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ABSTRACT 

Thyroid hormones play an important role in glucose metabolism and homeostasis. This review focuses on the relationship between 

oxidative stress and disruption of thyroid hormones in association with gestational diabetes. During a normal pregnancy, oxidative 

stress enhances antioxidant mechanisms, thyroid hormones play particularly important role that operate on the antioxidant balance, 

during pregnancy a severe iodine deficiency would affect the synthesis and secretion of T4 or T3 which stimulates excretion of TSH 

which shown associated with oxidative stress by, increase the production of reactive oxygen species and changes in anti-oxidative 

factors. Increased oxidative stress is a widely accepted participant in the development and progression of diabetic tissue damage during 

pregnancy or what we call gestational diabetes. This study highlights the importance of evaluating and controlling the variation of 

thyroid hormones and the oxidative stress markers in pregnant women to properly control the complications of pregnancy including 

gestational diabetes, suggesting to use antioxidant supplements with the systematic treatment of gestational diabetes or dysthyroid to 

protect against complications of pregnancy on the woman or the fetus. 
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1. INTRODUCTION 

GDM is defined by the World Health Organization (WHO) as an anomaly of carbohydrate homeostasis leading to hyperglycemia of 

variable severity [1,2], beginner or diagnosed for the first time during pregnancy of the third trimester and responsible for feto-maternal 
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complications [3] glucose intolerance  was not present or recognized prior to pregnancy.GDM affect 7% of pregnancies each year [4]. 

After birth many pregnant women with previously undiagnosed type 2 diabetes are often mistakenly diagnosed as having gestational 

diabetes [5]. Until now, there is not any directly cause of GDM but several risk factors are introduced as causative factors of developing 

gestational diabetes mellitus such as advanced age (≥35 yrs.), overweight or obesity, family history of diabetes [6], excessive gestational 

weight gain, excessive central body fat deposition, short stature (<1.50 m), excessive fetal growth, hypertension or preeclampsia in the 

current pregnancy, and polycystic ovary syndrome [7]. Thyroid hormones play several roles at the metabolic, physiological and 

nutritional level of target cells [8]. Thyroid hormones perform a wide array of metabolic functions including regulation of lipid, 

carbohydrate, protein and electrolyte and mineral metabolisms [9]. The effect of thyroid hormones on respiration in the mitochondria 

gives it a major role in the cellular modulation of oxidative stress [10].  Many studies have suggested that the cause of progression GDM 

is Reactive oxygen species and oxidative stress [11]. Reactive oxygen species (ROS) are free radicals resulting from the metabolism of 

oxygen [12]. The increased free radical production and antioxidant depletion in gestational diabetes to be a causative factor in 

increasing the risk of congenital anomalies and some investigators have reported increased lipid peroxidation and significant depletion 

in antioxidant capacity during the development of gestational diabetes [13]. The current review focuses on the explain the relationship 

between oxidative stress and disruption of thyroid hormones in association with gestational diabetes. 

 

2. PATHOPHYSIOLOGY AND COMPLICATIONS OF GESTATIONAL DIABETES MELLITUS 

Maternal age is an established risk factor for gestational diabetes mellitus (GDM) [14], in clinical practice it has been shown that age 40 

years is a powerful risk factor for the progression of gestational diabetes [15]. Maternal obesity in early pregnancy is an important risk 

factor for GDM. The relationship between maternal body mass index (BMI) and hyperglycemia is poorly characterized  because  mass 

index (BMI) has not been calculated accurately in early pregnancy [16], glucose intolerance and obesity  may play a role in the 

development GDM, a strong family history of diabetes mellitus (FHD) has emerged as a risk factor for GDM [17], exactly as the results of 

Moosazadeh's (2016) study found that the odd odds ratio (OR) of gestational diabetes appears to be primarily associated with family 

history of diabetes, which is to be a powerful diagnostic and predictive factor of this disease which contribute also to mainly improve 

the health care measures of the pregnant woman [18]. Polycystic ovary syndrome, a history of delivering big baby, history of recurrent 

abortions, and hypertension, or pregnancy-related hypertension are other risk factors for GDM and  taking some types of anti-psychotic 

or steroid medications [19], unhealthy diet and race [20].Women with gestational diabetes mellitus have a higher risk of pre-eclampsia 

characterized by elevation of blood pressure and presence of  protein in the urine [21], shoulder dystocia, caesarean section increase the 

risk of developing type 2 diabetes in the future for the mother. Preterm delivery neonatal, hypoglycemia and admission to the neonatal 

intensive care unit was shown to be associated with maternal hyperglycemia [22]. Risks for the baby above average weight, which can 

make birth more difficult. Hypoglycemia (abnormal glucose drop) at birth because their own insulin production is high, severe episodes 

of hypoglycemia may provoke seizures in the baby. An increased risk of type 2 diabetes in adulthood [23], excessive birth weight, extra 

glucose in bloodstream crosses the placenta, which triggers the baby's pancreas to make extra insulin [24]. This can be the cause for 

baby to grow too large (macrosomia) and preterm delivery. The aforementioned increase in placental transport of glucose, amino acids, 

and fatty acids stimulate the fetus’s endogenous production of insulin and insulin-like growth factor 1 (IGF-1) [25]. 

 

3. OXIDATIVE STRESS AND PREGNANCY 

Pregnancy is physiological conditions in which women are prone to oxidative stress due to increased production of free radicals in the 

mitochondria of the placenta which promotes oxidative stress [26]. Oxidative stress plays a pivotal role in the development of placental 

related diseases, the mechanisms involved in the alterations of oxygen (O2) homeostasis and evaluated the consequences for human 

pregnancy [27]. The enzymatic or non-enzymatic antioxidants interact with the free radicals which neutralizes them and decreases the 

state of oxidative stress in pregnant women [28], oxidative stress plays important roles in embryo development, implantation, placental 

development and function, fetal development, and labor antioxidant enzymes include glutathione peroxidase and superoxide dismutase 

[29]. The placenta, a hormone-rich tissue, is an important source of pro-oxidizing agents and of antioxidant enzymes that  maintaining 

lipid peroxidation under control which increases during normal pregnancy [30]. The serum MDA levels in the second trimester are 

significantly higher than the first trimester [31] because during pregnancy is based on the products of lipid peroxidation produced in 

the placenta could pass into maternal blood and act as agents triggering damage in other tissues, which are secreted mainly on the 

maternal side of the placenta and remain in the maternal circulation for some time [32]. Increased lipid peroxidation markers are 

observed during normal pregnancy, disturbances in the maternal compartment may cause oxidative stress, which in turn leads to 

changes in the placenta DNA by gene methylation and therefore a functional change in the placenta [33]. The fetal development and 
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the physiological change in the pregnant woman enhances the oxygen demand following an increased metabolic activity which induces 

a high production of ROS and installation of a state of oxidative stress. [34]. 

 

4. OXIDATIVE STRESS AND GESTATIONAL DIABETES 

Pathologic pregnancies including gestational diabetes mellitus (GDM) are associated with a heightened level of oxidative stress, owing 

to both over production of free radicals and/or a defect in the antioxidant defenses [35]. The relative immaturity of the antioxidant 

system facilitates the exposure of embryos and fetuses to the damaging effects of oxidative stress [36], the increase  secretion of tumor 

necrosis factor- (TNF-) from the placenta and adipose tissue from women with GDM under conditions of high glucose and propose that 

an altered oxidative homeostasis in women with GDM may be involved [37].  During gestational diabetes, there is an increase in lipid 

oxidation by lipid pesroxydation with weak enzymatic antioxidant defense. As in type 2 diabetes   mellitus, glycemic levels in patients 

with GDM correlate with concentrations of lipid peroxides [38]. The imbalance between antioxidants and the production of radicals 

which have an effect in the reproductive system and in the development of the embryo responsible for the state of oxidative stress 

during pregnancy, also iron supplementation during pregnancy contributes to the increase of oxidative stress in pregnant women who 

take it, in particular an increase in maternal and placental plasma MDA [39]. The progression and complications of diabetes is under the 

responsibility of oxidative stress in the majority of cases, which induces changes in the activities of antioxidant enzymes in various 

tissues [40]. 

 

5. OXIDATIVE STRESS AND THYROID HORMONES DURING GESTATIONAL DIABETES 

Oxidative stress and thyroid hormones  

Thyroid hormones are chemical substances made by the thyroid gland. They help regulate growth and the rate of chemical reactions 

(metabolism) [41], and are involved in the circadian rhythms, among other essential functions. The thyroid gland secretes two essential 

hormones T3 and T4 under stimulation of TSH a hormone produced by the pituitary gland which has all under hypothalamic control in 

the brain [42,43]. In the normal physiological state an oxidant / antioxidant balance has been induced by the thyroid hormones, since 

both hyperthyroidism and hypothyroidism have been shown to be associated with oxidative stress [44]. Also hyperthyroidism is a hyper 

metabolic state accompanied by increased oxygen utilization, increased production of reactive oxygen species and consequently 

measurable changes in anti-oxidative factors [45]. The metabolic action of thyroid hormones (TH) are directly linked to the production 

of free radicals and to oxidative stress [46] by several mechanisms, for example that, TH causes the acceleration of basal metabolism 

which includes an increase in the rate of catabolic and anabolic reactions [47]. various cells and tissues which results in a great energy 

expenditure, in the mobilization of the fuel, in the oxidation of the fuel for the extraction of energy and the consumption of oxygen 

which would also lead to a large production of ROS in the mitochondria ref in large part [48]. Thyroid hormones also promote the extra-

mitochondrial production of ROS by modifying the activity of the enzymes involved in the production and elimination of ROS [49]. In 

another way, T3 has a radical activity induced by the decrease in antioxidant defenses which leads to oxidative stress [50]. Excess TSH 

and thyroid hormones can produce DNA damage through an oxidative effect of the phenolic group, which is similar to that of steroidal 

estrogens [51]. Other studies have confirmed that hypothyroidism causes lipid peroxidation and protein oxidation with an increase in 

protein carbonyls [52]. 

 

Thyroid hormones during Gestational Diabetes 

The mother during pregnancy exposes to complex metabolic and hormonal changes. Among metabolic changes, loss of carbohydrate 

control balance which can lead to overt diabetes or abnormal glucose tolerance [53]. Also the woman during the pregnancy can also 

exhausted the function of the thyroid gland and the metabolism of the secreted hormones [54]. There is a relationship between 

dysthyroidism and diabetesmellitus [55].La sécrétion élevé des hormones thyroidienne dans les premier semaine de grossesse metre les 

femme plus à risque d'atteinte de diabète gestationnel [56].There is a correlation between thyroid disease and GDM , blood glucose 

levels during pregnancy is influenced by various physiological hormones  such as estrogen, thyroid-binding globulin (TBG), human 

chorionic gonadotropin (hCG), and placental insulin enzyme, all of which are affected by maternal thyroid function [57]. It has been 

reported that risk of GDM was higher in pregnant women with subclinical hypothyroidism compared to euthyroid pregnant women 

[58].Researchers have found high levels of triiodothyronine (T3) in pregnant women with gestational diabetes more than four times that 

of women in control [59]. The researchers also discovered that an elevated T3 / T4 ratio which associated with fetal risk of gestational 

diabetes, this ratio indicates a high activity of secretase enzyme converting T4 to T3 [60]. In another way, mechanisms explaining 

hypothyroidism during pregnancy by the concentration of iodine and the protein thyroglobulin (Tg), the effect of Wolff-Chaikoff causes 

the elevation of the Tg levels in which iodine prevents the thyroid from synthesizing the thyroid hormone, which causes the increase in 
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the thyroid stimulating hormone TSH [61]. weak correlations have been shown between the concentration of iodine and the hormone 

TSH in women during pregnancy this probably explain by a severe iodine deficiency would affect the synthesis and secretion of T4 or T3 

which stimulates excretion of TSH [62]. 

 

6. PROPOSED DRUGS 

According to the developmental mechanisms of gestational diabetes in pregnant women described above we suggest some solution or 

drug that can protect or reduce the severity of disease. 

 

Hypoglycemic agents   

As part of hyperglycemia treatment During pregnancy, you can be offered two types of tablets to keep your blood sugar balanced: 

metformin and glibenclamide [63]. Metformin lowers liver glucose levels and increases sensitivity to pancreatic insulin. Glibenclamide 

lowers blood sugar by stimulating your pancreas to produce more insulin [64].The use of oral hypoglycemic agents during pregnancy 

has undesirable effects such as the potential risks of neonatal hypoglycemia and teratogenicity associated with placental transfer to the 

fetus [65].Other oral agents such as Alpha-glucosidase inhibitors, Dipeptidyl peptidase IV (DDP IV) inhibitors and Glucagon-like peptide-

1 (GLP-1) receptor agonists have limited safety to the fetus if utilized in pregnancy [66]. Based on this, the potential risks outweigh the 

benefits and they are not considered viable treatment options for the management of GDM [67].Despite emerging evidence supporting 

the use of glyburide or metformin in the management of GDM, many guidelines continue to recommend insulin as the first-line therapy 

[68].Insulin is used as an injection. Depending on the type of insulin in is injected before meals, at bedtime or upon waking [69]. The use 

of insulin is often associated with hypoglycaemia and increased weight. Moreover, this treatment is inconvenient and expensive because 

it requires refrigerated storage and skilled handling [70]. Women with gestational diabetes are advised to do at least 30 minutes of 

moderate to intense exercise, such as brisk walking, swimming, dancing, low-impact aerobics, or active play with children [71]. During 

the first trimester of pregnancy, women should also avoid the exercises that require them to lie on their backs, which could put pressure 

on certain blood vessels and accidentally limit blood flow to the baby [72]. 

 

Antidysthyroidism medications 

In the case of dysthyroidism associated with pregnancy and to control this dysthyroidism and protect against the development of 

gestational diabetes pregnant women should use drugs regulating the synthesis and secretion of thyroid hormones.treatment for 

Hyperthyroidism is based on Antithyroid drugs (also called thionamides) are most often used to treat an overactive thyroid 

(hyperthyroidism). These drugs block the formation of thyroid hormone by the thyroid gland [73]. Two antithyroid drugs are currently 

available propylthiouracil and methimazole w  hich have several benefits and a few risk [74]. Women in the first trimester of pregnancy 

use propylthiouracil because it has less side effect on fetal development. Since there have been rare cases of liver damage in people 

taking propylthiouracil [75], about Hypothyroidism patients which are treated with a daily dose of levothyroxine, a man-made version of 

the thyroid hormone thyroxine (T4) [76]. It acts just like the hormone of thyroid gland normally makes. The right dose can make feel a 

lot bette [77]. 

 

Antioxidant drugs 

Because the oxidative stress which is associated with pregnancy and thyroid hormones alteration, which can lead to gestational 

diabetes, we suggest that anti-oxidant medication be given as a preventive aspect against pregnancy complications, among which is 

gestational diabetes.Dietary constituents of antioxidant vitamins and trace elements may play an important role in protecting against 

oxidant damage [78]. Antioxidant therapies given alone, such as ascorbic acid, glutathione, acetylcysteine, or vitamins A, E, and C, or in 

combination with trace elements such as zinc, selenium and copper improve the state of pregnancy womens [79]. Specifically, 

antioxidants work to attenuate changes in cellular energetics, protect microvascular circulation, reduce tissue lipid peroxidation, improve 

enzymatic antioxidant activities, and decrease the free radical production [80]. Phytochemicals in the diet also can exert on different 

targets that can relieve multiple pathological processes, including oxidative damage, chronic inflammation, inhibitors and growth 

terminators and prevention of various diseases associated with oxidative stress including gestational diabetes [81]. 

 

7. CONCLUSION  

Pregnant women have many physiological and biochemical changes, including those related to thyroid hormones which affect 

carbohydrate metabolism, which causes an imbalance in the oxidant / antioxidant balance and severe oxidative stress which leads to 
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several pregnancy complications including Gestational Diabetes suggesting to use antioxidant supplements with the systematic 

treatment of gestational diabetes or dysthyroidism to protect against complications of pregnancy on the woman or her fetus.  
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