of breast,
ovarian, and/or endometrial cancer (Sheiner, 2020).

Ophthalmic Disease

GDM s regarded as a significant long-term risk factor for ocular morbidity (Sheiner,

2020).
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Future type 2 diabetes

Women who have already experienced GDM are more likely to experience it during any
subsequent pregnancies. Additionally more susceptible to type 2 diabetes as they age (Walker
et al., 2020) ; (Dennison et al., 2021).

2.8.2) Fetal complications
Macrosomia

The mother's blood provides the fetus with every food it needs. When there is an excess
of glucose in the mother's blood, the fetus's pancreas detects this and tries to use the extra
glucose by producing more insulin. The excess glucose is transformed into fat by the fetus. A
fetus can create all the insulin it requires, even in the presence of GDM in the mother. The fetus
becomes abnormally large (referred to as macrosomia) because to the combination of high
insulin levels in the fetus and high blood glucose levels in the mother, which leads to significant
fat deposits [11].

Hypoglycemia
This issue arises when the mother has continuously high blood sugar, which causes the
fetus to have elevated insulin levels in its bloodstream. The newborn's blood sugar level drops
dramatically after birth because it no longer receives its mother's high blood sugar levels, even
if it still has a high insulin level. (Begum et al., 2018) ; (Arimitsu et al., 2023).
Stillbirth
Is the loss of a baby following 20 weeks of pregnancy (Rosenstein et al., 2012);
(Tabatabaee et al., 2020).
Type 2 diabetes and obesity
Are conditions that babies are more likely to have later in life (Mantzorou et al., 2023).

Respiratory Distress Syndrome (RDS)

Babies born to mothers with GDM have an increased risk of RDS, a condition
characterized by difficulty breathing due to immature lung development. This can result from

exposure to elevated maternal blood glucose levels in utero [12].
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2.9) Treatment of gestational diabetes

2.9.1) Lifestyle Intervention
The goal of treating GDM s to reverse hyperglycemia and lower the chance of the
unfavorable pregnancy outcomes that are linked to it (Alfadhli et al., 2015).
A key element of managing GDM is lifestyle change (Table 2), which includes food
modification, physical exercise, and weight control (Johns et al., 2018).
Table 2: Therapy through lifestyle modification Intervention
(Mclntyre et al.,2019);[13];[14].

Lifestyle Intervention
Diet Physical activity
- Follow easy daily suggestions such as - For a woman with GDM, moderate
consuming a variety of meals, exercise for at least 30 minutes a day
including fresh fruits and vegetables. Is advised.
- Divide meals into several meals and - Light activity, such as walking,
snacks per day. swimming, and cycling.
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2.9.2) Pharmacological Therapy
It is necessary to add glucose lowering medication if lifestyle modifications alone are not
sufficient to meet blood glucose objectives. The treatment used is usually either insulin or oral
medications (Table 3) (Poolsup et al .,2014).
Insulin is usually injected several times a day (Johns et al., 2018). The daily demand for insulin
is 0.7 units/kg in the first trimester, 0.8 units/kg in the second trimester, and 0.9 to 1.0 units/kg
in the third trimester (Rodriguez et Mahdy,2023)

Table 3: Therapy using pharmaceuticals (Mclintyre et al., 2019);[13];[14].

Pharmacological Therapy

Insulin Oral medications
- The gold standard for treating - Metformin is the oral hypoglycemic
hyperglycemia is insulin. medicine that is being explored as an

alternative to insulin in treating
people with GDM.

- Based on cost and convenience,
metformin may be selected in certain

instances.
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Material and method
1) Study objectives
The objective of the present study is to investigate the prevalence of GDM within a
specific population at a particular point in time. This type of study aims to assess the proportion
of pregnant women with GDM at the time of assessment. This investigation aims also to
highlight the main factors that could be influencing the appearance of diabetes in pregnant
women.
2) Type of study
A cross-sectional, descriptive, questionnaire-based survey study was conducted in
Guelma. It involved 180 pregnant women and was conducted during two months (March and
April 2024). Data collection took place in five different locations, at the Specialized Public
Foundation for Mothers and Children, the Public Foundation for the Heliopolis Centre, the
Oumeddour Tunis Centre, and various private clinics (Gynecological and obstetric clinic).
3) Study Population
For this study, we aimed to include pregnant women overall. Patients with GDM were
incorporated no matter their age or time of diagnosis.
4) Data collection
We collected data by distributing a systematically structured questionnaire (AppendixX)
to 180 pregnant women. The document was written in Arabic to ensure the comprehension of
all the participants regardless their educational level.
In addition, during the distribution of the questionnaire, the ladies were assisted in case they
needed explanation or help filling the document.
The questionnaire was organized in four sections as follows:
Section 1: Demographic Information
e Age
e Weigh
e Height
e Number of Pregnancies
e Place of residence (Urban/Rural)
Section 2: Medical History
e Having gestational diabetes
e Diagnosis Week

e History of diabetes before pregnancy or pre-diabetes
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e History of gestational diabetes in previous pregnancies or pre-gestational
diabetes

e Other chronic disease

e Overweight before pregnancy

e Fetal weight gain

e Type of birth

e Family History of Diabetes

Section 3: Lifestyle and eating habits
e Physical activity
e Eating habits
e Nutritional advices
Section 4: Management of gestational diabetes
e Number of times of blood sugar measurement
e The highest and lowest value
e Meeting nutritionist
5) Measurements of Anthropometry
The aim of taking height and weight is to calculate the body mass index of each
sample expressed in the following equation weight in kilograms dividing the length square by

meter.

BMI = weight (kg)/ Height 2(m)

According to the WHO, the BMI was divided into four groups: (Weir et Jan,2023); [15]
BMI = <18.5 for underweight
BMI = 18.5-24.9 is the normal weight
BMI = 25-29.9 Overweight
BMI of 30 or greater indicates Obesity
6) Statistical analysis
Microsoft excel 2013 was used to conduct the descriptive analysis, which involved
calculating percentages, mean, standard deviations, and graph mapping. The quantitative results

are presented as means £SD.
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1) The distribution of the outcomes based on respondents’ responses to the

survey
1.1) Epidemiological characteristics of the sample
1.1.1) Maternal age

The sample collected represents 180 pregnant women between the ages of 17 and 52 years
old. In order to organize the sample, participants were divided into 6 age groups (Table 4).
There is a decrease in the number of women belonging to [17-22] by 3%,and women aged [23-
28] represent 26%, Women aged [29-34] were 38% dominant followed by women aged [35-
40] with 27%, then the [41-46] age group with 5% and most recently women aged [47-52],
representing the lowest 1%.

The average age of the participants was estimated to be 32 £5.7 years.

Table 4: Distribution of participants by age

Age group [17-22] [23-28] [29-34] [35-40] [41-46] [47-52]*

Effective 5 47 69 49 9 1
Percentage 3% 26% 38% 27% 5% 1%
(“o)

* Corresponds to one woman at the age of 47 years old.
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1.1.2) Description of the population according to the BMI

The results of the BMI are represented in figure 6 below. Only 1% of the participants are
classified as underweight, and 33 % of them have a normal BMI, while 43% are classed in the
overweight category. The participants having a BMI superior than 30 are 23 % and they

represent the obesity category.

45%

40%

35%
30%
25%
. -43%
°
15%
Lo% -23%
(]
1%
> A~

0%

Underweight Normal Overweight Obesity

Figure 6:Distribution of participants according to the BMI

1.1.3) Number of pregnancies

According to data analysis, the largest proportion of pregnant women appears to be
concentrated in the first and second pregnancy, accounting for a large proportion of the total
pregnant women, reaching 27% and 35%, respectively. This is followed by women in the third
pregnancy by up to 24%. It is noted that there is a gradual decrease in the proportion of women

in the fourth pregnancy at 10%, finally women with 5 pregnances and more are 4% (Figure7).

22

——
| —



Results and discussion Cross sectional study of gestational diabetes in Guelma

40%
35%
30%
35%
25%
27%

20% 24%
15%

N D

0%

First 2 Pregnancies 3 Pregnancies 4 Pregnancies 5 Pregnancies
Pregnancy or more

Figure 7: Participant distribution according to number of pregnancies

N Indicates the total number of women who have undergone 5 pregnancies or more;
specifically, 2% for women in their fifth pregnancy, followed by 1% for women in their sixth
pregnancy, and 1% also for women in their eighth pregnancy.
1.1.4) Settlement of all participants

The figure below (Figure8) shows the settlement of participants, noting that 53% of the

participants are from the city (Guelma) however 47% are from rural areas.

53%
52%
51%
50%
49%
48%
47%

46%

45%

44%
Urban places Rural places

Figure 8: Pregnant women's distribution according to settlement
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1.1.5) Prevalence of diabetes
According to our results, the prevalence of women who developed GDM during their
pregnancy is 19% (33), however, 3% of the participants had pre-diabetes mellitus (Figure9),

while the other 78% of the pregnant women were healthy.

g

DM DG ®Pregnant women

—

Figure 9: Distribution of participants according to state of health

1.2) Description of women with GDM
1.2.1) Age

In the current investigation, the 33 patients have an age between 20 to 45 years old.
Participants were categorized into 5 age groups (Table 5). Women aged [20-24] representing
the smallest proportion at 6%. The age group between 25 to 29 years exhibited dominance at
28 % followed by 24 % for those aged between 30 and 34 years and 40 to 45 years. Finally, 18
% of patients belonging to the age group from 35 to 39 years old.
The average age of the participants was estimated to be 33,4 + 6.3 years.

Table 5: Distribution of patients of GDM by age

Age group [20-24] [25-29] [30-34] [35-39] [40-45]
Effective 2 9 8 6 8
Percentage % 6% 28% 24% 18% 24%
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1.2.2) Description of women with GDM according to the BMI
The pregnant women with GDM were divided into three categories based on their BMI
(Figure 10). 24% of patients have a normal BMI while 33% are classed in the overweight class.

The patients belonging to the obesity class represent 43%.

45%
40%

o

35% .
30%
25% | 43%
20% =
15%
10%

5%

0%

Normal Overweight Obesity

Figure 10: Distribution of pregnant women with GDM according to the BMI

1.2.3) Number of pregnances

The sample collected from our study shows that the largest proportion of pregnant women
with GDM had their second and third pregnancies, with ratios reaching 39% and 21%,
respectively. Then, the fourth and first pregnancy comes with 18% and 15%, respectively

followed by women who had their fifth pregnancy with 6% (Figurell).
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Figure 11: Distribution of women according to the number of pregnancies

1.2.4) Geographical distribution of pregnant women with GDM

Our study on gestational diabetes patients focused specifically on Guelma city (urban
areas) and its surrounding municipalities (rural areas). The findings revealed that 19% of
affected women reside in urban areas, while 17% are residents of rural areas.
On the other hand, 83% of healthy women reside in rural areas and 8% in urban areas (Table
6).

Table 6: Proportion of pregnant women in urban versus rural areas

Variables Total frequency of GDM
n (%) participant n (%) No Yes
N= 180
Rural areas 85 (47%) 70 (83%) 15 (17%)
Urban areas 95 (53%) 77 (81%) 18 (19%)

n: number of participants
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1.2.5) Time of diagnosis with GDM

The data show (Figurel2) that the largest percentage of gestational diabetes cases appear
in the first trimester, from the first week to the twelfth week of pregnancy, reaching 48% of the
total cases. While the percentage decreases slightly in the second trimester from 13 weeks to
26 weeks to 45%,. The diagnosis of GDM in the third trimester, from 27 weeks to 40 weeks,

represents only 6% of the cases.

50% .

45% —
40%

35%

30%

25%
20%

15%

10%

0%

1ST trimester 2nd trimester 3rd trimester

Figure 12: Distribution of patients according to the time of diagnosis with GDM

1.2.6) Pathologies during the course of pregnancy

According to the data analysis, 30% of the participants declared developing some
pathologies during the course of their pregnancy, Whereas the largest percentage of them (70%)
do not suffer from any other disease. (Figurel3).
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Figure 13: Distribution of women with GDM according to appearance of pathologies

Based on our results, Hypertension is the most prevalent disease among women with
GDM, reaching 50%. Anemia, Hernias, osteoporosis, RCH and thyroid problems comes after,
with 10% for each one (Figure 14).

BAnemia EHernia
B Osteoporosis B Hemorrhagic rectocolitis (RCH)
B Thyroid B Hypertension

10% 10%  10% 10% 10%

Figure 14: Distribution of patients according to the appearance pathologies during pregnancy
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1.2.7) The fetus weight
In this sample of patients, Data indicate that 58 % of women with GDM have normal

weight embryos. The proportion of fetus with excess weight (macrosomia) represent 42%

(Figurelb).

Macrosomia

mNothing ®macrosomia

Figure 15: Distribution of fetus according to their weight

1.2.8) The nature of birth

The table 7 shows the methods of childbirth in women with GDM according to their
treating doctors. The data show that C-section is the most common method in 43% of cases. It
is followed by a 39% natural birth. 18% pregnant women have not yet had their birth method

determined.
Table 7: Distribution of patients by mode of delivery
The nature of birth Cesarean Natural Don’t know
Effective 14 13 6
Percentage % 43% 39% 18%
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1.2.9) Family history of diabetes

In our study, we note that 66% women have a family history of diabetes while 34% did

not have it (Figure 16).

70%

60%

50%

40%

30%

20%

10%

0%

Family diabetes Nothing

Figure 16: Distribution of women according to their family history of diabetes and absence of

it

Based on the results of the family history of diabetes (Figurel7), women with diabetic

mothers make up the highest percentage of cases at 41%. They are followed by women whose

fathers are 32% affected. Women with both parents are 14% affected. Next comes women who

have another relative who is 9% affected, then 4% siblings.

Siblings Distant  Father  Mother  Mother
family and
Father

Figure 17: Participant’s distribution according to family history of DM
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1.2.10) Physical activity

Regarding the frequence of practicing physical activity, women with GDM were divided
into 3 groups (Figure 18). 40% do not exercise at all, 36 % exercise regularly and 24 % do

physical activity occasionally.

40% |
35% 1
30%
25% .
20%
15%
10%
5%

0%

Never Sometimes Regularly

Figure 18: Distribution of subjects based on physical activity

1.2.11) Dietary habits of women with GDM

The figurel9 shows the distribution of pregnant women according to their diet. The
largest segment of pregnant women has a healthy diet, constituting 55% of the total, followed
by women who follow a normal diet (42%). Women who follow an unhealthy diet make up 3%
of cases.
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Unhealthy3
%

Normal
42%

Healthy
55%

Figure 19: Infected women’s distribution based on dietary habits

1.2.12) Consulting nutritionist
Figure 20 represents women with GDM who consulted or not a nutritionist during their
pregnancy. The results show that the majority of patients consulted a nutritionist during

pregnancy, reaching 76%, while the remaining 24% did not.

mNO

W yes

Figure 20: A relative study of affected women about following a nutritionist
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1.2.13) Treatment of GDM
The figure below illustrates the distribution of treatment methods used for gestational

diabetes management according to our results (Figure 21). With 48% of pregnant women are
relying on changing their diet to manage blood sugar levels. Data shows that 30% of women
need a combination of diets and insulin use to control pregnancy diabetes, then 10% of women
use insulin as their primary treatment. A combination of diets, insulin, and medicines is

followed by 9% of women and 3% of women do not follow any treatment.

50%

45%

40%

255

30%

25%

20%

10%
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Diet Diet and insulin Diet and Nothing
insulin insulin and
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Figure 21: Diverse distribution of treatment methods used to manage GDM
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In the present work, we conducted a cross-sectional study of the prevalence of GDM
in the city of Guelma (Algeria). This type of studies has certain limitations and bias that we
are aware of; especially the subjectivity of the answers. We distributed randomly an
anonymous questionnaire to 180 pregnant women in five facilities during two months. The

prevalence of GDM among pregnant women in the city of Guelma was estimated at 19 %.

Many studies in the literature exhibited close results to ours. For example, a cross-sectional
study conducted in Cameron during three months reported that the incidence of GDM was
19.5%. In addition, a GDM prevalence survey in Beijing revealed that the frequency of
GDM was 19.7% (Feng et al., 2017) ; (Egbe et al., 2018).

In contradiction to our results, a Prospective Population-Based Study in Tianjin, China,
revealed a prevalence of 8.1% in the participants (Leng et al., 2015).

According to a cross-sectional analytic study in Tanzania, the prevalence was much higher,
reaching 27,9% (Mukuve et al., 2020).

The fluctuations in the prevalence can be related to the limitations associated with the cross
sectional studies. This type of studies is observational and analyzes data from a population
at a single point in time. Unlike other types of observational studies, cross-sectional studies
do not follow individuals up over time (Wang and Cheng, 2020).

For the age of patients, it ranged from 20 to 45 years old, with a predominance of
women aged over 25 years old (28%). The average age was 33,4 * 6.3 years.

Pregnant women aged between 25-29 years represent the majority and they are more likely
to have GDM (28%) followed by women aged 30 to 34 and 40 to 45 years old with 24% for
both.

Our results are similar to the findings in previous studies in Asia and Europe (Lee et
al.,2018) ; (Gao et al.,2022).
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For instance, in Turkey, a study showed that the prevalence of GDM in women aged >30
years was greater than that of women aged < 30 years. In Spain, there was a predominance
of women with GDM over 35 years old with 11.3%. In Nepal the majority of women with
GDM were of maternal age >30 years (66.34%), (Akgdl et al ., 2017) ; (Singh Yadavand.,
2022) ; (Orés., 2023). .

Previous studies have mainly focused on the high-risk factors of GDM, and have confirmed
that advanced age is a risk factor for GDM (Dept, 2017) ; (Balagopalan et al., 2021) ;
(Karasneh et al., 2021).

As for the BMI, we found that 43% of women who developed GDM during pregnancy
have a high BMI (> 30 kg/m?). Unfortunately, during the collection of our data, most women
were not able to provide us with their pre-pregnancy weight. This enabled us to determine

the BMI before pregnancy.

It has been reported that during the first half of pregnancy, BMI can be used as a reliable
risk factor to assess GDM, especially in some situations where the pre-pregnancy BMI is
not available. (Fattah et al., 2010).

Studies have reported an association between increased BMI and GDM. It has been shown
that women with a higher BMI in the first half of pregnancy were at higher risk for GDM.
(Yong et al., 2020) ; (Rahnemaei et al., 2022) ; (Zhang et al., 2022).

In our study, the results demonstrate that 39% of patients had their second pregnancy.

Many investigations suggested that the number of pregnancies had no effect on the risk of
GDM. It has been suggested that higher numbers of pregnancies are an independent risk
factor for GDM. The association between number of pregnancies and GDM was more
prominent among women who were >30 years old or with a pre-pregnancy BMI > 24kg/m?
(Duman et al.,2015) ; (Liu et al.,2020).
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According to our results, women living in urban areas (19%) were more likely to have
GDM compared to those in rural areas (17%), the prevalence in our rural population is
incompatible with the previous studies who found a low prevalence of GDM in rural
communities (ranging from 1% to13.2 %),(Mwanri et al.,2013) in Tanzania and (Xu et
al.,2017) in China and (Choudhury et Rajeswari,2021) in india. Yet, it is much lower than a
few other studies in Bangladesh (27.4%) (Mazumder et al.,2022).

For the diagnosis of GDM, it has been discovered in 48% of patients during their first
trimester and 45% of patients during the second trimester. It is a study in 2022 found that
the diagnosis of GDM was almost 2-3 times greater among women in the first trimester

group than to those in the second and third trimester (Mazumder et al.,2022).

It is conventional to screen all pregnant women for GDM, typically at 24-28 weeks
gestation. (Quaresima et al.,2020). (Hillier et al.,2020).

In our series, the results revealed that hypertension is the most common pathology in
patients with a frequency of 50%, as compared to only 10% of the women that had developed
other pathologies like Anemia, Hernia, and Thyroid. It’s the same with the studies done in
Uganda. This could be attributed to the variation in diagnostic criteria. Taking insulin has
also been linked to an increase in hypertensive diseases (Tobia et al., 2011) ; (Martis et al.,
2018) ; (Ochieng et al., 2022).

Regarding fetal macrosomia, it is defined as a birth weight > 4,000 g. It is mainly due
to the increased insulin resistance of the mother leading to elevated blood glucose levels.
This excess glucose crosses the placenta into the foetal circulation, where it is stored as body
fat, causing macrosomia. It affects 12% of newborns of normal women and 15-45% of

newborns of women with gestational diabetes mellitus (GDM). (Kc et al.,2015).

In conformity to that, our study revealed that the incidence of macrosomia among fetals of
pregnant women with GDM in Guelma was 42%.
The risks associated with macrosomia are cesarean delivery, postpartum hemorrhage, and

vaginal lacerations (Junior et al., 2017).
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In the same context, the prevalence of programmed C-section in our work was 43%.
The prevalence is in accordance with the percentage of fetal macrosomia.

Macrosomia is one of the risk factors for problems during vaginal birth, which frequently
results in the need for a cesarean section to protect the safety of both the mother and the
infant (Hyg,2021).

For the infant, macrosomia increases the risk of shoulder dystocia, clavicle fractures, and
brachial plexus injuries and increases the rate of admissions to the neonatal intensive care
unit (Junior et al.,2017).

Our study showed that a family history of DM is associated with GDM (66% of
mothers have a family history of DM). The prevalence of having GDM with a diabetic
mother or father is 41% and 32%, respectively, and 14% for both diabetic mother and father.
Under the findings of Tabak and his collaborators, they found a statistically significant
higher risk of GDM for maternal diabetes (Tabak et al., 2009).

Several studies were similar to our findings, showing that family history of DM is one of
the most prominent risk factors for GDM (Erem et al., 2014) ; (Chamia et al., 2020) ;
(Lewandowska, 2021)

Along the same line, a prospective cohort study included 1129 pregnant women showed that
the ones with first, second, or both first and second-degree relatives with T2DM had a
markedly increased risk of GDM compared to those with negative family history (Monod
etal., 2023).

Based on the results of our investigation, 40% of women with reduced physical

activity had GDM by while 36%. of women with high levels of physical activity had GDM.

Some researchers reported that no apparent difference was observed in the risk of GDM
development for women receiving intervention in exercise compared to women who did not

receive any intervention (Bain et al., 2015).

Contrariwise, according to several studies, higher physical activity programs reduce the risk
of GDM. (Russo et al., 2015) ; (Muche et al., 2019) ; (Doi et al., 2020).

According to a systematic review published in 2024, there is a dose-response relationship
between higher levels of physical activity in both the first and second trimesters and reduced

risk of GDM,; the relationship is stronger in the first trimester (Xie et al., 2024).
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Our study reported that there is a great reliance on diets as a first step in managing
gestational diabetes 48%, followed by diet and insulin 30%, Insulin Only 10% and 9% of

women use insulin, diets, and medications in combination.

This was similar to previous studies which found that the majority of women with GDM
follow only a diet, and then a proportion of them have a specific diet and insulin. Finally,
only a small ratio has a combination between diet, insulin, and medications (Bas-Lando et
al., 2014) ; (Bianchi et al., 2018) ; (Lee et al., 2019).

In the United States and Canada, insulin is advised as the first-line pharmacological
treatment for GDM, but in the United Kingdom, oral medication is the recommended course

of action until a significant elevation of blood glucose levels occurs (Johns et al., 2018).

On the other hand, patients find oral drugs appealing because of their enhanced adherence,

equivalent effectiveness, ease of administration, and reduced cost (Thorkelson et al., 2016).

A retrospective cohort research was conducted at Qatar's Women's Hospital, comparing
GDM women to normoglycemic controls found that treatment with metformin reduces
maternal weight gain, the risk of macrosomia and neonatal hypoglycemia compared to diet
alone(Bashir et al., 2019).

The possible reason why the majority of women depend only on diet is that changing one's
diet can help many women control their diabetes throughout pregnancy. By spreading meals
throughout the day and consuming less simple carbohydrates in order to maintain stable
blood sugar levels. The use of insulin and other medicines may reflect that diets alone may
not be sufficient in many cases to adjust sugar levels. This illustrates the many requirements
that each woman with gestational diabetes has her state of health and the development of

her pregnancy diabetes.
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Conclusion

GDM is one of the most common complications of pregnancy and poses risks to both
women and their children.
This cross-sectional study has shed light on various aspects of GDM within the population of
Guelma. Through meticulous data collection and description, we identified several associations
between maternal characteristics, lifestyle factors, and the prevalence of GDM.
The findings of our study point out that the prevalence of GDM was 19% in the studied areas
with the most affected age group of 25 - 29 years. High-risk groups of GDM in pregnant women
were those in second pregnancy, with high BMI (> 30 kg/m?) and those who have family history
of DM. Lifestyle habits such as low physical activity and high carbohydrate intake were found
to contribute to the risk of developing GDM.
The results underscore the importance of early screening and intervention strategies to manage
GDM and mitigate adverse outcomes for both mother and child.
However, Public health strategies should prioritize education on lifestyle modifications,
promoting physical activity, and dietary adjustments to mitigate the risk factors associated with
GDM.
Addressing these factors through comprehensive prenatal care can improve maternal and fetal
health outcomes, reducing the overall burden of gestational diabetes in Guelma. In addition,
targeted education could play a critical role in reducing the incidence of gestational diabetes

and improving maternal and fetal outcomes.
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Perspectives and limitations

This descriptive, comprehensive study contributes to understand the prevalence and
associations of GDM within a specific population at a single point in time in Guelma.
This study can identify associations but cannot establish causality. Therefore, they cannot
definitively determine if certain factors cause or contribute to GDM, because reported data, can
be subject to recall bias. Participants may not accurately remember or report past exposures or
behaviors, leading to inaccurate associations. Furthermore; a specific and developed statistical
tests should be ran like multivariate logistic regression analysis. It is a formula used to predict
the relationships between dependent and independent variables.
In addition, the study's sample size of 180 participants, while providing useful information, may
not be large enough to generalize the findings to all pregnant women in Guelma. A larger
sample size would increase the reliability and generalizability of the results.
By identifying key risk factors such as maternal age (>25 ans), obesity, and family history of
diabetes, the study highlights the need for targeted screening and intervention programs.
the study identifies potential risk factors and their relationship to GDM that can guide results
for further research and preventive strategies as well as making hypotheses that researchers can
develop and test in longitudinal and experimental studies, and lays the groundwork to evaluate
the effectiveness of different intervention strategies.
The association between adjustable risk factors such as reduced physical activity and high
carbohydrate intake and GDM confirms the potential benefits of lifestyle interventions. Public
health initiatives focused on promoting healthy eating and physical activity among pregnant
women can reduce the occurrence of GDM.
To conclude, Future research should focus on longitudinal studies to further understand the

long-term impacts of GDM and the effectiveness of various intervention strategies.

41

—
| —



| List of references ‘



Akgol, E., Abusoglu, S., Giin, F. D., & Unlii, A. (2017). Prevalence of gestational
diabetes mellitus according to the different criterias. Turkish Journal of Obstetrics and
Gynecology, 14(1), 18 22. https://doi.org/10.4274/tjod.38802

Alejandro, E. U., Mamerto, T. P., Chung, G., Villavieja, A., Gaus, N. L., Morgan,
E., & Pineda-Cortel, M. R. B. (2020). Gestational Diabetes Mellitus : A Harbinger of
the Vicious Cycle of Diabetes. International Journal of Molecular Sciences, 21(14),
5003. https://doi.org/10.3390/ijms21145003

Alfadhli, E. M. (2015). Gestational diabetes mellitus. Saudi Medical Journal, 36(4),
399 406. https://doi.org/10.15537/smj.2015.4.10307

Ali, A. D., Mehrass, A. A.-K. O., Al-Adhroey, A. H., Al-Shammakh, A. A., &

Amran, A. A. (2016). Prevalence and risk factors of gestational diabetes mellitus in

Yemen.  International  Journal of Women’s Health, 8, 35 41.
https://doi.org/10.2147/1JWH.S97502
Araujo Janior, E., Peixoto, A. B., Zamarian, A. C. P., Elito Janior, J., & Tonni, G.

(2017). Macrosomia. Best Practice & Research Clinical Obstetrics & Gynaecology, 38,
83 96. https://doi.org/10.1016/j.bpobgyn.2016.08.003

Arimitsu, T., Kasuga, Y., Ikenoue, S., Saisho, Y., Hida, M., Yoshino, J., Itoh, H.,
Tanaka, M., & Ochiai, D. (2023). Risk factors of neonatal hypoglycemia in neonates

born to mothers with gestational diabetes. Endocrine Journal, 70(5), 511 517.
https://doi.org/10.1507/endocrj.EJ22-0521
Balagopalan, N., Pathak, R., Islam, F., Nigam, A., Kapur, P., & Agarwal, S. (2021).

Diagnostic accuracy of Diabetes in Pregnancy Study Group of India criteria for the

screening of gestational diabetes mellitus in primary care setting. Indian Journal of
Community and Family Medicine, 7, 25. https://doi.org/10.4103/IJCEM.IJCEM_9 20
Bashir, M., Aboulfotouh, M., Dabbous, Z., Mokhtar, M., Siddique, M., Wahba, R.,
Ibrahim, A., Brich, S. A.-H., Konje, J. C., & Abou-Samra, A.-B. (2020). Metformin-

treated-GDM has lower risk of macrosomia compared to diet-treated GDM- a

retrospective cohort study. The Journal of Maternal-Fetal & Neonatal Medicine, 33(14),
2366 2371. https://doi.org/10.1080/14767058.2018.1550480



https://doi.org/10.4274/tjod.38802
https://doi.org/10.3390/ijms21145003
https://doi.org/10.15537/smj.2015.4.10307
https://doi.org/10.2147/IJWH.S97502
https://doi.org/10.1016/j.bpobgyn.2016.08.003
https://doi.org/10.1507/endocrj.EJ22-0521
https://doi.org/10.4103/IJCFM.IJCFM_9_20
https://doi.org/10.1080/14767058.2018.1550480

Bas-Lando, M., Srebnik, N., Farkash, R., loscovich, A., Samueloff, A., & Grisaru-
Granovsky, S. (2014). Elective induction of labor in women with gestational diabetes
mellitus : An intervention that modifies the risk of cesarean section. Archives of
Gynecology and Obstetrics, 290(5), 905 912. https://doi.org/10.1007/s00404-014-3313-
6

Begum, S., Dey, S. K., & Fatema, K. (2018). Neonatal Glycemic Status of Infants of

Diabetic Mothers in a Tertiary Care Hospital. Indian Journal of Endocrinology and
Metabolism, 22(5), 621 626. https://doi.org/10.4103/ijem.IJEM 689 17
Bensalem, S., Lakehal, A., & Roula, D. (2014). Le diabete gestationnel dans la

commune de Constantine, Algérie: Etude prospective. Médecine des Maladies
Meétaboliques, 8(2), 216 220. https://doi.org/10.1016/S1957-2557(14)70744-8
Bensalem, S., Lakehal, A., & Roula, D. (2015). Morbidité foeto-maternelle liée au

diabéte gestationnel : Etude prospective. journal algérien de médecine, 23(4), 155 159.
Bhushan, R., & Dubey, P. K. (2018). Gestational Diabetes Mellitus : Risk and its
Challenges.  Journal of Molecular and  Genetic  Medicine, 12(2)
https://doi.org/10.4172/17470862.1000340

Bianchi, C., de Gennaro, G., Romano, M., Aragona, M., Battini, L., Del Prato, S.,
& Bertolotto, A. (2018). Pre-pregnancy obesity, gestational diabetes or gestational

weight gain: Which is the strongest predictor of pregnancy outcomes? Diabetes
Research and Clinical Practice, 144, 286 293.
https://doi.org/10.1016/j.diabres.2018.08.019

Braunthal, S., & Brateanu, A. (2019). Hypertension in pregnancy : Pathophysiology
and treatment. SAGE Open Medicine, 7, 2050312119843700.
https://doi.org/10.1177/2050312119843700

Catalano, P. M. (2014). Trying to understand gestational diabetes. Diabetic Medicine,
31(3), 273 281. https://doi.org/10.1111/dme.12381

Chamlal, H., Mziwira, M., Ayachi, M. E., & Belahsen, R. (2020). Prevalence of
gestational diabetes and associated risk factors in the population of Safi Province in
Morocco. The Pan African Medical Journal, 37, 281.
https://doi.org/10.11604/pam]j.2020.37.281.21798

Chen, P., Wang, S., Ji, J., Ge, A., Chen, C., Zhu, Y., Xie, N., & Wang, Y. (2015).
Risk factors and management of gestational diabetes. Cell Biochemistry and
Biophysics, 71(2), 689 694. https://doi.org/10.1007/s12013-014-0248-2



https://doi.org/10.1007/s00404-014-3313-6
https://doi.org/10.1007/s00404-014-3313-6
https://doi.org/10.4103/ijem.IJEM_689_17
https://doi.org/10.1016/S1957-2557(14)70744-8
https://doi.org/10.4172/17470862.1000340
https://doi.org/10.1016/j.diabres.2018.08.019
https://doi.org/10.1177/2050312119843700
https://doi.org/10.1111/dme.12381
https://doi.org/10.11604/pamj.2020.37.281.21798
https://doi.org/10.1007/s12013-014-0248-2

Choudhury, A. A., & Devi Rajeswari, V. (2021). Gestational diabetes mellitus—A
metabolic and reproductive disorder. Biomedicine & Pharmacotherapy, 143, 112183.
https://doi.org/10.1016/j.biopha.2021.112183

Costa, M. A. (2016). The endocrine function of human placenta: An overview.
Reproductive Biomedicine Online, 32(1), 14 43.
https://doi.org/10.1016/j.rbmo.2015.10.005

DARBANDI, M., REZAEIAN, S., DIANATINASAB, M., YAGHOOBI, H.,
SOLTANI, M., ETEMAD, K., VALADBEIGI, T., TAHERPOUR, N,
HAJIPOUR, M., & SAEIDI, R. (2022). Prevalence of gestational diabetes and its

association with stillbirth, preterm birth, macrosomia, abortion and cesarean delivery :
A national prevalence study of 11 provinces in Iran. Journal of Preventive Medicine and
Hygiene, 62(4), E885 E891. https://doi.org/10.15167/2421-4248/jpmh2021.62.4.1788

Deng, L., Ning, B., & Yang, H. (2022). Association between gestational diabetes

mellitus and adverse obstetric outcomes among women with advanced maternal age : A
retrospective cohort study. Medicine, 101(40), e30588.
https://doi.org/10.1097/MD.0000000000030588

Dennison, R. A., Chen, E. S., Green, M. E., Legard, C., Kotecha, D., Farmer, G.,
Sharp, S. J., Ward, R. J., Usher-Smith, J. A., & Griffin, S. J. (2021). The absolute

and relative risk of type 2 diabetes after gestational diabetes : A systematic review and
meta-analysis of 129 studies. Diabetes Research and Clinical Practice, 171, 108625.
https://doi.org/10.1016/j.diabres.2020.108625

Duman, N. B. (2015). Frequency of gestational diabetes mellitus and the associated risk
factors. Pakistan Journal of Medical Sciences, 31(1), 194.
https://doi.org/10.12669/pjms.311.5617

Egan, A. M., & Dinneen, S. F. (2019). What is diabetes? Medicine, 47(1), 1 4.
https://doi.org/10.1016/j.mpmed.2018.10.002

Egbe, T. O., Tsaku, E. S., Tchounzou, R., & Ngowe, M. N. (2018). Prevalence and

risk factors of gestational diabetes mellitus in a population of pregnant women attending

three health facilities in Limbe, Cameroon : A cross-sectional study. The Pan African
Medical Journal, 31, 195. https://doi.org/10.11604/pamj.2018.31.195.17177
Egeland, G. M., & Irgens, L. M. (2001). Is a multiple birth pregnancy a risk factor for

gestational diabetes? American Journal of Obstetrics and Gynecology, 185(5), 1275
1276. https://doi.org/10.1067/mob.2001.118853



https://doi.org/10.1016/j.biopha.2021.112183
https://doi.org/10.1016/j.rbmo.2015.10.005
https://doi.org/10.15167/2421-4248/jpmh2021.62.4.1788
https://doi.org/10.1097/MD.0000000000030588
https://doi.org/10.1016/j.diabres.2020.108625
https://doi.org/10.12669/pjms.311.5617
https://doi.org/10.1016/j.mpmed.2018.10.002
https://doi.org/10.11604/pamj.2018.31.195.17177
https://doi.org/10.1067/mob.2001.118853

Erem, C., Kuzu, U. B., Deger, O., & Can, G. (2015). Prevalence of gestational
diabetes mellitus and associated risk factors in Turkish women : The Trabzon GDM
Study.  Archives of Medical Science: AMS, 11(4), 724  735.
https://doi.org/10.5114/a0ms.2015.53291

Fattah, C., Farah, N., Barry, S. C., O’Connor, N., Stuart, B., & Turner, M. J.
(2010). Maternal weight and body composition in the first trimester of pregnancy. Acta
Obstetricia Et Gynecologica Scandinavica, 89(7), 952 955.
https://doi.org/10.3109/00016341003801706

Feng, H., Zhu, W.-W., Yang, H.-X., Wei, Y.-M., Wang, C., Su, R.-N., Hod, M., &
Hadar, E. (2017). Relationship between Oral Glucose Tolerance Test Characteristics

and Adverse Pregnancy Outcomes among Women with Gestational Diabetes Mellitus.
Chinese Medical Journal, 130(9), 1012 1018. https://doi.org/10.4103/0366-
6999.204928

Gillespie, K. M. (2006). Type 1 diabetes: Pathogenesis and prevention. CMAJ:

Canadian Medical Association Journal = Journal de [I’Association Medicale
Canadienne, 175(2), 165 170. https://doi.org/10.1503/cmaj.060244
Ginns, A. (2019, juin 7). Gestational diabetes complications. My Health Explained.

https://www.myhealthexplained.com/diabetes-information/diabetes-

articles/gestational-diabetes-and-pregnancy-diabetes-complications

Gorgal, R., Goncalves, E., Barros, M., Namora, G., Magalh&es, A., Rodrigues, T.,
& Montenegro, N. (2012). Gestational diabetes mellitus : A risk factor for non-elective
cesarean section. Journal of Obstetrics and Gynaecology Research, 38(1), 154 159.
https://doi.org/10.1111/j.1447-0756.2011.01659.x

Grabowska, K., Stapinska-Syniec, A., Saletra, A., Jarmuzek, P., & Bomba-Opon,
D. (2017). Labour in women with gestational diabetes mellitus. Ginekologia Polska,
88(2), 81 86. https://doi.org/10.5603/GP.a2017.0016

Graham, A. M., Rasmussen, J. M., Entringer, S., Ben Ward, E., Rudolph, M. D.,
Gilmore, J. H., Styner, M., Wadhwa, P. D., Fair, D. A., & Buss, C. (2019). Maternal

Cortisol Concentrations During Pregnancy and Sex Specific Associations with Neonatal

Amygdala Connectivity and Emerging Internalizing Behaviors. Biological psychiatry,
85(2), 172-181. https://doi.org/10.1016/j.biopsych.2018.06.023



https://doi.org/10.5114/aoms.2015.53291
https://doi.org/10.3109/00016341003801706
https://doi.org/10.4103/0366-6999.204928
https://doi.org/10.4103/0366-6999.204928
https://doi.org/10.1503/cmaj.060244
https://www.myhealthexplained.com/diabetes-information/diabetes-articles/gestational-diabetes-and-pregnancy-diabetes-complications
https://www.myhealthexplained.com/diabetes-information/diabetes-articles/gestational-diabetes-and-pregnancy-diabetes-complications
https://doi.org/10.1111/j.1447-0756.2011.01659.x
https://doi.org/10.5603/GP.a2017.0016
https://doi.org/10.1016/j.biopsych.2018.06.023

Hammoud, N. M., Valk, H. W. de, Biesma, D. H., & Visser, G. H. A. (2013).
Gestational diabetes mellitus diagnosed by screening or symptoms : Does it matter? The
Journal of Maternal-Fetal & Neonatal Medicine.
https://www.tandfonline.com/doi/abs/10.3109/14767058.2012.722718

He, X., Hu, X., Luo, B., Xia, Y.-Y., Zhang, T., Saffery, R., De Seymour, J., Zou, Z.,
Xu, G., Zhao, X., Qi, H., Han, T.-L., Zhang, H., & Baker, P. N. (2022). The effects

of gestational diabetes mellitus with maternal age between 35 and 40 years on the
metabolite profiles of plasma and urine. BMC Pregnancy and Childbirth, 22, 174.
https://doi.org/10.1186/s12884-022-04416-5

Hillier, T. A., Ogasawara, K. K., Pedula, K. L., Vesco, K. K., Oshiro, C. E. S., &
Van Marter, J. L. (2020). Timing of Gestational Diabetes Diagnosis by Maternal

Obesity Status : Impact on Gestational Weight Gain in a Diverse Population. Journal of
Women’s Health, 29(8), 1068 1076. https://doi.org/10.1089/jwh.2019.7760

Inocéncio, G., Braga, A., Lima, T., Vieira, B., Zulmira, R., Carinhas, M.,
Gongalves, J., & Silva, C. (2015). Which Factors Influence the Type of Delivery and

Cesarean Section Rate in Women with Gestational Diabetes? The Journal of
Reproductive Medicine, 60(11 12), 529 534.

Jee, S. B., & Sawal, A. (2024). Physiological Changes in Pregnant Women Due to
Hormonal Changes. Cureus, 16(3), e55544. https://doi.org/10.7759/cureus.55544
Johns, E. C., Denison, F. C., Norman, J. E., & Reynolds, R. M. (2018). Gestational

Diabetes Mellitus: Mechanisms, Treatment, and Complications. Trends in
Endocrinology & Metabolism, 29(11), 743 754.
https://doi.org/10.1016/j.tem.2018.09.004

Kampmann, U., Knorr, S., Fuglsang, J., & Ovesen, P. (2019). Determinants of

Maternal Insulin Resistance during Pregnancy: An Updated Overview. Journal of
Diabetes Research, 2019, 5320156. https://doi.org/10.1155/2019/5320156

Karasneh, R. A., Migdady, F. H., Alzoubi, K. H., Al-Azzam, S. I., Khader, Y.S., &
Nusair, M. B. (2021). Trends in maternal characteristics, and maternal and neonatal

outcomes of women with gestational diabetes: A study from Jordan. Annals of
Medicine and Surgery (2012), 67, 102469. https://doi.org/10.1016/j.amsu.2021.102469
Kc, K., Shakya, S., & Zhang, H. (2015). Gestational diabetes mellitus and

macrosomia : A literature review. Annals of Nutrition & Metabolism, 66 Suppl 2, 14
20. https://doi.org/10.1159/000371628

Lee, K. W, Ching, S. mooi, Ramachandran, V., Yee, A, Hoo, F., Chia, Y. C., Wan
Sulaiman, W. A., Suppiah, S., Mohamed, M. H., & Veettil, S. (2018a). Prevalence



https://www.tandfonline.com/doi/abs/10.3109/14767058.2012.722718
https://doi.org/10.1186/s12884-022-04416-5
https://doi.org/10.1089/jwh.2019.7760
https://doi.org/10.7759/cureus.55544
https://doi.org/10.1016/j.tem.2018.09.004
https://doi.org/10.1155/2019/5320156
https://doi.org/10.1016/j.amsu.2021.102469
https://doi.org/10.1159/000371628

and risk factors of gestational diabetes mellitus in Asia : A systematic review and meta-
analysis. BMC Pregnancy and Childbirth, 18. https://doi.org/10.1186/s12884-018-
2131-4

Lelarge, A. (s. d.). 2016- Le diabéte gestationnel. Thése de doctorat, I’université de

Rouen, France. https://dumas.ccsd.cnrs.fr/dumas-01495091
Lewandowska, M. (2021). Gestational Diabetes Mellitus (GDM) Risk for Declared

Family History of Diabetes, in Combination with BMI Categories. International Journal
of Environmental Research and Public Health, 18(13), Article 13.
https://doi.org/10.3390/ijerph18136936

Lindsay, R. S. (2009). Gestational diabetes : Causes and consequences. The British
Journal of Diabetes & Vascular Disease, 9(1), 27 31.
https://doi.org/10.1177/1474651408101644

Liu, B., Song, L., Zhang, L., Wang, L., Wu, M., Xu, S., Cao, Z., & Wang, Y. (2020).
Higher Numbers of Pregnancies Associated With an Increased Prevalence of

Gestational Diabetes Mellitus : Results From the Healthy Baby Cohort Study. Journal
of Epidemiology, 30(5), 208 212. https://doi.org/10.2188/jea.JE20180245

Mantzorou, M., Papandreou, D., Pavlidou, E., Papadopoulou, S. K., Tolia, M.,
Mentzelou, M., Poutsidi, A., Antasouras, G., Vasios, G. K., & Giaginis, C. (2023).
Maternal Gestational Diabetes Is Associated with High Risk of Childhood Overweight
and Obesity: A Cross-Sectional Study in Pre-School Children Aged 2-5 Years.
Medicina, 59(3), 455. https://doi.org/10.3390/medicina59030455

Martis, R., Crowther, C. A, Shepherd, E., Alsweiler, J., Downie, M. R., & Brown,

J. (2018). Treatments for women with gestational diabetes mellitus : An overview of

Cochrane systematic reviews. The Cochrane Database of Systematic Reviews, 8(8),
CD012327. https://doi.org/10.1002/14651858.CD012327.pub2
Masson, E. (s. d.-a). Physiopathologie du diabéte gestationnel. EM-Consulte.

Consulté 25 mai 2024, a P’adresse https://www.em-

consulte.com/article/114603/physiopathologie-du-diabete-gestationnel
Mayer, M. J. (2015, mars 20). Type 2 Diabetes: Metabolomics Reveals Lipid

Dysregulation. Accelerating Proteomics.

https://www.thermofisher.com/blog/proteomics/type-2-diabetes-metabolomics-

reveals-lipid-dysregulation/
Mazumder, T., Akter, E., Rahman, S. M., Islam, Md. T., & Talukder, M. R. (2022).

Prevalence and Risk Factors of Gestational Diabetes Mellitus in Bangladesh : Findings



https://doi.org/10.1186/s12884-018-2131-4
https://doi.org/10.1186/s12884-018-2131-4
https://dumas.ccsd.cnrs.fr/dumas-01495091
https://doi.org/10.3390/ijerph18136936
https://doi.org/10.1177/1474651408101644
https://doi.org/10.2188/jea.JE20180245
https://doi.org/10.3390/medicina59030455
https://doi.org/10.1002/14651858.CD012327.pub2
https://www.em-/
https://www.thermofisher.com/blog/proteomics/type-2-diabetes-metabolomics-reveals-lipid-dysregulation/
https://www.thermofisher.com/blog/proteomics/type-2-diabetes-metabolomics-reveals-lipid-dysregulation/

from Demographic Health Survey 2017-2018. International Journal of Environmental
Research and Public Health, 19(5), 2583. https://doi.org/10.3390/ijerph19052583
Mclintyre, H. D., Catalano, P., Zhang, C., Desoye, G., Mathiesen, E. R., & Damm,

P. (2019). Gestational diabetes mellitus. Nature Reviews. Disease Primers, 5(1), 47.
https://doi.org/10.1038/s41572-019-0098-8
Meykiechel, T., Bourcigaux, N., & Christin-Maitre, S. (2023). Le diabéte gestationnel :

Diagnostic et prise en charge. Anesthésie & Reéanimation, 9(3), 268 276.
https://doi.org/10.1016/j.anrea.2023.05.002

Mirghani Dirar, A., & Doupis, J. (2017). Gestational diabetes from A to Z. World
Journal of Diabetes, 8(12), 489 511. https://doi.org/10.4239/wjd.v8.i12.489

Monod, C., Kotzaeridi, G., Linder, T., Eppel, D., Rosicky, I., Filippi, V., Tura, A., Hosli,

l., & Gobl, C. S. (2023). Prevalence of gestational diabetes mellitus in women with a

family history of type 2 diabetes in first- and second-degree relatives. Acta
Diabetologica, 60(3), 345 351. https://doi.org/10.1007/s00592-022-02011-w
M.Sc, B. C. (2022, octobre 7). The Role of Estrogen in Pregnancy. News-Medical.

https://www.news-medical.net/health/The-Role-of-Estrogen-in-Pregnancy.aspx
Mukuve, A., Noorani, M., Sendagire, I., & Mgonja, M. (2020). Magnitude of
screening for gestational diabetes mellitus in an urban setting in Tanzania; a Ccross-
sectional analytic study. BMC Pregnancy and Childbirth, 20(1), 418.
https://doi.org/10.1186/s12884-020-03115-3

Mwanri, A. W., Kinabo, J., Ramaiya, K., & Feskens, E. J. M. (2014). Prevalence of
gestational diabetes mellitus in urban and rural Tanzania. Diabetes Research and
Clinical Practice, 103(1), 71 78. https://doi.org/10.1016/].diabres.2013.11.021

Napso, T., Yong, H. E. J., Lopez-Tello, J., & Sferruzzi-Perri, A. N. (2018). The Role
of Placental Hormones in Mediating Maternal Adaptations to Support Pregnancy and
Lactation. Frontiers in Physiology, 9, 1091. https://doi.org/10.3389/fphys.2018.01091
Nath, J. (s. d.). Gestational diabetes mellitus and perinatal complications—A clinical

study. Indian Journal of Obstetrics and Gynecology Research.

Niyibizi, J. B., Safari, F., Ahishakiye, J. B., Habimana, J. B., Mapira, H., &
Mutuku, N. C. (2016). Gestational Diabetes Mellitus and Its Associated Risk Factors
in Pregnant Women at Selected Health Facilities in Kigali City, Rwanda. Journal of
Diabetes Mellitus, 6(4), Article 4. https://doi.org/10.4236/jdm.2016.64028



https://doi.org/10.3390/ijerph19052583
https://doi.org/10.1038/s41572-019-0098-8
https://doi.org/10.4239/wjd.v8.i12.489
https://doi.org/10.1007/s00592-022-02011-w
https://www.news-medical.net/health/The-Role-of-Estrogen-in-Pregnancy.aspx
https://doi.org/10.1186/s12884-020-03115-3
https://doi.org/10.1016/j.diabres.2013.11.021
https://doi.org/10.3389/fphys.2018.01091
https://doi.org/10.4236/jdm.2016.64028

Ochieng, C., Kalembe, K., Mujjuzi, C., Nakhabi, A., Kakinda, I., Muwanguzi, E.,
& Mbalibulha, Y. (2022). The Prevalence of Gestational Diabetes Mellitus and
Predisposing Factors among Pregnant Women Attending Antenatal Clinic at Kawolo
General Hospital. A Cross-sectional Descriptive Study. Student’s Journal of Health
Research Africa, 3(9), Article 9. https://doi.org/10.51168/sjhrafrica.v3i9.205

Olmos-Ortiz, A., Flores-Espinosa, P., Diaz, L., Velazquez, P., Ramirez-lsarraraz,
C., & Zaga-Clavellina, V. (2021). Immunoendocrine Dysregulation during Gestational
Diabetes Mellitus : The Central Role of the Placenta. International Journal of Molecular
Sciences, 22(15), 8087. https://doi.org/10.3390/ijms22158087

Orés, M., Perején, D., Serna, M. C., Siscart, J., Leon, J., Ortega, M., & Salinas-

Roca, B. (2023). Prevalence and risk factors of gestational diabetes in the health region
of Lleida: A retrospective observational cohort study. Journal of Endocrinological
Investigation, 46(12), 2639 2646. https://doi.org/10.1007/s40618-023-02120-5

Parrettini, S., Caroli, A., & Torlone, E. (2020). Nutrition and Metabolic Adaptations

in Physiological and Complicated Pregnancy: Focus on Obesity and Gestational
Diabetes. Frontiers in Endocrinology, 11, 611929.
https://doi.org/10.3389/fend0.2020.611929

Pasarica, M., St Onge, E., & Lee, E. (2021). Diabetes : Type 1 Diabetes. FP Essentials,
504, 11 15.

Plows, J. F., Stanley, J. L., Baker, P. N., Reynolds, C. M., & Vickers, M. H. (2018).
The Pathophysiology of Gestational Diabetes Mellitus. International Journal of
Molecular Sciences, 19(11), 3342. https://doi.org/10.3390/ijms19113342

Preda, A., Stefan, A. G., Preda, S. D., Coméanescu, A. C., Fortofoiu, M.-C., Vladu,
M. L., Fortofoiu, M., & Mota, M. (2022). Transient Polyhydramnios during Pregnancy

Complicated with Gestational Diabetes Mellitus : Case Report and Systematic Review.
Diagnostics, 12(6), 1340. https://doi.org/10.3390/diagnostics12061340

Quaresima, P., Visconti, F., Chiefari, E., Mirabelli, M., Borelli, M., Caroleo, P.,
Foti, D., Puccio, L., Venturella, R., Di Carlo, C., & Brunetti, A. (2020). Appropriate
Timing of Gestational Diabetes Mellitus Diagnosis in Medium- and Low-Risk Women :
Effectiveness of the Italian NHS Recommendations in Preventing Fetal Macrosomia.
Journal of Diabetes Research, 2020, 5393952. https://doi.org/10.1155/2020/5393952

Rahnemaeli, F. A., Abdi, F., Kazemian, E., Shaterian, N., Shaterian, N., & Behesht
Aeen, F. (2022). Association between body mass index in the first half of pregnancy



https://doi.org/10.51168/sjhrafrica.v3i9.205
https://doi.org/10.3390/ijms22158087
https://doi.org/10.1007/s40618-023-02120-5
https://doi.org/10.3389/fendo.2020.611929
https://doi.org/10.3390/ijms19113342
https://doi.org/10.3390/diagnostics12061340
https://doi.org/10.1155/2020/5393952

and gestational diabetes: A systematic review. SAGE Open Medicine, 10,
20503121221109911. https://doi.org/10.1177/20503121221109911
Rassie, K., Giri, R., Joham, A. E., Teede, H., & Mousa, A. (2022). Human Placental

Lactogen in Relation to Maternal Metabolic Health and Fetal Outcomes : A Systematic
Review and Meta-Analysis. International Journal of Molecular Sciences, 23(24), 15621.
https://doi.org/10.3390/ijms232415621

Rhee, S. Y., Kim, J. Y., Woo, J.-T., Kim, Y. S., & Kim, S.-H. (2010). Familial
Clustering of Type 2 Diabetes in Korean Women with Gestational Diabetes Mellitus.
The  Korean Journal of  Internal Medicine,  25(3), 269 272
https://doi.org/10.3904/kjim.2010.25.3.269

Riddle, M. C., Cefalu, W. T., Evans, P. H., Gerstein, H. C., Nauck, M. A., Oh, W.
K., Rothberg, A. E., le Roux, C. W., Rubino, F., Schauer, P., Taylor, R., &
Twenefour, D. (2022). Consensus Report : Definition and Interpretation of Remission
in Type 2 Diabetes. The Journal of Clinical Endocrinology & Metabolism, 107(1), 1 9.
https://doi.org/10.1210/clinem/dgab585

Rizvi, S., Raza, S. T., Rahman, Q., & Mahdi, F. (2016). Role of GNB3, NET,
KCNJ11, TCF7L2 and GRL genes single nucleotide polymorphism in the risk
prediction of type 2 diabetes mellitus. 3 Biotech, 6(2), 255.
https://doi.org/10.1007/s13205-016-0572-x

ROSENSTEIN, M. G., CHENG, Y. W., SNOWDEN, J. M., NICHOLSON, J. A,,
DOSS, A. E., & CAUGHEY, A. B. (2012). The Risk of Stillbirth and Infant Death
Stratified by Gestational Age in Women with Gestational Diabetes. American Journal
of Obstetrics and Gynecology, 206(4), 309.e1-309.e7.
https://doi.org/10.1016/j.aj0g.2012.01.014

Russo, L. M., Nobles, C., Ertel, K. A., Chasan-Taber, L., & Whitcomb, B. W.
(2015). Physical Activity Interventions in Pregnancy and Risk of Gestational Diabetes
Mellitus : A Systematic Review and Meta-analysis. Obstetrics & Gynecology, 125(3),
576. https://doi.org/10.1097/A0G.0000000000000691

Sapra, A., & Bhandari, P. (2024). Diabetes. In StatPearls. StatPearls Publishing.
http://www.ncbi.nlm.nih.gov/books/NBK551501/

Sheiner, E. (2020a). Gestational Diabetes Mellitus : Long-Term Consequences for the
Mother and Child Grand Challenge: How to Move on Towards Secondary Prevention?


https://doi.org/10.1177/20503121221109911
https://doi.org/10.3390/ijms232415621
https://doi.org/10.3904/kjim.2010.25.3.269
https://doi.org/10.1210/clinem/dgab585
https://doi.org/10.1007/s13205-016-0572-x
https://doi.org/10.1016/j.ajog.2012.01.014
https://doi.org/10.1097/AOG.0000000000000691
http://www.ncbi.nlm.nih.gov/books/NBK551501/

Frontiers in Clinical Diabetes and Healthcare, 1, 546256.
https://doi.org/10.3389/fcdhc.2020.546256

Sibiak, R., Jankowski, M., Gutaj, P., Mozdziak, P., Kempisty, B., & Wender-
Ozegowska, E. (2020). Placental Lactogen as a Marker of Maternal Obesity, Diabetes,

and Fetal Growth Abnormalities: Current Knowledge and Clinical Perspectives.
Journal of Clinical Medicine, 9(4), 1142. https://doi.org/10.3390/jcm9041142
Singh, S., & Yadav, M. (2022). Gestational Diabetes Mellitus among Pregnant Women

Delivering in a Tertiary Care Hospital : A Descriptive Cross-sectional Study. JINMA:
Journal of the Nepal Medical Association, 60(247), 229 233.
https://doi.org/10.31729/jnma.7304

Spanakis, E. K., & Golden, S. H. (2013). Race/Ethnic Difference in Diabetes and
Diabetic Complications. Current diabetes reports, 13(6), 10.1007/s11892-013-0421
0429. https://doi.org/10.1007/s11892-013-0421-9

Swaminathan, G., Swaminathan, A., & Corsi, D. J. (2020). Prevalence of Gestational

Diabetes in India by Individual Socioeconomic, Demographic, and Clinical Factors |
Diabetes and Endocrinology | JAMA Network Open | JAMA Network.
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2772684

Sweeting, A., Wong, J., Murphy, H. R., & Ross, G. P. (2022). A Clinical Update on
Gestational ~ Diabetes  Mellitus. Endocrine  Reviews, 43(5), 763 793.
https://doi.org/10.1210/endrev/bnac003

Tabék, A. G., Tamas, G., Péterfalvi, A., Bosnyak, Z., Madarasz, E., Rakoczi, I., &

Kerényi, Z. (2009). The effect of paternal and maternal history of diabetes mellitus on

the development of gestational diabetes mellitus. Journal of Endocrinological
Investigation, 32(7), 606 610. https://doi.org/10.1007/BF03346517

TABATABAEE, H. R., ZAHEDI, A, ETEMAD, K., VALADBEIGI, T,
MAHDAVI, S., ENAYATRAD, M., ALMASI, S. Z., YAGHOOBI, H.,
ZOLFIZADEH, F., & HAJIPOUR, M. (2020). Risk of Stillbirth in Women with
Gestational Diabetes and High Blood Pressure. Iranian Journal of Public Health, 49(4),
773 781.

Thorkelson, S. J., & Anderson, K. R. (2016). Oral Medications for Diabetes in
Pregnancy: Use in a Rural Population. Diabetes Spectrum, 29(2), 9 8 101.
https://doi.org/10.2337/diaspect.29.2.98

Wagan, N., Amanullah, A. T., Makhijani, P. B., & Kumari, R. (2021). Factors
Associated With Gestational Diabetes Mellitus : A Cross-Sectional Study.



https://doi.org/10.3389/fcdhc.2020.546256
https://doi.org/10.3390/jcm9041142
https://doi.org/10.31729/jnma.7304
https://doi.org/10.1007/s11892-013-0421-9
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2772684
https://doi.org/10.1210/endrev/bnac003
https://doi.org/10.1007/BF03346517
https://doi.org/10.2337/diaspect.29.2.98

Wang, X., & Cheng, Z. (2020). Cross-Sectional Studies : Strengths, Weaknesses, and
Recommendations. Chest, 158(19), S65 S71.
https://doi.org/10.1016/j.chest.2020.03.012

Weir, C. B., & Jan, A. (2024). BMI Classification Percentile And Cut Off Points. In
StatPearls. StatPearls Publishing. http://www.ncbi.nlm.nih.gov/books/NBK541070/
Xie, W., Zhang, L., Cheng, J., Wang, Y., Kang, H., & Gao, Y. (2024). Physical

activity during pregnancy and the risk of gestational diabetes mellitus: A systematic
review and dose-response meta-analysis. BMC Public Health, 24(1), 594.
https://doi.org/10.1186/s12889-024-18131-7

Xu, X,, Liu, Y., Liu, D., Li, X, Rao, Y., Sharma, M., & Zhao, Y. (2017). Prevalence
and Determinants of Gestational Diabetes Mellitus : A Cross-Sectional Study in China.

International Journal of Environmental Research and Public Health, 14(12), Article 12.
https://doi.org/10.3390/ijerph14121532

Yen, I.-W., Lee, C.-N., Lin, M.-W,, Fan, K.-C., Wei, J.-N., Chen, K.-Y., Chen, S.-
C., Tai, Y.-Y., Kuo, C.-H,, Lin, C.-H., Hsu, C.-Y., Chuang, L.-M., Lin, S.-Y., & Li,
H.-Y. (2019). Overweight and obesity are associated with clustering of metabolic risk
factors in early pregnancy and the risk of GDM. PLoS ONE, 14(12), e0225978.
https://doi.org/10.1371/journal.pone.0225978

Yong, H. Y., Mohd Shariff, Z., Mohd Yusof, B. N., Rejali, Z., Tee, Y. Y. S., Bindels,
J., & van der Beek, E. M. (2020). Independent and combined effects of age, body mass

index and gestational weight gain on the risk of gestational diabetes mellitus. Scientific
Reports, 10(1), 8486. https://doi.org/10.1038/s41598-020-65251-2

Zemba, D., Sagna, Y., Traore, S., Zoungrana, L., Somé, D. P., Kissou, S. A., Guira,
0., & Yaméogo, T. M. (2023). Diabetes knowledge and associated factors in
adolescents and young adults with type 1 diabetes in Ouagadougou (Burkina Faso).
BMC Endocrine Disorders, 23(1), 210. https://doi.org/10.1186/s12902-023-01469-1

Zhang, C., & Ning, Y. (2011). Effect of dietary and lifestyle factors on the risk of

gestational diabetes : Review of epidemiologic evidencel1234. The American Journal of
Clinical Nutrition, 94(6 Suppl), 1975S-1979S. https://doi.org/10.3945/ajcn.110.001032
Zhang, S., Liu, H., Li, N, Dong, W., Li, W., Wang, L., Zhang, Y., Yang, Y., &
Leng, J. (2022). Relationship between gestational body mass index change and the risk

of gestational diabetes mellitus : A community-based retrospective study of 41,845


https://doi.org/10.1016/j.chest.2020.03.012
http://www.ncbi.nlm.nih.gov/books/NBK541070/
https://doi.org/10.1186/s12889-024-18131-7
https://doi.org/10.3390/ijerph14121532
https://doi.org/10.1371/journal.pone.0225978
https://doi.org/10.1038/s41598-020-65251-2
https://doi.org/10.1186/s12902-023-01469-1
https://doi.org/10.3945/ajcn.110.001032

pregnant  women. BMC  Pregnancy and  Childbirth, 22(1), 336.
https://doi.org/10.1186/s12884-022-04672-5



https://doi.org/10.1186/s12884-022-04672-5

Webography :

- [1] Type 1 diabetes : MedlinePlus Genetics. (s. d.). Accessed 4 june 2024, at the
address https://medlineplus.gov/genetics/condition/type-1-diabetes/

- [2] Diabetes. (s. d.). Accessed 4 june 2024, at the address
https://www.who.int/health-topics/diabetes#tab=tab_1

- [3] Type 2 Diabetes : Metabolomics Reveals Lipid Metabolism Dysregulation.
(s. d.). Accessed 4 june 2024, at the address

https://www.thermofisher.com/blog/proteomics/type-2-diabetes-metabolomics-

reveals-lipid-dysregulation/
- [4] M.Sc, B. C. (2022, octobre 7). The Role of Estrogen in Pregnancy. News-

Medical. Accessed 5 june 2024, at the address  https://www.news-

medical.net/health/The-Role-of-Estrogen-in-Pregnancy.aspx
- [5] Care, U. W. (2022, février 11). Is cortisol responsible for diabetes and
hypertension? United We Care | A Super App for Mental Wellness. Accessed 4

june 2024, at the address https://www.unitedwecare.com/is-cortisol-

responsible-for-diabetes-and-hypertension/

- [6] Dictionnaire médical de I’Académie de Médecine. (s. d.). Accessed 4 june

2024, at the address https://www.academie-medecine.fr/le-

dictionnaire/index.php?0=Hormone%?20Placentaire%20Lactog%C3%A8ne%?2

Ohumaine

- [7] Prolactin: What It Is, Function & Symptoms. (s. d.). Cleveland Clinic.
Accessed 4 june 2024, at the address
https://my.clevelandclinic.org/health/articles/22429-prolactin

- [8] Diabéte gestationnel | Symptdmes du diabete gestationnel. (s. d.). Accessed
4 june 2024, at the address
https://www.federationdesdiabetiques.org/information/diabete-gestationnel

- [9] Gestational diabetes. (2017, octobre 20). Nhs.Uk. Accessed 5 june 2024, at

the address https://www.nhs.uk/conditions/gestational-diabetes/

- [10] Polyhydramnios—Symptoms and causes. (s. d.). Mayo Clinic. Accessed 5

june 2024, at the address https://www.mayoclinic.org/diseases-

conditions/polyhydramnios/symptoms-causes/syc-20368493



https://medlineplus.gov/genetics/condition/type-1-diabetes/
https://www.who.int/health-topics/diabetes#tab=tab_1
https://www.thermofisher.com/blog/proteomics/type-2-diabetes-metabolomics-reveals-lipid-dysregulation/
https://www.thermofisher.com/blog/proteomics/type-2-diabetes-metabolomics-reveals-lipid-dysregulation/
https://www.news-medical.net/health/The-Role-of-Estrogen-in-Pregnancy.aspx
https://www.news-medical.net/health/The-Role-of-Estrogen-in-Pregnancy.aspx
https://www.unitedwecare.com/is-cortisol-responsible-for-diabetes-and-hypertension/
https://www.unitedwecare.com/is-cortisol-responsible-for-diabetes-and-hypertension/
https://www.academie-medecine.fr/le-dictionnaire/index.php?q=Hormone%20Placentaire%20Lactog%C3%A8ne%20humaine
https://www.academie-medecine.fr/le-dictionnaire/index.php?q=Hormone%20Placentaire%20Lactog%C3%A8ne%20humaine
https://www.academie-medecine.fr/le-dictionnaire/index.php?q=Hormone%20Placentaire%20Lactog%C3%A8ne%20humaine
https://my.clevelandclinic.org/health/articles/22429-prolactin
https://www.federationdesdiabetiques.org/information/diabete-gestationnel
https://www.nhs.uk/conditions/gestational-diabetes/
https://www.mayoclinic.org/diseases-conditions/polyhydramnios/symptoms-causes/syc-20368493
https://www.mayoclinic.org/diseases-conditions/polyhydramnios/symptoms-causes/syc-20368493

[11] Gestational Diabetes Mellitus (GDM). (2019, novembre 19). Accessed 5
june 2024, at the address https://www.hopkinsmedicine.org/health/conditions-

and-diseases/diabetes/gestational-diabetes

[12] Gestational diabetes—Symptoms & causes—Mayo Clinic. (s. d.). Accessed

5 june 2024, at the address https://www.mayoclinic.org/diseases-

conditions/gestational-diabetes/symptoms-causes/syc-20355339

[13] Gestational diabetes—Medication treatment options. (s. d.). Cambridge
University Hospitals. Accessed 7 june 2024, at the address

https://www.cuh.nhs.uk/patient-information/gestational-diabetes-medication-

treatment-options/
[14] How to Treat Gestational Diabetes | ADA. (s. d.). Accessed 7 june 2024, at

the address  https://diabetes.org/living-with-diabetes/life-stages/gestational-

diabetes/how-to-treat-gestational-diabetes

[15] Malnutrition in women. (s. d.). Accessed 5 june 2024, at the address

https://www.who.int/data/nutrition/nlis/info/malnutrition-in-women



https://www.hopkinsmedicine.org/health/conditions-and-diseases/diabetes/gestational-diabetes
https://www.hopkinsmedicine.org/health/conditions-and-diseases/diabetes/gestational-diabetes
https://www.mayoclinic.org/diseases-conditions/gestational-diabetes/symptoms-causes/syc-20355339
https://www.mayoclinic.org/diseases-conditions/gestational-diabetes/symptoms-causes/syc-20355339
https://www.cuh.nhs.uk/patient-information/gestational-diabetes-medication-treatment-options/
https://www.cuh.nhs.uk/patient-information/gestational-diabetes-medication-treatment-options/
https://diabetes.org/living-with-diabetes/life-stages/gestational-diabetes/how-to-treat-gestational-diabetes
https://diabetes.org/living-with-diabetes/life-stages/gestational-diabetes/how-to-treat-gestational-diabetes
https://www.who.int/data/nutrition/nlis/info/malnutrition-in-women

‘ List of attachments |



List of attachments Cross sectional study of gestational diabetes in Guelma

" il Sl s San Jo Al 2

Oy Jucadl JS Aa)) 028 agdl dage el cJanll (5 Sy Aalal) Lt jo b Gl jlia e @l ) S5 Y
Ay i Aediall il laal) aian panall de

dale il glaa ;] acddl)

(Y5 / Aol Y s
g..\kl\ @Jlﬂ! 2 ?uﬂ\
[ 1y [ ] RIRIIPS WETISUER R

L1y [ Je el 08 8 i pe e 5 bt 38 s

I O il Jaal) ¥ 3 daall (5 S BaYl (30 5 el o

[y [ ] s Al Baa o fuk ¥l ol L
................................................................................................................................... S pla i 1)

LIy Dl cdadiSs oo i) oo ot o8 s

I:l‘i |:|(u_\ fdaall A cpiall 05 & g lal el S Ja
[ iy Casms [ o i um o pmgal 333 ) 5

I:ly I:l(w_' ?é)&d\ubﬁghmaﬁu\a\)é\whiéﬁﬂd&

|:| Y |:| <Y ALl o) a1 e (e

euaﬂ\am)@_bfcgi@

JY) c@lale g 3lal) aal 23 ‘Muﬂ\

[ o Ly L] sgeadism aoi plsety i Bt e s o



List of attachments Cross sectional study of gestational diabetes in Guelma

Cgse T e T e i s i s
el (5 Sy (3lacti Baane 40108 Aapai culi o

Jaall é)Su 514 :4 ?uﬁ\

Sadll & Sl Aunai (ol o 55 50 oS

[l [ Jan [ ]t s fion 5 pudll W1 1 om0 2 3lal) ol s

[ Iy [T eoaat sy S itasl 5 s iloasl cudill a

JUé ddlia) laddat ehal IS 1Y) cJaadl (6 S8 ) 5 agd e elila) deludu ol jlia Je QA1 G ja @ S8 LGS
oLl i Hliia (8 20 i



