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Abstract 

Background: Gestational diabetes mellitus (GDM) is described as glucose intolerance 

of variable intensities that begins or is first diagnosed during pregnancy. Vitamin D is 

a fat-soluble vitamin that plays an essential role in calcium homeostasis and the 

maintenance of normal function  in multiple tissues. In Gaza strip vitamin D 

deficiency remains a common problem among pregnant women. During pregnancy 

low concentration of serum vitamin D is a dangerous sign and can lead to several 

complications. Knowledge of the relationship between vitamin D and GDM could lead 

to new indicators for earlier treatment of cases with GDM, appropriate management to 

minimize prenatal deaths and to improve the quality of life among both mother and 

child. 

Objective: To assess vitamin D status among GDM pregnant women and its 

relationship with some biochemical variables in Gaza strip. 

Materials and methods: this case control study comprised 45 GDM pregnant women 

and 45 apparently healthy pregnant women. Questionnaire interviews were applied 

among the study population. Serum vitamin D and insulin levels were measured by 

ELISA, fasting blood glucose (FBG), glycated hemoglobin (HbA1c), triglycerides, 

cholesterol, high density lipoprotein (HDL), phosphorus and calcium were determined 

chemically. Blood pressure was also measured. Body mass index (BMI) and low 

density lipoprotein (LDL) were calculated. An approval was acquired from local 

ethical committee to perform this study. All data were analyzed by a computer using 

SPSS program.  

Results: the average of vitamin D in GDM cases (29.6±10.6 ng/ml) was lower than 

that in controls (34.5±10.6 ng/ml), the difference was statistically significance (P = 

0.031). There was an increase in the average of FBG, oral glucose tolerance test 

(OGTT), HbA1c and insulin levels in GDM cases (105.8±15.8 mg/dl), (187±25.5 

mg/dl), (7.1±0.4%), (20.4±8.4 µIU/ml), versus controls (66.5±8.1 mg/dl), (85.8±8 

mg/dl), (4.4±0.4%), (6.2±1.7 µIU/ml) respectively with (P < 0.001). Pearson 

correlation test showed a significant negative correlation between vitamin D and the 

parameters: weight (r = - 0.251, P = 0.017), BMI (r = -0.223,P=0.035), glucose (r = -

0.235, P = 0.026), OGTT (r = -0.249, P = 0.018) , HbA1c(r = - 0.232, P = 0.028), 

Homeostatic Model Assessment for Insulin Resistance (HOMA-IR) (r = -0.215, P = 

0.042) and phosphorus (r = -0.401, P < 0.001). On the other hand, Pearson correlation 

test showed a significant positive correlation between vitamin D and calcium (P < 

0.001). 

Conclusions: Vitamin D was lower in GDM women compared to controls in Gaza 

Strip. Low vitamin D status may be associated with insulin resistance and act as a risk 

factor for GDM. 

Keywords: Vitamin D, GDM, OGTT, HbA1c, Insulin resistance, Gaza strip. 
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 مل ص الدراست

 

ٍرغٞشج ٗاىزٛ أٗه ٍا  تْسةاىدي٘م٘ص  ٍغ اىقذسج ػيٜ اىرؼاٍوسنشٛ اىحَو تأّٔ ػذً ٝ٘طف : المقدمت

ٗٝيؼة دٗس أساسٜ فٜ ذْظٌٞ  اىذُٕ٘ ٕ٘ فٞراٍِٞ ىٔ اىقذسج ػيٜ اىزٗتاُ فٜفٞراٍِٞ د  خاله اىحَو. ٝشخض

. فٜ قطاع غضج ّقض فٞراٍِٞ د ٝثقٚ ٍشنيح شائؼح تِٞ تشنو ؽثٞؼٜ ىؼذٝذ ٍِ األّسدحا ٗفٜ ػَواىناىسًٞ٘ 

اىٜ ٕٜ ػالٍاخ خطش َٗٝنِ أُ ذؤدٛ اىقيٞيح ىفٞراٍِٞ د اىْساء اىح٘اٍو ٗخاله فرشج اىحَو اىرشامٞض 

 . ٍؼشفح اىؼالقح تِٞ فٞراٍِٞ د ٗسنشٛ اىحَو ٍَنِ أُ ٝؤدٛ ىَؤششاخ خذٝذج ىيؼالجػذٝذج ٍؼاػفاخ

سنشٛ اىحَو ذؤدٛ  ىيرقيٞو ٍِ اىَ٘خ قثو ىَشػٚ  اىدٞذجاالداسج  َو.اىَسثق ىيحاالخ اىرٜ ىذٖٝا سنشٛ ح

 األً ٗاىطفو.  ىنو ٍِاى٘الدج ٗىرحسِٞ خ٘دج اىحٞاج 

ىرقٌٞٞ ٗػغ فٞراٍِٞ د تِٞ اىْساء اىَظاتاخ تسنشٛ اىحَو ٗػالقرٔ تثؼغ اىَرغٞشاخ اىنَٞٞائٞح فٜ : الهدف

 قطاع غضج.

 45 شَيداىَدَ٘ػح اىَشػٞح  .ٍدَ٘ػح ػاتطح( –ٍْٖح اىذساسح )ٍدَ٘ػح ٍشػٞح الطرق واألدواث: 

 اىظحٞحاخ اىح٘اٍو ٍِ اىْساء اٍشأج 45 شَيدىَدَ٘ػح اىؼاتطح حاٍو ٍظاتح تسنشٛ اىحَو ٗا اٍشأج

ػيٚ ذٌ اىحظ٘ه  .ىذساسحذٌ اىحظ٘ه ػيٚ اىثٞاّاخ اىَسرخذٍح فٜ اٗت٘اسطح اىَقاتيح اىَثاششج  ظإشٝا.

تاسرخذاً اىثشّاٍح ذَد ػَيٞح ذحيٞو اىثٞاّاخ ٗاىْرائح  اىثحث. إلخشاء ىدْح ٕيسْنٜ اىَحيٞحقثو ٍ٘افقح ٍِ 

 ذٝذحذذٌ ٗقذ  .ELISAح ت٘اسطح ذقْٞ راٍِٞ د ٗاألّس٘ىٍِٞسر٘ٙ فٞ. ذٌ قٞاط SPSS االحظائٜ اىَح٘سة

 ،اىن٘ىسرشٗه اىحَٞذ، اىن٘ىسرشٗه، اىذُٕ٘ اىثالثٞح، اىسنش ٍخضُٗ، طائٌ() سنش اىدي٘م٘ص مو ٍِ ٍسر٘ٙ

 ػغؾ اىذً تاإلػافح اىٜ حساب ٍؤشش مريح اىدسٌقٞاط ٍسر٘ٙ  ذٌ أٝؼا أخزٗ .مَٞٞائٞا اىناىسًٞ٘ٗ اىف٘سف٘س

 .ٗ اىن٘ىسرشٗه اىسٞئ

ٍْٖا فٜ   دالىح احظائٞح اء اىَظاتاخ تسنشٛ اىحَو أقو ٗراماُ ٍر٘سؾ ٍسر٘ٙ فٞراٍِٞ د فٜ اىْس الىتائج:

ػِ ؽشٝق اىفٌ، اخرثاس ذحَو اىدي٘م٘ص (، طائٌاىدي٘م٘ص )صٝادج فٜ ٍؼذه ماُ ْٕاك  اىَدَ٘ػح اىؼاتطح.

ٗماّد اىؼالقح راخ  ٍقاسّح تاىَدَ٘ػح اىؼاتطحاىحَو ّس٘ىِٞ فٜ حاالخ سنشٛ ٍؼذه األ ،ٍخضُٗ اىسنش

اسذثاؽ سيثٜ تذالىح اخرثاس تٞشسُ٘ أظٖش ٍِ ّاحٞح اخشٙ  (.0.... ˃ قَٞح احرَاىٞح)إحظائٞح دالىح 

اخرثاس ذحَو اىدي٘م٘ص ػِ  اىدي٘م٘ص )طائٌ(، ،مريح اىدسٌ ٍؤشش، اى٘صُ مو ٍِ احظائٞح ىفٞراٍِٞ د ٍغ

ماُ ْٕاك تَْٞا  .(0.... ˃احرَاىٞح  )قَٞح ذقٌٞٞ َّ٘رج اىرَاثو ىَقاٍٗح األّس٘ىِٞٗ اىف٘سف٘س ؽشٝق اىفٌ،

 (. 0.... ˃احرَاىٞح  ٗتذالىح إحظائٞح تِٞ فٞراٍِٞ د ٗاىناىسًٞ٘ )قَٞحاٝداتٜ اسذثاؽ 

تاىَدَ٘ػح  ٍقاسّحٕشٍُ٘ فٞراٍِٞ د ظٖش تَسر٘ٙ ٍرذّٜ فٜ اىْساء اىَظاتاخ تسنشٛ اىحَو  :االستىتاج

صٝادج ٍقاٍٗح األّس٘ىِٞ مؼاٍو خطش ىإلطاتح ٗتزىل اّخفاع ٍسر٘ٙ فٞاٍِٞ د َٝنِ أُ ٝؤدٛ اىٜ  اىؼاتطح.

 تسنشٛ اىحَو.

 .قطاع غضج، سنش اىحَو ، االّس٘ىِٞ  ٍقاٍٗح ،اخرثاس ذحَو اىدي٘م٘ص ،: فٞراٍِٞ داالفتتاحيت الكلماث
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Chapter 1 

Introduction 
 

1.1 Overview  

Gestational diabetes mellitus is defined as glucose intolerance of various 

degrees of severity, which appears or recognized during pregnancy (Gashlan, 

Noureldeen, Elsherif, & Tareq, 2017). 

The incidence of GDM increased worldwide and is linked to progression of 

insulin resistance. The global prevalence of GDM is 4.1% to 27.5% based on the 

ethnical mix of the people and tests administered for the diagnosis (Guariguata, 

Linnenkamp, Beagley, Whiting, & Cho, 2014). 

A study of prevalence and demographic characteristics of GDM in 2014 

revealed that GDM prevalence among Gaza refugee women was 1.8% (AlKasseh, 

Zaki, Aljeesh, & Soon, 2013). 

Gestational diabetes mellitus is related to increased risk of numerous 

complications among pregnant women and fetus during birth and in later life. The 

complications associated with GDM include preeclampsia, cesarean section and 

increase risk of getting type 2 diabetes mellitus (T2DM) later in life. Infant’s 

complications include macrosomia, congenital abnormality, birth trauma, respiratory 

difficulty, hypoglycemia and jaundice (Ben‐Haroush, Yogev, & Hod, 2004). 

In 2007, the estimated national medical costs in the United States that dealt 

with GDM were US$ 636 million, US$ 596 million for maternal costs and US$ 40 

million for neonate costs (Chen et al, 2009). 

Vitamin D known, also as calciferol is a prohormone that simplifies 

homeostasis of calcium and phosphorus and supports protection of bone’s health. 

Humans gain vitamin D either from the diet directly or by direct exposure to sun 

light, ultraviolet-B (UV-B) radiation. Vitamin D has also a significant role in 

neuromuscular functions (Holick, 2011; Kannan, & Lim, 2014). Functionally, 

vitamin D includes two major forms, vitamin D2 (ergocalciferol) and vitamin D3 

(cholecalciferol). The essential food sources of vitamin D3 are dairy products, egg, 

fish and meat. Vitamin D3 is also obtained from endogenous sources, synthesized by 



 

3 

skin when exposed to ultraviolet light. Vitamin D2 sources are only exogenous, 

which include plant foods such as eaten mushroom and from artificially synthesized 

products (Mehrotra et al., 2014).  The human genome contains 2776 vitamin D 

receptor binding sites (Ramagopalan et al., 2010). 

Different researchers have found an association between vitamin D 

insufficiency and various pathological conditions, including cardiovascular diseases, 

cancer, neurocognitive disorders, adverse pregnancy, GDM or birth defects, and less 

common, immunological dysfunctions appearance (Cantorna & Mahon, 2005; 

Arnson et al., 2011). Epidemiological studies have also shown complete proper 

association between deficiency of vitamin D and elevated risk of T2DM (Holick, 

2007). 

In Gaza strip, no previous studies have investigated the association between 

vitamin D and GDM. Therefore, the present study is the first to assess serum vitamin 

D level in GDM patients from Gaza strip. Vitamin D supplementation to pregnant 

women may be helpful in the prevention strategy of GDM and the serious 

complications which can affect both the mother and the fetus during pregnancy and 

after birth. 

 

1.2 General Objectives 

-    To investigate the relationship between vitamin D level and GDM in women from 

Gaza Strip. 

 

1.3 Specific Objectives 

 To measure serum vitamin D level in GDM women and controls. 

 To determine the levels of HbA1c, glucose, insulin, calcium and phosphorus in 

GDM women and controls. 

 To determine lipid profile including cholesterol, triglycerides, HDL & LDL in 

GDM women and controls. 

 To investigate the relationship between vitamin D status and GDM. 
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 To investigate the relationship between vitamin D status and the different 

studied parameters. 

 

1.4 Significance 

Nowadays, GDM is a common metabolic disorder among pregnant women. It 

is important to be diagnosed and treated early to minimize or avoid complications for 

both the mother and the fetus. Recent studies found that deficiency of vitamin D is a 

risk factor for GDM and this risk factor differs from population to another. 

Therefore, levels of vitamin D in GDM women compared to controls give us 

knowledge about our population status and the strategies to reduce or avoid 

hypovitaminosis D and GDM. Vitamin D supplementation to pregnant women may 

be helpful in the prevention strategy of GDM and the serious complications which 

can affect both the mother and the baby in the future. 
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Chapter 2 

Literature Review 

 

2.1 Definition of Diabetes Mellitus and Prediabetes 

Diabetes Mellitus (DM) is associated with carbohydrates, lipids and proteins 

metabolism. It is one of the oldest diseases and first reported in Egypt about 3000 

years ago. Diabetes mellitus is a group of metabolic diseases characterized by 

elevated levels of blood glucose (hyperglycemia), which results from defects in 

insulin secretion, insulin action or both (Ahmed, 2002). Diabetes mellitus can be 

treated by diet only, diet with oral drugs of hypoglycemic action or with insulin 

(Tanriverd, 2011). 

Prediabetes is a phase before DM or is an early stage of diabetes known as grey 

area. Prediabetes phase is related to obesity particularly in the abdomen or visceral 

areas, dyslipidemia with high triglycerides, low HDL and hypertension (Gupta, Menon, 

Brashear, & Johnson, 2012). 

 

2.2 Prevalence and mortality rate of diabetes mellitus 

In 2014, the international prevalence of diabetes was evaluated to be 9% 

between adults aged 18+ years. In 2012, an estimated 1.5 million deaths were 

directly caused by diabetes, making it the 8
th

 major cause of death. More than 80% of 

diabetes deaths occur in low and middle income countries. While another 2.2 million 

deaths worldwide were referred to elevated blood glucose and the raised risk of 

linked complications (e.g. kidney failure, heart disease and stroke), which are often 

involved in premature death and are predominantly listed as the underlying cause of 

death rather than diabetes, from a recent systematic review, yearly diabetes cost 

worldwide was estimated to be US$ 827 billion (World Health Organization, 2016). 

In 2014, the top six countries with high prevalence of DM globally according to 

WHO were: "Eastern Mediterranean Region 13.7%, South-East Asia 8.6%, Western 

Pacific 8.4%, America 8.3%, Europe 7.3% and Africa 7.1%" (World Health 

Organization, 2016). 
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2.3 Types of diabetes mellitus 

2.3.1 Type 1 diabetes mellitus (T1DM) 

Type 1 diabetes mellitus is known as juvenile diabetes and also as insulin 

dependent diabetes mellitus. T1DM is an autoimmune disease that gives rise to 

destruction of beta cells of the pancreas. This results in absolute insulin deficiency 

(Kumar & Clark, 2002). Globally, T1DM cases were estimated to be 5-10% (WHO, 

2016). T1DM  is characterized by the presence of anti-glutamic acid decarboxylase, 

insulin antibodies or islet cell that  identify autoimmune process which cause 

destruction of beta-cells (Baynes, 2015). 

One theory proposed that T1DM is a virus-induced autoimmune response 

causing the immune system to attack virus-infected cells, beta cells in the pancreas 

(Sarwar et al., 2010). Numerous viruses have been implicated, especially Coxackie 

virus B (Petzold, Solimena, & Knoch, 2015). Systematic review and meta-analysis 

provide arelationship between enterovirus infections and T1DM in 2011, but in 

contrast, other studies found that enterovirus infections can protect against onset and 

development of T1DM (Cukierman, 2005). 

 

2.3.2 Type 2 Diabetes Mellitus 

Type 2 Diabetes Mellitus results from genetic and environmental interaction 

and risk factors of individual behavior (Wild, Roglic, Green, Sicree, & King, 2004). 

The life style risk factors include, obesity (BMI > 30), poor diet, lack of physical 

activity, stress and urbanization (Williams, 2011). Dietary intake is also a risk factor 

for T2DM development such as sugar consumption in excess leads to increase in the 

problem (Malik, Popkin, Bray, Després, & Hu, 2010). T2DM ratio constitutes 90%  

to 95% of all diagnosed cases of diabetes. Other risk factors include old age, history 

of gestational diabetes, defect in glucose metabolism, and race/ethnicity (Albakr, Al-

Shareef, Al-Mulhim, & Khamis, 2013). T2DM is distinguished by insulin resistance 

and may also be incorporated with reduction in the secreted amount of insulin 

(Shoback, 2011). Early stage of T2DM is distinguished by reduced insulin sensitivity 
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and hyperglycemia and is treated by many medications that reduce liver glucose 

production or improve insulin sensitivity (Risérus, Willett, & Hu, 2009). 

 

2.3.3 Gestational Diabetes Mellitus  

2.3.3.1 Definition and Prevalence of gestational diabetes mellitus 

It is a condition of any level of intolerance in glucose which begins in 

pregnancy or recognized during pregnancy (Alfadhli, 2015). Women with GDM 

usually resolve to normoglycemic conditions after delivery (Cash, 2014). 

The incidence of GDM increased worldwide and is associated to the 

progressive insulin resistance that leads to adverse complications. The prevalence of 

GDM globally is from 4.1% to 27.5% based on the GDM diagnostic tests 

administered and the ethnic mix of the population (Guariguata et al., 2014). A higher 

prevalence of GDM rate for African, Hispanic, Indian, and Asian women than for 

Caucasian women (American Diabetes Association, 2011). A study of prevalence 

and demographic characteristics of GDM in 2014 revealed that GDM prevalence 

between Gaza refugee women were found 1.8% (AlKasseh et al., 2013). 

 

2.3.3.2 Diagnosis of gestational diabetes mellitus 

Screening for GDM is important to reduce maternal and fetal risk factors that 

lead to many complications in gestation and after delivery in mother and fetus. When 

fasting blood glucose is higher than 92 mg/dl or lower than 126 mg/dl, and random 

blood glucose is higher than or equal to 200 mg/dl or when HbA1c% is higher than 

or equal 6.5%, diagnosis of GDM is proven (Alfadhli, 2015). 

 

2.3.3.3 Pathophysiology of gestational diabetes mellitus 

Maternal tissue during pregnancy becomes insensitive to insulin. This is 

attributed to placental lactogen hormone and other hormones like cortisol, 

progesterone, and growth hormone. The resistance of tissue to insulin gives rise to 
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maternal hyperglycemia, and stimulate embryonic hyperinsulinemia (Alfadhli, 2015; 

Kampmann, 2015). 

At the beginning of pregnancy insulin secretions increases and the sensitivity 

to insulin does not vary. Later, at nearly 20 weeks of gestation, progressive reduction 

in insulin sensitivity occurs and this becomes even decreased in third trimester, GDM 

resolves next to delivery (Alfadhli, 2015). 

The decrease in tissue response to insulin action is known as insulin 

resistance. This affects the metabolism of glucose and its uptake in different tissues 

including: fat tissues and muscles which causes decreased absorption of glucose, 

decreased glycogen synthesis and increased glucose synthesis respectively. GDM is 

not due to incomplete secretion of insulin or to difference in secretion of pro-insulin 

or glucagon (Catalano et al., 1993). The hormonal changes in pregnant women 

makes insulin resistance more significant due to impairment of insulin sensitivity, 

this causes pregnancy to be a diabetogenic condition (Maghbooli, Hossein‐nezhad, 

Karimi, Shafaei, & Larijani, 2008). 

Insulin resistance is defined as a reduction in the tissue response to the action 

of insulin for glucose metabolism, involving decreased glucose absorption in fat 

tissues and muscle, decreased liver glycogen synthesis and increased manufacturing 

of liver glucose. In pregnancy, insulin resistance is more significant because of 

hormonal alterations caused by impairment of insulin sensitivity, which makes 

pregnancy a diabetogenic condition (Maghbooli, Hossein‐nezhad, Karimi, Shafaei, & 

Larijani, 2008).   

Different studies support the concept that GDM is linked to evidence of 

peripheral resistance to insulin. Butte (2000) & Catalano et al. (1993) reported that 

"the reduced insulin-activated glucose action preceded the development of low 

insulin response in women with GDM and gives rise to appearance of β cell 

dysfunction, leading to hyperglycaemia". Few studies have indicated that vitamin D 

plays a role in T2DM pathogenesis, by affecting either insulin sensitivity or β cell 

function, or both (Chiu, Chu, Go, & Saad, 2004). Many studies have shown that 

vitamin D specific receptors in pancreatic β cells have a role for vitamin D in the 

setting of insulin secretion (Roth, bonner-weir, Norman, & Orci, 1982). 
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2.3.3.4 Risk Factors for gestational diabetes mellitus 

The recognized risk factors for GDM involve elevated BMI prior to 

pregnancy, there is a three-fold increased risk for overweight women in relation to 

others with normal weight. Smoking duplicates  the risk of GDM (Lewis et al., 

2010). Other factors include maternal age, dietary conditions, delivery history and 

DM family history (Zhou, Wang, & Zhang, 2015). 

 

2.3.3.5 Protective Factors for gestational diabetes mellitus 

Physical activity, particularly energetic activity prior to pregnancy and at 

least light-to-median activity during pregnancy may minimize the risk for abnormal 

glucose tolerance. In obese women, bariatric surgery decrease the hazard of 

developing GDM with time (Skouteris et al., 2010; Nagle et al., 2013). Bortolon et 

al. (2016) reported that "Dietary fibers, fundamentally cereals and fruit lower the risk 

of GDM appearance. Each 5 g of fruit and cereal fiber decreases the risk of GDM 

from 23% to 26%. The intake of dietary fiber minimizes  appetite and thus minimize 

the total energy consumption, and reduces glucose uptake". The typical diet is the 

one that involve, fish, chicken, fruits, vegetables and green leaves (Bortolon et al., 

2016). 

 

2.3.3.6 Complications of GDM 

Complications that are related to GDM affect both the mother and the embryo 

health prior and after delivery. 

 

2.3.3.6.1 Maternal Complications 

Maternal complications include: recurrent risk of diabetes in future 

pregnancies, preeclampsia, urinary tract infection, candidiasis, elevated progression 

of premature childbirth, and cesarean birth. GDM is a very strong risk factor for 

development of T2DM in the future, nearly 50% of women with GDM will develop 

T2DM within five to ten years (Caughey, Greene, & Barss, 2014). 
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Caughey (2014) claimed that "It is recommended to show scheduled cesarean 

delivery for all pregnant females who exhibit fetus weight ≥ 4500 grams. The more 

the weight of the fetus, the more the incidence of complications if a vaginal delivery 

occurs". The ultimate common complications due to weight gain are: shoulder 

dystocia injuries and continual brachial plexus (Kim, Newton, & Knopp, 2002). 

 

2.3.3.6.2 Fetal complications  

Untreated hyperglycemia allows travel of glucose from the mother to embryo, 

which obligate the embryo to rise the secretion of insulin (Pridjian & Benjamin, 

2010). Many of the  observational studies  proved that fetal hyperinsulinaemia is also 

linked with cord blood acidaemia and hypoxemia, which leads to elevate  rates of 

stillbirth and neonatal deaths seen in diabetic mothers along with other complications 

like birth trauma and neonatal hypoglycaemia (Salvesen, Brudenell, Proudler, Crook, 

& Nicolaides, 1993). In 2013, it was estimated by the International Diabetes 

Federation that globally 16% of live births were complicated by hyperglycemia 

during pregnancy. It is approved that this prevalence will rise because of the 

increased risk factors, especially obesity and life style (Kampmann, 2015). 

 

2.4 Rare types of Diabetes Mellitus 

2.4.1 Latent autoimmune diabetes of adults (LADA) 

A slow progressive diabetes is a form of T1DM, occurs when T1DM 

develops in adults. LADA in adults is misdiagnosed initially as T2DM based on age 

not etiology. Shelly Wishnick says that patients with LADA do not have high blood 

pressure or elevated cholesterol, and no family history of T2DM, noting that these 

individuals may have autoimmune disease such as rheumatoid arthritis or thyroid 

disease. People with LADA may not present with side effects such as loss of weight 

or ketosis, or need insulin medication for many years. In fact, and according to 

D'Souza, (2015) stated that "this phenomena has led some health care organizations 

to refer LADA as double diabetes or type 1.5 diabetes". Investigators evaluate that as 

much as 10% to 30% of people diagnosed with T2DM are positive for at least one of 
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the islet auto antibodies such as Glutamic acid decarboxylase or islet antigen-2 and 

actually have LADA (Blog, 2014). 

 

2.4.2 Maturity Onset Diabetes of the Young (MODY) 

D'Souza (2015) indicated that "MODY is unusual form of diabetes that is 

responsible for 1% to 5% of all cases in young people. It’s a form of monogenic 

diabetes that occurs by a genetic disorder of beta cells due to mutations in a single 

gene". MODY causes  diabetes by reducing the ability of beta cells to release insulin. 

MODY can be confused with T1DM or T2DM, however, characteristics such as 

obesity in the abdomen, hyperlipidemia or hypertension that corporate with insulin 

resistance and T2DM are not seen. People with T1DM usually need insulin, instead 

people with MODY usually can be treated with oral diabetes medications. Similar to 

other types of diabetes, it is important to control glucose concentration in MODY 

patients. Complications of MODY, common to hyperglycemia effects, include 

kidney disease, vascular damage and blindness (Fajans & Bell, 2011).  

 

2.5 Vitamin D 

2.5.1 Definition and Structure  

Vitamin D comprises a group of soluble secosteroids. The most significant 

compounds in this group are vitamin D2 (ergocalciferol) and vitamin D3 

(Cholecalciferol) (Calvo, Whiting, & Barton, 2005; Norman, 2008). The side chains 

of vitamin D2 and vitamin D3 are different and this makes them distinguishable from 

each other in which vitamin D2 include a double bond between carbons 22 and 23 

and a methyl group on carbon 24 (Crissey et al., 2003). The diversity does not 

manipulate metabolism and both forms act as prohormones. The D2 and D3 forms 

have been reported to show identical responses in the body after activation (Ross, 

Taylor, Yaktine, & Del Valle, 2011). 
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2.5.2 Activation of Vitamin D 

Vitamins D2 or D3 are biologically inactive and they are activated by two 

enzymic hydroxylation reactions (Figure 2.1). "The initial one proceeds in the liver, 

mediated by the 25-hydroxylase most likely cytochrome P450 2R1 [CYP2R1] that 

creates 25-hydroxyvitamin D [25-(OH)D]. The other reaction takes place in the 

kidney, mediated by 1α-hydroxylase (CYP27B1), which modulate 25-(OH)D to the 

biologically active hormone, calcitriol (1,25-dihydroxyvitamin D)" as claimed by 

DeLuca,  (2004). Other tissues contain also the 1α-hydroxylase gene but whether 

they are involved in calcitriol production is unknown. 25-(OH)D, the precursor of 

calcitriol, is the main circulating form of vitamin D; it circulates linked to vitamin D 

binding protein (DBP) which forms a specific plasma carrier protein (DeLuca,  

2004). 

 

2.5.3 Genetic regulation of Vitamin D Levels 

2.5.3.1 Cytochrome P450 Family 27 Subfamily B Member 1  

(CYP27B1), activates 25(OH)D by addition of a hydroxyl group to carbon 1 

converting it to 1,25(OH)2D by encoding 1 a-hydroxylase enzyme .The cytochrome 

P-450 gene most highly linked with vitamin D status. It is located on chromosome 

12, at 12q13.1-q13.3, spanning 6.66 kb on the reverse strand. The SNP rs10877012 

(C/A) that resides at position 1260 of CYP27B1 was widely explored for the linkage 

with 25(OH)D. The rs10877012 C allele was associated with lower levels of 

25(OH)D in a study of gestational diabetic women (Ramos‐Lopez et al., 2008).  

 

2.5.3.2 Cytochrome P450 Family 2 Subfamily R Member 1 

In the first activation step (CYP2R1) is suitable  for the hydroxylation of 

vitamin D to 25(OH)D.  An important determinant of the vitamin D metabolic 

pathway as it shows a high affinity for vitamin D and a mutation in exon 2 of 

CYP2R1 leads to vitamin D deficiency (Cheng, Levine, Bell, Mangelsdorf, & 

Russell,  2004).   

http://www.ncbi.nlm.nih.gov/books/n/nap13050/appendixes.app1/def-item/appendixes.app1.gl2-d109/
http://www.ncbi.nlm.nih.gov/books/n/nap13050/appendixes.app1/def-item/appendixes.app1.gl1-d1/
http://www.ncbi.nlm.nih.gov/books/n/nap13050/appendixes.app1/def-item/appendixes.app1.gl1-d2/
http://www.ncbi.nlm.nih.gov/books/n/nap13050/appendixes.app1/def-item/appendixes.app1.gl1-d24/
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Figure (2.1): Vitamin D activation and metabolism. DBP: vitamin D binding 

protein; VDR: vitamin D receptor; VDRE: vitamin D response element. 

(Eliades, & Spyrou, 2015). 
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2.5.3.3 Group specific component  

Group specific component (GC) is the most widely studied gene , which 

encodes vitamin D carrier protein, a group-specific component (DBP). GC in the 

human genome is located on 4q12-q13, which covering 63.84 kb, from 72671237 to 

72607403 (Yang et al., 1985), on the reverse strand. There are two SNPs in exon 11 

of GC, rs7041 (a G/T transversion at codon 416) and rs4588 (a C/A transversion at 

codon 420). These two SNPs lead to a Glu/Asp amino acid change at codon 416 and 

a Thr/Lys amino acid change at codon 420, respectively, and are the most usually 

studied changes in Vitamin D binding protein (DBP) (Braun, Bichlmaier, & Cleve, 

1992). 

 

 2.5.3.4 Vitamin D Receptor   

        The vitamin D Receptor (VDR) gene, with extension 63.49 kb on the reverse 

strand of chromosome 12q12-q14 . VDR has a large noncoding region including 

exons 1F-1C and exons 2-9, which encode a 424-amino acid protein, VDR. The 

minor allele of VDR SNP rs2228570 (previous dbSNP ID rs10735810), T (f, M4), 

introduces a FokI ("the name of the digestion enzyme used for genotyping") site to 

exon 2, which leads to a VDR protein that is three amino acids longer by directly 

introducing a start codon. It influences the activity of the VDR protein (Smolders et 

al., 2009 ; Haussler et al., 1998). 

     

2.5.3.5 Cytochrome P450 family 24 subfamily A member 1 

Cytochrome P-450 gene for 25(OH)D concentration regulation (CYP24A1), 

which encodes the 1a,25(OH)2D inactivation protein. It is located at 20q13.2-q13.3 

on chromosome 20, spanning 20.53 kb on the reverse strand. An intronic SNP, 

rs17219315, was associated with 25(OH)D levels in a family-based study using TDT 

(Wjst et al.,  2006). 
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2.5.4 Molecular mechanisms of Vitamin D actions: 

The vitamin D hormone functions through a single receptor, VDR, which 

mediates  all of the functions that vitamin D performs. This receptor was detected 

and cloned in various species including humans, rats, and chickens. VDR with its 

ligand, vitamin D, affects the transcription of more than 200 target genes (DeLuca,    

2004). 

 

2.5.5 Sources of Vitamin D 

Vitamin D3 and vitamin D2 can be provided from the diet and from 

supplements. Foods containing vitamin D3 include egg yolk, fish, cheese, and liver 

(Holick, 2006a). The main natural source of the vitamin is production of vitamin D3 

in the skin from 7-dehydrocholesterol by a chemical reaction using UVB radiation of 

sun light (Figure 2.1) (Calvo, Whiting, & Barton, 2005). 

The recommended Dietary Allowance (RDA): mean daily value of adequate 

ingestion to convene the required nutrient of around (97%–98%) in healthy 

individuals. The Food and nutrition Board determined RDA for vitamin D as a daily 

intake that is adequate to preserve bone verdure and metabolism of calcium normal 

in healthy persons (Table 1). "RDAs for vitamin D are recorded in both International 

Units (IUs) and micrograms (µg); the biological activity of 40 IU is equal to 1 µg. 

Although sunlight might be the essential source of vitamin D for some, the vitamin D 

RDAs are set on the basis of lower sun exposure"according to Institute of Medicine" 

(2010). 
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Figure (2.2): Sources and regulation of vitamin D and its various biological 

effects on calcium, phosphorus, and bone metabolism (Holick, 2006b). 

 

2.5.5.1 Diet 

Very little foods naturally contain vitamin D (Table 2.2). The best sources are 

meat of fatty fish (tuna, salmon, and mackerel) and fish liver oils (US Department of 

Agriculture, 2016). Low levels of vitamin D are present in beef liver, egg yolks, and 

cheese. Vitamin D in these sources is initially in the vitamin D3 form and its 

metabolite 25-(OH)D3 (Ovesn, Brot, & Jakobsen, 2003).  Few mushrooms contain 

vitamin D2 in variable rates (Calvo, Whiting, & Barton, 2004). Enriched foods 

contain most of the vitamin D in the American diet (Ross et al., 2011; Calvo et al., 

2004). "Nearly all of the U.S. milk is enriched with 100 IU/cup. In Canada, milk is 

fortified by law with 35–40 IU/100 mL, as is margarine at ≥ 530 IU/100 grams. 

Other dairy products synthesized from milk, such as cheese and ice cream, are 
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usually not enriched. Ready-to-eat breakfast cereals predominantly include added 

vitamin D, as do some trademarks of margarine, yogurt, orange juice, and other food 

products" as reported by IOM (2010). 

 

Table (2.1): Recommended Dietary Allowances of Vitamin D per day (Modified 

from IOM, 2010). 

Age Male & Female (RDA/ day) 
Pregnancy & Lactation 

(RDA/ day) 

0 – 2 months 400 IU (10 µg)  

1 – 13 years 600 IU (15 µg)  

14 – 18 years 600 IU (15 µg) 600 IU (15 µg) 

19 – 50 years 600 IU (15 µg) 600 IU (15 µg) 

51 – 70 years 600 IU (15 µg)  

> 70 years 800 IU (20 µg)  

 

Based on latitude, season, age and ethnical origin, the prevalence of vitamin 

D deficiency differs largely worldwide, being highest in non-western developing 

countries (Norsang, 2009; Mithal et al., 2009). The Middle East, despite of its 

numerous sunshine, it records some of the minimal levels of vitamin D in the world 

(Fuleihan, 2009). This is partly demonstrated by the limited exposure to sun due to 

cultural practices, skin pigmentation and longer periods of breastfeeding without 

vitamin D supplementation (Baroncelli et al., 2008). 

 

2.5.5.2 Synthesis in the Skin 

            Vitamin D3 is synthesized by photochemical reaction from 7-dehydr-

ocholesterol in the skin of humans and many animals. The precursor of vitamin D3, 

7-dehydrocholesterol, is synthesized in high values which interacts with UVB light 

https://en.wikipedia.org/wiki/Ultraviolet_light#Subtypes
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of the sun at wavelengths 270 to 300 nm, with top production occurs  at 295 to 297 

nm (Crissey et al., 2003). 

 

Table (2.2): Selected food sources of vitamin D (US Department of Agriculture, 

2016).        

Food 
IUs per 

serving* 
Percent DV** 

Cod liver oil, 1 table  spoon 1,360 340 

Swordfish, stewed, 3 ounces 566 142 

Salmon (Sockeye), stewed, 3 ounces 447 112 

Tuna fish packaged in water, drained, 3 

ounces 
154 39 

Orange juice enriched  with vitamin D,1 cup 

"check  product  labels, as amount of added 

vitamin D varies" 

137 34 

Milk, without fat, and entire, vitamin D-

enriched,1cup 
115-124 29-31 

Yogurt, enriched with 20% of the DV for 

vitamin D,6 ounces "more heavily enriched 

yogurts provide more of the DV" 

80 20 

Margarine, enriched, 1 table spoon 60 15 

Sardines, canned  in oil, drained, 2 sardines 46 12 

Liver, beef, cooked, 3 ounces 42 11 

Egg, 1 large "vitamin D is found in yolk" 41 10 

Ready-to-eat cereal, enriched with10% of the 

DV for vitamin D,0.75-1 cup "more heavily  

enriched cereals might provide"   

40 10 

Cheese, Swiss. 1 ounce 6 2 

* IUs = International Units; ** DV = Daily Value (DVs was developed by the U.S. 

Food and Drug management, 2014). 

https://en.wikipedia.org/wiki/Wavelengths
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Exposure to light via windows is not enough because the glass nearly fully 

prevents UVB light (Holick, 2008; Friendly, 2014). Sunscreen reflects or absorbs 

UV ray and therefore stops most of it from reaching the skin. "The sunscreen with a 

sun protection factor (SPF) of 8, depending on the spectrum, lowers vitamin D 

production capacity by 95%, and SPF 15 lowers it by 98%"according to Ross, 

(2011). Wholecloud cover minimizes UV energy by 50%, involving that generated 

by large pollution. The factors that affect UV irradiation exposure and the research 

for time on the value of sun exposure necessary to preserve appropriate vitamin D 

values makes it intractable to supply universal guidelines. Some of Vitamin D 

researchers suggested, appropriate levels of vitamin D can be provided with modest 

sun exposure to the head, arms and legs, or back. Nearly 5–30 minutes of sun 

exposure at 10 AM and 3 PM usually gives adequate amount of vitamin D. The 

modest use of trade tanning beds that emit 2%–6% UVB irradiation is also functional 

(Green et al., 2007). Overdose of vitamin D from UV exposure is impossible; 

vitamin D3 was also proven to be delicately sensitive to sunlight, and once formed in 

the skin, sunlight exposure can result in the rapid photodegradation of vitamin D3 to 

a variety of photoproducts (Holick, 2002 ; Holick, 2007). 

People with restricted sun exposure requirement should involve good sources 

of vitamin D in their food or ingest a supplement to fulfill the recommended values 

of ingestion. Regardless the sun is important for vitamin D assembly, it is reasonable 

to limit the exposure of skin to sunlight (Wolpowitz & Gilchrest, 2006). Wolpowitz 

& Gilchrest, (2006) claimed that: "UV irradiations a carcinogen causing many of the 

evaluated 1.5 million skin cancers and the 8,000 deaths due to metastatic melanoma 

yearly observed in the United States". 

 

2.5.6 Physiological functions of vitamin D 

2.5.6.1 Bone health and calcium absorption  

Vitamin D is extremely important for healthy bones. The normal 

mineralization of bone requires the maintenance of normal blood levels of calcium 

and phosphate by increasing calcium absorption from the intestine (Figure 2.3) 

(Veldurthy, Wei, Dhawan, Jeon & Christakos, 2016). Suitable levels of serum 25-
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(OH)D for bone health differ at each period of life, therefore, it is important to 

determine the reference interval for serum 25-(OH)D  at different periods (Cranny et 

al., 2007 ; Holick, 2007). Deficiency of vitamin D causes lowering in calcium 

absorption and eventually results in liberation of calcium from the bones to preserve 

concentrations of circulating calcium. Persistent bone resorption, leads to 

osteomalacia in adults (named rickets in children), reduces the bones architecture and 

rises the risk of fracture by secondary hypoparathyroidism (Jenab et al., 2010; 

Winzenberg, 2011). In 2011, the Endocrine Society published a clinical training 

guidelines for vitamin D which declares that "the favorable concentration of serum 

25-(OH)D is 30 ng/ml (>75 nmol/L)  to raise the ability  of this vitamin to the 

metabolism of calcium, muscle, and bone" (Holick et al., 2011).  

For elderly people with osteoporosis (decrease in density of bone), vitamin D 

supplements with calcium, may support stopping hip fragility, but on the other hand 

it rises the risk of kidney and stomach problems. Vitamin D supplements with large 

dosage in the elderly persons over 65 years of age may decrease the risk of bone 

fragility (Bolland, Grey, Gamble & Reid, 2014). 

Bone with high mass is obtained by the third decade of life with physical 

activity, life style conditions and genetics, which plays an important roles in the 

assemblage and protection of bone. Near the fourth decade is the age connected to 

occurrence of bone loss, leads to slow fall of bone mass vitamin D (BMD) this 

method fasted in females through and up to 10 years post-menopause owing to 

potential lower estrogen level causes loss of bone density. In relevance to vitamin D, 

a study gives that lower vitamin D intake over prolonged duration of time causes 

bone demineralization (Lips, 2010; Heaney, 2003). 
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Figure (2.3): The role of different hormones in the regulation of calcium and 

bone metabolism (DeLuca, 2004). 

  

 

2.5.6.2 Functions of vitamin D unrelated to calcium 

Vitamin D hormone has a significant role in the terminal differentiation of 

promyelocytes to monocytes, which are precursors of osteoclasts. This function did 

not include calcium and phosphorus and was ultimately found to be essential to 

vitamin D-stimulated production of osteoclasts by the Receptor activator of nuclear 

factor kappa-B ligand (RANKL) system (Suda, Ueno, Fujii, & Shinki, 2003) 

Vitamin D deficiency may affect the immune system, particularly T cell-

mediated immunity, while excess vitamin D in fact suppresses specific aspects of the 

immune system (Darwish & DeLuca, 1999 ; Slatopolsky, Gonzalez & Martin, 2003). 

This has led to consideration of vitamin D uses to suppress certain autoimmune 

disorders. Multiple sclerosis is the first autoimmune disorder to be under 

examination, and an experimental animal model that has been used is autoimmune 

encephalomyelitis. The suppression of this disease or elimination at any stage of 

development can be done with sufficient levels of the vitamin D hormone taken 

every day orally (Cantorna, Hayes & DeLuca, 1996). An evident example of vitamin 
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D hormone regulation of an autoimmune disease is T1DM. A study between non 

obese diabetic rats, deficiency of vitamin D caused an observed increase in incidence 

and an observed decrease in the lag time needed for the initiation of diabetes. Large 

doses of vitamin D hormone could suppress T1DM completely, preventing the 

destruction of islet cells (Zella & DeLuca, 2003).  

Corresponding   results were obtained with models of inflammatory bowel 

disease, systemic lupus, and rheumatoid arthritis (Zella & Deluca, 2003;  Cantorna et 

al., 1996). It is possible that the suppression of these autoimmune diseases involved 

the vitamin D hormone interacts with T helper lymphocytes, which   suppress the 

inflammatory  responses of T helper type 1 lymphocytes. Alternative concepts have 

as well been obtained, like suppression of the dendritic cells that present antigens to 

the T cells (Cantorna, Munsick, Bemiss & Mahon, 2000; Cantorna et al., 1996). 

 

2.5.7 Relationship between 25(OH)D levels and diabetes or insulin 

resistance 

Hypovitaminosis D is linked to diabetes and impaired glucose tolerance in the  

general people. While, the guide for linkage between low vitamin D values and 

GDM is conflicting. On the long run, the risk of getting T2DM is largely raised in 

women with GDM (Bellamy, Casas , Hingorani & Williams, 2009 ; Rayanagoudar et 

al., 2016). The rates of enhancing T2DM for women after GDM differ extremely, 

extending  from 3%  to over 90% (Kim et al., 2002 ; Löbner et al., 2006). GDM in 

pregnancy is connected with up to 7-fold raise in the risk of T2DM  appearance in 

relation to normoglycemic pregnancies (Bellamy et al., 2009 ; Rayanagoudar et al., 

2016). Low concentrations of 25-(OH)D was related to the risk of enhancing T2DM 

by impact on insulin sensitivity and insulin secretion (Pittas, Lau, Hu,  & Dawson-

Hughes, 2007 ; Chiu et al., 2004). 

Vitamin D plays an important role in glucose homeostasis. The doubled roles 

of vitamin D involve the presence of specific vitamin D receptors (VDRs) on 

pancreatic β-cells, the expression of 1-α- hydroxylase enzyme in pancreatic β-cells 

which catalyzes transformation of 25-(OH)D to 1, 25-(OH)2D (Bland et al., 2004 ; 

Johnson,  Grande, Roche & Kumar, 1994). Presence of a vitamin D response element 
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in human insulin gene promoter, and  the existence of VDR in skeletal muscle. 1,25-

(OH)2D immediately provides transcription activation of the human insulin receptor 

gene (Dunlop et al., 2005 ; Maestro,  Molero, Bajo, Davila, & Calle, 2002 ; Maestro, 

Campión, Dávila, & Calle, 2000) provide peroxisome proliferators activator 

receptor-δ, which stimulates the expression of insulin receptor, and stimulates 

insulin-mediated glucose transport  in vitro (Dunlop et al., 2005 ; Maestro et al., 

2000).  

Animal studies proved further the role vitamin D might play in keeping 

glucose tolerance by its action on insulin sensitivity and insulin secretion. Vitamin D 

deficiency in mice and rabbits appear with defect in insulin secretion, and 

supplements with vitamin D repair the defect (Cade & Norman, 1986 ; Nyomba, 

Bouillon & De Moor, 1984). In mice, mutations of the VDR have decreased glucose 

tolerance and impaired insulin secretion than those with functional receptors. In 

vitro, 1, 25-(OH)2D stimulates the synthesis of insulin in rat pancreatic islet cells 

(Zeitz  et al.,  2003; Bourlon, Billaudel & Faure-Dussert, 1999). In another study, 

free fatty acid inhibition-stimulates insulin resistance which means enhancing 

glucose uptake, in cultured myocytes in a dose-dependent manner. The sensitizing 

effects of insulin which mediated by a decrease in JNK activation (Zhou et al., 2008). 

Pregnancy is a special condition which causes several physiologic changes in 

the body, including changes in the metabolism of vitamin D (Al-Shaikh, Ibrahim, 

Fayed & Al-Mandeel,  2016). In Saudi Arabia, hypovitaminosis D is considered a 

major public health problem, with high prevalence among women, ranges from 80 % 

to 100% in different studies (Siddiqui & Kamfar, 2007).  

Deficiency of vitamin D is linked closely with GDM, vitamin D induces 

expression of insulin receptor by vitamin D receptor (VDR), enhance insulin 

dependent glucose transport. Vitamin D is immunosuppressant which down regulate 

expression of proinflammatory markers, such as TNF-alpha and IL-2 in pregnant 

women with GDM (Yang, 2012). 
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2.6 Signs of vitamin D deficiency  

2.6.1 Susceptibility to infections 

Vitamin D  keeps the  immune system active so the body is able  to fight off 

microorganisms that cause infections such as  bacteria and viruses. It is immediately 

interacts with the cells that are responsible for fighting infection (Schwalfenberg, 

2011). 

 

2.6.2 Fatigue and Tiredness  

Feeling tired is caused by several factors and deficiency  of vitamin D may be 

one of these factors . Many  studies have shown that a severe negative influence on 

quality of life and fatigue caused by very low vitamin D levels (Johnson, & Sattari, 

2015).  

 

2.6.3 Bone and Back Pain 

Absorption of calcium  is improved with suitable amount of vitamin D in the 

body. Large observational studies have found a relationship between a deficiency of 

vitamin D and chronic lower back pain (Ghai et al., 2015).   

 

2.6.4  Depression 

A sign of vitamin D deficiency is linked also to depression. In review studies, 

investigators have linked vitamin D deficiency to appearance of depression, 

especially  in older adults (Ju, Lee, & Jeong, 2013). 

    

2.6.5 Impaired Wound Healing 

A slow  healing of wounds after injury or surgery, possibly a sign of very low 

vitamin D levels. A study on patients who had dental surgery revealed that  

appearance of healing were obviously compromised by vitamin D deficiency 

(Bashutski et al., 2011).   
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2.6.6 Bone Loss 

Vitamin D has a significant role in calcium absorption and bone health. Low 

bone mineral density is a sign that calcium and other minerals have been lost from 

bone. Older people at an increased risk of fractures particularly in women. In a large 

observational study of more than 1,100 middle-aged menopause or postmenopause 

women, investigators found a strong linkage between low vitamin D levels and low 

bone mineral density (Bener, & Saleh,  2015). 

 

2.6.7 Hair Loss 

A common cause of hair loss is often stress. However, when hair loss is 

severe, it may be the result of a disease or nutrient deficiency. An autoimmune 

disease Alopecia areata characterized by severe hair loss from the head and other 

parts of the body. It's associated with rickets, which is a disease that causes soft 

bones in children due to vitamin D deficiency (Malloy, & Feldman,  2011).  

 

2.6.8 Muscle Pain 

Determining the cause of muscle pain is usually  difficult. There is some 

evidence that vitamin D deficiency may be a cause of muscle pain in adults and 

children. In one study, 71% of  participants  with chronic pain were found to be 

vitamin D deficient ( Von Känel, Müller-Hartmannsgruber, Kokinogenis, & Egloff, 

2014).   

 

2.7 Previous Studies 

A cross sectional study was performed on 559 pregnant women in South 

India. The purpose of the study was to investigate the link between vitamin D and 

risk of GDM on 30 weeks gestation. 66% of the participated women were vitamin D 

deficient ,while 31% were appears with more severe vitamin D deficiency. 7% of the 

studied participants were presented with GDM. Median serum 25-(OH)D levels were 

the same(~38 nmol/L)  in women with and without GDM (Farrant ). The researchers 

https://www.healthline.com/nutrition/7-common-nutrient-deficiencies
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 found that there is no relation between the vitamin D level in pregnant women and 

risk of GDM. There was a negative correlation between serum vitamin D and 

glucose levels. While on the other hand, there was a positive correlation   between 

vitamin D and fasting insulin concentrations (Farrant et al., 2009). 

At Cairo University hospital, another cross sectional observational study was carried 

out involving 160 pregnant women in their 3
rd

 trimester. The GDM cases and the 

control group had vitamin D insufficiency rather than deficiency. The fasting insulin 

levels were significantly higher in GDM cases in contrast to the control group (El 

Lithy, Abdella, El-Faissal, Sayed & Samie, 2014). 

Another study was performed on Iranian pregnant women at 24-28 

gestational weeks. The results showed that 26% of women have GDM and 19% 

impaired glucose tolerance (IGT) and the remaining normal glucose tolerance, based 

on the OGTT results. In  the studied population 78% were vitamin D deficient. The 

women with GDM and IGT had lower levels of vitamin D compared to the normal 

control group. Women with GDM had a 2.7-fold raised risk of having more severe 

vitamin D deficiency (significant) in contrast with the control group. On the other 

hand, there was no significant correlation between vitamin D and BMI, age, parity, or 

FBG values in these individuals (Soheilykhah, Mojibian, Rashidi, Rahimi-Saghand, 

& Jafari,  2010). 

In another study which was also performed on Iranian pregnant women, 

where 741 were involved.  The participants had 7% GDM while 22.1%  had IGT. 

The level of vitamin D was significantly lower in GDM cases and women with IGT 

on one side and the normal group on the other side.  The participants had 70.6%  

vitamin D deficiency. The prevalence of severe vitamin D deficiency in GDM, IGT 

and normal group were 44.2, 33.3 and 23.5%, respectively (Makgoba et al., 2011). 

A study was performed in El-Minia, Egypt showed that the levels of vitamin 

D, ionized and total calcium were low in GDM cases compared to the control group. 

Insufficient vitamin D levels were 32.5% of GDM cases and 50% of the control 

group. The results of the study showed that a significant negative correlation exists 

between vitamin D and BMI and fasting insulin (El-Sagheer, Kasem, Shawky & 

Abdel-Fadeel, 2016). 
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A study done in Riyadh, Saudi Arabia showed that 81% of women in their 1
st
 

trimester had vitamin D deficiency which was decreased to 77% in the 2
nd

 trimester. 

There was a significant link between vitamin D deficiency in the 1
st
 trimester and the 

younger age, multiparous, low educational level, being a housewife, and living in 

West Riyadh. On the other hand, physically active pregnant women, women exposed 

enough at noon to sunlight, and population of North Riyadh, all had normal vitamin 

D levels (Al-Musharaf, 2017). 
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Chapter 3 

Methodology 

 

3.1 Study design 

This study is a case control one. 

 

3.2 Study setting/data sources 

The samples were collected from women with GDM and healthy pregnant 

women as control from Ministry of Health Clinics in Gaza strip, and a questionnaire 

was filled by a personal interview. 

 

3.2.1 Questionnaire 

The questionnaire was designed to match the study need for both cases and 

controls (Appendix 1). The questionnaire questions on the personal profile of the 

study population included: "age, education, socioeconomic data, employment, family 

income, family history of DM , family history of GDM , physical activity, number of 

diet daily ,  monitoring of blood glucose, and measurements of BMI". 

 

3.2.2 Body mass index 

BMI is defined as the body mass (kg) divided by square body height (m
2
) of 

an individual. Height and weight were measured for each subject then the body mass 

index was calculated as the following: BMI = body weighting Kg / height in square 

meters (unit kg/m
2
). Accepted BMI ranges (WHO, 2004): 

 Underweight (<18.5 kg/m
2
),  

 Normal (18.5–24.9 kg/m
2
),  

 Overweight (25–29.9 kg/m
2
),  

 Obesity ( ≥ 30 kg/m
2
)  
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3.3 Study population 

The study was conducted on 45 women with GDM cases and 45 apparently 

healthy pregnant controls aged 25 to 37 years old.  

 

3.4 Samples collection and processing 

GDM was diagnosed by a 2-h 75-g OGTT at 24 to 28 weeks of gestation, the 

cut-off values being > 92 mg/dl FBG level, and >140 mg/dl at 2h 75-g OGTT 

(Alfadhli,  2015). 

Venous blood samples (5ml) were drawn from the participants by the 

researcher himself and dispensed into two tubes. About 2 ml were placed into EDTA 

tube to determine HbA1c. The remaining quantity of blood was placed into the plain 

tube to allow blood to clot. Then serum samples were obtained by centrifugation 

(3000 rpm/10 minutes) at room temperature to assay serum FBG, cholesterol, HDL, 

LDL, calcium, phosphorus, vitamin D, and insulin. 

Another blood sample (3ml) was drawn after 2h OGTT without physical 

activity of the participants. All samples were preserved on ice and directly analyzed . 

1ml of the serum was aliquoted and stored at the Islamic University laboratory at 

minus 20°C until analysis of insulin and vitamin D by ELISA Kits. 

 

3.5 Exclusion Criteria 

 Cases and controls aged under 25 and above 37 years old. 

 Type 1 and type 2 diabetic patients. 

 Patients with renal disease, liver disease, and thyroid disorders or other 

endocrine or chronic diseases. 

 Women who take hormone replacement therapy or corticosteroid therapy. 

 Women on vitamin D supplements. 

 Non pregnant women. 
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Participants in the study were informed about the nature and objective of the 

study and informed consent was taken from them. An approval was taken from the 

Helsinki ethics committee in Gaza Strip (Appendix 2). 

 

3.6 Resources and equipment 

The following equipment, instruments and reagents were used:  

 ELISA reader (MR-96A microplate reader -Mindray – china)  

 Chemistry analyzer (SFRI –BSA 3000 – France) 

 Centrifuge (Hettich –EBA 8-Germany)  

 Roll Mixer 

 Vortex mixer  

 Refrigerator  

 Micropipettes set 1000, 200, 50 and 10µl (scientific thermo) 

 Yellow and blue plastic Tips  

 5 ml vacutainer tubes  

 Chemistry plastic tubes  

 EDTA tubes  

 5ml disposable syringes  

 Vitamin D reagent kit (Diametra  – Italy)  

 Insulin reagent kit (Diametra – Italy)  

 Glucose powder for OGTT  

 Glucose reagent kit (Elitech Diagnostic system - France)  

 Cholesterol reagent kit (Elitech Diagnostic system - France)  

 HDL cholesterol reagent kit (Elitech Diagnostic system - France) 

 Triglyceride reagent kit (Elitech Diagnostic system - France) 
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 Calcium reagent kit (Elitech Diagnostic system - France) 

 Phosphorus reagent kit (Elitech Diagnostic system - France) 

 HbA1c reagent kit (AMS - Italy) 

 

3.7  Sample analysis 

Biochemical analysis involved the determination of different analytes 

including: glucose, HbA1c percentage, cholesterol, triglycerides, HDL, LDL, 

calcium, phosphorus. For all biochemical tests the normal and abnormal controls 

used was QCA seriscann (Spain). Insulin and vitamin D levels were determined by 

using ELISA kits. 

 

3.7.1 Determination of serum Glucose 

Glucose was determined using a colorimetric method (wavelength 500 nm) (Sacks, 

2001; Trinder, 1969). 

 

Principle 

 

 

3.7.2 HbA1c percentage determination: 

Glycated hemoglobin was determined by a colorimetric method of glycated 

hemoglobin in the whole blood (NCCLS, 1999; Eu-Dir, 1999). 

 

Principle 

A weak bound cation exchange resin is used for quick isolation of HbA1c 

from other hemoglobin types. Whole blood is hemolyzed for 5 minutes. HbA0 

composed of all other hemoglobin types except A1C which stay in solution. The 
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filter is utilized to detach the supernatant containing the A1C   from the resin. HbA1c 

percent is detected by measuring the absorbance at 415nm of the HbA1 portion and 

the total hemoglobin portion. The ratio of the two absorbance gives the HbA1c 

percentage result. 

 

3.7.3 Total cholesterol determination 

The concentration of cholesterol was determined using a colorimetric method 

(wavelength 500nm) (Allain et al., 1974; Expert panel on Detection, 2001). 

 

Principle 

Colorimetric enzymatic reaction of cholesterol depends on the following interaction: 

  

3.7.4 Triglycerides determination 

The concentration of triglycerides was determined using a colorimetric method 

(wavelength 500nm)  (Bucolo & David, 1973). 

 

Principle 

Triglycerides level was determined by enzymatic reaction depending on the 

following interaction:
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3.7.5 HDL cholesterol determination 

A precipitation method was used for the determination of HDL- Cholesterol 

(wavelength 600nm)  (Naito, 2003; Rifai, Bachorik, & Albers, 2001). 

 

Principle 

Chylomicrons, VLDL-Cholesterol and LDL-Cholesterol are precipitated by 

addition of magnesium ions and phosphotungstic acid to the specimen. Only HDL-

Cholesterol remains in the supernatant after centrifugation, where the content of 

cholesterol is determined using cholesterol reagent enzymatically.  

 

3.7.6 LDL cholesterol determination 

Determination of serum LDL cholesterol was calculated by using the 

empirical formula of Friedewald (Grove, 1979). 

LDL-Cholesterol = {total cholesterol −  HDL-Cholesterol − triglycerides/5} (mg/dl). 

 

3.7.7 Calcium determination 

Calcium concentration was determined using a colorimetric method (Bauer, 1981). 

 

Principle 

Arsenazo III [2,7-bis (2-arsonophenylazo) -1,8 dihydroxynaphaphtalene3,6 

disuiphonic acid], a blue complex formed in neutral medium with calcium. The 

concentration of total calcium is proportional to the intensity of the color. 

Measurements at wavelength 650 nm and standard concentration 10 mg/dl. 

  

3.7.8 Phosphorus determination 

The method depends on determining phosphomolybdate at UV wavelength 

340 nm ( Rude & Gruber, 2004 ; Daly & Ertingshausen, 1972). 
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Principle 

Concentration of inorganic phosphorus was determined according to the 

following reaction: 

 

 

3.7.9 Insulin determination 

 An ELISA kit was used for determining the concentration of insulin. 

 

Principle 

The method depends on linkage of human insulin by two monoclonal 

antibodies, on the microwell one immobilized and the second conjugates with 

horseradish peroxidase (HRP). The enzyme HRP in the bound portion and in the 

presence of H2O2 and TMB substrate gives a blue color which changes to yellow 

after stop solution (H2SO4) is added. The intensity of the color is proportional to the 

concentration of insulin in the specimen (wavelength 540nm). 

 

3.7.10 Homeostasis model assessment-insulin resistance  

Homeostasis model assessment-insulin resistance (HOMA-IR) was  

determined  using the following equation:  

HOMA-IR = (fasting glucose in mg/dl × fasting insulin in μU/mL)/22.5  

(Lansang, Williams, & Carroll, 2001). 

3.7.11 Vitamin D (25-OH vitamin D) determination 

An ELISA kit was used for determining the concentration of vitamin D 

(Holick, 2009; Morris, 2005). 
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Principle:  

Firstly, controls, standards, specimens and vitamin D-Biotin were incubated 

in the microplate wells. Biotin-Labeled vitamin D contend with vitamin D in 

specimen and standards for the linkage to anti-vitamin D coated antibodies on 

microplate wells. Then, unlinked substance was washed. conjugate streptavidin-HRP 

attached to wells that contain D-Biotin. Unlinked substance was washed away by 

washing solution. Then, TMB substrate was added. HRP enzyme in the bound 

portion interacts with substrate TMB and a blue color appears. By adding the stop 

solution (H2SO4), the color changes to yellow and the reaction is stopped. The 

intensity of the color is reversibly proportional to concentration of vitamin D in the 

specimen (wavelength 450nm). Concentration of vitamin D is determined by a 

calibration curve, this screening quantify together vitamin D2 and vitamin D3. 

 

Reference values: 

Deficient (<10 ng/ml) 

Insufficient (10-30 ng/ml) 

Sufficient (>30 ng/ml) 

 

 

3.7.12 Oral glucose tolerance test (OGTT): 

At time zero (baseline), a blood sample was collected. The patient was then 

given a measured dose of glucose solution (75 g) orally. The patient was instructed to 

drink the solution within 5 minutes according to the recommendation of World 

Health Organization. After that the patient stayed without physical activity. Blood 

was then drawn again after 2 hours. For simple diabetes screening, the most 

important samples to be collected are the 0 and 2 hour samples (WHO, 1999). 
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3.8 Statistical analysis 

Computer analysis of data by using IBM SPSS/ PC (Statistical Package for 

the Social Science Inc. Chicago, Illinois USA, version 22) statistical package. Simple 

distribution of the study variables and the cross tabulation was used. Chi-square (2
) 

was applied to identify the significance of the associations, relations, and interactions 

between different variables. The independent sample t-test procedure was used to 

compare means of quantitative variables by the separated cases into two qualitative 

groups such as the relationship between cases and controls vitamin D. Pearson 

correlation test was applied. Range as minimum and maximum values was used. 

The results in all the above mentioned procedures were agreeable as 

statistically significant when the p-value was less than 5% (p < 0.05). 
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4. 

Chapter4 

Results 

 

The present study is a case control study that included 90 women (45 GDM   

cases and 45 apparently healthy pregnant controls). 

 

4.1 General characteristics of the study population 

Table 4.1 illustrates the general characteristics of the study population. The 

average age of GDM cases was (30.3±3.5 years), and that of controls was (29.3±3.2 

years); the difference was not statistically significant (P = 0.151). While the average 

weight of GDM cases was (89.2±10.9 kg) compared to that of controls (70.5±9.2 

kg), the difference was statistically significant (P = 0.013). 

The average height of GDM cases was (161.2±5.8 cm)  and that of controls 

was (157.8±6.8 cm), the difference was also statistically significant (P < 0.001). On 

the other hand, the average body mass index in GDM cases  (27.9±3.6 Kg/m
2
)  was 

higher than that in controls (22.4±3 Kg/m
2
) and the difference was statistically 

significant (P < 0.001). 

The analysis of the educational status of the cases and controls showed 

respectively that: 3 (6.7%) and 15 (33.3%) have university degree, 27 (60%) and 18 

(40%) have finished secondary school, 12 (26.6%) and 15 (33.3%) have finished   

preparatory and primary school. The difference is statistically significant (
2
= 

10.133, P = 0.006). Regarding the employment, 2 (4.4%) GDM cases and 1 control 

(2.2%) were employed, the difference is not statistically significant (P = 0.557). 

While the income in new Israeli shekels (NIS)  is <1000 NIS per month for 

24 GDM cases (53.3%) in contrast to 19 controls (42.2%), 1000-2000 NIS per month 

for 20 (44.5%) GDM cases compared to 24 (53.3%) controls, > 2000 NIS per month 

for 1 GDM case (2.2%) in contrast to 2 controls (4.4%), the difference was not 

statistically significance (P = 0.528). 
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Table (4.1): General characteristics of study population 

 

*
P-value significant at p≤0.05; n: number of the subjects; DM: diabetes mellitus; GDM: 

Gestational diabetes mellitus; BMI: body mass index; 
2
: chi-square test, t: student t-test; 

NIS: new Israeli shekel; 2
o
: secondary; 1

o
: primary; Prep.: Preparatory & BG: Blood 

glucose. 

 

The family history of DM in cases was 26 women with (57.8%) in contrast  

to 12 control women (26.7%), while those without family history of DM in cases 
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were 19 women (42.2%) in contrast to 33 women in controls (73.3%), the difference 

is  statistically significant (P = 0.003). 

On the other hand, regarding the family history of GDM, 10 (22.2%) cases 

have family history in contrast to none in controls. The difference is statistically 

significant (P = 0.001). GDM cases who have physical activity were 12 (26.7%) in 

contrast to 17 (37.8%) controls, the difference is not statistically significant (P = 

0.259). 

Twenty three (51.1%) of GDM cases take ≤ 2 meals/day compared to 17 

(37.8%) .in controls. While, 22 (48.9%) of GDM cases take > 2 meals/day in contrast 

to 28 in controls (62.2%), the difference is also not statistically significant (P = 

0.203). 

Those  GDM cases who monitor  regularly  their blood  glucose were 11 

(24.4 %) with 4 (36.4%) cases  monitor it weekly and 7 (63.6%) cases monthly, the  

difference is statistically significant, (
2
 =12.532 ) and (P = 0.001).  In cases monitor 

their blood glucose regularly may be related to awareness about danger of  Blood 

glucose elevated  levels and the  related complications to mother and  fetus. 

  

4.2 Vitamin D, insulin, HbA1c and glucose levels among the study 

population 

Table 4.2 shows that the average concentration of vitamin D in GDM cases 

was (29.6±10.6 ng/ml) which is lower than that in controls, (34.5±10.6 ng/ml) 

(Figure 4.1), the difference is statistically significant, (t = 2.189, P = 0.031).  

The FBG results were higher in GDM cases (105.8±15.8 mg/dl)  in contrast 

to controls (66.5±8.1 mg/dl) (Table 4.2) (Figure 4.2), the difference is also 

statistically significant (t = -14.823, P < 0.001). On the other hand, the results of 

average OGTT in GDM cases was (187±25.5 mg/dl)  with minimum of 146 mg/dl 

and maximum 294 mg/dl in contrast to controls the average was (85.8±8 mg/dl) with 

minimum of 72 mg/dl and maximum 99 mg/dl (Table 4.2) (Figure 4.2). The 

difference is statistically significant (t = -25.391, P< 0.001). 
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The average percentage of HbA1c was higher in GDM cases (7.1±0.4 %)  in 

contrast to controls where they had normal average (4.4±0.4 %)  (Table 4.2) (Figure 

4.3). The difference is statistically significant (t = -30.429, P< 0.001). 

Serum insulin level was higher in GDM cases (20.4±8.4 µIU/ml) with 

minimum value of 6.3 and maximum 41.2 µIU/ml in contrast to controls with average 

insulin level  (6.2±1.7 µIU/ml) , with a minimum value of  3.4 and maximum 9 

µIU/ml (Table 4.2) (Figure 4.3). The difference is also statistically significant (t = -

11.124, P < 0.001). The HOMA-IR was higher in cases (5.2±2.2)  compared to 

controls  (1.0 ±0.3)  and the difference is statistically significant (t = 12.9, P < 0.001). 

 

Table (4.2): Vitamin D, insulin, HbA1c and glucose levels among the study 

population 

Parameters  

Controls 

(n=45) 

Mean ± SD 

Cases 

(n=45) 

Mean ± SD 

Statistical test 

% 

Difference 
 T P-value 

Vitamin D (ng/ml)  

 (Min - max) 

34.5±10.6 

(7-59) 

29.6±10.6 

(8-56) 
7.6 2.189 0.031 

FBG (mg/dl)  

 (Min - max) 

66.5±8.1 

(52-84) 

105.8±15.8 

(89-171) 
-22.8 -14.823 <0.001 

OGTT (mg/dl)  

 (Min - max) 

85.8±8.0 

(72-99) 

187.0±25.5 

(146-294) 
-37.1 -25.391 <0.001 

HbA1c (%) 

 (Min - max) 

4.4±0.4 

(3.8-5.2) 

7.1±0.4 

(6.3-8.1) 
-23.5 -30.429 <0.001 

Insulin (uIU/ml)  

 (Min - max) 

6.2±1.7 

(3.4-9) 

20.4±8.4 

(6.3-41.2) 
-53.4 -11.124 <0.001 

HOMA-IR 

(Min - max) 

1.0 ± 0.3 

(0.5-1.8) 

5.2 ± 2.2 

(1.9-12.1) 
-67.6 12.9 < 0.001 

n: number of the subjects; SD: standard deviation; t: student t-test; FBG: fasting blood 

glucose; OGTT: oral glucose tolerance test; HbA1c: Hemoglobin A1c& HOMA-IR: 

Homeostatic Model Assessment for Insulin Resistance. P-value significant at P ≤ 0.05. 
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Figure (4.1): Distribution of the mean levels of vitamin D among controls and 

cases. 

 

 

 

Figure (4.2): Distribution of the mean of glucose levels among controls and cases 
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Figure (4.3): Distribution of the HbA1c % and insulin levels among controls 

and cases. 

 

4.3 Serum lipid profile averages of the study participants 

4.3.1 Serum total cholesterol Level 

The average serum total cholesterol level among GDM cases was  

(198.7±55.3 mg/dl), with minimum 100 and maximum 290 mg/dl, in contrast to 

controls average serum total cholesterol was(162.4±46.1 mg/dl), with minimum 81 

and maximum 272 mg/dl. The difference is statistically significant (t = -3.384, P = 

0.001) as shown in (Table 4.3) (Figure 4.4). 

 

4.3.2 Serum LDL cholesterol Level 

The average serum LDL cholesterol level in GDM women was  (121.9 ± 53.5 

mg/dl) , with minimum 25 mg/dl and maximum 206 mg/dl. In contrast the average 

serum LDL cholesterol in controls was (94.6±44.8 mg/dl) , with minimum 20 and 

maximum 206 mg/dl (Table 4.3) (Figure 4.4). The difference is statistically 

significant (t = -2.624, P = 0.010). 
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4.3.3 Serum HDL cholesterol Level 

The average serum HDL cholesterol level in GDM cases was (45.6±10.7 

mg/dl), with minimum 29 and maximum 69 mg/dl. In contrast the average of HDL in 

controls was (45.0±7.8 mg/dl), with minimum 33 and maximum 69 mg/dl (Table 

4.3) (Figure 4.4), the difference is not statistically significant (t = - 0.303, P = 0.763). 

 

4.3.4 Serum Triglycerides Level 

As shown in (Table 4.3), the average serum TG level in GDM cases was 

(150.6±40.3 mg/dl), minimum 38 and maximum 215 mg/dl. In contrast the average 

of serum TG in controls was (114.7±40 mg/dl), minimum 41 and maximum 208 

mg/dl (Figure 4.4). The difference is statistically significant (t = -4.251, P < 0.001). 

 

Table (4.3): Lipid  profile among the study population 

Parameters 

Controls 

(n=45) 

Mean ± SD 

Cases 

(n=45) 

Mean ± SD 

Statistical test 

%  

Difference 
t P-value 

Cholesterols (mg/dl)  

 (Min - max) 

162.4±46.1 

(81-272) 

198.7±55.3 

(100-290) 
-10.1 -3.384 0.001 

TG (mg/dl)  

 (Min - max) 

114.7±40 

(41-208) 

150.6±40.3 

(38-215) 
-13.5 -4.251 <0.001 

HDL (mg/dl)  

 (Min - max) 

45.0±7.8 

(33-63) 

45.6±10.7 

(29-69) 
-0.7 -0.303 0.763 

LDL (mg/dl)  

 (Min - max) 

94.6±44.8 

(20-206) 

121.9±53.5 

(25-206) 
-12.6 -2.624 0.010 

n: number of the subjects; SD: standard deviation; TG: Triglyceride; HDL-C: high-

density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol & t: 

student t-test.
*
P-value significant at P ≤ 0.05. 
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Figure (4.4): Distribution of the mean lipid profile among controls and cases. 

 

4.4 The levels of calcium, phosphorus, SBP & DBP among the study 

population 

4.4.1 Serum total calcium level 

As shown in (Table 4.4), the average serum total calcium level in GDM cases 

was  (8.7±0.5 mg/dl) , minimum 7.3 and maximum  9.7 mg/dl. In contrast the 

average of total serum calcium in controls was (8.9±0.4 mg/dl) , minimum 7.9 and 

maximum 9.5 mg/dl (Figure 4.5). The difference is not statistically significant (t = 

1.051, P= 0.296). 

 

4.4.2 Serum  phosphorus level 

The average serum phosphorus level in GDM cases was (4.1±0.8 mg/dl), 

minimum 2.4 and maximum 5.7 mg/dl. In contrast, the average of serum phosphorus 

in controls was (4.0±0.6 mg/dl), minimum 3.1 and maximum 6 mg/dl (Table 4.4) 

(Figure 4.5). The difference is not statistically significant difference (t = -0.053, P = 

0.343). 
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Table (4.4): Calcium, phosphorus, SBP & DBP among the study population 

Parameters 

Controls 

(n=45) 

Mean ± SD 

Cases 

(n=45) 

Mean ± SD 

Statistical test 

%  

difference 
 T P-value 

Ca (mg/dl)  

 (Min - max) 

8.9±0.4 

(7.9-9.5) 

8.7±0.5 

(7.3-9.7) 
1.1 1.051 0.296 

P (mg/dl)  

 (Min - max) 

4.0±0.6 

(3.1-6.0) 

4.1±0.8 

(2.4-5.7) 
-1.2 -0.953 0.343 

SBP (mmHg)  

 (Min - max) 

107±8.1 

(95-125) 

116.3±10.3 

(100-140) 
-4.2 -4.740 <0.001 

DBP (mmHg) 

(Min - max) 

68.7±7.5 

(55-85) 

74.8±9.0 

(60-95) 
-4.3 -3.491 0.001 

n: number of the subjects; SD: standard deviation; Ca: Calcium; P: phosphorus; 

SPB: systolic blood pressure & DBP: diastolic blood pressure.
*
P-value is significant 

at P ≤ 0.05. 

 

4.4.3 Systolic blood pressure level 

The average SBP level in GDM cases was (116.3±10.3 mmHg) , with 

minimum 100 and maximum 140 mmHg. In contrast the average of SBP in controls 

was (107±8.1mmHg) , minimum 95 and maximum 125 mmHg (Table 4.4). The 

difference is statistically significant (t = - 4.740, P < 0.001). 

 

4.4.4 Diastolic blood pressure level 

The average DBP in GDM cases was (74.8±9 mmHg) , minimum 60 and 

maximum 95 mmHg. On the other hand, the average DBP in controls was (68.7 ± 7.5 

mmHg) , minimum 55 and maximum 85mmHg (Table 4.4). The difference is 

statistically significant (t = -3.491, P = 0.001). 
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Figure (4.5): Distribution of the mean of Ca and P levels among controls and 

cases. 

 

4.5 Association between vitamin D levels and the general 

characteristics of the study population 

Table (4.5) shows the relation between vitamin D and the general 

characteristics of the study population. The results show that the association between 

vitamin D levels and education is not statistically significant (P = 0.287). The 

association was also not statistically significant between vitamin D and employment 

(P = 0.827), vitamin D and family income monthly (P = 0.367), vitamin D (30.3± 9.5 

ng/ml) and family history of DM (P = 0.203), vitamin D and family history of GDM 

(P = 0.618), vitamin D and physical activity (P = 0.659), vitamin D and number of 

meals daily (P = 0.955). 

On the other hand, the association between vitamin D and regular blood 

glucose monitoring was statistically significant (t = 2.503, P = 0.014). Vitamin D 

levels  in participants with regular blood glucose monitoring was  (39.5±7.6 ng/ml) 

and in those without regular blood glucose monitoring was (31.0±10.8 ng/ml). 

 



 

5. 

Table (4.5):  Distribution  of  Vitamin D according to general characteristics of 

study population 

Variables 

Vitamin D (ng/ml) 

Mean ± SD  

(min-max) 

Statistical 

test 
P-value 

Education 

University 35.2 ± 9.9 (18-59) 

F = 1.279 0.287 

Secondary school 32.5 ± 10.3 (14-56) 

Preparatory school 28.8 ± 12.1 (7-57) 

Primary school 31.7 ± 12.3 (18-42) 

Illiterate ----- 

Employment 
Yes 30.7 ± 3.5 (27-34) 

t = -0.220 0.827  
No 32.1 ± 11.0 (7-59) 

Family income per 

month (NIS)  

<1000 33.6 ± 11.4 (9-59) 

F = 1.013 0.367  1000-2000 30.4 ± 10.5 (7-56) 

>2000 33.3 ± 2.1 (31-35) 

Family history of 

DM   

Yes 30.3 ± 9.5 (9-52) 
t = -1.284 0.203  

No 33.3 ± 11.6 (7-59) 

Family history of 

GDM 

Yes 30.4 ± 12.9 (9-52) 
t = -0.501 

0.618 

  No 32.2 ± 10.6 (7-59) 

Physical activity   
Yes 32.8 ± 12.7 (7-59) 

t = 0.443 0.659  
No 31.7 ± 9.9 (8-57) 

The number of 

meals (day)  

≤2 32 ± 11.8(8-56) 
t = -0.056 0.955 

>2 32.1 ± 10.1(7-59) 

Regular blood 

glucose monitoring  

Yes 39.5 ± 7.6 (27-52) 
t = 2.503 0.014

*
  

No 31.0 ± 10.8 (7-59) 

Blood glucose 

monitoring 

Daily - 

t = 0.912 0.386 Weekly 42.3 ± 12.1 (27-52) 

Monthly 37.9 ± 3.9 (32-42) 

n: number of the subjects; DM: diabetes mellitus; GDM: Gestational diabetes 

mellitus; NIS: new Israeli shekel; BMI: body mass index; 
2
: chi-square test, t: 

student t-test & F: Analysis of variance (ANOVA) test.
*
P-value significant at P ≤0.05. 
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4.6 Correlation between Vitamin D and the studied parameters 

Table (4.6) presents the correlation between vitamin D levels with the studied 

parameters. Vitamin D has a negative correlation which is statistically not significant 

with age (r = -0.100, P = 0.349), height (r = -0.107, P = 0.321), insulin (r = -0.191, P 

= 0.071), cholesterol (r = -0.088, P = 0.409), TG (r = -0.188, P = 0.076), LDL (r = -

0.073, P = 0.495), SBP (r = -0.099, P = 0.352) and DBP (r = -0.101, P = 0.343). 

 

Table (4.6): Correlation between vitamin D and  the studied parameters 

Parameters 
Vitamin D (ng/ml) 

Pearson correlation (r) P-value 

Age (years) -0.100 0.349 

Height (cm) -0.107 0.321 

Weight (Kg) -0.251 0.017
*

 

BMI (Kg/m
2
) -0.223 0.035

*
 

FBG (mg/dl) -0.235 0.026
*

 

OGTT (mg/dl) -0.249 0.018
*

 

HbA1c (%) -0.232 0.028
*

 

Insulin (uIU/ml) -0.191 0.071 

HOMA-IR -0.215 
*

...42 

Cholesterols (mg/dl) -0.088 0.409 

TG (mg/dl) -0.188 0.076 

HDL (mg/dl) 0.100 0.347 

LDL (mg/dl) -0.073 0.495 

Ca (mg/dl) 0.461 <0.001
*

 

P (mg/dl) -0.401 <0.001
*

 

SBP (mmHg) -0.099 0.352 

DBP (mmHg) -0.101 0.343 

BMI: body mass index; FBG: fasting blood glucose; OGTT: oral glucose tolerance test; 

HbA1c: Hemoglobin A1c; TG: Triglyceride; HDL-C: high-density lipoprotein cholesterol; 

LDL-C: low-density lipoprotein cholesterol; Ca : Calcium; P: phosphorus; SPB: systolic 

blood pressure; DBP: diastolic blood pressure & r: Pearson correlation.*P-value significant 

at p ≤ 0.05. 
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As shown in (Table 4.6), vitamin D shows a negative correlation which is 

statistically significant with weight (r = -0.251, P = 0.017) (Figure 4.6), BMI (r = -

0.223, P = 0.035) (Figure 4.7), FBG (r = -0.235, P = 0.026) (Figure 4.8), OGTT (r = -

0.249, P = 0.018) (Figure 4.9), HbA1c (r = -0.232, P = 0.028) (Figure 4.10); HOMA-

IR (r = -0.215, P = 0.042) (Figure 4.11) and P (r = -0.401, P < 0.001) (Figure 4.12). 

While vitamin D has a positive correlation which is not significant with HDL 

(r = 0.100, P = 0.347) (Table 4.6) and vitamin D shows a positive correlation which 

is statistically significant with Ca (r = 0.461, P < 0.001) (Figure 4.13). 

While there was a significant statistical difference between cases and controls 

in the average of vitamin D, the difference became insignificant when the values of 

vitamin D were divided into different classes namely: deficient, insufficient and 

sufficient. 

 

Table (4.7): Vitamin D levels in the study population 

Categories 
Controls 

(n=45) 

Cases 

(n=45) 
Statistical test P-value 

Deficient (<10 ng/ml) 1 (2.2) 2 (4.4) 

3.003 0.223  Insufficient (10 – 30 ng/ml) 13 (28.9) 20 (44.4) 

Sufficient (> 30 ng/ml) 31 (68.9) 23 (51.1) 

 

 

Figure (4.6):  Correlation between vitamin D and weight. 
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Figure (4.7):  Correlation between vitamin D and BMI. 

 

 

Figure (4.8):  Correlation between vitamin D and FBG. 
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Figure (4.9): Correlation between vitamin D and OGTT. 

 

 

 

Figure (4.10): Correlation between vitamin D and HbA1c. 
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Figure (4.11): Correlation between vitamin D and HOMA-IR. 

 

 

 

Figure (4.12): Correlation between vitamin D and P. 
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Figure (4.13):  Correlation between vitamin D and Ca. 
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Chapter 5 

Discussion 

 

Gestational diabetes mellitus is a global health problem and a common 

medical condition seen in clinical practice. GDM is the most common type of 

diabetes between pregnant women. Different factors increase the risk of GDM 

including high BMI before and during pregnancy, family history of DM and history 

of GDM. Vitamin D plays an important role in bone metabolism and calcium 

homeostasis. Many authors have pointed to the main roles the active form of this 

vitamin (1,25-(OH)2 D) play in maintaining biological processes through activation 

of gene expression by intercellular receptors – like cellular development, 

differentiation and metabolism (Rodda et al., 2015). Adequate vitamin D sun 

exposure is important as 80% of vitamin D is acquired from exposure of skin to sun 

light (Holick, 2003). 

The diagnosis and treatment of GDM can clearly be improved. The helpful 

biochemical tests of GDM diagnosis are limited to routine traditional diabetic factors 

involving biochemical parameters such as FBG, OGTT, HbA1c and insulin level. On 

the other hand, other biochemical features in blood such as vitamin D hormone was 

recently linked to GDM. The classical way to detect GDM is through OGTT. But 

such testing has a limitation alone; it cannot tell if the woman is truly a GDM case or 

a diabetic even prior to conception.  

In contrast to OGTT, the HbA1c test is a good diagnostic tool for detection of 

those women who were diabetic before conception. This is due to the ability of 

HbA1c test to give the average glucose concentration during the previous 2-3 

months. So the HbA1c test can distinguish the true GDM cases from the others when 

done at the time of first visit and especially if the OGTT value is abnormal. 

Seshadri et al., (2011) have shown that "vitamin D can down-regulate the 

transcription of many pro-inflammatory cytokine genes like Interleukin-2, Interlukin-

12, and Tumor Necrosis Factor-α. It promotes the induction of regulatory T-

lymphocytes, the production of anti-inflammatory cytokines and protects beta-cell 

from destruction". Vitamin D deficiency may cause development of  T1DM in 
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animal models  and in humans. It is possible that a similar relationship exists 

between vitamin D deficiency  in T2DM and GDM. Vitamin D deficiency impairs 

insulin secretion and stimulates glucose intolerance. Many vitamin D related genes 

are linked with various pathogenetic traits of the disease. Supplementation of vitamin 

D has shown to decrease the risk of developing T1DM, T2DM and GDM. Vitamin D 

has also been shown to decrease the risk of diabetes associated complications 

(Seshadri, Tamilselvan & Rajendran, 2011). It has been proven that most pregnant 

women should be able to produce suitable values of vitamin D by sun exposure and 

enriched vitamin D diet in contrast to pregnant women not exposed enough to 

sunlight and having poor vitamin D diet. While the supplements of vitamin D must 

be taken to preserve the normal vitamin D level in their body. Many studies have 

shown that the problem of vitamin D deficiency is not limited to low sun areas of the 

world but also is common in sunny regions such as Middle Eastern countries like 

Jordan (Jazar, Takruri, & Khuri-Bulos, 2011). 

 

5.1 General characteristics of the study population 

The pregnant women who participated in the present study were between 25-

37 years old with no statistical significance difference. On the other hand, the results 

showed that there is a significant statistical difference in weight among pregnant 

women with GDM and the control group (P=0.013), this is in agreement with Erem 

et al., (2015) who indicated that the high weight gain in early pregnancy, particularly 

during the 1
st 

trimester, was associated with an increased risk of GDM (Erem, Kuzu, 

Deger, & Can, 2015). The 2009 IOM recommendations for gestational weight gain 

was also linked with an increased risk of developing GDM (Hedderson, Gunderson 

& Ferrara, 2010). All of these associations were independent of important 

confounders, including age, race/ethnicity, pre-gravidity BMI , and parity. However, 

the association between gestational weight gain and the risk of GDM was more 

pronounced among overweight women. The difference in the height of the cases was 

also statistically significant from that of the control group (P < 0.001). The results do 

not agree with a cross-sectional study in Greece which showed that women with 

GDM and T2DM are shorter in stature than those without (Anastasiou et al., 1998). 



 

6. 

The results also show that BMI was significantly higher in cases compared to 

controls (P < 0.001). Therefore, high BMI may be considered as a risk factor in 

pregnant women for GDM. Our results are compatible with different studies which 

agree that the main associated factors with GDM are obesity and increased BMI 

(Drincic, Fuller, Heaney, & Armas, 2013; Sultan, Anan, & Ahmed, 2004; Aronovitz 

& Metzger, 2006). Obesity is considered as a risk factor for the increased cases of 

GDM. Recently, in Gaza Strip the increase in obesity prevalence has also increased 

the prevalence of GDM (AlKasseh et al.,  2013). This has adverse effects on both 

future individual health and societal medical costs. Obesity and subsequently GDM 

rise the risk of adverse pregnancy and infant's health outcomes and also a higher risk 

of developing T2DM later in life in both the mother and child (Ben‐Haroush et al., 

2004; Kim et al., 2002). 

The results of the present study show that there is a statistical significant 

difference in education (P = 0.013) between the cases and controls. Participants in 

the control have higher education in contrast to lower education in cases. Our results 

are  congruent with a study performed in İzmir, Turkey (Bal, Ersoy, Demirtaş, Kurt, 

& Taşyurt, 2016) but do not agree with another study done in Pennsylvania, USA 

(Tomedi, Simhan, & Bodnar,  2013). Our data support the association between GDM 

and lower education status. Women with lower level of education with more risk 

factors for GDM have a higher percentage of parental diabetes, confirming the 

association between GDM and socioeconomic status. These data are in line with 

recent studies, suggesting a relationship between the metabolic syndrome and lower 

education levels in women and provide more evidence for the increased demand for 

health care resources and primary prevention for groups with lower socioeconomic 

status (Kerényi et al., 2000; Wamala et al., 1999). 

On the other hand, the results of the current study show that there is a 

statistically significant difference between cases and controls regarding family 

history of DM (P = 0.003), cases have higher family history of DM in relation to 

controls. The results agree with those of  Tomedi et al. (2013) who indicated that the 

lower mean level of vitamin D in pregnant women with family history of DM is 

linked to elevated incidence of different degree of glucose intolerance and DM 

particularly at environmental trigger acting on an underlying genetic susceptibility. 
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Vitamin D is known to influence insulin secretion and insulin resistance (Kayaniyil 

et al., 2010). 

Women with a family history of diabetes makes it more susceptible to 

develop GDM, which suggests that genes play a role. Family history of diabetes is 

observed as a risk factor for gestational glucose intolerance. Most screening policy 

involving  DM family history as a sign of OGTT. However, few studies had 

evaluated the actual incidence of glucose intolerance in this group of women. On the 

other hand, family history of GDM is also statistically significant (P = 0.001) where 

the cases have higher family history of GDM as a risk factor for development of 

GDM in cases compared to the controls. The results are compatible with El-Sagheer 

et al. (2016). 

 

5.2 Vitamin D, insulin, HbA1c and glucose profile among the study 

population 

The average of vitamin D in GDM cases was lower than that of controls with 

statistical significance difference (P = 0.031). These results agrees with the results of 

different studies which showed that low vitamin D levels are associated with higher 

risk of developing GDM (Burris  et al., 2012; Lacroix et al., 2014; Wang et al., 2012; 

Zhang et al., 2015). In contrast, different studies have shown that there is no 

association between the low levels of vitamin D and the risk of developing GDM 

(Bal, Ersoy, Demirtaş, Kurt, & Taşyurt, 2016; Park et al., 2014). 

There are conflicting results regarding maternal vitamin D status and risk of 

GDM. The reason may be due to differences in population characteristics including 

ethnicity, geographic location, gestational age at sampling and diagnostic criteria for 

GDM. The results also show that 3.3% of the participants have vitamin D deficiency 

and 36.7% have vitamin D insufficiency. This represents that vitamin D deficiency 

and insufficiency are a real problem among pregnant women which may lead to 

different complications for the pregnant women and for the infant. 

Regarding the results of FBG, GDM cases have higher levels in relation to 

controls (P < 0.001) and so the average level of OGTT was higher in cases than 
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controls which was also statistically significant (P < 0.001). These results are 

compatible with those of different studies which showed an inverse association 

between maternal serum vitamin D levels, FBG and OGTT (Clifton‐Bligh, McElduff 

& McElduff, 2008; Wang et al., 2012). 

The average level of HbA1c in cases was higher compared to controls (P <  

0.001), the higher levels of HbA1c in cases approve that there was a poor glycemic 

control in cases for at least the past 2 months. The possible explanation for the 

impaired glycemic control may be related to the role vitamin D is playing in glucose 

homeostasis via different mechanisms together with other factors. Vitamin D 

receptor gene polymorphisms and vitamin D interactions with the insulin like growth 

factor system may further influence glucose homeostasis. The ambiguity of optimal 

vitamin D dosing regimens and optimal therapeutic concentrations of serum 

25(OH)D limit available intervention studies. These results agree with those of 

others including Maghbooli et al. (2008) and Wang et al., (2012). Recent results from 

the Hyperglycaemia and Adverse Pregnancy Outcomes (HAPO) study showed that 

HbA1c measurements, similar to glycemia levels, were significantly associated with 

all adverse outcomes, and higher levels of maternal HbA1c were related to a greater 

frequency of adverse outcomes (Lowe et al., 2012). 

Serum insulin mean level in GDM cases was higher (20.4±8.4 µIU/mL) in 

contrast to controls (6.2±1.7 µIU/mL) with statistical significance difference (P < 

0.001). These results are linked to insulin resistance in GDM cases. This can be 

confirmed from the HOMA-IR results which showed that GDM cases have higher 

values compared to controls, and therefore have high insulin resistance. During 

pregnancy, different factors can bind to the insulin receptor including hormones and 

can cause interference with the action of insulin. The interference may occur at the 

level of the cell signaling pathway beyond the insulin receptor. Insulin's main role is 

to promote glucose entry into different cells, which is prevented by insulin 

resistance. Consequently, glucose levels are increased in the blood. The pancreas 

needs to secrete more insulin to control this resistance; where 1.5–2.5 times more 

insulin is produced than in a normal pregnancy (Carr & Gabbe, 1998). These results 

give further explanation for the higher FBG, OGTT and insulin in cases compared to 

controls. The association between low vitamin D levels and insulin resistance was 

https://en.wikipedia.org/wiki/Insulin_receptor
https://en.wikipedia.org/wiki/Cell_signaling
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demonstrated in different studies (Butte, 2000 ; El-Sagheer et al., 2016 ; Zhang et al., 

2015).  

 

5.3  Serum lipid profile of the study participants 

The average levels of serum cholesterol, TG and LDL were higher in GDM 

cases in contrast to the average in controls and the difference is statistically 

significant. The results are congruent with those of different studies (Alajlan et al., 

2015; Butte, 2000; Couch et al., 1998; Ghodke, Pusukuru & Mehta, 2017 ; Herrera & 

Ortega, 2010). One reason of  hypercholesterolaemia during pregnancy is due to an 

increase in production of sex steroids. Another reason may be due to the insulin 

resistance which causes changes in hepatic and adipose tissue metabolism. On the 

other hand, the increased progesterone concentration contributes to the rise in LDL 

levels (Brizzi et al., 1999 ; An-Na et al., 1995). The consistent increase in the levels 

of triglycerides during the course of pregnancy in GDM women in relation to those 

without insulin resistance is important as hypertriglyceridaemia is thought to be one 

of the key drivers of fetal macrosomia (Kitajima et al., 2001). 

On the other hand, the average serum level of HDL in GDM cases was 

approximately similar to the level in controls (P = 0.763) results are in agreement 

with Al-Musharaf, (2017). 

The links between abnormal levels of vitamin D and abnormal glucose and 

lipid metabolism have been approved by different studies. The results of 

epidemiologic studies showed that women who are vitamin D deficient are more 

likely to develop GDM (Alajlan et al.,  2015). On the other hand, insulin resistance 

was linked to high plasma TG and low plasma HDL cholesterol levels (Taskinen, 

2003).  

Other cross- sectional studies have linked high BMI to higher level of total 

cholesterol and abnormal lipids pattern, including low concentrations of HDL 

cholesterol and high TG concentrations (Tsai,  Yang,  Lin,  & Fang, 2004 ; Wild & 

Byrne, 2006). Di Cianni et al. (2005) reported that "changes in carbohydrate and 

lipid metabolic markers in pregnant women may not lead to a pathologic condition 
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but rather  indicate a necessary adaptation of the mother’s physiology to balance the 

energy requirement of  the fetus and to provide the mother for delivery and lactation" 

(Di Cianni et al., 2005). Vitamin D activates cholesterol efflux from  macrophages, a 

critical component in atherosclerotic plaque regression (Riek & Bernal-Mizrachi, 

2013). It has been proven that vitamin D may help the removal of lipoprotein 

particles by increasing lipoprotein lipase gene expression (Vu, Ong, Clemens, & 

Kern, 1996). 

 

5.4  The levels of SBP and DBP among the study population 

The present study shows that the average levels of SBP and DBP were higher 

in GDM cases in contrast to that of controls, the difference is statistically 

significance (P < 0.001). The development of high blood pressure during pregnancy 

is known as preeclampsia; preeclampsia and GDM also affect the women’s babies. 

Women with preeclampsia were more likely to give birth to underweight babies and 

deliver prematurely. Women with GDM were more likely to deliver overweight 

babies.  These results are congruent with those of different studies including those of 

Rutkowska et al. (2016) and Kolusari et al. (2008). 

A number of cohort studies, which involved measuring the metabolic features 

before the onset of hypertension in pregnancy, have provided more prevision into 

this linkage. Cioffi. (1997) reported that "mid- pregnancy  hyperinsulinemia  has 

been linked with subsequent development of preeclampsia alone in African-

Americans independent of maternal BMI". While of the other hand, another mixed 

racial cohort study found that, and after controlling for BMI and race, no association 

between the hyperinsulinemia in mid-pregnancy and subsequent gestational 

hypertension (Sowers, Saleh & Sokol, 1995 ; Cioffi et al., 1997). 

 

5.5 levels of Vitamin D in relation to the general characteristics of 

the study population 

The results of the present study show that there is no association between 

vitamin D levels and general characteristics of the study population including 
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education, employment, monthly income, family history of diabetes, family history 

of gestational diabetes, physical activity, or the number of meals per day. 

 

5.6  Correlation between Vitamin D and the studied parameters 

The results show that vitamin D has a significant negative correlation with 

weight (r = -0.251, P = 0.017) and with BMI (r = -0.223, P = 0.035). BMI is 

inversely proportional to the concentration of vitamin D. The results are in agreement 

with those of different studies (Haidari, Jalali, Shahbazian, Haghighizadeh, & 

Azadegan, 2016;  Kumaratne, Early,  & Cisneros, 2017). The different studies have 

suggested different mechanisms for this inverse relationship and the lower serum 

levels of vitamin D in obese patients including: the low exposure of obese people to 

the sunlight; obese patients do not take adequate amounts of vitamin D; the 

decreased bioavailability of vitamin D in obese patients; vitamin D is a fat-soluble 

vitamin which can be sequestered in adipose tissue and therefore the concentration 

will be lower in blood (Khorvash et al., 2013). 

Vitamins D also express a statistical significant negative correlations with 

FBG (r = -0.235, P = 0.026), HbA1c (r = -0.232, P = 0.028) and OGTT (r = -0.249, P 

= 0.018). The results agree with those of  Pleskacova et al. (2015) and Ghasemi et al. 

(2016). This again shows the inverse relationship between vitamin D and the 

different glucose parameters. Low levels of  vitamin D affects the levels of insulin 

negatively and therefore affects the levels of FBG, OGTT and HbA1c positively.  

Vitamin D plays a vital role in the homeostasis of glucose. This is achieved 

by the VDRs which are located in pancreatic β-cells and the expression of 1-α- 

hydroxylase enzyme in pancreatic β-cells which catalyzes the transformation of 25-

(OH)D to 1, 25-(OH)2D (Bland et al., 2004; Johnson,  Grande, Roche & Kumar, 

1994). In addition to the presence of a vitamin D response element in human insulin 

gene promoter, and the existence of VDR in skeletal muscle (Dunlop et al., 2005; 

Maestro,  Molero, Bajo, Davila & Calle, 2002).  

 

On the other hand, vitamin D showed weak negative correlations which were 

statistically not significant with insulin (r = - 0.191, P = 0.071), SBP (r = -0.099, P = 
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0.352), DBP (r = -0.101,P= 0.343), cholesterol (r = - 0.088, P = 0.409) and TG (r = -

0.188, P = 0.076). The results do not agree with that of El-Sagheer etal., (2016) but 

do agree with that of  a study done in Ahvaz, Iran (Haidari, Jalali, Shahbazian, 

Haghighizadeh, & Azadegan, 2016). 

Many studies have determined the association between vitamin D and insulin 

in GDM females but the present study proved a correlation between vitamin D 

deficiency and impaired insulin sensitivity in GDM cases (HOMA-IR results) that 

confirm the previous studies (Clifton‐Bligh, McElduff & McElduff, 2008; Tomedi, 

2012; Farrant, Williamson, Battin, Hague & Rowan, 2017; Mcleod et al., 2012; 

Wang et al., 2012). On the other hand, vitamin D shows a significant positive 

correlation with calcium (r = 0.461, P < 0.001), the result agree with Al-Ajlan et al., 

(2015). Vitamin D is considered as a vital regulator of bone mineralization and 

calcium optimum concentration. Gastrointestinal absorption of active calcium is 

increased by the action of vitamin D through the increased expression of calcium 

channel and calcium binding protein (Holick, 2011). Additionally, vitamin D binds 

to its receptor in osteoblasts and promotes preosteoclasts maturation. Besides that, 

growing evidence mounted that vitamin D has a number of extra-skeletal functions. 

Vitamin D by its binding to the vitamin D receptor (VDR) regulates expression of 

hundreds of genes (directly or indirectly) including those that control key processes 

affecting cell fate (Pleskačová, et al., 2015; Holick, 2007). 
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Chapter 6 

Conclusions and Recommendations 

 

6.1  Conclusions 

1. The average BMI, family history of DM and history of GDM were higher in 

cases compared to controls. 

2. The mean level of vitamin D was significantly lower in cases as compared to 

controls. 

3. The average levels of serum FBG, OGTT, HbA1c, insulin and HOMA-IR were 

significantly higher in cases as compared to controls.  

4. The average levels of serum cholesterol, TG and LDL were significantly higher 

in cases as compared to controls.  

5. The average systolic and diastolic blood pressure levels were higher in GDM 

cases in relation to controls. 

6. Vitamin D has a significant negative correlation with weight, BMI, FBG, OGTT, 

HbA1c, phosphorus and HOMA-IR. 

7. Vitamin D has a significant positive correlation with calcium. 

8. Obesity and hyperlipidemia is a risk factors that causes hypertension in GDM 

cases. 

9. Serum vitamin D level has a relationship with GDM among pregnant women. 
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6.2 Recommendations 

1. In the current study, there was prevalence of vitamin D insufficiency and 

deficiency. We suggest routine testing of all pregnant women, and treatment of 

women who are found to be vitamin D insufficient or deficient. Replacement of 

adequate vitamin D may contribute to prevention of GDM later in pregnancy. 

2. There should be educational awareness programs for pregnant women about 

importance of healthy diet and eating vitamin D rich food and also about 

sunlight benefits for vitamin D production. 

3. It is important  to encourage women for early registration during pregnancy and 

also to attend postnatal visits during lactation for close supervision and effective 

follow-up. 

4. Introduction of OGTT  and HbA1c  tests for GDM patients in Gaza hospitals as 

a diagnostic tool is highly recommended. 

5. Monitoring of vitamin D levels can play an important role in GDM management 

among pregnant women. 

6. Fortification of certain foods with vitamin D local as wheat flour. 

. 
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