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ABSTRACT 

 

Biochemical changes in women with gestational diabetes mellitus (GDM) and 

healthy pregnant women (HPW) were studied. 103 GDM women and 97 HPW were 

selected and registered for the study from the admitted pregnant women of Gynea Ward 

of Khyber Teaching Hospital, Peshawar. Sociodemographic and other pregnancy 

related information, including monthly-income, age, body mass index (BMI), parity, 

previous history of gestational diabetes and family history of diabetes, were collected 

on a well-designed questionnaire. Fasting blood sugar (FBS), random blood sugar 

(RBS), glycosylated hemoglobin (HbA1c), hemoglobin (Hb), platelet count (PC), total 

cholesterol (TC), triglycerides (TG), high density lipoprotein-cholesterol (HDL-C), low 

density lipoprotein-cholesterol (LDL-C), liver function tests namely alanine amino 

transferase (ALT), alkaline phosphatase (ALP), serum bilirubin, renal function tests 

namely urea, creatinine, and hormones like insulin, prolactin, cortisol, triiodothyronine 

(T3), thyroxin (T4) and thyroid stimulating hormone (TSH) were determined by 

standard procedures using recommended kit for each procedure. The data were 

statistically analyzed using computer software, SPSS version 10. The mean monthly 

income of GDM and HPW was Rs.30845 ± 11107 vs Rs.28360 ± 11511, mean age was 

34.01 ± 4.54 years vs 30.30 ± 5.86 years, mean BMI was 28.07 ± 2.90 kg/m2 vs 27.30 ± 

1.94 kg/ m2, mean parity was 5.44 ± 2.49 vs 4.95 ± 2.43, mean systolic BP was 114.80 

± 17.14 mm Hg vs 107.70 ± 19.40 mm Hg and mean diastolic BP was 86.50 ± 7.48 mm 

Hg vs 80.70 ± 10.02 mm Hg respectively. Age, BMI, systolic and diastolic BP was 

significantly higher (P<0.05) according to Pearson Chi- square test in GDM women as 
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compared to HPW. The mean FBS, RBS and HbA1c of GDM women and HPW were 

111.69 ± 8.70 mg/dL vs 86.59 ± 6.91, 145.45 ± 6.62 mg/dL vs 123.52 ± 9.37mg/dL and 

6.58 ± 1.30 vs 4.95 ± 0.45 respectively. The FBS, RBS and HbA1c of GDM women 

were significantly higher than the HPW (P<0.001). The mean Hb concentration and PC 

of GDM women and HPW were 10.98 ± 1.12% vs 11.01 ± 1.03% and 226.31 

thousand/mL vs 228.14 ± 37.61 thousand/mL. In lipid profile TC and TG of GDM 

group were significantly higher than the contol group (P<0.01). The mean TC of GDM 

and HPW was 206.01 ± 18.79 mg/dL vs 195.01 ± 24.15 mg/dL, TG was 190.12 ± 19.83 

mg/dL vs 172.13 ± 21.66 mg/dL, HDL-C was 55.21 ± 8.20 mg/dL vs 56.20 ± 8.82 

mg/dL and LDL-C was 93.13 ± 18.71 mg/dL vs 88.10 ± 16.36 mg/dL respectively.   

Liver and renal function tests of GDM women were not significantly different (P<0.05) 

from HPW. In liver function tests the mean ALT, ALP and serum bilirubin values of 

GDM women were 30.21 ± 12.47 U/L, 190.55 ± 22.20 U/L, 0.67 ± 0.41 mg/dL while of 

HPW were 29.64 ± 7.96 U/L, 189.95 ± 21.28 U/L, 0.58 ± 0.17 mg/dL respectively. In 

renal function tests the mean serum urea and serum creatinine values of GDM women 

were 23.70 ± 8.54 mg/dL and 0.82 ± 0.32 mg/dL while of HPW were 21.97 ± 6.16 

mg/dL and 0.74 ± 0.15 mg/dL respectively. The mean insulin level of GDM women 

were 33.68 ± 3.69 µIU/mL, which was significantly higher (P<0.01) than the mean 

insulin level of HPW (29.80 ± 2.80 µIU/mL ). Among placental hormones the mean 

prolactin values of GDM women and HPW were 135.47 ± 9.83 ng/mL vs 131.80 ± 8.54 

ng/mL and mean serum cortisol values were 734.9 ± 51.1 ng/mL vs 719.2 ± 54.7 

ng/mL. The mean serum prolactin and serum cortisol values of GDM women were 

significantly higher (P< 0.05) when compared to HPW. No significant differences were 
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observed in the concentration of thyroid hormones. The mean TSH values of GDM and 

HPW were 1.72 ± 0.95 mlU/L vs 1.87 ± 0.83 mlU/L, mean T3 values were 2.51 ± 0.62 

nmol/L vs 2.62 ± 0.57 nmol/L, mean T4 values were 103. 86 ± 14.74 nmol/L vs 105.38 

± 13.93 nmol/L. Cesarean sections (P=0.009), still birth rate (P=0.003) and macrosomic 

babies (P=0.001) were significantly more in GDM group. 
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     Chapter 1 

INTRODUCTION 

Pregnancy is the fertilization and development of one or more offspring in a 

woman's uterus. Usual duration of pregnancy is 38 weeks. Pregnancy is a unique 

normal physiological state where life exists on life. The fetus is entirely dependent on 

mother for its healthy growth. To keep the fetus growing and the mother healthy, the 

body of the pregnant woman has to make biochemical and physiological changes in 

cardiovascular, hematological, renal, metabolic and respiratory systems. All these 

changes are required in normal pregnancy and during the complications of pregnancy. 

To cope with the new environment of pregnancy, the body increases its blood sugar, 

cardiac output and breathing rate. Levels of progesterone, estrogen, cortisol and 

prolactin also rise continuously throughout normal pregnancy to provide better and 

nourished environment to the fetus. The biochemical changes during pregnancy result in 

accumulation of lipid in early gestation, which results in insulin resistance and 

metabolic syndrome. Metabolic syndrome is a condition which involves central obesity 

and any two of the following factors; raised triglyceride levels, reduced high density 

lipoprotein (HDL) cholesterol, raised blood pressure and raised fasting plasma glucose. 

In the altered physiological state of pregnant woman, many complications can occur. 

Amongst these complications gestational diabetes, preclampsia, hypertension and 

obesity are the most serious and fatal ones associated with pregnancy [1]. 

Gestational diabetes mellitus (GDM) is a condition of pregnant woman where 

glucose intolerance is found during pregnancy. GDM usually develops during 

pregnancy and ends after pregnancy. The majority of women with histories of 
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gestational diabetes are obese; having sedentary life styles and consuming very few 

vegetables and fruits [2].  

GDM women are at higher risk of developing various chronic diseases like 

metabolic syndrome, hypertension and diabetes mellitus. Gestational diabetic women 

are at high risk of pre-eclampsia, hypertension, preterm deliveries, caesarian section, 

still births and insulin treatment. Neonates of the gestational diabetic mothers are 

usually big in size and large for gestational age [3].  

GDM is neither due to abnormal secretion of insulin nor due to disproportionate 

secretion of pro insulin.  It may be the effect of human placental lactogen, cortisol and 

prolactin. These hormones are anti-insulinogenic and lypolytic in action [4].  

The pathophysiology of gestational diabetes is not well understood. This study 

was an attempt to know the biochemical changes occurring in gestational diabetes and 

to see to what extent these changes are different from healthy pregnant women 

(HPW). Moreover, the aim of this project, was to investigate as which factors favor 

the development of GDM and to find out the effect of GDM on the health of mother 

and the infant. This study has provided useful information for medical practitioners, 

educationist and researchers for the better management and treatment of gestational 

diabetes.  

  To achieve the above goals, pregnant women were screened for gestational 

diabetes at 28th week of gestation, and following information were collected and tests 

performed. 
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 Information about socioeconomic status, education level, age, body mass index 

(BMI), blood pressure, previous history of gestational diabetes and family history of 

diabetes were collected. 

 Fasting and random blood sugar, glycosylated hemoglobin (HbA1c), hemoglobin 

concentration and platelet count were determined in both GDM and healthy 

pregnant women. 

  Lipid profile of both gestational diabetics and healthy pregnant women in terms of 

total cholesterol, triglyceride (TG), high density lipoprotein (HDL) and low density 

lipoprotein (LDL) were determined. 

 Liver function tests namely alanine amino transferease (ALT), alkaline phosphatase 

(ALP), bilirubin and renal function tests namely urea and creatinine in both 

gestational diabetic and healthy pregnant women were determined. 

 Insulin, prolactin and cortisol were determined in both gestational diabetic and 

healthy pregnant women. 

 Thyroid function tests including triiodothyronine (T3), thyroxin (T4) and thyroid 

stimulating hormone (TSH) were determined. 

 Maternal and neonatal consequences in term of preterm deliveries, still births and 

macrosomic babies were reported. 
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Chapter 2 
 

REVIEW OF LITERATURE 
 
 
2.1 Diabetes Mellitus 

Diabetes mellitus is a metabolic disorder of carbohydrate in which a person has 

high blood sugar level, either because of insufficient production or dysfunction of insulin. 

The dysfunction of insulin is usually referred to as insulin resistance. The high blood 

sugar in the body produces the classical symptoms of diabetes. These symptoms are 

polydipsia (increased thirst), polyphagia (increased hunger) and polyuria (frequent 

urination). The high blood sugar level of diabetes mellitus is due to abnormal metabolism 

of carbohydrates, fats, proteins and especially insulin. The metabolic disorder is 

characterized by hyperglycemia and is associated with high incidence of complications 

affecting both micro and macro vascular system. Macro vascular disease affects the 

coronary arteries, the cerebral vessels and the large peripheral arteries of the lower 

extremities. Microangiopathy affects the kidneys, eyes and nerves. Both forms of 

complications are major causes of death and disability in diabetes mellitus [3]. 

Diabetes mellitus results from dysfunction of pancreatic beta cells and insulin 

resistance. The impaired beta cells carry abnormal partial or total synthesis of insulin. 

The insulin resistance is basically caused by cell membrane which hinders the 

transportation of glucose to the cell and prevents oxidation. As glucose is not completely 

metabolized, high amount of glucose is constantly circulating in the blood. To maintain 

the normal level of glucose in the blood, the kidney excretes the excess sugar from the 

blood in the urine. As required amount of glucose is not utilized by the body cells, the 
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patient is under constant impression of hunger and eats more frequently.  

Diabetes mellitus is usually classified into type 1 or insulin dependant diabetes 

mellitus (IDDM), type 2 or non insulin dependant diabetes mellitus (NIDDM), impaired 

glucose tolerance (IGT) and gestational diabetes mellitus (GDM). 

Type 1 diabetes results from the destruction of beta cells of pancreas, and there is 

absolute insulin deficiency. Type 1 diabetes can occur at any age; however, it is more 

common in people of age less than 30 years. Type 1 diabetes is absolutely dependent on 

exogenous insulin [3]. 

Type 2 diabetes is the most common type of diabetes, and its prevalence is 

increasing dramatically throughout the world. The basic cause of type 2 diabetes is 

insulin resistance with insulin deficiency or insulin secretary defect with insulin 

resistance. Type 2 diabetes occurs more in adults of age 40 years or above. Both 

hypoglycemic drugs and exogenous insulin are used for its control [4]. 

Impaired glucose tolerance (IGT) is a condition where blood glucose level is 

higher enough but below the diagnostic criteria used for diabetes. IGT is measured by 

oral glucose tolerance test (OGTT). The 2-hour plasma glucose value in IGT is greater 

than or equal to 140 mg/dL and up to 199 mg/dL. Majority of the IGT pregnant women 

are euglycemic in every day life and often have normal glycosylated hemoglobin 

(HbA1C) levels. IGT is high risk factor for future diabetes mellitus [5]. 

GDM is any degree of glucose intolerance with onset or first recognition during 

pregnancy. GDM patients are usually identified during second or third trimester of 

pregnancy. Glucose tolerance usually returns to normal range within 6 weeks after 

pregnancy ends. Most GDM patients do not develop diabetes mellitus later in life; 
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however some will develop IGT and type 2 diabetes. The prevalence rate of GDM is 

1−14 percent depending upon the population studied. As GDM is strongly associated 

with increased fetal mortality and morbidity ratio, so prompt detection and aggressive 

treatment is important. All pregnant women do not require screening; those exempted 

must have normal weight before pregnancy, should be of age below 25 years, should be 

member of an ethnic population with low prevalence of diabetes mellitus, have no history 

of abnormal glucose tolerance, have no known diabetic history in first-degree relatives 

and have no history of poor obstetric outcome [6].  

 

2.2 Pregnancy 

Pregnancy is defined as the fertilization and development of one or more 

offspring in a woman's uterus. Length of pregnancy or period of gestation is usually 38 

weeks after conception. Pregnancy is a unique physiological state where life nourishes on 

life, the women must adopt itself to the changed environment. Many physiological 

changes namely cardiovascular, hematological, renal, metabolic and respiratory occur 

during pregnancy. All these changes are considered entirely normal in pregnancy. These 

changes become very important in the event of complications. The body must change its 

physiological and homeostatic mechanisms in pregnancy to ensure the fetus is provided 

with all requirements. Physiological and anatomical alterations develop in many organ 

systems during the course of pregnancy and delivery. Early changes are due, in part, to 

the metabolic demands brought on by the fetus, placenta and uterus and, in part, to the 

increasing levels of pregnancy hormones, particularly those of progesterone and estrogen. 

Later changes, starting in mid-pregnancy, are anatomical in nature and are caused by 
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mechanical pressure from the expanding uterus. These alterations create unique 

requirements for the anesthetic management of the pregnant woman [7].  

Pregnant women experience adjustments in their endocrine system. Levels of 

progesterone and estrogens rise continuously throughout pregnancy, suppressing the 

hypothalamic axis and subsequently the menstrual cycle. Estrogen is mainly produced by 

the placenta and is associated with fetal well–being. Prolactin level increases due to 

maternal pitutary gland enlargement by 50%. This mediates a change in the structure of 

the mammary gland to lobular-alveolar. Parathyroid hormone is increased which leads to 

increase of calcium uptake in the gut and re-absorption by the kidney. Adrenal hormones 

such as aldosteron and cortisol also increase. Human placental lactogen is produced by 

the placenta and stimulates lipolysis and fatty acid metabolism by the woman, conserving 

blood glucose for use by the fetus. It can also decrease maternal tissue sensitivity to 

insulin, resulting in gestational diabetes [8]. 

Woman is the sole provider of nourishment for the embryo and later, the fetus, 

and so her blood volume and plasma gradually increase by 40-50% over the course of the 

pregnancy to accommodate the changes. The increase in blood volume and plasma is 

mainly due to increased aldosterone levels which may result in stroke volume, heart 

attack and cardiac output. During the first trimester of pregnancy, cardiac output 

increases by 50 percent. The systemic vascular resistance caused by elevated progesteron 

drops due to the smooth muscle relaxation and overall vasodilatation, leading to a fall in 

blood pressure. Diastolic blood pressure consequently decreases between 16-26 weeks, 

and increases again to pre-pregnancy levels by 36 weeks. If the blood pressure is found to 

be abnormally high, the woman should be investigated for pre-eclampsia, eclampsia and 
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other causes of hypertension. This increase in blood pressure is mainly due to an increase 

in plasma volume through increased aldosterone. Progesterone may also interact with the 

aldosterone receptor, thus leading to increased levels. Number of red blood cell also 

increases in pregnancy due to increased erythropoietin level. Cardiac function is 

enhanced leading to increased heart beat rate and increased stroke volume. Cardiac 

output rises from 4 to 7 liters in the second trimester. Blood pressure also alters due to 

decreased sensitivity of angiotensin and vasodilation provoked by increased blood 

volume [9]. Plasma volume during pregnancy increases by 50% and the red blood cell 

volume increases only by 20-30%. The number of white blood cell increases and reaches 

its peak value of 20 mg/mL in stress and strain conditions. A pregnant woman also 

becomes hyper-coagulable, leading to increased risk of developing embolisms and blood 

clots due to increased production of coagulation factors by liver. Women are at high risk 

of developing thrombi or clot, during the weeks following labor. Clots are usually formed 

in the left leg or the left iliac venous system. The left side is most affected because the 

left iliac vein is crossed by the right iliac artery. The increased flow in the right iliac 

artery after birth compresses the left iliac vein leading to an increased risk for thrombosis 

(clotting). Edema, or swelling, of the feet is common during pregnancy, partly because 

the enlarging uterus compresses veins and lymphatic drainage from the legs [10]. 

During pregnancy, both carbohydrate metabolism and protein metabolism are 

affected. One kilogram of extra protein is deposited, with half going to breast glandular 

tissue, hemoglobin, plasma protein and uterine contractile proteins, and another half 

going to the uterus and placenta. Increased amount of nutrients are required for fetus 

growth and fat deposition. Changes are caused by prolactin, cortisol, lactogen and steroid 
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hormones. Maternal insulin resistance can result in gestational diabetes mellitus. 

Nutritionally, caloric requirements of pregnant women increase to 300 kcal/day and 

protein requirement increases up to 70 or 75 g/day. There is also an increased folate 

requirement from 0.4 to 0.8 mg/day. On average, a weight gain of 20 to 30 lb (9.1 to 14 

kg) is experienced. The use of Omega 3 fatty acids help in visual and mental 

development of infants [11].  

A pregnant woman may experience an increase in kidney and ureter size. The 

glomerulus filtration rate (GFR) in pregnant women increases by 50%, returning to 

normal around 20 weeks postpartum. Plasma sodium is not affected by increased GFR so 

it remains unchanged. There is decreased creatinine, blood urea nitrogen and glucosuria 

(due to saturated tubular re-absorption). Persistent glucosuria may result in gestational 

diabetes. The renin-angiotensin system is up regulated, causing increased aldosterone 

levels [12]. 

Pregnancy is a unique physiological state which is exposed to many 

complications. Gestational diabetes is the major complication of pregnancy. Many other 

complications of pregnancy are because of gestational diabetes. Gestational diabetes is 

affecting 5–7 percent of all pregnancies and is one of the well-known risk factor for 

developing type 2 diabetes later in life [13]. 

 

2.3 Gestational Diabetes Mellitus 
 

GDM is defined as glucose intolerance recognized for the first time in current 

pregnancy. It is affecting 5–7 percent of all pregnancies. In US the incidence of GDM is 

reported 14% of all pregnancies and the rate of incidence are constantly increasing in 
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multiethnic populations [14]. GDM is one of the well-known risk factor for developing 

type 2 diabetes later in life. Various factors on the basis of which one can predict that 

either a pregnant woman will become diabetic in future are: early diagnosis of GDM in 

pregnancy, need for insulin treatment during pregnancy, high blood glucose level at 

diagnosis, preterm delivery, macrosomic babies and an abnormal oral glucose tolerance 

test after two months of delivery [15-16]. Obesity plays an important role in developing 

diabetes among the women with previous history of gestational diabetes. Recently, it 

has been reported that GDM has strong association with increased risk of serious 

perinatal morbidities and mortalities. Poorly controlled GDM consequences are evident, 

but still no proper consensus exists on either diagnostic criteria or accepted biochemical 

changes in controlling GDM. Traditionally GDM is taken as a disorder of carbohydrate 

metabolism; thus, blood glucose level has become the main key player for controlling and 

directing treatment during pregnancy [17-18]. 

Normal pregnancy has been considered as a “diabetogenic state” due to change in 

the pattern of insulin secretion and sensitivity, resulting in elevated postprandial glucose 

and insulin response in late pregnancy. During the first four months of pregnancy high 

level of estrogen is released which markedly increases insulin sensitivity. Human 

placental lactogen, cortisol, prolactin and leptin are mainly involved in insulin secretion 

and insulin sensitivity. The marked reduction of insulin sensitivity during normal 

pregnancy is compensated by increased insulin secretion. When this need is not fulfilled, 

abnormal glucose tolerance develops. Thus pregnancy is characterized as a state of 

insulin resistance and hyperinsulinemia in response to the diabetogenic effects on sugar 

metabolism [19]. The major goal of management in pregnancy, complicated by diabetes, 
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is to control and maintain blood glucose as close to normal as possible [20]. Various 

methods of glucose monitoring such as plasma, urine strips, capillary, and continuous 

glucose monitoring have been proposed for the measurement of fasting, pre-prandial, 

postprandial, and mean 24-hour blood glucose concentrations. Moreover, several authors 

have reported the association between pregnancy outcome and postprandial glucose 

determinations [21-24].  

 

2.4 Incidence of Gestational Diabetes Mellitus 
 

Glucose is not properly regulated in 3-10% of all pregnancies. GDM is the 

glucose intolerance of variable degree with onset or first recognition during pregnancy. It 

is affecting 90% of cases of diabetes mellitus during pregnancy. Annually 21 million 

people of the world (7% of the population) are reported with some form of diagnosed 

diabetes; another 6 million people are reported with undiagnosed particularly type 2 

diabetes among women of child bearing age. Currently, type 2 diabetes mellitus are 

affecting 8% of cases of diabetes mellitus in pregnancy, and preexisting diabetes mellitus 

accounts for 1% of all pregnancies [25].  

American Diabetes Association proposed the Carpenter and Coustan [26] criteria 

for diagnosis of gestational diabetes mellitus. The Carpenter and Coustan cutoff values 

are lower than the previously recommended values of National Diabetes Data Group 

(NDDG) and thus results in higher incidence of GDM. A total of 26,481 women were 

screened using a 50-g, 1 hour oral glucose tolerance test, and 4,190 women underwent a 

diagnostic 100 g, 3 hour oral glucose tolerance test after an abnormal screening. Overall, 

the GDM prevalence among screened women was 4.8% by Carpenter and Coustan 
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criteria and 3.2% by NDDG. The age-adjusted GDM prevalence by NDDG and 

Carpenter and Coustan criteria, respectively, was 3.9 and 5.6% in Hispanics, 5.0 and 

7.4% in Asians, 2.4 and 3.8% in Whites and 3.0 and 4.0% in African-Americans. On 

average the incidence of GDM increased by 50% with use of the Carpenter and Coustan 

thresholds. Relative increments were higher in low-risk age and ethnic groups. The 

clinical implications of GDM are strongly associated with adverse outcomes in 

pregnancy, such as hypertension, preclampsia, macrosomia, cesarean delivery, and birth 

trauma. Women with GDM are at an increased risk for type 2 diabetes mellitus later in 

life or postpartum.  

An original study by O'Sullivan and Mahan [27] reported the level of glycemia 

during pregnancy that could identify women at risk for type 2 diabetes in the future. 

When tested several weeks postpartum most women with GDM exhibit normal glucose 

tolerance with increased insulin resistance and impaired beta-cell function. Several 

studies from North America have demonstrated postpartum type 2 diabetes rates ranging 

from 3% to 40% within one year after delivery, depending on the proportion of 

participants with severe hyperglycemia during pregnancy and ethnicity [28]. Kjos et 

al.,[29] reported that 9% of Hispanic women with GDM developed type 2 diabetes in 

early postpartum. Similarly, Catalano et al., [30] found that 3% of white subjects with 

GDM developed Type 2 diabetes postpartum. Furthermore, Dacus et al., [31] reported a 

10% rate of developing diabetes in a population of predominantly black women with 

GDM. 

In Chicago, the cumulative prevalence of type 2 diabetes in women with previous 

GDM increased rapidly in the first two years after delivery, and approximately 50% of 
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subjects with GDM developed type 2 diabetes within 5 years postpartum [32]. A systemic 

review on the development of diabetes in previous GDM cases reported that the 

incidence of type 2 diabetes increases rapidly in the first 5 years after delivery and 

appeared to be double after ten years [33]. There are very limited studies on postpartum 

glucose intolerance in Asian women with previous history of GDM. Kim et al., [34] 

evaluated 211 South Korean women with GDM at 6 weeks postpartum and found that 9% 

had impaired glucose tolerance [IGT] while 9.5% had developed type 2 diabetes. After 

one year of delivery, out of 120 pregnant women, 5% were reported with IGT and 5% 

with type 2 diabetes mellitus [35]. Another study of 800 Chinese women in Hong Kong, 

reported that the incidences of diabetes and IGT was 13% and 22%, respectively, at 6 

weeks postpartum [36]. 

The Diabetes Prevention Program demonstrated that subjects who were having 

previous history of GDM had a 71% increased risk of developing type 2 diabetes, as 

compared with women without such a history [37]. Lee et al., [38] reported that previous 

GDM history was a greater risk factor than waist circumference or family history of 

diabetes for developing type 2 diabetes. The odds ratio for development of Type 2 

diabetes in Hong Kong was 3.8 while in south India it was 35.5 [39]. In the united 

Kingdom, South Asian women had a higher risk of developing diabetes, as compared 

with Caucasian women (48.6% vs. 25.0%), within a mean period of 4.83 years after 

delivery [40]. 

2.5 Diagnosis of Gestational Diabetes Mellitus 
 

Several definitions are currently used for the diagnostic criteria of GDM. The 

reasons for this variation are complicated, reflecting advances in assay technology, 
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declines in perinatal mortality, epidemiology, evolving access to care and local cultural 

practices.  Screening for GDM at the time of pregnancy is suggested if conditions like 

prior history of GDM, glycosuria, severe obesity, polycystic ovarian syndrome, and 

delivery of an infant that is large for gestational age and family history of type 2 diabetes 

are present. If these risk factors are absent, women are supposed to undergo diabetes 

screening at 24–28 week of gestation [41]. The American College of Obstetrics and 

Gynecology have similar recommendations for screening test if any of the following 

conditions are present: These are age less than 25 years, obesity, family history of 

diabetes, non white race/ethnicity, history of abnormal glucose tolerance and poor 

obstetric outcome. In contrast, the World Health Organization has recommended 

universal screening of all pregnant women for GDM at 24–28 weeks gestation [42]. 

Gestational diabetes would be present if one or more values met or exceeded than 

5.1 mmol/L fasting glucose, 10.0 mmol/L one hour post glucose and 8.5   mmol/L two 

hours post glucose. Using the above criteria, 17.9% of the pregnant population will have 

gestational diabetes. Continuous relation was found between glycemia (fasting, and 1 or 2 

hour post glucose load) and primary outcomes such as macrosomia, primary caesarean 

section, cord C-peptide and neonatal hypoglycemia. However, the Pedersen hypothesis 

[43] did not show any inflection point indicating clearly increased risk of any of these 

outcomes with a particular glucose category; rather, risk increased gradually over the 

glucose range. Crowther el al. [44] reported composite endpoint of shoulder dystocia, 

bone fracture, fetal death and nerve palsy in women with gestational diabetes. London et 

al. [45] had also reported a composite but slightly different endpoint, namely fetal death, 

neonatal hypoglycemia, hyperbilirubinemia and birth trauma. A recent meta-analysis 
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study demonstrated that treating gestational diabetes significantly decreases frequency of 

macrosomia and shoulder dystocia, which is the leading cause of birth injury [46]. 

International Association of Diabetes and Pregnancy Study Groups (IADPSG) [47] 

reported the incidence of GDM to be 17.8%. Out of which, 8.3% of women were 

diagnosed on the basis of fasting glucose ≥ 5.1 mmol/L, a further 5.7% were diagnosed 

on the basis of one hour post challenge glucose ≥ 10.0 mmol/L and 2.1% were diagnosed 

on the basis of a two hour post-challenge value ≥ 8.5 mmol/L. The IADPSG consensus 

suggested a single 75 g OGTT at weeks 24–28 of gestation. Testing in early pregnancy 

for overt diabetes was recommended in populations with a high prevalence of diabetes. 

Overt diabetes may be diagnosed in pregnancy at fasting glucose level of ≥ 7.0 mmol/L, 

random glucose level ≥ 11.1 mmol/L and HbA1c ≥ 6.5%.  

 
2.6 Sociodemographic Factors involved in prevalence of GDM 

The prevalence of GDM has weak but significant relation with socioeconomic 

status including education level, ethnicity, parity, maternal age, smoking, nutrition and 

family history of diabetes have been reported to be associated with gestational diabetes 

[48]. The association between GDM and socioeconomic status is not well established 

because previous studies have reported conflicting results due to different definitions 

used for economic status. Two studies have found no association [49-50], and one 

showed that living in an area of deprivation is positively associated with GDM [51]. 

Other factors used to determine socioeconomic status were public and private health care 

sectors. Public sector health care increased association with GDM [52]. Income, health 

insurance, residential zip codes were not associated with GDM [53]. The importance of 

maternal social factors on the health of the offspring is well known. Various definitions 
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of social status is used depending upon monthly income, educational attainment, 

employment, family influence, type of health care and house hold characteristics. There 

is a strong association between social class and infant mortality. Social adversity 

probably represents a wide range of behavioral, environmental, medical and 

psychological factors that are causally related to pregnancy outcomes. Lower 

socioeconomic status is associated with an increased risk of various adverse pregnancy 

outcomes including perinatal mortality, preterm birth and low birth weight. 

Socioeconomic status, although well established as a risk for obesity and type 2 diabetes, 

has been less well correlated with GDM [54]. The increasing incidence of GDM, 

independent of ethnicity, socioeconomic status, or maternal age, has many short-term 

adverse pregnancy outcomes and long-term future risk of type 2 diabetes. Smoking has 

been suggested as the key factor underlying socioeconomic differences in low birth 

weight and infant mortality. Lower socioeconomic status is well recognized as a risk for 

chronic disease in developed and developing countries. Socially disadvantaged GDM 

women are less likely to seek perinatal care and thus having more pregnancy 

complications [55].  

Previous descriptive studies have shown an increased association between GDM 

and many ethnicities, with women from Asian, African, and Hispanic backgrounds being 

at most risk. Women from across Asia had an increased risk of GDM compared with 

women born in Australia and New Zealand. Asian Australians are also found to have an 

increased risk for type 2 diabetes relative to Caucasian Australians [56]. 

Parity is the number of times a woman has given birth to an infant, dead or alive. 

Parity is closely related to certain extent with maternal age and socioeconomic status. In 
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GDM women, the risk of adverse outcome increases with increase in parity. Women of 

high parity tend to receive inadequate obstetric care owing to delays in seeking care and 

poor attendance. High parity is associated with abnormal fetal birth and obstetric 

hemorrhage. Parity, however, does not have a significant effect on the incidence of GDM 

when maternal age is taken into account [57]. 

Maternal age is an established risk factor for gestational diabetes mellitus, but 

there is no consensus on the age above which there is significantly increased risk of 

GDM. American Diabetes Association recommends the use of age equal to or more than 

25 years for screening of gestational diabetes. In clinical practice, maternal age equal to 

or more than 25 years should be adopted instead of age equal to or more than 35 years. 

More maternal age is a risk indicator for several pregnancy complications, including 

spontaneous miscarriage, gestational diabetes, ectopic pregnancy, chromosomal 

abnormalities, and hypertensive and bleeding disorders [58]. 

 
2.7 High Risk Factors involved in incidence of GDM 
 

Women at the greatest risk of developing GDM are those who are obese, older 

than 25 years, have a previous history of abnormal glucose metabolism or poor obstetric 

outcome, have first-degree relatives with diabetes, or are members of ethnic groups with 

high prevalence of diabetes. Women, who are screened on OGCT and OGTT criteria and 

they exceed the glucose threshold on that criteria, are high risk patients [59]. High risk 

women must be assessed if any of the following risk factors are present: 
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2.7.1 Obesity 
 

Obese women are at higher risk of developing GDM. In United States, the 

prevalence of obesity is increasing day by day which leads to the increased incidence of 

GDM [60]. GDM and obesity not only increase fetal and maternal complications during 

pregnancy but it is also associated with increased risk of developing type 2 diabetes later 

in life, so measures should be adopted for prevention of both obesity and GDM [61-62]. 

In comparison to normal pregnant women, the risk of becoming GDM among 

overweight, obese and marked obese women increases by two, four, and eight folds 

respectively [63].  

Pre-pregnancy obesity of the pregnant women results in preterm deliveries and 

has linear relation with hypertensive disorders of pregnancy [64]. Association between 

body mass index and the risk of gestational diabetes in a second pregnancy was studied in 

22,351 women. For those with GDM in the first pregnancy, the age-adjusted risk of 

GDM in the second pregnancy was 38.19% and for those whose first pregnancy was not 

complicated by GDM, the risk was 3.52%. Those women who gained over weight during 

pregnancy were having increased risk of GDM in the second pregnancy as compared to 

pregnant women who remained stable during pregnancy [65]. It has also been reported 

that GDM and preclampsia developed more in obese pregnant women than normal 

weight pregnant women. Obese and overweight mother also experiences more 

instrumental delivery, asphyxia, respiratory distress syndrome, congenital anomaly and 

prenatal death than normal weigh pregnant women. Thus both GDM and obesity results 

in adverse maternal and perinatal outcomes during pregnancy [66].  
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2.7.2 Maternal Age  
 

Maternal age is also a known risk factor for developing GDM, but there is certain 

confusion, that either it is age above 25 or above 30 years which markedly increases risk 

for GDM. According to American Diabetes Association, the lowest cutoff is equal to or 

more than 25 years and the relative risk for becoming GDM rose by 4% for each year of 

age after 25 years [67]. In meta analysis study, pregnancies were categorized according to 

maternal age, i.e., less than 20 years, 20–24 years, 25–29 years, 30–34 years, 35–39 years 

and 40 or more than years for statistical analysis. Out of 16,383 women, 96.6% women 

continued their pregnancies beyond the first trimester, and the prevalence of GDM from 

the youngest to the oldest category was 1.3, 2.5, 6.2, 10.3, 21.7, and 31.9%, respectively 

[68].  

 

2.7.3 Ethnicity 

Different ethnic groups are at different risks of developing GDM. Asian women 

and women from South Central Asia are considered to be at the top for developing GDM. 

However, high risk for GDM is also found among Latin American women. Genetic 

diversity, dietary traditions, life style modifications, religious and cultural factors among 

different countries are the major reasons for differences among ethnic groups [69]. South 

or East Asian, African, Native American and Hispanic populations are reported to be at 

the high risk of developing GDM. Other risk factors like education, income inequality 

and discrimination have been reported to influence maternal and perinatal outcome 

independent of ethnicity [70]. Specific risk factors and their affect on incidence of GDM 

in a defined population are difficult to quantify, as different studies have shown different 
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results. It is therefore suggested that high and low risks for GDM in various ethnic 

populations should be defined on the basis of prevalence of type 2 diabetes [71].  

 

2.7.4 Family History and Genetics  

Women having first degree relative with Type 2 diabetes are considered to be at 

the highest risk of developing GDM, confirming that GDM and type 2 diabetes have the 

same genetic background [72]. A genetic component is important because GDM gathers 

in families [73]. However, as mothers of GDM women are often diabetics, it has been 

considered that the intrauterine environment also contribute to the incidence of GDM 

[74]. During pregnancy, most of the women experiences temporary glucose intolerance 

or gestational diabetes which easily reverses to normal after delivery. But it is noteworthy 

that these women are at increased risk of developing type 2 diabetes later in life [75]. 

Maturity-onset diabetes of the young is a monogenic form of type 2 diabetes that is 

inherited and expressed usually before the age of 25 years. Maturity onset diabetes is 

caused due to mutation or any genetic defect in five different kinds of genes which are 

strongly associated with pancreatic β-cell dysfunction. In different populations mutations 

is responsible for 5–6% incidence of GDM [76]. It has been reported that GDM women 

who develop type 2 diabetes later in life has the same frequency of specific antigens as 

found in the background population [77]. This is the reason that why most of the women 

with previous GDM develop type 2 rather than type1 diabetes [78]. 

 
2.8 Low Risk Factors involved in development of GDM 
 

Women are classified as having a low risk of becoming GDM if their age is less 

than 25 years, they are of normal weight before pregnancy, they belong to an ethnic 
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group with a low prevalence of GDM, they do not have known diabetes in first degree 

relatives and have no history of poor obstetric outcome. Women of low risk should be 

tested at 24–28 weeks of gestation. The most common and important low risk factors of 

GDM are discussed below  

 

2.8.1 Hypertension 

Hypertension during first trimester of pregnancy doubles the risk of developing 

GDM during pregnancy. Mean blood pressure levels significantly increase among the 

women with previous history of GDM as compared to women who were having normal 

glucose level during pregnancy [79]. High blood pressure interacts synergistically with 

GDM in obese women, and results in adverse metabolic effects in pregnancy. Insulin 

resistance is known to be involved in the pathogenesis of GDM and has been reported as 

a contributing factor for both gestational and chronic hypertension [80]. Endothethial 

dysfunction in women with gestational diabetes is also associated with hypertension 

during and after pregnancy [81].  

 

2.8.2 Low Birth Size  

Studies done on children and adults have reported linear and inverse relationship 

between birth size and prevalence of GDM and other metabolic disorders [82]. In another 

study, both low and high birth weight were risk factors for GDM development [83]. A 

significant relationship between gestational diabetes and women of low birth weight has 

been reported among Americans and Hispanics women [84]. Women of low birth weight 

were having significantly higher 2-hour glucose concentration when compared to women 

of normal weight for gestational age [85]. It has also been reported that low birth weight 
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increases the prevalence of GDM and diabetes in young population. The most acceptable 

explanation for this is that in past, large birth weight was related to general health 

condition of the mother and the baby while now-a-days, large birth weight is due to 

impaired glucose tolerance or diabetes during pregnancy [86-88].  

 

2.8.3 Polycystic Ovary Syndrome  

Polycystic ovary syndrome (PCOS) is a reproductive condition identified by 

chronic anovulation, androgen excess and insulin resistance [89]. Legro et al., [90] have 

reported that PCOS women are more exposed to GDM as compared to non-PCOS 

women [90] while several other studies have reported increased prevalence of PCOS in 

women with previous history of GDM [91-93]. Between 2002 and 2004, a large number 

of pregnant women were randomly screened for gestational diabetes. Out of these 92,933 

pregnant women were identified as having GDM. The ethnic distributions of these 

women were found to be 6.5% black, 18.7% Asian, 24.4% Hispanic and 39.2% white. 

The percentage of women with diagnosed PCOS was 17%, out of which 97% were 

identified with other PCOS problems. Women with polycystic ovary syndrome showed 

2.4 fold increased risk of developing GDM, independent of weight, age, ethnicity, and 

multiple gestations. PCOS is also linearly associated with glucose intolerance suggesting 

higher incidence of GDM among women with PCOS [94]. Obesity also contributes to 

increased risk of GDM in women having PCOS symptoms [95].  
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2.8.4 Iron Supplementation  

During pregnancy, iron supplementation is beneficial for both mother and fetus. 

However, in mid pregnancy, iron supplementation may result in hypertension, insulin 

resistance and glucose impairment. Excessive iron supplements used during pregnancy 

produces free radicals which later on produces oxidative stress. Oxidative stress reaches 

to its peak by sixth month of gestation and adversely affects fetal health. Eexcessive iron 

intake can lead to impaired glucose metabolism, β-cell dysfunction and β-cell toxicity 

[96]. In epidemiological studies association between circulating levels of ferritin and 

GDM has been reported [97-98]. Dietary heme iron increases risk for GDM and Type 2 

diabetes [99]. 

 

2.8.5 Diet  

Diet plays an important role in the development as well in the control of type 2 

diabetes and GDM. At the time of diagnosis, patients are usually asked questions about 

the diet they take. Proper modification in diet can control GDM and type 2 diabetes to 

some extent. Women considering dietary advice about their diet can prevent the 

development of GDM [100]. Diet high in fibers and low in glycemic load not only 

improves glucose tolerance and insulin sensitivity but also reduces the risk of developing 

GDM. Obesity and decrease intake of polyunsaturated fats increase the prevalence of 

GDM [101]. High incidence of GDM is strongly associated with high intake of sugar 

sweetened beverages like Pepsi, Coca-Cola, fruit punch and carbonated beverages. Cane 

sugar (sucrose) used in the ingredients of sugar sweetened beverages have sharply 

climbed the rates of obesity, GDM and type 2 diabetes throughout the world [102].    
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2.9 Biochemical Changes in Gestational Diabetes  

Pregnancy is a normal physiological state where different biochemical changes 

occur for the healthy survival of the mother and fetus. These changes are usually 

metabolic and hormonal. In human pregnancy, series of metabolic changes take place that 

promote adipose tissue accumulation in the first four month of pregnancy followed by 

insulin resistance and facilitated lipolysis in late pregnancy. In early pregnancy, insulin 

secretion increases, while insulin sensitivity may increase, decrease or remain unchanged. 

[103-104]. However, in late pregnancy, maternal adipose tissue depots decreases, while 

postprandial free fatty acid  levels increase and insulin- mediated glucose disposal 

worsens by 60% as compared with pre pregnancy. The decrease ability of insulin to 

suppress whole body lipolysis during late pregnancy is further reduced in GDM subjects 

[105-106], contributing to increase in insulin resistance, increase in hepatic glucose 

production, and increase in postprandial free fatty acid levels [107-108]. Various 

placental hormones have been reported to reprogram maternal physiology and to meet 

fetal needs.  

 

2.10 Metabolic Changes 

It seems that glucose metabolism is the main variable for controlling and 

monitoring gestational diabetes. However, the fact that pregnancy outcome is not 

completely controlled even when strict glycemic control is maintained. Insulin-treated 

patients are having lower complication rates when compared with diet-treated patients. 

Changes in carbohydrate, protein and lipid metabolism occur during pregnancy to ensure 

a continuous supply of nutrients to the growing fetus despite of intermittent maternal 
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food intake. These metabolic changes are progressive and may accumulate in women 

who develop gestational diabetes. 

During early pregnancy, glucose tolerance is slightly improved while peripheral 

(muscle) sensitivity to insulin and hepatic basal glucose production remains normal. 

Insulin sensitivity is more in the first trimester than in the second and third trimester. The 

cause of this increased sensitivity is not known, however, these metabolic changes under 

the influence of cortisol, estrogen, prolactin and progesterone favor lipogenesis and fat 

storage [109]. GDM is accompanied by alterations in fasting, post prandial 24-hour 

plasma concentration of glucose, amino acids and lipids. These changes include 3-folds 

increase in plasma triacylglycerol concentrations during the third trimester of pregnancy, 

elevation of plasma fatty acids, delayed postprandial clearance of fatty acids, and 

elevation of branched chain amino acids [110]. 

Basal endogenous glucose production increases in GDM and in control subjects 

through out gestation. An increase in first phase insulin response is greater in control 

subjects. In late pregnancy, insulin suppression of hepatic glucose production is less in 

GDM women.  

In addition to glucose, protein also plays important role in fetal growth. Nitrogen 

retention is elevated in pregnancy in both maternal and neonatal compartments. It is 

estimated that at 30 weeks of gestation there is approximately 500-g increase in protein 

accumulation. Maternal fasting concentrations of most amino acids are significantly 

decreased in early pregnancy before the accumulation of significant maternal or neonatal 

tissue. Duggleby and Jackson [111] reported that protein synthesis in the first trimester is 

similar to that of non pregnant women; however, in second and third trimester the protein 
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synthesis is increased by 15% and 25% respectively. It appears that the rate of protein 

breakdown is slightly reduced during fasting while protein turn over is slightly increased 

in GDM women as compared to healthy pregnant women [112-113]. Kalkhoff et al. [114] 

reported a direct correlation between maternal amino acid concentrations and birth 

weight in infants of GDM. In the fetus plasma, the concentrations of amino acids are 

higher than that of the maternal plasma. This ensures the appropriate availability of all 

the essential amino acids to the fetus. Amino acids have a greater effect on insulin 

secretion than glucose, and therefore, change in their delivery to the fetus may have 

profound consequences on fetal growth. The transport of neutral amino acids in 

gestational diabetes may be either not affected, decreased, or increased [115-116]. 

Lipid metabolism is also affected in GDM. Darmady and Postle [117] reported 

that serum triacyglycerol and serum cholesterol significantly decreased during early 

gestation and progressively increased in the last trimester. Infants of overweight women 

were reported to have increased serum free fatty acids, skin fold measurements and birth 

weights when compared to infants of lean mothers [118]. During the third trimester, 

GDM experiences an increased triacyglycerol and decreased HDL concentration profile 

[119]. It has also been reported that GDM women were having lower LDL concentration 

but higher triacyglycerol levels [120]. The ability of insulin to suppress free fatty acid is 

significantly lower in women with gestational diabetes. High triacylglycerol and low 

HDL levels are strongly associated with macrosomic babies in GDM subjects. Moreover, 

macrosomic babies of GDM patients were having higher lipoprotein and lipid 

concentrations than those found in healthy pregnant subjects [121-122]. 
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2.11 Hormonal Changes during Gestational Diabetes 

Secretion of different hormones changes during pregnancy. Proper balance in 

various hormones is important for the healthy status of the woman and healthy out come 

of the baby. Some of the hormones having a role in mother physiology and fetus 

development are briefly reviewed. 

 

2.11.1 Insulin  

Insulin is a pancreatic hormone and is mainly involved in carbohydrate 

metabolism. It is a small protein of molecular weight 5808 amu. It is composed of two 

chains of amino acids connected together by disulfide linkages. When the two amino acid 

chains are split apart, the functional activity of insulin molecule is lost. The most 

important function of insulin is to store excess glucose, just after the meal, in the liver in 

the form of glycogen. Between   meals, when food is not available and the blood glucose 

concentration begins to fall, insulin secretion decreases rapidly and the liver glycogen is 

broken to glucose which keep the blood glucose level from falling too low. When the 

quantity of glucose entering the liver cells is more, then it can be stored as glycogen or 

can be used for local hepatocytes metabolism. Insulin promotes the conversion of all 

these excess glucose into fatty acids. These fatty acids are consequently packaged as 

triglycerides in very low density lipoproteins and transported in this form by the blood to 

the adipose tissue and deposited as fat [123]. 

Insulin has several effects that lead to fat storage in adipose tissue. First, insulin 

increases the utilization of glucose by most of the body’s tissue, which automatically 

decreases the utilization of fat, thus functioning as a fat sparer. However, insulin also 
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promotes fatty acid synthesis. This is especially true when more carbohydrates are 

ingested than can be used for immediate energy, thus providing the substrate for fat 

synthesis. Almost all this synthesis occurs in the liver cells and the fatty acids are then 

transported to the adipose tissue to be stored [124]. 

In the absence of insulin, hydrolysis of stored triglycerides occur releasing large 

quantities of fatty acids and glycerol into the circulating blood. Some of the excess fatty 

acids in the plasma are converted into phospholipids and cholesterol. These two 

substances, along with excess triglycerides are discharged into the blood as lipoproteins. 

The plasma lipoproteins increase three fold in the absence of insulin. This high lipid 

concentration especially high level of cholesterol promotes the development of 

atherosclerosis in people with serious diabetes. Insulin mediated glucose disposal is 

decreased by 50% in normal pregnancy while insulin secretion is increased by 200-250% 

to maintain euglycemic state in mother. In late pregnancy, fasting glucose level 

significantly increases and insulin sensitivity decreases in GDM women when compared 

to healthy pregnant women [125-126]. 

 

2.11.2 Human Placental Lactogen 

Placental derived hormones are believed to play important role in reprogramming 

maternal physiology to achieve an insulin-resistant state [127].During normal pregnancy 

the level of human placental lactogen is increased up to 30-fold which in turn induces 

insulin release from the pancreas [128]. It has been reported that human placental 

lactogen can result in peripheral insulin resistance though not confirmed [129]. 
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2.11.3 Human Placental Growth Hormone. 

Another hormone which plays a major role in insulin resistance during pregnancy 

is human placental growth hormone. Human placental growth hormone level increases 

six- to eight fold during gestation and easily replaces normal pituitary growth hormone in 

the maternal circulation by 20th week of gestation [130]. In transgenic mice over 

expression of human placental growth hormone in third trimester of pregnancy caused 

severe peripheral insulin resistance [131].  

 

2.11.4 Serum Prolactin 

Prolactin is also known as luteotropic hormone and is released from placenta. It is 

encoded by prolactin gene in humans. Prolactin plays important role in regulating 

lactation and stimulating proliferation of oligodendrocyte precursor cells. It stimulates the 

mammary glands to produce milk. Prolactin provides immune tolerance to the fetus and 

is involved in the surfactant synthesis of the fetal lungs. Prolactin decreases the normal 

level of estrogen in women and testosterone in men. Milasinovic et al [132] found 

significantly higher prolactin concentration (205.7 ± 66.4 micrograms/L) in GDM women 

as compared to mothers with normal pregnancy (172.2 ± 60.7 micrograms/L). In late 

pregnancy, prolactin concentration remains unchanged in GDM when compared to 

healthy pregnant women [133]. Dybee et al. [134] demonstrated that amniotic fluid 

prolactin was having weak but significant correlation with HbA1c, maternal plasma 

glucose level and insignificant correlation with fasting plasma glucose level. Amniotic 

fluid prolactin concentrations were significantly higher in patients with pregestational 

diabetes than in women with gestational diabetes mellitus.  
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2.11.5 Serum Cortisol 

Cortisol is a steroid hormone that occurs naturally in the body. Adrenal system 

creates cortisol in stress condition which controls the way the body converts sugar into 

energy. Thus cortisol is indirectly affecting insulin levels. Insulin resistance causes many 

illnesses like gestational diabetes, type 2 diabetes, cushing's disease, metabolic syndrome 

and polycystic ovarian syndrome. Exercise is an effective way to reduce cortisol because 

exercise increases metabolism, improves sleep pattern and relieves anxiety.  Several 

factors, including frequent exercise, a consistent sleep schedule, stress management and a 

diet filled with foods low in fats and high in fiber supports healthy cortisol levels. A case-

control study was undertaken to investigate the state of insulin resistance, which occurs in 

pregnancy, and the possible role of cortisol in augmentation of this state. A total of 30 

pregnant women with gestational diabetes and 30 pregnant women with impaired glucose 

tolerance were compared with 30 control pregnant women with normal glucose tolerance 

at Khartoum Teaching Hospital in Sudan. Fasting blood samples were collected for 

hormonal and glucose analysis. Findings revealed that the GDM and the IGT groups had 

significantly higher levels of serum cortisol than that of the control group, 937.2 ± 79.4 

nmol/L and 794.2 ± 60.5 nmol/L vs 597.3 ± 30.9 nmol/L respectively. Cortisol has a 

great role to play in the deterioration of glucose tolerance in pregnancy [135] 

 

2.11.6 Thyroid Hormones 

Thyroid hormones are triiodothyronine (T3) and thyroxin (T4).  They are released 

from thyroid glands and play various functions in the body. Iodide ion from the blood is 

actively transported to thyroid glands where active thyroid compounds triiodothyronine 
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(T3) and thyroxin (T4) are formed. Production of T3 and T4 is controlled by thyroid 

stimulating hormone (TSH). TSH is released from pituitary gland and regulates the 

secretion of thyroid hormones. On entering into the blood 99 percent of thyroxine and 

triiodothyronine combines immediately with plasma proteins, all of which is synthesized 

by the liver. Thyroid binding globulin has the highest affinity for T3 and T4 [136]. 

Pregnancy is a state of relative iodine deficiency because increased renal loss and 

transferring of iodine to the developing fetus. To compensate, the thyroid gland increases 

the uptake of iodine from the blood. Insufficient amount of iodine results in cellular 

hyperplasia and goiter develops. The increase human chorionogonadotropin  level during 

early pregnancy suppress TSH and increase T4 levels. The reason for this increase may be 

to supply sufficient amount of T4 to the fetus. Little T4 crosses the placenta after the first 

trimester and the placenta is relatively impermeable to TSH and T3. Pregnancy causes an 

increase in thyroid binding globulin through the effects of estrogen [137].  

Hyperthyroidism affects 0.2% of pregnant women. Possible cause of hyperthyroidism 

includes Grave’s disease, iodine treatment and thyroid carcinoma. Hypothyroidisim 

affects 1% of pregnant women and as with hyperthyroidism, many of the symptoms 

occur in normal pregnancy. Patients with hypothyroidisim should be counseled to delay 

pregnancy until maintenance levels of T4 have been achieved [138]. 

 

2.12 Metabolic Complications of Gestational Diabetes 

Pederson postulated that intrauterine exposure could lead to permanent changes in 

fetal metabolism. During GDM pregnancy, the fetus is exposed to high level of glucose 

which results in excess fetal growth, impaired insulin secretion and decreased insulin 
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sensitivity.  The short term complications of excess infant birth weight are shoulder 

dystocia and infant hypoglycemia. The altered fetal metabolism may result in impaired 

glucose tolerance during early youth and adolescence [139-140]. The association between 

glucose levels with skin folds and percent body fat are not stronger than associations 

between glucose levels and birth weight [141]. Catalano et al [142] demonstrated that fat 

mass was significantly elevated in the GDM pregnancies, while birth weight was not 

necessarily increased. Link between glucose intolerance during pregnancy and childhood 

obesity has been reported [143]. It was also reported that youth with diabetes were having 

a history of exposure to diabetic environment in uterus [144-145]. In contrast, others did 

not find any association of GDM with childhood obesity [146]. 

The link between GDM and postpartum diabetes in the mother has been 

recognized. About 5%–10% of cases of GDM are assumed to be previously undetected 

cases of diabetes. GDM is due to metabolic stresses of pregnancy along with impaired 

insulin secretion [147]. Almost one-third of women with diabetes may have been affected 

by prior GDM. In turn, the increased risk of diabetes is associated with future maternal 

cardiovascular problems [148-150]. Complications associated with gestational diabetes 

may be explained by the increased body mass index of GDM women. Majority of the 

women with GDM are overweight and obese but some women who do not meet body 

mass index criteria for obesity are also metabolically obese. The most common 

morbidities of GDM are given below.  
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2.12.1 Hypertensive Disorders 

Women with gestational diabetes have an increased incidence of hypertensive 

disorders like pre-eclampsia, eclampsia, gestational hypertension and chronic 

hypertension. Recently it has been reported that in general population 2.5% of women 

develop chronic hypertension, 4.9% develop gestational hypertension, and 4.8% develop 

pre-eclampsia [151]. Currently, it is not established whether the GDM and hypertensive 

disorders shares a common causal pathway. However, both GDM and hypertensive 

disorders are strongly associated with inflammation, insulin resistance and maternal fat 

deposition. Increased glucose levels on OGTT were associated with a greater risk of pre-

eclampsia, even after adjustment for factors such as weight, height, maternal age, 

smoking status, gestational age at the time of OGTT, family history of diabetes, parity, 

infant gender and cord plasma glucose. Elevations in fasting glucose, 1-hour glucose and 

2-hour glucose were associated with greater risk of pre-eclampsia [152]. Pregnancies 

affected by both chronic hypertension and GDM were having higher rates of labor 

induction when compared with pregnancies affected by GDM alone [153]. 

 

2.12.2 Preterm Delivery 

Preterm delivery is defined as delivery before 37 weeks of gestation. In a study 

where 23,316 pregnant women participated, 6.9% experienced preterm delivery (both 

induced and spontaneous), 9.6% of infants were large for gestational age and 8.0% of 

infants underwent intensive neonatal care admission. Preterm delivery has statistically 

significant but relatively weak association with 1-hour glucose level, 2-hour glucose level 

and maternal blood pressure [154]. The association between GDM and preterm delivery 
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may be partially explained by the coexistence of other conditions such as pre-eclampsia, 

placental abruption and intrauterine growth restriction [155]. 

 

2.12.3 Shoulder Dystocia 

Shoulder dystocia is usually defined as the need for additional maneuvers to 

deliver the shoulders if gentle traction on the fetal head does not suffice [156]. It has been 

reported that only 1.3% of women are affected by shoulder dystocia, thus it is considered 

as one of the least common pregnancy outcome. Shoulder dystocia increases risk of birth 

trauma to the infant. Brachial plexus palsy occurs in 4-13% of shoulder dystocia 

deliveries and is often resolved in early infancy [157].The risk of shoulder dystocia 

increases with obesity and additionally with GDM. Women with glucose intolerance 

during pregnancy have slightly increased risk of shoulder dystocia. It has been reported 

that shoulder dystocia is associated with increased fasting glucose level, 1-hour glucose 

level and 2-hour glucose after adjustment for maternal weight and height [158]. 

 

2.12.4 Risk of Stillbirth 

Stillbirth is the delivery of dead baby after 28 weeks of gestation. The rate of still 

birth in women with gestational diabetes is approximately 1.4 per 1000 births. 

Association between stillbirth and different glucose levels is difficult because it is one of 

the uncommon pregnancy outcomes. Untreated GDM increases the risk of stillbirth 

approximately four-fold [159]. In more industrialized nations stillbirth is an uncommon 

outcome, even among women with glucose intolerance. Insulin therapy combined with 

constant monitoring and subsequent induction of labor reduces the rate of stillbirth [160].  
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2.12.5 Hypoglycemia in the Newborn 

Hypoglycemia is diagnosed on the basis of low levels of glucose, defined as less 

than 30.6 mg/dL in the first 24 hours after delivery or 45 mg/dl glucose after the first 24 

hours. Maternal hyperglycemia may results in excess fetal glucose exposure and fetal 

hyperinsulinemia. In turn, fetal hyperinsulinemia lead to hyperplasia of skeletal muscle, 

fat tissue, and subsequent neonatal hypoglycemia. Infant hypoglycemia is strongly 

associated with maternal 1-hour glucose and weakly associated with maternal 2-hour 

glucose although not significantly associated with maternal fasting glucose level on the 

oral glucose tolerance test. The prevalence of hypoglycemia is reported to be 5% in GDM 

not receiving intervention and 7% in GDM receiving intervention [161-162]. 

 

2.12.6 Hyperbilirubinemia 

Hyperbilirubinemia is said to happen when the infant has bilirubin level ≥20 

mg/dL. It is usually treated with phototherapy after birth. Hyperbilirubinemia affecting 

8.3% of the infants and is more common among women with GDM than in women 

without GDM. Maternal hyperglycemia, fetal hyperinsulinemia and reduced oxygenation 

are thought to lead to increased fetal oxygen uptake, hyperbilirubinemia and fetal 

erythropoiesis [163].  

 

2.12.7 Cesarean delivery 

Cesarean delivery is a successful intervention used to decrease complications 

associated with gestational diabetes such as elevated fetal weight and shoulder dystocia. 

Cesarean deliveries are common among women with and without GDM. The greater risk 
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of cesarean sections is particularly due to elevated fetal weight. In Toronto Tri-Hospital 

Study, it was reported that women with treated gestational diabetes had low rate of 

macrosomia, while untreated gestational diabetes had two-fold increased risk of cesarean 

delivery [164]. A Cochrane database review showed that inducing GDM mothers at 38 

weeks of gestation would not increase the risk of cesarean delivery [165]. The operation 

itself is associated with several maternal morbidities, particularly wound infection, deep 

venous thrombosis, postpartum infection and bleeding [166]. Overweight and obese 

women had higher infection rates if they underwent a vertical skin incision compared 

with transverse skin incision. Elective delivery increases rate of transient tachypnea and 

respiratory distress syndrome in the newborn. Incidence of respiratory distress syndrome 

can be reduced to less than 10% by accurate pregnancy dating, achieving euglycemia and 

delaying delivery until term [167]. 

 

2.12.8 Macrosomia 

The most common neonatal complication significantly associated with gestational 

diabetes mellitus is macrosomia. Macrosomia is defined as birth weight above the normal 

mean birth weight or an oversized baby with a birth weight greater than the 90th 

percentile for gestational age and sex. If maternal glucose level is directly related to fetal 

macrosomia then strategies to prevent hyperglycemia must be devised to treat GDM 

women [168]. The incidence of macrosomia is significantly higher in women having 

higher postprandial glucose concentrations between 29 and 32 weeks of gestation [169].  

It has been reported that gestational diabetic women, who only monitored pre-prandial 

glucose, had a 42% risk of macrosomia, whereas those, who also monitored glucose 1-
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hour after eating, decreased their risk of neonatal macrosomia to near normal or 12% 

[170].  

 

2.12.9 Type 2 Diabetes Mellitus 

Type 2 diabetes is the most common type of diabetes and is due to partial lack of 

insulin or insulin resistance. Its prevalence is increasing dramatically throughout the 

world. Gestational diabetes is one of the well-known risk factor for developing Type 2 

diabetes later in life. Women with a history of GDM will develop Type 2 diabetes within 

3–5 years, and 70% will develop Type 2 diabetes if followed for 10 years [171-175]. 

 
2.12.10 Cardiovascular Diseases 
 

Women with GDM are at high risk of long-term mortality and morbidity due to 

cardiovascular disease. The risk of cardiovascular disease in GDM women is the same as 

that in the diabetic men [176]. Metabolic and cardiovascular changes increase the risk of 

metabolic syndrome, which is defined by elevated fasting glucose levels, central body 

adiposity, hypertension and dyslipidemia. Metabolic syndrome has been reported in 

women with history of GDM [177]. Women with a family history of type 2 diabetes and 

previous history of gestational diabetes are more prone to cardiovascular diseases. The 

cardiovascular disease in these women can be diagnosed at very young age. Women with 

previous history of gestational diabetes showed high fasting insulin levels, high insulin 

resistance, central adiposity, low HDL cholesterol levels and high LDL cholesterol levels. 

[178]. Lifestyle modifications and pharmacological interventions are helpful in 

preventing GDM and type 2 diabetes in high-risk subjects [179]. 
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2.12.11 Elevated Serum Ferritin  

Ferritin is one of the major iron storage protein which plays important role in iron 

metabolism. Serum ferritin level is indirect estimate of body iron stores because it is 

highly associated with bone marrow iron. In chronic inflammations, elevated serum 

ferritin levels have been reported [180]. Increase serum ferritin levels increases insulin 

resistance and risk of cardiovascular diseases in healthy non pregnant women [181]. 

Gestational diabetes increases the risk of macrosomia for the fetus and risk of type 2 

diabetes for the mother. In pregnant Chinese women, serum ferritin level was markedly 

increases in women with gestational diabetes and impaired glucose tolerance [182-83] 

Fernandez-Real et al. [184] reported that elevated serum ferritin levels and obesity were 

independent indicators of insulin sensitivity and suggested that a high serum ferritin 

concentration could be a component of the insulin resistance syndrome in normal 

subjects. Lao et al. [185] reported that mean serum ferritin concentrations at 28–30 weeks 

of gestation was significantly increased in Chinese pregnant women with impaired 

glucose tolerance. Epidemiological and clinical evidence suggest that both iron overload 

and iron deficiency affects the production of reactive oxygen species, resulting in 

systemic inflammation, oxidative stress, and changes in mitochondrial function [186].  

GDM risk has been increased several folds in women taking high heme iron in diet. 

[187].  

 

2.13 Management of Gestational Diabetes 

Management during pregnancy consists of blood glucose monitoring, caloric 

restriction, physical activity, and drug therapy. Management after pregnancy must 
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include postpartum screening for diabetes, effective contraception that does not affect 

glucose intolerance, breastfeeding and healthy lifestyle behaviors [188].  

Guidelines for weight gain during pregnancy are important to avoid obesity and 

glucose intolerance. Recommended pregnancy BMI is calculated by pre-pregnancy 

weight gain as well as rate of weight gain in the second and third trimesters. Weight 

targets are particularly emphasized if glucose goals are not met.  Small reductions in 

weight and glucose self-monitoring can help in glycemic control. Low carbohydrate diets 

were associated with fewer macrosomic infants, cesarean deliveries, and drug therapy 

[189] while low glycemic diet was associated with lower insulin use [190]. The 

proportion of dietary carbohydrate should be limited to about 40%–45% of total caloric 

intake [191]. Poly-unsaturated fatty acids may protect GDM from impaired glucose 

tolerance while saturated fatty acids can increase glucose level and insulin concentration 

in women with GDM [192-195]. 

Physical activity may improve glucose tolerance by improving insulin sensitivity 

involving muscle glucose uptake and glycogen synthesis. Regular exercise can lead to an 

increase in secretion of insulin, free fatty acids and ketones and decrease glucose levels. 

[196-197]. General guidelines encourage at least 30 minutes of physical activity on daily 

basis [198-199]. 

If women cannot achieve glycemic goals with glucose monitoring, caloric 

restrictions and physical activity, then drug therapy with insulin is recommended. Usually 

Neutral Protamine Hagedorn (NPH) insulin injections 2-4 times are used during 

pregnancy [200] Insulin may be administered according to the woman’s pattern of 

glucose administration. If the fasting glucose is elevated in the morning, evening neutral 
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protamine hagedorn insulin can be used, at a typical starting dose of 0.2 units/kg body 

weight. If postprandial glucoses are elevated, short-acting insulin at doses of 1.5 units per 

10 g per carbohydrate per breakfast and 1.0 units per 10 g per carbohydrate per lunch and 

dinner can be used. If both pre- and postprandial glucoses are elevated, four injections per 

day can be used at 0.9–1.0 units/kg. Insulin can be divided into 50% neutral protamine 

Hagedorn insulin and 50% as three pre-prandial rapid-acting injections [201]. The use of 

hypoglycemic agents is beneficial as it improves glucose levels as well as satisfies the 

patient [202]. However, oral sulfonylureas, particularly glyburide, have not yet been 

endorsed by ADA or ACOG, due to concerns about impact upon perinatal outcomes 

[203].  

Twice-weekly non stress test is the most used test and consists of continuous 

external fetal heart rate monitoring and evaluation of amniotic fluid volume. If the results 

of this testing are not convincing, more specific testing, such as the biophysical profile, 

contraction stress test, or umbilical artery Doppler evaluations can help determine if fetal 

hypoxia is present [204-207]. In GDM pregnancies that are managed without drug 

therapy and are normoglycemic, such testing usually begins at approximately 37 weeks, 

and in more complicated GDM pregnancies, testing commonly begins at approximately 

32 weeks. Intervention in the form of induction can then occur if indicated [208]. Fetal 

ultrasonography is generally performed for assessment of fetal growth, as well as for 

detection of anomalies. The first ultrasound usually occurs at diagnosis of GDM. 

Thereafter, it may occur as often as every three weeks, particularly in the presence of co 

morbidities that can also affect fetal growth such as hypertension [209-211].  There is no 

consensus on the timing of induction of labor, risks and benefits in women with GDM. 
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Risks include cesarean section with its attendant complications, and benefits include 

decreased fetal growth, dystocia, and stillbirth. During induced and spontaneous labor, 

insulin requirements generally increase due to the work of the uterus. However, women 

may still require continuous insulin, particularly if they required pharmacotherapy during 

the pregnancy [212].  

Currently, medications are not advised for the prevention of gestational diabetes. 

It has been reported that Troglitazone, used in the in prevention of diabetes, not only 

decrease the risk of diabetes in GDM women but it also has numerous adverse effects, 

thus banned. Metformin may be the alternate option for GDM women who have impaired 

glucose tolerance and who are obese [213]. 

In addition to the above management care, the GDM should make appropriate 

changes in their life style. The majority of GDM women are overweight or obese. They 

have sedentary lifestyles and consume less vegetables and fruits. For GDM women, it is 

recommended that they should have BMI less than 25kg/m2. Their physical activity 

should be more than 2.5 hours/week of moderate activity or 75 minutes/week of vigorous 

activity. They should consume five or more servings of fruits and vegetables per day 

[214]. Women with GDM decrease their diabetes risk by weight reduction of 7% of their 

baseline weight [215]. Also weight loss was achieved by increased physical activity and 

reduction in caloric intake. Combination of diet and physical activity is associated with 

weight loss suggesting that both caloric restriction and physical activity are needed for 

weight reduction [216]. Women with previous histories of GDM have less success rate 

with lifestyle intervention than women without previous histories of GDM [217].  
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2.14 Rational of the Present Study 

If recent recommendations for diagnosis are adopted, GDM is still on the peak to 

become one of the most common comorbidities of pregnancy. Even if the current 

diagnostic criteria remains unchanged, the prevalence of GDM will continue to increase 

as obesity rate rises. Broad consensus exists on the incidence, risk factors and adverse 

complications of GDM. However, the actual cause of GDM is still controversial; some 

studies defend the hypothesis of abnormal production of insulin as the cause of GDM, 

while others considered it as the affect of increase production of placental hormones. This 

study was the collection and compilation of many biochemical parameters with the aim 

of finding out those aspects in which GDM pregnancy differs from healthy ones. This 

study was not only important in giving clue to the actual cause of GDM but also helpful 

in indicating those GDM patients which will be at the risk of cardiovascular diseases, 

hypertension, and type 2 diabetes in future.  

Pregnancy complicated by GDM, if not properly diagnosed and controlled in 

time, leads to still birth which is a great psychological trauma for the mother. This study 

also provides important information for the obstetrician, physician and GDM mothers to 

have successful delivery with decreased rate of still birth, macrosomia and birth trauma. 

Moreover, the population of this study was the admitted hospital patients of Khyber 

Pukhtonkhwa, majority population of which are poor with high illiteracy rate and low 

socioeconomic status, thus the results of this study can be implemented on the poor and 

developing countries for decreasing the incidence of GDM. The information of this study 

will add to the already available evidences on biochemical changes, maternal and 

neonatal complications of GDM.   
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Chapter 3 
 

MATERIALS AND METHODS 
 

3.1 Location of the Study 

The study was carried under the supervision of the Institute of Chemical Sciences, 

University of Peshawar. Gestational diabetic women (GDM) and healthy pregnant 

women (HPW) for comparison were registered in Khyber Teaching Hospital (KTH), 

Peshawar. Information was collected from the registered women on an approved 

questionnaire (Annexure I). Blood sugar, lipid profile, liver function tests and renal 

function tests were carried out in the main Biochemistry Laboratory of KTH. The 

hormones namely insulin, prolactin, cortisol, triiodothyronine (T3), thyroxine (T4) and 

thyroid stimulating hormone (TSH) were determined in the Institute of Radioactive and 

Nuclear Medicine (IRNUM), Peshawar. 

 

3.2 Selection Criteria 

The selection criteria for GDM and HPW were:  

1. They should be the admitted patient of Gynea Ward of KTH. 

 2.  They should be at the gestational age of 28 weeks or more. 

 3.  They should not have previous history of medical illness like hypertension, 

cardiac and renal diseases. 

4.  They should not be on any medical treatment that affects lipid profile and 

hormones concentration. 
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3.3 Sample Size and Registration of GDM and HPW 

Based on the selection criteria, one hundred and ten gestational diabetic women 

and one hundred healthy pregnant women were registered for the study. The healthy 

pregnant women were used as a control group. Both the GDM and HPW were at 

gestational age of 28 weeks or more. The GDM were the admitted patients of Gynea 

Ward of KTH. They were admitted for control of gestational diabetes or treatment of its 

complications. HPW were also registered at the gestational age of 28 weeks or more, and 

not having any medical problem. Consents from the registered pregnant women, to 

conduct the study, were obtained (Annexure II).  Ethical approval for the study was 

obtained from Institutional Ethical Medical Board (IEMB) at Post Graduate Medical 

Institute (PGMI), Hayatabad Medical Complex, Peshawar. Seven GDM patients and 3 

HPW were dropped out from the study and the remaining 103 GDM patients and 97 

HPW completed the study. 

 

3.4 Information about GDM and HPW 

Scociodemographic and other pregnancy related information from GDM and 

HPW were recorded in a well designed questionnaire (Annexure-1). The recorded 

information were about economic status, educational level, maternal age, gestational age 

at screening, parity, previous and family history of gestational diabetes, mode of delivery, 

previous history of still birth babies, alive birth babies, low birth weight babies and  

macrosomic babies.  
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3.5 Calculation of Body Mass Index (BMI) 

BMI was calculated from the height and weight of the registered pregnant women 

using the formula: 

BMI = Weight in kg/ Height in (meters) 2  

Height of each registered pregnant woman was measured in standing position 

without shoes using vertical calibrated scale. Heel to head-crown length was measured in 

centimeters. Weight of each registered pregnant woman was taken in standing position 

without shoes using an accurate health weighing scale.  

 

3.6 Blood Pressure of GDM and HPW 

Both systolic and diastolic blood pressure of the registered pregnant women were 

measured by standard mercury sphygmomanometer and arm cuff at the right arm. 

Pregnant subjects were either in sitting or reclining position and the readings were taken 

after a period of 5 minutes rest in that position.  

 

3.7 Blood Samples Collection 

Fasting blood samples were taken from both GDM and HPW. 5 mL fasting blood 

was taken through routine method applying aseptic technique and tourniquet for a short 

time as needed. 1mL of blood was transferred to an EDTA vaccutainer for measuring 

hemoglobin concentration and platelet count. The remaining 4mL blood samples were 

centrifuged at 4000 rpm for 5 minutes for serum separation. Separated serums were 

divided into two halves and were transferred to proper labeled eppindrof tubes and stored 

in freezer at -20°C for subsequent biochemical analysis. For determination of random 
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blood sugar and HbA1c, additional 2mL of blood in fed state were taken from both GDM 

and HPW. 

 

3.8 Biochemical Analysis of Blood Samples 

Biochemical analysis of blood including fasting blood sugar (FBS), random blood 

sugar (RBS), glycohemoglobin (HbA1c), hemoglobin concentration (Hb) and Platelet 

count (PC) were determined by fully automated Hematology Analyzed Humacount Plus. 

Lipid profile, liver function tests and renal function tests were performed on 

Roche/Hitachi 902 automated analyzer. Concentration of different hormones namely 

insulin, prolactin, cortisol, thyroxine, triiodothyronine were determined by Immunotech 

RIA Kit (Beckman Coulter) and thyroid stimulating hormone by Immunotech IRMA Kit 

(Beckman Coulter). 

 

3.9 Determination of Blood Glucose  

Both fasting and random glucose was determined by the enzymatic colorimetric 

method of Trinder [218]. Auto analyzer (Express plus, Ciba corning USA) and Elitech kit 

was used. 

Principle 

In this method, enzymatic reaction was completed in two steps. In the first step, 

glucose was oxidized to gluconic acid and hydrogen per oxide in the presence of enzyme 

glucose oxidase. In the second step, red quinine was formed in the presence of 

peroxidase. The absorbance of this colored substance (red quinine) was taken by 

autoanalyzer and the concentration of glucose was calculated.  
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Reagents 

Reagent 1: 

Phenol     10 mmol/L 

Phosphate Buffer, pH: 7.40  100 mmol/L  

Reagent 2: 

4-Aminoantipyrine   270 µmol/L 

Glucose oxidase   ≥ 10,000 U/L 

Peroxidase    ≥ 600 U/L 

Sample    Serum 

 

Procedure 

The working reagent was prepared by dissolving reagent 2 in reagent 1. The 

temperature was maintained at 37ºC. For glucose determination cuvette of 1cm path 

length was used. Before using the auto analyzer, basic modes were selected and both 

normal and abnormal ranges were given. Wavelength was adjusted to 546 nm and auto 

analyzer was set to read directly the concentration in units of mg/dL. 300 µL working 

reagent and 10µL sample was sucked and mixed automatically. After a short incubation 

period the auto analyzer gave the optical density (OD) of the sample. 

 

Calculations 

Factor    n/OD 

n    Standard concentration (100 mg/dL or 5.56 mmol/dL) 

Glucose concentration  OD of sample x Factor 
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The calculations were done automatically by the instrument. 

 

3.10 Determination of Glycohemoglobin (HbA1c) 

Glycohemoglobin is progressively and irreversibly formed in the erythrocytes 

throughout the normal cells having life span of 120 days. The concentration of 

glycohemoglobin in the erythrocytes shows the average blood glucose level of the past 4 

to 6 weeks. The measurement of glycohemoglobin provides a very valuable test for 

evaluating the long term control of diabetic patients [219]. 

 

Procedure 

Whole blood was mixed with a lysing reagent containing borate ions and a 

detergent. Elimination of the labile Schiff’s base was thus achieved during the hemolysis. 

The hemolysate was then mixed with a weakly binding cation exchange resin for five 

minutes. When all the glycohemoglobin was bound to the resin, a special resin separator 

was used to remove the resin from the supernatant fluid containing HbA1c. The 

glycohemoglobin percentage of total hemoglobin was determined by measuring the 

absorbance of the glycohemoglobin and absorbance of total hemoglobin fraction at 

415nm.  

Step 1: Hemolysis: 100 µL of standard solution, 100 µL sample and 1mL of 

glycohemoglobin control was mixed thoroughly at 15-25ºC and incubated in the auto 

analyzer for 5 minutes.  

Step 2:    Total HbA1 Determination: 20 µL hemolysate was pipetted out from the first 

step and poured into labeled tubes. About 5 mL of distilled water was also added to the 
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same labeled tubes. All the tubes were vigorously shaked and absorbance determined at 

415nm wavelength.  

 

3.11 Determination of Hemoglobin and Platelet Count 

Full blood count including hemoglobin concentration and platelet count was 

measured by using three dimension, fully automated Hematology Analyzed Humacount 

Plus [220]. 

 

Procedure 

Fresh whole blood sample collected in K3-EDTA anti-coagulated vaccutainer was 

used for determination of hemoglobin and platelet count. The sample was mixed gently 

by inverting it eleven times to get homogenous sample. Vigorous and rapid shaking was 

avoided because it could damage the red blood cells. The cap of the sample tube was 

removed and the aspiration needle was engrossed into the sample. The sampling bar was 

pushed to start measuring full blood count. During aspiration process, the sampling tubes 

were held in a stable position. The instrument sucked 25 µL of sample, and the aspirating 

needle was retracted while its outer surface was mechanically rinsed with diluents. When 

the status LED started flashing and beeps were heard the sampling tubes were removed 

and covered. An external PC keyboard was attached with the instrument to get results. 

Blank measurement was used for checking efficiency of the system and reagents. 

Calibration is the procedure used to standardize the instrument by applying necessary 

rectification factors. Special calibrations and three-fold measurements of the control were 
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used with known parameters. The instrument automatically calculated new factors using 

the following formula. 

New factor = assigned value stored factor / Measured values (S) 

Patient results were stored in the memory box in sequential order, and they could be 

retrieved at any time. 

 

3.12 Determination of Lipid Profile 

Lipid profile including total cholesterol, triglyceride, high density lipoprotein 

cholesterol and low density lipoprotein cholesterol were determined and measured by the 

following procedures. 

 

3.12.1 Total Cholesterol 

Total cholesterol was determined by the enzymatic colorimetric method of Allian et al 

[221]. Auto analyzer (Express plus, Ciba corning USA) and Elitech kit was used. 

 

Principle 

In this method, cholesterol ester is hydrolyzed to fatty acid and free cholesterol by 

enzyme cholesterol esterase in the first step and in the second step oxidation occurs and 

hydrogen peroxide is formed by the enzyme cholesterol oxidase. Finally in the presence 

of peroxidase, red quinine is formed. The absorbance of this colored substance (red 

quinine) is recorded and then cholesterol concentration is calculated. 

Reagents 

Reagent1: 
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Phenol     24 mmol/L 

Sodium cholate   0.5 mmol/L 

Buffer, pH 6.90   50 mmol/L 

Reagent 2: 

Peroxidase    ≥1000 U/L 

4-Aminoantipyrin   0.5 mmol/L 

Cholesterol esterase   ≥200 U/L 

Cholesterol oxidase   ≥250 U/L 

Sample    Serum 

 

Procedure 

The working reagent was prepared by dissolving reagent 2 in reagent 1. The 

temperature was maintained at 37ºC. For cholesterol determination cuvette of 1cm path 

length was used. Before using the auto analyzer, basic modes were selected and both 

normal and abnormal ranges were given. Wavelength was adjusted to 546 nm and auto 

analyzer was set to read directly the concentration in units of mg/dL. 300 µL working 

reagent and 10µL sample was sucked and mixed automatically. After a short incubation 

period the auto analyzer gave the optical density (OD) of the sample. 
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Calculations 

Factor    n/OD 

n    Standard concentration (200 mg/dL or 5.17 mmol/dL) 

Cholesterol concentration OD Sample x Factor 

The calculations were done automatically by the instrument. 

 

3.12.2 Triglyceride 

Triglyceride was determined by the enzymatic colorimetric method of Werner et 

al [222]. Auto analyzer (Express plus, Ciba corning USA) and Elitech kit was used. 

 

Principle 

Triglycerides are hydrolyzed to fatty acids and glycerol by lipoprotein lipase. 

Energy is added to glycerol in the presence of magnesium ion and glycerol kinase. The 

glycerol is then oxidized to dihydroxyacetone phosphate in the presence of glycerol-3-

phosphate oxidase. In the second step, red quinine is formed in the presence of 

peroxidase. The absorbance of this colored substance is noted and the concentration of 

triglycerides is calculated. 

 

Reagents 

Reagent 1: 

Phenol     24 mmol/L 

Sodium cholate   0.5 mmol/L 

Buffer, pH 7.50   50 mmol/L 
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Reagent 2: 

Peroxidase    ≥350 U/L 

4-Aminoantipyrin   0.7 mmol/L 

Lipoprotein Lipase   ≥1100 U/L 

Glycerol Kinase   ≥800 U/L 

Glycerol-3-Phosphate oxidase ≥3000 U/L 

ATP     0.3 mmol/l 

Sample    Serum 

 

Procedure 

The working reagent was prepared by dissolving reagent 2 in reagent 1. The 

temperature was maintained at 37ºC. For triglycerides determination cuvette of 1cm path 

length was used. Before using the auto analyzer, basic modes were selected and both 

normal and abnormal ranges were given. Wavelength was adjusted to 546 nm and auto 

analyzer was set to read directly the concentration in units of mg/dL. 300 µL working 

reagent and 10µL sample was sucked and mixed automatically. After a short incubation 

period the auto analyzer gave the optical density (OD) of the sample. 

Calculations 

Factor    n/OD 

n    Standard concentration (200mg/dL or 2.28 mmol/dL) 

Triglycerides concentration = OD of sample x factor 

The calculations were done automatically by the instrument. 
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3.12.3 HDL- Cholesterol 
 
 
Principle 
 

Chylomicron, very low density lipoproteins (VLDL) and low density lipoprotein 

cholesterol (LDL-C) are precipitated by adding magnesium ion and phosphotungstic acid 

to the sample. Centrifugation left only the HDL-cholesterol in the supernatant, 

cholesterol content of which was determined by phosphotungstic acid method [223]. 

 
 
Procedure 
 

200 µL sample and 500 µL diluted precipitants was pipetted out into centrifuge 

tube and allowed to assemble for 10 minutes at room temperature. It was then centrifuged 

for 10 minutes at 4000 rpm. The clear supernatant was separated within 2 hours and the 

HDL cholesterol was determined. The working reagent was prepared by dissolving 

reagent 2 in reagent 1. The working reagent was prepared by dissolving reagent 2 in 

reagent 1. The temperature was maintained at 37ºC. For HDL-Cholesterol determination 

cuvette of 1cm path length was used. Before using the auto analyzer, basic modes were 

selected and both normal and abnormal ranges were given. Wavelength was adjusted to 

546 nm and auto analyzer was set to read directly the concentration in units of mg/dL. 

300 µL working reagent and 10µL sample was sucked and mixed automatically. After a 

short incubation period the auto analyzer gave the optical density (OD) of the sample. 
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Calculations 

Factor    n/OD 

n    Standard concentration (50mg/dL) 

Cholesterol concentration = OD of sample x Factor 

The calculations were done automatically by the instrument. 

 

3.12.4 LDL-Cholesterol 

LDL Cholesterol was calculated by using the following formula; [223] 

 
LDL Cholesterol (mg/dL) = Total Cholesterol - TGL 
                                                   5-HDL Cholesterol 
 

LDL Cholesterol (mmol/L) =  Total Cholesterol- TGL 
                                                   2.2-HDL Cholesterol 
 
 

3.13 Liver Function Tests (LFTs) 

Liver function tests including alanine amino transferase (ALT), alkaline 

pohosphatase (ALP) and bilirubin were determined by the following procedures:   

 

3.13.1 Alanine Amino Transferase (ALT) 

Alanine amino transferase catalyzes the conversion of amino acids to 

corresponding alpha-keto acids through the transfer of amino groups. ALT also catalyzes 

the reverse process. Higher activities of ALT exist in the liver however, minor activity 

can also be observed in the heart, kidney, skeletal muscle, spleen, pancreas and lungs. 

Increased levels of transaminases are investigative of myocardial infarction, 
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hepatopathies, muscular dystrophy and damage of the internal organs. ALT activity in the 

serum is a precise indicator of damage to the liver parenchyma. ALT was determined by 

Roche kit without pyridoxal phosphate activation. This method is on the procedure of 

Bregmeryer [224]. 

 

Principle 

ALT was determined with optimal substrate concentrations, use of TRIS 

(hydroxyl methyl-ammino methane), simultaneous pre incubation of serum with buffer to 

prevent opposing reactions with NADH. ALT is the enzyme which catalyzes the 

equilibrium reaction. The increase pyruvate was measured in a subsequent indicator 

reaction which was catalyzed by lactate dehydrogenase. In the second reaction, NADH is 

oxidized to NAD+. The rate of decrease in NADH is directly proportional to the rate of 

formation of pyruvate, and thus the ALT activity. 

Reagents 

Reagent 1: 

TRIS buffer pH: 7.3    125 mmol/L 

L-alanine    625 mmol/L 

NADH (yeast)    0.23 mmol/L 

LDH (microorganism)  1.5 U/L 

Reagent 2: 

Alpha ketogluterte   94 mmol/L 

Sample    serum 
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Procedure 

The wavelength was adjusted at 340 nm and the temperature was set at 37ºC. 

Cuvette of 1cm path length was used. Before using the auto analyzer, it was calibrated 

and both normal and abnormal control ranges were given. If the sample reading was 

between the two normal ranges and the auto analyzer shows the current calibration, then 

it is in the position to work properly and to give precise results. 10 µL sample was mixed 

with 250 µL of reagent 1 and 50 µL of reagent 2 automatically and the analyzer (Roche/ 

Hitachi 902 automated analyzer) gave the concentration of ALT in U/L after a short 

period of incubation. 

 

3.13.2 Alkaline Phosphatase (ALP) 

Alkaline phosphatase in serum consists of four structural genotypes; the kidney 

type, the liver bone type, intestinal type and the placental type. ALP occurs in 

hepatocytes, osteoblast, leukocytes, spleen, prostate, kidney, spleen, placenta, prostate 

and small intestine. A rise in ALP occurs with all form of cholestasis, 

hyperparathyroidism, rickets, osteomalacia, as well as with factures and malignant 

tumors.  

In 1983 the International Federation of Clinical Chemistry (IFCC) suggested a 

standardized method for ALP determination [225] using an optimized substrate 

concentration and 2- amino-2-methyl-1 propanol as buffer plus magnesium and zinc 

cations.  
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Principle 

In the presence of magnesium and zinc ions, p-nitro phenyl phosphatase was 

cleaved by phosphatases into phosphate p- nitro phenol. The released phosphate p-nitro 

phenol was proportional to the ALP activity and measured photochemically. 

 

Reagents 

Reagent 1: 

2-amino-2-methyl-1-propanol. pH: 10.44  1.12 mol/L 

N-(2-hydroxyethyl)-ethyldiamine triacetic acid 2.49 mmol/L 

Zinc sulphate      0.50 mmol/L 

Magnesium acetate     2.49 mmol/L 

Reagent 2: 

p- Nitrophenylphosphate, pH 8.50   99.5 mmol/L 

Sample      Serum    

 

Procedure 

The wavelength was adjusted at 450 nm and the temperature was kept at 37ºC. 

Cuvette of 1cm path length was used. Before using the auto analyzer, it was adjusted for 

both normal and abnormal control ranges. If the sample reading falls between these two 

control ranges and the auto analyzer shows the current calibration, then it is in the 

position to work properly and to give accurate results. 250 µL of reagent 1 and 50 µL of 

reagent 2 were mixed with 11 µL sample automatically and the analyzer (Roche/Hitachi 

902 automated analyzer) gave the concentration of ALP in U/L. 
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3.13.3 Serum Bilirubin 

Bilirubin is produced during normal and abnormal degradation of erythrocytes in 

the reticoendothelial system. Bilirubin determinations are used in the recognition of 

hemolytic anemia, diagnosis of liver diseases, and in the assessment of the degree of 

severity in jaundice. Bilirubin was determined by the procedure of Wahlefeld et al [226]. 

 

Principle 

In this method, the reaction is catalyzed by a detergent to prevent the precipitation of 

protein. The diazo reagent 2, 5-dichlorophenyl diazonium tetrafluoroborate (DPD), was 

used which under the acidic conditions couples very rapidly with bilirubin. 

 

Reagents 

Reagent1: 

Detergent/Hydrochloric acid    120 mmol/L 

Reagent 2: 

2,5-dichlorophenyl diazonium salt   3 mmol/L 

Sample      Serum 

 

Procedure 

The working reagent was prepared by dissolving reagent 2 in reagent 1. The 

temperature was maintained at 37ºC. For serum bilirubin determination cuvette of 1cm 

path length was used. Before using the auto analyzer, basic modes were selected and both 

normal and abnormal ranges were given. Wavelength was adjusted to 450 nm and auto 
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analyzer was set to read directly the concentration in units of mg/dL. 250 µL of reagent 1 

and 50 µL of reagent 2 were mixed automatically with 7 µL sample and the analyzer 

(Roche/Hitachi 902 automated analyzer) gave the concentration of bilirubin in mg/dL 

after short incubation time. 

 

3.14 Renal Function Tests (RFTs) 

Renal functional tests including urea and creatinine were determined by the 

following procedures: 

 

3.14.1 Serum Urea 

The determination urea is the most widely used for the evaluation of kidney 

functions. This test is recurrently used in conjunction with the creatinine determination 

for the differential diagnosis of  perennials hyper uremia (cardiac decompensation, 

increased protein catabolism and water depletion,), renal hyper uremia (glomuronephritis, 

polycystic kidney, chronic nephritis and nephrosclerosis tubular necrosis) and post renal 

hyper uremia( obstruction of urinary tract). Urea is the final degradation product of amino 

acid and protein metabolism. In metabolism, proteins are deaminated and broken down to 

amino acids. The ammonia formed in this process is synthesized to urea in the liver. This 

is the most important metabolic pathway for excreating excess nitrogen from the human 

body. Urea was determined by enzymatic procedure of Schubert who used the coupled 

urease/ glutamate dehydrogenase (GLDH) enzyme system [227].  
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Principle 

Urea is hydrolyzed by urease to form carbondioxide and ammonia. The ammonia 

formed is then reacted with alpha ketogluterate and NADH in the presence of glutamate 

dehydrogenase and NAD+. The decreased absorbance due to utilization of NADH is 

measured kinetically. 

Reagents 

Reagent 1: 

CAPSO buffer, pH 9.65   5 mmol/L 

NADH (yeast)     0.23 mmol/L 

Reagent 2: 

BICIN buffer, pH 7.6    1000 mmol/L 

Urease      ≥120 µkat/L 

GLDH      ≥15.0 µkat/L 

Alpha ketogluterate    ≥8.3 µkat/L 

CAPSO = 3 (cyclohexylamino)-2-hydroxyl-1-propanesulphonic acid 

BICIN = N, N bis (2-hydroxyethyl)-glycine 

Sample     Serum 

 

Procedure 

The working reagent was prepared by dissolving reagent 2 in reagent 1. The 

temperature was maintained at 37ºC. For serum urea determination cuvette of 1cm path 

length was used. Before using the auto analyzer, basic modes were selected and both 

normal and abnormal ranges were given. Wavelength was adjusted to 450 nm and auto 
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analyzer was set to read directly the concentration in units of mg/dL. 300 µL working 

reagent and 10µL sample was sucked and mixed automatically. After a short incubation 

period the auto analyzer gave the optical density (OD) of the sample. 

 250 µL of reagent 1 and 50 µL of reagent 2 were mixed automatically with 4 µL 

of sample and the analyzer (Roche/Hitachi 902 automated analyzer) gave the 

concentration of urea in mg/dL after short incubation time. 

 

3.14.2 Serum Creatinine 

In the muscle metabolism, creatinine is synthesized endogenously from creatine 

and creatinine phosphate. Creatinine determinations are performed for the analysis and 

the monitoring of chronic and acute and renal disease as well as for the monitoring of 

renal dialysis. Creatinine concentration in urine can be used as reference values for the 

excretion of certain anaylates like alpha amylase and albumin. Creatinine was determined 

by the method of Bartles [228].  

 

Principle 

In alkaline solution, creatinine with picrate formed a yellow-orange complex. The 

intensity of this coloured complex was directly proportional to the creatinine 

concentration and measured photometrically. 

 

Reagents 

Reagent 1: 

Sodium hydroxide    0.2 mol/L 
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Reagent 2: 

Picric acid     25 mmol/L 

Sample     Serum 

 

Procedure 

The working reagent was prepared by dissolving reagent 2 in reagent 1. The 

temperature was maintained at 37ºC. For serum creatinine determination cuvette of 1cm 

path length was used. Before using the auto analyzer, basic modes were selected and both 

normal and abnormal ranges were given. Wavelength was adjusted to 450 nm and auto 

analyzer was set to read directly the concentration in units of mg/dL. 250 µL of reagent 1 

and 50 µL of reagent 2 were mixed automatically with 15µL of the sample and 

concentration of serum creatinine was determined in mg/dL after short incubation time by 

Roche/Hitachi 902 automated analyzer. 

 

3.15 Determination of Hormones 

There are many hormones but in this study insulin, prolactin, cortisol, 

triiodothyronine (T3), thyroxine (T4) and thyroid stimulating hormone (TSH) were 

determined by the following procedures. 

 

3.15.1 Insulin 

 
Both free insulin and immunoreactive insulin were determined by 

immunoradiometric assay [229] using insulin IRMA Kit of Beckman Coulter. 
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Principle 

Serum samples, controls and calibrators, are incubated in tubes encrusted with the 

first monoclonal antibody in the presence of the second monoclonal antibody which is 

labeled with iodine 125. After incubation, the content of tubes is rinsed so as to remove 

unbound 125I-labeled antibody. The bound radioactivity is then determined in gamma 

counter. The insulin concentration in the sample is obtained by interpolation from the 

standard curve. The insulin concentration in the samples is directly proportional to the 

radioactivity. 

 

Reagents 

Anti-insulin monoclonal antibody coated tubes: 50 tubes 

125I- labeled monoclonal antibody:   One 11mL vial. (The iodine vial contains 640 kBq of 

125I-labeled immunoglobulin in buffer containing bovine serum albumin, sodium azide 

and dye). 

Calibrators: Five 1 mL vials and one 2mL “zero calibrator” vial (The calibrator vials 

contain from 0 to 300 µIU/mL of human insulin in sodium azide). 

Control sera: Two vials (lyophilized) 

Wash solution: One 50 mL vial 

 

Procedure 

Antibody coated tubes were taken and 50 µL of calibrator or 100 µL of 

supernatant for controls and samples and 100 µL of tracer was added to it. The tubes 

were shaked thoroughly at >280rpm and incubated for 2 hours at 18-25ºC. The content of 
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the tubes were aspirated carefully and washed two times with 2 mL wash solution. The 

activity of the solution was determined for one minute. Results were obtained from the 

standard curve by interpolation.  

 

3.15.2 Serum Prolactin 

Serum prolactin was determined by immunoradiometric assay [230] using 

prolactin IRMA Kit of Beckman Coulter. 

 

Principle 

Samples or calibrators are incubated in tubes coated with first monoclonal 

antibody in the presence of the second monoclonal antibody which is labeled with iodine 

125. After incubation for a short time, the content of tubes is rinsed so as to remove 

unbound 125I-labeled antibody. The bound radioactivity is then determined in gamma 

counter. The radioactivity bound is directly proportional to the concentration of prolactin 

in the sample. Prolactin concentration in the samples is obtained by interpolation from the 

standard curve.  

 

Reagents 

Anti-polactin monoclonal antibody coated tubes: 50 tubes 

125I- labeled monoclonal antibody:   One 55 mL vial. (The iodine vial contains 370kBq of 

125I-labeled immunoglobulin in buffer containing bovine sodium azide, serum albumin, 

and dye). 
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Calibrators: Five 1 mL vials and one 5 mL “zero calibrator” vial (The calibrator vials 

contain from 0 to 180 ng/mL of human prolactin in sodium azide). 

Control sera: Two vials (lyophilized) 

Wash solution: One 50 mL vial 

 

Procedure 

For prolactin determination, 50 µL of calibrator, control or sample and 500 µL of 

tracer were added successively to antibody coated tubes. The tubes were shaked for an 

hour at 350 rpm for thorough mixing. The contents of the tubes were aspirated carefully 

and washed with 2 mL of wash solution. The count bound (B) and total count bound (T) 

for 1 minute were determined. Results were obtained from the standard curve by 

interpolation. The curve serves for the determination of prolactin concentrations (ng/mL) 

in sample.  

 

3.15.3 Serum Cortisol 

Cortisol was determined by radioimmunoassay [231] using cortisol RIA Kit of 

Beckman Coulter. 

 

Principle 

Serum is incubated in tubes coated with the first monoclonal antibody in the 

presence of the second monoclonal antibody which is labeled with iodine 125. After 

incubation for a short time, the liquid contents of the tubes are aspirated to remove 

unbound 125I-labeled antibody. The bound radioactivity is then determined in gamma 
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counter. The radioactivity bound is directly proportional to the concentration of cortisol 

in the sample.  

 

Reagents 

Anti-cortisol monoclonal antibody coated tubes: 50 tubes 

125I- labeled cortisol tracer: One 55 mL vial. (The iodine vial contains 185kBq of 125I-

labeled cortisol in buffer containing sodium azide, bovine serum albumin and dye). 

Calibrators: Five vials with 0.5 mL and one vial with 5 mL “zero calibrator” vial (The 

calibrator vials contain from 0 to 2000 nM of cortisol in buffer of bovine serum albumin 

and sodium azide. 

Control sera: Two vials (lyophilized) 

Wash solution: one 50 mL vial 

 

Procedure 

For cortisol determination, 50 µL of calibrator, control or sample and 500µL of 

tracer were added successively to antibody coated tubes. The tubes were shaked 

thoroughly at 400 rpm and incubated for an hour at 18-25ºC. The contents of the tubes 

were aspirate carefully and washed with 2 mL of wash solution. The count bound (B) and 

total count bound (T) were determined for 1 minute. Results were obtained from the 

standard curve by interpolation. The curve serves for the determination of cortisol 

concentrations (ng/dL) in sample. 
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3.15.4 Triiodothyronine (T3) 

T3 was determined by radioimmunoassay [232] using T3 RIA Kit of Beckman 

Coulter. 

 

Principle 

Serum is incubated in tubes coated with the first monoclonal antibody in the 

presence of the second monoclonal antibody which is labeled with iodine 125. After 

incubation for a short time, the liquid contents of the tubes are aspirated to remove 

unbound 125I-labeled antibody. The bound radioactivity is then determined in gamma 

counter. The radioactivity bound is directly proportional to the concentration of T3 in the 

sample.  

 

Reagents 

Anti- T3 monoclonal antibody coated tubes: 50 tubes 

125I- labeled T3 tracer: One 22 mL vial.  

The iodine vial contains 165kBq of 125I-labeled T3 in buffer with proteins sodium azide 

and dye. 

Calibrators: Six 0.5 vials.  

The calibrator vials contain from 0 to 12 nmol/L of T3 in human serum with sodium 

azide.  

Control sera: Two vials (lyophilized) 

Wash solution: One 50 mL vial 
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Procedure 

For T3 determination, 25 µL of calibrator, control or sample and 200 µL of tracer 

were added successively to antibody coated tubes. The tubes were shaked thoroughly at 

less than 280 rpm and were incubated for an hour at 18-25ºC. The contents of the tubes 

were aspirated carefully and washed with 2 mL of wash solution. The count bound (B) 

and total count bound (T) were determined for 1 minute. Results were obtained from the 

standard curve by interpolation. The curve serves for the determination of 

triiodothyronine concentrations (nmol/L) in sample as well as in the calibrator. 

 

3.15.5 Thyroxine (T4) 

T4 was determined by radioimmunoassay [233] using T4 RIA Kit of Beckman 

Coulter. 

 

Principle 

Serum is incubated in tubes coated with the first monoclonal antibody in the 

presence of the second monoclonal antibody which is labeled with iodine 125. After 

incubation for a short time, the liquid contents of the tubes are aspirated to remove 

unbound 125I-labeled antibody. The bound radioactivity is then determined in gamma 

counter. The radioactivity bound is directly proportional to the concentration of T4 in the 

sample.  

 

Reagents 

Anti- T4 monoclonal antibody coated tubes: 50 tubes 
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125I- labeled T3 tracer: One 55 mL vial.  

The iodine vial contains 110 kBq of 125I-labeled T4 in buffer with sodium azide, proteins 

and dye. 

Calibrators: Six 0.5 vials.  

The calibrator vials contain from 0 to 400 nmol/L of T4 in human serum with sodium 

azide.  

Control sera: Two vials (lyophilized) 

Wash solution: One 50 mL vial 

 

Procedure 

For T4 determination, 20 µL of calibrator, control or sample and 500 µL of tracer 

were added successively to antibody coated tubes. The tubes were shaked thoroughly at 

less than 280 rpm and incubated for an hour at 18-25ºC. The contents of the tubes were 

aspirated carefully and washed with 2 mL of wash solution. The count bound (B) and 

total count bound (T) were determined for 1 minute. Results were obtained from the 

standard curve by interpolation. The curve serves for the determination of thyroxine 

(nmol/L) in sample as well as in the calibrator. 

 

3.15.6 Thyroid-Stimulating Hormone (TSH) 

TSH was determined by immunoradiometric assay [234] using TSH IRMA Kit of 

Beckman Coulter. 
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Principle 

Samples or calibrators are incubated in tubes coated with first monoclonal 

antibody in the presence of the second monoclonal antibody which is labeled with iodine 

125. After incubation for a short time, the content of tubes is rinsed so as to remove 

unbound 125I-labeled antibody. The bound radioactivity is then determined in gamma 

counter. The radioactivity bound is directly proportional to the concentration of TSH in 

the sample. TSH concentration in the samples is obtained by interpolation from the 

standard curve.  

 

Reagents 

Anti-TSH antibody coated tubes: 50 tubes 

125I- labeled monoclonal anti-TSH antibody: One 22mL vial.  

The iodine vial contains 515 kBq of 125I-labeled T3 in buffer with sodium azide, proteins 

and dye. 

Calibrators: Seven 1mL vials.  

The calibrator vials contain from 0 to 50m lU/L of TSH in bovine serum with sodium 

azide. 

Control sera: Two vials (lyophilized) 

Wash solution: One 50 mL vial 

 

Procedure 

For TSH determination, 100 µL of calibrator, control or sample and 100 µL of 

tracer were added successively to antibody coated tubes. The tubes were shaked 
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thoroughly at less than 280 rpm and incubated for an hour at 18-25ºC. The contents of the 

tubes were aspirated carefully and washed with 2 mL of wash solution. The count bound 

(B) and total count bound (T) were determined for 1 minute. Results were obtained from 

the standard curve by interpolation. The curve serves for the determination of thyroid 

stimulating hormone (nmol/L) in sample as well as in the calibrator. 
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Chapter 4 

Results and Discussion 

Human pregnancy is a normal physiological condition with many biochemical 

changes which ranges from alteration in electrolyte concentration to more complicated 

hormonal changes. Thus pregnancy is a unique, normal physiological episode in 

women’s life. However, unexpected illness or preexisting disease of the mother or the 

fetus can make complications during pregnancy. High risk pregnancy is the one which 

has increase probability of adverse outcomes for both the mother and the child among the 

general pregnant population. Diabetes mellitus has long been associated as risk factor 

with maternal and perinatal mortality. Diabetes in pregnant women could either be 

pregestational or gestational. Gestational diabetes mellitus (GDM) accounts for about 

80% of cases and could results in extreme manifestation of metabolic changes during 

pregnancy and development of type 2 diabetes later in life. 

 

4.1 General Information about GDM and HPW 

This study was basically carried out for the determination of various biochemical 

changes that occurs during pregnancy in GDM women in comparison to healthy pregnant 

women. The HPW group was considered as the control group of the study. During the 

study, information about monthly income, education level, age, body mass index, parity, 

blood pressure, previous history of gestational diabetes and family history of diabetes 

were collected from both GDM and healthy pregnant women. These basic information 

were important in providing some positive clues for increase incidence of GDM, 

therefore, in addition to the major work i.e. data on biochemical changes in GDM 
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women, these additional information were also included in this dissertation and are 

presented in Table-4.1 through Table-4.11 and Figure-4.1 through Figure-4.9. Both the 

general information and the data on biochemical changes in GDM women were compiled 

and compared with healthy pregnant women. 

 

Table-4.1: Some Important Information about GDM and HPW 

Parameters Groups Mean ± SD1 P-Value2

Monthly-Income 

(Rs.) 

GDM 30845 ± 11107  

0.12 HPW 28360 ±11511 

Age (years) GDM 34.01 ± 4.54  

< 0.001 HPW 30.30 ± 5.86 

BMI (kg/m2) GDM 28.07 ± 2.90  

0.001 HPW 27.30 ± 1.94 

Parity GDM 5.44 ± 2.49  

0.172 HPW 4.95 ± 2.43 

Systolic Blood 

Pressure(mm of Hg) 

GDM 114.80 ± 17.14  

0.005 HPW 107.70 ± 19.40 

Diastolic Blood 

Pressure(mm of Hg) 

GDM 86.5 ±   7.48  

0.002 HPW 80.7 ± 10.02 

1. Data are the means and standard deviations of 103 GDM and 97 HPW. 
2. P values determined by Chi square test are given in column 4. 

  

The monthly income of the GDM women was Rs.30845 ± 11107/- which was 

little more than the monthly income of the HPW (Rs.28360 ± 11511/-). However, the 

increase in monthly income was not statistically significant at P<0.05. The mean age of 

the GDM women was 34.01 ± 4.54 years and of HPW was 30.30 ± 5.86 years. The mean 

age of GDM women was significantly higher than the control group at P<0.001, 

indicating that elder pregnant women were more prone to gestational diabetes. The mean 
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BMI value of GDM group was also significantly higher than the healthy pregnant women 

group at P<0.05. The mean BMI of GDM and HPW were 28.07 ± 2.90 kg/m2 and 27.30 ± 

1.94 kg/m2 respectively. Parity of the GDM group was slightly higher than the HPW 

group but was not significant at P<0.05. The above data showed that over-weight and 

obese pregnant women were at risk for development of gestational diabetes. The increase 

incidence of obesity in U.S. mirrors a worrisome rise in the prevalence of GDM [235]. 

Obesity and GDM not only increase the risk of adverse pregnancy outcomes [236] but 

also are associated with a higher risk of developing type 2 diabetes later in life [237]. 

The mean systolic blood pressure of GDM group was 114.80 ± 17.14 mmHg as 

compared to the mean systolic blood pressure 107.70 ± 19.40 mmHg of the HPW 

(control) group. Similarly the mean diastolic blood pressure of the GDM group was 86.50 

± 7.48 mmHg as compared to the mean diastolic blood pressure 80.70 ± 10.02 mmHg of 

HPW group. The data showed that GDM individuals as a whole were having significantly 

higher (P<0.05) blood pressure than the control individuals.  

 

4.1.1 Monthly Income of GDM Women 

The monthly income levels of GDM and of healthy pregnant women are given in 

Table-4.2 and shown in Figure-4.1. The data in the Table-4.2 indicates that 14.5% 

individuals of the GDM group and 21.6% individuals of the HPW group were having 

income level of Rs.15000/- or less per month. In the income range of Rs.15001-30000/-, 

there were 42.7% individuals of GDM group and 49.4% of HPW group. The number of 

healthy pregnant women in low monthly income group was greater than the number of 

pregnant women in GDM group, indicating that high income favors onset of gestational 
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diabetes. There were 27.2% individuals of the GDM group and 16.5% individuals of the 

HPW group who were in the income range of Rs.30001-45000/- per month. There were 

15.5% individuals of the GDM group and 12.4% individuals of the HPW group who were 

having income level of more than Rs.45000/- per month.  The data showed that those 

women who were having high monthly income were more exposed to the onset of 

gestational diabetes. In other words, the increased mean monthly income of GDM group 

showed that gestational diabetes was common in those families who were having high 

economic status.  

 

Table-4.2:  GDM and HPW having Different Monthly Income Levels  

Monthly-Income 

(Rs) 

GDM HPW P-Value2

n1 % n1 % 

≤ 15000 15 14.5 21 21.6  

 

0.184 

15001-30000 44 42.7 48 49.4 

30001- 45000 28 27.2 16 16.5 

>45000 16 15.5 12 12.4 

Total 103 100 97 100 

1. n stands for number of GDM and number of HPW. 
2. P value determined by Chi square test is given in column 6. 
 

The current study identified a strong inverse association between socioeconomic 

status and GDM. Lower socioeconomic status is well recognized as a risk for chronic 

disease in developed and developing countries [238]. The association between GDM and 

socioeconomic status is less well established, with conflicting results seen in previous 

studies. These studies cannot easily be compared because of different definitions of 

socioeconomic status, but two studies have used indexes of relative deprivation. Tanaka 

et al. [239] found no association, while Clausen et al. [240] showed that living in an area 
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of deprivation was positively associated with GDM. The importance of maternal social 

factors on the health of the mother and the offspring is well-known. Lower 

socioeconomic status is associated with an increased risk of various adverse pregnancy 

outcomes such as perinatal mortality, miscarriages, preterm birth, and lower birth weight.  

 
 

 
Figure-4.1: GDM and HPW having different monthly income levels. 

 

4.1.2 Education Level of GDM and HPW  

The education levels of GDM and HPW groups are presented in Table-4.3 and 

Figure-4.2. The education level of GDM and HPW were almost similar. There were 

60.2% and 69.1% illiterate women in the GDM and HPW groups respectively. However, 
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level. The chi square test indicated no significant difference in the education levels of 

both GDM and HPW groups.  

 
Table-4.3:  Education Levels of GDM and HPW 

Education Levels GDM HPW P-Value2

n1 % n1 % 

Illiterate 62 60.2 67 69.1  

 

0.422 

School level 

education 

25 24.3 18 18.5 

Above school level 

education 

 

16 

 

15.5 

 

12 

 

12.4 

Total 103 100 97 100 

1. n stands for number of GDM and number of HPW. 
2. P value determined by Chi square test is given in column 6. 

In different countries different measures of social status and education levels are 

used. These include income type, educational attainment, and family education levels. 

There is a strong association between social class and infant mortality rate [241].  

 
Figure-4.2: GDM and HPW having different education levels. 
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4.1.3 Age of GDM Women 

 GDM and HPW who were having different ages are given in Table-4.4 and 

Figure-4.3. The data in Table-4.4 shows that no GDM women was present in the age 

group of 25 years or less, 30.1% GDM women were in the age group of 25-30 years, 

42.7% GDM women were in the age group of 31-35 years and 27.2% GDM women were 

in the age group of more than 35 years. In the HPW group, 17.5% HPW were in the age 

group of 25 years or less, 32.9% HPW were in the age group of 25-30 years, 28.9% HPW 

were in the age group of 31-35 years and 20.6% HPW were in the age group of more than 

35 years. The data in Table-4.4 and Figure-4.3 indicated that incidence of GDM increases 

with the age of pregnant women.  

 

Table-4.4: Age Wise Distribution of GDM and HPW  

Age (Years) GDM HPW P-Value2

n1 % n1 % 

≤ 25 0 0 17 17.5  

 

0.001 

26-30 31 30.1 32 32.9 

31-35 44 42.7 28 28.9 

> 35 28 27.2 20 20.6 

Total 103 100 97 100 

1. n stands for number of GDM and number of HPW. 
2. P value determined by Chi square test is given in column 6. 
. 
 In the last decades, there has been a trend towards deferred child bearing, 

especially among healthy, wealthy and well educated women with career opportunities. 

Our findings are not supporting later age pregnancy as it increases the chances of 

gestational diabetes. However, it supports the American Diabetes Association 
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recommendation that instead of age of ≥35 years, age ≥25 years, should be considered as 

a risk factor for developing gestational diabetes [242].  

 
 

 
Figure-4.3: Age wise distribution of GDM and HPW. 
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20.6% obese. The data indicates a positive association between obesity and incidence of 

GDM. 

  

Table-4.5: GDM and HPW having Different BMI Levels 

BMI (Kg/m2) GDM HPW P-Value2

n1 % n1 % 

Underweight 

(≤18.50) 

0 0 9 9.3  

 

 

0.002 

Normal  

(18.50-22.90) 

31 30.1 40 41.2 

Overweight  

(23.00-27.00) 

44 42.7 28 28.9 

Obese  

(>27.00) 

28 27.2 20 20.6 

Total 103 100 97 100 

1. n stands for number of GDM and number of HPW. 
2. P value determined by Chi square test is given in column 6. 
 

 The prevalence of both obesity and gestational diabetes mellitus is rising 

worldwide. The complications of diabetes affecting the mother and fetus are well known. 

Maternal complications include preterm labor, pre-eclampsia, nephropathy, birth trauma, 

cesarean section, and postoperative wound complications. Fetal complications include 

fetal wastage from early pregnancy loss or congenital anomalies, macrosomia, shoulder 

dystocia, stillbirth, growth restriction, and hypoglycemia. The presence of obesity among 

diabetic patients compounds these complications. The above-mentioned short-term 

complications can be controlled by achieving and maintaining the desired level of 

glycemic control during pregnancy [243]. 
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Figure-4.4: GDM and HPW having different BMI levels. 

 

4.1.5 Parity of GDM Women 

Parity is defined as the number of times a woman has given birth to the infant, 

alive or dead. Parity wise distribution of GDM and HPW groups is given in Table-4.6 

and Figure-4.5. In the GDM group, 9.7% women were primiparous, 35.9% were 

multiparous and 54.4% were grand multiparous. On the other hand, in HPW group, 

13.4% women were primiparous, 49.4% were multiparous and 37.2% women were grand 

multiparous. The data on parity indicates that the chances of gestational diabetes 

increases with increasing parity. Our findings were in accordance with the findings of 

Ben-Haroush et al [244] who had reported that parity, smoking, obesity and family 

history of diabetes are risk factors for gestational diabetes.  
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Table-4.6: GDM and HPW having Different Parity 

Parity GDM HPW P-Value2

n1 % n1 % 

Primiparous 10 9.7 13 13.4  

 

0.05 

Multiparous (2-5) 37 35.9 48 49.4 

Grand Multiparous (>5) 56 54.4 36 37.2 

Total 103 100 97 100 

1. n stands for number of GDM and number of HPW. 
2. P value determined by Chi square test is given in column 6. 
 
 
 
 

 
Figure-4.5:  GDM and HPW having different parity. 
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than the mean values of systolic and diastolic blood pressure of the HPW at P<0.05. 

Though the mean values of systolic and diastolic blood pressure were in the normal range 

as shown in Table-4.1, but almost 33.1% GDM women and 20.6% healthy pregnant 

women were having higher systolic blood pressure than normal as shown in Table-4.7. 

Similarly, 34.9% GDM women and 22.7% healthy pregnant women were having higher 

diastolic blood pressure than normal (Table-4.8). The data indicates that both systolic and 

diastolic blood pressures are associated with GDM.     

  Women exposed to gestational diabetes are at higher risk of hypertension in the 

years after pregnancy, even after adjusting for other major risk factors of hypertension. 

Previous research has demonstrated that women who developed gestational diabetes had 

an underlying high susceptibility to insulin resistance and β cell impairment and hence 

GDM women are more likely to develop GDM when facing the different metabolic 

changes during pregnancy. Defects in both insulin sensitivity and insulin secretion in 

GDM women increase the risk of hypertension [245-246].  

 

Table-4.7:  GDM and HPW having Normal and High Systolic Blood Pressure 

Systolic BP 

(mm of Hg) 

GDM HPW P-Value2

n1 % n1 % 

≤ 120 (Normal) 69 66.9 77 79.4  

           0.05 > 120 (High) 34 33.1 20 20.6 

Total 103 100 97 100 

1. n stands for number of GDM and number of HPW. 
2. P value determined by Chi square test is given in column 6. 

 
 GDM and HPW classified on the basis of normal and high systolic blood pressure 

are shown in Table-4.7 and Figure-4.6. The number of GDM women in normal range of 
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systolic blood pressure was 69 (66.9%) and number of HPW in the normal range of 

systolic blood pressure was 77 (79.4%). There were 34 (33.1%) GDM women and 20 

(20.6%) HPW in the high range of systolic blood pressure. The greater number of HPW 

in normal range of systolic blood pressure and greater number of GDM women in high 

range of systolic blood pressure provides us a clue that women with high systolic blood 

pressure might be more prone to the development of gestational diabetes. 

 
 

 
Figure-4.6: GDM and HPW having normal and high systolic blood pressure. 
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who reported that systolic blood pressure above the median (109 mmHg) had a fourfold 

increased risk of GDM in high risk women.  

 

              Systolic Blood Pressure (mmHg)

HighNormal

 

90

80

70

60

50

40

30

20

10

Group 

GDM

HPW



 86

Table-4.8:     GDM and HPW having Normal and High Diastolic Blood Pressure  

Diastolic BP 

(mm of Hg) 

GDM HPW P-Value2

n1 % n1 % 

≤ 89 (Normal) 67 65.1 75 77.3  

           0.05 > 89 (High) 36 34.9 22 22.7 

Total 103 100 97 100 

1. n stands for number of GDM and number of HPW. 
2. P value determined by Chi square test is given in column 6. 
 

The data on distribution of GDM and HPW based on diastolic blood pressure is 

given in Table-4.7 and Figure-4.6. In the normal range of diastolic blood pressure the 

number of HPW was 77.3% while the number of GDM women was 65.1%. In the high 

range of diastolic pressure, the number of GDM women was 34.9% while the number of 

HPW was 22.7%. Thus the number of GDM women was more in high range of diastolic 

blood pressure while the number of HPW was more in normal range of diastolic blood 

pressure. 

 

 
Figure-4.7: GDM and HPW having normal and high diastolic blood pressure. 
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The above vice versa position showed that hypertension is a risk factor for future 

gestational diabetes. This is in correspondence to the study which showed that women 

with hypertension either during the 5 years before pregnancy or during the first trimester 

of pregnancy had a twofold increased risk of developing GDM [248]. These associations 

persisted after adjusting for BMI, suggesting that the association is independent of BMI. 

However, the association between blood pressure and GDM was stronger among women 

who were overweight and obese.  Crowther et al. [249] reported that treatment of glucose 

intolerance in mid pregnancy effectively reduced both perinatal and maternal 

complications. Therefore, blood pressure should be measured at each medical visit as it 

would be an inexpensive and easy clinical way for the identification of women who may 

be at high risk of GDM. 

 

Table-4.9: Blood Pressure of GDM and HPW in Relation to BMI 

Blood 

Pressure 

(mm Hg) 

Groups Mean BMI ± SD1 P-value2

Underweight Normal Overweight Obese 

Systolic 

BP 

GDM 00 108±19 112±16 128±18 0.01 

HPW 100±18 100±16 110±16 125±17 

Diastolic 

BP 

GDM 00 86±5 86±8 91±9 0.001 

HPW 79±13 74±6 85±6 87±9 

1. Data are the means and standard deviations of 103 GDM and 97 HPW. 
2. P values determined by Chi square test are given in column 7. 

The mean blood pressure data of the various BMI groups of GDM and HPW are 

shown in Table-4.9. The systolic BP of the GDM women in overweight and obese groups 

was 112±16 mmHg and 128±18 mmHg respectively, and was significantly higher at P< 

0.05 than the systolic blood pressure of the HPW in the same overweight and obese 
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group. The systolic blood pressure of HPW in the overweight and obese groups 

were110±16 mmHg and 125±17mmHg respectively. The diastolic blood pressure of 

GDM women was also significantly higher at P< 0.05 than the diastolic blood pressure of 

the HPW. The data in Table-4.9 indicates that association between high blood pressure 

and GDM is stronger among overweight and obese women, suggesting that high blood 

pressure and GDM would interact synergically resulting in metabolic syndrome during 

pregnancy. There are various common pathogenic pathways to gestational diabetes and 

hypertension. Insulin resistance is one of the known contributing factors to both 

gestational and chronic hypertension [250], and it is also known to be involved in the 

pathogenesis of GDM [251]. Endothethial impairment has been reported in GDM women 

both during [252] and after [253] pregnancy and is also strongly related to hypertension 

[254]. C-reactive protein, markers of inflammation has been related with increased blood 

pressure levels [255]. The elevated C-reactive protein levels during early pregnancy have 

been related to increased risk of GDM [256]. 

4.1.7 Previous History of Gestational Diabetes of GDM Women 

The previous history of gestational diabetes of GDM and HPW are given in 

Table-4.10 and Figure-4.8. Out of 103 GDM women, 75.7% were having previous 

history of gestational diabetes, which means that they were having gestational diabetes in 

their previous pregnancies. Only 24.3% GDM women were not having previous history 

of gestational diabetes but they developed it in the present pregnancy. Similarly in the 

HPW group, which was the control group of the study, previous history of gestational 

diabetes was not reported by any subject. Precautionary measures are required for those 

GDM women who have experienced gestational diabetes in their previous pregnancies.  
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Table-4.10:  Previous Gestational Diabetic History of GDM and HPW 

Previous History of  

GDM 

GDM HPW P-Value2

n1 % n1 % 

Yes 78 75.7 0 0  

           <0.001 No 25 24.3 97 100 

Total 103 100 97 100 

1. n stands for number of GDM and number of HPW. 
2. P value determined by Chi square test is given in column 6. 
 

It is important to recognize and treat gestational diabetes as soon as possible to 

minimize the risk of complications in the baby. In addition, it is important for women 

with a history of gestational diabetes to be tested for diabetes after pregnancy because of 

an increased risk of developing type 2 diabetes in the years following delivery [257]. 

 
 

 
Figure-4.8: Previous gestational diabetic history of GDM and HPW. 
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4.1.8 Family History of Diabetes of GDM Women 

The family history of diabetes of GDM and HPW are given in Table-4.11 and 

Figure-4.9. There were 84.5% GDM women who were having family history of diabetes 

mellitus and 15.5% GDM women were not having family history of diabetes mellitus. In 

the HPW group, 26.8% pregnant women were having family history of diabetes mellitus 

but they did not develop gestational diabetes in their present pregnancy. This shows that 

though family history has a strong association with gestational diabetes, yet it is not 

necessary that every pregnant woman who was having family history of diabetes would 

become gestational diabetic in her present pregnancy, however, she should be alert about 

her health care.  

 

Table-4.11:  Family History of Diabetes of GDM and HPW 

Family History of 

Diabetes 

GDM HPW P-Value2

n1 % n1 % 

Yes 87 84.5 26 26.8  

           <0.001 No 16 15.5 71 73.2 

Total 103 100 97 100 

1. n stands for number of GDM and number of HPW. 
2. P value determined by Chi square test is given in column 6. 
 
 

Established risk factors for GDM are relevant in women with family history of 

diabetes but may not be the principal determinants of gestational hyperglycaemia in 

women without family history of diabetes. Moreover, family history of diabetes may be 

more relevant to risk of GDM in nulliparous women than in multiparous subjects. These 

findings highlight the complex relationship between family history of diabetes and 
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gestational hyperglycaemia, and may hold implications for selective screening for GDM 

[258]. 

 

 
Figure-4.9: Family history of diabetes of GDM and HPW. 

 
 

4.2 Blood Sugar, Hemoglobin and Platelet Count  
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GDM and HPW were taken and the above parameters were determined in the laboratory 

and the results were statistically analyzed and compared. The data were tabulated and 

presented in Table- 4.12 through 4.43 and Figure 4.10 through 4.31. 
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4.2.1 Blood Sugar Levels in GDM Women 

The mean fasting blood sugar, random blood sugar, glycosylated hemoglobin 

(HbA1c), hemoglobin concentration and platelet count of GDM and HPW are given in 

Table-4.12. The mean fasting blood glucose level of GDM women was 111.69 ± 8.70 

mg/dL while of HPW was 86.59 ± 6.91 mg/dL. The mean fasting blood sugar of GDM 

women was significantly higher at P < 0.001 as compared to HPW (control group). 

Similarly, the mean random blood sugar (145.45 ± 6.62 mg/dL) and mean HbA1c (6.58 ± 

1.30) values of GDM women were significantly higher at P < 0.001 than the mean 

random blood sugar (123.52 ± 9.37 mg/dL) and HbA1c (4.95 ± 0.45) values of HPW. 

This was expected as all the GDM were having sugar problem, while the HPW were the 

healthy pregnant women who were considered as control group. 

 
 
Table-4.12: Blood Sugar, Hemoglobin and Platelet Count of GDM and HPW  

Blood Parameter Groups Mean ± SD1 P- value2

Fasting Blood Sugar 

(mg/dL) 

GDM 111.69 ± 8.70  

< 0.001 HPW 86.59 ± 6.91 

Random Blood 

Sugar (mg/dL) 

GDM 145.45 ± 6.62  

< 0.001 HPW 123.52 ± 9.37 

HbA1c GDM 6.58 ± 1.30  

< 0.001 HPW 4.95 ± 0.45 

Hemoglobin (%) GDM 10.89 ± 1.12  

0.55 HPW 11.01 ± 1.03 

Platelet Count 

(thousand/mL) 

GDM 226.31 ± 38.20  

0.49 HPW 228.14 ± 37.61 

1. Data are the means and standard deviations of 103 GDM and 97 HPW. 
2. P values determined by Chi square test are given in column 4. 
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Both low and high fasting glucose values at 22–30 weeks of gestation are 

associated with increased risk of macrosomia or babies large for gestational age (LGA). 

The presence of a large fetus is associated with multiple risks for both the mother and the 

newborn. The short-term risks include a higher probability of operative delivery, two- to 

three fold increase in intrauterine death rate and several neonatal morbidities (namely 

shoulder dystocia and brachial plexus injuries) and increased risks of maternal injuries 

like perineal laceration. There are also long-term risks for the newborn, such as diabetes 

later in life, obesity, and the development of metabolic syndrome [259]. The hemoglobin 

and platelet concentration in both groups were non significant.  

In Table-4.13 and Figure-4.10, the GDM and HPW were classified as those who 

were having mean fasting sugar less than 105 mg/dL, they were classed as having normal 

sugar level and those GDM and HPW who were having sugar level equal or more than 

105 mg/dL, they were classed as having high sugar level, meaning that they were 

hyperglycemic.  

 

Table-4.13: GDM and HPW having Normal and High Fasting Blood Sugar  

Fasting Blood 

Sugar (mg/dL) 

GDM HPW P-Value2

n1 % n1 % 

Normal    (< 105) 
10 9.7 93 95.9  

< 0.001 
High           ( ≥ 105) 93 90.3 04 4.1 

Total 103 100 97 100 

1. n stands for number of GDM and number of HPW. 
2. P value determined by Chi square test is given in column 6. 

Gestational diabetes is defined by the fasting plasma glucose of 105mg/dL or 

above, or a random plasma glucose of 140mg/dL or above, or abnormal glucose tolerance 
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test. In this study the fasting blood sugar level was significantly different at P < 0.001 

between the two study groups. In HPW group, which was the control group, out of 97 

healthy pregnant women 95.9% pregnant individuals were normoglycemic while 4.1% 

were hyperglycemic. However, they were not declared as gestational diabetes by the 

standard criteria of diabetes. In GDM group, out of 103 subjects, 90.3% pregnant women 

were hyperglycemic while 9.7% individuals were having normal fasting blood sugar level 

indicating that these 9.7% GDM women were strictly controlling their sugar level. In the 

normal range of sugar level, HPW were significantly (P<0.001) more than the GDM 

women, while in hyperglycemic class, the GDM women were significantly more than 

HPW at P<0.001. 

 

 

 
Figure-4.10:  GDM and HPW having normal and high fasting blood sugar. 
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institutional treatment to save the mother and the child from all the fatal complications of 

gestational diabetes. Similar reports of elevated blood glucose levels in gestational 

diabetes have been reported by Taricco et al. [260]. 

The random blood sugar of GDM and HPW are given in Table-4.14 and Figure-

4.11. In GDM group, 92.2% pregnant women were having high random glucose level 

greater than 140 mg/dL while 7.8% pregnant women were having random sugar less than 

140 mg/dL. Perhaps they were controlling their random sugar level either by diet, 

medicine or exercise. In the HPW group, 87.6% women showed normal random blood 

glucose level while 12.4% were having high random sugar level. However, they were not 

diabetic by the standard criteria for diabetes. The data indicated that majority of GDM 

women were hyperglycemic while majority of HPW were normoglycemic on the criteria 

of random sugar test. The percent of HPW in normal random sugar level were 

significantly (P<0.001) more than the GDM women. In the hyperglycemic range of 

random sugar, the percent of GDM women were significantly (P<0.001) more than the 

HPW. 

 

Table-4.14:  GDM and HPW having Normal and High Random Blood Sugar  

Random Blood 

Sugar (mg/dL) 

GDM HPW P-Value2

n1 % n1 % 

Normal   (< 140) 08 7.8 85 87.6  

< 0.001 High           (≥ 140 ) 95 92.2 12 12.4 

Total 103 100 97 100 

1. n stands for number of GDM and number of HPW. 
2. P value determined by Chi square test is given in column 6. 
 

Random blood sugar level is important in predicting the risk of future type 2 

diabetes and fetal macrosomia. Women with mildly elevated oral glucose tolerance test 
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(OGTT) are more likely to have pre-eclampsia, eclampsia, shoulder dystocia, cesarean 

delivery, miscarriages, still births and preterm birth. Similarly, women with one abnormal 

OGTT value have a greater risk of macrosomia, preeclampsia, and cesarean delivery 

[261]. 

 

 

 
Figure-4.11:  GDM and HPW having normal and high random blood sugar. 
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Table 4.15: GDM and HPW having Normal and High HbA1c Levels 

HbA1c  GDM HPW P-Value2

n1 % n1 % 

Normal    (< 6) 59 57.3 97 100  

< 0.001 High       (≥ 6 ) 44 42.7 00 00 

Total 103 100 97 100 

1. n stands for number of GDM and number of  HPW. 
2. P value determined by Chi square test is given in column 6. 
 

The GDM and HPW who were having normal and high HbA1c level are given in 

Table-4.15 and Figure-4.12. In GDM group, 57.3% pregnant women were having normal 

HbA1c values while 42.7% were having high HbA1c values. In HPW group, all pregnant 

women were having normal HbA1c values. The data indicated that sugar levels of 57.3% 

GDM women were in the control range and 42.7% were above the normal range.  

 

 
Figure-4.12:  GDM and HPW having normal and high HbA1c levels. 
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It is very much important that pregnant women with gestational diabetes must 

control their glucose level in the normal range to avoid complications during pregnancy 

and delivery. HbA1c provides the extent to which the blood glucose has been controlled 

in the previous 8-12 weeks. So, by determining this parameter, one can prevent further 

worsening of the disease by providing better treatment at appropriate time. Significantly 

elevated levels of glycosylated hemoglobin in gestational diabetes were also reported by 

researchers in several studies supporting our findings [262-263].  

 

4.2.3 Hemoglobin Concentration in GDM Women 

Anemia is defined as hemoglobin concentration that is lower than the threshold of 

two standards deviation below the median value for a healthy matched population. The 

World Health Organization (WHO) defines anemia in pregnancy as hemoglobin 

concentration of less than 11g/dL [264]. 

 

Table-4.16: GDM and HPW having Low and Normal Hemoglobin Levels  

Hemoglobin 

 g/dL 

GDM HPW P-Value2

n1 % n1 % 

Low    (< 11) 

(Anemia) 

30 29.1 23 23.7  

0.240 

Normal (≥ 11)  73 70.9 74 76.3 

Total 103 100 97 100 

1. n stands for number of GDM and number of HPW. 
2. P value determined by Chi square test is given in column 6. 
 

Both the GDM and HPW who were having low and normal hemoglobin levels are 

given in Table-4.16 and Figure-4.13. The difference in hemoglobin status was not 

significant among GDM and healthy pregnant women. In HPW group, out of 97 healthy 
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pregnant women 23.7% individuals developed anemia while 76.3 % remains normal. 

Similarly in GDM group 29.1% pregnant women develop anemia while 70.9% pregnant 

women have normal hemoglobin concentration.  

 
 

 
Figure-4.13: GDM and HPW having low and normal hemoglobin levels. 
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4.2.4 Platelet Count in GDM Women 

The GDM and HPW who were having low and normal platelet count are given in 

Table-4.17 and Figure-4.14. The normal range for peripheral blood platelet count in 

pregnant individuals is generally reported as 150 to 400 thousand/µL [267]. 

 

Table-4.17: GDM and HPW having Low and Normal Platelet Count 

Platelet Count 

(thousand/µL) 

GDM HPW P-Value2

n1 % n1 % 

Low           (<150) 

(Thrombocytopenia) 

12 11.7 12 12.4  

0.57 

Normal      (≥ 150) 91 88.3 85 87.6 

Total 103 100 97 100 

1. n stands for number of GDM and number of  HPW. 
2. P value determined by Chi square test is given in column 6. 

The platelet count of GDM and healthy pregnant women were not significantly 

different and thus platelet count has no direct correlation with gestational diabetes. In 

GDM group, 88.3% pregnant women and in control group, 87.6% pregnant women were 

having normal platelet count. Thrombocytopenia was shown by 11.7% GDM women and 

12.4% healthy pregnant women. This study showed that GDM was doing nothing with 

thrombocytopenia but pregnancy itself may results in low platelet count. Studies about 

platelet counts during normal pregnancy differed in their conclusion, with some reporting 

no effect of pregnancy on platelet count and other illustrating a mild reduction during late 

pregnancy [268]. In this study, no significant changes were observed in the concentration 

of hemoglobin and platelet count of the GDM women and HPW. 
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Figure-4.14: GDM and HPW having low and normal platelet count. 

 

4.3 Lipid Profile  

Lipid profile is important in investigating the biochemical changes in gestational 

diabetes in comparison to healthy pregnant women. The lipid profile of GDM women and 

HPW are given in Table-4.18. Mean total cholesterol (TC) and mean triglyceride (TG) 

were significantly higher at P < 0.05 in GDM group as compared to HPW group. The 

mean value of total cholesterol in GDM group was 206 ± 18.79 mg/dL while in HPW 

(control group) it was 195 ± 24.15 mg/dL. The mean TG level of GDM women was 190 

± 19.83 mg/dL while of HPW was 172 ± 21.66 mg/dL. The mean HDL cholesterol 

(HDL-C) was 55 ± 8.20 mg/dl in gestational diabetic individuals and 56 ± 8.82 mg/dL in 

control group. The HDL-C was not significantly different in GDM and HPW groups. 
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Table-4.18: Lipid Profile of GDM and HPW  

Parameter Groups Mean ± SD1 P- value2

TC  

 (mg/dL) 

GDM 206.01 ± 18.79  

0.001 HPW 195.06 ± 24.15 

TG 

 (mg/dL) 

GDM 190.12 ± 19.83  

0.001 HPW 172.13 ± 21.66 

HDL-C 

(mg/dL) 

GDM 55.21 ± 8.20  

0.25 HPW 56.21 ± 8.82 

LDL-C 

(mg/dL) 

GDM 93.13 ± 18.71  

0.06 HPW 88.10 ± 16.36 

TC: HDL-C  

 

GDM 3.9.01 ±1.05  

0.006 HPW 3.5.12 ± 1.00 

1. Data are the means and standard deviations of 103 GDM and 97 HPW. 
2. P values determined by Chi square test are given in column 4. 
 

The mean LDL cholesterol (LDL-C) of GDM women and HPW were 93 ± 18.71 

mg/dL and 88 ± 16.36 mg/dL respectively. The TC: HDL-C ratio was significantly 

higher in GDM individual as compared to healthy pregnant women (P < 0.05).  

 

4.3.1 Total Cholesterol Levels in GDM Women 

In normal person, total cholesterol level varies from 150-220 mg/dL. It should be 

preferably below 200 mg/dL. A concentration below 200-240 mg/dL is considered 

borderline and a concentration above 240 mg/dL increases risk for atherosclerosis and 

heart attack [269]. GDM and HPW having different cholesterol levels are presented in 

Table-4.19 and Figure-4.15. 
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Table-4.19: GDM and HPW having Different Cholesterol Levels 

Total Cholesterol 

(mg/dL) 

GDM HPW P-Value2

n1 % n1 % 

< 200 (Desirable) 50 48.5 65 67  

 

0.03 

200-240 (Acceptable) 41 39.8 24 24.7 

> 240 (Undesirable) 12 11.7 08 8.3 

Total 103 100 97 100 

1. n stands for number of GDM and number of HPW. 
2. P value determined by Chi square test is given in column 6. 

In GDM group, 50 (48.5%) pregnant women were having desirable cholesterol 

level, 41 (39.8%) were having acceptable level of cholesterol and 12 (11.7%) were 

having undesirable level of cholesterol. Those 11.7% GDM women in the undesirable 

range of cholesterol were more prone to obesity, hypertension and heart attack. In the 

control group (HPW), 65 (67%) women were having desirable level of cholesterol, 24 

(24.7%) were having acceptable level of cholesterol and only 8 (8.3%) were having the 

undesirable level of cholesterol. These 8.3% healthy pregnant women were at high risk of 

cardiovascular diseases. In Pakistan, Cholesterol level of 200 mg/dL is already 

considered high, because of  higher incidence of risk factors such as lack of exercise, 

smoking and high fat diet. GDM women, who were having acceptable and undesirable 

cholesterol level, were significantly more in number than the healthy pregnant women. 

Women with previous history of GDM had greater central adiposity, higher LDL 

cholesterol levels, higher fasting insulin levels and a significantly increased prevalence of 

hypertension as compared with women without a history of GDM [270].  
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Figure-4.15: GDM and HPW having different cholesterol levels. 

 
Studies performed in other populations have shown that women with a history of 

gestational diabetes are more obese, have greater waist circumferences, and are 

dyslipidemic and insulin resistant [271]. 

 

4.3.2 Triglyceride Levels in GDM Women 

Triglyceride (TG) is a non polar, water insoluble compound with normal range of 

40-150 mg/dL in healthy individuals [272]. The mean desirable, acceptable and 

undesirable level of TG in gestational diabetes and healthy pregnant women are given in 

Table-4.20 and Figure-4.16. In GDM group, 9.7% women were in the desirable range of 

TG, 59.2% were in the acceptable range of TG and 31.1% were in the undesirable range 

of TG. In the HPW group, 27.8% women were in the desirable range of TG, 51.6% were 

in the acceptable range of TG and 20.6% were in the undesirable range of TG. On 

Comparison, significantly (P < 0.05) high numbers of HPW were in the desirable range 

of TG than GDM (27.8% vs 9.7%). But in the acceptable and undesirable range of TG, 
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GDM were significantly (P < 0.05) more than HPW (59.2%, 31.1% vs 51.6%, 20.6%) 

respectively. The data indicates that most of the GDM are having higher level of TG. 

 

Table-4.20: GDM and HPW having Different TG Levels  

Triglycerides 

(mg/dL) 

GDM HPW P-Value2

 n1 % n1 % 

<150 (Desirable) 10 9.7 27 27.8  

 

0.003 

150-200 (Acceptable) 61 59.2 50 51.6 

>200 (Undesirable) 32 31.1 20 20.6 

Total 103 100 97 100 

1. n stands for number of GDM and number of  HPW. 
2. P value determined by Chi square test is given in column 6. 

Higher TG level is one of the risk factor for heart diseases. On average basis, 

more GDM women were having acceptable and undesirable range of TG. The elevated 

TG is deposited in subcutaneous tissues and is leading cause of xanthomas. 

 

 
Figure-4.16: GDM and HPW having different triglycerides levels. 
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Women with gestational diabetes have a significant high risk of long-term 

morbidity and mortality due to cardiovascular disease, with heart disease being the 

leading cause of death. Furthermore, type 2 diabetes ignores the protective effect of being 

female; thus, the risk of cardiovascular disease is similar in women with type 2 diabetes 

to that in men [273]. Elevated cholesterol and TG level also result in metabolic 

syndrome, dyslipidemia, central body adiposity, hypertension, and elevated fasting 

glucose levels. Several studies have demonstrated evidence of the metabolic syndrome in 

women with a history of GDM [274]. Similar reports of elevated TG levels in gestational 

diabetes have been reported by Kjos et al [275]. In contrast to our findings, Sobki et al 

[276] reported lower levels of triglycerides in patients with gestational diabetes when 

compared to controls. 

 

4.3.3 High Density Lipoprotein-Cholesterol Levels in GDM women 

High density lipoprotein cholesterol (HDL-C) level above 60 mg/dL protect 

against heart diseases. A level below 40 mg/dL increases the risk of cardiovascular 

diseases. The mean desirable, acceptable and undesirable levels of HDL-C of GDM and 

HPW are presented in Table-4.21 and Figure-4.17. The result in Table-4.21 shows that 

the number of GDM and HPW in different categories of HDL-C is not significantly 

different with each other. In GDM group, 35.0% pregnant women were in the desirable 

range, 49.5% were in the acceptable range and 15.5% were in the undesirable range of 

HDL-C.  In the control group (HPW), 49.5% pregnant women were having desirable 

HDL-C level, 39.2% were having acceptable range of HDL-C and 11.3% pregnant 

women were having the undesirable range of HDL-C. The data indicated that HDL-C of 
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GDM and HPW were not significantly different from each other, meaning that 

gestational diabetes was not affecting HDL-C in pregnant women. 

 

Table-4.21: GDM and HPW having Different HDL-Cholesterol Levels  

HDL-Cholesterol 

(mg/dL) 

GDM HPW P-Value2

n1 % n1 % 

>60 (Desirable) 36 35.0 48 49.5  

 

0.13 

40-60 (Acceptable) 51 49.5 38 39.2 

< 40 (Undesirable) 16 15.5 11 11.3 

Total 103 100 97 100 

1. n stands for number of GDM and number of  HPW. 
2. P value determined by Chi square test is given in column 6. 
 

It has been reported that every 1 mg/dL drop in HDL cholesterol increases the risk 

of heart diseases by 3%. Women with previous history of gestational diabetes usually 

have greater central adiposity, higher LDL cholesterol levels, higher fasting insulin 

levels, and a significantly increased risk of hypertension.  

 
Figure-4.17: GDM and HPW having different HDL-cholesterol levels. 
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4.3.4 Low Density Lipoprotein-Cholesterol Levels in GDM Women 

Low density lipoprotein cholesterol (LDL-C) concentration below 100 mg/dL is 

considered to be desirable. Increased LDL-C concentration has direct association with 

incidence of cardiovascular diseases [276]. The mean desirable, acceptable and 

undesirable LDL-C of GDM and HPW are given in Table-4.22 and Figure-4.18. 

 
Table-4.22:  GDM and HPW having Different LDL-Cholesterol Levels  
 
LDL-Cholesterol 

(mg/dL) 

GDM HPW P-Value2

n1 % n1 % 

< 100 (Desirable) 71 68.9 73 75.2  

 

0.58 

100-130 (Acceptable) 20 19.4 16 16.5 

>130 (Undesirable) 12 11.7 08 8.3 

Total 103 100 97 100 

2. n stands for number of GDM and number of  HPW. 
3. P value determined by Chi square test is given in column 6. 

The data in Table-4.22 indicates that the number of GDM and healthy pregnant 

women, who were having different levels of LDL-C, were not significantly different from 

each other at P<0.05. There were 68.9% GDM women and 75.2% healthy pregnant 

women, who were having desirable LDL-C. Among the GDM and HPW groups, 19.4% 

and 16.5% women were having acceptable range of LDL-C respectively. In the 

undesirable range of LDL-C, there were 11.7% GDM women and 8.3% HPW. The data 

demonstrates that there were more GDM women in the acceptable and undesirable range 

of LDL-C showing that GDM women were at higher risk of heart problems, though this 

increase was statistically not significant. Kadare has reported that serum HDL-C and 

serum LDL-C level of GDM women were not significantly different from healthy 

pregnant women [277]. 
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Figure-4.18:  GDM and HPW having different LDL-cholesterol levels. 

 

The mean TC, TG, HDL-C and LDL-C in different age groups of GDM and HPW 

are given in Table-4.23. The data indicates that the mean TC of GDM women is not 

significantly different between the age group of 25-30 years and 31-35 years, but the 

mean TC (235±27.3 mg/dL) of GDM in the age group of more than 35 years is 

significantly higher than the two age groups of GDM i.e. 25-30 years and 31-35 years at 

P < 0.001. In the HPW (control group) the TC level is 183±15.7 mg/dL in the age group 

of less than 25 years, 197±23.2 mg/dL in the age group of 25-30 years, 196±16.3 mg/dL 

in age group of 31-35 years and 207±16.2 mg/dL in the age group of more than 35 years. 

In the HPW, TC in the age group of more than 35 years was significantly (P<0.001) 

higher than the mean TC level in the age group of less than 25 years and age group of 25-

30 years. Though the mean TC level in the HPW in the age group of 35 years was higher 

than the mean TC level of the age group of 31-35 years, but the increase was not 

significant. The data indicates that old age did affect TC level in both the groups. 
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 The mean TG levels of both GDM and HPW in different age groups increased 

with increase in age. However, the increase in TG of GDM women in the age groups of 

more than 35 years was significantly high at P < 0.001 than HPW, the control group. The 

mean TG levels of both GDM and HPW, in the age groups of less than 25 years, were 

0.00 and 140±7.29 mg/dL, 164±16.6 mg/dL and 165±12 mg/dL in the age groups of 25-

30 years, 186±12.0 mg/dL and 190±12.mg/dL in the age group of 30-35 years and 

218±9.8 mg/dL and 206±8.2 mg/dL in the age group of more than 35 years respectively.  

 

Table-4.23: Lipid Profile of GDM and HPW in Relation to Age Groups  

Lipid 

Profile 

Groups Mean ± SD1 

Age (Years) 

P-value2

<25  25-30  31-35 >35 

TC 

(mg/dL) 

GDM 00 206±19.9 200±16.9 235±27.3 <0.001 

HPW 183±15.7 197±23.2 196±16.3 207±16.2 

TG 

(mg/dL) 

GDM 00 164±16.6 186±12.0 218±9.8 0.001 

HPW 140±7.2 165±12 190±12.1 206±8.2 

HDL-C 

(mg/dL) 

GDM 00 51±8.9 52±4.2 52±8.8 0.82 

HPW 54± 13.9 56±8.4 53±4.5 53±4.5 

LDL-C 

(mg/dL) 

GDM 00 91±13.9 95±22.5 93±19.1 0.80 

HPW 85±8.54 96±20.9 81±7.7 90±17.1 

1. Data are the means and standard deviations of 103 GDM and 97 HPW. 
2. P values determined by Chi square test are given in column 7. 
 

HDL-C and LDL-C of GDM and HPW were not significantly different from each 

other among the various age groups. Maternal age is an established risk factor for 

gestational diabetes and cardiovascular diseases, but there is no consensus on the age 

above which the risk of gestational diabetes is significantly increased. It has been 

reported that in youngest to oldest age group women the prevalence of gestational 
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diabetes increases from 1.3% to 31.9%, respectively. Another study indicated that one-

third to one half of women with a history of GDM will develop type 2 diabetes within 3–

5 years, and 70% will develop type 2 diabetes if followed for 10 years. Women with type 

2 diabetes have a significant risk of long-term morbidity and mortality due to altered TC, 

TG, HDL-C and LDL-C values [279]. 

 

4.4 Liver Function Tests  

Liver function tests (LFTs) are really non specific tests of liver cell damage. They 

only show the extent to which heoatocytes are damaged. The present study demonstrated 

that alanine amino transferase (ALT), alkaline phosphatase (ALP) and serum bilirubin 

values were not significantly different from GDM and HPW (control) groups. The mean 

ALT, ALP and serum bilirubin levels are given in Table-4.24.  

 

Table-4.24: Liver Function Tests of GDM and HPW  

Liver Function 

Tests 

Groups Mean ± SD1 P- value2

ALT (U/L) GDM 30.21 ± 12.47  

0.71 HPW 29.64 ± 7.96 

ALP (U/L) GDM 190.55 ± 22.20  

0.84 HPW 189.95 ± 21.28 

Serum Bilirubin 

(mg/dL) 

GDM 0.67 ± 0.41  

0.64 HPW 0.58 ± 0.17 

2. Data are the means and standard deviations of 103 GDM and 97 HPW. 
3. P values determined by Chi square test are given in column 4. 
 

The mean ALT, ALP and serum bilirubin level in GDM group were 30.21 ± 

12.47 U/L, 190.55 ± 22.20 U/L and 0.67 ± 0.41 mg/dL respectively. In the healthy 
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pregnant women the mean ALT, ALP and serum bilirubin values were 29.64 ± 7.96 U/L, 

189.95 ± 21.28 U/L and 0.58 ± 0.17 mg/dL respectively. The data in Table-4.24 indicates 

that diabetes in pregnancy does not affect liver functions.  Pregnancy itself may decrease 

all markers of liver functions due to expansion of extra cellular fluid. Hence 

transaminases, serum bilirubin and serum albumin are low as compared with the non 

pregnant state. The only exception is ALP, which is increased due to ALP of placental 

origin. 

 

4.4.1 Alanine Amino Transferase Levels in GDM Women 

 The number of GDM and HPW who were having normal and high mean values of 

ALT are given in Table-4.25 and Figure-4.19. ALT is one of the most sensitive markers 

for liver cell and has an average value of 5-40 U/L. In the state of pregnancy its level is 

reduced to 30 U/L.  

 

Table-4.25:  GDM and HPW having Normal and High ALT Levels  

ALT (U/L) 

 

GDM HPW P-Value2

n1 % n1 % 

Normal  (≤ 40) 95 92.2 88 90.7  

0.80 High       (> 40) 08 7.8 09 9.3 

Total 103 100 97 100 

1. n stands for number of GDM and number of HPW. 
2. P value determined by Chi square test is given in column 6. 
 

The present study showed that in GDM group, the number of pregnant women in 

normal range of ALT were 92.2% while in HPW group it was 90.7%. The raised ALT 

values were noted in 7.8% gestational diabetic women and in 9.3% healthy pregnant 

women. No significant difference was present in ALT levels of both GDM and control 
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group. The mildly abnormal level of transaminases may be highly significant in the 

evaluation of preeclampsia and almost all liver diseases [280]. 

 

 
Figure-4.19:  GDM and HPW having normal and high ALT levels. 

ALT is the enzyme produced within the cells of the liver. ALT level is 

abnormally increased in conditions where cells of the liver are inflamed or gone cell 

death as in hepatitis. The highest elevation in ALT occurs during severe hepatitis; toxin 

induced hepatic necrosis and circulatory shocks. Though the enzyme level may reflect the 

extent of hepatocellular necrosis, but it may not correlate with eventual outcome. In fact 

declining of ALT has no direct relation with gestational diabetes but it may indicate 

either good prognosis or recovery of hepatic failure. 

 

4.4.2 Alkaline Phosphatase Levels in GDM Women 

GDM and HPW who were having normal and high mean ALP values are given in 

Table-4.26 and Figure-4.20. The data shows that 89.3% GDM and 95.9% HPW were in 
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the normal range of ALP. In GDM group, 10.7% pregnant women and in the control 

group (HPW) 4.1% pregnant subjects were having high values of ALP. 

 

Table-4.26:  GDM and HPW having Normal and High ALP Levels  

ALP (U/L) 

 

GDM HPW P-Value2

n1 % n1 % 

Normal (≤ 125-250) 92 89.3 93 95.9  

0.08 High       (> 250) 11 10.7 04 4.1 

Total 103 100 97 100 

1. n stands for number of GDM and number of  HPW. 
2. P value determined by Chi square test is given in column 6. 
 

The increase in ALP values is mainly due to extra hepatic and intra hepatic biliary 

obstruction. The overall difference in ALP levels was not significant between GDM and 

control groups. The normal values of ALP are 45-115U/L which rises steadily throughout 

pregnancy reaching to the peak value of 125-250U/L in the last trimester [281].  

ALP values also vary with age and are relatively higher in child hood and 

puberty, lower in middle age and higher in old age. The ALP level is directly associated 

with weight of the person and inversely with the height of the person. Highest levels of 

alkaline phosphatase occur in cholestatic disorders. Alkaline phosphatase levels are likely 

to be very high in alcoholic hepatitis and biliary cirrhosis [282]. 

 



 115

 
Figure-4.20:  GDM and HPW having normal and high ALP levels. 

 

4.4.3 Serum Bilirubin Levels in GDM Women 

The GDM and HPW who were having normal and high levels of serum bilirubin 

are given in Table-4.27 and Figure-4.21. The data indicated that the number of GDM and 

HPW who were having normal serum bilirubin values were not significantly different.  
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0.11 High      (> 1) 16 15.5 08 8.2 
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2. n stands for number of GDM and number of HPW. 
3. P value determined by Chi square test is given in column 6. 
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group 91.8% individuals were having normal range of serum bilirubin while 8.2% 

pregnant women were having high serum bilirubin concentration which may be due to 

hyperlipidemia, one of the major complications of gestational diabetes. The data showed 

that GDM is not affecting the serum bilrubin level. 

 

 
Figure-4.21: GDM and HPW having normal and high serum bilirubin levels. 

 
 

 Hyperbilirubinemia is the raised amount of bilirubin in blood and results from 

over production and impaired uptake of conjugated and unconjugated bilirubin from 

hepatocytes to bile duct. The normal value of serum bilirubin in pregnancy is 0.1-

1mg/dL. In few pregnant women serum bilirubin rises up to 6mg/dL due to intra hepatic 

cholestasis, however, gestational diabetes is having no direct correlation with bilirubin 

[283]. 
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4.5 Renal Function Tests  

 Many conditions can affect the ability of the kidneys to carry out their important 

functions. Some conditions can lead to rapid and some to gradual decline in the kidney 

functions. A number of clinical laboratory tests that measure the levels of substances 

normally regulated by the kidneys can help to determine the cause and extent of kidney 

functions. These tests are called renal function tests (RFTs). 

 

Table-4.28:  Renal Function Tests of GDM and HPW  

Renal Function 

Tests 

Groups Mean ± SD1 P- value2

Serum Urea  

(mg/dL) 

GDM 23.70 ± 8.54  

0.104 HPW 21.97 ± 6.16 

Serum Creatinine 

(mg/dL) 

GDM 0.82 ± 0.32  

0.02 HPW 0.74 ± 0.15 

1. Data are the means and standard deviations of 103 GDM and 97 HPW. 
2. P values determined by Chi square test are given in column 4. 
 
 Renal function tests (RFTs) during pregnancy can be adequately evaluated by the 

serum urea and serum creatinine. The mean serum urea and serum creatinine values of 

GDM and HPW are given in Table-4.28. The mean serum urea of GDM women was 

23.70 ± 8.54 mg/dL and of the HPW was 21.97 ± 6.16 mg/dL. Statistically these values 

were not different from each other. The mean serum creatinine in GDM women was 0.82 

± 0.32 mg/dL, which was significantly higher than 0.74 ± 0.15 mg/dL in healthy pregnant 

women. 
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4.5.1 Serum Urea Levels in GDM Women 

GDM and HPW who were having normal and high levels of serum urea are given 

in Table-4.29 and Figure-4.22. In GDM group, 89.3% women were having normal serum 

urea while 10.7% women were having high serum urea. Similarly, in HPW group, 91.8% 

pregnant women were having normal serum urea while 8.2% women were having high 

level of serum urea.  

 

Table-4.29: GDM and HPW Having Normal and High Serum Urea Levels 

Serum Urea 

 (mg/dL) 

 

GDM HPW P-Value2

n1 % n1 % 

Normal  (20-40) 92 89.3 89 91.8  

0.55 High       (> 40) 11 10.7 08 8.2 

Total 103 100 97 100 

1.  n stands for number of GDM and number of HPW. 
2. P value determined by Chi square test is given in column 6. 
 

The normal value of serum urea is 20-40 mg/dL, however, in pregnancy its level 

is reduced to 10-25 mg/dL. In the present study, serum urea was not significantly 

different between GDM and healthy pregnant women. The higher urea level in some 

GDM individuals and normal pregnant women may be due to dehydration. Serum urea is 

poor guide to renal functions as it varies with liver metabolic capacity, protein intake and 

renal perfusion.   
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Figure-4.22: GDM and HPW having normal and high serum urea levels. 

 

4.5.2 Serum Creatinine Levels in GDM Women 

The number of GDM and HPW with normal and high levels of serum creatinine is 

given in Table-4.30 and Figure-4.23. In GDM group, 88.3% women were in the normal 

range of serum creatinine and 11.7% women were in the high range of serum creatinine. 

In HPW group there were 92.8% pregnant women were having normal serum creatinine 

and 7.2% women were having high level of serum creatinine. Thus serum creatinine of 

GDM women is not significantly different from control group. Serum creatinine is more 

reliable guide to predict renal functions as it is produced at constant rate and completely 

filtered at the glomerulus. 

The serum creatinine test measures blood levels of creatinine, a by-product of 

muscle energy metabolism that is similar to urea. Creatinine is filtered from the blood by 

the kidneys and excreted into urine. Production of creatinine depends upon muscle’s 

mass of an individual. 
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Table-4.30:   GDM and HPW having Normal and High Serum Creatinine Levels 

Serum Creatinine 

(mg/dL) 

GDM HPW P-Value2

n1 % n1 % 

Normal  (≤ 0.8) 91 88.3 90 92.8  

0.28 High       (> 0.8) 12 11.7 07 7.2 

Total 103 100 97 100 

2. n stands for number of GDM and number of HPW. 
3. P value determined by Chi square test is given in column 6. 
 
 With normal kidney functions, creatinine level in the blood remains relatively 

constant and normal. For this reason, and because creatinine is affected, to very little 

extent by the liver functions, an elevated blood creatinine level is more sensitive test of 

impaired kidney function than the urea. 

 
 

 
Figure-4.23: GDM and HPW having normal and high serum creatinine levels. 
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4.6 Insulin and Placental Hormones 

 Human pregnancy is characterized by a series of metabolic changes that promote 

adipose tissue accumulation in early pregnancy, followed by facilitated lypolysis and 

insulin resistance in late pregnancy. In first four months of pregnancy, insulin secretion 

increases, while insulin sensitivity may increase, decrease or remain unchanged [284].  

 The mean insulin concentration of GDM and HPW is given in Table-4.31. The 

mean concentration of insulin in GDM women was 33.68 ± 3.69 µIU/mL and the mean 

concentration of insulin in HPW was 29.80 ± 2.80 µIU/ml. The data indicated that serum 

insulin level in GDM group was significantly lower than the serum insulin level in HPW 

at P<0.05. In gestational diabetes, insulin is either not functioning properly or its 

secretion is not sufficient to cope with the increased requirement of insulin in gestational 

diabetes as compared to healthy pregnant women. 

 

Table-4.31: Insulin Values of GDM and HPW  

Hormone  Groups Mean ± SD1 P- value2

Insulin (µIU/mL) GDM 33.68 ± 3.69  

0.001 HPW 29.80 ± 2.80 

1. Data are the means and standard deviations of 103 GDM and 97 HPW. 
2. P value determined by Chi square test is given in column 4. 

 Many previous studies have shown that pregnancy results in state of insulin 

resistance and ladies with gestational-onset diabetes appear to have greater degree of 

insulin resistance [285]. 
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4.6.1 Serum Insulin Levels in GDM Women  

Gestational diabetic women and HPW, with normal and high levels of serum 

insulin are given in Table-4.32 and Figure-4.24.  

 

Table-4.32:  GDM and HPW having Normal and High Insulin Levels  

Serum Insulin 

 

GDM HPW P-Value2

n1 % n1 % 

Normal  (≤ 30) 62 60.2 77 79.4  

0.003 High       (>30) 

(Hyperinsulinemia) 

41 39.8 20 20.6 

Total 103 100 97 100 

1. n stands for number of GDM and number of HPW. 
2. P value determined by Chi square test is given in column 6. 

In the GDM group, 39.8% women were having high insulin values while 60.2% 

women were having normal values of insulin. Similarly in HPW group, 20.6% women 

were having high insulin levels while 79.4% women were having normal insulin 

concentration. The number of GDM women with normal insulin levels was significantly 

higher than the number of HPW having normal insulin levels. On the other hand, the 

number of GDM women having high serum insulin levels were significantly lower at 

P<0.05 than the number of HPW, who were having high levels of serum insulin. The 

insulin resistance in both GDM and control groups appears due to the combination of 

increased maternal adiposity and placental secretion of hormones. To overcome this 

insulin resistance, most pregnant women increase their insulin secretion. However, when 

the capacity of insulin secretion is not sufficiently large to meet the resistance, glucose 

intolerance occurs and the pregnant women develop gestational diabetes. 
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Figure-4.24: GDM and HPW having normal and high insulin levels. 

 During pregnancy, placenta secretes various hormones, amongst which prolactin 

and cortisol play a major role in normal pregnancy and fetus development. These two 

hormones were studied in GDM and HPW to investigate if there was any change in their 

concentration. 

 The mean prolactin and mean cortisol values pf GDM and HPW are given in 

Table-4.33. The mean serum prolactin of GDM women was 135.47 ± 9.83 ng/mL and of 

the HPW was 131.80 ± 8.54 ng/mL. The normal serum prolactin concentration in non 

pregnant women is 8 ng/mL, but during pregnancy, it rises many folds [286]. The mean 

concentration of serum prolactin in GDM women was significantly increased which 

results in insulin resistance. The mean serum cortisol of GDM women was 734.9 ± 51.8 

ng/mL and of the HPW was 719.5 ± 54.7 ng/mL. Though the cortisol level of GDM 

women was significantly higher (P<0.05) than the cortisol level of healthy pregnant 

women, however it was in the normal range. 
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Table-4.33: Concentration of Placental Hormones in GDM and HPW  

Placental Hormones Groups Mean ± SD1 P- value2

Prolactin (ng/mL) GDM 135.47 ± 9.83  

0.005 HPW 131.80 ± 8.54 

Cortisol  (ng/mL) GDM 734.9 ± 51.1  

0.04 HPW 719.2 ± 54.7 

1. Data are the means and standard deviations of 103 GDM and 97 HPW. 
2. P values determined by Chi square test are given in column 4. 

 

The importance of GDM as a clinical entity has been demonstrated by Australian 

randomized trial in which the treatment and identification of GDM significantly reduced 

the rate of macrosomia and adverse perinatal outcomes. Our data demonstrated that 

gestational diabetes was associated with hyperinsulinemia and hence results in abnormal 

intrauterine environment which has many short term consequences for the neonates. The 

elevated secretion of insulin may not be able to resist the insulin resistance produced by 

placental hormones. Crowther et al. [287] reported that 9% of GDM women and 58% of 

women having type 2 diabetes required 200 units of insulin and hence they used as 

insulin pump. This is a warning for those physicians who are not used to such populations 

and who may be inclined to dismiss the importance of GDM. 

 

4.6.2 Serum Prolactin Levels in GDM Women 

GDM and HPW with normal and high levels of serum prolactin are given in 

Table-4.34 and Figure-4.25. 
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Table-4.34: GDM and HPW having Normal and High Prolactin Levels  

Serum Prolactin 

(ng/mL) 

GDM HPW P-Value2

n1 % n1 % 

Normal (120-150) 78 75.7 89 91.7  

0.002 High      ( >150) 25 24.4 08 8.3 

Total 103 100 97 100 

1. n stands for number of GDM and number of HPW. 
2. P value determined by Chi square test is given in column 6. 

 There were 75.7% GDM and 91.7% HPW in the normal range of serum prolactin. 

In the normal range of prolactin no significant difference was observed between GDM 

and HPW. There were 24.4% GDM and 8.3% HPW in the high range of serum prolactin. 

The high values of serum prolactin in GDM women may add to insulin resistance [288]. 

 

 

 
Figure-4.25: GDM and HPW having normal and high prolactin levels. 
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4.6.3 Serum Cortisol Levels in GDM Women 

Serum cortisol plays vital in providing appropriate intrauterine environment to the 

fetus. However, its abnormally increased secretion causes insulin resistance which may 

result in gestational diabetes.  

 

Table-4.35:  GDM and HPW having Normal and High Serum Cortisol Levels 

Serum Cortisol 

(ng/mL) 

GDM HPW P-Value2

n1 % n1 % 

≤ 750 (Normal) 35 34.0 47 48.5  

0.03 > 750 (High) 68 66.0 50 51.5 

Total 103 100 97 100 

1. n stands for number of GDM and number of HPW. 
2. P value determined by Chi square test is given in column 6. 

 Individuals having normal and high levels of serum cortisol are given in Table-

4.35 and Figure-4.26. Serum cortisol levels were significantly different at P<0.05 

between the GDM and healthy pregnant women. In GDM group, 34.0% women were 

having normal cortisol values while 66% were having elevated cortisol values. In control 

group, 48.5% healthy pregnant women were having normal serum cortisol values while 

51.5% were having high cortisol values. Statistically, cortisol concentration of GDM and 

HPW were significantly different. Overall gestational diabetes was slightly affecting 

serum cortisol levels as earlier reported by Grogorakis et al [289]. 
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Figure-4.26: GDM and HPW having normal and high serum cortisol levels. 

 

4.7 Thyroid Hormones 

 Thyroid hormones are triiodothyronine (T3) and thyroxin (T4). These hormones 

are secreted from thyroid gland and its secretion is under the influence of thyroid 

stimulating hormone (TSH) which is secreted from the anterior pituitary gland in 1-2 

hourly cycles. TSH increases both release and synthesis of T3 and T4. Thyroid disease 

occurs in more than 1% of general population and is the most common persisting 

endocrine disorder in pregnant women. T3 and T4 are mostly bound to thyroid-binding-

globulin (TBG). In pregnancy the increased TBG level increases T3 and T4 secretion 

which in turn suppress TSH level [290].  

 The mean concentration of T3 and T4 are given in Table-4.36. The mean 

concentration of T3 in GDM and HPW were 2.51 ± 0.62 nmol/L and 2.62 ± 0.57 nmol/L 

respectively. The mean concentration of T4 in GDM ands HPW were 103.86 ± 14.74 

nmol/L and 105.38 ± 13.93 nmol/L Both T3 and T4 in GDM and HPW were not 
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significantly different at P<0.05, indicating that concentration of T3 and T4 was not 

changed in GDM. 

 

Table-4.36: Concentration of Thyroid Hormones in GDM and HPW  

Thyroid Hormones 

(nmol/L)  

Groups Mean ± SD1 P- value2

T3  GDM 2.51 ± 0.62  

0.15 HPW 2.62 ± 0.57 

T4  GDM 103.86 ± 14.74  

0.45 HPW 105.38 ± 13.93 

1. Data are the means and standard deviations of 103 GDM and 97 HPW. 
2. P values determined by Chi square test are given in column 4. 

 

4.7.1 Triiodothyronine Levels in GDM Women 

GDM and HPW who were having different levels of T3 are given in Table-4.37 

and Figure-4.27.  

Table-4.37: GDM and HPW having Different Triiodothyronine Levels  

T3 (nmol/L) GDM HPW P-Value2

n1 % n1 % 

Low     (< 1.2)  04 3.9 00 00  

 

0.14 

Normal(1.2-2.8)  96 93.2 93 95.9 

High    (> 2.8)  03 2.91 04 4.1 

Total 103 100 97 100 

1. n stands for number of GDM and number of HPW. 
2. P value determined by Chi square test is given in column 6. 

In GDM group, 3.9% women were in the lower range of T3, 93.2% were in the 

normal and 2.9% were in the higher range of T3. Similarly, in HPW group, no women 

were having low level of T3 while 95.9% were having normal and 4.1% were having 
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high level of T3. All the low normal and high concentration of T3 in GDM group was not 

statistically different from the concentration of T3 in HPW. T3 concentration was not 

affected by gestational diabetes.  

 
 
 

 
Figure-4.27:  GDM and HPW having different triiodothyronine levels. 

During pregnancy treatment of thyroid disease in-time is of utmost importance to 

prevent adverse maternal and fetal outcomes. Thyroid disorders are very often subclinical 

in nature and can not be easily recognized without specific screening tests.  Mild 

deficiency of maternal thyroid hormone may lead to neurodevelopment complications in 

the fetus. The main diagnostic indicator of thyroid disease is the measurement of serum 

thyroid-stimulating hormone and free thyroxine levels. Availability of gestation-age-

specific thyroid-stimulating hormone thresholds is an important aid in the accurate 

diagnosis and treatment of thyroid dysfunction. Pregnancy- specific free thyroxine 

thresholds not presently available are also required. Large-scale intervention trials are 

urgently needed to assess the efficacy of preconception or early pregnancy screening for 
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thyroid disorders. Accurate interpretation of both antepartum and postpartum levels of 

thyroid hormones is important in preventing pregnancy-related complication secondary to 

thyroid dysfunction. [291-292] 

 

4.7.2 Thyroxine Levels in GDM Women 

GDM and HPW having different levels of thyroxin (T4) are given in Table-4.38 

and Figure-4.28. In the low level of T4, 3.9 % GDM women were reported. No healthy 

pregnant women were having low level of T4 

 

Table-4.38:  GDM and HPW having Different Thyroxin Levels  

T4 (nmol/L) GDM HPW P-Value2

n1 % n1 % 

Low      (< 60)  04 3.9 00 00  

 

0.146 

Normal (60-120) 95 92.2 93 95.9 

High     (> 120)  04 3.9 04 4.1 

Total 103 100 97 100 

1. n stands for number of GDM and number of HPW. 
2. P value determined by Chi square test is given in column 6. 
 
 In the normal range of T4, there were 92.2% GDM women and 95.9% HPW. 

Only 3.9% GDM women and 4.1% HPW were in the high level of T4. There was no 

significant difference between GDM and HPW in all levels of T4. Also T4 and T3 

concentration was similar in both GDM and HPW. 
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Figure-4.28:  GDM and HPW having different thyroxin levels. 

 
 Thyroid stimulating Hormone (TSH) is secreted from anterior pituitary gland and 

regulates the secretion of T3 and T4 hormones. The mean concentration of TSH of GDM 

and HPW is given in Table-4.39. The mean concentration of TSH in GDM group was 

1.72 ± 0.95 mIU/L and the mean concentration of TSH in HPW group was 1.87 ± 0.83 

mIU/L. There was no significant difference in the TSH concentration of GDM and HPW.  

 

Table-4.39: Concentration of TSH in GDM and HPW 

Hormone  Groups Mean ± SD1 P- value2

TSH (mIU/L) GDM 1.72 ± 0.95  

0.084 HPW 1.87 ± 0.83 

1. Data are the means and standard deviations of 103 GDM and 97 HPW. 
2. P values determined by Chi square test are given in column 4. 
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4.7.3 Thyroid Stimulating Hormone Levels in GDM Women 
 

GDM and HPW with different levels of TSH are given in Table-4.40 and Figure-

4.29.  

 

Table-4.40: GDM and HPW having Different TSH Levels  

TSH 

(mlU/L) 

GDM HPW P-Value2

n1 % n1 % 

Low      (< 0.17)  04 3.9 04 4.1  

 

0.559 

Normal (0.17-4.05)  98 95.14 90 92.8 

High     (>4.05) 01 0.97 03 3.1 

Total 103 100 97 100 

1. n stands for number of GDM and number of HPW. 
2. P value determined by Chi square test is given in column 6.  
 
 There were 04 (3.9 %) GDM women and 04 (4.1%) HPW in the low levels of 

TSH. In the normal range of TSH, there were 95.1% GDM and 92.8% HPW. Only 0.97% 

GDM and 3.1% HPW were in the high range of TSH. There was no statistical difference 

in the TSH level of the two groups. Thus TSH concentration was not changed due to 

gestational diabetes. Our result does not confirm the findings of Prilozi [293], who had 

reported the increased prevalence of hypothyroxinemia in GDM pregnancies. However, 

both GDM and healthy pregnant women should undergo routine screening for thyroid 

abnormalities to prevent its maternal and neonatal complications. 
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Figure-4.29: GDM and HPW having different TSH levels. 

 
 

4.8      Mode of Deliveries 

 GDM and HPW having different mode of deliveries are given in Table-4.41 and 

Figure-4.30. There were 41.7% GDM women and 62.9% HPW who gave birth by normal 

viginal deliveries (NVD) and 23.3% GDM women and 12.4% HPW by caesarian section 

deliveries (C/Section). 

 
Table-4.41: GDM and HPW having Different Modes of Deliveries 

Mode of Delivery GDM HPW P-Value2

n1 % n1 % 

NVD 43 41.7 61 62.9  

 

0.009 

C/Section 24 23.3 12 12.4 

Instrumental 36 35.0 35 24.7 

Total 103 100 97 100 

1. n stands for number of GDM and number of HPW. 
2. P value determined by Chi square test is given in column 6. 
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 35% GDM and 24.7% HPW were having instrumental deliveries. NVD rate was 

significantly more in HPW as compared to GDM indicating that gestational diabetes was 

creating problems in normal deliveries. Deliveries by C/Section and instruments method 

were significantly higher in GDM than HPW. The data indicates that gestational diabetic 

women experienced greater delivery complications. 

 

 
Figure-4.30: GDM and HPW having different mode of deliveries. 

 Cesarean delivery has been successfully employed as an intervention used to 

reduce complications associated with gestational diabetes, particularly shoulder dystocia. 

However, as a major surgery in pregnancy, it poses many risks to both the fetus and the 

mother. Thus, the elevated rate of cesarean sections among GDM women can be 

interpreted as both an unfortunate side effect of diagnosis, as well as an appropriate 

response to the other morbid conditions associated with GDM, particularly elevated fetal 

growth weight and shoulder dystocia. Our findings were in accordance with the findings 

of Senanayake and Gunawardene [294] who reported that elective cesarean section rates 

Mode of Delivery

InstrumentalC/SectionNVD

 

70

60

50

40

30

20

10

0

Group 

GDM

HPW



 135

were much higher than emergencies in less developed countries of South [295]. In our 

environment women usually register late for antenatal check-up and hence the 

acceptability of operative deliveries is very low. 

 

4.9 Still Births and Alive Births 

 GDM and HPW who gave births to still and alive babies are given in Table-4.42 

and Figure-4.31. In GDM group, 9 (8.7%) women gave birth to still babies and 94 

(92.3%) women gave birth to alive babies. However, in HPW group, none of the pregnant 

women gave birth to still babies. All the babies of HPW were alive at the time of birth. 

The still birth rate was significantly high at P< 0.05 in GDM women as compared to 

healthy pregnant women while alive birth rate was significantly high at P< 0.05 in HPW 

as compared to GDM women. The data demonstrates that GDM increases the incidence 

of still births. 

 

Table-4.42: GDM and HPW giving Birth to Still and Alive Babies  

Type of Birth GDM HPW P-Value2

n1 % n1 % 

Still 09 8.7 0 0  

0.003 Alive 94 92.3 97 100 

Total 103 100 97 100 

1. n stands for number of GDM and number of HPW. 
2. P value determined by Chi square test is given in column 6. 

Despite of good glycemic control in pregnancy, there is a persisting increased risk 

of still birth in pregnancy complicated by diabetes. This increased risk of still birth has 

led to a generally accepted policy of induction of labor at around 38 weeks of gestation to 
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avoid risk of still births, which has invariably contributed to the higher C/section rate 

experienced by women with diabetes.  Our findings are in accordance with O’Sullivan  et 

al. [296] who reported that untreated GDM women can experience an increased risk of 

stillbirth by approximately four-fold.  

 

 
Figure-4.31:  GDM and HPW giving birth to still and alive babies. 

 

In more industrialized nations, stillbirth is an uncommon outcome, even among 

women with glucose intolerance and gestational diabetes. But in our set up the increase 

rate of still birth in GDM patients is mainly due to irregular antennal check up and poor 

glycemic control. The causes of still birth may be multi factorial. Fetal hypoxia, acidosis 

and hypokalemia may result in fetal cardiac dysrhythmias as well as placental 

dysfunction. The increased risk of still birth was shown to be correlated with poor 

glycemic control during late pregnancy [297]. 
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4.10 Macrosomic Babies and Gestational Diabetes  

GDM and HPW who gave birth to macrosomic babies are given in Table-4.43 and 

Figure-4.32. There were 71.8% GDM women and 89.7% HPW who gave birth to babies 

of normal weight while 28.2% GDM women and 10.3% HPW gave birth to babies of 

increased weight. In the birth of normal weight babies, there was no significant difference 

between GDM and HPW. However, birth of increased weight babies were significantly 

(P<0.05) more in GDM as compared to HPW. The data demonstrates that gestational 

diabetes increases the chances of big babies, medically termed as macrosomia. This is 

because high sugar level of GDM supplies the child with more sugar and thus the baby 

gains more weight.   

 

Table-4.43: GDM and HPW giving Birth to Babies of Different Weights  

Birth Weight GDM HPW P-Value2 

n1 % n1 % 

Normal (< 4Kg )  74 71.8 87 89.7  

0.001 High     (≥ 4Kg ) 29 28.2 10 10.3 

Total 103 100 97 100 

1. n stands for number of GDM and number of HPW. 
2. P value determined by Chi square test is given in column 6. 
 

Large for gestational age (LGA) is defined as birth weight of more than 90th 

percentile and macrosomia is absolute birth weight of more than 4 kg. A macrosomic 

fetus is however, variously defined as birth weight greater than either 4kg or 4.5kg 

regardless of gestational age. This is recognized clinically by a disproportionate increase 

in abdominal circumference on ultrasound. Excessive fetal growth is associated with 

increased infant and maternal morbidity. The increased proportion of macrosomic infants 
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and morbidity is in accordance with findings already established in a group of women 

with borderline glucose tolerance [298]. Fetal macrosomia is associated with delivery 

problems, such as shoulder dystocia and increased risk of cesarean section. An increased 

proportion of LGA and macrosomia is a major outcome in GDM, even when treated, and 

is often used as a reason to detect and manage GDM women [299].  

 

 
Figure-4.32: GDM and HPW giving birth to babies of different weights. 

 
 Fetal macrosomia was considered to be driven by maternal glucose control in the 

last trimester with the 1-hour postprandial glucose level strongly associated with fetal 

birth weight. There is now confirmation to suggest that diabetic control in the first and 

early second trimester is also important in the development of macrosomic infants. 

Increased maternal blood glucose levels in early pregnancy may result in hyperplasia of 

fetal adipose cells that contribute to fetal macrosomia [300]. 
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4.11 Coefficient of Correlation 
 
 Coefficient of correlation ‘r’ was determined between different biochemical 

indices in GDM women by using Pearson Product Moment correlation on SPSS-10 

software computer package. Table-4.44 defines correlation between different biochemical 

tests in GDM women. The magnitude of alteration of one value by changes in the other is 

determined by the value of ‘r’. P value of r < 0.05 indicates that correlation shown is 

significant. Age, BMI, fasting blood sugar, random blood sugar, total cholesterol, 

triglycerides, and HDL-cholesterol were having significant correlation with insulin 

concentration in GDM women. Prolactin has mild but significant correlation (P<0.05) 

with insulin while cortisol, triiodothyronine, thyroxine and thyroid stimulating hormones 

were non significantly correlated with insulin in GDM women. Hemoglobin and platelet 

count were inversely but non significantly correlated with insulin in GDM women. 
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Table-4.44: Correlation between Insulin Concentration and Different Biochemical  
  Indexes in GDM Women 
 
Variables on X-axis Variables on Y-axis Correlation ‘r’ P -value 

Insulin  Age 0.389 0.001 

Insulin BMI 0.512 0.001 

Insulin Systolic BP 0.137 0.169 

Insulin Diastolic BP 0.760 0.448 

Insulin Fasting blood sugar 0.429 0.001 

Insulin Random blood sugar 0.417 0.001 

Insulin Platelet Count -0.159 0.108 

Insulin Hemoglobin -0.079 0.427 

Insulin Cholesterol 0.391 0.001 

Insulin Triglycerides 0.544 0.001 

Insulin HDL-Cholesterol -0.386 0.001 

Insulin LDL-Cholesterol -0.011 0.911 

Insulin ALT -0.081 0.417 

Insulin ALP 0.05 0.615 

Insulin Serum Bilirubin 0.006 0.954 

Insulin Serum Urea 0.004 0.972 

Insulin Serum Creatinine 0.002 0.983 

Insulin Serum Prolactin 0.201 0.042 

Insulin Serum Cortisol 0.084 0.398 

Insulin Triiodothyronine 0.109 0.273 

Insulin Thyroxine 0.032 0.747 

Insulin TSH 0.106 0.286 
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 4.12 Conclusion 

This study revealed that among sociodemographic characters age, BMI, systolic 

and diastolic BP was significantly higher in GDM women as compared to HPW. The 

mean fasting blood sugar (FBS), random blood sugar (RBS) and HbA1c of GDM 

women and HPW were significantly higher than the HPW (P>0.001). Total cholesterol 

(TC) and triglycerides (TG) of GDM group were significantly higher than the control 

group (P=0.001). Liver and renal function tests of GDM women were not significantly 

different from HPW while the mean insulin level of GDM women was 33.68 ± 3.69 

µIU/mL, which was significantly higher (P=0.001) than the mean insulin level of HPW. 

Among placental hormones the mean serum prolactin and serum cortisol of GDM 

women were significantly higher at P< 0.05, when compared to HPW. No significant 

differences were observed in the concentration of thyroid hormones. GDM women were 

more exposed to cesarean sections (P=0.009) as compared to HPW. The still birth rate 

and number of macrosomic babies were significantly more at P=0.003 and P=0.001 in 

GDM group as compared to HPW.  

 

4.13 Suggestions and Recommendations 

Gestational diabetes (GDM) is a condition of pregnant women where glucose 

intolerance is found. GDM usually develops during pregnancy and ends after pregnancy. 

Thus GDM is one of the most attention seeking public health problem during pregnancy. 

Along with its numerous maternal complications it is adversely affecting the health of the 

infants, thus GDM should be properly controlled to save the lives of newborns and 

suffering GDM mothers. 
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Pregnant women with central obesity, advanced maternal age, positive family 

history of diabetes and previous history of GDM are at the high risk of GDM. American 

Diabetes Association recommends the control of obesity for the decrease incidence of 

GDM. However, early detection and diagnosis of GDM will markedly reduce its maternal 

and neonatal complications. Maternal complications of GDM includes pregnancy induced 

hypertension, pre-eclampsia, hyperglycemia, hyperinsulinemia, hyperprolactinemia, 

nephropathy, increased still birth rates, cesarean deliveries, instrumental deleviers and 

preterm labour. Neonatal complication includes macrosomia, birth trauma, jaundice, 

hyperbilirubinemia and congenital anomalies.  

To prevent all the above mentioned maternal and neonatal complications, 

pregnant women have to be diagnosed for GDM early in pregnancy. In this way, due to 

proper monitoring, the pregnant women will have more chances to have an 

uncomplicated delivery as compared to the undiagnosed GDM women. For the early 

detection of GDM, an oral glucose tolerance test is performed at 24 to 28 weeks of 

gestation. In this test, 75g glucose is orally given to the pregnant women and the blood 

glucose levels are recorded at 1 hour and 2 hour. GDM is diagnosed in pregnancy by 

fasting glucose level of ≥ 7.0 mmol/L, 2 hour glucose level ≥ 11.1 mmol/L. Once the 

woman has been diagnosed it is important to maintain the blood glucose in normal range 

(fasting blood glucose ≤105mg/dL and random blood glucose ≤140mg/dL) to prevent its 

maternal and neonatal complications. The blood glucose level can be controlled by doing 

vigorous exercise for 45 minutes thrice a week, and by taking food of low glycemic 

index, excluding beverages and pepsi colas as they contain high calories of sugar. Herbal 

medicines like cinnamon, curcumin, green tea and cloves are gaining importance in the 
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control of diabetes. If pregnant women fails to maintain blood glucose in normal range by 

exercise, weight reduction and using herbal medicines, then they are advised to take 

medical treatment, metforimin 850 mg twice a day or insulin injection (dose depends 

upon the blood glucose concentration). Early detection, proper control and better 

management options for GDM will be helpful in the prevention of cardiovascular 

diseases and reduces the chances of GDM women to develop type 2 diabetes in future.  
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APPENDICES 

 

Annexure I 

Case NO:       Date: _____/_____/_____ 

  

Registered Un-registered  OPD                

1. Name: ________________________  

2. Age:                               a. 20-30 yrs    b.  30-40yrs        c.  40-50yrs 

3. Education:                 a. Illiterate    b. Educated     c. Highly Educated 

4. Occupation:               a. House Wife    b. Govt.Job     c. Earning at home                 

5. Husband’s Name: _____________________________ 

6. Husband Education:       a. Illiterate    b. Educated      c. Highly Educated 

7. Husband Occupation:     a. Jobless          b. Govt.Job      c. Private Job 

8. Monthly Income Rs:    a.10, 000- 15,000    b.   15,000-2500      c. 30,000-50,000        

9. Address:___________________________________________________________                                   

 

Maternal History:  

10. Age at marriage: ___________yrs    

11. No of pregnancies: ____________ 

12. No of alive births: _________   

13. No of still birth: ______________ 

14. No of Abortions: _________   

15. No of C- sections: ____________ 

16. No of  macrosomic babies: ________   

17. No of alive children: ____________  

18. Prior Gestational Diabetes  Yes  No DK 

19. Any complications in the last pregnancy: Yes No  DK 

 

Present History  

20. EDD: ____________ 
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21. Gestation week:                  a. < 28 wks   b.  ≥ 28wks 

22. Body Mass Index              a.  <25kg/m2           b.   ≥ 25kg/m2 

23. Blood Pressure                  a.  < 140/90             b.  ≥ 140/90 

24. Previous history of Gestational Diabetes Yes  No DK 

25. Family history of Diabetes     Yes              No DK 

26. History of Hypertension             Yes   No DK 

27. History of renal disease              Yes   No DK 

28. History of liver disease              Yes   No DK 
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Annexure II 

Consent Form 

 

Affidavite 

 

Biochemical Changes in Gestational Diabetes in Comparison to Healthy 

Pregnant Women 

 

The protocol and purpose of the study were explained to me. I fully understand the aims 

and objectives of the study. 

I, Ms. _____________________ w/o _________________________ 

Address _________________________________________ 

Contact No. ________________ 

Here by volunteer myself for the above stated study. I will abide by the instructions given 

by the researcher. 

 

                  Researcher Signature 

       Advisor Signature 

       Dated; ____________ 
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Annexure III 
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Figure-4.33: Correlation between insulin and age of GDM women. 
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Figure-4.34: Correlation between insulin and BMI of GDM women. 
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Figure-4.35: Correlation between insulin and systolic BP of GDM women. 
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Figure-4.36: Correlation between insulin and diastolic BP of GDM women. 
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Figure-4.37: Correlation between insulin and FBS of GDM women. 
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Figure-4.38: Correlation between insulin and RBS of GDM women. 
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Figure-4.39: Correlation between insulin and hemoglobin of GDM women. 

 
 
 
 
 

Insulin (micro IU/ mL)

40353025

P
la

te
le

t c
o

u
n

t (
 th

o
u

s
a

n
d

/ m
ic

ro
 L

)

300

250

200

150

100

 
Figure-4.40: Correlation between insulin and platelet count of GDM women. 
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Figure-4.41: Correlation between insulin and cholesterol of GDM women. 
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Figure-4.42: Correlation between insulin and triglycerides of GDM women. 
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Figure-4.43: Correlation between insulin and HDL-cholesterol of GDM women. 
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Figure-4.44: Correlation between insulin and LDL-cholesterol of GDM women. 
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Figure-4.45: Correlation between insulin and ALT of GDM women. 
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Figure-4.46: Correlation between insulin and ALP of GDM women. 
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Figure-4.47: Correlation between insulin and bilirubin of GDM women. 
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Figure-4.48: Correlation between insulin and serum urea of GDM women. 
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Figure-4.49: Correlation between insulin and serum creatinine of GDM women. 
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Figure-4.50: Correlation between insulin and serum prolactin of GDM women. 
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Figure-4.51: Correlation between insulin and serum cortisol of GDM women. 
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Figure-4.52: Correlation between insulin and T3 of GDM women. 
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Figure-4.53: Correlation between insulin and T4 of GDM women. 
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Figure- 4.54: Correlation between Insulin and TSH of GDM women. 
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