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SYNOPSIS 

Several reports have linked vitamin D deficiency with an increased risk of gestational 

diabetes mellitus (GDM). Both of these conditions are alarmingly common in Saudi 

Arabia, and pose additional risk of developing future metabolic disease. This study, 

therefore, investigates the vitamin D status amongst pregnant Saudi women, and the 

potential influence of vitamin D deficiency on metabolic dysfunction, such as GDM.  

 

A total of 578 pregnant women (28.8 ± 5.4 years) were recruited for this study during 

their first trimester of pregnancy (8-12 weeks) and followed up in their second trimester 

(24-28 weeks), where data were collected from 297 [51.3% (297/578); 28.9 ± 5.3 years] 

women. The study collected socio-economic, anthropometric and biochemical data, 

along with dietary intake, physical activity and sun indices. 

 

The findings of this study indicate that during the first trimester 81% of women being 

vitamin D deficient, dropping to 77% in the second trimester. It was also noted that 

being younger in age, multiparous, having a lower level of education, being a 

housewife, and living in West Riyadh were all associated with vitamin D deficiency 

during the first trimester (p < 0.05), and this further corresponded to reduced sun 

exposure (p < 0.001). In contrast, physically active pregnant women, women 

adequately exposed to sunlight at noon (p < 0.001), and residents of North Riyadh all 

had significantly higher circulating vitamin D levels (p < 0.05). Furthermore, low levels 

of high-density lipoprotein cholesterol (HDL-cholesterol) during early pregnancy were 

also associated with an increased  risk of vitamin D deficiency (p < 0.05). Ultimately, 

compared with the first trimester, circulating vitamin D levels were significantly higher 

in the second trimester, after adjustment (p < 0.001).  

 

Among the pregnant women studied here, it was subsequently found that 33% 

developed GDM in the second trimester. Vitamin D deficiency in early pregnancy was 

associated with significantly higher risk of GDM, and this risk persisted after adjusting 

for confounding risk factors with regard to both vitamin D deficiency and GDM [odds 

ratio (OR) 3.97, confidence interval (CI) 1.12-14.15, p = 0.033]. In addition, 



XV 

 

significantly higher random blood glucose levels, higher glycated haemoglobin 

(HbA1c), and low HDL-cholesterol in early pregnancy were observed in the GDM 

subjects, compared to those without GDM (p < 0.05). Furthermore, vitamin D 

deficiency in mid-pregnancy increased the risk of metabolic syndrome and low HDL-

cholesterol, thus pointing to the role of vitamin D in the probability of developing 

cardiometabolic disease. 

 

In summary, a high prevalence of vitamin D deficiency was observed amongst the 

subjects in this study, namely pregnant Saudi women. Moreover, hypovitaminosis D in 

early pregnancy was identified as a significant risk factor for the development of GDM. 

The present study, therefore, suggests that maintaining optimal levels of vitamin D 

during pregnancy may be a useful intervention in preventing the development of GDM 

and metabolic syndrome. Along with vitamin D supplementation, lifestyle modification 

also appears to be critical for maintaining optimal vitamin D levels during pregnancy, 

thus avoiding pregnancy-related complications.  
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Introduction 



1 

 

1.1 Vitamin D During Pregnancy 

1.1.1 Background  

Vitamin D was recognised as a fat-soluble vitamin, and identified as a calciferol in the 

early 20th century (Ross et al., 2011). Vitamin D exists in two main forms: vitamin D2 

(ergocalciferol) and vitamin D3 (cholecalciferol) (Holick, 2006a). Although people can 

synthesise some vitamin D in their bodies, the amount may not be sufficient due to 

 a variety of factors, meaning that additional sources may be required to maintain 

adequate levels. Vitamin D is in fact classed as a hormone, rather than a vitamin, due 

to the occurrence of specific receptors (Holick, 2011b). Nearly all cells in the human 

body contain vitamin D receptors (VDRs), implying that they require vitamin D to 

function appropriately (Holick, 2011a; Holick, 2011b).  

 

It is apparent that sufficient vitamin D levels are essential for maintaining other 

functions in the human body, including the brain, heart muscle, and adipose tissue 

(Bikle, 2009). In addition, vitamin D controls certain genes that regulate metabolic 

control, immune function, and cell growth and development (Holick, 2011b; Wacker 

& Holick, 2013b). Research has demonstrated that hypovitaminosis D is linked to 

several chronic disorders, including cancer, infections, autoimmune diseases, 

neurological diseases, cardiovascular diseases, and type 2 diabetes mellitus (T2DM) 

(Holick, 2011a; Holick, 2011b). These findings have led to an investigation into the 

novel functions of vitamin D in various human cells, and shed light on its implications 

for health and disease. 

1.1.1.1 Sources of Vitamin D 

Vitamin D may be acquired through endogenous mechanisms, such as skin-based sun 

exposure, or exogenously from a diet of food naturally rich in vitamin D, or fortified 

food and supplements (Alpert & Shaikh, 2007). For example, vitamin D3 can be 

synthesised by the epidermis in response to ultraviolet-B (UVB) radiation from the sun, 

or obtained from the diet. Whereas vitamin D2 is converted from ergosterol, which is 

synthesised in plants exposed to ultraviolet radiation (DeLuca & Zierold, 1998). The 
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production of vitamin D3 from 7-dehydrocholesterol in the epidermis occurs because 

of stimulation from UVB of wavelength 290-315 nm (Norman, 2001). Hence, the 

endogenous production of vitamin D based on UVB radiation depends on the amount 

of UVB reaching the skin, and the presence of 7-dehydrocholesterol (Holick, 1995a). 

 

Dietary sources constitute less than 10% of daily vitamin D intake, due to the limited 

sources of vitamin D available in food (Holick et al., 2012). According to the Institute 

of Medicine (IOM), foods naturally rich in vitamin D include salmon, oily fish, and 

extracted cod liver oil (IOM, 2010), with lesser concentrations being found in egg yolk 

and sun-dried mushrooms (Ovesen et al., 2003; Holick, 2011a). Although fortified 

foods, such as dairy products, cereals, and juices are good sources of vitamin D (IOM, 

2010), in Saudi Arabia, few foods are fortified with vitamin D. Under the current 

regulations, regularly consumed food is not fortified, but even when it is, it is to a lesser 

degree than is recommended by the United States of America (USA) market guidelines 

(Sadat-Ali et al., 2013). Vitamin D-fortified foods in Saudi Arabia include milk, which 

provides a range from 40-400 international units (IU) and enriched wheat and enriched 

treated flour (55.1 IU/100 gm) (Sadat-Ali et al., 2013).  

 

Conversely, in the USA and Canada, milk is voluntarily supplemented with 

approximately 100-400 IU/cup (IOM, 2010), although cheese, ice-cream, and other 

dairy products are not usually fortified. Additionally, cereals, orange juice, yoghurt, 

margarine, and other nutritional products may be fortified with vitamin D (IOM, 2010).  

Supplementation with over-the-counter medication forms another important dietary 

source of vitamin D (IOM, 2010). A list of vitamin D sources is presented in the 

following Table (Table 1.1).  

 

 

 

 

 

 

  



3 

 

Table 1.1 Vitamin D sources, adapted from Holick (2007) and Holick et al. (2011a). 

Natural Sources  

Cod liver oil  ∼400–1,000 IU/teaspoon vitamin D3  

Salmon, fresh wild and caught  ∼600–1,000 IU/3.5 oz. vitamin D3  

Salmon, fresh farmed  ∼100–250 IU/3.5 oz. vitamin D3, vitamin D2  

Salmon, canned  ∼300–600 IU/3.5 oz. vitamin D3  

Sardines, canned  ∼300 IU/3.5 oz. vitamin D3  

Mackerel, canned  ∼250 IU/3.5 oz. vitamin D3  

Tuna, canned  236 IU/3.5 oz. vitamin D3  

Shiitake mushrooms, fresh  ∼100 IU/3.5 oz. vitamin D2  

Shiitake mushrooms, sun-dried  ∼1,600 IU/3.5 oz. vitamin D2  

Egg yolk  ∼20 IU/yolk vitamin D3 or D2  

Sunlight/UVB radiation  ∼20,000 IU, equivalent to exposure to one minimal erythemal 

dose in a bathing suit. Thus, exposure of arms and legs to a 

0.5 minimal erythemal dose is equivalent to ingesting ∼3,000 

IU vitamin D3.  

Fortified Foods    

Fortified milk  100 IU/8 oz., usually vitamin D3 

Fortified orange juice  100 IU/8 oz. vitamin D3 

Infant formulas  100 IU/8 oz. vitamin D3 

Fortified yogurts  100 IU/8 oz., usually vitamin D3 

Fortified butter  56 IU/3.5 oz., usually vitamin D3 

Fortified margarine  429 IU/3.5 oz., usually vitamin D3 

Fortified cheeses  100 IU/3 oz., usually vitamin D3 

Fortified breakfast cereals  ∼100 IU/serving, usually vitamin D3 

Pharmaceutical Sources in the US  
Vitamin D2 (ergocalciferol)  50,000 IU/capsule  

Drisdol (vitamin D2) liquid  8,000 IU/cc  

Supplementary Sources    

Multivitamins  400, 500, 1,000 IU vitamin D3 or vitamin D2  

Vitamin D3  400, 800, 1,000, 2,000, 5,000, 10,000, and 50,000 IU 

Note: IU = 25 ng; oz. = ounce 
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1.1.1.2 Metabolism and Absorption of Vitamin D 

Vitamin D, which is either synthesised in the body or consumed from food, is 

biologically inactive. It binds to a vitamin D binding protein (VDBP), or lipoproteins 

in the blood, and is transported to the liver (Lips, 2006; IOM, 2010) where the enzyme, 

25-hydroxylase (CYP2R1) hydroxylases it to 25(OH)D (calcidiol). This undergoes 

further hydroxylation in the kidneys, by the enzyme 25(OH)D-1-α-hydroxylase 

(CYP27B1), to yield 1,25-hydroxyvitamin D [1,25(OH)2D] (calcitriol). 1,25(OH)2D is 

the active form, and is primarily produced in the kidneys, but may also be synthesised 

in other tissue, such as the pancreas, immune system, and placenta (Holick, 2006b; 

Wacker & Holick, 2013a; Bikle, 2014). The enzyme responsible for catabolising 

1,25(OH)2D to its less active form and water-soluble metabolites is 1,25(OH)2D3-24-

hydroxlase (CYP24A1), which is upregulated by 1,25(OH)2D itself, in a negative 

feedback mechanism (Wacker & Holick, 2013a; Bikle, 2014).  

 

Renal CYP27B1 stimulators include, higher concentrations of parathyroid hormone 

(PTH), hypocalcaemia, hypophosphatemia, and calcitonin, whereas inhibitors of this 

enzyme include fibroblast growth factor-23, hyperphosphatemia, and 1,25(OH)2D itself 

(Kawashima et al., 1981; Nesbitt & Drezner, 1993; Holick, 2007). Additionally, 

pregnancy, lactation, prolactin, sex steroids, growth spurt, growth hormone, and 

insulin-like growth factor 1, all play a part in improving the induction of renal 

CYP27B1, and therefore the production of 1,25(OH)2D, to meet higher calcium needs 

(Bouillon, 2001; Holick, 2004). However, non-classical CYP27B1 expression in other 

bodily tissues is tissue-specific (Olmos-Ortiz et al., 2015). For example, studies have 

shown that monocyte and macrophage derived CYP27B1 is stimulated by tumour 

necrosis factor-α (TNF-α) and interferon-γ (IFN-γ), but not PTH (Pryke et al., 1990; 

Gyetko et al., 1993). In a comparable manner, pro-inflammatory cytokines stimulate 

CYP27B1 and CYP24A1 production in the placenta for synthesis and inactivation of 

vitamin D, respectively (Noyola-Martínez et al., 2014). Hence, it is interesting to note 

that both the anabolism and catabolism of placental 1,25(OH)2D are locally affected by 

inflammatory cytokines (Noyola-Martínez et al., 2014).  
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In the small intestine, dietary vitamin D (either D2 or D3) is absorbed with other foods 

containing fat, due to its fat-soluble nature. Therefore, its efficiency is based on the fat 

in the gut lumen (Holick, 1995a). When there is sufficient vitamin D, 30% of dietary 

calcium is absorbed, whereas only 10-15% of dietary calcium is absorbed from the 

small intestine if no vitamin D is present (Heaney et al., 2003). During pregnancy, 

lactation, and growth, calcium absorption can increase by up to 80%, due to the higher 

calcium demand (Holick, 2004).  

 

After its absorption, vitamin D is incorporated into chylomicrons before reaching the 

systemic circulation via the lymphatic system, and is finally transported to the liver and 

kidneys, or non-classical tissues (Ross et al., 2011). Excess vitamin D is primarily taken 

up by adipose tissue and skeletal muscle (Jones, 2008). 

1.1.1.3 Functions of Vitamin D 

Vitamin D is vital for several biological actions of the human body. For example, 

1,25(OH)2D binds to VDRs facilitating the control of transcriptional activity, which is 

cell-specific (John et al., 2007; Bikle, 2009). VDRs are extensively distributed 

throughout the body’s tissues, indicating there are many different biological actions of 

vitamin D (John et al., 2007), some considered classical, and others non-classical. 

Classical actions involve the expression of VDR in the intestine, bones, and kidneys, 

along with the synthesis of parathyroid and thyroid hormones, calcium regulation, and 

bone metabolism (Deluca & Cantorna, 2001; Holick, 2002, 2004; IOM, 2010). Non-

classical functions involve the presence of VDRs in other cells, including the pancreas, 

stomach, brain, heart, gonads, activated T and B lymphocytes, skin, and placenta, which 

pertains to the production of active vitamin D (Stumpf et al., 2007; Bikle, 2009). Hence, 

1,25(OH)2D encourages the induction of insulin secretion, apoptosis, inhibition of cell 

proliferation, angiogenesis, and renin production, all of which are also non-classical 

functions of vitamin D (Holick, 2010; Hossein-Nezhad & Holick, 2013).  

 

Vitamin D has other functions, including the reduction of inflammation, and 

modulation of neuromuscular and immune function (Hayes et al., 2003; Holick, 2003b). 
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Moreover, it has a critical role in the immune system, by inhibiting adaptive immunity 

and promoting innate immunity (Bikle, 2009). These extensive activities of 

1,25(OH)2D have been further hypothesised as having a possible role in the prevention 

of cancer or development of cancer therapies (Masuda et al., 2005), long with the 

treatment of other chronic conditions, a such as auto-immune conditions, 

cardiovascular disease, and infections (Holick, 2008). 

1.1.1.4 Homoeostasis of Vitamin D During Pregnancy 

During gestation, the body undergoes numerous changes intended to optimise the 

nutrition and health of the offspring. However, the behaviour of vitamin D during 

gestation is not yet fully understood (IOM, 2010). For example, the conversion of 

vitamin D to 25(OH)D during gestation it not what makes it unique; it is the conversion 

of 25(OH)D to 1,25(OH)2D where the dissimilarities appear. This is due to the location 

of the VDRs and vitamin D-activating enzyme in maternal (decidual) and foetal 

(trophoblastic) components of the placenta, which can synthesise the active form of 

vitamin D (Evans et al., 2004; Shin et al., 2010). By contrast, the vitamin D catabolic 

enzyme is poorly expressed in the placenta during early pregnancy, which coincides 

with the body’s need to preserve active vitamin D, because of the increased bone growth 

demands of the foetus, and the needs of the mother (Evans et al., 2004).  

 

Vitamin D in the form of 25(OH)D can readily pass from the placenta to the kidneys of 

the foetus, whereas, 1,25(OH)2D is incapable of passing through the placenta 

(Thandrayen & Pettifor, 2010). Accordingly, the foetus is wholly dependent on 

25(OH)D placental delivery, so the mother’s vitamin D metabolism undergoes a series 

of adaptations after the maternal intake and production of 25(OH)D (Kovacs, 2008). 

Thus, levels of 1,25(OH)2D in pregnant women increase in both the kidneys and 

placenta (Lapillonne, 2010) (Figure 1.1). 
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Figure 1.1 Vitamin D metabolism during pregnancy. 25(OH)D is thought to easily 

cross the maternal placenta. The placenta expresses VDRs and produces 25(OH)D-1-

α-hydroxylase (CYP27B1) to convert 25(OH)D to 1,25(OH)2D. However, 1,25(OH)2D 

does not readily cross the placenta, and foetal 1,25(OH)2D levels are normally lower 

than maternal serum levels. The low foetal concentrations of 1,25(OH)2D also reflect 

low foetal parathyroid hormone (PTH) and high phosphorus concentrations, which 

suppress renal CYP27B1. Although parathyroid hormone-related protein (PTHrP) is 

elevated in the foetal circulation, it appears to be less capable than PTH to stimulate 

renal CYP27B1 (adapted from Hossein-Nezhad & Holick, 2013). 
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It is noticeable that maternal serum concentrations of 1,25(OH)2D gradually increase 

during gestation, with an increase of 50-100% in the first and second trimester, and   

100% by the end of pregnancy (Ritchie et al., 1998; Christesen et al., 2012) 

(Figure 1.1). However, the reasons for this increase in 1,25(OH)2D remain unclear. It 

may be due to the elevated production of renal CYP27B1 in pregnancy from the mother 

and foetus (Hossein-Nezhad & Holick, 2013), along with extra production from the 

placenta and decidua (Shin et al., 2010; Barrett & McElduff, 2010). However, given an 

increase in 1,25(OH)2D, expectant mothers are likely to have higher cellular exposure 

to vitamin D during the second half of gestation, suggesting a function of vitamin D in 

obstetric well-being.  

 

Regarding serum 25(OH)D levels, it is unclear whether any changes occur during 

pregnancy under normal conditions (Ginde et al., 2010). During pregnancy, the body 

attempts to compensate its levels to achieve sufficiency, by reducing the renal clearance 

of 25(OH)D. However, due to an elevated plasma volume during pregnancy, 

haemodilution is induced, so levels of vitamin D may be subsequently counterbalanced 

(Marwaha et al., 2011; McAree et al., 2013). Furthermore, 25(OH)D levels may vary 

due to environmental or behavioural confounding factors (Bodnar et al., 2007b). Thus, 

both endogenous and exogenous factors during pregnancy can affect vitamin D levels. 

The understanding of 25(OH)D concentration is inconclusive so far, as some studies 

state that 25(OH)D concentrations significantly increase or decrease during pregnancy 

(Zhang et al., 2014; Choi et al., 2015), while others indicate that there is no change  

(Marwaha et al., 2011). It is important to note here that these changes in vitamin D 

levels are not connected to changes in calcium absorption within the intestine (Ross et 

al., 2011). Thus, the increased calcium absorption that occurs during pregnancy is 

independent of 1,25(OH)2D, because calcium is stimulated by maternal hormones, such 

as prolactin and placental lactogen (Kovacs, 2008).  

 

In non-pregnancy, studies have shown that PTH is strongly inversely related to vitamin 

D status, especially in the context of suboptimal 25(OH)D status (Kuchuk et al., 2009; 

Sai et al., 2010). The response of PTH levels to gestation show varied and inconsistent 

results, with a pattern of unchanged levels in early pregnancy and higher levels towards 
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the time of delivery (Kovacs & Kronenberg, 1997; Essley et al., 2012). The reaction of 

parathyroid hormone to pregnancy may be altered by variations in 25(OH)D 

concentration, regularity of calcium intake, and the age of the woman in pregnancy 

(Bezerra et al., 2002; Haddow et al., 2011). A cross-sectional study conducted on 

women in early gestation, showed that parathyroid hormone in African Americans had 

a weak (r = - 0.074) inverse correlation with vitamin D levels (Haddow et al., 2011). 

Another study conducted on women in mid- and late-pregnancy revealed a higher 

inverse correlation between parathyroid hormone and vitamin D levels (r = −0.24 and 

-0.27, respectively) (Hamilton et al., 2010; Brembeck et al., 2013), compared to what 

was found by Haddow et al. (2010). These correlations were also weaker than those 

found in the non-pregnant population (Aloia et al., 2006).  

 

1.1.2 Vitamin D Deficiency During Pregnancy 

The best method for assessing vitamin D concentration in serum, is to measure the level 

of 25(OH)D, as this reflects the main circulating form of vitamin D, and is identified as 

the gold standard measurement (Van den Berg, 1997). This is also the best reflection 

of combined dietary vitamin D intake and vitamin D synthesis in the skin, and it is the 

substrate for both renal and non-renal synthesis of 1,25(OH)2D (Jones, 2008). The 

active form of vitamin D, however, is not used for measuring vitamin D status, due to 

its short half-life and lack of direct correlation with vitamin D status (Jones, 2008). In 

addition, the measurement of 1,25(OH)2D is more difficult than the measurement of 

25(OH)D (Holick, 2003a). 

1.1.2.1 Definition of Vitamin D Deficiency 

To prevent complications of 25(OH)D deficiency, it is recommended that people of all 

age groups have a serum level of more than 75 nmol/L (Heaney et al., 2003). Different 

cut-off points to describe hypovitaminosis D have been used in various population 

studies, but are not well-established and remain controversial. However, a 25(OH)D 

serum concentration of ≥ 50 nmol/L is said to be sufficient because it can maintain an 

optimal PTH concentration, and prevent increased bone calcium mobilisation 

(Malabanan et al., 1998). Hesitation over what constitutes sufficient serum vitamin D 
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concentration during pregnancy is even greater, and while the suggested values remain 

unvalidated in clinical trials, the debate will continue (Grant & Holick, 2005).  

 

Vitamin D status in pregnancy has been classified into two categories based on 

sufficiency and deficiency; 25(OH)D ≥ 50 nmol/L (≥ 20 ng/mL) and 25(OH)D < 50 

nmol/L (< 20 ng/mL), respectively (Farrant et al., 2008; Cho et al., 2013; Parildar et al., 

2013). Other similar cut-off points are used by the Endocrine Society (Holick, 2007; 

Holick et al., 2011b), and have been applied in previous pregnancy studies (Kramer et 

al., 2014; Lacroix et al., 2014; Arnold et al., 2015);  

 Deficient levels: < 50 nmol/L (< 20 ng/mL)  

 Insufficient levels: 50-74.9 nmol/L (20–29.9 ng/mL)  

 Sufficient levels: ≥ 75 nmol/L (≥ 30 ng/mL).  

A slightly different classification, which has the additional category of severe 

deficiency (Hollis & Wagner, 2004; Dawodu & Wagner, 2007), has been applied to 

pregnant subjects in several studies (Flood-Nichols et al., 2015; Ross et al., 2011):  

 Severely deficient levels: < 25 nmol/L (< 10 ng/mL)  

 Deficient levels: 25-49.9nmol/L (10-19.9 ng/mL)  

 Insufficient levels: 50-74.9 nmol/L (20-29.9 ng/mL) 

 Sufficient levels: 75-200 nmol/L (30-80 ng/mL) 

1.1.2.2 Prevalence of Vitamin D Deficiency 

Globally, the prevalence of vitamin D deficiency or insufficiency totals approximately 

one billion cases (Holick & Chen, 2008). Moreover, hypovitaminosis D is present in as 

many as 84% of pregnant women (Brannon & Picciano, 2011), depending on several 

factors, such as, country of origin and lifestyle (Holmes et al., 2009). According to the 

World Health Organization (WHO), the prevalence of vitamin D deficiency in pregnant 

women [25(OH)D < 50 and < 25  nmol/L] by region, was as follows: the Americas - 

64%, 9%; Europe - 57%, 23%; Eastern Mediterranean - 79%, 46%; South-East Asia - 

87%, not available, and Western Pacific - 83%, 13% (Saraf et al., 2015). Other studies 
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conducted in the Mediterranean region noted high a prevalence of hypovitaminosis D 

in gestation, reaching 90.3% (Karras et al., 2016).  

 

Low vitamin D levels are not typically regarded as a potential problem in countries such 

as Saudi Arabia, due to the amount of sunshine it receives. However, some studies have 

suggested that up to 78% of Saudi’s females, across all age groups, have low vitamin 

D levels (Al-Turki, 2008; Alfawaz et al., 2014). For example, one study conducted on 

12,575 Saudi adolescents reported that 95.6% were vitamin D-deficient (AlBuhairan et 

al., 2015). Additionally, some studies have investigated women of childbearing age in 

Saudi Arabia, highlighting varying prevalence rates of vitamin D deficiency, ranging 

from one-third (Al-Turki, 2008) to two-thirds of the population studied (Kanan et al., 

2013). Another recent study observed that 36.8 % of Saudi women aged 36 years 

exhibited vitamin D levels < 25 nmol/l (Al-Daghri et al., 2015).  

 

To date, however, only limited studies have examined hypovitaminosis D in pregnant 

Saudi women (Serenius et al., 1984; Taha et al., 1984; Azhar, 2009; Aly et al., 2013; 

Al-Ajlan et al., 2015; Al-Faris, 2016; Al-Shaikh et al., 2016). Furthermore, the majority 

of these measured vitamin D just once, namely during the third trimester, or at the time 

of delivery, which does not reflect vitamin D levels during the entire pregnancy. 

However, Al-Faris (2016) did measure vitamin D in 160 pregnant women during the 

early stages of gestation, and noted that 50% had < 50 nmol/L, and 43.8% had 50-74 

nmol/l.  

 

Table 1.2 presents the worldwide prevalence of vitamin D deficiency during gestation 

in different trimesters and countries. Figure 1.2 shows the incidence of vitamin D 

deficiency around the world, both in pregnant women and in the general population 

(Hossein-Nezhad & Holick, 2013).  
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Table 1.2 Worldwide prevalence of Vitamin D deficiency during pregnancy 

Note: Definition of Vitamin D deficiency - 25(OH) D < 50 nmol/L. KSA and UAE indicate Kingdom of Saudi 

Arabia and United Arab of Emirates, respectively. 
a Vitamin D deficiency < 25 nmol/L 
b Vitamin D deficiency < 37.5 nmol/L  
c Vitamin D deficiency < 30 nmol/L 
d the sample consisted of young nulliparous women. 

  

Country 
Year of 

publication 

Trimester 

(gestational week) 

Prevalence (n/N) Reference 

USA 2010 First trimester 33% (102/309) Ginde et al. (2010) 

2015 First trimester a 10% (23.5/235) d Flood-Nichols et al. (2015) 

(2015) Canada 2011 First trimester (12-18) 39% (272/697)  Wei et al. (2012) 

UK 2011 First trimester 57% (90/158)  Makgoba et al. (2011) 

Spain 2016 First trimester 18% (366/2036) Rodriguez et al. (2016) 

UAE 2010 First trimester 78% (56/75) Narchi et al. (2010) 

Oman 2011 First trimester  98% (101/103) Al Kalbani et al. (2011) 

India 2017 First trimester 78% (214/275) Kumari et al. (2017) 

Finland 2011 First trimester 70% (481/686)  Miettinen et al. (2012) 

Korea 2015 First trimester 91.8% (45/49) Choi et al. (2015) 

KSA  2015 First trimester a 68% (350/515) Al-Ajlan et al. (2015) 

 2016 First trimester 50% (80/160) Al-Faris (2016) 

Qatar 2013 Second trimester (> 24) 48% (907/1873) Bener et al. (2013) 

Spain 2011 Second trimester 

2828228) 

59% (157/266)  Perez-Ferre et al. (2012) 

USA 2013 Second trimester (≤ 26) b  34.8% (713/2048) Gernand et al. (2013) 

China 2015 Second trimester 78.7 % (4583/5823) Xiao et al. (2015) 

 2017 Second trimester 77.4% (9288 

/12,000) 

Zhao et al. (2017) 

India 2009 Second trimester 74% (103/139) Sahu et al. (2009) 

Korea 2015 Second trimester 80.7% (67/83) Choi et al. (2015) 

Japan 2008 Third trimester (> 30) 90% (83/93)  Shibata et al. (2011) 

Korea 2015 Third trimester 65.9% (58/88) Choi et al. (2015) 

China 2017 Third  trimester c 78.8% (1393 /1768) Zhao et al. (2017) 

KSA 2013 Third trimester c 14.2% (13/92)  Aly et al. (2013) 

 2016 At delivery 86.4 % (864/1000) Al-Shaikh et al. (2016) 

Egypt 2013 Third trimester (≥ 37) 40% (54/135) El Rifai et al. (2013) 

Turkey 2012 Third trimester (≥ 37) 90% (233/258) Halicioglu et al. (2012) 

Denmark 2010 Third trimester (39) 23% (32/141)  Milman et al. (2012) 

New 

Zaeland 

2014 Third trimester (> 27) 57.7% (/150/260) Grant et al. (2014) 

Belgium 2012 First & third trimester 44.6% (585/1311) Vandevijvere et al. (2012) 

London 2013 At delivery a 36% (125/346) McAree et al. (2013) 

Kuwait 2005 At delivery 83% (178/214) Molla et al. (2005) 

Iran 2012 At delivery 74% (74/100) Khalesi et al. (2012) 

 2016 At delivery 48.9% (139/284) Abbasian et al. (2016) 

Tunisia 2016 At delivery 97% (84/87) Ayadi et al. (2016) 
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Figure 1.2 Incidence of vitamin D deficiency around the world in pregnant women, 

and the general population (adapted from Hossein-Nezhad & Holick, 2013). 

 

1.1.2.3 Adverse Health Effects of Vitamin D Deficiency 

Hypovitaminosis D during gestation has been connected with multiple long-term health 

complications in both the mother and offspring (Barrett & McElduff, 2010). 25(OH)D 

levels during pregnancy may also predict levels in the neonate, as circulating vitamin 

D in the new-born is strongly correlated with levels in the mother, reaching up to 75% 

(Kovacs, 2013). Thus, early exposure to reduced vitamin D levels by the foetus may 

influence metabolic health and development.  

 

It is known that a deprivation of 25(OH)D can lead to long-term complications, such as 

bone reabsorption, myopathy, inadequate calcium homoeostasis (Mulligan et al., 2010), 

osteomalacia, and osteoporosis in adults (Stumpf et al., 2007; Yu et al., 2007). Maternal 

deficiency of vitamin D has also been linked with metabolic disorders, such as insulin 

resistance, GDM (Parlea et al., 2012), and pre-eclampsia (Wei et al., 2012). 

Additionally, it has been suggested that low vitamin 25(OH)D status elevates the risk 

of caesarean section (Perez-Ferre et al., 2012), and also predisposes the subject to 

bacterial vaginosis (Bodnar et al., 2009), pre-term delivery (Perez-Ferre et al., 2012), 

and infections (Kaludjerovic & Vieth, 2010). Short-term comorbidities of the foetus 
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with low concentrations of vitamin D include, impaired foetal growth, low infant birth 

weight and height (Haliloglu et al., 2011), low serum calcium, congenital rickets, 

abnormal tooth enamel formation, and lower bone mineral content (Haliloglu et al., 

2011). Long-term foetal complications include skeletal problems, such as lower bone 

mineral density (Javaid et al., 2006) and immunomodulatory effects (Clifton Bligh et 

al., 2008). Other complications seen in children of deficient mothers include 

inflammatory and immunity disorders, such as type I diabetes mellitus (T1DM) (Barrett 

& McElduff, 2010), respiratory infections (Morales et al., 2012b), eczema, small size 

for gestational age (Bodnar et al., 2010), delayed mental and psychomotor development 

in infants (Morales et al., 2012a), language difficulties in children (Whitehouse et al., 

2012), and infantile autism (Grant & Soles, 2009). Therefore, any risk factors that could 

potentially contribute towards deficiencies should be minimised to prevent 

complications.  

 

 

 

 

 

 

 

 

 

 

  

  

Figure 1.3 A schematic representation of the major causes of vitamin D deficiency and 

the potential adverse health effects (adapted from Holick & Chen, 2008). AODM, adult 

onset diabetes mellitus; CHD, coronary heart disease; FEV1, forced expiratory volume 

in 1 s; HAART, highly active antiretroviral therapy; HBP, high blood pressure; MS, 

multiple sclerosis; RA, rheumatoid arthritis; TB, tuberculosis; URI, urinary tract 

infection. 
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1.1.2.4 Risk Factors of Vitamin D Deficiency 

Multiple factors may increase an individual’s susceptibility to vitamin D deficiency in 

different populations. The main risk factors of vitamin D deficiency are restricted sun 

exposure and reduced dietary intake, along with ethnicity, medication, smoking, and 

chronic diseases (Holick & Chen, 2008; Vandevijvere et al., 2012; Toher et al., 2014). 

Moreover, 25(OH)D status cannot be universally applied to all populations of different 

ages across varied geographical locations. This is because 25(OH)D levels are affected 

by distinct behavioural parameters associated with each population group. Thus, 

pregnant women may be vulnerable to low 25(OH)D levels due to increased maternal 

and foetal demands, haemodilution, and increased body fat (Wortsman et al., 2000; 

McAree et al., 2013). 

 

One non-modifiable recognised risk factor for hypovitaminosis D in the pregnant and 

non-pregnant population is ethnicity. Some studies have highlighted the fact that 

pregnant women from ethnic minorities, such as African-Americans or Hispanics, are 

often deficient in vitamin D (Reeves et al., 2014). Pregnant women from Sub-Saharan 

Africa, the Middle East, and North Africa also tend to have low vitamin D levels, 

compared to their counterparts in other regions, indicating regional and ethnic 

variations in levels of vitamin D (Toher et al., 2014).  

 

Several factors can limit sun exposure, thereby reducing the dermal production of 

vitamin D; these include age, skin colour, season, latitude, whole body coverage with 

clothing, exposure time, and daily sunscreen use in the pregnant and non-pregnant 

population (MacLaughlin & Holick, 1985; Holick, 1995b; Vercruyssen et al., 2012; 

Karras et al., 2014). Dark people absorb more UVB in the melanin of their skin than do 

white people and, therefore, require more sun exposure to produce the same amount of 

vitamin D (Holick, 1995b). A study conducted at Northern latitudes, namely in Sweden 

(latitudes 57-58°N)  has proposed that during the winter, the majority of fair-skinned 

pregnant women suffer from vitamin D deficiency in their third trimester (Brembeck et 

al., 2013). When sun exposure is minimal, the dietary intake of vitamin D is essential 

to protect against such deficiency, with, some studies observing that low dietary intake 
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of vitamin D during pregnancy is associated with vitamin D deficiency (Vercruyssen et 

al., 2012; Karras et al., 2014). However, certain factors may alter vitamin D intake, 

such as the ingestion of substances that affect its absorption or metabolism, or the 

presence of certain kinds of disease, such as malabsorption, or liver and kidney disease 

(Holick, 2007). All of these may be considered classical risk factors for both the 

pregnant and non-pregnant population. 

 

Some of the non-classical risk factors proposed by other studies, with regard to 

aggravating vitamin D deficiency, include disturbed inflammatory markers, obesity, 

physical inactivity, altered lipid profile, and multiparity (Wortsman et al., 2000; Tao et 

al., 2012; Cannell et al., 2014; Kluczynski et al., 2011; Andersen et al., 2013; Karras et 

al., 2014). Conversely, vitamin D plays an important role in the development of 

inflammatory diseases through its function in the immune system, whereby it inhibits 

the proliferation of pro-inflammatory cells and regulates the production of 

inflammatory cytokines (Haussler et al., 2008). However, the presence of inflammation 

may, in turn, indicate vitamin D deficiency. Prior studies have shown that the processes 

involved in contributing to chronic inflammatory disease appear to impact vitamin D 

levels (Autier et al., 2014). It has been suggested that as inflammation causes oxidative 

stress, this then disturbs the liver enzymes that are responsible for the synthesis of 

25(OH)D, thereby reducing the levels of 25(OH)D (Mangge et al., 2015). Another 

possible explanation is that inflammation could induce metabolic clearance through the 

conversion of 25(OH)D to 1,25(OH)2D3 as a means of controlling inflammation and 

self-healing, thus lowering the concentration of 25(OH)D (Cannell et al., 2014).  

 

Numerous studies have been conducted on non-pregnant individuals to explore the 

correlation between vitamin D and inflammatory markers. For example, studies by 

Eleftheriadis and co-authors (2012) observed an inverse correlation between levels of 

vitamin D, c-reactive protein (CRP), and interlukin-6 (IL-6) in haemodialysis patients. 

Comparable findings have also been derived for individuals with diabetes undergoing 

coronary angiography (O'Hartaigh et al., 2013), and in asymptomatic adults (Amer & 

Qayyum, 2012).  
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A study on healthy subjects observed an occurrence of low vitamin D that was linked 

with higher leptin concentrations, however, no substantial correlations were seen 

between serum vitamin D and plasma concentrations of resistin and adiponectin 

(Vilarrasa et al., 2010). Studies on 25(OH)D concentrations and inflammatory markers 

during pregnancy, are in fact scarce, with some being undertaken on healthy pregnant 

women and others on pregnant women in poor states of health (Bodnar et al., 2007b; 

McManus et al., 2014; Bobbitt et al., 2015). One study performed on healthy African-

American women determined a negative correlation between early-pregnancy vitamin 

D levels and pro-inflammatory cytokines, including TNF-α, Interleukin 1 beta (ILI-β) 

and IL-6 in mid-pregnancy, after adjusting for confounding factors, such as the season 

(Bobbitt et al., 2015).  

 

In addition, some studies conducted in pregnancy have shown that obese women are 

more likely to suffer from vitamin D deficiency than their non-obese counterparts 

(McAree et al., 2013; Karlsson et al., 2015), but others have failed to find an association 

in this regard (Choi et al., 2015; Flood-Nichols et al., 2015; Al-Faris, 2016; Ates et al., 

2016). The studies claim that adiposity is a risk factor for vitamin D deficiency, and 

this is explained by the storage of 25(OH)D in adipose tissue through decreasing 

vitamin D bioavailability (Wortsman et al., 2000). Moreover, one study that measured 

fat mass percentage throughout all trimesters of pregnancy, deduced a significant 

inverse association with 25(OH)D exclusively in the first trimester, but failed to find 

this in the second and third trimesters (Karlsson et al., 2015). Furthermore, several 

studies conducted during pregnancy have revealed an inverse correlation between 

vitamin D and total cholesterol, low density lipoprotein cholesterol (LDL-cholesterol) 

(Tao et al., 2012), and a positive correlation with HDL-cholesterol (Makgoba et al., 

2011). 

 

Studies conducted on non-pregnant populations have explored physical activity and its 

relation to vitamin D status, revealing an association between outdoor physical activity 

and increased vitamin D levels (Scragg & Camargo, 2008; Brock et al., 2010; 

Kluczynski et al., 2011). More recently, several studies have observed that physical 

activity is related to higher vitamin D levels, independent of sun exposure in adults 
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(Touvier et al., 2015; Wanner et al., 2015), children, and adolescents (Al-Othman et al., 

2012). However, Wanner et al. (2015) identified no significant association between 

vitamin D levels and outdoor physical activity, while a significant association was 

observed with indoor physical activity, indicating that other factors, independent of sun 

exposure, may play a role. One study followed up pregnant women from the first to 

third trimester, correcting for the season in terms of vitamin D, and noted that higher 

levels of physical activity were associated with increased 25(OH)D concentrations in 

early and late pregnancy (Moon et al., 2015). Furthermore, a German cross-sectional 

study revealed that physical inactivity was an important risk factor for low vitamin D 

levels, after controlling for season and independent risk factors, such as vitamin D 

supplementation, pre-pregnancy body mass index (BMI), intact parathyroid hormone, 

parity, and time spent outdoors (Wuertz et al., 2013).  

 

Parity is another risk factor proposed in some studies. A positive relationship was found 

between multiparity and vitamin D deficiency, irrespective of the season (Andersen et 

al., 2013; Karras et al., 2014). All the above mentioned are risk factors for 

hypovitaminosis D during pregnancy, therefore, preventing these factors, while also 

accessing ample sources of vitamin D will help to maintain optimal 25(OH)D 

concentrations. 

1.1.2.5 Vitamin D Requirements Met Through Sun Exposure and Food  

Sun exposure alone is sufficient to provide most people with their entire vitamin D 

requirements (Holick, 1995a). Sun exposure of 5-10 minutes, three times a week, 

between 11:00 am and 2:00 pm (noon), and at 42 degrees latitude will provide an 

individual with sufficient 25(OH)D, with minimal risk of skin damage (Holick, 2003a). 

To achieve this, the arms and legs, or face and arms should be sufficiently exposed 

(Holick, 2003a). When sun exposure is minimal, dietary intake of sufficient vitamin D 

appears to be crucial for avoiding vitamin D deficiency (Holick, 2011a). Additionally, 

the recommended daily allowance (RDA) of vitamin D during pregnancy, for 

maintenance of serum 25(OH)D concentration of 50 nmol/L, is 400-600 IU/day (IOM, 

2010; Ross et al., 2011). Saudi Arabia has recently adopted vitamin D recommendations 
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from the USA, therefore, according to the Saudi Osteoporosis Society (SOS), 

supplementation of 600 IU/day is recommended for pregnant women (Al-Saleh et al., 

2015). 

 

In many countries, however, vitamin D intake from food is often lower than the 

recommended requirements. For example, in the US and Canada vitamin D intake in 

non-pregnant women is approximately 228 IU/day, and in the UK it is 88 IU/day. 

Meanwhile, in Europe it is 144 IU/day, and in Australia, 52 IU/day (Blumfield et al., 

2012). In the USA during pregnancy, the average intake of vitamin D is estimated to be 

225 IU from dietary sources and 319 IU from supplements (Camargo et al., 2007). 

However, daily intake for pregnant women in KSA has been reported to be less than 

50% of the RDA (Ibrahim et al., 2013), which could contribute to low blood levels of 

vitamin D during pregnancy. Another study in early pregnancy reported that 91.9% of 

pregnant Saudi women ingested inadequate amounts of vitamin D, amounting to less 

than 600 IU/day (Al-Faris, 2016). 

 

1.2 Obesity in Pregnancy 

1.2.1 Definition of Maternal Obesity 

Obesity is an international epidemic, and a major cause of illness and death worldwide 

(WHO, 2000). During pregnancy, a BMI of 30 kg/m2 or more is considered obese 

(Modder & Fitzsimons, 2010). Women tend to have more body fat than men, so it is 

usually accepted that females with > 25 percent body fat are considered obese (WHO, 

2000). However, there is no accepted definition for gestational obesity, due to the 

variability in weight gain, and the short duration of this status (Liat et al., 2015). 

 

1.2.2 Components of Maternal Obesity  

During pregnancy, maternal weight is determined by multiple factors, such as socio- 

economic characteristics, lifestyle habits, metabolic rate, genetics, weight prior to 

pregnancy, and gestational weight gain (GWG) (Gaillard et al., 2013). This means that 

pregnant women are more vulnerable to obesity if they have a high BMI before 
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pregnancy, if they have gained more weight than is recommended during pregnancy, or 

both (Gore et al., 2003; Restall et al., 2014). 

1.2.2.1 Gestational Weight Gain  

A normal pregnancy is accompanied by a normal weight gain increment (Rode et al., 

2012). As pregnancy progresses, the amount of body fat increases, and approximately 

30% of the GWG is attributed to increased adipose tissue (Devine et al., 2000). 

Although there are many studies addressing the determinants and outcomes of maternal 

weight gain, they are incapable of distinguishing the constituents of weight gain (fat 

mass vs. lean mass), or the effect of these constituents on the health of both the mother 

and the foetus. This could partially be explained by the difficulty of assessing the body 

composition of pregnant women, owing to the dynamic nature of gestation, and the 

absence of any methods for distinguishing between maternal and foetal components 

(Widen & Gallagher, 2014). The most frequently used method for assessing change to 

body composition in pregnant women, is through the anthropometrics of skinfold 

thickness and mid-upper arm circumference (MAC) (Widen & Gallagher, 2014).  

 

GWG differs by trimester, but during the first trimester, it disproportionately constitutes 

fat (Devine et al., 2000). The second and third trimester are then characterised by fat 

accumulation, which influences subsequent insulin resistance in pregnant women, and 

therefore, progressive insulin resistance (Buchanan & Xiang, 2005; Hedderson et al., 

2010). The pattern of maternal weight gain is greater in the second half of pregnancy, 

when, on average, it increases by 0.563 kg per week, with foetal weight strongly 

correlating with GWG during this period (Rasmussen et al., 2009).  

 

In order to identify what is normal for GWG during pregnancy, in 1990 the IOM 

established recommendations for maternal weight gain in order to reaffirm ample 

weight gain. The aim was to avoid small-sized foetuses in relation to gestational age, 

as well as premature infants (IOM, 1990). Later in 2009, due to increased cases of being 

overweight or obese prior to pregnancy, the IOM recommendations for GWG were 

updated, with a modification concerning women’s health outcomes in pregnancy. The 
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recommendations also aimed to reduce postpartum weight retention (PPWR) and 

obesity in childhood (Rasmussen & Yaktine, 2009). The WHO was the body 

responsible for reviewing recommendations for pregnancy weight in different 

trimesters, setting out range guidelines based on BMI prior to pregnancy (Rasmussen 

& Yaktine, 2009) (Table 1.3). 

 

Table 1.3 IOM recommendations for total, and rate of, weight gain during 

pregnancy, by pre-pregnancy BMI 

Note: Calculations assume a 0.5-2 kg weight gain in the first trimester. BMI = kg/m2; independent of age, parity, 

smoking history, race, and ethnic background. 

 

A recent study on Canadian women noted that 59.4% gained more than the 

recommended weight for their BMI during gestation (Dzakpasu et al., 2015), and 

excessive GWG has been reported in several industrialised countries, reaching as high 

as 74% (Rasmussen & Yaktine, 2009; Schiessl et al., 2009; Restall et al., 2014). 

However, to date, only a few studies have addressed GWG in Saudi Arabia (El-Gilany 

et al., 2011; Janbi et al., 2013). El-Gilany et al. (2011) observed that GWG was both 

below and above the IOM recommendations, at 16.4% and 47.3% of all pregnant 

women, respectively.  

 

One study followed up a sample of women at 3 and 15 years postpartum, and revealed 

that women with adequate GWG gained an extra 3.06 kg compared to those with 

excessive GWG, who gained an extra 4.72 kg (Nehring et al., 2011). Therefore, 

excessive weight gain during pregnancy, may lead an individual to gain more 

postpartum weight and thus become overweight, and even obese (Mamun et al., 2010; 

Nehring et al., 2011). Hence, gestation is usually accompanied by additional weight 

Pre-pregnancy BMI 
Total weight 

gain (kg) 

Rates of weight gain in 

second and third trimester 

Mean (range) in kg/week 

Underweight women (< 18.5 kg/m2) 12.5-18 kg 0.51(0.44-0.58) 

Women of normal weight (18.5-24.9 kg/m2) 11.5-16 kg 0.42 (0.35-0.50) 

Overweight women (25.0-29.9 kg/m2) 7-11.5 kg 0.28 (0.23-0.33) 

Obese women (≥ 30.0 kg/m2) 5-9   kg 0.22 (0.17-0.27) 
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gain, as women tend to retain part of their weight gain in each gestation (Rode et al., 

2012). Furthermore, excessive GWG from previous pregnancies can worsen gestational 

obesity (Cohen et al., 2014). 

1.2.2.2 Pre-Pregnancy Weight 

A fundamental component of gestational obesity is pre-pregnancy BMI. Pre-pregnancy 

BMI in relation to gestational obesity is equivocal. One meta-analysis that studied pre-

pregnancy BMI and PPWR, highlighted that the mean PPWR decreased in the group 

with increasing BMI (Rong et al., 2015). Elsewhere, it has been found that high pre-

pregnancy BMI increases the possibility of maternal and infant health comorbidities 

(Doherty et al., 2006; Yan, 2015). Furthermore, the relationship between pre-pregnancy 

BMI and its effect on GWG is inconsistent; some studies found that mothers with 

excessive maternal weight gain were more likely to be overweight or obese prior to 

gestation, compared to expectant mothers of normal weight (Weisman et al., 2010; 

Restall et al., 2014). Other studies have highlighted that pregnant women with higher 

pre-pregnancy BMI experienced lower GWG (Nohr et al., 2008; Ebrahimi et al., 2015). 

 

1.2.3 Prevalence of Maternal Obesity 

Obesity in pregnancy is a global burden, with variable prevalence (Heslehurst et al., 

2010). Based on WHO statistics, Ono et al. (2005) state that “the rank order in Arabian  

countries for obesity in females is Kuwait (55.2%), Egypt (48%), and UAE (42%), 

which is higher than all the European countries and about the same as USA (48.3%) 

and Mexico (41%)”. They add that “countries such as Bahrain (37.9%), Jordan (37.9%), 

Saudi Arabia (36.4%) and Lebanon (27.4%) have higher obesity rates in females than 

UK (26.3%), Greece (26.4%), and Israel (25.9%)” (Ono et al., 2005). In KSA, the 

prevalence of obesity and being overweight is high in both Saudi males and females, 

reaching 40% (Al-Nuaim et al., 1997; Al-Nozha et al., 2005; Al-Baghli et al., 2008; 

Garawi et al., 2015). According to the WHO, 43% of the adult Saudi female population 

aged ≥ 25 years is obese (WHO, 2014), and among Saudi females of childbearing age, 

31.5% are overweight, and 21.1% are obese (Al-Malki et al., 2003). 
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There are limited statistics documenting the indices for obesity in pregnant women 

worldwide, especially in the Middle East, but the prevalence varies globally between 

1.8% and 25.3% (Guelinckx et al., 2008; Meher un et al., 2009; El-Gilany & Hammad, 

2010; Bener et al., 2013). In the US and Australia, more than half of all prospective 

mothers are overweight or obese (Dodd et al., 2011; Flegal et al., 2012). In the UK, the 

prevalence of obesity in gestation reaches 19% (Kanagalingam et al., 2005; Shah et al., 

2006; CMACE, 2010; Heslehurst et al., 2010). In Spain, specifically in the Canary 

Islands, 25% of pregnant women are recorded as being overweight, with 17.1% of these 

being obese (Bautista-Castaño et al., 2011). The proportion of overweight and obese 

pregnant women is 33% and 30% in Saudi Arabia, and 28.8% and 25.6% in Qatar (Nisa 

et al., 2009; Bener et al., 2013). A more recent study conducted on 14,568 pregnant 

Saudi women observed that the combined rates of pre-pregnancy overweight or obesity 

amounted to 68% of the sample population, and at ≥ 28 weeks of gestation, this 

increased to 69.7% (Wahabi et al., 2016). 

 

1.2.4 Adverse Health Effects of Maternal Obesity 

Obese pregnant women are identified as being at high risk because this health status 

may have major consequences for the mother, foetus, and child later in life (Weiss et 

al., 2004; Vesco et al., 2009; Nohr et al., 2012). The common complications noted in 

maternal obesity are metabolic, such as Hypertension (HTN), pre-eclampsia, GDM and 

PPWR (Weiss et al., 2004; Vesco et al., 2009). Obese pregnant women experience 

foetal overgrowth and a higher rate of delivery by caesarean section (Ehrenberg et al., 

2004). Additionally, maternal obesity is accompanied by disturbances of inflammatory 

markers known as adipokines, and vascular dysfunction (Huda et al., 2010). 

Complications for the foetus include, increased prematurity, stillbirth, congenital 

malformation, and increased risk of infant mortality (Boots & Stephenson, 2011; Nohr 

et al., 2012; Gardosi et al., 2013). These problems may then lead to long-term 

complications, such as infant and childhood obesity, and T2DM later in life (Cedergren, 

2006; Raatikainen et al., 2006). 
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1.2.5 Risk Factors for Maternal Obesity 

As mentioned earlier, the impact of pre-pregnancy weight on the risk of excessive 

GWG varies in the literature (Restall et al., 2014; Ebrahimi et al., 2015). Nevertheless, 

there are well-known risk factors of obesity, which are similar to the factors potentially 

provoking obesity during pregnancy, such as specific eating habits, a diet rich in fats 

and carbohydrates, and a sedentary lifestyle (Scholl et al., 1991; Olafsdottir et al., 2006; 

Ebrahimi et al., 2015). A limited number of studies have examined the relationship 

between food intake and GWG (Scholl et al., 1991; Olafsdottir et al., 2006; Ebrahimi 

et al., 2015). For example, Olafsdottir et al. (2006) claim that dietary energy intake is 

completely associated with excessive GWG, and this consists entirely of the total 

amount of protein, fat, and carbohydrate consumed, which leads to excessive GWG. 

Whereas, physical activity during pregnancy may reduce, or even prevent, this 

excessive weight gain (Streuling et al., 2011). Other classical risk factors of gestational 

obesity are age, a low educational level, multiparity, ethnicity, and genetic 

predisposition (Melzer & Schutz, 2010; Gaillard et al., 2013).  

 

Some non-classical risk factors that may contribute towards obesity in pregnancy 

include, chronic inflammation and low vitamin D status. However, these are still 

debatable, and only a small number of studies have been conducted in this regard. 

Normal pregnancy is associated with both systemic and localised inflammation, either 

may enhance insulin resistance and cause hyperinsulinaemia, which will contribute to 

increased lipogenesis, and therefore, a susceptibility towards obesity (D'Anna et al., 

2006; Sethi & Vidal-Puig, 2007; Yu et al., 2007; Karpe et al., 2011). This relationship 

will be discussed further, later in this thesis.  

 

There is inconsistency in the research addressing vitamin D concentration and 

gestational obesity (Bodnar et al., 2007a; Josefson et al., 2013; McAree et al., 2013; 

Karras et al., 2016). A recent systematic review revealed a null association between 

25(OH)D concentration and GWG, based on two studies conducted in the third 

trimester (Karras et al., 2016). However, a longitudinal study from the first to the third 

trimester identified that decreased levels of season-corrected 25(OH)D correlated with 
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higher GWG (Moon et al., 2015). This may occur as a result of low vitamin D status, 

resulting in elevated PTH, which in turn decreases 25(OH)D, and increases intracellular 

calcium in adipocytes. In this way, lipolysis is inhibited and lipogenesis is stimulated, 

resulting in obesity (Xue et al., 2001; McCarty & Thomas, 2003). 

1.3 Gestational Diabetes Mellitus  

1.3.1 Background  

1.3.1.1 Definition of GDM 

According to the American Diabetes Association (ADA), GDM is defined as 

“carbohydrate intolerance resulting in hyperglycaemia of variable severity, with onset 

or first recognition during pregnancy” (Metzger et al., 1998). GDM is one of the most 

common comorbidities of pregnancy, usually diagnosed between 24 and 28 weeks of 

pregnancy (ADA, 2003). Although the mechanisms involved in its pathogenesis are 

still ambiguous, it is believed to be due to either insulin resistance, or impaired insulin 

secretion (Aguiree et al., 2013). 

1.3.1.2 Pathophysiology of GDM 

The mechanisms involved in the aetiology of GDM appear to be multi-factorial 

(Buchanan et al., 2007; Arora & Hobel, 2010). The dysregulation of insulin secretion 

and resistance are important factors because they are altered by gestational and 

placental steroid hormones, and cytokine production (Fowler, 2007). Placental growth 

hormones, such as human placental lactogen, along with increased levels of cortisol 

and prolactin have been implicated in insulin insensitivity (Metzger et al., 2007; Reece 

et al., 2009). A lack of insulin resistance following delivery suggests a significant 

contribution of placental factors (Buchanan et al., 2007). 

 

The low-grade inflammatory state that is associated with human pregnancy, can be 

attributed to cytokine production from different sources, including the placenta, uterine 

epithelium, uterine smooth muscles, cervix, immune system (T-lymphocytes and 

maternal and foetal macrophages), and adipose tissue, which increases the complexity 
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of the immune-metabolic network in pregnant women (Arora, 2011). Both adipose 

tissue and the placenta can produce inflammatory markers, such as leptin, adiponectin, 

resistin, TNF-𝛼, and IL-6, which are collectively known as adipokines, or 

adipocytokines (Desoye & Hauguel-de Mouzon, 2007; Miehle et al., 2012). Thus, 

normal pregnancy is associated with a state of systemic inflammation that can activate 

defined inflammatory pathways, which could be vital for inducing the insulin resistance 

necessary for the progression of a normal pregnancy (Radaelli et al., 2003; Koerner et 

al., 2005; Desoye & Hauguel-de Mouzon, 2007; Gomes et al., 2013). The indicators of 

systemic inflammation, associated with pregnancy, are higher levels of serum CRP 

and/or IL-6 (D'Anna et al., 2006; Yu et al., 2007). As described earlier, the combination 

of systemic and localised inflammation may result in pregnancy complications, such as 

diabetes, obesity, and pre-eclampsia (Lepercq et al., 1998; Benyo et al., 2001; Coughlan 

et al., 2001; Romero et al., 2007).  

 

Conversely, there is growing evidence to suggest that the dysregulation of beta cells (β-

cells), in response to increased insulin resistance, leads to GDM (Buchanan et al., 2007; 

Fowler, 2007). Moreover, the increased need for insulin during gestation places an extra 

burden on the pancreatic β-cells, contributing to further dysregulation of insulin 

secretion (Buchanan et al., 2007). Inflammatory proteins are also implicated in β-cell 

damage and insulin resistance (Vrachnis et al., 2012), while genetic mutations and auto-

immune destruction may be responsible for β-cell dysfunction, thus contributing to the 

induction of GDM (Buchanan et al., 2007). Moreover, insulin resistance may be 

ascribed a dysfunction of the insulin receptors (Desoye et al., 1994; Desoye et al., 

1997).  

 

As already mentioned, a vitamin D deficiency has been linked to the induction of GDM 

(Alvarez & Ashraf, 2009; Eliades & Pittas, 2009). Vitamin D is considered an anti-

inflammatory vitamin (Bikle, 2009), and low levels have also been implicated in insulin 

receptor dysfunction, thus contributing towards the cause of GDM (Desoye et al., 1994, 

1997). Together, hypovitaminosis D and insulin receptor dysfunction contribute to the 

inflammatory effect, which is exacerbated by maternal factors, such as obesity and a 

genetic predisposition towards GDM (Kahn et al., 2006; Arora, 2011). As a result, there 
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is a growing body of evidence indicating that vitamin D deficiency can impact upon 

metabolic diseases, such as GDM. Although, further data on the role of vitamin D in 

GDM is required (Zhang et al., 2008; Arnold et al., 2015). 

1.3.1.3 Screening and Diagnostic Criteria for GDM 

The screening and diagnosis of GDM are of paramount importance for preventing 

complications associated with GDM (Taylor & Burley, 2015). However, there is no 

consensus on a unified approach to diagnosing GDM by screening patients, whether 

based on the selective screening for risk factors, or the universal screening of all 

pregnant women (O’Dea et al., 2014). Similarly, the adoption of globally accepted 

diagnostic guidelines for GDM screening has also been a subject of debate (Agarwal et 

al., 2005). In order to attain a single approach for GDM diagnosis worldwide, in 2010 

the International Association of Diabetes and Pregnancy Study Group (IADPSG) issued 

consensus guidelines for the consideration of glycaemia and pregnancy outcomes 

(Panel IADPSG Consensus, 2010). The corresponding data were obtained from the 

Hyperglycaemia and Adverse Pregnancy Outcome (HAPO) study, which was 

conducted in 15 field centres, across nine different countries, along with other important 

observational epidemiological and randomised controlled trials (RCT). 

 

The IADPSG diagnosis criteria stipulates that GDM rates will increase, as evidenced 

by the HAPO study, which saw the prevalence rate of GDM increased from 11.3% to 

16.1%, a 42% increment (Metzger et al., 2008). Thus, the recent IADPSG and WHO 

2013 diagnostic criteria recommend the inclusion of all high-risk pregnant women, 

resulting in higher percentages of women with GDM being reported (Panel IADPSG 

Consensus, 2010). Hence, women are now more aware of their high-risk status during 

pregnancy, which will help prevent pregnancy complications. 

 

Numerous studies in different countries have revealed an increase in prevalence upon 

the adoption of the IADPSG criteria, as shown in Table 1.4. The New Zealand Society 

for the Study of Diabetes (NZSSD) reported a 6% prevalence of GDM, whereas using 

the IADPSG criteria, this increased to an estimated prevalence of 9.7% (Ekeroma et al., 
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2015). Similarly, in the UAE, and using ADA criteria, of GDM was found to be 12.9%, 

as opposed to 37.7% reported using the IADPSG criteria (Agarwal et al., 2010). From 

previous studies, along with Jenum et al. (2012), it may be observed that the prevalence 

of GDM in a multi-ethnic population is 2.4 times greater using the altered IADPSG 

criteria, compared with the WHO criteria (Jenum et al., 2012). On a wider scale, 

national and international bodies, whether wholly or in substantial part, have endorsed 

the IADPSG, including the ADA, the Endocrine Society, and the WHO. This has led 

to the issue of guidelines for the diagnosis of hyperglycaemia in pregnancy, with a 

contribution made to the standard diagnostic approach to GDM (Blumer et al., 2013; 

WHO, 2013). However, certain other bodies, such as the American College of 

Obstetricians and Gynaecologists (ACOG) still favour other diagnostic criteria (ACOG, 

2013) along with the ADA which proposed in 2014 that either the IADPSG or ACOG 

could be acceptable (ADA, 2014). 

 

1.3.2 Prevalence of GDM 

The global prevalence of GDM in the population ranges between 1% and 14% of all 

pregnancies (Krishnaveni et al., 2007; Jang, 2011). The IADPSG has reported the 

overall prevalence of GDM to be between 9.3% and 25.5%, thus averaging 17.8% 

(Sacks et al., 2012). In the US, the prevalence of GDM ranges from 3.47 to 7.15% 

depending on the State, and in Canada, the prevalence is 17.8% (Ryan, 2011; 

Bardenheier et al., 2013). In contrast, the GDM prevalence in Middle Eastern countries 

ranges from 13.9% in Qatar to 7% in Iran (Maghbooli et al., 2008; Bener et al., 2013). 

However, in 2015, one study in Saudi Arabia reported a 39.4% prevalence of GDM, 

among all pregnancies in the Kingdom (Alfadhli et al., 2015).  

 

Table 1.4 shows GDM prevalence across these and other countries. However, the 

variation observed may be due to differences in diagnostic approaches and ethnic 

diversity (Krishnaveni et al., 2007). 

  

https://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCQQFjAAahUKEwj6hNPdoZfJAhWJ1BoKHUPrBuM&url=http%3A%2F%2Fwww.acog.org%2F&usg=AFQjCNHC0UkhtvnjRw7SlouoClkN_EGTvg
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Table 1.4 Worldwide prevalence of GDM, especially in the Middle East 

Note: Australasian Diabetes in Pregnancy Society (ADIPS) criteria; American Diabetes Association (ADA); National Diabetes 

Data Group (NDDG); Carpenter and Coustan (C&C), and the New Zealand Society for the Study of Diabetes (NZSSD). 
 

  

Country    Year  Prevalence (n/N) Criteria Reference 

USA 2013 
3.47 to 7.15% 

(620332 to 1278207/1,787,703) 

Different criteria  

in different States 
  Bardenheier et al. (2013) 

Canada 2011 17.8% (4,150/ 23,316) IADPSG Ryan (2011) 

Ireland 2011 
12.4% (682/5,500) 

9.4% (517/5,500) 

IADPSG 

WHO 1999 
O’Sullivan et al. (2011) 

New Zealand 

 
2015 

9.7% (619/6376) 

6% (381/6376) 

IADPSG 

NZSSD 
Ekeroma et al. (2015) 

France 2013 14.4% (2703/18,775) 
French and/or WHO 

recommendations 
Cosson et al. (2013) 

Germany 2011 2.3% (14,990/647,385) Not clear Schneider et al. (2011) 

 2016 6.81% (10,816 /158,839) IADPSG Tamayo et al. (2016) 

Australia 2011 
9.6% (122/1275) 

13.0% (166/1275) 

ADIPS criteria 

IADPSG 
Moses et al. (2011) 

India 2013 11% (55/500) WHO 1999 Sharma et al. (2013) 

 2017 17% (71/417) IADPSG Sharma et al. (2017) 

North India 2015 9% (459/5100) WHO 1999 Arora et al. (2015) 

  35% (1785/5100) WHO 2013  

Asia 2014 
28.8% (246/855) 

21.1% (180/855) 

WHO 1999 

WHO 2013 
Yew et al. (2014) 

China 

2011 6.8% (7172/105 473) WHO 1999 Zhang et al. (2011) 

2011 
8.9% (1293/14593) 

14.7% (2138/14 593) 

NDDG 

IADPSG 
Wei & Yang (2011) 

2013 17.5% (3007/17,186) IADPSG Zhu et al. (2013) 

2015 
8.1% (1505/18589) 

9.3% (1728/18589) 

WHO 1999 

IADPSG 
Leng et al. (2015) 

Saudi Arabia 

2010 
12.5% (96/770) 

3.8% (29.3/770) 

WHO 1999 

ADA 

Al-Rowailly & 

Abolfotouh 

 (2010) 

2013 18% (569/3157) ADA Wahabi et al. (2014) 

2015 39.4% (183/445) IADPSG Alfadhli et al. (2015) 

 2015 13.8% (238/1718) Different criteria Serehi et al. (2015) 

 2016 24.2% (2355/9731) WHO 2013 Wahabi et al. (2016) 

 2016 11.1% (111/1000) WHO  1999 Al-Shaikh et al. (2016) 

UAE 2010 
12.9% (1,328/10,283) 

37.7% (3,875/10,283) 

ADA 

IADPSG 
Agarwal et al. (2010) 

Bahrain 2012 10.1% (5004/49 552) 
National Diabetes Data 

Group, 1979 
Rajab et al. (2012) 

Qatar 2011 16.3% (335/2056) WHO 1999 Bener et al. (2011) 

 2013 13.9% (260/1873) WHO 1999 Bener et al. (2013) 

Oman 2002 21.3% (120/564) ADA Dashora et al. (2002) 

Yemen 2016 5.1% (16/311) ADA Ali et al. (2016) 

Nigeria 2015 

3.8% (40/1059) 

8.1% (86/1059) 

8.6% (91/1059) 

WHO 1999 

WHO 2013 

IADPSG 

Olagbuji et al. (2015) 

Turkey 
2012 

8.1% (65.5/808) 

5.6% (45/808) 

15.7% (127/808) 

C&C 

NDDG 

New criteria 

Kösüs et al. (2012) 

2015 4.3% (39/815) C&C Erem et al. (2015) 

Iran 
2015 4.9 % (62.5/1276) C&C 

Mohammadzadeh et al. 

(2015) 

2016 29.9% (224/750) IADPSG Shahbazian et al. (2016) 
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1.3.3 Adverse Health Effects of GDM 

GDM has been implicated in both long- and short-term health complications in mothers 

and their offspring. The short-term effects of GDM among expectant mothers include 

maternal HTN, pre-eclampsia, urinary tract infections, and caesarean delivery (Getahun 

et al., 2010; Catalano et al., 2012). On the other hand, the long-term maternal 

complications include a 35-80% higher possibility of recurring GDM (Ben-Haroush et 

al., 2004) and 7-8 times higher risk of T2DM later in life (Bellamy et al., 2009). The 

offspring of mothers with GDM, also tend to have higher blood glucose levels, amino 

acids, and lipids, due to the transplacental transfer from the mother, along with elevated 

insulin (Catalano & Ehrenberg, 2006). This in turn leads in changes in foetal body 

composition and metabolism (Catalano & Ehrenberg, 2006). The short-term 

complications for offspring of mothers with GDM include macrosomia (Alberico et al., 

2014), birth trauma, congenital malformation, respiratory distress syndrome (Chen et 

al., 2009), neonatal jaundice (Sobande et al., 2005), and perinatal morbidity and 

mortality (Bellamy et al., 2009). Whereas the long-term complications include, 

childhood obesity, impaired glucose tolerance, T2DM (Boney et al., 2005; Ferrara, 

2007; Hiersch & Yogev, 2014), and cardiovascular diseases (Chen et al., 2009). 

 

 GDM accounts for an increase of 636 million United states dollar (USD) in national 

medical costs (Chen et al., 2009), and in 2013, the global health expenditure on the 

treatment of diabetes and the management of its health effects totalled 548 billion USD 

(Aguiree et al., 2013). Therefore, by gaining further understanding and minimising the 

high-risk factors of GDM, the prevalence can be reduced, and hence the cost of treating 

its complications. 

 

1.3.4 Risk Factors of GDM 

The well-established risk factors of GDM include obesity, maternal age > 35 years, past 

GDM, and a family history of GDM and/or T2DM. Other risk factors are ethnicity, 

multiparity, history of foetal death, history of prior caesarean section, history of a 

macrosomic infant, low birth weight, recurrent miscarriages, presence of glycosuria, 

alcohol consumption, short stature, cigarette smoking, low physical activity before or 
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during pregnancy, excessive GWG, poor diet, socio-economic factors, HTN, genetic 

susceptibility to polymorphism, and diagnosis of polycystic ovarian syndrome (PCOS) 

(Dode & Santos, 2009; Al-Rowaily & Abolfotouh, 2010; Lewis et al., 2010; Zhang & 

Ning, 2011; Nankervis et al., 2012; Erem et al., 2015). 

 

However, the known risk factors only contribute to approximately 50-60% of the risk 

of future GDM (Savvidou et al., 2010). Ethnicity is believed to be a strong and non-

modifiable risk factor (Yuen & Wong, 2015), with GDM prevalence being especially 

high among women from Hispanic, Native American, African-American, Pacific 

island, indigenous Australian, and South or South East Asian backgrounds (Kjos & 

Buchanan, 1999).  

 

Obesity during pregnancy is considered to be a well-known independent risk factor of 

GDM (Teh et al., 2011; Singh et al., 2012; Mao et al., 2015), and pre-pregnancy obesity 

has a strong direct correlation with GDM prevalence (Li et al., 2013; Gabbay-Benziv 

et al., 2015). Erem et al. (2015) demonstrated that women who were obese pre-

pregnancy were up to 60 times more likely to develop GDM than underweight women 

(Erem et al., 2015). In the first trimester of pregnancy, obesity proxies, such as visceral 

fat mass percentage, have been shown to positively correlate with hyperglycaemia, 

insulin resistance, dyslipidaemia, and high diastolic blood pressure (Gur et al., 2014). 

Similarly, BMI, subcutaneous fat, and serum leptin have been shown to have a direct 

correlation with GDM (Sommer et al., 2015). In addition, waist to hip ratio (WHR) in 

early pregnancy has been found to be significantly correlated with GDM at 7-12 weeks 

of gestation (Alptekin et al., 2016).  

Nevertheless, it must be taken into account that the results of studies addressing 

maternal weight gain and GDM risk have not always been consistent. For instance, 

some have addressed early GWG before GDM screening, and observed that it is an 

independent risk factor of GDM (Saldana et al., 2006; Hedderson et al., 2010; Gaillard 

et al., 2013; Sommer et al., 2014; Zheng et al., 2014; Erem et al., 2015; Mao et al., 

2015). In 2015, two meta-analyses noted that excessive GWG (based on IOM) 

occurring prior to the diagnosis of GDM, increased the risk, even after adjusting for 
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confounding factors (Brunner et al., 2015; Robitaille, 2015). In contrast, other meta-

analyses have failed to demonstrate an association between GWG and GDM (Ruifrok 

et al., 2014). Furthermore, another set of studies noted an inverse association, i.e. 

maternal weight gain was lower in GDM women compared to women without GDM 

(Catalano et al., 1993; Nohr et al., 2008; Heude et al., 2012). These differences may be 

due to cut-off point used, maternal body weight, the timing of the measurements, for 

example, the GWG measured was the total weight gain over the entire pregnancy. This 

could have been affected by either behavioural or treatment changes after diagnosis, 

thus influencing weight increase and foetal weight (Dode & dos Santos, 2009; 

Hedderson et al., 2010; Zheng et al., 2014). 

Physical inactivity in non-pregnant individuals is a well-known major risk factor for 

the development of diabetes. The health benefits of physical activity are well 

documented, and include reducing weight gain and decreasing insulin resistance (Jeon 

et al., 2007). Physical inactivity prior to pregnancy, or in the first trimester of 

pregnancy, has been shown to be a significant risk factor for the development of 

GDM in late pregnancy (Harizopoulou et al., 2010). A prospective cohort study of 

Pakistani women who were ≤ 18 weeks pregnant, revealed that an increased risk 

of GDM was directly associated with physical inactivity (Iqbal et al., 2007). A number 

of observational studies have demonstrated that regular physical activity, both prior to 

and during the first trimester of pregnancy, will reduce the risk of GDM (Dempsey et 

al., 2004; Oken et al., 2006; Zhang et al., 2006; Liu et al., 2008; Mørkrid et al., 2014).  

Other non-traditional risk factors that could play a role in GDM development, include 

higher levels of triglycerides (TG) (Brisson et al., 2010), low vitamin B12 (Sukumar et 

al., 2015), vitamin D deficiency (Zhang et al., 2008; Lau et al., 2011; Parlea et al., 2012) 

and high PTH in small studies (Kramer et al., 2014); all of which have been 

independently linked with higher GDM risk. Pregnancy is normally associated with 

insulin resistance, along with altered maternal lipid metabolism in the latter half of 

pregnancy (Alvarez et al., 1996). There are reports documenting that TG levels increase 

progressively during pregnancy, with significantly higher levels in the later stages of 

gestation (Alvarez et al., 1996; Herrera & Ortega-Senovilla, 2010). Elevated levels of 
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TG, total cholesterol and LDL-cholesterol, across the three trimesters, have also been 

reported among women with GDM, compared to their counterparts without GDM 

(Ryckman et al., 2015). However, other studies that have measured lipid levels in early 

pregnancy, with the risk of insulin resistance later in pregnancy and GDM occurrence, 

are still debatable and unclear (Nolan et al., 1995; Zhou et al., 2012; dos Santos-Weiss 

et al., 2013; Ryckman et al., 2015). Shaung & Huixia (2014) revealed that high serum 

TG levels in early pregnancy are an independent risk factor for GDM. Furthermore, one 

study noted that pregnant women with higher TG levels, irrespective of their BMI, were 

at greater risk of developing GDM, while lean women with high HDL-cholesterol were 

protected (Li et al., 2015). 

In addition, low vitamin D levels have been shown to increase the risk of GDM in 

several meta-analyses (Aghajafari et al., 2013; Wei et al., 2013), which has been 

attributed to the presence of VDRs in the pancreatic cells. Therefore, vitamin D plays 

a role in insulin resistance, stimulating insulin secretion, and in turn glucose 

homoeostasis (Alzaim & Wood, 2013). Several observational studies have measured 

vitamin D levels, either after GDM occurrence in the second or third trimester (Zuhur 

et al., 2013; Burris & Camargo, 2014), or in early pregnancy before GDM diagnosis 

(Lacroix et al., 2014; Jain et al., 2015), and found that hypovitaminosis D increases the 

risk of GDM. RCT studies are limited, but fundamental to gaining an understanding of 

the role of vitamin D in decreasing the risk of GDM, or enhancing glucose tolerance in 

pregnant women with GDM (Burris & Camargo, 2014). Interestingly, Zuhur et al. 

(2013) highlighted, amongst women in their second trimester of pregnancy, that severe 

vitamin D deficiency is independently associated with GDM, along with raised PTH 

levels, which were significantly greater in women with GDM. Thus, vitamin D 

deficiency and elevated PTH levels may place an additional burden on glucose 

tolerance during pregnancy. 

 

 



34 

 

1.4 Study Hypothesis and Aims  

The current study hypothesis is that a vitamin D deficiency, early in pregnancy has a 

deleterious impact on the health of pregnant women, due to an increased risk of 

metabolic disease. To test this hypothesis, the present study measured serum vitamin D 

twice in a sample of pregnant Saudi women: testing once in early pregnancy, then a 

second time in mid-pregnancy to assess the onset of GDM, along with its markers. 

These measurements, in addition to a detailed characterisation of all other confounding 

factors, may affect the independent association between vitamin D deficiency and 

GDM, such as parity, education, income, season, pre-pregnancy BMI, GWG, dietary 

factors (food and supplements), physical activity, sun exposure, skin colour, age, family 

history of diabetes, past GDM, ethnicity, and health status. These extensive 

measurements provide a more holistic approach to understanding how pregnancy 

influences vitamin D. To explore this understanding; the following aims were 

addressed: 

1. Determining the prevalence and determinants of vitamin D deficiency in 

early pregnancy, amongst women in Saudi Arabia.  

2. Comparing the vitamin D levels and risk factors that change from early to 

mid-pregnancy. 

3. Assessing the prevalence and determinants of GDM in Saudi population. 

4. Exploring possible independent association of vitamin D deficiency in 

early pregnancy and GDM risk with adjustment for confounding factors. 
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2.1 Research Methodology 

2.1.1 Study Design  

A total of 773 pregnant women, aged 18-39 years, were assessed for eligibility. Thirty 

were subsequently excluded from the study because they did not meet the inclusion 

criteria; 27 were taking vitamin D supplements, and 3 had diabetes mellitus type I or 

II. In total, 743 pregnant women assessed during the first trimester of pregnancy (8-12 

weeks) were eligible to proceed in the study. Out of these, 578 completed the 

questionnaire for the 1st visit, with a blood sample. The mean age of these subjects was 

28.8 ± 5.4 years. At the 2nd visit (24-28 weeks), 281 were lost to follow-up [refusal to 

consent to a glucose tolerance test (n = 41); refusal to complete a questionnaire at the 

2nd visit (n = 41); spontaneous abortion (n = 34); vitamin D supplementation after the 

1st visit  (n = 45); cancellation of appointments for a variety of reasons at the time of 

the GDM screening (n = 120)]. These follow-up losses included Corona cases (viral 

respiratory disease) at King Khalid University Hospital (KKUH), which caused the 

outpatient department to close for a month, and follow-ups elsewhere. Finally, a total 

of 297 pregnant women were fully assessed at the 2nd visit.   

 

The present study was a prospective observational study of 297 pregnant women, with 

a mean age of 28.9 ± 5.3 years. The data were collected from three tertiary antenatal 

clinics in Riyadh, Saudi Arabia (latitude: 24° 42' N, 46° 43' E). The study was accepted 

by the institutional review boards of King Fahd Medical City (KFMC) and KKUH, in 

Riyadh ( Appendix I). Each pregnant woman gave informed consent for their 

participation ( Appendix II). The Consolidated Standard of Reporting Trials 

(CONSORT) form (Figure 2.1) describes the flow of participants through the study. 
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Figure 2.1 CONSORT statement describing flow of participants through the study. 
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2.2 Sample Population 

2.2.1 Inclusion and Exclusion Criteria 

Pregnant Saudi women, aged 18-39 years prior to 16 weeks of gestation, were involved 

in the current study. Singleton pregnancy was another criterion for inclusion, together 

with no previous history of diabetes mellitus (type I or II). Exclusion criteria included 

non-Saudi subjects, a gestational age of over 16 weeks, vitamin D supplementation one 

month prior to pregnancy, previous history of diabetes mellitus, calcium or parathyroid 

disorders, treatment with cardiac medication or diuretics, and women with chronic HTN 

or malabsorption syndrome. Pregnant women with chronic conditions, such as thyroid 

disease, epilepsy, or malignancy were also excluded. 

 

2.2.2 Power of the Study 

At the time of this study, there were no prospective data on pregnant Saudi women with 

GDM, and the association of this with vitamin D, so no direct power calculation could 

be performed. Therefore, in order to show vitamin D deficiency as a risk factor for 

GDM in pregnant women, a relative risk of 3.0 at 5% level of significance and 80% 

power was calculated, similar to a previous prospective study (Zhang et al., 2008). This 

indicated a 30% incidence of GDM among vitamin D deficient pregnant women and 

10% incidence of GDM without vitamin D deficiency. For this power, it was observed 

that 250 pregnant women would need to be recruited for the study. Assuming a 10% 

drop-out rate, the estimated sample size was 275. However, another interest of the study 

was the prevalence of vitamin D deficiency among pregnant Saudi women. Assuming 

a prevalence of 80% vitamin D deficiency (Azhar, 2009), at a 5% level of significance 

and with ± 5% level of precision [width of 95% CI], 246 pregnant women were 

required. The total sample size for the above study was ultimately 297, and this is a 

similar number of participants used in some of the studies conducted previously 

(Makgoba et al., 2011; Arnold et al., 2015). 
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2.3 Recruitment and Medical Screening  

Banners and brochures were placed in prenatal clinics in all three of the hospitals 

sampled: KKUH, KFMC, and Prince Salman Hospital. Additionally, obstetricians were 

asked to introduce the research to their pregnant patients at their first prenatal 

appointment. Patients who met the criteria and consented to contribute in the present 

study were given the appropriate information. At their early pregnancy visit, 

prospective candidates were asked to sign consent forms that included information 

about their participation in the study, such as data collection, procurement of blood 

samples, and anthropometric measurements. Their permission for data collection from 

their medical records and blood stocks in a bio-bank (Appendix II) were also obtained. 

Moreover, the participants were informed of their freedom to withdraw from the study 

at any point, without it affecting their usual care. Finally, a questionnaire specifically 

designed for data collection was used to collect the relevant information, such as socio- 

economic information, medical history, diet, sun exposure, and levels of physical 

activity (Appendix III). 

 

2.4 Study Visits 

Clinical assessments were conducted twice during the early and mid-pregnancy visits. 

In early visit baseline, non-fasting blood samples were obtained (8-12 weeks); lipid 

profile and 25(OH)D levels were measured, gestational age was calculated from the last 

menstrual period (LMP), and the GDM screening in mid-pregnancy visit was scheduled 

during the second trimester (at 24-28 weeks). For the oral glucose tolerance test 

(OGTT), the women were asked to fast for at least 10 hours, and a fasting blood sample 

was subsequently withdrawn, following this, the participants were asked to drink 75 

gm of glucose within a period of five minutes. Blood samples were collected after one, 

and then after two hours, for assessment of glucose and insulin levels.  

 

IADPSG guidelines were applied to diagnose GDM, based on one or more values equal 

to, or exceeding, the following threshold: fasting ≥ 5.1 mmol/L and/or 1-hour post 

glucose ≥ 10 mmol/L and/or 2-hour post-glucose load ≥ 8.5mmol/L (Panel IADPSG 
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Consensus, 2010). During both visits, maternal health status was assessed by the 

obstetrician for acute illnesses, such as viral and/or bacterial gastrointestinal and 

respiratory diseases. Anthropometric assessment and questionnaire-based interviews 

were also conducted. These visits were arranged alongside obstetric appointments for 

the sake of the participants’ convenience, and each was assigned to a unique number 

and file, for data storage purposes. 

 

 

Figure 2.2 The follow-up visits 

 

2.5 Data Collection 

Data were collected between January 2014 and December 2015. The study tools 

included anthropometric measurements, blood biochemical tests, and an interview 

questionnaire. The interview questionnaire included questions to gather socio-

economic information, clinical measurements, and past medical and treatment history. 

It also contained a food frequency questionaire (FFQ) and questions on sun exposure 

and physical activity (Al-Daghri et al., 2011; Harrison et al., 2011; Al-Musharaf et al., 

Visit 1 
(8-12 weeks) 

•Fullfilling inclusion/exclusion criteria

• Obstetrician clinical examination 

•Blood sampling at baseline

•Anthropometric measurements 

•Questionnaire-first visit (Appendix III)

Visit 2
(24-28 weeks) 
(after 3-4 months) 

•Fasting blood sampling 

•OGTT with 75 gm glucose syrup at 1 hour and 2 hours

• Obstetrician clinical examination 

•Anthropometric measurements 

•Questionnaire-second visit (Appendix III)
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2012; Al-Othman et al., 2012b; Takahasi et al., 2013). A pilot study was conducted, to 

test the clarity and efficiency of the questions, on 62 subjects. Table 2.1 summarises 

the measurements and tools used.  

 

Table 2.1 Summary of the sampling and measurements in the study 

 Method or Sample Used 8-12 weeks 24-28 weeks 

Maternal Anthropometrics    

Weight (kg) Digital Pearson Scale (twice)   

Pre-pregnancy weight (kg) Subject recall   

Height (cm) Digital Pearson Scale (twice)   

Waist (cm) Non-stretchable tape (twice)   

Hips (cm) Non-stretchable tape (twice)   

MAC (cm) Non-stretchable tape (twice)   

Skinfold thickness (mm) Caliper   

Blood pressure (mmHg) 
Mercury sphygmomanometer 

(twice) 
  

Socio-Economic Data Questionnaire   

Clinical Measurements    

Family history Questionnaire   

Subject history Questionnaire   

Risk factors Questionnaire   

Pregnancy symptoms Questionnaire   

Pregnancy complications Obstetric assessment   

List of medication Questionnaire   

Dietary Assessment    

FFQ Questionnaire   

Supplement intake Questionnaire   

Other    

Sun exposure Questionnaire   

Physical activity IPAQ   

Biochemical Assessment    

- 25(OH) D, lipid profile, calcium, 

phosphorus, albumin, creatinine, 

alkaline phosphatase, blood 

glucose, insulin 

Serum sample   

- HbA1c Whole blood   

- 25(OH)D, lipid profile, calcium, 

phosphorus, albumin, creatinine, 

alkaline phosphatase, fasting blood 

glucose, fasting insulin 

Fasting serum sample   

- 1- and 2-hour OGTT and 2-hour 

insulin 
1- and 2-hour serum sample   

-HOMA-IR, HOMA-β Matthews equations   

Note: Mid-upper arm circumference (MAC); International Physical Activity Questionnaire (IPAQ); Oral glucose 

tolerance test (OGTT); Homoeostasis Model Assessment of Insulin Resistance (HOMA-IR) and beta cell (HOMA-

β). 
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2.5.1 Anthropometric Measurements 

Anthropometric measurements were taken from the participants during early and mid-

pregnancy. This included weight (kg) and height (cm), for calculating BMI (kg/m2); 

pre-pregnancy weight (kg); pre-pregnancy BMI (kg/m2); GWG (kg); waist (cm) and 

hip circumference (cm), for waist-hip ratio (WHR); mid-arm circumference (MAC); 

triceps, biceps, suprailiac and subscapular (mm) measurements (skinfold thickness), 

and relative fat percentage. In addition, systolic and diastolic blood pressure (mmHg) 

was also recorded.  

 

Weight was documented to the nearest 0.1 kg, using an appropriate international 

standard scale (Digital Pearson Scale, ADAM Equipment Inc., USA), without shoes 

and with lightweight clothing. Height was measured at the early pregnancy visit only. 

This was recorded to the nearest 0.5 cm, using the Digital Pearson Scale, while standing 

upright without shoes. Measurements were taken twice, and the mean readings were 

recorded. Pre-pregnancy BMI was calculated from weight recall, which was 

categorised based on WHO (2000) guidelines. To minimise bias in recalling pre-

pregnancy weight, the study showed a strong correlation between pre-pregnancy BMI 

and BMI at the 1st visit (r = 0.96; p < 0.001). GWG was determined by calculating the 

difference between the women’s weight at the early pregnancy visit, and again at the 

mid-pregnancy visit. Maternal weight gain was then categorised based on the IOM 

GWG guidelines (Table 1.3). The GWG was presented quantitatively, as the total 

weight gain from early to mid-pregnancy, as well as categorically, as excessive versus 

non-excessive weight gain, again based on the IOM GWG guidelines (Rasmussen & 

Yaktine, 2009; Carreno et al., 2012; Brunner et al., 2015). 

 

At both visits, the WHR was assessed, and was defined by the relationship between the 

waist circumference - the narrowest point between the lowest rib and the umbilicus, 

and hip circumference - the level of the greater trochanter, with the legs close together 

(Wang et al., 2003). Waist and hip circumference were assessed using a standardised 

measuring tape, with the subjects in an upright position and wearing lightweight 

clothing. MAC was measured at the centre between the topmost lateral point of the 
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acromion border, and the proximal and lateral border of the head of the radius. 

Measurements of the above circumferences were taken at eye level, and recorded to the 

nearest 0.1 cm.  

 

The mark for both biceps (just above the measuring tape) and triceps (just below the 

measuring tape) were used to measure skinfold thickness (Marfell-Jones et al., 2006). 

Meanwhile, body fat percentages were measured from subcutaneous skinfolds (triceps, 

biceps, suprailiac, and subscapular), using a Harpenden caliper (British Indicators, 

Sussex, England), according to the procedure and equations identified by Durnin and 

Womersly (1974). The skinfold thickness equation has previously been used in many 

studies on pregnant women (Reynolds et al., 2010; Pike et al., 2013). Changes in body 

fat (Δ body fat) were calculated from the differences in quantity of fat between early 

and mid-pregnancy. 

  

Blood pressure (mm of Hg) was measured using a mercury sphygmomanometer, while 

the patient was relaxed and seated. Per the criteria set out by the International Society 

for the Study of Hypertension in Pregnancy, gestational HTN was identified as BP ≥ 

140/90 mmHg (Redman & Russell, 2010). Moreover, metabolic syndrome (yes/no) was 

classified according to the guidelines provided by the USA National Heart, Lung and 

Blood Institute/American Heart Association (NHLBI/AHA) (Grundy et al., 2005), but 

with modifications suitable for the present research sample. Thus, abdominal 

circumference was not included as an indicator of obesity. Metabolic syndrome was 

distinct, with the occurrence of three or more of the following risk factors: BMI prior 

to pregnancy, with > 30 kg/m2; TG ≥ 1.7 mmol/L; HDL-cholesterol < 1.3 mmol/L;  

BP ≥ 130/85 mmHg, and fasting blood glucose ≥ 8.3 mmol/L. 

 

2.5.2 Interview and Physical Activity Questionnaire 

The interview questionnaire was adapted from a previously published epidemiological 

survey in Saudi Arabia that included questions about socio-economic details, past 

medical and treatment history, and sun exposure (Appendix III) (Al-Daghri et al., 

2011; Al-Musharaf et al., 2012; Al-Othman et al., 2012a; Aldesi, 2014). At the early 
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pregnancy visit, all socio-economic and clinical measurements were recorded, 

including the visit date, age of subject, place of birth, gestational age, maternal 

educational status, income, occupation, and area of residence. Clinical data included a 

family medical history, such as the existence of any chronic diseases, age of menarche, 

regularity of menstrual cycle, age at first pregnancy, date of LMP, and estimated date 

of delivery (EDD). Furthermore, as with previous studies (Wuertz et al., 2013; Choi et 

al., 2015; Ates et al., 2016; Bärebring et al., 2016; Lundqvist et al., 2016), the 

participants were asked about risk factors, such as parity (nulliparous or ≥ 1 

multiparous). In addition, they were questioned about previous miscarriage (yes/no), 

number of caesarean sections, and previous pre-eclampsia, along with a historical list 

of medication, namely any anti-hyperlipidaemia and cardiovascular drugs used. The 

season of the sampling was recorded at both visits. For an analysis of season, in relation 

to vitamin D status, the months of the year were divided into two periods: April to 

October was classified as summer, and November to March as winter (Al-Daghri et al., 

2012). The maximum UVB radiation in KSA occurs in July and the minimum values 

occur in December (Mahfoodh et al., 2003). 

 

At both visits, the participants were asked about pregnancy-related symptoms, such as 

nausea, vomiting, morning sickness, tender/swollen breasts, frequent urination, 

headaches, mood swings, abdominal bloating, constipation, acute respiratory or 

gastrointestinal viral or bacterial infections, any hospitalisation or medication 

prescribed, and the presence of any pregnancy-related complications. Furthermore, they 

were asked about sun exposure at both visits, including sun exposure (yes/no) and other 

sun exposure indices, such as exposure to the sun at work (indoor or outdoor work), 

timing of the exposure (noon alone, or with either sunrise or sunset vs. just sunset or 

sunrise), clothing (whole body coverage vs. some parts of the body exposed), and the 

use of sunscreen (yes/no) (Appendix III). Noon time was defined in this study from 10 

am to 2:00 pm. 

 

Physical activity was also assessed at both visits, with a well-known and validated 

questionnaire being applied, namely an Arabic short version of an International 

Physical Activity Questionnaire (IPAQ) (Mohd et al., 2016). The short IPAQ has been 
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validated in various studies, among different populations, including pregnant subjects 

(Craig et al., 2003; Harrison et al., 2011; Takahasi et al., 2013). IPAQ evaluates 

physical activity during periods of leisure, work, and while commuting. It also assesses 

the intensity of activity as: vigorous, moderate, low-intensity physical activity/walking, 

or sitting. Each subject was assisted in recalling her physical activities over the previous 

week. For each type of activity, frequency and duration were recorded in days per week, 

and minutes or hours per day, respectively. This study excluded moderate and high 

activity because few women carried out such activities during pregnancy. The present 

study analysed low-intensity physical activity and minutes spent sitting per week, 

similar to other studies using IPAQ in pregnancy (Sukumar et al., 2015). Low-intensity 

physical activity in minutes per week was applied as a continuous and categorical 

variable, at less than or over 210 minutes/week (Mudd et al., 2013). 

 

2.5.3 Dietary Data Collection and Processing 

The dietary tool applied for measuring the participants’ food intake was the FFQ 

(Appendix III), and has been used previously in Saudi Arabian studies (Al-Musharaf 

et al., 2012; Al-Othman et al., 2012a; Al-Othman et al, 2012b). The subjects were 

interviewed separately, and the data gathered by applying a pre-designed questionnaire 

to measure aspects of food consumption among the expectant mothers, over the course 

of one week. The main purpose of this was to assess calcium, vitamin D, fat, and protein 

intake, as well as any other nutrients that may affect the absorption or excretion of 

vitamin D and calcium. Responses to the dietary questionnaire were facilitated through 

food models, various sized cups and spoons, cans and approximate portions, using hand 

gestures to help the participants recall the amount of food consumed.  

 

The FFQ consisted of eight parts, pertaining to (1) bran, starch, and grains; (2) meat 

and fish; (3) fats and oils; (4) dairy products; (5) fruits and vegetables; (6) traditional 

dishes; (7) sweets and soft drinks; and (8) coffee and tea. Starches and grains mainly 

referred to any bran food that could have reduced calcium absorption (Weaver et al., 

1999; Murray et al., 2000). Fruits and vegetables included those high in calcium, and 

any that may reduce calcium absorption (Heaney et al., 1988). Dairy fats (whole fat, 
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low fat, skimmed milk, or other products), and fat added during cooking may also affect 

calcium absorption (Heaney et al., 1995). Finally, data on supplement intake (yes/no) 

were collected, including multivitamins, folic acid, iron, vitamin D, and cod liver oil.  

 

Nutrient intake was calculated using U.S. Department of Agriculture (USDA) software 

(27th edn, 2014), along with Nutribase software (11th edn, 2014), which utilises food 

macro- and micro-nutrient composition. For traditional Saudi food, an Arabic food 

analysis programme was used (1st version, 2007). The assessment of everyday food 

intake was conducted as total intake of macro- and micro-nutrients, especially vitamin 

D and calcium. Dietary nutrient values were compared with the Dietary reference intake 

(DRI) of micro-nutrients during pregnancy, such as vitamin D and calcium (IOM, 

2010). Additionally, vitamin D and calcium intake were presented continuously and 

categorically as above 600 IU/day and 1000 mg/day of vitamin D and calcium, 

respectively. 

 

2.6 Biochemical Assessment 

Blood samples (10 ml) were collected using sterile vacutainer blood collection 

apparatus. Whole blood, serum, and ethylene diamine tetra-acetic acid (EDTA) plasma 

were collected from the participants. All samples were aliquoted, and stored in a freezer 

at -80oC to facilitate their availability for subsequent chemical analysis. All the lab tests 

were performed on the serum, except haemoglobin A1c (HbA1c), which was performed 

on whole blood. Plasma was stored if needed for further analysis. The samples were 

stored and analysed in the BRP laboratory. 

 

At the early pregnancy visit, random blood samples were collected to measure total 

25(OH)D, serum glucose, insulin, HbA1c, lipid profile, calcium, phosphorus, albumin, 

creatinine, and alkaline phosphatase. At the mid-pregnancy visit, women were fasting 

and each participant underwent OGTT. 1-hour and 2-hour fasting blood samples were 

withdrawn to assess fasting glucose and insulin levels, 1- and 2-hour glucose, 2-hour 

insulin, homeostatic model assessment of insulin resistance (HOMA-IR) and beta cell 

function (HOMA-β). Higher HOMA-IR values indicated greater insulin resistance, 
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while lower HOMA-β values indicated greater beta-cell dysfunction, as validated 

against gold standards (Herzberg-Schafer et al., 2010; Imamura et al., 2013). The 

assessments of other biochemical parameters measured at the 1st visit were also 

repeated.  

 

2.6.1 Laboratory Techniques 

Total 25(OH)D and insulin were measured from the serum, using the Cobas e411 

system (Roche Diagnostics GmbA, Mannheim, Germany). Serum albumin, creatinine, 

calcium, phosphorous, lipids, and glucose were measured using a routine laboratory 

chemical analyser (Konelab, Finland). Meanwhile, HbA1c was evaluated using the 

DCA Vantage Analyzer (Siemens Healthcare, Germany), and bone-specific alkaline 

phosphatase (BAP) was measured using the LIAISON XL immunoassay (DiaSorin, 

Italy). 

 

2.6.2 Vitamin D 

Serum levels of total 25(OH)D were measured using the electrochemiluminescence 

binding assay (ECLIA). The repeatability and intermediate coefficients of variation 

(CV) for the 25(OH)D assay were 4.4% and 6.6%, respectively, with 100% cross-

reactivity to 25(OH) D3, and 92% cross-reactivity to 25(OH) D2. The measurement 

range between 7.50-175 nmol/L and any haemolysis samples were excluded. The BRP 

laboratory is a participating entity in the Vitamin D External Quality Assessment 

Scheme (DEQAS). Since no international consensus exists for vitamin D deficiency 

cut-off points during pregnancy, vitamin D was categorised according to 25(OH)D 

concentrations, as follows: < 25 nmol/L was considered to be a severe deficiency; 25-

49.9 nmol/L was considered to be a deficiency; 50-74.9 nmol/L was considered as 

insufficiency, and ≥ 75 nmol/L was considered as sufficiency (Ross et al., 2011; Flood-

Nichols et al., 2015).   

2.6.2.1 Test Principle  

The test principle used was a competitive protein binding assay test principle, with a 

total duration of 27 minutes. The vitamin D total assay employs vitamin D binding 
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protein to hold both 25(OH) D3 and D2. This assay is directed towards the continuous 

determination of total 25(OH)D in human serum and plasma, to assist with the 

measurement of vitamin D adequacy. Figure 2.3 describes the steps taken on the Cobas 

e411 platform, to measure vitamin D in the total assay, according to the manufacturer’s 

protocol (adapted from Roche Diagnostics, 2012). The results were identified from an 

instrument-specific calibration curve, generated by 2-point calibration and a calibration 

master curve, provided by the reagent barcode. 

 

 

Figure 2.3 Vitamin D total assay (Roche Cobas ® e411). The procedure was conducted 

as follows: first, the sample was incubated with a pre-treatment reagent for nine 

minutes. The natural vitamin D binding protein in the sample was thus denatured to 

release the bound vitamin 25(OH)D. Second, the sample was further incubated with 

recombinant ruthenium-labelled vitamin D binding protein, to form a complex of 

vitamin 25(OH)D and the ruthenylated-vitamin D binding protein. Third, with the 

addition of biotinylated vitamin 25(OH)D, a complex consisting of the ruthenium-

labelled vitamin D binding protein and biotinylated vitamin 25(OH)D was formed. The 

entire complex became bound to the solid phase (through the interaction of biotin and 

streptavidin-coated micro-particles, which were captured on the surface of the 

electrode). Unbound substances were removed. Voltage was applied to the electrode to 

induce chemiluminescent emission, measured with a photomultiplier. 
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2.6.3 Insulin, HOMA-IR and HOMA-β Measurements 

2.6.3.1 Insulin Determination 

Serum and free-insulin concentrations were measured using electrochemiluminescence 

(ECL) assay. The repeatability and intermediate CV for the insulin assay was 2.0% and 

2.6%, respectively, with a test measurement range of between 0.2 and 1000 µU/mL. 

2.6.3.2 Test Principle 

The test principle used, was a one-step sandwich assay test principle, with a total 

duration of 18 minutes. Figure 2.4 demonstrates the procedure for the insulin ECL 

assay. The results were identified through a calibration curve, which was instrument- 

specifically created using a 2-point calibration and master curve, delivered via the 

reagent barcode.  

 

Figure 2.4 Insulin ECL assay test principle (adapted from Roche Diagnostics, 2011). 

The procedure is described in the steps shown in the above Figure. 
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2.6.3.3 HOMA-IR and HOMA-β  

The homoeostasis model of insulin resistance and β-cell function was calculated using 

HOMA-IR and HOMA-β Matthews equations, respectively (Matthews et al., 1985; 

Wallace et al., 2004). This was calculated as follows: 

HOMA-IR = (Fasting insulin µU/mL × Fasting glucose mmol/L)/22.5 

HOMA-β = (20 × Fasting insulin µU/mL)/ (Fasting glucose mmol/L-3.5) 

 

2.6.4 HbA1c 

To measure the level of HbA1c in whole blood, a DCA Vantage Analyzer point-of-care 

(POC) device was used, and was based on the latex immune agglutination method. 

Blood glucose adheres to haemoglobin in red blood cells, to create glycosylated 

haemoglobin, called haemoglobin A1c or HbA1c. HbA1c provides a long-term 

measurement of blood glucose levels in diabetic patients, indicating blood glucose 

control over the preceding three-month period. A drop of blood from the sample was 

applied to a sample cartridge, which was then analysed over a period of five minutes in 

a desktop analyser, to measure the percentage of HbA1c. In addition, latex agglutination 

was inhibited, which is a synthetic polymer containing multiple copies of the 

immunoreactive portion of haemoglobin A1c. The latter causes the agglutination of 

latex, coated with haemoglobin A1c-specific murine monoclonal antibody. This then 

leads to increased light-scattering, measured as a rise in absorption at 531 nm. 

Haemoglobin A1c in whole blood samples compete for binding sites, which are limited 

in number, due to the inhibition of agglutination and decreased light-scattering, 

measured as a decrease in absorption at 531 nm.  

 

2.6.5 Serum Glucose, Lipid, Calcium, Creatinine, Albumin, and 

Phosphorous Assays 

Serum glucose, lipid profile (HDL-cholesterol, total cholesterol, and triglyceride), 

calcium, creatinine, albumin, and phosphorous were measured in a routine laboratory 

analysis (Konelab, Finland). Calibration of the biochemical analyser, for all serum 

samples, was regularly performed prior to the analysis using quality control samples, 

provided by the manufacturers (ThermoFisher Scientific, Espoo, Finland). 
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To assess blood levels of glucose concentration in human serum, the Konelab method 

was used. This employs glucose oxidase and a modified Trinder colour reaction, 

catalysed by the enzyme, peroxidase. Glucose was oxidised to D-gluconate through 

glucose oxidase, with the formation of an equimolar amount of hydrogen peroxide. In 

the presence of peroxidase, 4-aminoantipyrine and phenol were oxidatively coupled by 

hydrogen peroxide to form a quinonimine dye that was red in colour. The intensity of 

the colour in the reaction was measured at 510 nm, and this was proportionate to the 

glucose concentration in the sample. 

 

In addition, triglycerides were hydrolysed by the lipoprotein lipase to glycerol and fatty-

acids. The glycerol was phosphorylated to glycerol-3-phosphate by glycerol kinase, 

which was then oxidised to dihydroxyacetone phosphate and hydrogen peroxide, 

mediated by glycerol-3-phosphateoxide. The hydrogen peroxide reacted with 4-

aminoantipyrine and 4-chlorophenol to form a quinoneimine dye, mediated by 

phosphate oxide. The absorption of the colour formed, was measured at 510 nm and the 

results were automatically calculated using the Konelab Analyser in a calibration curve. 

A triglyceride level ≥ 1.7 mmol/L was considered abnormal (Grundy et al., 2005).  

 

Cholesterol esters were enzymatically hydrolysed by cholesterol esterase to cholesterol 

and free fatty acids. Free cholesterol, including whatever was originally present, was 

then oxidised by cholesterol oxidase to cholest-4-en-3-one and hydrogen peroxide. 

Mediated by peroxidase, the hydrogen peroxide combined with hydroxybenzoic acid 

and 4-aminoantipyrine to form a chromophore (quinoneimine dye), which could be 

quantitated at 500-550 nm (Allain et al., 1974).  

 

The HDL-cholesterol assay was finally undertaken as a homogeneous enzymatic 

colorimetric test in the presence of magnesium sulphate, dextran sulphate, which 

selectively forms water-soluble complexes with LDL, very low-density lipoprotein 

(VLDL), and chylomicrons, which are resistant to polyethylene glycol (PEG)-modified 

enzymes. The cholesterol concentration of HDL-cholesterol was enzymatically 

determined by cholesterol oxidase, coupled with PEG to the amino groups 

(approximately 40%). The results were automatically calculated by the Konelab 
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Analyser, using a calibration curve. Low HDL-cholesterol was subsequently defined as 

< 1.03 mmol/L (Grundy et al., 2005; Lv et al., 2016), and the abnormal total cholesterol-

HDL ratio was defined as > 3.5 (Kannel, 1983). LDL-cholesterol and the total 

cholesterol-to-HDL ratio were calculated using the following equations (Friedewald et 

al., 1972): 

LDL = Total Cholesterol – HDL – (0.16*Triglyceride) 

Total Cholesterol/HDL Ratio = Total Cholesterol/HDL Cholesterol 

 

The albumin assay test principle was based on an albumin reaction with a specific dye, 

bromocresol purple, to form a coloured product. This test was grounded on the 

measurement of the colour intensity developed at 600 nm (Pinnell & Northam, 1978; 

Parviainen et al., 1985). Conversely, A serum calcium assay test principle was applied 

using electrolyte measurements in Konelab Analysers, carried out directly with ion-

selective electrodes, and without any dilution of the sample. Corrected calcium 

concentration (mmol/L) was calculated from the following formula (Kanis & Yates, 

1985): 

Corrected calcium in mmol/L= (Calcium in mmol/L/0.25) + 0.8 x (4-Albumin in gm/L /10) x 0.25 

 

The principle of the phosphorus assay is based on the fact that phosphate forms in the 

acidic medium of a yellow-coloured complex with ammonium molybdate. The 

intensity of this colour was proportionate to the concentration of inorganic phosphate 

in the sample and was measured at 340 nm (Daly & Ertingshausen, 1972). 

 

Meanwhile, the creatinine assay test principle was converted to sarcosine, with the aid 

of creatininase and creatinase. Sarcosine was then converted to glycine, formaldehyde, 

and hydrogen peroxide in the presence of oxygen, using sarcosine oxidase. The 

liberated hydrogen peroxide reacted with 4-aminophenazone and 2, 4, 6-triiodo-3-

hydroxybenzoic acid to form a quinoneimine chromogen in a reaction catalysed by 

peroxidase. The colour intensity was directly proportionate to the concentration of 

creatinine present, and could be measured photometrically at 540 nm. 

  



52 

 

2.6.6 The Bone-Specific Alkaline Phosphatase Assay (BAP) 

Bone-specific alkaline phosphatase was measured using the LIAISON XL (DiaSorin, 

Italy) immunoassay, which is a direct two-site sandwich assay, utilising two affinity-

purified mouse monoclonal antibodies for the capture and detection of alkaline 

phosphatase.  

Figure 2.5 Summary of data collection at both visits. Data collected in the study 

included an interview questionnaire, anthropometric measurements and biochemical 

parameter. 

 

2.7 Data Analysis 

Data were analysed using SPSS version 21.0 statistical software (SPSS, Chicago, IL, 

USA). The normality of all quantitative variables was tested before performing the 

analysis, using Shapiro-Wilk Test. Quantitative normally distributed variables were 

  

 

 

 

 

 

 

 

 

 

 

First visit: Non-fasting 
Second visit: Subjects fasting >10 hours 

Interview Questionnaire Anthropometric Data Biochemical Data 

 Socio-demographic data 
 Medical history 
 Dietary-FFQ  
 Supplement intake  
 Sun exposure 
 Physical activity - IPAQ 

 

 Current Weight (kg)            
 Height (cm) (for BMI) 
 Pre-pregnancy weight (kg)  
 Gestational weight gain (GWG) (kg) 
 Waist (cm)          
 Hip (cm) (for WHR) 
 Mid-arm circumference (cm) 
 Skinfold thickness (Fat %) 
 BP (mmHg). 

First visit 

Lipid profile, glucose, insulin, 
HbA1c, 25(OH)D, calcium, albumin, 
creatinine, phosphorus, alkaline 
phosphatase.   

 
Second visit 

Lipid profile, fasting glucose, 
glucose tolerance test, fasting 
insulin, 2-hour insulin, HOMA-IR, 
HOMA-β, HbA1c, 25(OH)D, calcium, 
albumin, creatinine, phosphorus, 
alkaline phosphatase. 
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reported using mean and standard deviations, while quantitative non-normally 

distributed variables were reported using medians (1st and 3rd quartiles). Frequencies 

and percentages were applied in the reporting of categorical variables. For subsequent 

meaningful statistical analysis, 25(OH)D was categorised using the common clinical  

cut-off of deficient (25(OH)D < 50 nmol/L) and adequate (25(OH)D ≥ 50 nmol/L) 

levels, based on the recommendations of the Endocrine Society (Farrant et al., 2008; 

Dawson-Hughes et al., 2010; Holick et al., 2011; Cho et al., 2013; Parildar et al., 2013; 

Wuertz et al., 2013). Pearson’s chi-square test was used to determine the association 

between categorical variables, while group differences were distinguished via an 

independent sample t-test and Mann-Whitney U test. These tests were conducted for 

normally and non-normally distributed variables, respectively. Adjustment for age and 

BMI as covariates between the groups was carried out through analysis of covariance 

(ANCOVA). 

 

The Wilcoxon Signed Rank Test was used to compare median vitamin D levels from 

early to mid-pregnancy, and adjustments were made for mid-pregnancy gestational age, 

multivitamin intake, physical activity, estimated vitamin D intake, sun exposure, and 

season, using repeated measures ANCOVA. The difference across two visits was 

evaluated using a paired sample t-test and Wilcoxon signed rank test for normally and 

non-normally distributed variables, respectively. Analysis of variance (ANOVA) was 

then undertaken to compare normally distributed variables, categorised into more than 

two groups. For non-normally distributed data, an independent sample Kruskal Wallis 

Test was applied. 

 

Finally, the Pearson’s and Spearman’s rank correlation coefficients were determined to 

assess the linear relationship between quantitative variables for normally and non-

normally distributed variables, respectively. Logistical regression was used to identify 

the risk factors associated with categorical outcome variables. A p-value of < 0.05 and 

95% CI was finally applied to report statistical significance and the precision of the 

estimates.
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Prevalence of Vitamin D Deficiency in Early 

Pregnancy and its Predictors
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3.1 Introduction 

The main sources of vitamin D are either endogenous production or from the diet.  The 

ubiquitous distribution of vitamin D receptors on a wide range of tissues, indicates  

multi-faceted and crucial role of this vitamin (John et al., 2007). 25(OH)D deficiency 

appears to be a global health hazard with approximately on billion sufferers all over 

the world Holick and Chen (2008). Hypovitaminosis D has been implicated in a wide 

variety of conditions such as osteoporosis, rickets, cardiovascular diseases, 

autoimmune diseases, cancer, type 2 diabetes mellitus, and  adverse maternal and 

foetal outcomes  (Aghajafari et al., 2013). 

 

Between 80-100% of Saudi women during their reproductive phase of life have 

suboptimal levels of vitamin D (Al-Mogbel, 2012; Hussain et al., 2014; Fouda et al., 

2016). Higher prevalence of vitamin D deficiency among Saudi women appears to a 

predisposition for further deterioration of vitamin D status particularly among pregnant 

females because of  the increased nutritional demands of growing foetus (Urrutia & 

Thorp, 2012). This is evident from the fact that  in Saudi Arabia, Kuwait, the UAE, 

and Iran, 10-80% of mothers and 40-80% of their neonates at the time of delivery have 

have been shown to have suboptimal serum levels of 25(OH)D (Molla et al., 2005; 

Ainy et al., 2006; Kazemi et al., 2009; Aly et al., 2013). Nevertheless, the rate of 

hypovitaminosis D varies, depending on the location, ethnicity, assay used for 

assessment, and definition of deficiency itself (Figure 3.1 shows the prevalence of 

vitamin D deficiency worldwide). 



55 

 

 

Figure 3.1 Prevalence of hypovitaminosis D in pregnant or lactating women, 

worldwide (adapted from Palacios & Gonzalez, 2014). 

 

 

Aetiology of hypovitaminosis D during pregnancy is multi-factorial. Factors and  

limited exposure to the sunlight, less vitamin D and calcium intake, ethnicity, age, 

socio-economic status, cigarette smoking, alcohol intake, repeated pregnancies, 

obesity, fat malabsorption syndrome, medication, increased vitamin D catabolism, and 

chronic liver or kidney disorders have been implicated in hypovitaminosis D (Holick 

& Chen, 2008; Andersen et al., 2013; Flood-Nichols et al., 2015; Karras et al., 2016). 

Additionally, genetic polymorphisms and gene mutations, such as the CYP2R1 

mutation, may aggravate vitamin D deficiency (Touvier et al., 2015; Thacher & 

Levine, 2016). Furthermore, an increase in nutritional demands during pregnancy is a 

major factor contributing to vitamin D deficiency, so pregnancy itself can be a 

potential risk factor (Garabedian & Ben–Mekhbi, 1999; Holmes et al., 2009; Choi et 

al., 2015). 
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Vitamin D deficiency during pregnancy has been investigated in a limited number of 

studies on a relatively smaller number of participants in the Gulf states (Molla et al., 

2005; Al Kalbani et al., 2011; Al-Faris, 2016).  

 

To date, almost all the studies assessing vitamin D deficiency during pregnancy in the 

Gulf states have been performed on a relatively small number of participants (Molla 

et al., 2005; Al Kalbani et al., 2011; Al-Faris, 2016). Moreover, the vast majority of 

these studies assessed 25(OH)D status in the latter stages of pregnancy, but failed to 

investigate lifestyle factors. However, an assessment of suboptimal vitamin D levels 

in the initial stages of pregnancy offers an opportunity for early detection, which may 

be critical for avoiding adverse maternal and foetal complications. The aim of the 

present study is, therefore, to assess the prevalence of vitamin D deficiency during 

early pregnancy, and to identify factors predisposing pregnant women to such 

deficiency. 
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3.2 Research Design and Methods 

3.2.1 Study Population 

A total of 578 Saudi women, with a mean age of 28.8 ± 5.4 years (range 18-39 years), 

were recruited in their first trimester (8-12 weeks). Inclusion and exclusion criteria 

were given in Chapter 2. 

 

3.2.2 Assessment of Circulating 25(OH)D and Biochemical Parameters 

Venous whole blood was collected from the cubital fossa of non-fasting participants 

(10 mL), to assess levels of 25(OH)D, calcium, phosphorus, creatinine, and alkaline 

phosphatase, along with blood glucose, insulin, and the lipid profile. Random serum 

glucose, calcium, creatinine, albumin, phosphorus, and lipid profiles (HDL-

cholesterol, total cholesterol and triglyceride) were measured using routine laboratory 

analysis (Konelab, Finland). Alkaline phosphatase was measured using the LIAISON 

XL immunoassay (DiaSorin, Italy), while HbA1c was measured using the DCA 

Vantage analyzer (Siemens Healthcare, Germany). Total 25(OH)D and serum insulin 

were measured in an ECLIA and ECL assay, respectively (Cobas e 411; Roche 

Diagnostics GmbA, Mannheim, Germany). The cut-off points used were described in 

Chapter 2. 

 

3.2.3 Determinants of Circulating 25(OH)D Levels 

Anthropometrics were collected as described in Chapter 2. Using a FFQ (Appendix 

III), quantitative aspects of food consumption over a period of seven days were 

recorded to assess calcium, vitamin D, and protein intake, along with any other nutrients 

that would possibly affect the absorption or excretion of vitamin D (Al-Musharaf et al., 

2012; Al-Othman et al., 2012b). Nutrient intake was calculated using specialised 

programs as shown in Chapter 2. The pregnant subjects were then questioned about 

their dietary intake of multivitamins (yes/no). Moreover, physical activity was assessed 

by a short version of the Arabic IPAQ (Hernandez-Cordero et al., 2008; Bertolotto et 

al., 2010; Harizopoulou et al., 2010; Ebrahimi et al., 2015). Low-intensity physical 

activity/walking and sedentary time were determined using the guidelines for data 
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processing and IPAQ analysis (IPAQ Research Committee, 2005). Low-intensity 

physical activity in minutes per week was then presented as a continuous and 

categorical variable of equal or greater than, 210 minutes/week (Mudd et al., 2013). 

 

3.2.4 Data Analysis 

The sample size was estimated for adequate statistical power. It was determined 246 

pregnant women were required, assuming a prevalence of 80% vitamin D deficiency 

(Azhar, 2009), at a 5% level of significance and with ± 5% level of precision (width 

of 95% confidence interval). However, the study enrolled 578 pregnant women to 

account for possible attrition.  

 

For subsequent meaningful statistical analysis, vitamin D levels were categorised into 

deficient (< 50 nmol/L) and non-deficient groups (≥ 50 nmol/L) (Farrant et al., 2008; 

Dawson-Hughes et al., 2010; Holick et al., 2011; Cho et al., 2013; Parildar et al., 2013; 

Wuertz et al., 2013). Pearson’s chi-square test was applied to determine the association 

between the categorical variables (deficient vs. non-deficient). Comparisons between 

groups were then made through an independent sample t-test and the Mann-Whitney 

U test for normally and non-normally distributed variables, respectively. Adjustment 

for age and BMI as covariates between the groups were done using ANCOVA. 

Pearson’s and Spearman’s rank correlation coefficients were also determined to assess 

the linear relationship between quantitative variables for normally and non-normally  

distributed variables, respectively. Moreover, logistic regression enabled the outcome 

variables for risk factors associated with vitamin D deficiency to be identified. Two 

models were applied to adjust for possible confounders: Model 1 - Age, BMI, and sun 

exposure, and Model 2 - Model 1 + parity, season, vitamin D intake, multi-vitamin 

intake, physical activity, education, employment, living in North Riyadh, and extent 

of skin coverage with clothing. All three ORs were reported (unadjusted, adjusted for 

Model 1 and Model 2), and a p-value of < 0.05 was considered statistically significant.  
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3.3 Results 

3.3.1 General Characteristics of Subjects During Early Pregnancy 

3.3.1.1 Socio-economic Status 

As mentioned in Chapter 2, of the 773 pregnant women originally recruited, 578 

attended the first visit of their gestation. The mean maternal age was 28.8 ± 5.4 (range 

18-39) years old. Of the total women in the study, 320 (57.3%) were university 

graduates or post-graduates, 183 (32.7%) were employed, and 62 (12%) earned an 

income >10,000 Saudi Riyals (Figure 3.2). The majority (28.4%) of these women 

lived in West Riyadh, with comparable percentages noted in the South (21.9%), East 

(20.5%) and North (19%) of the city (Figure 3.3 D). Educational status, monthly 

income, profession, and area of residence in Riyadh is presented for the participants in 

general (Figure 3.3 A-D).  

 

 

 

Figure 3.2 Educational Status, monthly income and employment amongst the general 

participants. In the above figure, values are shown in percentages. 
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Figure 3.3 (A) Education, (B) Monthly income, (C) Profession of the participants, and 

(D) Area of residence. In the above figure, values are shown in percentages.  
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3.3.1.2 Obstetric Data and Family History 

Of the total women, 195 had a nulliparous pregnancy (37.3%), whereas 362 (62.7%) 

were multiparous, 129 (30.5%) had previously had a caesarean section, and 120 

(29.6%) had experienced miscarriage. Thirty eight (8.8%) had experienced gestational 

diabetes and 164 (38.2%) had a family history of GDM, while 347 (72.6%) had a 

family history of diabetes (Figure 3.4 presents obstetric data on the women, as well as 

their family history). 

 

 

 

Figure 3.4 Obstetric and family history for the overall sample. Data presented as 

frequencies and percentages. Multiparity was defined ≥ 1 births. All other variable are 

categorical and presented as ‘yes/no ’. 
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3.3.1.3 Anthropometric and Biochemical Characteristics 

The anthropometric and biochemical characteristics of the study population are shown 

in Table 3.1. The mean pre-pregnancy BMI, and BMI in early pregnancy were 27.0 ± 

6.0 and 28.0 ± 6.3 kg/m2, respectively. In early pregnancy, 183 (31.9%) of the pregnant 

women were overweight, and 195 (34%) were obese. Additionally, pre-pregnancy 

BMI was strongly correlated with BMI during early pregnancy (Figure 3.5 A). In 

addition, BMI in early pregnancy was moderately correlated with percentage body fat 

(Figure 3.5 B). Pregnant women with high blood pressure numbered 23 (4.3%), and 

279 (48.3%) in the cohort had low HDL-cholesterol < 1.03 mmol/L (Figure 3.6). 
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Table 3.1 Anthropometric and biochemical characteristics during early 

pregnancy 

Anthropometric Parameters Total N = 578 

Age (Years) 28.8 ± 5.4 

Gestational age (weeks) 12.0 ± 3.0 

Pre-pregnancy BMI (kg/m2) 27.0 ± 6.0 

BMI at 1st visit (kg/m2) 28.0 ± 6.3 

Waist circumference (cm) 91.5 ± 13.6 

Hip circumference (cm) 107.9 ± 12.0 

Waist-hip ratio 0.8 ± 0.1 

Systolic BP (mmHg) 113.9 ± 12.7 

Diastolic BP (mmHg) 67.9 ± 9.6 

Body fat (%) 34.3 ± 5.6 

Biochemical Parameters  

Vitamin D (nmol/l) # 28.7 (19.7 - 43.8) 

Corrected calcium (mmol/l) 2.2 ± 0.2 

Phosphorus (mmol/l) 1.2 ± 0.4 

Alkaline phosphatase (mmol/l) 9.7 ± 3.3 

Creatinine (µmol/l) 55.8 ± 18.2 

Glucose (mmol/l) # 4.8 (4.4 - 5.3) 

Insulin (uU/mL) # 8.5 (4.8 - 18.4) 

HbA1c (%) 5.1 ± 0.5 

Total cholesterol (mmol/l) 5.2 ± 1.0 

HDL-cholesterol (mmol/l) 1.3 ± 0.3 

Total cholesterol/HDL Ratio 4.0 ± 1.0 

LDL-Cholesterol (mmol/l) 3.2 ± 0.8 

Triglycerides (mmol/l) 1.4 ± 0.6 

Note: Data presented as mean and standard deviation for normal variables, the median, first and third 

quartiles are presented for non-normally distributed variables. # Indicates non-normally distributed variables. 

The Assumption of Normality was tested using the Shapiro-Wilk Test. 
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Figure 3.5 Correlation of BMI during early pregnancy with (A) Pre-pregnancy BMI, 

and (B) Percentage body fat during early pregnancy; ‘r’ represents Pearson’s correlation 

coefficient. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.6 Presence of metabolic disorders during early pregnancy. The values show 

the percentage of women with different metabolic disorders in early pregnancy. 
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3.3.1.4 Lifestyle Factors 

The percentage of blood samples collected from the pregnant women during the 

summer amounted to 39.4%, with 60.6% being collected in winter. Exposure to the sun 

was reported by 154 (26.6%) of the women (yes/no), while 165 (28.5%) were exposed 

to the sun noon time alone, plus either sunset or sunrise, or both. The number of women 

whose work took place exclusively indoors totalled 91.9% (n = 531). Regarding their 

clothing, 186 (32.2%) reported that their entire body was covered and only 6.2% of the 

participants used sunscreen lotion for protection (Figure 3.7 displays general 

percentages of sun exposure indices in early pregnancy). 

 

 

 
 

Figure 3.7 Sun exposure indices in early pregnancy. The values are presented in 

percentages.  
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Estimated vitamin D and calcium intake amongst the women during early pregnancy 

was 89.9 IU/day (63.5-169.0) and 117.7 mg/day (60.2-370.3), respectively 

(Figure 3.8). These data indicate that in 2.6% of the cases, vitamin D intake was above 

the DRI, and in 4.5% of the cases, calcium intake was also above the DRI. A quarter 

(25%) of the women reported the use of multivitamin supplements in early pregnancy. 

Also used here was the IPAQ median for sedentary activity of 1,200 minutes/week 

(600-1800), with low intensity physical activity/walking for 210 minutes/week (70-

600) (Figure 3.9). 

 

 

Figure 3.8 Estimated vitamin D and calcium intake in early pregnancy. The values 

show the median intake of vitamin D and calcium from food. 

 

 

 

Figure 3.9 Physical activity (PA) in early pregnancy. The values show the median 

sedentary and physical activity in minutes per week. 
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3.3.2 Vitamin D Deficiency in Early Pregnancy 

The median (interquartile range) 25(OH)D concentration in the pregnant women 

studied here was 28.7 nmol/L (19.7 - 43.8), which was considered to be deficient. A 

total of 41.7% (241/578) of participants were severely vitamin D deficient (< 25 

nmol/L), while 39.3% (227/578) were deficient (25-49.9 nmol/L); 13.7% (79/578), 

insufficient (50-74.9 nmol/L), and 5.4% (31/578) presented with sufficient vitamin D 

levels (≥ 75 nmol/L) (Figure 3.10). Therefore, only a relatively small number of the 

women (n = 31) achieved sufficient vitamin D levels. The population sample was 

subsequently categorised into either deficient (< 50 nmol/L) or non-deficient (≥ 50 

nmol/L) groups for meaningful statistical analysis (Farrant et al., 2008; Dawson-

Hughes et al., 2010; Holick et al., 2011; Cho et al., 2013; Parildar et al., 2013; Wuertz 

et al., 2013). The proportion of vitamin D deficiency  (< 50 nmol/L) in early pregnancy 

amounted to 81% (468/578). 

 

 

Figure 3.10 Vitamin D status in early pregnancy 
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3.3.2.1 Socio-economic Status in Relation to Vitamin D Status 

Proportionally more women were non-deficient in vitamin D if educated to graduate or 

postgraduate level, compared to the deficient group (71.3% vs. 54%, p < 0.001). 

Similarly, the pregnant women who were non-deficient in vitamin D were more likely 

to be employed than those in the deficient group (43.5% vs. 30.2%, p = 0.008). 

Moreover, a significantly higher percentage of pregnant women who were non-

deficient in vitamin D lived in North Riyadh (30.6%), compared to 16.2% in the 

deficient group (p = 0.001), while around 18.4% of the pregnant women who were non-

deficient in vitamin D lived in West Riyadh, compared to 30.8%  from the deficient 

group (p = 0.014). However, no differences were observed in income between the 

groups. Furthermore, the pregnant women living in North Riyadh were significantly 

more educated, at least to graduate level (p = 0.001), in comparison with their 

counterparts living in West Riyadh (p = 0.002) (Figure 3.11 compares data on 

education, and area of residence for the deficient and non-deficient groups of pregnant 

women). 

 

3.3.2.2 Obstetric and Family History in Relation to Vitamin D Status 

Obstetric parameters, such as parity, incidence of caesarean section, and miscarriage, 

as well as family history of diabetes and obesity, failed to reveal any differences 

between the groups. However, the rate of nulliparous pregnancy was higher in the non-

deficient group compared with the deficient group, although this was not statistically 

significant (45.9% vs. 35.3%, p = 0.127).  
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Figure 3.11 (A) Educational status and employment, and (B) Area of residence 

according to vitamin D status in early pregnancy. The values show the percentage of 

university graduates and postgraduates, employed women, and women living in 

different areas of Riyadh, amongst the vitamin D-deficient and non-deficient subjects. 

P-values: * denotes p < 0.05, ** denotes p < 0.01 and *** denotes p < 0.001, using a 

Pearson’s chi-square test. 
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3.3.2.3 Anthropometric and Biochemical Characteristics Against Vitamin D Status 

The anthropometric and biochemical characteristics of the deficient and non-deficient 

groups of pregnant women investigated here are shown in Table 3.2. Age (in years) 

did not show a significant difference between the deficient and non-deficient groups 

(p = 0.192). However, gestational age (in weeks) was significantly higher in the 

deficient group, compared to the non-deficient group, even after adjustment for BMI 

and age (p = 0.043). Pre-pregnancy BMI, BMI in early pregnancy, WHR, and blood 

pressure also failed to reveal any differences between the two groups, although body 

fat percentage was significantly higher in the non-deficient group, even after adjusting 

for age and BMI (35.4 ± 5.1 vs. 34.1 ± 5.6, p = 0.042). In addition, maternal vitamin 

D levels showed a significant positive correlation with body fat percentage (r = 0.13, 

p = 0.003). 

 

The biochemical profile of the pregnant women showed a vitamin D level of 64.5 

nmol/L (57.0-76.6) in the non-deficient group, compared with 24.4 nmol/L (18.0 – 

33.76) in the deficient group. HDL-cholesterol was significantly lower in the deficient 

group (p = 0.026), after adjusting for age and BMI. Furthermore, the total 

cholesterol/HDL ratio was significantly higher in the deficient group (p < 0.001). 

Maternal vitamin D levels, therefore, showed a significant positive correlation with 

HDL-cholesterol (r = 0.19, p < 0.001), whereas a significant negative correlation was 

observed in the vitamin D and total cholesterol/HDL ratio, random glucose, and 

HbA1c (r = -0.15, p < 0.001; r = - 0.11, p = 0.008 ; r = -0.13,  p= 0.001) (Figure 3.12). 

 

 

 

 

 

 

 

 



71 

 

Table 3.2 Anthropometrics and biochemical characteristics per vitamin D status 

in early pregnancy 

 Non-Deficient 

(N=110) 

Deficient 

(N = 468) 
P-value P-value* 

Anthropometric 

Parameters 
    

Age (Years) 29.4 ± 5.2 28.6 ± 5.5 0.192 --- 

Gestational age (weeks) 11.5 ± 2.9 12.1 ± 3.0 0.066 0.043 

Pre-pregnancy BMI (kg/m2)  27.1 ± 6.2 27.0 ± 5.9 0.944 0.065 

BMI at 1st visit (kg/m2) 28.3 ± 6.3 28.0 ± 6.3 0.575 --- 

Waist circumference (cm) 93.1 ± 12.4 91.1 ± 13.8 0.178 0.102 

Hips circumference (cm) 108.8 ± 11.6 107.7 ± 12.1 0.371 0.389 

Waist-hip Ratio 0.9 ± 0.1 0.8 ± 0.1 0.336 0.247 

Systolic BP (mm Hg) 114.3 ± 13.3 113.8 ± 12.6 0.703 0.801 

Diastolic BP (mm Hg) 67.1 ± 9.8 68.0 ± 9.6 0.376 0.248 

Body fat (%) 35.4 ± 5.1 34.1 ± 5.6 0.03 0.042 

Biochemical Parameters     

Vitamin D (nmol/l) # 64.5 (57.0 – 76.6) 
24.4  

(18.0 – 33.76) 
< 0.001 <0.001 

Corrected calcium (mmol/l) 2.3 ± 0.2 2.2 ± 0.2 0.442 0.508 

Phosphorus (mmol/l) 1.2 ± 0.5 1.1 ± 0.4 0.127 0.053 

Alkaline Phosphatase (mmol/l) 9.3 ± 2.9 9.7 ± 3.4 0.266 0.168 

Creatinine (µmol/l) 55.4 ± 17.9 55.9 ± 18.3 0.806 0.914 

Glucose (mmol/l) # 4.7  (4.4 - 5.2) 4.8 (4.4 - 5.3) 0.627 0.708 

Insulin (uU/mL) # 7.9 (4.6 - 17.7) 8.7 (4.9 - 18.4) 0.427 0.446 

HbA1c (%) 5.1 ± 0.5 5.1 ± 0.5 0.490 0.380 

Total cholesterol (mmol/l) 5.2 ± 0.8 5.2 ± 1.0 0.748 0.911 

HDL-cholesterol (mmol/l) 1.4 ± 0.3 1.3 ± 0.4 0.035 0.026 

Cholesterol-HDL Ratio 3.8 ± 0.7 4.1 ± 1.1 < 0.001 0.001 

LDL-cholesterol (mmol/l) 3.1 ± 0.6 3.2 ± 0.8 0.681 0.622 

Triglycerides (mmol/l) 1.4 ± 0.6 1.4 ± 0.6 0.941 0.728 

Note: Data presented as a mean and standard deviation for normal variables, while median, first and third quartiles 

are presented for non-normally distributed variables. # indicates non-normally distributed variables; the p-value for 

mean differences was obtained from an independent sample t-test for normal variables, and a Mann-Whitney U test 

for non-normally distributed variables, while * indicates p-values adjusted for age and BMI on the 1st visit through 

an ANCOVA. 
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Calcium and phosphorus appeared higher in the non-deficient compared with the 

deficient group after adjustments, although this difference was not significant (p = 

0.054 and p = 0.053, respectively). Alkaline phosphatase levels were higher in the 

deficient than in the non-deficient group, but again was not significant (p = 0.168). 

Maternal vitamin D levels showed a significant positive correlation with calcium, 

phosphorus, and creatinine (r = 0.09, p = 0.036; r = 0.10, p = 0.026; r = 0.10, p = 0.025), 

respectively. The presence of metabolic disorders according to vitamin D status is 

displayed in Figure 3.13. 

 

 

 

Figure 3.12 Baseline correlations between Log vitamin D (nmol/L) versus (A) glucose, 

(B) HbA1c, and (C) calcium in early pregnancy. 
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Figure 3.13 Presence of metabolic disorders according to vitamin D status. P-values:  

* denotes p < 0.05. The values show the percentage of women with different metabolic 

disorders in early pregnancy, in both vitamin D deficient women and women without 

deficiency. P-values: * denotes p < 0.05 according to Pearson’s chi-square test. 

 

3.3.2.4 Lifestyle Factors in Relation to Vitamin D Status 

Exposure to the sun at noon alone, and exposure at noon and sunset or sunrise, was 

significantly higher amongst the non-deficient subjects, in comparison with their 

deficient counterparts (64.5% vs. 20.1%, p < 0.001). Similarly, the number of women 

undertaking most of their work indoors was higher amongst the deficient participants, 

compared to the non-deficient subjects (97.6% vs. 67.3%, p < 0.001). Moreover, the 

number of subjects covering their whole body with clothing was significantly higher in 

the deficient group, compared to the non-deficient participants (38.9% vs. 3.6%, p < 

0.001). The percentage of participants who exposed themselves to the sun (32.7%) was 

higher in the non-deficient group, compared to the deficient group (25.2%), although 

this difference was not statistically significant (p = 0.109). In addition, 10% of the non-

deficient group used sunscreen, compared to 5.3% in the deficient group, but this was 

not statistically significant (p = 0.069). The season in which the sun exposure took place 

(summer/winter) did not demonstrate any differences between the groups. The samples 
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collected in summer amounted to 38.9% in the deficient group, compared to 41.5% in 

the non-deficient group, whereas in winter, 61.6% of the samples were collected for the 

deficient participants, compared to 58.5% for the non-deficient group (p = 0.623). 

 

 
 

Figure 3.14 Sun exposure during early pregnancy in relation to vitamin D status during 

this period. The values show the percentage of women with different sun exposure 

indices, in both vitamin D-deficient and non-deficient women. Noon time indicates the 

time between 10 am -2 pm. P-values: *** refers to p < 0.001 from Pearson’s chi-square 

test. 

 

The current study observed that the vitamin D and calcium intake, estimated in early 

pregnancy, did not reveal any statistically significant differences between the deficient 

and non-deficient groups (Figure 3.15). This was also true for multivitamin intake 

reported in early pregnancy (non-deficient at 28.6% vs. deficient at 24.1%). 

Interestingly, the median number of minutes for women engaged in low-intensity 

physical activity/walking (minutes/week) was significantly higher in the non-deficient 

than in the deficient group, even after adjusting for age and BMI (600 vs. 180 

minutes/week, p < 0.001). In fact, maternal vitamin D levels indicated a significant 

positive correlation with low intensity physical activity (minutes/week: r = 0.32, p < 
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0.001). However, the median sedentary time spent (minutes/week) showed no 

differences between the deficient and non-deficient groups (1200 vs. 900 

minutes/week, p = 0.669) (Figure 3.15). 

 

 

Figure 3.15 Estimated vitamin D and calcium intake, according to vitamin D status in 

early pregnancy. The values show the median intake of vitamin D and calcium from 

food, in both vitamin D-deficient and non-deficient women. The test used was the 

Mann-Whitney U test. 

 

 

Figure 3.16 Physical activity in relation to vitamin D status during early pregnancy. 

The values show median sedentary and physical activity in minutes per week for both 

the vitamin D-deficient and non-deficient groups using the Mann-Whitney U test. P-

values: *** denotes p < 0.001 after adjusting for age and BMI, with ANCOVA. 
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3.3.3 Predictors of Vitamin D Deficiency in Early Pregnancy 

Significant independent variables for vitamin D deficiency were assessed using 

multivariate logistic regression analysis, and adjusted for confounding factors. 

Significant independent variables that increased the risk of vitamin D deficiency 

included working exclusively indoors (OR 25.37, 95% CI 5.49-117.28, p < 0.001), 

whole body coverage with clothing (OR 17.81, 95% CI 2.29-138.50, p < 0.001), 

multiparity (OR 3.97, 95% CI 1.66-9.48, p = 0.002), total cholesterol/HDL ratio 

(>3.5) (OR 3.30, 95% CI 1.38-7.90, p = 0.007), low HDL-cholesterol (OR 2.81, 95% 

CI  1.22-6.42, p = 0.015), and living in West Riyadh (OR 2.00, 95% CI 1.14-3.53, p = 

0.011) (Table 3.3). 

 

The variables that appeared to confer some protection against vitamin D defciency in 

early pregnancy were low-intensity physical activity/walking (≥ 210 minutes/week) 

(OR 0.20, 95% CI 0.09-0.47, p < 0.001), sun exposure at noon alone, or with additional 

exposure at sunrise or sunset (OR 0.24, 95% CI 0.10-0.57, p = 0.001), being a university 

graduate or higher (OR 0.32, 95% CI 0.12-0.86, p = 0.023), residence in North Riyadh 

(OR 0.35, 95% CI 0. 15-0.79, p = 0.012), and age (OR 0.91, 95% CI 0.83-1.00, p = 

0.051) (Table 3.3). 
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        Unadjusted         Model 1          Model 2 

 Parameters OR (95% CI) P-value OR (95% CI) * P-value* OR (95% CI) ** P-value** 

Age 0.97 (0.94 – 1.01) 0.192 0.98 (0.94 – 1.02) 0.311 0.91 (0.83 – 1.00) 0.051 

Gestational age 1.07 (0.99 – 1.15) 0.066 1.07 (1.00 – 1.15) 0.059 0.99 (0.86 – 1.13) 0.881 

Multiparity 1.56 (1.00 – 2.43) 0.051 2.02 (1.21 – 3.36) 0.007 3.97 (1.66 – 9.48) 0.002 

Pre-pregnancy BMI (kg/m2) 1.00 (0.96 – 1.03) 0.944 1.00 (0.97 – 1.04) 0.867 0.99 (0.92 – 1.06) 0.729 

Obesity by 1st visit 0.86 (0.55 - 1.35) 0.517 1.22 (0.57 – 2.61) 0.604 0.95 (0.41 – 2.19) 0.907 

University graduate or postgraduate 0.47 (0.30 - 0.75) 0.001 0.42 (0.26 - 0.68) <0.001 0.32 (0.12 - 0.86) 0.023 

Employment 0.56 (0.36 - 86) 0.008 0.56 (0.36 - 0.88) 0.011 0.61 (0.27 – 1.34) 0.605 

Living in North Riyadh 0.44 (0.27 - 0.73) 0.001 0.46 (0.27 - 0.77) 0.003 0.35 (0.15 - 0.79) 0.012 

Living in West Riyadh 1.41 (1.07 - 1.85) 0.014 1.38 (1.05 - 1.83) 0.024 2.00 (1.14 - 3.53) 0.016 

HbA1c at 1st visit 1.14 (0.78 - 1.68) 0.490 1.25 (0.83 - 1.88) 0.278 1.34 (0.62 - 2.90) 0.462 

Random glucose (mmol/l) at 1st visit 1.02 (0.85 - 1.23) 0.627 1.03 (0.85 - 1.26) 0.750 0.84 (0.61 - 1.17) 0.297 

TG (≥ 1.7 mmol/l) 1.06 (0.67 – 1.69) 0.800 1.11 (0.68 – 1.80) 0.687 0.62 (0.24 – 1.59) 0.618 

Total cholesterol/HDL ratio (>3.5) 1.37 (0.89 – 2.11) 0.158 1.50 (0.96 – 2.35) 0.076 3.30 (1.38 – 7.90) 0.007 

Low HDL-cholesterol  

(< 1.03 mmol/l) 
1.66 (1.09 - 2.54) 0.019 1.74 (1.12 - 2.69) 0.014 2.81 (1.22 – 6.42) 0.015 

Hypertension (HTN) 0.86 (0.31 – 2.36) 0.770 0.90 (0.32 – 2.55) 0.843 5.07 (0.23 – 110.38) 0.302 

Blood sample collection (Summer) 1.11 (0.73 - 1.71) 0.623 1.05 (0.67 - 1.64) 0.847 1.18 (0.50 - 2.74) 0.698 

Sun exposure 0.69 (0.44 - 1.09) 0.109 0.67 (0.42 - 1.06) 0.083 1.20 (0.50 - 2.89) 0.688 

Time of exposure (at noon) 0.14 (0.09 - 0.22) <0.001 0.14 (0.09 - 0.23) <0.001 0.24 (0.10 - 0.57) 0.001 

Nature of work (indoors) 20.21 (9.85 - 41.46) <0.001 20.62 (9.72 - 43.78) <0.001 25.37 (5.49 – 117.28) <0.001 

Coverage with clothing (whole body) 16.86 (6.11 - 46.55) <0.001 16.47 (5.92 – 45.80) <0.001 17.81 (2.29 – 138.50)  0.006 

Vitamin D intake  

(> 600 IU/day) 
0.35 (0.11 - 1.12) 0.064 0.42 (0.13 - 1.40) 0.158 0.35 (0.07 - 1.93) 0.230 

Calcium Intake  

(> 1000 mg/day) 
0.62 (0.23 - 1.64) 0.329 0.74 (0.27 - 2.01) 0.560 0.86 (0.14 - 5.14) 0.870 

Use of multivitamin supplements 0.80 (0.46 - 1.39) 0.421 0.78 (0.43 - 1.40) 0.400 0.62 (0.25 - 1.54) 0.299 

Low intensity physical activity  

(≥210 minutes/week) 
0.28 (0.17 - 0.47) <0.001 0.31 (0.18 – 0.51) <0.001 0.20 (0.09 - 0.47) <0.001 

Note: Odds ratio (OR) and 95% CI for OR were obtained using logistic regression analysis, taking vitamin D deficiency (< 50nmol/L) as a dependent variable against potential risk factors, and as an 
independent risk. Model 1 is for age, BMI, and sun exposure.  Model  2 is Model 1+ parity, summer season, vitamin D intake, multivitamin intake, physical activity, education, employment, living in North, 

and coverage with clothing. Categorical variables (e.g. education, employment, HTN, sun exposure, and multivitamin supplementation) are  presented as ‘yes/no’; other categorical values include area of 

residence in Riyadh (North or West Riyadh vs. all other areas); season blood sample collection (summer vs. winter); time of sun exposure (noon alone plus either sunset or sunrise, or both  vs. sunrise or 

sunset or both); working indoors vs. working indoors + outdoors, and whole body vs. partial coverage with clothing. 

Table 3.3 Predictors of vitamin D deficiency among pregnant women in early pregnancy 
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3.4 Discussion 

This is the largest study ever conducted in Saudi Arabia to assess hypovitaminosis D in 

the early stages of pregnancy, as well as its predictors. It was observed that 81% of the 

pregnant women studied were deficient in 25(OH)D. Younger women, multiparous 

subjects, women with a lower level of education, housewives (as opposed to employees 

outside the home), and living in West Riyadh were all factors noted to be linked with 

lower vitamin D levels in early pregnancy. In addition, women who were less frequently 

exposed to the sun due to coverage of their whole body with clothing, and those who 

spent most of their working lives indoors were more likely to suffer from 

hypovitaminosis D in early pregnancy. However, a higher amount of physical activity, 

life in North Riyadh, and sun exposure at noon were associated with higher 25(OH)D 

concentrations. 

 

Vitamin D deficiency or insufficiency would not usually be expected in a sunny country 

like Saudi Arabia (latitude 25°N) (Sedrani et al., 1983), however, numerous studies 

have reported a high prevalence of hypovitaminosis D in the Saudi population, across 

different ages (Al-Musharaf et al., 2012; Alsuwaida et al., 2013; Al-Zoughool et al., 

2015). Nevertheless, only a limited number of studies, using relatively small sample 

sizes, have studied hypovitaminosis D in pregnant Saudi women to date (Serenius et 

al., 1984; Taha et al., 1984; Azhar, 2009; Al-Ajlan et al., 2015; Al-Faris, 2016; Al-

Shaikh et al., 2016). Moreover, most of these studies measured vitamin D levels during 

the third trimester, or at the time of delivery, while only two studies assessed 25(OH)D 

status during early gestation (Al-Ajlan et al., 2015; Al-Faris, 2016). For example, Al-

Ajlan et al. (2015) studied 515 pregnant women in their first trimester, and found that 

26.2 % were deficient (< 25 nmol/L), 68.0 % were insufficient (25–50 nmol/L), and 

only 3.5 % had sufficient (50–75 nmol/L) levels of vitamin D. Al-Faris (2016) 

investigated vitamin D status in 160 pregnant women from Riyadh, and reported that 

50% women were vitamin D-deficient (< 50 nmol/L) and 43.8% had insufficient levels 

(50-74 nmol/L) of vitamin D.  
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Apart from Saudi Arabia, however, vitamin D deficiency in early pregnancy has also 

been reported in the UAE (78%), Oman (98%), India (62%), Korea (91.8%), Spain 

(18%), the UK (57%), and Canada (39%), indicating that inadequate vitamin D levels 

during gestation is a global concern (Narchi et al., 2010; Al Kalbani et al., 2011; 

Makgoba et al., 2011; Dasgupta et al., 2012; Wei et al., 2012; Choi et al., 2015; 

Rodriguez et al., 2016). The rates detected in the existing study are comparable to those 

revealed for other Gulf and Asian countries. 

 

A large variety of risk factors for suboptimal vitamin D levels, such as latitude, season, 

clothing, sunscreen use, skin pigmentation, atmospheric components, and air pollution 

are directly or indirectly linked to sunlight exposure (Holick, 2007; Christakos et al., 

2010; Wacker & Holick, 2013). In the present study, the season (winter/summer) did 

not imply any significant differences in vitamin D levels, between the deficient and 

non-deficient pregnant women. However, this was anticipated, because although the 

season would indicate the amount of available sunlight, coverage of the whole body 

with clothing, and a large proportion of domestic or other work being performed 

indoors in Saudi Arabia, mean that exposure indices are largely unaffected by season 

amongst the Saudi population. Moreover, Saudis generally avoid the hot sun in summer. 

Therefore, inadequate exposure to sunlight, measured using several different indices, 

was shown to be a major risk factor for suboptimal vitamin D levels in the current study. 

In addition, the timing of the sun exposure in this study (noon) was also critical for 

determining the vitamin D levels, and this corresponded with previous data, where 

subjects were found to spend time outside in summer during the peak vitamin D 

production time of 10 am – midday. In contrast, this production time peaks at around 

11 am in winter (Alshahrani et al., 2013). Therefore, despite abundant sunlight in Saudi 

Arabia, lifestyle patterns and traditional dress, covering the whole body, significantly 

decreases sun exposure. This was evident in the present study, where the pregnant 

subjects, who covered their whole body, had significantly lower levels of vitamin D.  

 

Saudi women use dark veils to cover their whole body because of cultural and religious 

beliefs. Limiting sun exposure through the use of these veils has been implicated as a 

major risk factor for vitamin D deficiency (Azhar, 2009; Al-Ghamdi et al., 2012; Al-
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Mogbel, 2012). In fact, Muslim women all over the world, who resort to full body 

coverage, due to their religious beliefs, are consequently at risk of developing vitamin 

D deficiency (Ates et al., 2016; Karras et al., 2016). In Saudi Arabia and elsewhere, 

people have also adopted sun avoidance behaviour, due to modern lifestyles based on 

indoor work, such as in office work. This is especially true in Saudi Arabia, which has 

a very hot climate for a large part of the year. The present study, supported by others, 

indicates that pregnant women working indoors are at greater risk of having low vitamin 

D levels (Xiang et al., 2013).  

 

This study indicates that vitamin D levels vary in pregnant women, according to their 

educational status, with a lower level of education increasing the risk of vitamin D 

deficiency. This observation has been reported in a number of other studies 

documenting higher vitamin D levels among more educated pregnant women (Johnson 

et al., 2011; Burris et al., 2012a; Vandevijvere et al., 2012; van den Berg et al., 2013; 

Fenina et al., 2016; Sharma et al., 2016). Compared to other areas, pregnant women 

residing in North Riyadh were found to have a higher vitamin D status. This is most 

likely because North Riyadh is known for being a more affluent part of the city, with 

more highly educated inhabitants. However, as there were no differences in income 

observed between the 25(OH)D-deficient and sufficient groups, this was attributed 

more to the subjects’ educational level. In contrast to this, low socio-economic status 

has been connected to vitamin D deficiency (Aly et al., 2013). Furthermore, in support 

of this current study, previous research has reported that women who have had two or 

more previous births are more likely to have lower 25(OH)D3 concentrations, compared 

to women who have had just one previous birth (Aly et al., 2013; Andersen et al., 2013). 

 

Dietary intake of vitamin D (2.6%) and calcium (4.6%) intake were shown to be low in 

this study, as with other studies (Jensen et al., 2012; Al-Faris, 2016; Ayadi et al., 2016). 

Approximately one quarter (25%) of the pregnant women in the existing study were 

taking multivitamins in their first trimester, which is similar to other studies from 

different countries, whereby a  range of 7.5%-63.1% of the subjects have been found to 

use multivitamin supplementation (Vandevijvere et al., 2012; Charatcharoenwitthaya 

et al., 2013; Al-Faris, 2016; Ates et al., 2016). Collectively, these data suggest that 
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vitamin D intake during pregnancy, whether from food or supplements, is inadequate 

across the world  (Scholl & Chen, 2009; McGowan et al., 2011; Burris et al., 2012b; 

Vercruyssen et al., 2012; Karras et al., 2014). This is because dietary sources of vitamin 

D tend to be limited and comprise less than 10% of the daily vitamin D requirement as 

well as current food fortification is inadequate in Saudi Arabia (Holick et al., 2012; 

Kanan et al., 2013). In addition, Riyadh is a landlocked city, with no access to the sea 

or rivers, so consumption of vitamin D rich fish is usually infrequent (Al-Mogbel, 

2012). Moreover, Saudi society has experienced a dramatic change in its dietary and 

lifestyle patterns, with a shift towards a more unhealthy dietary habits (Al-Turki, 2008; 

Al-Ghamdi et al., 2012; Al-Faris et al., 2015).  

 

The relationship between 25(OH)D and obesity in pregnancy is inconsistent. This 

present study failed to find any evidence of an association between vitamin D levels 

and pre-pregnancy or early pregnancy obesity. These observations are consistent with 

findings from similar studies (Choi et al., 2015; Flood-Nichols et al., 2015; Al-Faris, 

2016; Ates et al., 2016; Rodriguez et al., 2016). Moreover, the mean BMI observed in 

early pregnancy (27 kg/m2) was comparable to another study conducted by Ates et al. 

(2016) (25 kg/m2), where the mean BMI did not reach obesity level. This could explain 

the absence of any differences in vitamin D deficiency/sufficiency in this regard. 

However, there is still some evidence suggesting that obesity may be associated with 

low vitamin D levels (Vandevijvere et al., 2012; Andersen et al., 2013; Karras et al., 

2016). Furthermore, compared to the deficient group, the non-deficient group of 

pregnant women had a higher fat percentage in the present study, even after adjusting 

for age and BMI. Nevertheless, this was a marginal difference and requires further 

confirmation through other studies. Fat status during pregnancy may be misleading and 

difficult to interpret because of the continuous changes in fat status that occurs 

throughout pregnancy. This is supported by the more marked trend towards pre-

pregnancy obesity in the vitamin D-deficient group in this study; a trend that 

disappeared in early pregnancy, perhaps due to normal physiological changes. 

  

Pregnant women engaging in low-intensity physical activity were also noted to have 

higher vitamin D levels, compared to those in the deficient group. Physical activity 
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amounting to at least 30 minutes per day in early pregnancy was determined as 

independently protecting against vitamin D deficiency. This may be attributed to 

greater mobilisation of vitamin D from burned fat deposits through increased physical 

activity (Riedt et al., 2005; Tzotzas et al., 2010). Pregnant women involved in daily 

outdoor activity during the early stages of pregnancy were more likely to have adequate 

vitamin D levels (Al-Faris, 2016). Jensen and colleagues (1980) have also proposed 

that pregnant women performing an outdoor physical activity are more likely to have a 

satisfactory 25(OH)D status. The elevated vitamin D levels among pregnant women 

involved in outdoor activity could also be due to greater sunlight exposure, thus 

triggering vitamin D synthesis (Kluczynski et al., 2011), and as indicated above, it is 

highly likely that the exercise itself may contribute to the maintenance of vitamin D 

status (Scragg et al., 1995). 

 

To expand on the above, other related explanations include effects independent of sun 

exposure possibly impacting on vitamin D levels in relation to physical activity 

(AlMulhim et al., 2015; Rodriguez et al., 2016). This current study is the first of its kind 

to assess the impact of adjusted sun exposure and physical activity on vitamin D levels 

among pregnant women. However, other studies investigating the association between 

physical activity and vitamin D levels, even after adjusting for sun exposure in non-

pregnant females, have revealed similar findings (Scragg & Camargo, 2008; Brock et 

al., 2010; Kluczynski et al., 2011; Touvier et al., 2015; Wanner et al., 2015). It is 

possible that a reduction in ionised calcium during exercise stimulates parathyroid 

hormone release, thus activating 1,25(OH)2D3 (Maïmoun & Sultan, 2009). In addition, 

increased lipolysis following exercise-induced weight loss may also mobilise vitamin 

D from adipose tissues, resulting in elevated serum levels of vitamin D (Riedt et al., 

2005; Zittermann et al., 2009; Tzotzas et al., 2010). 

 

Among the lipid profile parameters, HDL-cholesterol was significantly lower in the 

deficient group, resulting in an increased total cholesterol/HDL ratio, compared to their 

non-deficient counterparts. Moreover, low HDL-cholesterol levels were 2.81 times 

more likely to be associated with vitamin D deficiency, while the total cholesterol/HDL 

ratio indicated a 3.30 times higher risk of vitamin D deficiency in early pregnancy. 
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These findings indicate that women with low vitamin D levels are at higher risk of 

cardiovascular diseases (Boucher, 1998; Barter  et al., 2007). Among non-pregnant 

women, low HDL-cholesterol has been reported as an independent risk factor of 

vitamin D deficiency (Forrest & Stuhldreher, 2011). Another study looked at 13,039 

adults and showed that higher 25(OH)D levels were associated with higher HDL-

cholesterol and a lower total cholesterol/HDL ratio, after considering factors such 

as diabetes, physical activity, BMI, and waist circumference (Faridi et al., 2016). The 

mechanism of this association is not clear, but vitamin D may indirectly influence lipid 

metabolism mediated by insulin resistance and inflammation (Guasch et al., 2012). 

Matsuura and colleagues (2006) proposed that vitamin D may regulate macrophage 

function of reverse cholesterol transport, and the number of large HDL particles may 

be elevated, by taking over cholesterol through macrophages. Zhou and colleagues 

(2008) revealed that vitamin D possibly improves free fatty acid-induced insulin 

resistance. Meanwhile, Kang et al. (2012) suggest that vitamin D could stimulate 

cytokine gene expression in macrophage, and perform many systemic anti-

inflammatory actions. Most recently, Slominski et al. (2015) reported that novel 

vitamin D3-hydroxyderivatives are non-calcemic, unlike 1,25(OH)2D3, thus potentially 

promoting anti-inflammatory activity. To date, however, few studies have explored 

vitamin D status with lipid profiles during early pregnancy, and longitudinal studies are 

lacking. Therefore, the present study has narrowed this gap in the literature, by being 

among the first studies to show that low HDL-cholesterol levels, and total 

cholesterol/HDL ratios, highly increase the risk of vitamin D deficiency in early 

pregnancy. 

 

Finally, vitamin D exhibited a negative correlation with random blood glucose and 

HbA1c in this study, suggesting that the two parameters may be linked with serum 

vitamin D levels, although this was not statistically significant in multivariate analysis. 

A negative correlation between vitamin D and HbA1c during the first trimester of 

pregnancy has been reported previously (Jafarzadeh et al., 2015).  

 

In conclusion, the Saudi pregnant women studied in this instance had a high prevalence 

of vitamin D deficiency (81%) in their first trimester. Whole body coverage with 

http://www.endocrinologyadvisor.com/diabetes/section/4108/
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clothing, lower levels of physical activity, living in West Riyadh, and multiparity were 

found to be the key factors predisposing pregnant women to vitamin D deficiency. 

Vitamin D deficiency was also noted to be associated with adverse HDL-cholesterol 

status, although this finding requires replication. There appears to be a need to increase 

awareness among health professionals and the public in general for avoiding vitamin D 

deficiency, specifically among women and those of childbearing age. Thus, to improve 

vitamin D status, lifestyle recommendations, such as a combination of increased 

physical activity, exposure to the sun at noon, consumption of foods rich in vitamin D, 

and vitamin D supplementation, may all help to raise vitamin D levels. Specific 

recommendations and policies should be implemented in the KSA to detect and prevent 

vitamin D deficiency in general, but particularly during pregnancy, in order to avoid 

the associated adverse maternal and neonatal complications. 
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4.1 Introduction 

Pregnancy itself is particularly associated with substantial changes in vitamin D and 

calcium metabolism, which are key to foetal bone development. The need to prioritise 

foetal needs requires the mother to increase her vitamin D intake during pregnancy, as 

well as during lactation (Brannon & Picciano, 2011; Ross et al., 2011). Understandably, 

the foetus is entirely dependent on the mother for its supply of both calcium and vitamin 

D during pregnancy (Lapillonne, 2010). However, despite vitamin D levels having 

already been determined for nutritional requirements during gestation, these levels 

seem debatable. In particular, vitamin D deficiency cut-off points for pregnant women 

have been adapted from studies performed on non-pregnant populations (Dror & Allen, 

2010; Flood-Nichols et al., 2015). At present, in the non-pregnant population, a 

circulating level of at least 50 nmol/L is considered adequate to avoid bone dysfunction, 

although ideally 75 nmol/L of vitamin D is considered sufficient (Bodnar & Simhan, 

2010; Holick et al., 2011; Ross et al., 2011).  

 

Despite knowledge of the vitamin D levels possibly required in pregnancy, the 

prevalence of vitamin D deficiency remains high, during early pregnancy (Dasgupta et 

al., 2012), mid-term pregnancy (Xiao et al., 2015), and late pregnancy (Al-Shaikh et 

al., 2016), although a limited amount of research has addressed the determinants of 

25(OH)D deficiency during mid-pregnancy. Studies assessing 25(OH)D levels among 

pregnant women in mid-late pregnancy have reported a 48-80% prevalence of vitamin 

D deficiency (Sahu et al., 2009; Perez-Ferre et al., 2012; Bener et al., 2013; Gernand et 

al., 2013; Choi et al., 2015; Xiao et al., 2015). In one Middle Eastern study from Qatar, 

which assessed mid-pregnancy, this deficiency has been attributed to inadequate sun 

exposure, physical inactivity, and a lack of dietary vitamin D (Bener et al., 2013). 

Additionally, low socio-economic status has been linked with vitamin D deficiency 

during early-mid pregnancy in one study (Shand et al., 2010). 

 

However, it should be stressed here that not all studies have provided consistent 

evidence on the changing level of 25(OH)D as pregnancy progresses. Some studies 

suggest that 25(OH)D levels decline during pregnancy (Ardawi et al., 1997; Zhang et 
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al., 2014), while other data indicate that vitamin D levels are elevated during pregnancy 

(Sanchez et al., 1997; Bärebring et al., 2016), and some have revealed no change 

(Reddy et al., 1983; Seely et al., 1997; Marwaha et al., 2011). These apparent conflicts 

may be due to various influences on the populations studied.  

 

To elaborate on the above, vitamin D levels during pregnancy can be influenced by the 

seasonal and lifestyle factors prevailing at the time. Factors which can adversely disturb 

25(OH)D status during pregnancy, include ethnicity, less than optimal sun exposure, 

clothing style, and low dietary or supplemented vitamin D intake (Bärebring et al., 

2016). On the other hand, pregnancy-related factors influencing vitamin D status could 

include haemodilution, hormonal changes, increased maternal and foetal demand, 

increased body fat, and reduced outdoor activity (Bodnar et al., 2007b; Christesen et 

al., 2012). Alterations in metabolic profile during pregnancy, due to changes in 

oestrogen, progesterone, and insulin homoeostasis have also been linked to reduced 

vitamin D levels (Kalkhoff, 1982). The relationship between adverse metabolic profiles 

and reduced vitamin D levels have been observed in non-pregnant and pregnant female 

populations alike (Ford et al., 2005; Maghbooli et al., 2008). Finally, it has been shown 

that the active trans-placental transport of calcium to the developing foetus may 

influence vitamin D levels (Jones et al., 2000). Therefore, the overall conclusion is that 

adequate vitamin D has a favourable influence on the course of a pregnancy, maternal 

and neonatal calcium homoeostasis, and bone maturation and mineralisation (Jones et 

al., 2000; Walicka & Marcinowska-Suchowierska, 2008).  

 

Studies measuring vitamin D during pregnancy have been primarily concerned with the 

association between adverse maternal and foetal outcomes. However, measuring 

vitamin D just once, and in a single trimester will not necessarily reflect vitamin D 

levels across an entire pregnancy. Nevertheless, it would appear that vitamin D levels 

recorded at different time points during the first half of gestation may give a better 

indication and prediction of 25(OH)D status across the entire term. This is due to a 

higher demand for nutrients by the foetus, since over 90% of foetal growth takes place 

at end of pregnancy (Engelking & Rebar, 2012). Furthermore, data on the determinants 

of 25(OH)D deficiency from the first to the third trimester are limited (Moon et al., 
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2015; Bärebring et al., 2016), and no studies have evaluated determinants for vitamin 

D deficiency from early to mid-gestation. Additionally, there are no available data on 

vitamin D levels in pregnancy, followed up after controlling for different lifestyle 

factors. Moreover, in Saudi Arabia to date, no study has measured 25(OH) levels mid-

pregnancy, or 25(OH)D status prospectively in a large Saudi cohort of pregnant women. 

This Chapter presents novel insights in a first study comparing vitamin D levels in early 

and mid-gestation in Saudi Arabia, as well as the maternal risk factors potentially 

influencing this relationship.   
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4.2 Research Design and Methods 

This prospective study followed 383 pregnant women from first to the second visit. 

However, 45 of the subjects were excluded, as they reported taking vitamin D 

supplementation by mid-pregnancy and 41 were excluded, due to their questionnaires 

being incomplete. The corresponding analysis was, therefore, conducted on 297 

pregnant Saudi women.  

 

4.2.1 Data Collection 

Clinical assessments were conducted on two occasions. Baseline, non-fasting, blood 

samples were obtained during the first visit at 8-12 weeks of gestation. The second visit 

was scheduled for the second trimester, at 24-28 weeks, and the women were asked to 

fast for at least 10 hours. Anthropometric and biochemical assessments, as well as 

questionnaire-based interviews, were conducted at both time points. GWG  and changes 

in body fat were calculated as explained in Chapter 2. As described earlier, the 

interview questionnaires included a FFQ, questions on sun exposure, and a physical 

activity questionnaire (IPAQ) (Al-Daghri et al., 2011; Harrison et al., 2011; Al-

Musharaf et al., 2012; Al-Othman et al., 2012b; Takahasi et al., 2013). 

 

4.2.2 Laboratory Analysis 

During the first visit, random blood samples were collected to measure total 25(OH) D, 

calcium, phosphorus, albumin, creatinine, and alkaline phosphatase along with 

glycaemic and lipid profile. For mid-pregnancy measurements, the biochemical 

parameters assessed during the first visit were repeated. The analysis of previous labs 

were detailed in Chapter 2. Metabolic syndrome was assessed in the second visit and 

classified based on criteria suggested by the US NHLBI/AHA (Grundy et al., 2005). 

 

4.2.3 Data Analysis 

Data were analysed using SPSS version 21.0 statistical software (SPSS, Chicago, IL, 

USA). Pearson’s chi-square test was conducted to identify any association between 

categorical variables (deficient and non-deficient). To determine differences between 
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the groups, an independent sample t-test and Mann-Whitney U Test was used for 

normal and abnormal variables, respectively. Adjustment for age and BMI between the 

groups was done using ANCOVA. Comparison of median vitamin D levels from early 

to mid-pregnancy was done using the Wilcoxon signed rank test, and adjustment for 

mid-pregnancy gestational age, multivitamin intake, physical activity, estimated 

vitamin D intake, sun exposure, and season, was done using repeated measures 

ANCOVA. The difference between two visits was then measured using a paired sample 

t-test and Wilcoxon signed rank test for normal and abnormal variables, respectively.  

 

Pearson’s and Spearman’s rank correlation coefficients were also determined to assess 

the linear relationship between quantitative variables for normally and non-normally  

distributed variables, respectively. Logistic regression was used to identify the risk 

factors associated with vitamin D deficiency by mid-pregnancy. This method used the 

presence or absence of vitamin D deficiency as a dichotomous variable. Possible 

confounding factors, such as age, BMI, sun exposure, GWG, parity, season, vitamin D 

intake, multivitamins, physical activity, education, employment, residence in North 

Riyadh, and coverage with clothing, were included in the analysis. A p-value of < 0.05 

and 95% confidence intervals were applied to report the statistical significance, and 

precision of the estimates. 
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4.3 Results 

4.3.1 Comparison Between Attendees at the Early and Mid-Pregnancy 

Visits and Absentees from the Mid-Pregnancy Visit 

Of the 578 pregnant women who had previously attended an early pregnancy visit, 383 

later attended a mid-pregnancy visit, as described in the CONSORT diagram in Chapter 

2 (Figure 2.1). The subjects who attended the mid-pregnancy visit displayed a trend 

towards higher education (59.7% vs. 52.7%, p = 0.116), and higher income (13.4% vs. 

9.3%, p = 0.180), compared to the subjects who failed to attend the visit, although this 

was not statistically significant. The percentage of subjects living in West Riyadh was 

significantly higher amongst the women who failed to attend the visit, compared to 

those who did (33.9% vs. 25.7%, p = 0.049). However, no difference was observed in 

employment between the women attending mid-pregnancy and those failing to attend. 

Moreover, the subjects who failed to attend the visit had a significantly higher rate of 

previous miscarriage (38.6% vs. 26.6%, p = 0.022), and family history of obesity 

(25.6% vs. 14.1%, p = 0.011), compared to those who attended. A family history of 

diabetes appeared to be slightly more common amongst the subjects who did not attend, 

compared to those who did, although this was not statistically significant (78.6% vs. 

70.1%, p = 0.059). 

 

The mothers who did not attend the mid-pregnancy visit were significantly younger 

than those who attended (28.1 ± 5.6 vs. 29.1 ± 5.3 years old, p = 0.041), but no 

differences were observed in the anthropometrics of either group. The expectant 

mothers who did not attend the mid-pregnancy visit had significantly higher corrected 

serum calcium (2.3 ± 0.2 vs. 2.2 ± 0.2 mmol/L, p = 0.014), and phosphorus levels (1.2 

± 0.4 vs. 1.1 ± 0.4 mmol/L, p = 0.036), and their median vitamin D concentration (29.7 

vs. 27.7 nmol/L) was higher than that of the women who attended, but this was not 

statistically significant (p = 0.171) (Table 4.1). The median estimated dietary intake of 

vitamin D and calcium amongst the subjects, who did not attend, was significantly 

lower than that of the subjects who completed the study (85.1 vs. 105.4 IU/day, p < 
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0.001 and 102.9 vs. 128.9 mg/day, p < 0.001, respectively). However, no difference 

was detected in their physical activity or sun exposure variables.  

Table 4.1 Maternal characteristics in early pregnancy, relative to attendance or 

non-attendance of the mid-pregnancy visit 

 

Attending  

(N=383,  

as per initial 

inclusion) 

Non-attending  

 

(N=195) 

P-value *P-value 

Anthropometric 

Parameters  
    

Age (in years) 29.1 ± 5.3 28.1 ± 5.6 0.041 --- 

Pre-pregnancy BMI (kg/m2)  27.0 ± 6.0 27.0 ± 5.9 0.878 0.087 

BMI (kg/m2)  28.1 ± 6.3 27.8 ± 6.2 0.588 --- 

Waist-hip ratio (WHR)  0.9 ± 0.1 0.8 ± 0.1 0.190 0.273 

Systolic BP  113.8 ± 13.2 114.2 ± 11.6 0.737 0.687 

Diastolic BP  67.4 ± 9.5 68.9 ± 9.8 0.080 0.061 

Body fat %  34.1 ± 5.6 34.8 ± 5.5 0.186 0.065 

Biochemical Parameters      

Glucose (mmol/L) # 4.8 (4.4 - 5.3) 4.8 (4.3 - 5.4) 0.661 0.902 

Insulin (uU/mL) # 8.2 (4.6 - 18.3) 8.7 (5.0 - 18.4) 0.861 0.775 

HbA1c (%) 5.1 ± 0.5 5.1 ± 0.6 0.925 0.744 

Total cholesterol (mmol/L)  5.2 ± 1.0 5.1 ± 1.1 0.399 0.827 

HDL-cholesterol (mmol/L)  1.3 ± 0.4 1.3 ± 0.3 0.717 0.855 

Cholesterol-HDL ratio  4.0 ± 1.1 4.0 ± 1.0 0.566 0.899 

LDL-cholesterol (mmol/L)  3.2 ± 0.7 3.1 ± 0.8 0.357 0.716 

Triglycerides (mmol/L)  1.4 ± 0.6 1.4 ± 0.6 0.500 0.946 

Vitamin D (nmol/L) # 27.7 (18.8 - 43.6) 29.7 (21.3 - 44.9) 0.171 0.154 

Corrected calcium (mmol/L)  2.2 ± 0.2 2.3 ± 0.2 0.002 0.014 

Phosphorus (mmol/L) 1.1 ± 0.4 1.2 ± 0.4 0.021 0.036 

 

Note: Data are presented as mean and standard deviation for normal variables, while the median, first, and third 

quartiles are presented for non-normally distributed variables. # indicates non-normally distributed variables; the p-

value for mean differences was obtained through an independent sample t-test for normal variables, and a Mann-

Whitney U Test for non-normally distributed variables. * indicates p-values adjusted for age and BMI at the first 

visit using ANCOVA. 
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4.3.2 General Characteristics of Subjects at Mid-pregnancy  

4.3.2.1 Anthropometric and Biochemical Characteristics 

In total, 297 pregnant Saudi women successfully attended their second visit. Their mean 

age was 28.9 ± 5.3 years, and the mean gestational age was 26.3 ± 3.2 weeks. 

Anthropometric and biochemical parameters during mid-pregnancy are shown in 

Table 4.2. Mean BMI mid-pregnancy was 30 ± 6.0 kg/m2, comprising 33.8% (100/297) 

were overweight and 43.9% (130/297) were obese. Moreover, 66% (196/297) of the 

subjects displayed hypertriglyceridemia, and 29.6% (88/297) had low HDL-

cholesterol. GDM was also diagnosed in 33.3% (99/297) of the subjects, based on the 

IADPSG (Figure 4.1), which will be discussed in more detail in Chapter 5. Finally, 

about 18% of the subjects presented with metabolic syndrome, by mid-pregnancy. 

 

 

Figure 4.1 Prevalence of metabolic disorders during mid-pregnancy. Data are 

presented as frequencies and percentages. 
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4.3.2.2 Lifestyle Factors 

The percentage of blood samples collected from the pregnant women during the 

summer season totalled 51.1%, while 48.9% were collected during the winter. Sun 

exposure was reported by 22.3% of the participants, and 30.2 % were exposed to the 

sun at noon time. The subjects who worked exclusively indoors comprised 92.9% of 

the overall sample. With regard to covering the body with clothing, 30.9% reported full 

body coverage, whilst only 5.4% of the participants used sunscreen lotion for UV 

protection.  

 

Estimated vitamin D and calcium intake at mid-pregnancy was noted in the subjects as 

149.5 IU/day (67.1-342.7) and 222.8 mg/day (64.3-673.5), respectively. These figures 

indicate that 2.7% of the subjects were ingesting more than the daily recommended 

amount for vitamin D, and 12.2% for calcium. In addition, 55% (111/297) reported 

taking multivitamin supplements by mid-pregnancy. The median sedentary time and 

low-intensity physical activity/walking reported by the subjects in mid-pregnancy 

amounted to 948 minutes/week (600-1500), and 230 minutes/week (75-600), 

respectively. 

 

4.3.3 Vitamin D Status at Mid-pregnancy  

The categorisation of 25(OH)D levels mid-gestation resulted in 36.7% (109/297) of 

participants having severe vitamin D deficiency; 40.7% (121/297) with vitamin D 

deficiency; 16.2% with vitamin D insufficiency; and 6.4% (19/297) with sufficiency 

(Figure 4.2). The median circulating 25(OH)D level in the subjects, consisted of 30.5 

nmol/L (20.0-48.8).  
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Figure 4.2 Vitamin D status at mid-pregnancy 

 

4.3.3.1 Anthropometric and Biochemical Characteristics in Relation to Vitamin D 

Status 

By mid-pregnancy, no significant differences were observed in BMI, GWG, body fat 

percentage, or blood pressure, between the deficient and non-deficient groups 

(Table 4.2). The median 25(OH)D levels in the deficient group was 25.8 nmol/L (17.4-

35.1), compared with 61.6 nmol/L  (55.4-78.4) in the non-deficient group. Phosphorus 

levels were lower (p = 0.049), and alkaline phosphatase levels were significantly higher 

(p < 0.001) in the vitamin D deficient group, compared to the non-deficient group. In 

addition, 25(OH)D levels at mid-pregnancy positively correlated with phosphorus (r = 

0.22, p > 0.001) and negatively correlated with alkaline phosphatase (r = -0.31, p < 

0.001). Conversely, TG was significantly higher in the deficient group, compared to the 

non-deficient group, even after adjusting for age and BMI (p = 0.004). GDM markers 

and insulin are presented in Chapter 6. The presence of characteristics indicating 

metabolic syndrome and GDM are shown in Figure 4.3, and these will be discussed in 

detail in Chapter 6. 
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Table 4.2 Anthropometrics and biochemical characteristics, in relation to vitamin 

D status at mid-pregnancy 

Parameter 
All  

(N=297) 

Non-Deficient  

(N = 67) 

Deficient  

(N = 230) 

P-

value 

P-

value* 

Anthropometric Parameters     

Maternal age (years) 28.9 ± 5.3 29.2 ± 5.0 28.8 ± 5.5 0.634 --- 

Gestational age (in Weeks) 26.3 ± 3.2 25.6 ± 4.0 26.5 ± 2.9 0.040 0.046 

Pre-pregnancy BMI (kg/m2)  27.0 ± 6.0 26.9 ± 5.5 26.9 ± 6.1 0.918 0.798 

BMI (kg/m2) at 2nd visit  30 ± 6.0 30.1 ± 5.4 30.0 ± 6.2 0.882 0.942 

Gestational weight gain (GWG) 

(kg) 
7.2 ± 4.3 7.3 ± 4.0 7.1 ± 4.4 0.762 0.675 

Waist circumference (cm) 104.9 ± 12.9 104.5 ± 13.0 105.1 ± 12.9 0.736 0.793 

Hip circumference (cm) 113.4 ± 11.3 114.5 ± 11.2 113.1 ± 11.3 0.372 0.235 

Waist-hip ratio  0.9 ± 0.1 0.9 ± 0.1 0.9 ± 0.1 0.073 0.095 

Systolic BP (mm Hg) 112 ± 12.5 111.1 ± 13.1 112.2 ± 12.3 0.530 0.623 

Diastolic BP (mm Hg) 67.9 ± 10.6 67.5 ± 12.6 68.0 ± 10.0 0.790 0.715 

Body fat (%)  37.2 ± 3.3 37.3 ± 3.3 37.1 ± 3.3 0.620 0.600 

Δ Body fat (%) 10.2 ± 25.1 9.7 ± 16.9 10.3 ± 27.1 0.846 0.920 

Biochemical Parameters      

Vitamin D (nmol/L) # 
30.5 

 (20.0 – 48.8) 

61.6  

(55.4 – 78.4) 

25.8  

(17.4 – 35.1) 
<0.001 <0.001 

Corrected calcium (mmol/L)  2.2 ± 0.2 2.2 ± 0.2 2.2 ± 0.2 0.707 0.686 

Phosphorus (mmol/L)  1.3 ± 0.5 1.4 ± 0.5 1.3 ± 0.4 0.061 0.049 

Alkaline phosphatase (mmol/L)  10.6 ± 4 8.6 ± 2.3 11.2 ± 4.2 <0.001 <0.001 

Creatinine (µmol/L)  58.4 ± 16.9 58.4 ± 17.7 58.3 ± 16.8 0.983 0.991 

Total cholesterol (mmol/L)  4.6 ± 1.8 6.5 ± 1.2 6.7 ± 1.4 0.239 0.220 

HDL-cholesterol (mmol/L)  1.6 ± 0.5 1.6 ± 0.5 1.6 ± 0.5 0.577 0.490 

Total cholesterol-HDL Ratio  4.6 ± 1.8 4.3 ± 1.5 4.7 ± 1.9 0.090 0.107 

LDL-cholesterol (mmol/L)  4.1 ± 1.1 4.0 ± 1.0 4.1 ± 1.1 0.562 0.476 

Triglycerides (mmol/L)  2.1 ± 0.7 1.9 ± 0.6 2.1 ± 0.8 0.001 0.004 

Note:  Data presented as a mean and standard deviation for normal variables, while median, first and third quartiles 

are presented for non-normally distributed variables. # indicates non-normally distributed variables; the p-value for 

mean differences was obtained from an independent sample t-test for normal variables, and a Mann-Whitney U test 

for non-normally distributed variables, while * indicates p-values adjusted for age and BMI on the 1st visit through 

an ANCOVA.
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Figure 4.3 Presence of metabolic disorders in relation to vitamin D status. The values 

show the percentage of women with different metabolic disorders at mid-pregnancy, in 

both the vitamin D-deficient and non-deficient groups. P-values: * denotes p < 0.05, 

using the Pearson’s chi-square test. 

 

4.3.3.2 Influence of Lifestyle on Vitamin D Status 

The subjects with no 25(OH)D deficiency were found to experience a higher rate of sun 

exposure, compared with the deficient group (33.8% vs. 19%, p = 0.011). Therefore, a 

greater percentage of the participants who spent most of their working lives indoors 

were found to be deficient, compared to their non-deficient counterparts (95.7% vs. 

83.3%, p < 0.001). It was similarly significant that more subjects who covered their 

entire body with clothing were found to be deficient compared with the non-deficient 

group (35.5% vs. 15.1%, p = 0.005). Moreover, the percentage of women exposed to 

the sun at noon (44.8%) was significantly higher in the non-deficient group, compared 

to the 26% in the deficient group (p = 0.006). The use of sunscreen was represented by 

7.5% of the non-deficient group, compared with 4.8% of the deficient group, but this 

was not statistically significant (p = 0.392). Seasonal variations in sun exposure were 

statistically not different between the groups (p = 0.962), with 51.2% of the samples 

collected during the summer being vitamin D-deficient, compared with 50.8% being 

classed as non-deficient. Whereas in winter, 48.4% were noted as deficient, compared  
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with 49.2% in the non- deficient group. Data on sun exposure variables are presented 

in Figure 4.4. 

 

 

Figure 4.4 Comparison of the extent of sunlight exposure between the deficient and 

non-deficient groups, during the second trimester of pregnancy. The values show the 

percentage of women with different sun exposure indices, in both the vitamin D-

deficient and non-deficient groups. P-values: ** denotes p < 0.01 and *** denotes p < 

0.001, using the Pearson’s chi-square test. 

 

 

Estimated vitamin D and calcium intake failed to show any differences between the 

deficient and non-deficient groups (Figure 4.5). Interestingly, multivitamin intake was 

significantly lower in the 25(OH)D-deficient women (45.5%) by mid-pregnancy, 

compared with the non-deficient group (64.8%) (p = 0.014) (Figure 4.5). 
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Figure 4.5 Estimated vitamin D and calcium intake, according to vitamin D status mid-

pregnancy. The values show the median intake of vitamin D and calcium from food 

among both the vitamin D-deficient and non-deficient women at mid-pregnancy, after 

adjusting for age and BMI. The Mann-Whitney U Test was used. 

 

 

Figure 4.6 Intake of multivitamin supplements in relation to vitamin D status at mid-

pregnancy. The values show the percentage of multivitamin usage for both deficient 

and non-deficient women in mid-pregnancy. P-values:  * denotes p < 0.05. Pearson chi-

square test was used. 
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Regarding physical activity, the median number of minutes for women in the non-

deficient vitamin D group who engaged in more low-intensity physical activity/walking 

than was reported by the deficient group, even after adjusting for age and BMI (840 vs. 

180 minutes/week, p < 0.001). Vitamin D levels at mid-pregnancy positively correlated 

with low-intensity physical activity (r = 0.43, p < 0.001). Furthermore, the women 

found to be deficient in 25(OH)D, demonstrated a higher trend for remaining sedentary, 

compared with the non-deficient women, but this was not statistically significant (1200 

vs. 900 minutes/week, p = 0.113) (Figure 4.7). 

Figure 4.7 Comparison of physical activity between the deficient and non-deficient 

vitamin D groups at mid-pregnancy. The values the median sedentary and physical 

activity in minutes per week for both the vitamin D-deficient and non-deficient women 

mid-pregnancy, after adjusting for age and BMI. P-values:  *** denotes p < 0.001. The 

Mann-Whitney U Test was used. 

 

 

4.3.4 Predictors of Vitamin D Deficiency at Mid-pregnancy 

Multivariate logistic regression analysis was used to explore significant predictors of 

vitamin D deficiency. After adjusting for possible confounding factors, the presence of 

vitamin D deficiency in early pregnancy (OR 4.35 95% CI 1.09-17.36, p = 0.037), and 

working indoors (OR 13.23 95% CI 1.38-126.52, p = 0.025) were found to be predictors 

of vitamin D at mid-pregnancy. In addition, the use of multivitamin supplementation at 

mid-pregnancy (OR 0.33 95% CI 0.12-0.97, p = 0.043), and a greater amount of low-

intensity physical activity at mid-pregnancy (OR 0.15 95% CI 0.05-0.45, p = 0.001), 

were found to confer some degree of protection against vitamin D deficiency, during 

this period. 
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Table 4.3 Predictors of vitamin D deficiency among the subjects’ mid-pregnancy 

 
 Unadjusted Model 1 Model 2 

Parameters OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value 

Age (years) 0.99 (0.94 – 1.04) 0.633 1.00 (0.94 – 1.05) 0.849 0.99 (0.88 – 1.12) 0.948 

Gestational age (weeks) 1.08 (1.00 – 1.17) 0.058 1.07 (0.98 – 1.16) 0.115 0.96 (0.76 – 1.21) 0.697 

Pre-pregnancy BMI (kg/m2) 1.00 (0.95 – 1.04) 0.918 1.00 (0.95 – 1.05) 0.969 1.07 (0.96 – 1.19) 0.211 

Obesity at 2nd visit  0.88 (0.51 - 1.53) 0.660 0.71 (0.28 – 1.81) 0.471 0.46 (0.08 – 2.67) 0.383 

Gestational weight gain (GWG) (excessive) 0.83 (0.47 - 1.45) 0.506 0.84 (0.46 - 1.54) 0.565 1.50 (0.40 – 5.53) 0.547 

Body fat % 0.98 (0.90 - 1.07) 0.620 0.95 (0.87 - 1.05) 0.318 0.97 (0.84 - 1.13) 0.736 

Δ Body fat (%) 1.00 (0.99 – 1.01) 0.846 1.00 (0.99 – 1.01) 0.967 1.00 (0.97 – 1.04) 0.939 

Blood sample collection (summer) at 2nd visit  1.01 (0.57 - 1.79) 0.962 0.91 (0.50 - 1.64) 0.762 0.81 (0.28 – 2.34) 0.698 

Sun exposure by 1st visit  0.55 (0.30 – 1.01) 0.053 0.54 (0.29 – 1.00) 0.050 0.71 (0.24 – 2.11) 0.533 

Sun exposure by 2nd visit  0.46 (0.25 - 0.85) 0.011 0.44 (0.24 - 0.81) 0.008 0.92 (0.29 – 2.9) 0.884 

Time of exposure (noon) by 2nd visit 0.43 (0.24 - 0.79) 0.007 0.43 (0.23 – 0.82) 0.010 0.39 (0.12 - 1.23) 0.109 

Nature of Work (Indoor) by 2nd visit  4.40 (1.78 - 10.89) 0.001 4.37 (1.62 – 11.80) 0.004 13.23 (1.38 – 126.52) 0.025 

Coverage with clothing (whole body) by 2nd visit 3.10 (1.38 - 6.97) 0.006 2.54 (1.09 – 5.90) 0.030 2.50 (0.70 – 8.90) 0.156 

Coverage with clothing (whole body) by 1st visit  2.53 (1.30 – 4.90) 0.006 2.09 (1.06 – 4.14) 0.034 1.62 (0.59 – 4.41) 0.585 

HbA1c at 2nd visit  2.10 (1.10 - 3.99) 0.023 2.09 (1.05 - 4.17) 0.036 2.36 (0.67 - 8.34) 0.181 

Fasting glucose (mmol/l) at 2nd visit 1.45 (1.01 - 2.08) 0.026 1.48 (1.01 – 2.18) 0.046 0.78 (0.43 - 1.41) 0.783 

Vitamin D Deficiency at 1st visit  3.53 (1.85 - 6.72) < 0.001 3.40 (1.72 – 6.73) < 0.001 4.35 (1.09 - 17.36) 0.037 

Cholesterol-HDL ratio at 2nd visit > 3.5  1.16 (0.64 – 2.09) 0.625 1.43 (0.77 – 2.67) 0.261 1.49 (0.44 – 5.07) 0.526 

Low HDL at 2nd visit (>1.03mmol/l)  1.61 (0.85 – 3.05) 0.142 1.98 (0.99 – 3.96) 0.052 2.69 (0.69 – 10.54) 0.156 

Hypertriglyceridemia at 2nd visit  1.42 (0.81 - 2.49) 0.218 1.50 (0.83 - 2.71) 0.185 0.55 (0.19 - 1.60) 0.270 

Metabolic syndrome at 2nd visit  1.54 (0.70 - 3.37) 0.280 1.77 (0.73 - 4.32) 0.207 2.68 (0.42 – 17.19) 0.298 

Gestational diabetes mellitus (GDM) 2.00 (1.06 – 3.76) 0.033 1.93 (0.99 – 3.75) 0.054 1.04 (0.32 – 3.33) 0.953 

Hypertension (HTN) at 2nd visit  1.28 (0.27 – 6.07) 0.759 0.92 (0.19 – 4.50) 0.914 2.39 (0.14 – 40.52) 0.546 

Vitamin D intake by 1st visit (> 600 IU/day)  0.29 (0.06 – 1.46) 0.133 0.35 (0.07 – 1.86) 0.216 0.28 (0.001 – 99.96) 0.672 

Vitamin D intake by 2nd visit (> 600 IU/day)  0.74 (0.14 - 3.91) 0.720 0.87 (0.16 - 4.80) 0.874 0.18 (0.02 - 1.83) 0.146 

Calcium intake by 2nd visit ( > 1000 mg/day)  0.48 (0.20 - 1.11) 0.080 0.54 (0.22 - 1.30) 0.169 0.29 (0.07 - 1.16) 0.079 

Use of multivitamins by 1st visit  2.00 (0.90 – 4.37) 0.088 1.66 (0.74 – 3.71) 0.221 1.74 (0.33 – 9.18) 0.513 

Use of Multivitamins by 2nd visit  0.45 (0.24 - 0.86) 0.015 0.44 (0.23 - 0.85) 0.014 0.33 (0.12 - 0.97) 0.043 

Low intensity PA (≥ 210 minutes/week) by 1st visit  0.89 (0.51 – 1.54) 0.670 0.92 (0.51 – 1.66) 0.788 0.65 (0.26 – 1.60) 0.344 

Low Intensity PA (≥ 210 minutes/week) by 2nd visit  0.20 (0.10 – 0.39) < 0.001 0.18 (0.09 – 0.37) < 0.001 0.15 (0.05 – 0.45) 0.001 

Note: Data are presented as frequency (%) for categorical variables, while mean (SD) and median (1st quartile-3rd quartile) are presented for normally distributed and non-normally distributed 

quantitative variables, respectively. Odds ratio (OR) and 95% CI for OR were obtained using logistic regression analysis, taking vitamin D deficiency (< 50 nmol/L) as a dependent variable 

against potential independent risk factors; Model 1 is for age, BMI, and sun exposure. Model 2 is adjustment 1+ gestational weight gain, parity, season (summer), vitamin D and multivitamin 

intake, physical activity, education, employment, place of residence (north Riyadh), and coverage with clothing. The categorical variables, including GDM, HTN, sun exposure and 

multivitamin supplementation are  presented as ‘yes/no’. Other categorical values, such as blood sample collection in summer vs. winter; time of sun exposure (noon alone plus either sunset 
or sunrise, or both  vs. sunrise or sunset or both), working indoors vs. both indoors and outdoors, and whole body coverage vs. partial coverage with clothing. 
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4.3.5 Alterations in Vitamin D Status During Pregnancy 

During early gestation, 83% (247/297) of the subjects displayed vitamin D 

deficiency, which reduced to 77% (230/297) by mid-pregnancy. This highlights the 

fact that participant's vitamin D levels slightly increased from early to mid-

pregnancy, revealing that the increase in vitamin D from early to mid-pregnancy 

[26.9 (18.2-42.0) vs. 30.5 (20.0-48.8) nmol/L, p = 0.038] remained significant, even 

after adjusting for mid-pregnancy multivitamin intake, physical activity, estimated 

vitamin D-intake, sun exposure, season, and gestational age (p < 0.001) 

(Figure 4.8). Vitamin D levels at mid-pregnancy also positively correlated with 

vitamin D during early pregnancy (r = 0.40, p < 0.001) (Figure 4.9). Furthermore, 

vitamin D levels significantly decreased from early to mid-pregnancy in the non-

deficient group, but significantly increased in the deficient group (Figure 3.10). 

 

 

Figure 4.8  25(OH)D status from early to mid-pregnancy. The values show the 

median vitamin D from early to mid-pregnancy, using the Wilcoxon signed rank 

test. P-value: * denotes p < 0.05. 
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Figure 4.9 Correlation between vitamin D (nmol/L) at mid-pregnancy vs. vitamin 

D (nmol/L) in early pregnancy. 

 

 

 

 

 

           

Figure 4.10 Median vitamin D concentrations (nmol/L) in early and mid-

pregnancy, in both deficient and non deficient groups, according to the Wilcoxon 

signed rank test. P-value: *** denotes p < 0.001.  
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4.3.6 Comparison Between Variables During Early and Mid-term 

Pregnancy   

As expected, body fat percentages significantly increased from early to mid-

pregnancy (p < 0.001). Interestingly, the data revealed that the increase in body fat 

percentage was greater from early to mid-pregnancy (33.4 ± 5.8% to 37.0 ± 3.2%, 

p < 0.001) in the vitamin D-deficient women, compared with the non-deficient 

group (35.7 ± 5.7% to 38 ± 3.4%, p = 0.002) (Table 4.4). 

 

In the biochemical profile,  the total cholesterol (5.2 ± 1 to 6.6 ± 1.4 mmol/L, p < 

0.001), HDL-cholesterol (1.3 ± 0.4 to 1.6 ± 0.5 mmol/L, p < 0.001), LDL-

cholesterol (3.2 ± 0.7 to 4.0 ± 1.1 mmol/l, p < 0.001), and the total cholesterol/HDL 

ratio (4.1 ± 1.1 to 4.6 ± 1.8 mmol/L, p < 0.001), all significantly increased from 

early to mid-pregnancy, in both groups (Table 4.4). Phosphorus (1.2 ± 0.4 to 1.3 ± 

0.5 mmol/L, p < 0.001), and alkaline phosphatase (9.7 ± 2.9 to 10.4 ± 4.0 mmol/L, 

p < 0.01) also increased significantly from early to mid-pregnancy, among all the 

participants. However, phosphorus and alkaline only increased significantly in the 

deficient group, but did not show any difference in the non-deficient group 

(Table 4.4). Moreover, corrected calcium levels did not show any statistical 

difference from early to mid-pregnancy (2.2 ± 0.2 to 2.2 ± 0.2 mmol/L, p = 0.345).  

 

Sun exposure variables did not change from early to mid-pregnancy. Estimated 

vitamin D [108.5 (63.1-265.5) to 149.5 (67.1-344.5), p < 0.001], and calcium intake 

[163.4 (65.6-596.4) to 212.4 (64.2-673.5), p < 0.001] showed a significant increase 

from early to mid-pregnancy, across the entire sample. Moreover, estimated vitamin 

D and calcium intake significantly increased in the deficient group from early to 

mid-pregnancy, while the non-deficient group did not display any significant 

differences (Table 4.4). Multivitamin intake increased from 19.4% in early 

pregnancy to 47.4% mid-pregnancy (p < 0.001), which was significant in both the 

deficient and non-deficient groups, although this significance was more pronounced 

in the deficient group (p < 0.001) than among the non-deficient group (p = 0.021) 

(Table 4.4). 
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Sedentary time and low-intensity physical activity/walking did not differ between 

the two groups from early to mid-pregnancy [205 minutes/week (75-600) vs. 230 

minutes/week (75-637.5), p = 0.162] and [900 (600-1500) vs. 948.2 (600-1500), p 

= 0.135], respectively. Meanwhile, low-intensity physical activity significantly 

decreased in the non-deficient group (p = 0.01), but significantly increased in the 

deficient group (p = 0.002). However, sedentary time in minutes/week increased 

significantly in the non-deficient group (p = 0.038), but only showed an increasing 

trend among the deficient women, although this was not statistically significant (p 

= 0.466) (Table 4.4). 
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Table 4.4 Comparison of early to mid-pregnancy based on vitamin D status 

 Parameters 
Non-Deficient (N=50) Deficient (N=247) 

Visit 1 Visit 2 P-value Visit 1 Visit 2 P-value 

Systolic BP  116.8 ± 13.2 111.2 ± 15.6 0.014 113.9 ± 13.6 112 ± 12 0.039 

Diastolic BP  69.4 ± 11.2 70.1 ± 12.3 0.698 67.6 ± 9.5 67.2 ± 10 0.603 

Body fat (%) 35.7 ± 5.7 38 ± 3.4 0.002 33.4 ± 5.8 37.0 ± 3.2 < 0.001 

Biochemical Parameters       

Vitamin D (nmol/L) # 65.5 (56.9 – 76.0) 45.3 (29.0 – 64.8) < 0.001 24.2 (17.2 – 33.9) 29.0 (18.8 – 44.9) < 0.001 

Total cholesterol (mmol/L)  5.2 ± 0.8 6.6 ± 1.3 < 0.001 5.2 ± 1 6.6 ± 1.4 < 0.001 

HDL-cholesterol (mmol/L)  1.4 ± 0.3 1.6 ± 0.6 0.036 1.3 ± 0.4 1.6 ± 0.5 < 0.001 

Cholesterol-HDL ratio  3.7 ± 0.7 4.7 ± 2 0.002 4.1 ± 1.2 4.6 ± 1.8 < 0.001 

LDL-Cholesterol (mmol/L)  3.1 ± 0.6 4.1 ± 1 < 0.001 3.2 ± 0.8 4.0 ± 1.1 < 0.001 

Corrected calcium (mmol/L)  2.2 ± 0.2 2.3 ± 0.2 0.668 2.2 ± 0.2 2.2 ± 0.2 0.402 

Phosphorus (mmol/L)  1.3 ± 0.5 1.4 ± 0.4 0.410 1.1 ± 0.4 1.3 ± 0.5 < 0.001 

Creatinine (µmol/L)  60.5 ± 18.7 63.3 ± 15.9 0.480 56.9 ± 17.6 56.5 ± 17.1 0.837 

Glucose (mmol/L) # 4.8 (4.3 – 5.2) 4.3 (3.9 – 4.6) < 0.001 4.8 (4.4 – 5.4) 4.5 (4.0 – 5.1) < 0.001 

Insulin (uU/mL) # 10.5 (4.8 – 20.3) 9.7 (5.3 – 13.5) 0.372 8.3 (4.6 – 18.6) 7.6 (5.0 – 12.1) 0.009 

Alkaline Phosphate  9.7 ± 1.9 9.9 ± 4.4 0.866 9.6 ± 3.09 10.5 ± 3.9 0.005 

Diet       

Vitamin D intake (IU)/day # 91.0 (58.2 - 331.2) 163.0 (58.7 - 373.8) 0.119 108.5 (64.7 - 251.5) 147.2 (67.5 - 331.2) <0.001 

Calcium intake (mg)/day # 137.2 (57.7 - 613.0) 162.2 (57.4 - 650.9) 0.334 163.4 (66.2 - 596.4) 222.8 (65.6 - 686.7) <0.001 

Multivitamin intake 7 (22.6) 15(48.4) 0.021 23 (15.8) 66 (45.2) <0.001 

Physical Activity       

Sitting (minutes/week) #  600.0 (450 – 1500) 911.3 (600 – 1500) 0.038 900.0 (600 – 1500) 1147.4 (600 – 15000) 0.466 

Low intensity (minutes/week) #  840.0 (311.3 – 1500) 435.0 (103.7 – 1000) 0.014 180.0 (62.5 – 420.0) 210.0 (70 – 594.4) 0.002 

Note: Data are presented as the mean and standard deviation for normal variables, while median, first and third quartiles are presented for non-normally distributed 

variables. # indicates non-normal variables; the p-value for mean differences was obtained using a paired sample t-test for normally distributed variables, and a 

Wilcoxon signed rank test for non-normally distributed variables.  
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4.4 Discussion 

In the present study, it must be borne in mind that approximately one-third of the sample 

failed to attend the mid-pregnancy visit. Those who did not attend were significantly 

younger, with a better metabolic profile and higher vitamin D levels. However, they 

also demonstrated significantly less calcium and vitamin D intake, reflecting an 

unhealthy diet. Moreover, the participants who withdrew before the second visit were 

more likely to reside in West Riyadh, which is associated with a lower level of 

education, compared to other parts of the city. In addition, a family history of obesity 

and diabetes was noted for the participants who failed to attend the second visit, and 

they were more likely to have had a previous miscarriage. However, the overall better 

state of health amongst these women withdrawing from the study meant that the figures 

derived at mid-pregnancy were not over-estimated. 

 

The present finding demonstrates that the prevalence of 25(OH)D deficiency (< 50 

nmol/L) in the second trimester of pregnancy amounted to about three quarters (77.4%) 

of the women studied. A higher percentage (86.4%) of vitamin D deficiency in late 

pregnancy has also been reported in KSA (Al-Shaikh et al., 2016). The above study, 

along with the findings from the current study, observed an alarmingly high prevalence 

of vitamin D deficiency in Saudi Arabia. However, these observations may not 

represent the actual status of vitamin D deficiency across the entire Kingdom, because 

they were made exclusively in Riyadh, which is located in the centre of the country. 

Notwithstanding the above, other studies, have similarly stated a prevalence of vitamin 

D deficiency at mid-pregnancy, amounting to 78.7% in China and 74% in India (Sahu 

et al., 2009; Xiao et al., 2015). The situation in the USA appears to be slightly better, 

with 34.8% of pregnant women found to suffer from hypovitaminosis D (< 37.5 

nmol/L) (Gernand et al., 2013). Similarly, in Qatar, 48.4% of pregnant women studied 

were noted as being deficient in vitamin D, although the above study also reported that 

32.5% of the participants consumed vitamin D supplements (Bener et al., 2013). 

Nevertheless, vitamin D deficiency still appears to be especially high among pregnant 

Saudi women, even if this is a general global issue, particularly among pregnant 

women.  
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Despite the fact that the majority of the pregnant women in the present study were 

determined to be deficient in vitamin D by their second trimester, concentrations of the 

vitamin were significantly higher than in the first trimester. Similar observations of a 

progressive increase in blood vitamin D status have previously been reported, with 

significantly higher 25(OH)D status during the second trimester, compared to the first 

trimester of pregnancy (Charatcharoenwitthaya et al., 2013). Other studies have also 

reported that serum vitamin D levels can demonstrate an insignificant increase from the 

first to the second trimester (Park et al., 2014; Choi et al., 2015; Lundqvist et al., 2016). 

However, compared to the first trimester, a significant increase in vitamin D levels 

during the third trimester is in keeping with the results of the present study; suggesting 

a progressive increase in serum vitamin D levels as the pregnancy advances (Bodnar et 

al., 2007b; Ginde et al., 2010; Vandevijvere et al., 2012; Charatcharoenwitthaya et al., 

2013; Choi et al., 2015; Bärebring et al., 2016; Lundqvist et al., 2016). A decreasing 

trend, or absence of any change, in serum vitamin D levels with advancing pregnancy 

have also been reported in a number of other papers (Ritchie et al., 1998; Marwaha et 

al., 2011; Fernández-Alonso et al., 2012; Zhang et al., 2014; Jafarzadeh et al., 2015; 

Moon et al., 2015). Although, it is crucial to note that no study has observed static 

trends in vitamin D concentration during pregnancy, if corrected for seasonal and 

lifestyle factors. For example, a recent study corrected for seasonal factors revealed that 

vitamin D levels tend to increase as pregnancy progresses (Bärebring et al., 2016). 

Moreover, higher baseline concentrations of vitamin D in early pregnancy are better 

predictors of higher concentrations during the later stages of gestation (Ginde et al., 

2010; Charatcharoenwitthaya et al., 2013; Lundqvist et al., 2016). 

 

Similar to the results described in Chapter 3, seasonal factors were not found to impact 

vitamin D levels, although sun exposure indices were associated with vitamin D levels 

at mid-pregnancy. Other studies conducted during mid-pregnancy have yielded 

findings to support the above (Bener et al., 2013; Parildar et al., 2013; Xiang et al., 

2013). Additionally, estimated vitamin D and calcium intake failed to display any 

significant difference in mid-pregnancy vitamin D concentrations.  In general, vitamin  
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D, calcium, and multivitamin intake in the present study were found to significantly 

increase as the pregnancies progressed. This may be explained by improved appetite 

and food cravings during mid-pregnancy, after the first-trimester pregnancy symptoms 

have diminished (Bayley et al., 2002). Food cravings naturally appear late during early 

gestation, and peak mid-gestation, before weakening as gestation progresses to full term 

(Bayley et al., 2002).   

 

In the present study, by mid-pregnancy, multivitamin supplementation was found to 

confirm a slight increase in vitamin D levels, and hence, could be indicated as having a 

partial role in enhancing vitamin D levels from early to mid-pregnancy. Numerous 

studies conducted in the past have reported the impact of multivitamins on vitamin D 

levels (Bodnar et al., 2007b; Ginde et al., 2010; Charatcharoenwitthaya et al., 2013). 

For example, an intake of 400 IU of multivitamins daily, may be inadequate for 

increasing vitamin D concentrations in expectant mothers to ≥ 50 nmol/L,  especially 

among high-risk women, such as ethnic minorities and women living at northern 

latitudes, and for winter pregnancies (Cockburn et al., 1980; Hollis & Wagner, 2004; 

Ginde et al., 2010). This multivitamin concentration may help to prevent 

hypovitaminosis D in women with adequate levels of vitamin D, but would be 

inadequate for resolving insufficiency, if used in isolation (50-75 nmol/L) 

(Charatcharoenwitthaya et al., 2013). Thus, vitamin D supplementation in higher doses 

is essential for pregnant women, especially Saudi women, where the majority are 

already vitamin D-deficient. A daily supplement of 4000 IU/day of vitamin D is 

considered to be safe, and reasonably adequate for avoiding vitamin D deficiency in 

pregnancy (Hollis et al., 2011). 

 

Also comparable to Chapter 3, neither BMI nor fat percentage correlated with serum 

vitamin D levels in the second half of pregnancy, which is supported by other 

observations made previously (Clifton-Bligh et al., 2008; Farrant et al., 2008; 

Soheilykhah et al., 2010; Lau et al., 2011; Josefson et al., 2013; Karras et al., 2013; 

Karlsson et al., 2015; Simões et al., 2016). Conversely, an inverse correlation between 

BMI and vitamin D levels during the second half of gestation has also been reported  

(Bodnar et al., 2007b; Soheilykhah et al., 2010; Zuhur et al., 2013; Arnold et al., 2015).  
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However, similar to the current findings, no such correlations were reported alongside 

adiposity (body fat content) in the literature. In addition, as with obesity and adiposity, 

a null relationship was observed for GWG and vitamin D concentration. However, there 

are controversial and insufficient data to suggest that maternal obesity/adiposity 

reduces maternal vitamin D concentrations, especially during mid- and late pregnancy 

(Simões et al., 2016). Possible explanations for the absence of an association between 

adiposity and maternal vitamin D concentration in previous studies include: (1) no 

difference between the mean BMI, fat percentage, and GWG in the deficient and non-

deficient groups, (2) changes in vitamin D metabolism during pregnancy (Salle et al., 

2000; Song et al., 2013), (3) the failure to determine any vitamin D protein ligands 

(Brannon & Picciano, 2011), and (4) increased total body water content 

(haemodilution), observed during pregnancy. However, the mechanisms involved have 

yet to be elucidated.  

 

Also, similar to Chapter 3, physical activity in mid-pregnancy was found to positively 

correlate with serum vitamin D levels, and also emerged as an independent determinant 

for predicting 25(OH)D concentration at mid-pregnancy. A positive correlation 

between physical activity and 25(OH)D concentration during gestation has been 

described in the past (Wuertz et al., 2013; Moon et al., 2015; Simões et al., 2016). In 

the present study, physical activity was indeed found to restore vitamin D levels to an 

extent, but this fell short of optimal restoration, although this could be due to incidental 

sun exposure, experienced as individuals participate in physical activity. However, 

there are suggestions that physical activity per se has an independent effect on vitamin 

D levels, a suggestion that is implicated here, as the increase in vitamin D concentration 

was still significant, even after adjusting for sun exposure. However, this has rarely 

been investigated during pregnancy in any detail.  

 

During the second trimester, cardiometabolic profiles were associated with vitamin D 

deficiency, with pronounced significance in TG levels. This confirms the role of 

vitamin D deficiency in increasing the incidence of metabolic disorders (Boucher, 

1998; Barter  et al., 2007), but there is limited information regarding the link between  
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25(OH)D concentration and lipid profiles during pregnancy. A cross-sectional study 

investigating non-pregnant Canadian female adults, with a high risk of T2DM and 

obesity, has nevertheless shown that TG decreased as much as 0.14 mmol/L per 1 

nmol/L increase in vitamin D (Mansuri et al., 2015). It has been suggested that 

25(OH)D may facilitate the removal of lipoprotein particles, by increasing the gene 

expression of lipoprotein lipase (Vu et al., 1996). Moreover, hyperparathyroidism, 

secondary to hypovitaminosis D could also decrease the peripheral removal of TG (Cho 

et al., 2005; Kwon & Lim, 2016). 

 

In the current study, 25(OH)D deficiency in early pregnancy represented an 

independent risk factor for vitamin D deficiency at mid-pregnancy, after adjusting for 

confounding factors. In addition, vitamin D deficiency in early pregnancy has been 

proposed as an independent predictor of 25(OH)D inadequacy in the third trimester of 

pregnancy (Charatcharoenwitthaya et al., 2013; Choi et al., 2015). 

 

The reason for the slight increase in vitamin D observed from early to mid-pregnancy 

is partly due to physical activity, as well as vitamin D and multivitamin intake. Other 

variables include sun exposure, obesity, season (summer), and body fat percentage; did 

not reveal any association with changes in vitamin D levels from early to mid-

pregnancy, at either of the visits. Moreover, it is possible that vitamin D-binding 

proteins, or genetic factors, play a role in vitamin D increases (Wang et al., 2010).  

 

It was also evident that vitamin D levels behaved differently in the deficient and non-

deficient groups. In the deficient group, 25(OH)D increased from early to mid-

pregnancy, while in the non-deficient group, vitamin D levels appeared to decrease 

from early to mid-pregnancy. It can, therefore, be concluded in this study that the 

deficient group was most influential on the overall population sample, thus showing a 

trend towards an increase. In this regard, it is possible that the vitamin D-deficient 

subjects, after being informed of their vitamin D status, increased their multivitamin 

intake, consumed more vitamin D rich food, and engaged in more physical activity, 

compared to their non-deficient counterparts.  
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In conclusion, the strongest predictors of vitamin D status in pregnancy emerged as 

multivitamin supplementation, working indoors, and physical activity. Some of the 

disagreement arising between other published literature and the present data may be 

attributed to different study conditions, methods of vitamin D analysis, varying sample 

size and demographics, different latitudes and duration of UV exposure, seasonal 

factors, and lifestyle habits. Other reasons for the changing serum vitamin D 

concentrations seen in pregnancy, could include altered liver 25-hydroxylase activity, 

changes in intact PTH levels, increased foetal metabolic activity (Cushard et al., 1972; 

Sanchez et al., 1997), and the influence of placenta-derived hormones (Kovacs & 

Kronenberg, 1997; Tobias & Cooper, 2004). Therefore, further research is essential for 

exploring these factors in Saudi Arabia. 
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5.1 Introduction 

The prevalence of obesity and T2DM is high throughout the world, but particularly in 

Middle Eastern countries (Al-Daghri et al., 2010; Bahijri et al., 2016). For example, it 

has been reported that as many as 34.6 million people in the Middle East were 

diagnosed with T2DM in 2013, and this is expected to rise to 67.9 million people by 

2035; an increment of 96% (Guariguata et al., 2014). According to the International 

Diabetes Federation (IDF), the prevalence of adult T2DM in Saudi Arabia is estimated 

at 17.4% (IDF, 2015). This is particularly concerning, due to the emerging trends of 

further disease, beyond T2DM, and the importance of identifying high-risk groups 

early. Having GDM has been recognised as the strongest predictor of T2DM, with a 7-

8 times higher risk of T2DM later in life (Kim et al., 2002; Yang et al., 2009). 

 

The prevalence of GDM ranges from 1-14% of all pregnancies, depending on the 

diagnostic criteria applied, and the ethnic group involved (ADA, 2004; Jang, 2011; Kim 

et al., 2012). Data on the overall prevalence of GDM in Saudi Arabia remains limited. 

Nevertheless, in 2015, one study performed in the Saudi Arabian city named Al-Madina 

reported a prevalence of 39.4% for GDM, using the IADPSG diagnostic criteria 

(Alfadhli et al., 2015). 

  

GDM is associated with multiple adverse maternal and neonatal complications (Kjos & 

Buchanan, 1999; Reece, 2010). For instance, it is known to cause almost 7% of 

pregnancy-related complications, including hypertension and pre-eclampsia, as well as 

leading to caesarean section, infection, and polyhydramnios (Kjos & Buchanan, 1999; 

Di Cianni et al., 2003; Gasim, 2012; Chen et al., 2015). Additionally, GDM is related 

to long and short term foetal complications (Kjos & Buchanan, 1999; Erem et al., 2003; 

Gasim, 2012; Alfadhli et al., 2015). Furthermore, mothers with GDM tend to suffer a 

financial burden that can be around 25% higher, and bear 44-49% greater costs for 

inpatient care, in comparison with a normal pregnancy (Kolu et al., 2012). Therefore, 

the timely identification of factors predisposing pregnant women to GDM, not only 

appears to be cost effective, but may even be critical for avoiding associated morbidity.  
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A number of pre-pregnancy, or pregnancy-related risk factors, associated with GDM 

have been identified beyond simple obesity. The pre-pregnancy factors include age 

(over 35 years old), ethnicity, multiparity, changes in weight between pregnancies, 

cigarette smoking, family history of T2DM or GDM, previous GDM, history of foetal 

death, previous macrosomia, and previous caesarean section (Nohira et al., 2006; 

Russell et al., 2008; Dode & Santos, 2009; Reece et al., 2009; Al-Rowaily & 

Abolfotouh, 2010; Nankervis et al., 2012). Polycystic ovary syndrome has also been 

implicated in the later development of IGT and GDM (Noctor & Dunne, 2015). 

Furthermore, at least 10 genes with specific polymorphisms have been linked with an 

elevated risk of GDM, particularly the TCF7L2 gene (Zhang et al., 2013). Additionally, 

high levels of serum γ-glutamyl transferase in the years prior to pregnancy have been 

identified as an intrinsic factor for the development of GDM (Osorio, 2014). 

 

Pregnancy-related factors of increased risk of GDM, such as  high random and fasting 

glucose levels during pregnancy (Kim et al., 2002), an abnormal OGTT result (Jang, 

2011; Noctor & Dunne, 2015), and high HbA1c during early pregnancy, have also been 

associated with future risk of GDM (Hughes et al., 2014). Furthermore, inadequate 

insulin secretion following OGTT is implicated in the development of abnormal 

glucose tolerance, and GDM risk (Buchanan et al., 1998). Moreover, excessive GWG 

(Hantoushzadeh et al., 2016), unhealthy dietary habits, and physical inactivity are 

considered to be potential risk factors for the development of GDM (Dode & Santos, 

2009; Erem et al., 2015), while lipid profile abnormalities in early pregnancy are also 

associated with GDM future development (Enquobahrie et al., 2005; Li et al., 2015).  

 

The aim of the present study was to estimate the prevalence of GDM among pregnant 

Saudi women, using the IADSPG criteria. Although the risk factors of GDM in Saudi 

communities may vary from those of other populations, it is important to understand 

the key influences, and also the impact of gestational age, on classical and non-classical 

factors influencing the onset of GDM. 

 

 

 

https://en.wikipedia.org/wiki/Polymorphism_(biology)
https://en.wikipedia.org/wiki/TCF7L2
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5.2 Study Design and Methods 

5.2.1 Study Design and Population 

This was a prospective observational study of 297 pregnant women with a mean age 

28.9 ± 5.3 years, followed from the first to the second trimester of pregnancy. The 

inclusion and exclusion criteria were applied as explained in Chapter 2. 

 

5.2.2 Data Collection 

Socio-economic data were obtained from all the women at their first visit, using a 

questionnaire to retrieve details of their clinical and obstetric history. Also, 

anthropometric and lifestyle factors were collected and analysed, such as physical 

activity, using the short version of IPAQ (Hernandez-Cordero et al., 2008; Bertolotto 

et al., 2010; Harizopoulou et al., 2010). The cut-off points for the above variables are 

presented in Chapter 2. 

 

During the first visit, random blood samples were collected to measure blood glucose, 

insulin, HbA1c, and lipid profile. During mid-pregnancy (at 24-28 weeks of gestation), 

subjects were asked to fast for at least 10 hours, and GDM screening was performed. A 

fasting blood sample was then withdrawn and each participant was subsequently made 

to drink 75 gm of glucose within five minutes. Blood samples were collected after 60 

and 120 minutes, for the assessment of glucose and insulin levels. IADPSG guidelines 

were also applied to diagnose GDM as described in chapter 2. HOMA-IR and HOMA-

β were also calculated using HOMA-IR and HOMA-β Matthews equations, 

respectively (Matthews et al., 1985; Wallace et al., 2004).  

 

An assessment of other biochemical parameters performed at the first visit was also 

repeated, including HbA1c and lipid profile. Finally, metabolic syndrome was 

classified according to the criteria proposed by the US NHLBI/AHA, with adaptations 

appropriate for the present study population (Grundy et al., 2005). Metabolic syndrome 

is defined in Chapter 2. 
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5.2.3 Data Analysis 

Data were analysed using SPSS version 21.0 statistical software (SPSS, Chicago, IL, 

USA). Pearson’s chi-square test was applied to observe the association between 

categorical variables (GDM vs. non-GDM). To determine GDM and non-GDM 

differences, an independent sample t-test and Mann-Whitney U Test were implemented 

for normally and non-normally distributed variables, respectively. ANCOVA was 

applied to compare groups using age and BMI as covariates. To compare non-normally 

distributed variables, categorised into more than two groups, an independent sample 

Kruskal Wallis Test was conducted. Pearson’s and Spearman’s rank correlation 

coefficients were also determined to assess the linear relationship between quantitative 

variables for normally and non-normally distributed variables, respectively, with a p-

value of < 0.05 indicating statistical significance. 
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5.3 Results 

5.3.1 Prevalence of GDM 

The present study included 297 consecutive pregnant women, 33% of whom (98/279) 

were diagnosed with GDM, based on IADPSG (Figure 5.1). According to their fasting 

blood glucose, 65.7% (195/297) of the sample were diagnosed with GDM, and 34.3% 

(101.8/297) were diagnosed using a 1-hour or 2-hour glucose tolerance test. 

 

 

 

Figure 5.1 The prevalence of GDM according to IADPSG. The values show the 

percentage of women with, and without, GDM by mid-pregnancy. 

 

 

 

5.3.2 General Characteristics of Subjects with and without GDM 

5.3.2.1 Socio-economic Status in Relation to GDM  

There were no significant socio-economic differences observed between women with 

and without GDM, in terms of their education, income status, employment, or place of 

residence. A lower proportion of the women were university graduates in the GDM 

group, compared to the non-GDM group, but this was not statistically significant 

(29.8% vs.70.2%, p = 0.107) (Figure 5.2).  



117 

 

  

Figure 5.2 Educational status of women, in relation to GDM status. The values show 

the percentage of women with university degrees among the GDM and non-GDM 

subjects. P-values were obtained using Pearson’s chi-square test.  

 

 

5.3.2.2 Obstetric and Family History in Relation to GDM 

In the GDM group, the women were significantly more likely to have experienced 

GDM in the past, and have a family history of diabetes, compared with the women who 

were not currently suffering from GDM (p < 0.001 and p = 0.045, respectively). 

Multiparity and irregular menstrual cycle were also more common among the women 

suffering from GDM, compared to their counterparts without GDM, but this was not 

statistically significant (p = 0.067 and p = 0.097, respectively). Data on obstetric 

parameters and family history are presented in Figure 5.3. 
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Figure 5.3 Obstetric parameters and patient history, in relation to GDM status. The 

values show the percentage of women with obstetric risk factors, and a family history 

of diabetes in the GDM and non-GDM groups. P-values: * denotes p < 0.05 and *** 

denotes p < 0.001 using Pearson’s chi-square test. 

 

  

5.3.2.3 Anthropometric Characteristics in Relation to GDM 

Pre-pregnancy, early, and mid-pregnancy BMIs were significantly higher in the GDM 

group, compared to their counterparts without GDM, but this significance disappeared 

after adjusting for age. Additionally, waist circumference in early and mid-pregnancy 

was significantly higher amongst the GDM subjects, compared with the non-GDM 

subjects, but the difference was insignificant after adjusting for age and BMI. No 

significant differences were observed in WHR, body fat, or Δ body fat percentage 

during either visit.  The anthropometric characteristics of both the GDM and non-GDM 

groups are shown in Table 5.1. Furthermore, maternal fasting glucose showed a 

positive correlation with pre-pregnancy BMI (r = 0.18, p = 0.002), and BMI in early (r 

= 0.18, p = 0.002), and mid-pregnancy (r = 0.16, p = 0.007), along with gestational age 

(r = 0.16, p = 0.006).  
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Table 5.1 Anthropometric characteristics for both visits, in relation to GDM status  

Parameters 
Non GDM 

(N = 198) 

GDM 

(N = 99) 
P-values P-values * 

            Booking Visit 

Age (years)      28.5 ± 5.3  29.6 ± 5.4   0.098 --- 

Gestational age (weeks) 12.1 ± 2.9 12.4 ± 3.3 0.391 0.399 

Pre-pregnancy BMI (kg/m2)   26.1 ± 6.0 28.3 ± 5.7 0.003 0.111 

BMI (kg/m2) at visit 1 27.3 ± 6.4 29.2 ± 5.5 0.010 --- 

Waist circumference (cm) 91.0 ± 12.9 94.3 ± 12.9 0.040 0.402 

Hip circumference (cm) 107.1 ± 12.2 109.4 ± 10.6 0.108 0.738 

Waist-hip ratio (WHR)  0.9 ± 0.1 0.9 ± 0.1 0.198 0.253 

Systolic BP (mmHg) 114.6 ± 13.8 113.1 ± 12.8 0.359 0.115 

Diastolic BP (mmHg) 68.0 ± 9.9 66.9 ± 9.5 0.359 0.196 

Body fat (%) 33.5 ± 6.4 34.3 ± 4.6 0.292 0.906 

      OGTT Visit 

Gestational age (weeks) 26.4 ± 3.0 26.1 ± 3.6 0.463 0.476 

BMI (kg/m2) at visit 2 29.5 ± 6.4 31.1 ± 5.2 0.035 0.228 

Gestational weight gain (GWG) (kg) 7.5 ± 4.2 6.5 ± 4.3 0.054 0.211 

Waist circumference (cm) 103.8 ± 13.0 107.1 ± 12.5 0.041 0.358 

Hip circumference (cm) 112.7 ± 11.5 114.9 ± 10.7 0.126 0.263 

Waist-hip ratio (WHR)  0.9 ± 0.1 0.9 ± 0.1 0.094 0.053 

Systolic BP (mmHg) 111.2 ± 12.1 113.4 ± 13.0 0.163 0.718 

Diastolic BP (mmHg) 67.2 ± 10.2 69.3 ± 11.2 0.106 0.249 

Body fat (%)  37.1 ± 3.5 37.3 ± 2.9 0.711 0.686 

Δ Body fat (%) 10.1 ± 28.9 10.3 ± 14.9 0.952 0.437 

Note: Data are presented as the mean and standard deviation for normal variables. The p-value for mean differences 

was obtained using an independent sample t-test for normally distributed variables. * indicates p-values adjusted for 

age and BMI, at the first visit. 
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For GWG, either in total kilograms (Table 5.1) or, according to the IOM 

(excessive/non-excessive), no difference was found between the groups (Figure 5.4). 

Interestingly, a negative correlation was detected between total GWG and fasting 

glucose (r = -0.16, p = 0.006) (Figure 5.5). What is more, total GWG was found to be 

significantly lower among women who had been obese pre-pregnancy, in comparison 

to their underweight, normal, and overweight counterparts (p < 0.001) (Appendix VI).  

 

Figure 5.4 GWG parameters, based on IOM mid-pregnancy, in relation to GDM status.  

The values show the percentage of women with excessive and non-excessive weight 

gain by mid-pregnancy, in both the GDM and non-GDM groups. Pearson’s chi-square 

test was used. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.5 Correlation between log of fasting glucose (mmol/L) and GWG, between 

early and mid-pregnancy. 
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5.3.2.4 Biochemical Characteristics in Relation to GDM 

The biochemical parameters in both early and mid-pregnancy are shown in Table 5.2. 

Maternal fasting glucose in the OGTT exhibited a positive correlation with random 

glucose (r = 0.15, p = 0.012), random insulin (r = 0.13, p = 0.028), 1- and 2-hour glucose 

tolerance (r = 0.25, p < 0.001 and r = 0.22, p < 0.001), HbA1c at both visits (r = 0.24, 

p < 0.001 and r = 0.29, p < 0.001), fasting insulin (r = 0.38, p < 0.001), 2-hour insulin 

(r = 0.14, p = 0.056), and HOMA-IR (r = 0.54, p < 0.001). Furthermore, maternal fasting 

glucose showed a negative correlation with HOMA-β (r = -0.37, p < 0.001). 

 

The lipid profile at both visits, except for TG, failed to show any significant difference 

between the GDM groups. TG in mid-pregnancy was significantly higher among the 

GDM sufferers, compared to the non-GDM group, persisting even after adjusting for 

BMI and age. A positive correlation was observed between maternal fasting glucose 

and total cholesterol/HDL ratio in early (r = 0.21, p < 0.001) and mid-pregnancy (r = 

0.19, p < 0.001), and TG in early (r = 0.16, p = 0.005) and mid-pregnancy (r = 0.19, p 

= 0.001). Also, maternal fasting glucose correlated negatively with HDL-cholesterol in 

early (r = -0.15, p = 0.012) and mid-pregnancy (r = -0.20, p = 0.001). These correlations 

presented in early (Figure 5.6) and mid-pregnancy (Figure 5.7). 
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Table 5.2 Biochemical characteristics in early and mid-pregnancy in relation to 

GDM status 

Parameters 
Non-GDM 

(N = 198) 

GDM 

(N = 99) 
P-values P-values* 

        Booking Visit 

Glucose (mmol/L) # 4.6 (4.3 - 5.2) 5.1 (4.6 - 5.8) < 0.001 0.002 

Insulin (uU/mL) # 8.2 (4.2 - 18.3) 9.6 (6.0 - 20.6) 0.059 0.375 

HbA1c (%) 5.0 ± 0.5 5.2 ± 0.5 < 0.001 0.003 

Total cholesterol (mmol/L)  5.2 ± 1.0 5.3 ± 1.0 0.336 0.930 

HDL-cholesterol (mmol/L)  1.4 ± 0.4 1.3 ± 0.4 0.206 0.185 

Cholesterol-HDL ratio  4.0 ± 1.0 4.2 ± 1.2 0.061 0.187 

LDL-cholesterol (mmol/L)  3.1 ± 0.7 3.2 ± 0.8 0.449 0.920 

Triglycerides (mmol/L)  1.4 ± 0.6 1.6 ± 0.6 0.071 0.253 

        OGTT Visit 

Fasting glucose (mmol/L) #            4.2 (3.8 - 4.5) 5.2 (4.7 - 5.7) < 0.001 < 0.001 

1-hr glucose (mmol/L) # 6.8 (5.6 - 8.0) 9.5 (7.9 - 10.7) < 0.001 < 0.001 

2-hr glucose (mmol/L) # 6.0 (5.1 - 7.0) 7.1 (5.9 - 9.5) < 0.001 < 0.001 

Fasting insulin (uU/mL) # 6.2 (4.2 - 10.8) 10.5 (6.7 - 17.8) < 0.001 < 0.001 

2-hr insulin (uU/mL) # 35.3 (24.1 - 53.9) 55.5 (32.7 - 76.8) < 0.001 0.124 

HOMA-IR # 1.2 (0.8 - 2.2) 2.4 (1.6 - 4.6) < 0.001 < 0.001 

HOMA-β # 201.8 (127.5 - 387.4) 168.9 (74.8 - 270.3) 0.002 0.194 

HbA1c (%) 4.8 ± 0.4 5.0 ± 0.5 < 0.001 < 0.001 

Total cholesterol (mmol/L)  6.6 ± 1.3 6.7 ± 1.4 0.656 0.857 

HDL-cholesterol (mmol/L)  1.6 ± 0.5 1.5 ± 0.5 0.154 0.080 

Cholesterol-HDL ratio  4.5 ± 1.7 4.9 ± 2.0 0.057 0.075 

LDL-cholesterol (mmol/L)  4.1 ± 1.1 4.1 ± 1.1 0.748 0.732 

Triglycerides (mmol/L)  2.0 ± 0.7 2.3 ± 0.8 0.001 0.005 

Note: Data presented as the mean and standard deviation for normally distributed variables, while the median, 1st 

and 3rd quartiles are presented for non-normally distributed variables. # indicates non-normally distributed variables; 

the p-value for mean differences was obtained using an independent sample t-test for normal variables, and a Mann-

Whitney U Test for non-normally distributed variables; * indicates p-values, adjusted for age and BMI at the 1st 

visit. 
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Figure 5.6 Correlations between the log of fasting glucose, and (A) Total cholesterol-

HDL ratio, (B) Triglycerides, and (C) HDL–cholesterol in early pregnancy. 
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Figure 5.7 Correlations between the log of fasting glucose, and (A) Total cholesterol-

HDL ratio, (B) Triglycerides, and (C) HDL–cholesterol mid-pregnancy. 
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5.3.2.5 Metabolic Disorders in Relation to GDM Status 

The prevalence of pre-pregnancy obesity, and obesity in early and mid-pregnancy, were 

higher among the subjects with GDM compared with those without GDM (Figure 5.8). 

At mid-pregnancy, the percentage of participants with hypertriglyceridemia or 

metabolic syndrome was also significantly higher among the subjects with GDM, in 

comparison with their non-GDM counterparts (p = 0.024 and p < 0.001, respectively). 

This will be discussed further in Chapter 6. 

 

Figure 5.8 Presence of metabolic disorders in (A) Early, and (B) Mid-pregnancy among 

GDM and non-GDM subjects. The values show the percentage of women with different 

metabolic disorders in early and mid-pregnancy, in both the GDM and non-GDM 

groups. P-values: * denotes p < 0.05, **p < 0.01, and ***p < 0.001, using Pearson’s 

chi-square test. 
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5.3.2.6 Physical Activity in Relation to GDM Status 

In early pregnancy, women without GDM undertook significantly higher low-intensity 

physical activity/walking (in minutes/week), compared with the GDM subjects, even 

after adjustment for age and BMI (p = 0.007). However, the latter variable was not 

statistically significant by mid-pregnancy (p = 0.163) (Figure 5.9). 

 

 

 

Figure 5.9 Physical activity (PA) at both visits, in relation to GDM status.  The values 

show the median sedentary and physical activity in minutes per week among both the 

GDM and non-GDM subjects, after adjusting for age and BMI. ** denotes p < 0.01, 

using the Mann-Whitney U Test. 

 

 

 

 

 

 

 

 

  



127 

 

5.4 Discussion 

This study is one of the few studies conducted in Saudi Arabia that assesses the 

prevalence of GDM using IADPSG, along with the associated risk factors in both early 

and mid-pregnancy. In this present chapter, it was determined that 33% of the subjects 

had developed GDM by mid-pregnancy. Moreover, in early pregnancy, higher random 

blood glucose and HbA1c levels were associated with GDM in mid-pregnancy, whereas 

hypertriglyceridemia and metabolic syndrome in mid-pregnancy were higher in the 

GDM group. A maternal lifestyle factor, such as physical activity, was associated with 

conferring protection against GDM. Many of these risk factors are adjustable, so timely 

identification of the determinants, and subsequent intervention could prevent the 

development of GDM, and any associated morbidity. 

 

The prevalence of GDM in Saudi Arabia has been steadily increasing, from 12.5% in 

2000, to 18.7% in 2013, and then 24% in 2015, according to the ADA and WHO 2013 

criteria (Ardawi et al., 2000; Wahabi et al., 2014; Wahabi et al., 2016). A prevalence of 

33% GDM was found in the current study, according to the IADPSG criteria. This 

appears to be high, thus corresponding to the rising trend towards GDM in Saudi 

Arabia. The IADPSG criteria may even have contributed to the observed prevalence of 

GDM in this present study, as this is 2-3 times higher than the previously reported 

prevalence of GDM in the respective context, when the ADA criteria were used (Al-

Rowailly & Abolfotouh, 2010; Wahabi et al., 2014). The reason for the high prevalence 

when using the IADPSG criteria may be due to the inclusion of pregnant women with 

hyperglycaemia in the GDM group (Han et al., 2012; IDF, 2013). In support of the 

findings from the present study, the application of the IADPSG criteria has previously 

determined 39.6% and 36.6% prevalence rates of GDM in Saudi Arabia, and 37.7% in 

the UAE (Agarwal et al., 2010; Al-Rubeaan et al., 2014; Alfadhli et al., 2015).  

 

The difference between the prevalence rates in the present study, and a study conducted 

by Al-Rubeaan et al. (2014) is that the latter used fasting glucose levels alone to screen 

for GDM. This was due to convenience, as it was a home-based study. Alfadli et al. 

(2015) reported a higher incidence of GDM in Western Saudi Arabia, but the present 
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study was conducted in the central region, so regional variation could account for some 

of the differences between the studies. The application of IADPSG to assess GDM in 

other international studies has reported prevalence rates amounting to 30.5% in Norway 

(Jenum et al., 2012), 29.9% in Iran (Shahbazian et al., 2016), and 27% in India (Nayak 

et al., 2013). Prevalence rates as low as 9.3% have been reported in China (Leng et al., 

2015), 12.4 % in Ireland (O’Sullivan et al., 2011), 13% in Australia (Moses et al., 2011), 

and 17.8% in Canada (Ryan, 2011). It is believed that the prevalence of GDM is 

influenced by ethnic variations within a population, as well as genetic, demographic, 

socio-cultural, and socio-economic factors (Yuen & Wong, 2015).  

 

A family history of diabetes, prior history of GDM, and multiparity were well-known 

factors associated with GDM, identified in this and previous studies (Savvidou et al., 

2010; Teh et al., 2011; Khan et al., 2013; Alfadhli et al., 2015; Erem et al., 2015; Chitme 

et al., 2016; Lin et al., 2016; Shahbazian et al., 2016). It is worth noting that the 

percentage of women with a family history of diabetes in the GDM group, in the current 

study, amounted to 78.3%, which is similar to the previously reported 68.2% of 

pregnant Saudi women (Alfadhli et al., 2015). The higher prevalence of a family history 

of diabetes in both Saudi cohorts paralleled the high prevalence of T2DM in Saudi 

Arabia (Al-Nozha et al., 2004; Al-Daghri et al., 2010; Al-Rubeaan et al., 2014). 

Irregular menstrual cycle in this cohort showed a higher trend in GDM subjects, 

compared to non-GDM subjects (p = 0.097). Other studies have previously revealed 

that an irregular menstrual cycle is significantly associated with GDM (Haver et al., 

2003; Bhat et al., 2010).  

 

It is well recognised that pre-pregnancy obesity, or obesity at different gestational 

stages is associated with GDM, and this was supported by the current study, as well as 

previous studies in different countries, including Saudi Arabia (Al-Rowaily & 

Abolfotouh, 2010; El-Gilany & Hammad, 2010; Bener et al., 2013; Al-Rubeaan et al., 

2014; Park et al., 2014; Arnold et al., 2015; Erem et al., 2015; Mao et al., 2015; Lin et 

al., 2016; Shahbazian et al., 2016). However, the present study revealed no difference 

in fat mass markers between the GDM and non-GDM groups, in either early or mid-
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pregnancy. This may be attributed to foetal growth and fluid retention in GDM mothers, 

which may have affected the readings of fat mass in this study. 

 

In the present study, a negative association between fasting glucose and GWG was 

detected. This inverse correlation between pregnancy-related weight gain and GDM 

has previously been reported (Nohr et al., 2008; Heude et al., 2012; Li et al., 2015; 

Hung & Hsieh, 2016). This could be explained by women with a higher BMI gaining 

less weight, because they are more cautious about it. However, even if these women 

gain less weight in pregnancy, their hepatic gluconeogenesis may still be bad, because 

of their pre-pregnancy obesity. In the current study, irrespective of GDM status, total 

GWG in kilograms or GWG according to the IOM (2009), the GDM group also 

demonstrated lower weight gain from early to mid-pregnancy, but this did not reach a 

level of significance. Other earlier studies have also failed to indicate a difference 

(Saldana et al., 2006; Herring et al., 2009; Lacroix et al., 2014; Park et al., 2014; Ruifrok 

et al., 2014). On the contrary, there is evidence to suggest that the increased risk of 

developing GDM during pregnancy is related to excessive weight gain before GDM 

diagnosis (Brunner et al., 2015). Inconsistencies in studies regarding the association of 

GWG and GDM could be due to differences between the cut-off points, continuous and 

other categorical measurements and the time intervals for assessing GWG (Dode & 

Santos, 2009). 

 

In addition to the above, low-intensity physical activity for a minimum of 30 

minutes/day during early pregnancy was found to be linked with GDM in this instance. 

Similar observations have also been reported in numerous studies documenting that 

light-to-moderate intensity physical activity during early pregnancy is linked with a 

lower risk of GDM (Oken et al., 2006; Morkrid et al., 2014; Nasiri-Amiri et al., 2016). 

An assessment of physical activity using the IPAQ-Greek version revealed that 

inactivity among pregnant women during the early stages of pregnancy poses a 

significant risk of GDM, compared to women involved in physical activities 

(Harizopoulou et al., 2010). An example of this could be regular walk during early 

pregnancy, which has been shown to have an inverse relationship with the risk of GDM, 

whereas occupational and physical activity in the home has no impact (Aune et al., 
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2016). However, this current study, along with others, failed to find an association 

between mid-pregnancy physical activity and GDM (Parildar et al., 2013; Chasan-

Taber et al., 2014), which points to the relevance of physical activity during early 

pregnancy, but not during the later stages, when GDM may have already occurred. 

 

Physical activity has been linked to a lowered risk of excessive GWG, insulin 

resistance, and T2DM (Helmrich et al., 1991; Manson et al., 1991; Wang et al., 2002). 

It has also long been known for its role in improving glucose homoeostasis by 

enhancing insulin sensitivity, and this is most likely due to increasing fat-free mass 

(Shulman et al., 1990; Annuzzi et al., 1991; Devlin, 1992). Moreover, physical activity 

has been implicated in the prevention or delay of T2DM onset among non-pregnant 

individuals (Boule et al., 2001; Jeon et al., 2007). It is, therefore, quite likely that 

physical activity has the potential to prevent the development of GDM, and its related 

adverse health outcomes (Morkrid et al., 2014).  

 

In the present study, fasting glucose by mid-pregnancy was diagnostic for GDM in 

65.7% of cases. Therefore, the assessment of fasting glucose appears to be a useful 

option as an initial screening test to diagnose GDM (Agarwal et al., 2010). Moreover, 

the assessment of 1- and 2-hour glucose concentrations during the OGTT was also 

useful for GDM diagnosis, as these tests were diagnostic in over one-third of the GDM 

cases here. The above findings differed from those derived from another Saudi study, 

where 48% GDM cases were diagnosed by fasting glucose, and 52% were diagnosed 

using 1- and 2-hour OGTT glucose levels (Alfadhli et al., 2015).  

 

Random plasma glucose, in early pregnancy, has been proposed as a useful screening 

test for GDM, identifying women at low and high risk of GDM (Jowett et al., 1987; 

Meek et al., 2016). Meek et al. (2016) suggest that performing a random blood glucose 

test, taking into account age and BMI, during the early stages of pregnancy, can 

improve sensitivity, but is of low specificity for GDM diagnosis (Meek et al., 2016). 

The results of one systematic review showed that random blood glucose and OGTT in 

the first trimester were good indicators of GDM (Van Leeuwen et al., 2011), and some 

older reports showed that GDM could be positively diagnosed in early pregnancy 
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(Super et al., 1991; Bartha et al., 2000; Bartha et al., 2003). However, the validity of 

applying the WHO 2013 criteria before 24–28 weeks of gestation has been questioned 

(Zhu et al., 2013).   

 

HbA1c percentages during both visits were within normal limits, however, the mean 

HbA1c level in the GDM group was significantly higher than the non-GDM group, 

even after adjustment for age and BMI. A relatively low percentage of HbA1c (5.2% 

vs. 5%) was detected in the present study, during early pregnancy in the GDM and non 

GDM group, respectively. Yet, HbA1c value of 5.4% among women with GDM has 

also been reported (Kwon et al., 2015). A cut-off value of HbA1c ≥ 6.5% is considered 

to be diagnostic for diabetes in pregnancy (Metzger et al., 2010; WHO, 2013; ADA, 

2014), but this is based on data for non-pregnant subjects. Moreover, first trimester 

HbA1c ≥ 6.1% has been shown to exhibit a strong association with the future 

development of GDM (Anaka et al., 2014). The optimal HbA1c threshold in pregnancy 

is likely to be lower, as HbA1c levels fall in the first trimester (Nielsen et al., 2004; 

Mosca et al., 2006), which could be due to the shorter lifespan of red blood cells during 

pregnancy (Lind & Cheyne, 1979; Lurie & Danon, 1992). For the same reason, a cut-

off of HbA1c ≥ 5.9%, at less than 20 weeks of gestation, has been recommended for 

the diagnosis of GDM (Hughes et al., 2014). The association of HbA1c with GDM in 

mid-pregnancy has already been documented (Wang et al., 2012; Kwon et al., 2015), 

whereas no association of HbA1c during the third trimester of pregnancy has been 

established for GDM (El Lithy et al., 2014).  

 

Furthermore, the cardio-metabolic profile in this study was higher in subjects with 

GDM, compared to the GDM group, including fasting insulin, HOMA-IR, and TG. 

Fasting glucose positively correlated with the total cholesterol/HDL ratio, and 

negatively correlated with HOMA-β and HDL-cholesterol, findings which support 

those of previous studies (Wang et al., 2012; Zhou et al., 2012; Pleskačová et al., 2015; 

Ryckman et al., 2015; Chitme et al., 2016). 

 

Little is currently known about the relationship between metabolic changes during early 

pregnancy and GDM development (Chatzi et al., 2009; Lei et al., 2016). In this study, 
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it was difficult to assess metabolic syndrome during the first visit because of the non-

fasting collection of blood samples in early pregnancy. In mid-pregnancy, however, the 

percentage of metabolic syndrome was significantly higher in the GDM group, 

compared to the non-GDM group. This relationship will be discussed further in the next 

chapter. 

 

In conclusion, the prevalence of GDM was found to be high among the subjects in this 

study, namely pregnant Saudi women. It is crucial to identify the factors predisposing 

pregnant women to GDM, in order to ensure the timely detection of predisposition, and 

subsequently intervene to avoid the development of GDM, and its associated foetal and 

maternal morbidity.  
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6.1 Introduction 

GDM is associated with insulin dysregulation, metabolic syndrome and multiple 

adverse maternal and neonatal complications (Kjos & Buchanan, 1999; Reece, 2010; 

Vilmi-Kerälä et al., 2015). Metabolic syndrome comprises a combination of glucose 

intolerance, abdominal obesity, dyslipidaemia, and HTN (Eckel et al., 2005). When 

GDM is coupled with a metabolic syndrome phenotype, it can also increase the future 

risk of cardiovascular disease and constitute a significant burden on healthcare 

resources (Alberti et al., 2005; Sullivan et al., 2012). Therefore, as GDM is a modifiable 

disorder, a better understanding of the pathogenesis of metabolic syndrome is critical 

for avoiding associated morbidity, through timely therapeutic intervention.  

 

Several non-traditional risk factors have been implicated in the development of GDM. 

As such, vitamin D is considered to be an important predisposing factor influencing the 

development of GDM, due to its association with insulin resistance, inflammation, and 

dyslipidaemia  (Norman et al., 1980; Boucher et al., 1995). Particularly as low serum 

concentrations of vitamin D have been shown to be associated with a higher risk of 

developing T2DM (Gagnon et al., 2011; Khan et al., 2013) and GDM (Zhang et al., 

2008).  

 

Currently, the majority of studies investigating the association between vitamin D 

deficiency and GDM have been performed during the second or third trimester of 

pregnancy (Farrant et al., 2008; McLeod et al., 2012; Wang et al., 2012; Whitelaw et 

al., 2014). Although, some studies have also investigated the first trimester of 

pregnancy before the development of GDM (Baker et al., 2012; Lacroix et al., 2014; 

Park et al., 2014; Jain et al., 2015). There is, however, growing evidence through 

systematic reviews that vitamin D deficiency is a substantial risk factor for the 

occurrence of GDM (Christesen et al., 2012; Poel et al., 2012; Aghajafari et al., 2013; 

Wei et al., 2013; Burris & Camargo, 2014; Zhang et al., 2015; Lu et al., 2016). Although 

most of the findings linking vitamin D deficiency with GDM are cross-sectional or 

case-control studies, there is a need to conduct targeted prospective longitudinal studies.  
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Beyond association studies, a number of mechanisms have been suggested connecting 

vitamin D deficiency with the development of GDM. The first of these mechanisms is 

considered to act through the direct binding of vitamin D to its receptor on a β-cell, 

which appears to enhance insulin secretion (Johnson et al., 1994). Similarly, the 

expression of 1-α-hydroxylase in a β-cell has been shown to activate 25(OH)D (Bland 

et al., 2004). In addition, vitamin D-dependent changes in calcium flux have been 

shown to trigger  insulin secretion from β-cells in the pancreas  (Eliades & Pittas, 2009; 

Pittas & Dawson-Hughes, 2010). The second mechanism, possibly involved in 

increasing the risk of GDM, also acts through vitamin D, but by enhancing the 

expression of insulin receptors and insulin responsiveness, thus promoting insulin 

sensitivity (Vaidya & Williams, 2012). Beyond the risk of GDM, vitamin D deficiency 

has been associated with systemic inflammation, leading to increased insulin resistance 

and β-cell apoptosis (Alvarez & Ashraf, 2009; Eliades & Pittas, 2009). Collectively, 

the current evidence suggests that vitamin D deficiency predisposes the development 

of hyperglycaemia. Moreover, it has been found that the expression and production of 

CYP24A1 is increased in placental tissue among subjects with GDM, compared with 

normal placental tissue, and serum vitamin D levels have been shown to negatively 

correlate with the expression of CYP24A1 in the placenta (Cho et al., 2013).  

 

It is quite conceivable that factors associated with 25(OH)D deficiency during gestation 

may also lead to the development of GDM. Insulin resistance is frequently observed 

among obese women, which could possibly be related to the increased prevalence of 

vitamin D deficiency in this segment of the population, particularly during pregnancy 

(Baptiste-Roberts et al., 2009) because sequestration of vitamin D could take place in 

adipose tissue, thus lowering systemic levels (Wortsman et al., 2000). However, 

exposure to the sun through activity can reduce this deficiency, insulin resistance, and 

the risk of GDM, which positively correlates to the amount of physical activity 

performed (Zhang et al., 2006). A higher prevalence of hypovitaminosis D among 

Asian, Hispanic, Middle Eastern, and African women has already been established, and 

is, possibly also leading to a higher prevalence of GDM amongst these ethnicities 

(Oleson et al., 2010; Lin et al., 2015).  
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Genetic variations associated with VDR polymorphisms, and the dysregulation of 

vitamin D metabolism, have been linked with susceptibility to different diseases (Levin 

et al., 2012). Additionally, factors such as increased oxidative stress, related to placental 

dysfunction, which alter the expression of VDRs and the binding protein, may 

adversely affect vitamin D homoeostasis, resulting in the development of GDM (Ma et 

al., 2012). As such, it is important to understand the influence of vitamin D deficiency 

during pregnancy within the Saudi population. Therefore, this chapter addresses the 

question of whether vitamin D deficiency is associated with GDM outcomes, and what 

other factors may influence this association. It also considers variables, such as 

glycaemic indices, metabolic syndrome, biomarkers, and lifestyle, which may influence 

vitamin D levels, as well as the consequences of low vitamin D levels.  
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6.2 Research Design and Methods  

A total of 297 healthy Saudi pregnant women, with a mean age of 28.8 ± 5.4 years were 

included in the study. All participants were recruited during the first trimester (812 

weeks) of their pregnancies, after fulfilling previously described inclusion criteria 

(Chapter 2). They were then followed up to the second trimester (24-28 weeks) of 

gestation. Anthropometric data, the interview questionnaire, and blood samples were 

collected from each participant during early and mid-pregnancy.  

 

6.2.1 Biochemical Assessment  

Venous blood samples were collected from each participant at both visits. During the 

first trimester, non-fasting blood samples were obtained for the assessment of baseline 

parameters, including random glucose, insulin, HbA1c, lipid profile, 25(OH)D, 

calcium, phosphorus, albumin, creatinine and alkaline phosphatase. Mid-pregnancy 

fasting blood samples (>10 hours) were drawn from each participant to assess fasting 

blood glucose, fasting insulin, 1- and 2-hour OGTT, 2-hour insulin, HbA1c, complete 

lipid profile, HOMA-IR, HOMA-β, 25(OH)D, calcium, phosphorus, albumin, 

creatinine, and alkaline phosphatase. The laboratory analysis was detailed in chapter 2. 

 

6.2.2 Data Analysis 

Data were analysed using SPSS version 21.0 statistical software (SPSS, Chicago, IL, 

USA). Pearson’s chi-square test was then utilised to observe any correlations between 

categorical variables. In order to determine group differences, an independent sample 

t-test and Mann-Whitney U Test were applied to normally and non-normally distributed 

variables, respectively. Adjustment for age and BMI as covariates between the groups 

was undertaken via ANCOVA, while ANOVA was conducted to compare normally 

distributed variables categorised into more than two groups (tertiles).  

 

Pearson’s and Spearman’s rank correlation coefficients were used to determine any 

linear relationships between quantitative variables for normally and non-normally  

distributed variables, respectively. Logistic regression was also applied to identify the 
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risk factors associated with the categorical outcome variable. This method was selected 

based on the presence or absence of GDM as a dichotomous variable. Five models were 

subsequently generated to adjust for possible confounders, with Model 1: age and BMI 

at visit 1; Model 2: Model 1 + parity, education, employment, residence in  North 

Riyadh, past GDM, family history (obesity, DM and GDM); Model 3: Model 2 + total 

GWG at visit 1 + changes in fat percentage; Model 4: Model 3 + sun exposure at visit 

1+ season at visit 1+ vitamin D intake at visit 1, multivitamin intake at visit 1, and 

Model 5: Model 4 + physical activity at visit 1. All odds ratios were reported 

(unadjusted, adjusted for models 1, 2, 3, 4 and 5). Finally, a p-value of < 0.05 

was considered statistically significant. 
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6.3 Results 

6.3.1 Vitamin D Status and GDM  

The median vitamin D level was lower in the GDM group, compared to the non- GDM 

group, in early [24.4 nmol/L (17.6-37.1) vs. 28.6 nmol/L (19.4-47.9), p = 0.033] and 

mid-pregnancy [27.1 nmol/L (18.4-39.2) vs. 32.8 nmol/L (20.1-50.4), p = 0.014], this 

remained significant after adjusting for age and BMI (Figure 6.1). Additionally, the 

prevalence of vitamin D deficiency in early and mid-pregnancy was higher among the 

GDM subjects than the non-GDM subjects (Figure 6.2). 

 

 

 

 

Figure 6.1 Vitamin D levels in early and mid-pregnancy in GDM and non-GDM 

subjects. The values show the median vitamin D level in both the GDM and non-GDM 

subjects, after adjusting for age and BMI. * denotes p < 0.05 and ** denotes p < 0.01 

using the Mann-Whitney U Test. 
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Figure 6.2 The prevalence of vitamin D deficiency, in (A) Early and (B) Mid-

pregnancy among GDM and non-GDM subjects. The values show the percentage of 

women with vitamin D deficiency in early and mid-pregnancy, in both the GDM and 

non-GDM groups. P-values: * denotes p < 0.05 and *** denotes p < 0.001 using 

Pearson’s chi-square test. 

 

Interestingly, corrected calcium values were significantly lower among the subjects 

with GDM in early pregnancy, compared to their counterparts with no GDM (2.2 

mmol/L ± 0.2 vs. 2.3 mmol/L ± 0.2, p = 0.007), and it remained significant, even after 

adjustment for age and BMI. In addition, alkaline phosphatase was significantly higher 

among the GDM women compared to their non-GDM counterparts, in early (10.6 

mmol/L ± 3.4 vs. 9.3 mmol/L ± 2.8, p = 0.001), and mid-pregnancy (11.6 mmol/L ± 

4.4 vs. 10.1 mmol/L ± 3.6, p = 0.012), which also remained significant after adjustment. 

Fasting glucose positively correlated with alkaline phosphatase at both visits (r = 0.20, 

p = 0.002; r = 0.24, p < 0.001). Finally, fasting glucose negatively correlated with 

phosphorus at mid-pregnancy (r = -0.19, p = 0.003). 

 

 

 

 



140 

 

6.3.1.1 Influence of Lifestyle Related to Vitamin D Characteristics and GDM 

There was no difference in sun exposure variables during early pregnancy, among the 

GDM subjects. At mid-pregnancy, the percentage of women covering their whole body 

was significantly higher in the GDM group than in the non-GDM group (39.7% vs. 

26.6%, p = 0.040). Similarly, the percentage of women exposed to the sun at noon was 

significantly higher among the non-GDM group, compared to the GDM group (36% 

vs. 18.9%, p = 0.004) (Figure 6.3). 

 

 

  

 

Figure 6.3 Sun exposure at mid-pregnancy among the GDM and non-GDM subjects. 

The values show the percentage of women with different sun exposure indices in both 

the GDM and non-GDM groups. P-values: * denotes p < 0.05, and ** denotes p < 0.01, 

using Pearson’s chi-square test. 
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The present study revealed no differences between estimated vitamin D and calcium 

intake, irrespective of GDM status (Figure 6.4). Fasting glucose correlated positively 

with estimated vitamin D and calcium intake in early and mid-pregnancy (Figure 6.5). 

A higher proportion of the subjects without GDM were taking multivitamin 

supplements, compared to the subjects with GDM, at mid-pregnancy (53.9% vs. 

41.9%), but this was not statistically significant (p = 0.095). However, no differences 

were reported for multivitamin supplement intake in early pregnancy. 

 

 

 

Figure 6.4 Vitamin D and calcium intake at both visits, in relation to GDM status. The 

values show the median intake of vitamin D and calcium from food, among both the 

GDM and non-GDM subjects, after adjusting for age and BMI. ‘V1’ and ‘V2’ indicate 

1st and 2nd visit, respectively. ‘Calc.’ indicates calcium. The Mann-Whitney U Test 

was applied. 
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Figure 6.5 Correlations between log of fasting glucose (mmol/L), vitamin D intake 

(IU/day), and calcium intake (mg/day) in (A) Early-pregnancy and (B) Mid-pregnancy. 

 

 

 

6.3.2 Vitamin D and its Association with GDM Markers in Pregnant 

Women 

No differences were observed prospectively between anthropometric data in mid-

pregnancy and vitamin D-deficient and non-deficient women in early pregnancy. 

Although GWG revealed an increase among the subjects who were vitamin D-deficient 

in early pregnancy, and this was greater than that found for the non-deficient subjects, 

the difference was not statistically significant (p = 0.179) (Figure 6.6). Percentage 

change in body fat failed to demonstrate any significant difference between the vitamin 

D-deficient and non-deficient groups (10.6 ± 26.8 vs. 8.2 ± 14.2, p = 0.560). 



143 

 

 

 

Figure 6.6 Comparison of GWG between vitamin D-deficient and non-deficient 

subjects, during early pregnancy. The values show the percentage of women with 

excessive and non-excessive weight gain by mid-pregnancy, in both the vitamin D-

deficient and non-deficient groups in early pregnancy. Pearson’s chi-square test was 

applied. 
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6.3.2.1 Glycaemic Markers with vitamin D status in Early Pregnancy 

Fasting glucose among the pregnant women, who were deficient in vitamin D [4.5 

mmol/L (4.0 - 5.0)] during early pregnancy, was higher than in the non-deficient 

subjects [4.2 mmol/L (3.9-4.6); p = 0.002]. Negative correlations were found between 

early pregnancy vitamin D levels and fasting glucose levels (r = -0.12, p = 0.046) and 

HbA1c (r = -0.24, p < 0.001). Likewise, HbA1c (%) at mid-pregnancy among the 

vitamin D-deficient subjects (4.9 ± 0.4), during early pregnancy, was higher than for 

the non-deficient subjects (4.8 ± 0.4; p = 0.094). This comparison reached a level of 

significance when HbA1c was compared according to vitamin D tertiles in early 

pregnancy, as illustrated in Figure 6.7. HOMA-β was higher among the non-deficient 

women in early pregnancy [246.9 (147.9-367.0)] compared with the deficient subjects 

[175.9 (102.2-330.9), p = 0.033], but lost significance after adjusting for age and BMI 

(p = 0.103) (Table 6.1). 

 

 

Figure 6.7 HbA1c levels at mid-pregnancy, per vitamin D tertiles of the participants in 

early pregnancy. The values show the mean ± SD of HbA1c, with vitamin D early 

pregnancy tertiles. P-value: ** denotes p < 0.01, obtained via ANOVA. Significance 

for HbA1c was only between tertile 1 and tertile 3.  
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6.3.2.2 Glycaemic Markers with vitamin D status in Mid-pregnancy  

Mid-pregnancy vitamin D levels, fasting glucose, and HbA1c values were significantly 

higher among the vitamin D-deficient subjects, compared to their non-deficient 

counterparts after adjustment (p = 0.049 and p = 0.019, respectively). Negative 

correlations between vitamin D and fasting glucose (r = -0.19, p = 0.001) and HbA1c 

(r = -0.22, p < 0.001) were observed at mid-pregnancy. Fasting insulin and HOMA-IR 

were higher in the vitamin D-deficient group, compared to the non-deficient group (p 

= 0.043 and p = 0.020, respectively). The significance after adjustment for BMI and 

age was borderline (p = 0.054 and p = 0.055). Negative correlations were also observed 

between vitamin D levels and fasting insulin levels (r = -0.11, p = 0.053), and HOMA-

IR (r = -0.17, p = 0.004), at mid-pregnancy (Figure 6.8). Table 6.1 shows a comparison 

between GDM markers at mid-pregnancy, in relation to vitamin D status during early 

and mid-pregnancy.  

 

Figure 6.8 Correlations between the log of vitamin D (nmol/L) at mid-pregnancy, 

versus (A) the log of fasting insulin (Uu/mL) and (B) the Sqrt of HOMA-IR. 
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Table 6.1 Biochemical GDM markers among vitamin D-deficient and non-

deficient women during early and mid-pregnancy 

 

 Vitamin D Status in Early Pregnancy  

Mid-Pregnancy 

Parameters  

Non-Deficient 

(N=67) 

Deficient 

(N=230) 
p-value *p-value 

Fasting glucose (mmol/L) # 4.2 (3.9-4.6) 4.5 (4.0-5.0) 0.011 0.002 

1-hr glucose (mmol/L) # 7.4 (6.3-8.8) 7.5 (5.9-9.1) 0.949 0.984 

2-hr glucose (mmol/L) # 6.1 (5.6-7.3) 6.3 (5.3-7.5) 0.908 0.603 

Fasting insulin (uU/mL) # 9.7 (5.4-13.5) 7.6 (5.0-12.1) 0.168 0.232 

2-hr insulin (uU/mL) # 43.3 (19.9-69.7) 41.0 (25.9-61.7) 0.709 0.313 

HOMA-IR # 1.8 (0.9-2.8) 1.6 (0.9-2.6) 0.717 0.885 

HOMA-β # 246.9 (147.9-367.0) 175.9 (102.2-330.9) 0.033 0.103 

HbA1c (%) 4.8 ± 0.4 4.9 ± 0.4 0.167 0.094 

 Vitamin D Status Mid-pregnancy  

 Non-Deficient 

(N=50) 

Deficient 

(N=247) 
  

Fasting glucose (mmol/L) # 4.3 (3.9-4.6) 4.5 (4.0-5.0) 0.026 0.046 

1-hr glucose (mmol/L) # 8.0 (6.2-8.9) 7.4 (5.9-9.0) 0.734 0.752 

2-hr glucose (mmol/L) # 6.1 (5.2-7.3) 6.3 (5.3-7.5) 0.378 0.316 

Fasting insulin (uU/mL) # 6.4 (4.3-11.6) 8.4 (5.4-14.0) 0.043 0.054 

2-hr insulin (uU/mL) # 43.8 (26.3-64.6) 41.0 (25.3-61.7) 0.682 0.648 

HOMA-IR # 1.2 (0.7-2.3) 1.7 (1.0-3.1) 0.020 0.055 

HOMA-β # 208.7 (118.1-367.0) 193.8 (104.0-337.6) 0.577 0.782 

HbA1c (%) 4.8 ± 0.4 4.9 ± 0.5 0.023 0.019 

Note: Data are presented as mean and standard deviation for normally distributed variables, while the median, 1st 

and 3rd quartiles are presented for non-normally distributed variables. # indicates non-normally distributed variables; 

the p-value for the mean differences were obtained using an independent sample t-test for normally distributed 

variables and the Mann-Whitney U test for non-normally distributed variables; * indicates p-values adjusted for age 

and BMI at 1st visit. 
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6.3.3 Vitamin D Deficiency and the Risk of Obesity, Hypertension, and 

Metabolic Syndrome 

6.3.3.1 Early Pregnancy  

Vitamin D deficiency during early pregnancy did not pose any risk to the lipid profile, 

metabolic syndrome, obesity, or HTN by mid-pregnancy.  

6.3.3.2 Mid-pregnancy  

Vitamin D deficiency at mid-pregnancy was an independent risk factor for metabolic 

syndrome (OR = 5.79, 95% CI 1.48-22.66, p = 0.012). Vitamin D deficiency at mid-

pregnancy increased the risk of low HDL-cholesterol (OR = 2.58, 95%, CI 0.99-6.72, 

p = 0.049), but no risks were posed for obesity or HTN (Table 6.2). 
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Table 6.2 Vitamin D deficiency at mid-pregnancy, and its association with obesity, HTN and metabolic syndrome 

Diseases at  

Mid-Pregnancy 

Unadjusted     Model 1 Model 2 Model 3 Model 4 Model 5 

OR (95% CI) 
P-

value 
OR (95% CI) 

P-

value 
OR (95% CI) 

P-

value 
OR (95% CI) 

P-

value 
OR (95% CI) 

P-

value 
OR (95% CI) 

P-

value 

Vitamin D Deficiency at Mid-pregnancy as a Risk Factor 

Obesity  0.88 (0.51-1.53) 0.660 0.87 (0.50-1.53) 0.633 1.06 (0.53-2.10) 0.871 1.21 (0.59-2.51) 0.602 1.10 (0.51-2.37) 0.800 1.04 (0.48-2.25) 0.926 

HTN  1.28 (0.27-6.07) 0.759 1.14 (0.24-5.54) 0.856 1.04 (0.19-5.73) 0.963 1.56 (0.24-10.27) 0.643 1.21 (0.17-8.78) 0.851 1.45 (0.20-10.73) 0.716 

Low HDL-

cholesterol 

(<1.03 mmol/l) 

1.61 (0.85-3.05) 0.142 1.65 (0.86-3.15) 0.132 2.16 (0.94-4.95) 0.069 2.12 (0.91-4.93) 0.081 2.70 (1.06-6.87) 0.037 2.58 (0.99-6.72) 0.049 

Total cholesterol- 

HDL ratio > 3.5 
1.16 (0.64-2.09) 0.625 1.21 (0.67-2.22) 0.521 2.00 (0.96-4.17) 0.065 2.03 (0.94-4.40) 0.074 2.04 (0.87-4.76) 0.100 1.98 (0.80-4.87) 0.138 

TG ≥ 1.7 (mmol/L) 1.42 (0.81-2.49) 0.218 1.39 (0.78-2.46) 0.262 1.21 (0.62-2.35) 0.576 1.24 (0.62-2.47) 0.548 1.33 (0.64-2.78) 0.448 1.29 (0.61-2.74) 0.504 

Metabolic 

Syndrome 
1.54 (0.70-3.37) 0.280 1.70 (0.73-3.96) 0.216 3.60 (1.04-12.45) 0.043 3.72 (1.07-12.95) 0.039 4.84 (1.29-18.15) 0.019 5.79 (1.48-22.66) 0.012 

Note: Data are presented as slope, odds ratio (OR) and 95% confidence interval (CI) for OR, using logistic regression analysis, taking vitamin D deficiency as a risk factor and disease as depdendent variable 

at visit 1; Model 1: Age and BMI at visit 1; Model 2: Model 1 + parity, education, employment, residence in North Riyadh, past GDM, family history (obesity, DM and GDM). Adjustment 3: Model 2 + total 

GWG based on weight at visit 1 + change in fat %; Model 4: Model 3 + sun exposure by visit 1, season at visit 1, vitamin D intake by visit 1, multivitamin by visit 1; Model 5: Model 4 + physical activity by 

visit 1. HTN indicates Hypertensi 
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6.3.4 Predictors of GDM 

6.3.4.1 Predictors of GDM in Early Pregnancy 

Data for predictors of GDM among the subjects during early pregnancy are shown in 

Table 6.3. Previous history of GDM (OR 11.13 95%, CI 3.10-39.96, p < 0.001), vitamin 

D deficiency (OR 3.97, 95%, CI 1.12-14.15, p < 0.033), high HbA1c (OR 3.06, 95% 

CI 1.32-7.07, p = 0.037), and low HDL-cholesterol (OR 2.11, 95% CI 1.01-4.39, p < 

0.046) during early pregnancy posed a significant risk for the development of GDM.  

 

Blood samples from subjects in early pregnancy that were collected during the summer 

season (OR 2.15, 95% CI 0.99-4.67, p = 0.053) showed an increased risk of GDM, but 

this was not statistically significant. Before adjustments were made, pre-pregnancy 

BMI (OR 1.06, 95% CI 1.02-1.11, p = 0.003), early pregnancy obesity (OR 1.72, 95% 

CI 1.04-2.85, p = 0.033), a family history of diabetes (OR 1.87, 95% CI 1.02-3.44, p = 

0.044), and random blood glucose (OR 1.36, 95% CI 1.08-1.71, p = 0.008), were also 

associated with an increased risk of GDM. Random blood glucose and pre-pregnancy 

BMI remained significant, even after adjusting for age and BMI at the 1st visit. In 

contrast, low-intensity physical activity during early pregnancy was found to provide 

some protection against the development of GDM, even after adjusting for age and BMI 

(OR 0.56, 95% CI 0.33-0.97, p = 0.039).  

6.3.4.2 Associated Factors of GDM at Mid-pregnancy 

Data on the associated factors of GDM among the subjects' mid-pregnancy are 

described in Table 6.3. The presence of metabolic syndrome (OR 57.61, 95%, CI 

12.64-262.64, p < 0.001), obesity (OR 3.59 95%, CI 1.04-12.40, p = 0.043), and high 

HbA1c (OR 2.29, 95% CI 1.01-5.19, p = 0.047) were observed as independent 

variables, associated with an increased risk of developing GDM at mid-pregnancy. 

Although mid-pregnancy hypertriglyceridemia increased the risk of GDM (OR 1.84, 

95% CI 1.08-3.15, p = 0.025), the significance was lost after adjustment. Multivitamin 

supplementation, however, was noted to confer some protection against the 

development of GDM at mid-pregnancy (OR 0.38, 95% CI 0.18-0.81, p = 0.013). 
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Table 6.3 Predictors of GDM among the subjects during (A) Early pregnancy and (B) Mid-pregnancy 

  Unadjusted Model 1 Model 2 Model 3 Model 4 Model 5 

(A) Early Pregnancy 

Parameters 

OR  

(95% CI) 
P-value 

OR  

(95% CI) 
P-value 

OR 

 (95% CI) 
P-value 

OR  

(95% CI) 
P-value 

OR  

(95% CI) 
P-value 

OR  

(95% CI) 
P-value 

Age 1.04 (0.99-1.09) 0.099 1.03 (0.98-1.08) 0.287 1.02 (0.96-1.09) 0.490 1.02 (0.95-1.09) 0.545 1.02 (0.95-1.10) 0.524 1.02 (0.94-1.09) 0.690 

Multiparty 1.65 (0.96-2.81) 0.068 1.37 (0.77-2.44) 0.290 1.23 (0.61-2.48) 0.565 1.28 (0.62-2.63) 0.502 1.22 (0.56-2.63) 0.617 1.31 (0.59-2.89) 0.511 

Pre-pregnancy BMI 

(Kg/m2)  
1.06 (1.02-1.11) 0.003 1.05 (1.01-1.10) 0.021 1.04 (0.98-1.10) 0.191 1.03 (0.97-1.09) 0.308 1.04 (0.98-1.11) 0.219 1.05 (0.98-1.12) 0.141 

Obesity 1.72 (1.04-2.85) 0.033 1.02 (0.43-2.43) 0.970 1.53 (0.78-2.98) 0.216 1.44 (0.71-2.93) 0.317 1.45 (0.69-3.05) 0.324 1.65 (0.77-3.56) 0.201 

University graduate or 

postgraduate 
0.67 (0.41-1.09) 0.108 0.70 (0.42-1.17) 0.173 0.72 (0.36-1.43) 0.346 0.67 (0.33-1.34) 0.254 0.63 (0.30-1.31) 0.215 0.65 (0.31-1.38) 0.265 

Employment 1.05 (0.63-1.76) 0.839 1.01 (0.60-1.72) 0.964 1.21 (0.61-2.43) 0.587 1.37 (0.67-2.79) 0.383 1.55 (0.74-3.27) 0.250 1.71 (0.79-3.69) 0.176 

Previous GDM 14.64 (4.79-44.69) < 0.001 14.93 (4.70-47.42) < 0.001 11.60 (3.36-39.99) < 0.001 11.42 (3.31-39.41) < 0.001 10.56 (3.04-36.61) <0.001 11.13(3.10-39.96) <0.001 

Family history of GDM 1.32 (0.75-2.31) 0.340 1.29 (0.73-2.29) 0.377 0.99 (0.50-1.99) 0.983 0.95 (0.48-1.97) 0.975 0.90 (0.43-1.90) 0.785 0.80 (0.37-1.73) 0.576 

Family history of obesity 0.84 (0.34-2.09) 0.704 0.78 (0.30-2.00) 0.596 0.79 (0.28-2.21) 0.654 0.71 (0.25-2.02) 0.516 0.74 (0.25-2.18) 0.578 0.70 (0.23-2.12) 0.530 

Family history of DM 1.87 (1.02-3.44) 0.044 1.64 (0.88-3.05) 0.123 1.28 (0.64-2.53) 0.487 1.24 (0.61-2.51) 0.547 1.44 (0.68-3.02) 0.341 1.47 (0.67-3.21) 0.332 

HbA1c (%) 2.56 (1.50-4.36) 0.001 2.28 (1.32-3.95) 0.003 2.85 (1.34-6.06) 0.007 2.66 (1.23-5.76) 0.013 2.83 (1.27-6.35) 0.011 3.06 (1.32-7.07) 0.009 

Random glucose 

(mmol/L) 
1.45 (1.17-1.81) 0.001 1.36 (1.08-1.71) 0.008 1.30 (0.97-1.73) 0.083 1.43 (1.03-1.98) 0.031 1.37 (0.98-1.91) 0.068 1.33 (0.93-1.89) 0.116 

TG (≥ 1.7 mmol/L) 1.65 (0.99-2.74) 0.054 1.47 (0.87-2.48) 0.151 1.21 (0.59-2.49) 0.599 1.11 (0.53-2.30) 0.790 1.17 (0.54-2.52) 0.693 1.02 (0.45-2.29) 0.972 

Total cholesterol HDL 

ratio > 3.5 
1.31 (0.78-2.20) 0.317 1.18 (0.69-2.01) 0.547 1.47 (0.73-2.93) 0.279 1.41 (0.69-2.91) 0.351 1.53 (0.72-3.24) 0.269 1.30 (0.60-2.84) 0.511 

Low HDL-cholesterol 

 (< 1.03 mmol/L) 
1.44 (0.89-2.34) 0.140 1.47 (0.90-2.42) 0.125 1.83 (0.97-3.47) 0.063 1.91 (0.99-3.67) 0.055 2.12 (1.04-4.32) 0.040 2.11 (1.01-4.39) 0.046 

HTN 0.35 (0.08-1.60) 0.174 0.22 (0.05-1.10) 0.065 0.26 (0.03-2.49) 0.244 0.26 (0.03-2.50) 0.245 0.23 (0.02-2.23) 0.205 0.26 (0.03-2.62) 0.254 

Vitamin D intake  

(> 600 IU/day) 
0.43 (0.05-3.72) 0.441 0.46 (0.05-4.09) 0.489 0.87 (0.07-11.03) 0.916 0.72 (0.06-9.45) 0.801 0.69 (0.05-9.18) 0.781 0.60 (0.04-8.17) 0.703 

Use of multivitamins 1.53 (0.81-2.89) 0.194 1.36 (0.70-2.65) 0.369 0.86 (0.37-2.05) 0.739 0.94 (0.39-2.25) 0.889 0.86 (0.34-2.17) 0.742 0.91 (0.33-2.48) 0.846 

Low intensity PA  

(≥ 210 mints/wk) 
0.61 (0.36-1.03) 0.064 0.56 (0.33-0.97) 0.039 0.56 (0.27-1.14) 0.110 0.60 (0.28-1.29) 0.192 0.58 (0.26-1.29) 0.183 ---- ---- 

Blood sample collection 

(Summer) 
1.60 (0.97-2.63) 0.064 1.78 (1.07-2.98) 0.027 1.91 (0.99-3.68) 0.054 1.96 (1.00-3.85) 0.049 2.11 (1.02-4.37) 0.045 2.15 (0.99-4.67) 0.053 

Vitamin D deficiency at 

1st visit 
4.43 (1.82-10.79) 0.001 4.63 (1.87-11.46) 0.001 3.71 (1.18-11.65) 0.025 3.94 (1.24-12.46) 0.020 4.40 (1.33-14.54) 0.015 3.97 (1.12-14.15) 0.033 
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  Unadjusted Model 1 Model 2 Model 3 Model 4 Model 5 

(B) Mid-pregnancy 

Parameters 

OR 

 (95% CI) 

P-

value 

OR 

 (95% CI) 

P-

value 

OR  

(95% CI) 

P-

value 

OR 

 (95% CI) 

P-

value 

OR 

 (95% CI) 

P-

value 

OR  

(95% CI) 

P-

value 

Vitamin D deficiency 2nd 

visit 
2.00 (1.06-3.76) 0.033 2.00 (1.05-3.82) 0.034 1.89 (0.88-4.06) 0.101 1.93 (0.89-4.21) 0.097 1.88 (0.85-4.17) 0.122 1.98 (0.89-4.41) 0.096 

Obesity 2nd visit 2.03 (1.25-3.32) 0.005 2.11 (0.94-4.75) 0.070 3.40 (1.19-9.72) 0.022 4.63 (1.50-14.31) 0.008 4.21 (1.29-13.71) 0.017 3.59 (1.04-12.40) 0.043 

GWG (excessive) 0.92 (0.56-1.52) 0.744 0.88 (0.52-1.49) 0.623 0.99 (0.71-1.38) 0.956 1.08 (0.71-1.66) 0.710 1.11 (0.71-1.74) 0.639 1.04 (0.66-1.65) 0.858 

Δ Body fat (%) 1.00 (1.00-1.01) 0.952 1.00 (0.99-1.02) 0.492 0.99 (0.96-1.01) 0.237 0.99 (0.96-1.01) 0.281 0.98 (0.96-1.01) 0.206 0.99 (0.96-1.01) 0.255 

HbA1c (%) 3.13 (1.83-6.00) < 0.001 2.89 (1.58-5.29) 0.001 2.51 (1.19-5.30) 0.016 2.44 (1.15-5.19) 0.020 2.48 (1.12-5.50) 0.026 2.29 (1.01-5.19) 0.047 

TG (≥ 1.7 mmol/l) 1.84 (1.08-3.15) 0.025 1.69 (0.98-2.91) 0.061 1.96 (0.98-3.93) 0.057 1.84 (0.91-3.75) 0.092 1.85 (0.87-3.92) 0.108 1.70 (0.78-3.67) 0.179 

Metabolic syndrome 12.45 (5.9-25.97) < 0.001 14.46 (6.36-32.87) < 0.001 39.61 (11.11-141.31) < 0.001 42.08 (11.44-154.77) < 0.001 41.45 (10.51-163.52) <0.001 57.61 (12.64-262.64) <0.001 

HTN 1.67 (0.50-5.61) 0.409 1.27 (0.34-4.71) 0.720 1.87 (0.39-8.99) 0.436 1.62 (0.33-7.84) 0.551 1.47 (0.29-7.33) 0.642 1.36 (0.26-7.12) 0.713 

Vitamin D intake (>600 

IU/day) 
1.65 (0.36 - 7.57) 0.517 1.82 (0.39-8.49) 0.446 0.59 (0.06-5.63) 0.648 0.56 (0.06-5.39) 0.614 0.52 (0.05-5.32) 0.580 0.44 (0.04-4.53) 0.486 

Calcium intake (>1000 

mg/day) 
1.25 (0.54 - 2.85) 0.604 1.23 (0.53-2.82) 0.632 1.51 (0.62-3.69) 0.366 1.47 (0.59-3.65) 0.405 1.45 (0.54-3.91) 0.465 1.40 (0.52-3.79) 0.512 

Multivitamin 

supplementation 
0.61 (0.34-1.10) 0.099 0.59 (0.33-1.07) 0.084 0.44 (0.22-0.87) 0.019 0.42 (0.21-0.85) 0.015 0.47 (0.23-0.98) 0.043 0.38 (0.18-0.81) 0.013 

Low intensity PA (≥210 

mints/wk) 
0.76 (0.45-1.28) 0.298 0.70 (0.41-1.20) 0.198 0.67 (0.33-1.36) 0.269 0.80 (0.37-1.71) 0.559 0.89 (0.41-1.93) 0.760 1.04 (0.46-2.38) 0.918 

Note: Data are presented as slope, odds ratio (OR), and 95% confidence interval (CI) for OR using logistic regression analysis, and taking GDM as a dependent variable against potential 

risk factors at visit 1; Model 1: Age and BMI at visit 1; Model 2: Model 1 + parity, education, employment, residence in South Riyadh, past GDM, family history (obesity, DM and 

GDM). Model 3: Model 2 + total GWG as at visit 1 + changes in fat %; Model 4: Model 3 + sun exposure by visit 1, season at visit 1, vitamin D intake by visit 1, multivitamin intake 

by visit 1; Model 5: Model 4 + physical activity (PA) by visit 1. 
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6.4 Discussion  

In spite of the high levels of vitamin D deficiency observed in early pregnancy, and at 

delivery in Saudi Arabia, this is the first study conducted in the above context to 

examine changes in levels of vitamin D deficiency, and the influence of these on 

maternal and birth outcomes. In this prospective study, associations between vitamin D 

status and GDM risk have been explored, following adjustment for both vitamin D and 

GDM risk factors. These studies indicate that low vitamin D levels in early and mid-

pregnancy are associated with increased risk of GDM development. Furthermore, the 

fact that vitamin D deficiency is observed to be independently associated with 

metabolic syndrome, and an increased risk of low-HDL cholesterol, suggests that it is 

not only associated with abnormal glycaemia, but also increases cardio-metabolic risk.  

 

This study specifically reveals that vitamin D deficiency in early pregnancy is 

associated with up to 3.97 times greater risk of developing GDM, after adjusting for 

potential confounding factors, including lifestyle factors. In three different studies, low 

vitamin D concentration during the first trimester of pregnancy showed an association 

with a 2.66, 2.21, and 1.9 times higher risk of developing GDM at 24-28 weeks, after 

adjusting for classical risk factors, such as BMI, ethnicity, season, and age (Zhang et 

al., 2008; Parlea et al., 2012; Arnold et al., 2015). As such, the risk posed by low blood 

levels of 25(OH)D among the pregnant women in the present study was significantly 

higher than the previously reported hypovitaminosis D-related risk of developing 

GDM. Moreover, the higher risk of developing GDM associated with vitamin D 

deficiency, in the present study, was determined after adjusting for risk factors for both 

vitamin D deficiency and GDM. This finding is consistent with one Canadian study 

reporting vitamin D deficiency as an important determinant for the development of 

GDM, after adjusting for vitamin D confounding factors, such as the season, sun 

exposure, dietary intake of vitamin D, and PTH levels, along with adjusting for other 

GDM risk factors, such as maternal age, ethnicity, parity, and obesity (Lacroix et al., 

2014). Five independent meta-analyses of observational studies have reported a 38-

61% higher risk of GDM among vitamin D-deficient pregnant women (Poel et al., 2012; 

Aghajafari et al., 2013; Wei et al., 2013; Zhang et al., 2015; Lu et al., 2016). Although 
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there are data suggesting that vitamin D deficiency during early pregnancy is not a 

significant risk factor for developing future GDM (Baker et al., 2012), 73% of the 

participants investigated had sufficient levels of vitamin D. Multivitamin or vitamin D 

supplementation, along with the fact of residing in geographical locations that favour 

an adequate vitamin D status, may have contributed to the observed discrepancy.  

 

In this current study, vitamin D levels during early and mid-pregnancy were found to 

negatively correlate with fasting glucose and HbA1c at mid-pregnancy. This finding is 

consistent with a study by Makgoba et al. (2011), which also reported a negative 

correlation between first-trimester vitamin D and second-trimester GDM markers, 

including fasting glucose and 2-hour OGTT. Furthermore, after adjusting for 

confounding factors, maternal 25(OH)D inadequacy in the second trimester was shown 

to be associated with higher fasting glucose concentrations, but not 2-hour OGTT 

concentrations (Loy et al., 2015). No association was observed between early vitamin 

D deficiency and OGTT values in the present study. This suggests that 2-hour OGTT 

may be less likely to be influenced by vitamin D concentration, although the variability 

of the latter is more apparent than that of fasting glucose. In addition, it has been stated 

that insulin resistance can influence 1- and 2-hour postprandial glucose levels (McLeod 

et al., 2012). As such, it is possible that 25(OH)D may not affect glucose metabolism 

via modulation of insulin sensitivity, but could do so through other mechanisms, such 

as modifying pancreatic β-cell function, or cytokine production (Pittas et al., 2007). 

Furthermore, a negative correlation between vitamin D in the first (Alamolhoda et al., 

2010; Makgoba et al., 2011) and second half of pregnancy (Lau et al., 2011; El Lithy 

et al., 2014), and HbA1c in mid-pregnancy has previously been reported. The noted 

association between vitamin D and HbA1c points to a potential interaction between 

vitamin D and glycaemic control during pregnancy. 

 

A relatively small number of studies have assessed the relationship between vitamin D 

and insulin in pregnancy, but this current study reveals a correlation between mid-

pregnancy vitamin D deficiency and impaired insulin sensitivity, thus confirming the 

earlier studies (Clifton‐Bligh et al., 2008; Farrant et al., 2008; McLeod et al., 2012; 

Wang et al., 2012; Mutlu et al., 2015).  
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It is important to stress that the limited studies carried out have not detected an 

association between GDM or its markers, and vitamin D deficiency (Parildar et al., 

2013; Kramer et al., 2014; Park et al., 2014). This is partly due to the fact that the studies 

that have addressed the topic of GDM, did not explore its markers, so their results have 

been vague with regard to glycaemia (Schneuer et al., 2014; Flood-Nichols et al., 2015; 

Rodriguez et al., 2015). Contradictory findings may also have arisen, due to the small 

number of GDM subjects participating in the studies mentioned above, or to the high 

levels of heterogeneity between the studies themselves. This can be attributed to 

different methodological factors, ethnicity, study design, sample size, trimester of 

pregnancy, or lack of adjustment for confounding factors, including vitamin D 

supplementation and seasonal variation. Moreover, the heterogeneity of dietary factors 

and differences in socio-economic status, as well as low prevalence of vitamin D 

deficiency are further factors potentially impacting the results (Burris et al., 2012; 

Schneuer et al., 2014; Loy et al., 2015). 

 

Interestingly, the current study revealed links between vitamin D related lifestyle 

factors, linking to GDM and its markers. Mid-pregnancy, the percentage of women 

covering the whole of their bodies and those experiencing less exposure to sunlight, 

particularly at noon, was higher among the GDM subjects, compared to those with no 

GDM. This is because sunlight exposure stimulates vitamin D synthesis in the skin 

(Holick, 2004), therefore less exposure to sunlight will result in decreased vitamin D 

production during mid-pregnancy, which may in turn contribute to the development of 

GDM (Maghbooli et al., 2008; Zuhur et al., 2013; Jain et al., 2015). Furthermore, it was 

interesting to note in the current study that seasonal changes (summer vs. winter) in 

early pregnancy showed an increasing trend towards GDM prevalence. This is similar 

to other recent, but limited, research (Moses et al., 2016; Verburg et al., 2016). 

 

Vitamin D and calcium intake during early and mid-pregnancy significantly correlated 

with fasting glucose in this instance. This is reminiscent of a recent study that found a 

positive association between GDM, and higher vitamin D and calcium intake (Meinilä 

et al., 2015). The increase may be explained by the greater consumption of high-fat 

dairy products during pregnancy, and it is a relationship that should be studied further. 
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Moreover, multivitamin supplementation by mid-pregnancy appears to confer some 

protection against the development of GDM, in the current study. Vitamin D and 

calcium supplementation in pregnant women have a beneficial effect on glycaemia 

(Asemi et al., 2013). Supplementation with vitamins C, E, and B12, have also been 

shown to be associated with a beneficial effect on glycaemic control  (Reunanen et al., 

1998; Song et al., 2011; Sukumar et al., 2015; Tabatabaei-Malazy et al., 2015), and 

have been indicated in decreasing the risk of developing future diabetes. However, it 

remains to be determined whether a single component, or a combination of various 

vitamins and minerals in multivitamin preparations, confers protection against T2DM 

(Ford, 2001). Moreover, details regarding the type, dosage, frequency, and duration of 

vitamin use was unavailable from the participants, in the present study.  

 

Aside from the above, low vitamin D levels positively associated with metabolic 

syndrome and low HDL-cholesterol, independent of several potential confounding 

factors, including obesity, physical activity, age, and parity. Asemi et al. (2013) 

reported that vitamin D supplements could induce a significant reduction in total serum 

cholesterol and LDL-cholesterol concentrations. Moreover, hypovitaminosis D has 

been shown to increase the risk of components of metabolic syndrome in pregnancy, 

such as obesity (Karras et al., 2016), high levels of triglycerides (Rodriguez-Rodriguez 

et al., 2011), low HDL-cholesterol (Makgoba et al., 2011), fasting blood glucose level 

(Loy et al., 2015), and gestational HTN (Bodnar et al., 2007a). A meta-analysis of the 

non-pregnant population demonstrated an inverse correlation between vitamin D levels 

and the risk of metabolic syndrome (Ju et al., 2013).  

 

Confirming the results presented in Chapter 5, the present study confirms that a past 

history of GDM and obesity are strong predictors of future GDM development 

(Kautzky-Willer et al., 2008; Al-Rubeaan et al., 2014; Erem et al., 2015; Qing et al., 

2016). In addition, the present study demonstrates that high HbA1c levels in early 

pregnancy pose a three-fold risk during early pregnancy, and 2.29 times risk during 

mid-pregnancy, for the development of GDM. High HbA1c levels at 18-22 and 32-36 

weeks of pregnancy are associated with 11.4 and 56 times the risk of developing GDM, 

respectively (Odsæter et al., 2016). Although HbA1c as a risk factor for GDM 
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development has not been investigated extensively, a few studies have cited HbA1c as 

a risk factor, but none adjusted for lifestyle factors as independent risk factors. 

However, the present study aimed to address this and did perform adjustments for 

lifestyle factors in order to ascertain their independent risk effects. Although HbA1c 

may be an important predictor of GDM, as a single entity it does not seem to be a robust 

criterion for diagnosing GDM (Agarwal et al., 2005; Rajput et al., 2012; Sevket et al., 

2014; Odsæter et al., 2016). 

 

Furthermore, a few but inconsistent studies have focused on the role of early pregnancy 

lipid profiles and GDM risk (Enquobahrie et al., 2005; Li et al., 2015; Wang et al., 

2016). This current study revealed that within the lipid profile, only low HDL-

cholesterol in early pregnancy appeared to be an independent risk factor of GDM, 

which remained significant after adjusting for confounding factors. This observation is 

consistent with the findings of previous studies reporting low levels of HDL-cholesterol 

in the first trimester; these being associated with a higher risk of future GDM 

development, even after adjusting for confounding factors (Savvidou et al., 2010; 

Makgoba et al., 2011; Li et al., 2015).  

 

T2DM, GDM, and metabolic syndrome all share similar risk factors, particularly 

against the backdrop of similar genetic susceptibilities (Ben‐Haroush et al., 2004). 

Therefore, it is assumed that their pathogenesis is indistinct, with one preceding the 

other, and many components of the metabolic syndrome predicting GDM. It has been 

proposed that GDM is a phase of metabolic syndrome that refers to a combination of 

high insulin levels, insulin resistance, obesity, dyslipidaemia, hypertension, and T2DM, 

or impaired glucose tolerance (Ben‐Haroush et al., 2004). Metabolic syndrome was in 

fact found to incur 57.61 times the risk of developing GDM by mid-pregnancy, which 

could be ascribed to significantly higher components of metabolic syndrome here, 

including obesity, TG, fasting glucose, fasting insulin, and HOMA-IR, in the GDM 

group. However, limited studies have considered metabolic syndrome with GDM risk 

during normal pregnancies (Bartha et al., 2008; Negrato et al., 2008). Metabolic 

syndrome is certainly linked to a worsening of glucose homoeostasis at mid-pregnancy, 

with the subsequent development of GDM (Negrato et al., 2008), and was detected in 
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45.7% of the pregnant women in the present study, which was significantly higher than 

the 10% prevalence rate reported previously by Bartha et al. (2008). 

 

In conclusion, the current study has verified that hypovitaminosis pertaining to vitamin 

D, during the first trimester of pregnancy is a significant risk factor for developing 

GDM, even after adjusting for lifestyle factors. The findings of this study, therefore, 

put forward additional arguments concerning the effect of vitamin D on alterations to 

lipid profiles and metabolic syndrome, thus emphasising the need for further 

investigation, so that these potentially modifiable complications can be detected in a 

timely manner, leading to better pregnancy outcomes. 
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7.1 Discussion 

7.1.1 Vitamin D Status Among Pregnant Saudi Women  

During pregnancy, a number of endogenous and exogenous factors, such as maternal 

blood glucose, insulin, and vitamin D concentration affect maternal and foetal 

homoeostasis (Drever et al., 2010; Lukaszewski et al., 2013; Karras et al., 2014). 

Among the pregnant women included in the present study, 81% were found to have a 

vitamin D deficiency, which is higher than the prevalence rates reported in European 

and Western countries (Makgoba et al., 2011; Wei et al., 2012; Flood-Nichols et al., 

2015). However, vitamin D deficiency rates of up to 98% among Asian pregnant 

women, indicates that these rates exhibit regional and ethnic variations (Narchi et al., 

2010; Al Kalbani et al., 2011; Choi et al., 2015). Vitamin D deficiency among women, 

particularly during pregnancy, may adversely affect pregnancy outcomes (Lu et al., 

2016). This emphasises the need to gain a better understanding of factors predisposing 

pregnant women to vitamin D deficiency, particularly in the initial stages of pregnancy.    

 

7.1.2 Factors Determining Vitamin D Status Among Pregnant Saudi 

Women 

Exposure to sunlight is critical for adequate supplies of vitamin D, as 80% of vitamin 

D is derived from the skin reacting to sunlight (Holick, 2003). Limited exposure to 

sunlight is, therefore, considered an important predictor of vitamin D deficiency 

(Holick, 2004). Avoidance of sun exposure by spending a significant amount of time 

indoors has already been recognised as a major risk factor in the development of 

vitamin D deficiency (Xiang et al., 2013). The pregnant women in the present study 

were observed to experience inadequate sun exposure through being indoors, which 

was linked to extreme climatic conditions and the wearing of traditional clothing that 

covers the whole body. These factors are believed to contribute to vitamin D deficiency 

in the current context. Whole body coverage with traditional dress has been shown to 

pose a 17 times higher risk of vitamin D deficiency, and this reflects what has been 

observed in other Muslim countries (Ates et al., 2016; Karras et al., 2016). 
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Vitamin D intake from food was also found to be low in the sample studied here, with 

only 2.6% of the subjects ingesting more than the daily recommended intake. Since 

food sources provide less than 10% of the human body’s daily vitamin D requirement, 

reliance solely on dietary sources is expected to result in hypovitaminosis D (Holick et 

al., 2012). Moreover, recent unhealthy diet rich in fat and carbohydrates  and changes 

in eating habits in KSA may have contributed to lower dietary intake of vitamin D and 

calcium, especially in younger women (Al-Ghamdi et al., 2012; Al-Faris et al., 2015). 

In addition, successive and unplanned pregnancies in a community with a high 

prevalence of vitamin D deficiency may further aggravate the condition (Aly et al., 

2013; Andersen et al., 2013). Accordingly, multiparity was also associated with vitamin 

D deficiency in the present study; due to depletion of the vitamin D reserves in the body 

especially if there is a lack of vitamin D supplementation or faulted dietary behaviors 

within the pregnancy spacing periods (Jensen et al., 2012). Pregnant housewives with 

low educational status, residing in low income localities were all consequently found 

to be vulnerable to vitamin D deficiency, reflecting a lack of awareness in this particular 

group.  

 

The individuals with no vitamin D deficiency were also found to have a higher body 

fat percentage than the members of the vitamin D-deficient group. This could be 

explained by rapid dynamic changes in lipid metabolism during this period of their 

pregnancies (Lain & Catalano, 2007), thus triggering higher serum 25(OH)D 

concentrations. It is well known that fatty dairy products are rich in vitamin D, so it is 

highly likely that adequate levels of vitamin D were maintained by a higher dietary fat 

and vitamin D content in the non-deficient group. However, assessment of body fat 

during pregnancy, by measuring skinfold thickness is prone to error, due to pregnancy-

related hormonal changes resulting in increased hydration of the connective tissues 

(Robertson, 1969). Despite this, estimation of body fat using skinfold thickness remains 

the best measure of percentage body fat, independent of the changes related to the 

presence of the foetus (Forsum et al., 1989; Widen & Gallagher, 2014).  Nevertheless, 

although fat mass quantification is important for understanding vitamin D status during 

all stages of life, this could be less important in pregnancy compare with other risk 
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factors, including physical activity, which appears to be more relevant to vitamin D 

status (Bener et al., 2013; Simões et al., 2016).  

 

To illustrate this, the physically active women in the present study were found to have 

adequate levels of vitamin D, with physical activity of 30 minutes/day being observed 

to be an independent predictor of 25(OH)D adequacy, even after adjusting for sun 

exposure. This observation is consistent with previously reported findings, suggesting 

that an active lifestyle will support adequate vitamin D levels (Kluczynski et al., 2011; 

Rodriguez et al., 2016). Correspondingly, it has been speculated that the maintenance 

of adequate vitamin D levels is most likely due to its mobilisation from the adipose 

tissues (Tzotzas et al., 2010).    

 

Finally, low HDL-cholesterol levels, and the total cholesterol/HDL ratio have proved 

to be significant risk factors for hypovitaminosis D in early pregnancy. It has previously 

been shown that vitamin D concentration positively correlates with HDL cholesterol, 

even after adjusting for age, BMI, ethnicity, family history of diabetes, and cigarette 

smoking (Makgoba et al., 2011). Therefore, reduced HDL-cholesterol levels are not 

only associated with vitamin D deficiency, but also pose a significant risk for the 

development of cardiovascular disease, particularly among pregnant women (Boucher, 

1998; Barter  et al., 2007).  

 

7.1.3 Vitamin D Status During Pregnancy  

The monitoring of vitamin D levels during pregnancy has been recommended for 

favourable pregnancy outcomes (Moon et al., 2015). It has been proposed that vitamin 

D status during early pregnancy is a reliable predictor of vitamin D concentrations later 

on in pregnancy, thus providing an opportunity to pre-empt, and avoid adverse effects 

of vitamin D deficiency in both the mother and the foetus (Choi et al., 2015). Although 

pregnant women with vitamin D deficiency during early pregnancy were found to 

exhibit an improvement in their vitamin D levels as their pregnancy progressed, they 

failed to achieve adequate levels of vitamin D by mid-pregnancy. Rising vitamin D 

levels with advancing pregnancy may have been attributed to increased production of 
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vitamin D by the growing placenta (Forsum et al., 1989; Widen & Gallagher, 2014). 

Moreover, genetic factors, vitamin D binding proteins, and high levels of oestrogens 

may have also be implicated in these rising concentrations during mid-pregnancy 

(Wang et al., 2010; Hedlund et al., 2013). The fact that 77% of the pregnant women 

displayed vitamin D deficiency at mid-pregnancy, indicates that endogenous sources of 

vitamin D fall short of providing sufficient amounts of vitamin D at such a time, but 

this may be compensated with increased physical activity and intake of vitamin D 

supplements.  

 

7.1.4 Prevalence and Risk Factors of GDM Among Pregnant Saudi 

Women 

Pregnancy has always been known as a diabetogenic state, characterised by overt 

insulin resistance and compensatory hyperinsulinaemia (Ryan, 2011). Coupled with 

high rates of obesity in the general population in Saudi Arabia, the risk of developing 

GDM is undoubtedly increased (Al-Rubeaan et al., 2014; Alfadhli et al., 2015). Similar 

observations were made in the present study, whereby 33% of pregnancies were found 

to be complicated by GDM.  

 

A past history of GDM was associated with an 11 times higher risk of developing GDM 

in the present study, and this was among the strongest predictors of GDM. Other 

classical risk factors linked to GDM in the present study were family history of T2DM, 

pre-pregnancy obesity, obesity during early and mid-pregnancy, and physical 

inactivity. The subjects in the GDM group were obese, and thus cautious against 

gaining weight. Similar findings were derived from previous studies (Li et al., 2015; 

Hung & Hsieh, 2016). The GDM relationship with a higher cardio-metabolic profile 

was evident in this and earlier studies (Ryckman et al., 2015; Chitme et al., 2016). 

 

7.1.5 Novel Predictors of GDM in Pregnant Saudi Women  

The present study revealed some novel predictors of increased GDM risk in early 

pregnancy. For instance, random blood glucose and Hb1Ac levels were higher in the 

GDM women, compared to their counterparts without GDM. In fact, a high percentage 
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of Hb1Ac (the range in this study was from 4% - 6.4%) in early pregnancy appeared to 

increase the risk of GDM three-fold. These two biomarkers have previously been 

proposed as reliable markers for GDM screening (Anaka et al., 2014; Meek et al., 

2016). Furthermore, in the lipid profile, low HDL-cholesterol in early pregnancy 

amongst the Saudi subjects independently proved to be a significant risk factor of GDM 

occurrence. This has similarly been reported previously in the UK and China (Savvidou 

et al., 2010; Makgoba et al., 2011; Li et al., 2015).  

 

Vitamin D exerts a direct effect on pancreatic β-cells and glucose metabolism (Pittas & 

Dawson-Hughes, 2010). In the present study, vitamin D deficiency during early 

pregnancy was observed to be an independent risk factor for GDM, with a four-fold 

higher risk of development by mid-pregnancy. Blood levels of vitamin D were shown 

to exhibit an inverse correlation with HbA1c and fasting glucose in the present study. 

The insulin resistance observed at mid-pregnancy could possibly be due to vitamin D 

deficiency coinciding with the development of GDM. Similar findings have also been 

reported in a number of studies (Clifton-Bligh et al., 2008; Mutlu et al., 2015). 

Consistent with the findings of the present study, Lu and colleagues (2016) reported 

that vitamin D deficiency in early pregnancy increases the risk of GDM by 1.45 times. 

A number of meta-analyses have also confirmed that vitamin D deficiency in early 

pregnancy is a reliable predictor of GDM (Christesen et al., 2012; Poel et al., 2012; 

Aghajafari et al., 2013; Wei et al., 2013; Zhang et al., 2015; Lu et al., 2016).  

 

Previous reviews, however, were based on observational studies and did not address all 

confounders. The majority of such studies were only adjusted for classical confounders, 

such as age, BMI, ethnicity, and family history (Maghbooli et al., 2008; Zhang et al., 

2008; Arnold et al., 2015). In contrast, the current study investigated confounders such 

as physical activity, sun exposure, vitamin D intake, supplementation, season, socio-

economic status, education, area of residence, GWG, history of diabetes, and parity.  

Vitamin D-related lifestyle factors were associated with a significant risk of developing 

GDM, such as sun exposure indices. In addition, multivitamin supplementation was 

found to confer protection against the development of GDM. Adjusting for sun 
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exposure and multivitamin intake was therefore important, because of its clinical 

relevance.   

 

The current study revealed that obesity is associated with GDM, but not with vitamin 

D deficiency. It showed that as a confounder, obesity in early pregnancy did not 

attenuate the significance between vitamin D concentration and GDM risk. This is 

similar to Arnold et al. (2015), who revealed no statistical significance in the interaction 

of pre-pregnancy overweight/obesity status with 25(OH)D levels and GDM risk. These 

data imply that pregnant women, whether of normal weight or obese, need an early 

pregnancy vitamin D level of at least 50 nmol/L to reduce the risk of GDM, but this 

needs to be tested in future RCTs on supplementation. 

 

GWG by mid-pregnancy showed a reduced weight-gaining trend among the GDM 

women in the current study, but GWG did not indicate any differences, with regard to 

vitamin D deficiency. These associations with GWG support previous studies on GDM 

(Hung & Hsieh, 2016) and vitamin D deficiency (Charatcharoenwitthaya et al., 2013; 

Bärebring et al., 2016). Vitamin D deficiency in early gestation increases the risk of 

GDM, and is independent of GWG as a confounder, while vitamin D deficiency at mid-

pregnancy is found to be affected by GWG, and thus loses significance for GDM risk. 

To date, only one study has assessed GWG in relation to vitamin D levels at mid-

pregnancy and GDM risk, and found that adjusting for BMI at mid-pregnancy 

contributes to the loss of significance for GDM risk, while GWG made little difference 

(Burris et al., 2012).  

 

Multiparity, physical inactivity and low HDL-cholesterol were identified as 

independent risk factors of either vitamin D deficiency, GDM, or both.  Adjusting for 

these confounders did not attenuate the significance of vitamin D increasing the risk of 

GDM here. Consistent with the findings of the present study, adjusting for physical 

activity has also been shown not to attenuate the risk posed by vitamin D deficiency for 

the development of GDM (Burris et al., 2012; Lacroix et al., 2014). Similarly, adjusting 

for parity here failed to attenuate the vitamin D-related risk of GDM, an observation 
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that has been reported previously (Maghbooli et al., 2008; Makgoba et al., 2011; Burris 

et al., 2012; Lacroix et al., 2014). 

 

Despite the fact that 47.4% of the current subjects reported consuming multivitamins 

containing vitamin D, 36.7% were severely vitamin D-deficient by mid-pregnancy. 

This is because their supplementation failed to meet the 600 IU/day DRI. Daily 

supplementation with multivitamins and 400-500 IU of vitamin D has proved to be 

ineffective for the treatment of vitamin D deficiency (Lau et al., 2011). However one 

study has shown that in GDM women, the administration of 50,000 IU of vitamin D 

supplements twice in the study, along with 1000 mg calcium daily, effectively reduced 

fasting glucose, serum insulin levels, and HOMA-IR, and showed a significant 

improvement in lipid profile (Asemi et al., 2013). It has been proposed that the 

administration of 2000-4000 IU/day during pregnancy is sufficient for achieving 

adequate vitamin D levels (Hollis et al., 2011; Charatcharoenwitthaya et al., 2013; 

Wagner et al., 2013). Therefore, the administration of 5000 IU of vitamin D on a daily 

basis to women in early pregnancy brings about a significant reduction in future GDM 

development (Shahgheibi et al., 2016). 

 

In the present study, vitamin D deficiency at mid-pregnancy was revealed to be an 

independent risk factor for metabolic syndrome, and this is an observation reported for 

the first time. It has been speculated that GDM could possibly be a component of 

metabolic syndrome, comprising hyperinsulinaemia, insulin resistance, obesity, 

dyslipidaemia, HTN, and T2DM, or impaired glucose tolerance (Ben-Haroush et al., 

2004), meaning that vitamin D, GDM, and metabolic syndrome are interrelated.  

 

7.2 Strengths of the Current Study 

The main strengths of the current study were: 

1. The prospective study design and recruitment of a cohort from three tertiary 

care hospitals in Riyadh, using rigorous selection criteria. Strictly standardised 
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regimes for recruitment and data collection, facilitating individual follow-up 

for about 3-4 months.  

2. All the women included in the study were ethnically homogeneous.  

3. This is the first study in Saudi that links vitamin D deficiency in early 

pregnancy with GDM and metabolic syndrome. 

4. For assessing GWG, the baseline weight was recorded during early pregnancy, 

as opposed to pre-pregnancy, for comparison with weight at mid-pregnancy.  

5. For the first time ever, physical activity was documented as an independent 

risk factor for vitamin D deficiency during pregnancy, independent of sun 

exposure.  

6. The use of an ECLIA permitted the detection of both forms of 25(OH)D. It was 

also highly correlated with the Liquid chromatography–mass spectrometry 

(LC-MS/MS) gold standard, and vitamin D results were included in the 

external quality assurance scheme, DEQAS (Zerwekh, 2008). 

7.3 Limitations of the Current Study 

Some of the caveats have already been mentioned in previous chapters. However, the 

limitations of this study may be outlined as follows: 

1. Significant high loss to follow-up.  

2. Blood samples collected during early pregnancy were non-fasting specimens, 

whereas the samples collected mid-pregnancy were fasting samples. However, 

non-fasting samples were compared with fasting samples at the second visit, 

and fasting is not mandated for booking clinical visits during pregnancy. This 

is convenient for pregnant women, as in other studies (Savvidou et al., 2010; 

Tomedi et al., 2013; Lacroix et al., 2014). In fact, non-fasting TG in early 

pregnancy may be overestimated (Campos et al., 2005).  

3. The FFQ used in the present study was designed to measure vitamin D, 

calcium, and protein intake, but not total energy, carbohydrates, or fats.  

4. The recall bias of the questionnaires, including the FFQ, sun exposure 

questionnaire, and IPAQ, may have resulted in under- or over-reporting during 
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the interview. However, the interviewer was well-trained and used repeated 

questions to ensure the reliability of the answers.  

5. Details of the compliance, dose, and type of multivitamin supplementation 

were not recorded.  

6. Fat mass percentage was measured using skinfold thickness, which is 

vulnerable to error, especially during pregnancy (Forsum et al., 1989). 

However, for each patient, four sites were measured to minimise error. In 

addition, the most common and convenient method of measuring changes in 

body composition during pregnancy is anthropometry (skinfold thickness) 

(Forsum et al., 1989; Widen & Gallagher, 2014).  

7. This study categorised GWG into excessive vs. non-excessive GWG. The non-

excessive GWG included both adequate and inadequate GWG  (i.e. below the 

IOM recommendations), similar to one recent meta-analysis (Brunner et al., 

2015). Thus, the influence might be overestimated, and will partially result in 

potentially lowered GDM risk, associated with lower than recommended 

GWG.  

8. This study used a HOMA equation to calculate insulin resistance and β-cell 

function. These are intended for low sensitivity and only reflect changes in the 

fasting state, compared to other direct methods, such as those derived from 

clamp studies or the minimal model. However, markers of insulin 

resistance/sensitivity based on fasting markers were strongly associated with 

gold-standard measures, and validated in the pregnant population (Kirwan et 

al., 2001). 

7.4 Recommendations  

This thesis highlights the importance of studying low vitamin D concentration, 

prevalent among Saudi pregnant women living in Riyadh. More attention should be 

given to vitamin D concentration in pregnancy, due to its greater impact on health status 

and disease prevention than previously thought. Some strategies could be taken to 

address the current situation:  
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 Exposure to sunlight needs to be increased among women in the present context, 

through greater skin exposure across different parts of the body to the sun at noon, 

so that they can synthesise adequate levels of the vitamin.  

 Awareness needs to be increased among pregnant women, with regards to the 

importance of dietary vitamin D intake from food naturally rich in vitamin D, or 

else food fortified with vitamin D.  

 Enhanced fortification of food with vitamin D may be necessary to compensate for 

reduced vitamin D synthesis via the skin, and a reversal of vitamin D deficiency in 

Saudi Arabia, especially among pregnant women.  

 Dietary supplementation of vitamin D, up to 2000-4000 IU/day should be 

considered for those at risk of vitamin D deficiency, such as pregnant women 

(Hollis et al., 2011). Furthermore, since a large proportion of pregnant women 

suffer from vitamin D deficiency, it would make sense to suggest vitamin D be 

given to all women planning a pregnancy or already pregnant, similar to folic acid. 

 Indoor and outdoor physical activity is advised to help improve vitamin D status. 

An optimum duration of activity, amounting to a minimum of 30 minutes/day 

should be recommended.  

 Effective education programmes should be designed to target Saudi pregnant 

women at the local level, in order to enhance public awareness of this serious 

problem; particularly among women of low socio-economic status. Thus, both 

personal and government action should be taken to address the current situation.  

Understanding the high prevalence of GDM in Saudi women highlights the importance 

of investigating all the determinants and harnessing prevention strategies to reduce its 

incidence. Regarding GDM screening, random plasma glucose and HbA1c levels could 

be used to identify women at high risk of GDM, who would benefit from earlier 

diagnosis, or more intensive lifestyle intervention in early pregnancy. 

 

A vital component in the prevention of both vitamin D deficiency and GDM may 

involve enhancing healthy maternal lifestyle factors, such as reducing weight before 

pregnancy, increasing physical activity, and restricting dietary cholesterol and calorie 

intake. It is in fact advisable for younger women to avoid fad foods high in fat and 
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sugar, as such intake may promote vitamin D deficiency and susceptibility to GDM, 

through an unbalanced diet. Furthermore, multivitamin and vitamin D supplementation 

represent a simple and safe intervention that could lower the risk of diabetes. 

7.5 Future Directions  

 The significantly high prevalence of vitamin D deficiency among pregnant Saudi 

women indicates a need for large scale studies in KSA to assess vitamin D status, 

not only among pregnant women, but also among the general population.  

 It is of paramount importance to assess the impact of lifestyle factors on vitamin D 

status among pregnant women, and the general population in the Saudi context, and 

this could take place by conducting large scale studies. It would include identifying 

the factors limiting sun exposure, with attempts being made to determine optimal 

levels of sun exposure for maintaining adequate levels of vitamin D among the local 

population.  

 Although vitamin D status has been assessed in this study during early and mid-

pregnancy, longitudinal studies are recommended for monitoring vitamin D status 

throughout pregnancy, as well as pregnancy outcomes among the local population.  

 Further studies would clarify the interrelationship between sufficient vitamin D 

supplementation, recommended during pregnancy through RCTs in different 

trimesters, and would thus facilitate the establishment of guidelines for the Saudi 

population. 

 Studies on inflammatory markers with vitamin D from early pregnancy and GDM 

risk are required. Both vitamin D and GDM are known to increase inflammation. 

Whether early pregnancy vitamin D deficiency and inflammation combined 

together increases risk of GDM needs to be explored. 

7.6 Conclusion  

This study is among few Saudi studies that have measured vitamin D in early 

pregnancy, and is in fact the first Saudi study to assess the risk of vitamin D deficiency 

during early and mid-pregnancy, and investigating the effect of such deficiency on the 

prevalence of GDM. At 81% (< 50 nmol/L), the prevalence of vitamin D deficiency 
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among pregnant Saudi women was found to be high, and poses a significant risk for the 

future development of GDM, which has reached 33%, according to IADPSG. 

Suboptimal sun exposure indices, multiparity, high total cholesterol-HDL ratio, low 

HDL-cholesterol, and living in West Riyadh were the main predictors of vitamin D 

deficiency among the pregnant Saudi women studied here. However, variables such as 

physical activity during pregnancy, and higher educational status seemed to confer 

some protection against vitamin D deficiency, whereas, the strongest risk factor for the 

development of GDM was a previous history of GDM. Furthermore, vitamin D 

deficiency in early pregnancy was found to increase the risk of GDM four-fold. 

Therefore, the monitoring of vitamin D status during pregnancy would appear to be a 

key factor in the early detection of vitamin deficiency, so timely therapeutic 

intervention could help avoid unfavourable pregnancy outcomes, complicated by 

GDM, particularly in the Saudi context. 
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Appendix II -Consent form 

Did the subject meet all study criteria while recruitment?  

Please check all the criteria 

 

o Age from 1839 years old 

o First trimester between (8-12 weeks) 

o Singleton pregnancy 

o Saudi nationality 

o Not on vitamin D supplementation 

o No previous history of diabetes mellitus (type I or II). 

o No calcium or parathyroid conditions or thyroid disease 

o No history of usage cardiac medication therapy or diuretic. 

o No chronic hypertension.  

o No history of malabsorption. 

o No serious chronic condition (epilepsy, cancer, other malignancy).  
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Appendix III- First and Second visit questionnaires 

First visit questionnaires 

Research code: 
Date of filling of 

the form: 

Date of filling of the 

form: 

Name: 

Tel or Mobile No: 

Place of birth: 

Week of 

gestation…… 

Date of Birth (age): 

Anthropometric Measurements 

:Mother anthropometrics  

 Ht....................cm               Current Wt.................kg                    

 Prepregnancy Wt.................. kg 

 Current BMI…………. kg/ m2  

 Before pregnancy BMI…………. kg/ m2   

 

 Waist:  .........................  cm                               

Hips:  .........................  cm                               

      Waist-hips ratio:  .........................  cm                          

Mid arm Circumference....................... cm                          

     

 Caliper: 

Skin Fold thickness (fat %) .................... 

Triceps...................… 

Biceps....................… 

Suprailiac....................                   

Subscapular.................. 

 

 Blood Pressure:  ....................  

 

Sociodemographic Measurements 

Education Level 

 
Illiterate   Primary    Intermediate       Secondary         

University         Post graduate       

Family Income Per month 
No Income less than 5000 S.R     5000-10000 S.R 

10000-20000 S.R           More than 20000 S. R 

Occupation 

 House wife      Retired      Student       Teacher 

Employee Physician Businesswomen   

 Other (………) 
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Marital status 
 Married            Single 

Divorced           Widow 

Does your husband a relative? 
Yes     No                      

Relative degree     First degree    Second degree 

Living area 
 North Riyadh       West Riyadh 

East Riyadh          South Riyadh      Center Riyadh 

Skin color  North Riyadh      West Riyadh 

East Riyadh         South Riyadh      Center Riyadh 

Clinical Measurements 

Medical history: Family 

 HTN               Hyperlipidemia                           Heart disease                   Osteoporosis 

  Asthma            Cancer                                       Liver Disease                      Kidney Disease 

 Others: …………………………………. 

 Diabetes       1st degree relatives       mother     father      siblings        children    

                         2nd degree relatives      grandparents     uncle(mother) uncle(father)    grandchildren 

              

  GDM          1st degree relatives       mother    sister     daughter 

                         2nd degree relatives      grandmother     aunt(mother)      aunt(father)   grandchildren 

   Obesity      1st degree relatives       mother     father      siblings        children   

                         2nd degree relatives      grandparents    uncle(mother)    uncle(father)  grandchildren              
 

Medical history: Subject 

HTN                      Hyperlipidemia                 Polycystic ovarian syndrome           Osteoporosis 

 Asthma         Anemia                    GDM                                IGT                         Obesity 

Others: …………………………………. 

Age of menarche: …………. 

Menstrual cycle           Regular          Irregular 

Age at first pregnancy: …………. 

LMP (last menstrual period): …… EDD (expected date of delivery) by date: ………    

EDD by scan: ……………… 

Risk Factors: 

-The head circumference of last baby………………… 

-Usage of insulin or its alternatives  Yes     NO 

-Parity (how many times she got pregnant): …………… Number of children…………… 

- Previous caesarean section Yes     No, how many………. 

-Miscarriages if occurs?   Yes          No       If yes, how many times?...............Reasons……………  

-Preeclampsia                 Yes          No        -Gestational HTN         Yes          No 

 

If any occurred in the past:     Poly urea         Glycosuria              Protein urea 

-Pregnancy symptoms:  

Nausea                             vomiting                       morning sickness       headache          mood 

swings  

abdominal bloating           frequent urination       constipation                 tender swallow breast 

-Pregnancy complications:  …………………………………………….. 
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List of medications:  

Please a check on all medications used by the subject 

Anti-Hyperlipidemics 

[    ] Atorvastatin – Lipitor, Torvast 

[    ] Cerivastatin – Lipobaby 

[    ] Fluvastatin – Lescol, Lescol XL 

[    ] Lovastatin – Mevacor, Altocor, Altoprev 

[    ] Mevastatin  [    ] Pitavastatin – Livalo, Pitava 

[    ] Pravastatin – Pravachol, Selektine, Lipostat 

[    ] Rosuvastatin – Crestor 

[    ] Simvastatin – Zocor, Lipex 

[    ] Simvastatin + Ezetimibe – Vytorin 

[    ] Atorvastatin + Amlodipine – Caduet 

[    ] Simvastatin + Niacin – Simcor 

[    ] Cholestyramine [    ] Gemfibrozil 

[    ] Colestipol [    ] Benzafibrate, fenofibrate 

Cardiovascular drugs 

[    ] Aspirin          [    ] Warfarine         [    ] Heparin  

[    ] Clopidogrel     [    ] Amiodarone – 

Amiodarone, Cordarone 

[    ] Disopyramide – Rythmodan 

[    ] Flecainide acetate – Apo – Flecainide 

 

[    ] Mexiletine – Novo – Mexiletine 

[    ] Procainamide – Procan 

[    ] Propafenone – Rhythrnol, Nu, Apo, Gen, PMS 

[    ] Digoxin 

[    ] Clonidine 

[    ] Methyldopa 

[    ] Diazoxide 

[    ] Hydralazine 

[    ] Isosarbide dinitrate 

[    ] Nitroglycerin 

[    ] Prazosin, Terazosin, Dozazosin 

[    ] Atenolol, Acebutolol, Bisoprolol, Labetalol, 

Metaoprolol, Nadolol, Oxprenolol, Pndolol, 

Propranolol, Sotalol, Timolol 

[    ]  Amlodipine, Felodipine, Nifedipine 

[    ] Diltiazem, Verapamil 

[    ] Captopril, Benazepril, Enalapril, Cilazapril, 

Perindopril, Quinapril, Ramipril, Lisinopril 

[    ] Candesartan, Irbesartan, Losartan, Telmisartan, 

Valsartan,  

[    ] Spironolactone   [    ] Hydrochlorothiazide 

[    ] Furosemide        [    ] Pentoxyphylline 

Other (Please specify) 

1._________________________________ 

2._________________________________ 

3._________________________________ 
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Second visit questionnaires 

Research 

code: 

Date of 

filling of the form: 
Date of filling of the form: 

Name: 

Tel or Mobile No: 

Place of 

birth: 

Week of 

gestation…… 

Date of Birth (age): 

Anthropometric Measurements 

:Mother anthropometrics  

 Ht....................cm               Current Wt.................kg                    

 Prepregnancy Wt.................. kg 

 Current BMI…………. kg/ m2  

 Before pregnancy BMI…………. kg/ m2   

 

 Waist:  .........................  cm                               

Hips:  .........................  cm                               

      Waist-hips ratio:  .........................  cm                          

Mid arm Circumference....................... cm                          

     

 Caliper: 

Skin Fold thickness (fat %) .................... 

Triceps...................… 

Biceps....................… 

Suprailiac....................                   

Subscapular.................. 

 

 Blood Pressure:  ....................  

 

Clinical Measurements 

o Pregnancy symptoms:  

Nausea         vomiting           morning sickness        headache          mood swings  

abdominal bloating           frequent urination     constipation      tender swallow breast 

            

o Any complains or diagnosis……………………………… 

 

Gestational HTN        Anemia                     Viral or Bacterial illnesses 

Preeclampsia             Respiratory                 Gastrointestinal           bacterial vaginosis 

 

 

 
  



179 

 

First and Second visit 

Dietary intake of vitamin D and calcium Questionnaire 

Breakfast cereals and bread 

Daily 

 

Weekly Amount 

Cornflakes 1 2 3 1 2 3 4 5 6 M R No .......…  Cup/ week 

Cornflakes with sugar and Coco 

Pops 
1 2 3 1 2 3 4 5 6 M R No ……… Cup/ week 

 Weciabix, Shredded wheat 1 2 3 1 2 3 4 5 6 M R No …........ Cup/ week 

 Bran flakes, Wheat flakes or Sultana 1 2 3 1 2 3 4 5 6 M R No …........ Cup/ week 

 Brown Bread 1 2 3 1 2 3 4 5 6 M R No 
………..toast/ week or 

………..1/4 loaf 

White Bread 1 2 3 1 2 3 4 5 6 M R No 
………..toast/ week or 

………..1/4 loaf 

White Bread(Samoli,burger) 1 2 3 1 2 3 4 5 6 M R No 
………..toast/ week or 

………..1/4 loaf 

Shaboorah (bran or white) 1 2 3 1 2 3 4 5 6 M R No ………..pieces/week 

*M (1-3 times per month), R(rarely), NO (don’t take it at all) 

Meat and Fish 

Daily 

 

Weekly Amount 

White fish (hamoor), fish fingers 1 2 3 1 2 3 4 5 6 M R No 
 .......…  gm  

Fried / Grilled 

Oysters, shrimp 1 2 3 1 2 3 4 5 6 M R No 
.......… gm  

Fried / Grilled 

Canned fish (canned salmon, sardines,) 1 2 3 1 2 3 4 5 6 M R No 
.......… piece  

With oil / water 

Tuna fresh or canned             1 2 3 1 2 3 4 5 6 M R No 
Can/large/small 

With oil / water 

Red meat (  ............. ) 1 2 3 1 2 3 4 5 6 M R No 

….gm/week 

With fat 

Little fat  

Without fat 

Chicken Type   ).............. ) 1 2 3 1 2 3 4 5 6 M R No 
….gm/week 

Skin/without skin 

Liver, brain and kidneys 1 2 3 1 2 3 4 5 6 M R No 

….gm/week 

With fat 

Little fat  

Without fat 

Egg 

How many eggs do you eat? 1 2 3  1 2 3 4 5 6 M R No ………Egg/ week 

What kind of eggs do you eat?       

Fats 

What kind of fats used in your food?           Ghee          Margarine         Butte             Vegetables oil 

Daily 

 

Weekly Amount 

How many times do you use veg oil? 

Type…. 
1 2 3 1 2 3 4 5 6 M R No 

........Spoon/ week 

How many times do you use olive 

oil? 
1 2 3 1 2 3 4 5 6 M R No 

........Spoon/ week 

How many times do you use butter 

or ghee? 

Type…. 

1 2 3 1 2 3 4 5 6 M R No 

........Spoon/ week 
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How many times do you eat Tahini? 

Type…. 
1 2 3 1 2 3 4 5 6 M R No 

........Spoon/ week 

How many times do you usually 

have almonds or peanuts? 

Type…… 

1 2 3 1 2 3 4 5 6 M R No 

...........Cup/ week 

*Table spoon (15 ml), cup (240 ml) 

 

Dairy And its Products 

Do you usually drink milk?  

 Yes                     No                                 

If milk is liquid of which type? 

  Cow            Camel                      Goat                 Sheep                    Other  

How many times do you drink fresh milk? 

Daily Weekly Amount 

Full fat 1 2 3  1 2 3 4 5 6 M R No .......… Cup/ week 

Low fat 1 2 3 1 2 3 4 5 6 M R No ………Cup/ week 

Skim fat 1 2 3 1 2 3 4 5 6 M R No …........Cup/ week 

 How many times do you drink dried milk? 

Daily Weekly Amount 

Full fat 1 2 3  1 2 3 4 5 6 M R No .......… Cup/ week 

Low fat 1 2 3 1 2 3 4 5 6 M R No ………Cup/ week 

Skim fat 1 2 3 1 2 3 4 5 6 M R No …........Cup/ week 

 How many time do you drink canned milk?      

Daily Weekly Amount 

Full fat 1 2 3  1 2 3 4 5 6 M R No .......… Cup/ week 

Low fat 1 2 3 1 2 3 4 5 6 M R No ………Cup/ week 

Full fat 1 2 3 1 2 3 4 5 6 M R No …........Cup/ week 

Concentrated milk 1 2 3 1 2 3 4 5 6 M R No .......… Cup/ week 

Chocolate  1 2 3 1 2 3 4 5 6 M R No ………Cup/ week 

With Strawberry 1 2 3 1 2 3 4 5 6 M R No …........Cup/ week 

With Banana 1 2 3 1 2 3 4 5 6 M R No .......… Cup/ week 

other 1 2 3 1 2 3 4 5 6 M R No ………Cup/ week 

How many times do you drink Laban?        

Daily Weekly Amount 

Full fat 1 2 3  1 2 3 4 5 6 M R No .......… Cup/ week 

Low fat 1 2 3  1 2 3 4 5 6 M R No .......… Cup/ week 

Skim fat 1 2 3  1 2 3 4 5 6 M R No .......… Cup/ week 

How many times do you have yoghurt?                  

Daily Weekly Amount 

Full fat 1 2 3  1 2 3 4 5 6 M R No .......… Cup/ week 

Low fat 1 2 3 1 2 3 4 5 6 M R No .......… Cup/ week 

Skim fat 1 2 3 1 2 3 4 5 6 M R No .......… Cup/ week 

How many times do you have these products?      

Daily Weekly Amount 

Triangle Cheese  1 2 3  1 2 3 4 5 6 M R No ……Piece/ week 
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Kerry Cheese  1 2 3 1 2 3 4 5 6 M R No ……Piece/ week 

White Cheese 1 2 3 1 2 3 4 5 6 M R No ……Spoon/ week 

Yellow cheese 1 2 3 1 2 3 4 5 6 M R No ……Spoon/ week 

Fatty cheese 1 2 3 1 2 3 4 5 6 M R No ……Spoon/ week 

Geshtah 1 2 3 1 2 3 4 5 6 M R No ……Spoon/ week 

Labnah 1 2 3 1 2 3 4 5 6 M R No ……Spoon/ week 

Cream 1 2 3 1 2 3 4 5 6 M R No ……Spoon/ week 

Mozzarella 1 2 3 1 2 3 4 5 6 M R No ……..gm/ week 

Tofu 1 2 3 1 2 3 4 5 6 M R No ……Piece / week 

* Food spoon= 15 gm 

 

Vegetables and Fruits 

How many times do you eat the following? 

Daily Weekly Amount 

Orange 1 2 3  1 2 3 4 5 6 M R No ………One/ week 

Fig 1 2 3 1 2 3 4 5 6 M R No ………One/ week 

Dried fruits (raisins,peache) 1 2 3 1 2 3 4 5 6 M R No ….......Cup / week 

(fresh or cooked) kale 1 2 3 1 2 3 4 5 6 M R No ……...Cup / week 

(fresh or cooked) celery 1 2 3 1 2 3 4 5 6 M R No ……...Cup / week 

Spinach (fresh or cooked) 1 2 3 1 2 3 4 5 6 M R No …...…Cup / week 

  (fresh or cooked) broccoli 1 2 3 1 2 3 4 5 6 M R No …...…Cup / week 

Mashroom (fresh or sundried) 1 2 3 1 2 3 4 5 6 M R No ……...Cup / week 

Potatoes (fried or cooked)  1 2 3 1 2 3 4 5 6 M R No ………One/ week 

Homos,lentis 1 2 3 1 2 3 4 5 6 M R No ...……Cup / week 

Fool (black beans) 1 2 3 1 2 3 4 5 6 M R No …..….Cup / week 

*Cup = 240 m 

Cultural Food and others 

 Weekly Amount 

How many times do you have Greesh per week? 1 2 3 4 5 6 M R No ……...Cup/ week 

How many times do you have Saleeq per week? 1 2 3 4 5 6 M R No ……...Cup/ week 

How many times do you have Harees per week? 1 2 3 4 5 6 M R No ….......Cup/ week 

How many times do you have Marase or msabeb 

per week? 
1 2 3 4 5 6 M R No ……...Cup/ week 

How many times do you have Pasta with cheese 

or milk (lasagna, fettuccine, bashamel  ( per week? 
1 2 3 4 5 6 M R No ……...Cup/ week 

How many times do you have pizza per week? 1 2 3 4 5 6 M R No ...…...pieces/week 

Sweets 

Daily 

 

Weekly Amount 

How many times do you have Ice 

cream? 
1 2 3 1 2 3 4 5 6 M R No 

……Piece/week 

Type…………    

How many times do you have 

carbonated beverages? 
1 2 3 1 2 3 4 5 6 M R No 

……Piece/week 

Type…………    

How many times do you have 

chocolate? 
1 2 3 1 2 3 4 5 6 M R No 

……Piece/week 

Type…………    
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How many times do you have 

muffins or cake or donuts? 
1 2 3 1 2 3 4 5 6 M R No 

……Piece/week 

Type…………    

How many times do you have 

biscuits? 
1 2 3 1 2 3 4 5 6 M R No 

…....Piece/week 

Type…………    

How many times do you have cream 

caramel or custard? 
1 2 3 1 2 3 4 5 6 M R No 

……Piece/week 

Type…………   

Tea and Coffee 

Daily 

 

Weekly Amount 

How many times do you drink red 

tea? 
1 2 3 1 2 3 4 5 6 M R No 

…..Cup/ week 

Type 

(……………) 

How many times do you drink green 

tea? 
1 2 3 1 2 3 4 5 6 M R No 

……Cup/ week 

Type 

(……………) 

Water 

 Daily Amount 

How many times do you drink water? 
1-3 

cups 
3-6 cups 6-12 cups 

More than 12 

cups 

Kind? Bottled Water 
water from 

Tanks 
 Tape water 
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Supplements Intake 

Do you take Multivitamin?      

     

  Yes      No 

Since when?..................................... 

 

Do you take it regularly?  

Yes No  

How many times?  

Daily  3-4 times a week      once a week 

Do you take Folic Acid?    

       

Yes     No 

Since when?..................................... 

 

Do you take it regularly?  

Yes No 

How many times?  

Daily  3-4 times a week       once a week 

Do you take Iron pills?      

      Yes     No 

Since when?..................................... 

 

Do you take it regularly?  

Yes No 

How many times?  

Daily  3-4 times a week       once a week 

Do you take vitamin D supplement? 

If yes, which kind?? 

…………………………………….. 

       

Yes   No 

 

 

Since when?..................................... 

 

Do you take it regularly?  

Yes No 

How many times?  

Daily  3-4 times a week       once a week 

 

Amount……………IU or microgram 

Do you take cod liver oil?      

       

Yes     No 

Since when?..................................... 

Do you take it regularly?  

Yes No 

How many times?  

Daily  3-4 times a week       once a week 

Do you take any herbs? 

        

Yes   No 

First kind……. 

Since when?  ..................................... 

Do you take it regularly? 

Yes No 

How many times?         

Daily  3-4 times a week        once a week 

 

Amount………... 

 Second kind………. 

Since when?  ..................................... 

Do you take it regularly?  

Yes No 

How many times? 

Daily  3-4 times a week         once a week 

 

Amount…………... 
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Sun Exposure 

Current Season Summer              Winter         

What is the extent of your exposure to the sun? 
 No exposure        Daily Minutes 

(….…)   Weekly Minutes (…….)  

What is the time of exposure to the sun?  
 at sunrise       at noon         before 

sunset 

What is the nature of your work? 
Outside/ directly under the sun 

Inside (in covered rooms/ paces) 

What are the parts of the body most exposed to the sun?  

 

Face    hands   

Face and hands     Face, hands and 

feet 

What is the extent of clothing cover to the body during 

exposure to the sun?  

 

Body except face     

Body except face and hands   

 Body except face, hands and feet       

The whole body 

Body except hands and feet 

Do you use sun protection creams? 

 

 Yes (type………………)     

 No     
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Physical activity (International Physical Activity Questionnaire) (IPAQ) 

READ:  I am going to ask you about the time you spent being physically active in the last 7 

days. Please answer each question even if you do not consider yourself to be an active person.  

Think about the activities you do at work, as part of your house and yard work, to get from 

place to place, and in your spare time for recreation, exercise or sport. 

  

READ:  Now, think about all the vigorous activities which take hard physical effort that you 

did in the last 7 days.  Vigorous activities make you breathe much harder than normal and 

may include heavy lifting, digging, aerobics, or fast bicycling.  Think only about those 

physical activities that you did for at least 10 minutes at a time. 

 

1. During the last 7 days, on how many days did you do vigorous physical activities? 

 

_____ Days per week    [VDAY; Range 0-7, 8,9] 

    8.Don't Know/Not Sure  

    9.Refused 

2. How much time did you usually spend doing vigorous physical activities on one of those days?  

 

__ __ Hours per day     [VDHRS; Range: 0-16]  

__ __ Minutes per day [VDMIN; Range: 0-960, 998, 999]  

998.Don't Know/Not Sure  

999.Refused 

Interviewer probe: An average time for one of the days on which you do vigorous activity 

is being sought. If the respondent can't answer because the pattern of time spent varies widely 

from day to day, ask: "How much time in total would you spend over the last 7 days doing 

vigorous physical activities?” 
  

__ __ Hours per week           [VWHRS; Range: 0-112]  

__ __   Minutes per week     [VWMIN; Range: 0-6720, 9998, 9999]  

 9998.Don't Know/Not Sure  

 9999.Refused   

READ:  Now think about activities which take moderate physical effort that you did in the 

last 7 days.  Moderate physical activities make you breathe somewhat harder than normal 

and may include carrying light loads, bicycling at a regular pace, or doubles tennis.  Do not 

include walking.  Again, think about only those physical activities that you did for at least 10 

minutes at a time. 

 

3. During the last 7 days, on how many days did you do moderate physical activities? 

 

____Days per week           [MDAY; Range: 0-7, 8, 9]  

8.Don't Know/Not Sure  

9.Refused  
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4. How much time did you usually spend doing moderate physical activities on one of those days? 

 

__ __Hours per day        [MDHRS; Range: 0-16] 

__ __   Minutes per day  [MDMIN; Range: 0-960, 998, 999] 

  998.Don't Know/Not Sure  

  999.Refused   

[Interviewer probe: An average time for one of the days on which you do moderate activity 

is being sought. If the respondent can't answer because the pattern of time spent varies widely 

from day to day, or includes time spent in multiple jobs, ask: “What is the total amount of time 

you spent over the last 7 days doing moderate physical activities?” 

 

__ __ Hours per week       [MWHRS; Range: 0-112] 

__ __ Minutes per week   [MWMIN; Range: 0-6720, 9998, 9999] 

 9998. Don't Know/Not Sure  

 9999. Refused 

READ:  Now think about the time you spent walking in the last 7 days.  This includes at work 

and at home, walking to travel from place to place, and any other walking that you might do 

solely for recreation, sport, exercise, or leisure. 

 

5. During the last 7 days, on how many days did you walk for at least 10 minutes at a time? 

 

____ Days per week    [WDAY; Range: 0-7, 8, 9]  

   8.   Don't Know/Not Sure  

   9.   Refused   

6. How much time did you usually spend walking on one of those days? 

 

__ __ Hours per day [WDHRS; Range: 0-16]   

__ __ Minutes per day [WDMIN; Range: 0-960, 998, 999]  

  998. Don't Know/Not Sure  

  999. Refused 

[Interviewer probe: An average time for one of the days on which you walk is being sought.  

If the respondent can't answer because the pattern of time spent varies widely from day to day, 

ask: “What is the total amount of time you spent walking over the last 7 days?” 

 

__ __   Hours per week[WWHRS; Range: 0-112] 

__ __   Minutes per week[WWMIN; Range: 0-6720, 9998, 9999]  

 9998.  Don't Know/Not Sure  

 9999.Refused 
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READ: Now think about the time you spent sitting on week days during the last 7 

days.  Include time spent at work, at home, while doing course work, and during leisure time.  

This may include time spent sitting at a desk, visiting friends, reading or sitting or lying down 

to watch television. 

 

    7.  During the last 7 days, how much time did you usually spend sitting on a week day? 

 

__ __ Hours per weekday [SDHRS; 0-16]                       

__ __ Minutes per weekday    [SDMIN; Range: 0-960, 998, 999] 

998.Don't Know/Not Sure  

999.Refused 

[Interviewer probe]: An average time per day spent sitting is being sought.  If the 

respondent can't answer because the pattern of time spent varies widely from day to day, ask: 

“What is the total amount of time you spent sitting last Wednesday?” 

 

__ __ Hours on Wednesday[SWHRS; Range 0-16] 

__ __ Minutes on Wednesday [SWMIN; Range: 0-960, 998, 999] 

998.Don't Know/Not Sure  

999.Refused  
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Appendix V- Determinants of change in 25(OH)D between early and mid-

pregnancy, for the whole cohort and deficient and non-deficient groups (Chapter 

4)  

 Over all Non-Deficient Deficient 

Parameters causing change 

 in Vitamin D 
B 

P-

value 
B 

P-

value 
B 

P-

value 

Pre-pregnancy BMI -0.03± 0.08 0.703 -0.002± 0.005 0.718 0.001± 0.003 0.809 

BMI at 1st visit 0.00 ± 0.003 0.856 -0.001± 0.005 0.874 0.001± 0.003 0.641 

BMI at 2nd visit 0.00 ± 0.003 0.951 -0.001± 0.006 0.880 0.001± 0.003 0.733 

GWG 
-0.001 ± 

0.004 
0.723 0.005± 0.008 0.492 -0.002± 0.004 0.559 

Multivitaminv at 1st visit -0.06 ± 0.05 0.158 -0.21±0.09 0.021 -0.03 ± 0.05 0.472 

Multivitaminv at 2nd visit 0.07± 0.04 0.058 0.01 ± 0.08 0.915 0.09 ± 0.04 0.025 

Low intensity PA (>1000mins/day) at 1st visit -0.18 ± 0.05 0.000 -0.05± 0.07 0.458 -0.06± 0.08 0.406 

Low intensity PA (>1000mins/day) at 2nd visit 0.13 ± 0.05 0.005 0.16 ± 0.07 0.032 0.18± 0.05 0.000 

Sun Exposure at 1st visit 0.05 ± 0.04 0.198 -0.006 ± 0.07 0.934 0.07 ± 0.04 0.075 

Sun Exposure at 2nd visit 0.01± 0.04 0.734 0.12 ± 0.08 0.144 -0.001 ± 0.04 0.983 

Vitamin D intake at 1st visit -0.07 ± 0.12 0.569 0.16 ± 0.15 0.280 -0.10 ± 0.16 0.537 

Vitamin D intake at 2nd visit 0.19 ± 0.11 0.083 -- --- 0.14 ± 0.10 0.175 

Calcium intake at 1st visit -0.04 ± 0.08 0.590 0.17 ± 0.15 0.260 -0.08 ± 0.09 0.329 

Calcium intake at 2nd visit 0.04 ± 0.06 0.445 0.24± 0.11 0.031 0.01± 0.06 0.863 

Obesity at 1st visit 0.03 ± 0.04 0.469 -0.04 ± 0.07 0.612 0.04 ± 0.04 0.311 

Obesity at 2nd visit 0.01 ± 0.03 0.667 0.03 ± 0.07 0.678 0.01 ± 0.04 0.740 

Season (summer) at 1st visit -0.02 ± 0.03 0.547 0.03 ± 0.07 0.718 -0.02 ± 0.04 0.542 

Season (summer) at 2nd visit -0.03 ± 0.03 0.381 -0.08 ± 0.07 0.217 -0.01 ± 0.04 0.734 

Body Fat (%) at 1st visit 0.00 ± 0.003 0.889 
-0.002 ± 

0.006 
0.739 0.004 ± 0.003 0.208 

Body Fat (%) at 2nd visit 0.00 ± 0.005 0.964 -0.01 ± 0.01 0.207 0.01 ± 0.01 0.226 

HbA1c at 1st visit 0.04 ± 0.04 0.212 -0.05 ± 0.06 0.458 0.04 ± 0.04 0.296 

HbA1c at 2nd visit -0.07 ± 0.04 0.065 0.02 ± 0.08 0.832 -0.11 ± 0.04 0.005 

Sqrt HOMA-B 0.001 ± 0.001 0.637 0.0 ± 0.004 0.975 0.00 ± 0.001 0.436 

Sqrt HOMA-IR -0.02 ± 0.02 0.329 -0.04 ± 0.06 0.500 -0.02 ± 0.02 0.303 

Metabolic syndrome 0.03 ± 0.04 0.525 0.03 ± 0.10 0.782 0.01 ± 0.05 0.824 

TG (≥ 1.7 mmol/l) at 1st visit -0.04 ± 0.04 0.213 -0.17 ± 0.07 0.021 -0.03 ± 0.04 0.414 

TG (≥ 1.7 mmol/l) at 2nd visit 0.05 ± 0.04 0.188 -0.05 ± 0.07 0.509 0.05 ± 0.04 0.160 

Low HDL-cholesterol (< 1.03 mmol/l) at 1st visit 0.02 ± 0.03 0.585 0.07 ± 0.07 0.325 -0.02 ± 0.04 0.608 

Low HDL-cholesterol (< 1.03 mmol/l) at 2nd visit -0.04 ± 0.04 0.220 -0.06 ± 0.08 0.485 -0.07 ± 0.04 0.057 

Note: the blank is because no patients in the non-deficient group took vitamin D (>600 IU/day). The change of 

vitamin D between visits is calculated by vitamin D at visit 2 – vitamin D at visit 1. Positive sign shows it helps 
increase the level of Vitamin D at mid-pregnancy. 
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Appendix VI- Gestational weight gain according to BMI in both visits (Chapter 

5) 

 Total Gestational weight gain 
P-values 

Mean SD Median Q1 Q3 

Pre- pregnancy BMI 

underweight 9.2 3.9 8.6 6 11.55 

0.001 
Normal 7.9 3.8 7.85 5.3 9.5 

Overweight 7.2 4.1 7.1 4.9 9.05 

Obese 5.7 4.8 5.35 ABC 3.65 7.6 

BMI at 1st visit 

underweight 8.0 4.3 6.5 5.2 9.6 

0.001 
Normal 8.2 3.8 8.1 5.55 9.95 

Overweight 7.4 3.8 7 4.9 9 

Obese 5.9 4.9 5.6B 4 8 

BMI at 2nd visit 

underweight 6.8 2.5 5.5 5.2 9.6 

0.583 
Normal 7.1 3.6 7.4 4.6 9 

Overweight 7.6 3.5 7.35 4.9 9 

Obese 6.9 5.1 6.4 4.5 9.3 

Note: superscripts ABC indicates significance from Underweight Normal and Overweight respectively.   
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Appendix VII- Correlations (Chapter 5) 

 

 
 

Figure Correlation between Log fasting glucose (mmol/l) with sqrt A) Log Insulin 

(uU/ml) at early pregnancy and B) sqrt HOMA-IR and C) sqrt HOMA-β at mid-

pregnancy.



194 

 

 

REFERENCES



195 

 

 

Abbasian, M., Chaman, R., Amiri, M., Ajami, M.E., Jafari-Koshki, T., Rohani, H., 

Taghavi-Shahri, S.M., Sadeghi, E. & Raei, M. (2016). Vitamin D Deficiency in 

Pregnant Women and Their Neonates. Global Journal of Health Science, 8(9), 83. 

Agarwal, M., Dhatt, G., Punnose, J. & Koster, G. (2005a). Gestational diabetes: 

Dilemma caused by multiple international diagnostic criteria. Diabetic Medicine, 

22(12), 1731-1736. 

Agarwal, M.M., Dhatt, G.S., Punnose, J. & Koster, G. (2005b). Gestational diabetes: A 

reappraisal of HbA1c as a screening test. Acta Obstet Gynecol Scand, 84(12), 1159-

1163. 

Agarwal, M.M., Dhatt, G.S. & Shah, S.M. (2010). Gestational Diabetes Mellitus 

Simplifying the International Association of Diabetes and Pregnancy diagnostic 

algorithm using fasting plasma glucose. Diabetes Care, 33(9), 2018-2020. 

Aghajafari, F., Nagulesapillai, T., Ronksley, P.E., Tough, S.C., O’Beirne, M. & Rabi, 

D.M. (2013). Association between maternal serum 25-hydroxyvitamin D level and 

pregnancy and neonatal outcomes: Systematic review and meta-analysis of 

observational studies. BMJ, 346.  

Aguiree, F., Brown, A., Cho, N.H., Dahlquist, G., Dodd, S., Dunning, T., Hirst, M., 

Hwang, C., Magliano, D. & Patterson, C. (2013). IDF Diabetes Atlas (6th edn.). 

Guariguata, L., Nolan, T., Beagley, J., Linnenkamp, U. and Jacqmain, O. (Eds.). Basel, 

Switzerland: International Diabetes Federation. 

Ainy, E., Ghazi, A.A. & Azizi, F. (2006). Changes in calcium, 25(OH) vitamin D3 and 

other biochemical factors during pregnancy. J Endocrinol Invest, 29(4), 303-307. 

Al Kalbani, M., Elshafie, O., Rawahi, M., Al-Mamari, A., Al-Zakwani, A. & 

Woodhouse, N. (2011) Vitamin D status in pregnant Omanis: A disturbingly high 

proportion of patients with low vitamin D stores. Sultan Qaboos University Medical 

Journal, 11(1), 52. 

Al-Ajlan, A., Krishnaswamy, S., Alokail, M.S., Aljohani, N.J., Al-Serehi, A., Sheshah, 

E., Alshingetti, N.M., Fouda, M., Turkistani, I.Z. & Al-Daghri, N.M. (2015). Vitamin 

D deficiency and dyslipidaemia in early pregnancy. BMC Pregnancy and Childbirth, 

15(1), 314. 

Al-Baghli, N.A., Al-Ghamdi, A.J., Al-Turki, K.A., El-Zubaier, A.G., Al-Ameer, M.M. 

& Al-Baghli, F.A. (2008). Overweight and obesity in the eastern province of Saudi 

Arabia. Saudi Medical Journal, 29(9), 1319-1325. 

Al-Daghri, N., Al-Attas, O., Alokail, M., Alkharfy, K., Yousef, M., Sabico, S. & 

Chrousos, G. (2011). Diabetes mellitus type 2 and other chronic non-communicable 

diseases in the central region, Saudi Arabia (Riyadh cohort 2): A decade of an epidemic. 

BMC Medicine, 9(1), 76. 



196 

 

Al-Daghri, N.M., Al-Attas, O.S., Alkharfy, K.M., Khan, N., Mohammed, A.K., 

Vinodson, B., Ansari, M.G., Alenad, A. & Alokail, M.S. (2014). Association of VDR-

gene variants with factors related to the metabolic syndrome, type 2 diabetes and 

vitamin D deficiency. Gene, 542(2), 129-133. 

Al-Daghri, N.M., Al-Attas, O.S., Alokail, M.S., Alkharfy, K.M., Yousef, M., Nadhrah, 

H. M., Al-Othman, A., Al-Saleh, Y., Sabico, S. & Chrousos, G.P. (2010) 

Hypovitaminosis D and cardiometabolic risk factors among non-obese youth. Central 

European Journal of Medicine, 5(6), 752-757. 

Al-Daghri, N.M., Al-Saleh, Y., Aljohani, N., Alokail, M., Al-Attas, O., Alnaami, A.M., 

Sabico, S., Alsulaimani, M., Al-Harbi, M. & Alfawaz, H. (2015). Vitamin D deficiency 

and cardiometabolic risks: a juxtaposition of Arab adolescents and adults. PloS One, 

10(7), e0131315. 

Al-Faris, N.A. (2016). High Prevalence of Vitamin D Deficiency among Pregnant 

Saudi Women. Nutrients, 8(2), 77. 

Al-Faris, N.A., Al-Tamimi, J.Z., Al-Jobair, M.O. & Al-Shwaiyat, N.M. (2015). Trends 

of fast food consumption among adolescent and young adult Saudi girls living in 

Riyadh. Food Nutr Res, 59, 26488. 

Al-Ghamdi, M.A., Lanham-New, S.A. & Kahn, J.A. (2012). Differences in vitamin D 

status and calcium metabolism in Saudi Arabian boys and girls aged 6 to 18 years: 

Effects of age, gender, extent of veiling and physical activity with concomitant 

implications for bone health. Public Health Nutr, 15(10), 1845-1853. 

Al-Malki, J., Al-Jaser, M. & Warsy, A. (2003). Overweight and obesity in Saudi 

females of childbearing age. International Journal of Obesity, 27(1), 134-139. 

Al-Mogbel, E.S. (2012). Vitamin D Status among Adult Saudi Females Visiting 

Primary Health Care Clinics. Int J Health Sci (Qassim), 6(2), 116-126. 

Al-Musharaf, S., Al-Othman, A., Al-Daghri, N.M., Krishnaswamy, S., Yusuf, D.S., 

Alkharfy, K.M., Al-Saleh, Y., Al-Attas, O.S., Alokail, M.S. & Moharram, O. (2012). 

Vitamin D deficiency and calcium intake in reference to increased body mass index in 

children and adolescents. European Journal of Pediatrics, 171(7), 1081-1086. 

Al-Nozha, M.M., Al-Maatouq, M.A., Al-Mazrou, Y.Y. & Al-Harthi, S.S. (2004). 

Diabetes mellitus in Saudi Arabia. Saudi Med Journal, (11), 1603-1610. 

Al-Nozha, M.M., Al-Mazrou, Y.Y., Al-Maatouq, M.A., Arafah, M.R., Khalil, M.Z., 

Khan, N.B., Al-Marzouki, K., Abdullah, M.A., Al-Khadra, A.H. & Al-Harthi, S.S. 

(2005). Obesity in Saudi Arabia. Saudi Medical Journal, 26(5), 824-829. 

Al-Nuaim, A.R., Mirdad, S., Al-Rubeaan, K., Al-Mazrou, Y., Al-Attas, O., Al-Daghari, 

N. & Khoja, T. (1997). Population-based epidemiological study on characteristics of 

risk factors of hypercholesterolemia in Saudi Arabia. International Journal of 

Cardiology, 62(1), 47-54. 



197 

 

Al-Othman, A., Al-Musharaf, S., Al-Daghri, N.M., Krishnaswamy, S., Yusuf, D.S., 

Alkharfy, K.M., Al-Saleh, Y., Al-Attas, O.S., Alokail, M.S. & Moharram, O. (2012a). 

Effect of physical activity and sun exposure on vitamin D status of Saudi children and 

adolescents. BMC Pediatrics, 12(1), 92. 

Al-Othman, A., Al-Musharaf, S., Al-Daghri, N.M., Yakout, S., Alkharfy, K.M., Al-

Saleh, Y., Al-Attas, O.S., Alokail, M.S., Moharram, O. & Sabico, S. (2012b). Tea and 

coffee consumption in relation to vitamin D and calcium levels in Saudi adolescents. 

Nutrition Journal, 11(1), 56. 

Al-Rowaily, M. & Abolfotouh, M. (2010). Predictors of gestational diabetes mellitus 

in a high-parity community in Saudi Arabia/Facteurs prédictifs du diabète gestationnel 

au sein d'une communauté à parité élevée en Arabie Saoudite. Eastern Mediterranean 

Health Journal, 16(6), 636. 

Al-Rubeaan, K., Al-Manaa, H.A., Khoja, T.A., Youssef, A.M., Al-Sharqawi, A.H., 

Siddiqui, K. & Ahmad, N.A. (2014). A community-based survey for different abnormal 

glucose metabolism among pregnant women in a random household study (SAUDI-

DM). BMJ Open, (8), e005906. 

Al-Saleh, Y., Sulimani, R., Sabico, S., Raef, H., Fouda, M., Alshahrani, F., Al Shaker, 

M. & Al Wahabi, B. (2015). 2015 Guidelines for Osteoporosis in Saudi Arabia: 

Recommendations from the Saudi Osteoporosis Society. Annals of Saudi Medicine, 

35(1), 1. 

Al-Shaikh, G.K., Ibrahim, G.H., Fayed, A.A. & Al-Mandeel, H. (2016). Impact of 

vitamin D deficiency on maternal and birth outcomes in the Saudi population: A cross-

sectional study. BMC Pregnancy and Childbirth, 16, 119. 

Al-Turki, H.A., Sadat-Ali, M., Al-Elq, A.H., Al-Mulhim, F.A. & Al-Ali, A.K (2008). 

25-Hydoxyvitamin D levels among healthy Saudi Arabian women. Saudi Med J, 29, 

1765-1768. 

Al-Zoughool, M., AlShehri, A., Alqarni, A., Alarfaj, A. & Tamimi, W. (2015). Vitamin 

D Status of Patients Visiting Health Care Centers in the Coastal and Inland Cities of 

Saudi Arabia. Journal of Public Health in Developing Countries, 1(1), 14-21. 

Alamolhoda, S., Kariman, N., Hoseinpanah, F. & Majd, H.A. (2010). Relationship 

between maternal hemoglobin level in first trimester with gestational diabetes mellitus. 

Iranian Journal of Endocrinology and Metabolism, 11(6), 661-666, 734. 

Alberico, S., Montico, M., Barresi, V., Monasta, L., Businelli, C., Soini, V., Erenbourg, 

A., Ronfani, L. & Maso, G. (2014). The role of gestational diabetes, pre-pregnancy 

body mass index and gestational weight gain on the risk of newborn macrosomia: 

Results from a prospective multicentre study. BMC Pregnancy and Childbirth, 14(1), 

1. 

Alberti, K.G., Zimmet, P. & Shaw, J. (2005). The metabolic syndrome - a new 

worldwide definition. Lancet, 366(9491), 1059-1062. 



198 

 

Aldesi, D. (2014). A dietary interventional study moderating fat intake in Saudi subjects 

with metabolic disease [PhD thesis]. University of Warwick, UK. 

Alfadhli, E.M., Osman, E.N., Basri, T.H., Mansuri, N.S., Youssef, M.H., Assaaedi, S. 

A. & Aljohanic, B.A. (2015). Gestational diabetes among Saudi women: Prevalence, 

risk factors and pregnancy outcomes. Annals of Saudi Medicine, 35(3), 222. 

Alfawaz, H., Tamim, H., Alharbi, S., Aljaser, S. & Tamimi, W. (2014). Vitamin D 

status among patients visiting a tertiary care center in Riyadh, Saudi Arabia: A 

retrospective review of 3475 cases. BMC Public Health, 14(1), 159. 

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

(2016). Prevalence and risk factors of gestational diabetes mellitus in Yemen. 

InternationalJjournal of Women's Health, 8, 35-41.  

Allain, C.C., Poon, L.S., Chan, C.S., Richmond, W. & Fu, P.C. (1974). Enzymatic 

determination of total serum cholesterol. Clinical Chemistry, 20(4), 470-475. 

AlMulhim, A.S., AlMulhim, A.I., AlMulhim, A. & AlDoughan, M. (2015). The Effect 

of Exercise on Vitamin D Levels in Saudi Females. Int. J. Curr. Res. Acad. Rev, 3, 251-

257. 

Aloia, J.F., Talwar, S.A., Pollack, S., Feuerman, M. & Yeh, J.K. (2006). Optimal 

vitamin D status and serum parathyroid hormone concentrations in African American 

women. The American Journal of Clinical Nutrition, 84(3), 602-609. 

Alpert, P.T. & Shaikh, U. (2007). The effects of vitamin D deficiency and insufficiency 

on the endocrine and paracrine systems. Biological Research for Nursing, 9(2),117-

129. 

Alptekin, H., Çizmecioğlu, A., Işık, H., Cengiz, T., Yildiz, M. & Iyisoy, M.S. (2016). 

Predicting gestational diabetes mellitus during the first trimester using anthropometric 

measurements and HOMA-IR. Journal of Endocrinological Investigation, 39(5), 577-

583. 

Alshahrani, F.M., Almalki, M.H., Aljohani, N., Alzahrani, A., Alsaleh, Y. & Holick, 

M.F. (2013). Vitamin D: Light side and best time of sunshine in Riyadh, Saudi Arabia. 

Dermato-endocrinology, 5(1), 177-180. 

Alsuwaida, A.O., Farag, Y.M., Al Sayyari, A.A., Mousa, D.H., Alhejaili, F.F., Al-

Harib, A.S., Housawi, A.A., Mittal, B.V. & Singh, A.K. (2013). Prevalence of vitamin 

D deficiency in Saudi adults. Saudi Medical Journal, 34(8), 814-818. 

Alvarez, J.A. & Ashraf, A. (2009). Role of vitamin D in insulin secretion and insulin 

sensitivity for glucose homoeostasis. International Journal of Endocrinology, 2010, 

351385.  

Alvarez, J.J., Montelongo, A., Iglesias, A., Lasuncion, M.A. & Herrera, E. (1996). 

Longitudinal study on lipoprotein profile, high density lipoprotein subclass, and 

postheparin lipases during gestation in women. J Lipid Res, 37(2), 299-308. 



199 

 

Aly, Y.F., El Koumi, M.A. & El Rahman, R.N.A. (2013). Impact of maternal vitamin 

D status during pregnancy on the prevalence of neonatal vitamin D deficiency. 

Pediatric Reports, 5(1), e6. 

Alzaim, M. & Wood, R.J. (2013). Vitamin D and gestational diabetes mellitus. 

Nutrition Reviews, 71(3), 158-167. 

Amer, M. & Qayyum, R. (2012). Relation between serum 25-hydroxyvitamin D and C-

reactive protein in asymptomatic adults (from the continuous National Health and 

Nutrition Examination Survey 2001 to 2006). The American Journal of Cardiology, 

109(2), 226-230. 

American Diabetes Association (2003). Gestational Diabetes Mellitus. Diabetes Care, 

26(suppl. 1), s103. 

American Diabetes Association (2004). Gestational Diabetes Mellitus. Diabetes Care, 

27(Suppl. 1), s88-s90. 

American Diabetes Association (2014a). Standards of Medical Care in Diabetes - 2014. 

Diabetes Care, 37(Suppl. 1), s14-s80. 

American Diabetes Association (2014b). Diagnosis and Classification of Diabetes 

Mellitus. Diabetes Care, 37(Suppl. 1), s81-s90; 37(3), 887-887. 

Anaka, O., Houlihan, C., Beim, R. & Ranzini, A.C. (2014). Does First-Trimester 

Hemoglobin A1C Predict Gestational Diabetes and Foetal Outcome? Obstetrics & 

Gynecology, 123, s38-s39. 

Andersen, L.B., Abrahamsen, B., Dalgard, C., Kyhl, H.B., Beck-Nielsen, S.S., Frost-

Nielsen, M., Jorgensen, J.S., Barington, T. & Christesen, H.T. (2013). Parity and tanned 

white skin as novel predictors of vitamin D status in early pregnancy: A population-

based cohort study. Clin Endocrinol (Oxf), 79(3), 333-341. 

Annuzzi, G., Riccardi, G., Capaldo, B. & Kaijser, L. (1991). Increased insulin-

stimulated glucose uptake by exercised human muscles one day after prolonged 

physical exercise. Eur J Clin Invest, 21(1), 6-12. 

Arabic programme 1st version (2007). Arabic programme for food analysis 1st version. 

KSA. National King Fahad Library 5716/1427, Riyadh, Saudi Arabia. 

Ardawi, M., Nasrat, H. & BA'Aqueel, H.S. (1997). Calcium-regulating hormones and 

parathyroid hormone-related peptide in normal human pregnancy and postpartum: A 

longitudinal study. European Journal of Endocrinology, 137(4), 402-409. 

Ardawi, M.S., Nasrat, H.A., Jamal, H.S., Al-Sagaaf, H.M. & Mustafa, B.E. (2000). 

Screening for gestational diabetes mellitus in pregnant females. Saudi Med J, 21(2), 

155-160. 

Arnold, D.L., Enquobahrie, D.A., Qiu, C., Huang, J., Grote, N., VanderStoep, A. & 

Williams, M.A. (2015). Early pregnancy maternal vitamin D concentrations and risk of 

gestational diabetes mellitus. Paediatric and Perinatal Epidemiology, 29(3), 200-210. 



200 

 

Arora, C.P. (2011). Role of vitamin D in modulating gestational diabetes. Biopolymers 

and Cells, 27(2), 85-92. 

Arora, C.P. & Hobel, C. (2010). Vitamin D - a novel role in pregnancy. Biopolym Cell, 

26(2), 97-104. 

Arora, G.P., Thaman, R.G., Prasad, R.B., Almgren, P., Brøns, C., Groop, L.C. & Vaag, 

A.A. (2015). Prevalence and risk factors of gestational diabetes in Punjab, North India: 

esults from a population screening program. European Journal of Endocrinology, 

173(2), 257-267. 

Asemi, Z., Hashemi, T., Karamali, M., Samimi, M. & Esmaillzadeh, A. (2013). Effects 

of vitamin D supplementation on glucose metabolism, lipid concentrations, 

inflammation, and oxidative stress in gestational diabetes: A double-blind randomized 

controlled clinical trial. The American Journal of Clinical Nutrition, 98(6), 1425-1432. 

Ates, S., Sevket, O., Ozcan, P., Ozkal, F., Kaya, M.O. & Dane, B. (2016). Vitamin D 

status in the first-trimester: Effects of Vitamin D deficiency on pregnancy outcomes. 

African Health Sciences, 16(1), 36-43. 

Aune, D., Sen, A., Henriksen, T., Saugstad, O.D. & Tonstad, S. (2016). Physical 

activity and the risk of gestational diabetes mellitus: A systematic review and dose-

response meta-analysis of epidemiological studies. Eur J Epidemiol, 31(10), 967-997. 

Autier, P., Boniol, M., Pizot, C. & Mullie, P. (2014). Vitamin D status and ill health: A 

systematic review. The Lancet Diabetes & Endocrinology, 2(1), 76-89. 

Ayadi, I.D., Nouaili, E.B., Talbi, E., Ghdemssi, A., Rached, C., Bahlous, A., 

Gammoudi, A., Hamouda, S.B., Bouguerra, B., Bouzid, K., Abdelmoula, J. & 

Marrakchi, Z. (2016). Prevalence of vitamin D deficiency in mothers and their 

newborns in a Tunisian population. Int J Gynaecol Obstet, 133(2), 192-195. 

Azhar, W. (2009). A Determination of Vitamin D Status and Intake of Pregnant and 

Non-Pregnant Saudi Arabian Women in Mecca, Saudi Arabia [Master’s dissertation]. 

Eastern Michigan University, US. 

Bahijri, S.M., Jambi, H.A., Al Raddadi, R.M., Ferns, G. & Tuomilehto, J. (2016). The 

Prevalence of Diabetes and Prediabetes in the Adult Population of Jeddah, Saudi 

Arabia-A Community-Based Survey. PloS One, 11(4), e0152559. 

Baker, A.M., Haeri, S., Camargo, C.A., Stuebe, A.M. & Boggess, K.A. (2012). First‐
trimester maternal vitamin D status and risk for gestational diabetes (GDM): A nested 

case‐control study. Diabetes/Metabolism Research and Reviews, 28(2), 164-168. 

Baptiste-Roberts, K., Barone, B.B., Gary, T.L., Golden, S.H., Wilson, L.M., Bass, E.B. 

& Nicholson, W.K. (2009). Risk factors for type 2 diabetes among women with 

gestational diabetes: A systematic review. The American Journal of Medicine, 122(3), 

207-214, e204. 

Bardenheier, B.H., Elixhauser, A., Imperatore, G., Devlin, H.M., Kuklina, E.V., Geiss, 

L.S. & Correa, A. (2013). Variation in prevalence of gestational diabetes mellitus 



201 

 

among hospital discharges for obstetric delivery across 23 states in the United States. 

Diabetes Care, 36(5), 1209-1214. 

Bärebring, L., Schoenmakers, I., Glantz, A., Hulthén, L., Jagner, Å., Ellis, J., Bärebring, 

M., Bullarbo, M. & Augustin, H. (2016). Vitamin D Status during Pregnancy in a Multi-

Ethnic Population-Representative Swedish Cohort. Nutrients, 8(10), 655. 

Barrett, H. & McElduff, A. (2010). Vitamin D and pregnancy: An old problem 

revisited. Best Practice & Research: Clinical Endocrinology & Metabolism, 24(4), 

527-539. 

Barter, P., Gotto, A.M., LaRosa , J.C., Maroni , J., Szarek , M., Grundy , S.M., 

Kastelein, J.J.P., Bittner, V. & Fruchart, J.-C. (2007). HDL Cholesterol, Very Low 

Levels of LDL Cholesterol, and Cardiovascular Events. New England Journal of 

Medicine, 357(13), 1301-1310. 

Bartha, J.L., Gonzalez-Bugatto, F., Fernandez-Macias, R., Gonzalez-Gonzalez, N.L., 

Comino-Delgado, R. & Hervias-Vivancos, B. (2008). Metabolic syndrome in normal 

and complicated pregnancies. Eur J Obstet Gynecol Reprod Biol, 137(2), 178-184. 

Bartha, J.L., Martinez-Del-Fresno, P. & Comino-Delgado, R. (2000). Gestational 

diabetes mellitus diagnosed during early pregnancy. American Journal of Obstetrics 

and Gynecology, 182(2), 346-350. 

Bartha, J.L., Martinez-Del-Fresno, P. & Comino-Delgado, R. (2003). Early diagnosis 

of gestational diabetes mellitus and prevention of diabetes-related complications. 

European Journal of Obstetrics & Gynecology and Reproductive Biology, 109(1), 41-

44. 

Bautista-Castaño, I., Alemán-Perez, N., Garcia-Salvador, J.J., Gonzalez-Quesada, A., 

García-Hernández, J.A. & Serra-Majem, L. (2011). [Prevalence of obesity in pregnant 

women of Canary Islands, Spain]. Medicina Clinica, 136(11), 478-480. 

Bayley, T.M., Dye, L., Jones, S., DeBono, M. & Hill, A.J. (2002). Food cravings and 

aversions during pregnancy: Relationships with nausea and vomiting. Appetite, 38(1), 

45-51. 

Bellamy, L., Casas, J.P., Hingorani, A.D. & Williams, D. (2009). Type 2 diabetes 

mellitus after gestational diabetes: A systematic review and meta-analysis. Lancet, 373, 

(9677), 1773-1779. 

Ben‐Haroush, A., Yogev, Y. & Hod, M. (2004). Epidemiology of gestational diabetes 

mellitus and its association with Type 2 diabetes. Diabetic Medicine, 21(2), 103-113. 

Bener, A., Al-Hamaq, A.O. & Saleh, N.M. (2013). Association between vitamin D 

insufficiency and adverse pregnancy outcome: Global comparisons. International 

Journal of Women's Health, 5, 523-31. 

Bener, A., Saleh, N.M. & Al-Hamaq, A. (2011). Prevalence of gestational diabetes and 

associated maternal and neonatal complications in a fast-developing community: 

Global comparisons. Int J Womens Health, 3, 367-373. 



202 

 

Benyo, D.F., Smarason, A., Redman, C.W., Sims, C. & Conrad, K.P. (2001). 

Expression of Inflammatory Cytokines in Placentas from Women with Preeclampsia 1. 

The Journal of Clinical Endocrinology & Metabolism, 86(6), 2505-2512. 

Bersot, T.P., Pépin, G.M. & Mahley, R.W. (2003). Risk determination of dyslipidaemia 

in populations characterized by low levels of high-density lipoprotein cholesterol. 

American Heart Journal, 146(6), 1052-1059. 

Bertolotto, A., Volpe, L., Calianno, A., Pugliese, M.C., Lencioni, C., Resi, V., Ghio, 

A., Corfini, M., Benzi, L. & Del Prato, S. (2010). Physical activity and dietary habits 

during pregnancy: Effects on glucose tolerance. The Journal of Maternal-Foetal & 

Neonatal Medicine, 23(11), 1310-1314. 

Bezerra, F.F., Laboissière, F.P., King, J.C. & Donangelo, C.M. (2002). Pregnancy and 

lactation affect markers of calcium and bone metabolism differently in adolescent and 

adult women with low calcium intakes. The Journal of Nutrition, 132(8), 2183-2187. 

Bhat, M., K, N. R., Sarma, S.P., Menon, S., C, V. S. & S, G.K. (2010). Determinants 

of gestational diabetes mellitus: A case control study in a district tertiary care hospital 

in south India. Int J Diabetes Dev Ctries, 30(2), 91-96. 

Bikle, D. (2009). Nonclassic actions of vitamin D. The Journal of Clinical 

Endocrinology & Metabolism, 94(1), 26-34. 

Bikle, D.D. (2014). Vitamin D metabolism, mechanism of action, and clinical 

applications. Chemistry & Biology, 21(3), 319-329. 

Bland, R., Markovic, D., Hills, C.E., Hughes, S.V., Chan, S.L., Squires, P.E. & 

Hewison, M. (2004). Expression of 25-hydroxyvitamin D3-1alpha-hydroxylase in 

pancreatic islets. J Steroid Biochem Mol Biol, 89-90(1-5), 121-125. 

Blumer, I., Hadar, E., Hadden, D.R., Jovanovič, L., Mestman, J.H., Murad, M.H. & 

Yogev, Y. (2013). Diabetes and pregnancy: An endocrine society clinical practice 

guideline. The Journal of Clinical Endocrinology & Metabolism, 98(11), 4227-4249. 

Blumfield, M.L., Hure, A.J., Macdonald-Wicks, L., Smith, R. & Collins, C.E. (2012). 

Systematic review and meta-analysis of energy and macronutrient intakes during 

pregnancy in developed countries. Nutrition Reviews, 70(6), 322-336. 

Bobbitt, K.R., Peters, R.M., Li, J., Rao, S.D., Woodcroft, K.J. & Cassidy-Bushrow, 

A.E. (2015). Early pregnancy vitamin D and patterns of antenatal inflammation in 

African–American women. Journal of Reproductive Immunology, 107, 52-58. 

Bodnar, L.M., Catov, J.M., Simhan, H.N., Holick, M.F., Powers, R. W. & Roberts, J. 

M. (2007a) Maternal vitamin D deficiency increases the risk of preeclampsia. J Clin 

Endocrinol Metab, 92(9), 3517-3522. 

Bodnar, L.M., Simhan, H.N., Powers, R.W., Frank, M.P., Cooperstein, E. & Roberts, 

J. M. (2007b). High prevalence of vitamin D insufficiency in black and white pregnant 

women residing in the northern United States and their neonates. The Journal of 

Nutrition, 137(2), 447-452. 



203 

 

Bodnar, L.M., Catov, J.M., Zmuda, J.M., Cooper, M.E., Parrott, M.S., Roberts, J.M., 

Marazita, M.L. & Simhan, H.N. (2010). Maternal serum 25-hydroxyvitamin D 

concentrations are associated with small-for-gestational age births in white women. The 

Journal of Nutrition, 140(5), 999-1006. 

Bodnar, L.M., Krohn, M.A. & Simhan, H.N. (2009). Maternal vitamin D deficiency is 

associated with bacterial vaginosis in the first trimester of pregnancy. The Journal of 

Nutrition, 139(6), 1157-1161. 

Bodnar, L.M. & Simhan, H.N. (2010). Vitamin D may be a link to black-white 

disparities in adverse birth outcomes. Obstetrical & Gynecological Survey, 65(4), 273. 

Boney, C.M., Verma, A., Tucker, R. & Vohr, B.R. (2005). Metabolic syndrome in 

childhood: Association with birth weight, maternal obesity, and gestational diabetes 

mellitus. Pediatrics, 115(3), e290-e296. 

Boots, C. & Stephenson, M.D. (2011). Does obesity increase the risk of miscarriage in 

spontaneous conception: A systematic review. Semin Reprod Med, 29(6), 507-513. 

Boucher, B., Mannan, N., Noonan, K., Hales, C. & Evans, S. (1995). Glucose 

intolerance and impairment of insulin secretion in relation to vitamin D deficiency in 

east London Asians. Diabetologia, 38(10), 1239-1245. 

Boucher, B.J. (1998). Inadequate vitamin D status: Does it contribute to the disorders 

comprising syndrome 'X'? Br J Nutr, 79(4), 315-327. 

Bouillon, R., De Groot, L. & Jameson, J. (2001). Vitamin D: From photosynthesis, 

metabolism, and action to clinical applications. In: L.J. DeGroot & J.L. Jameson (Eds.), 

Endocrinology (pp.1009-1028). Philadelphia, Pennsylvania, US: W.B. Saunders. 

Boule, N.G., Haddad, E., Kenny, G.P., Wells, G.A. & Sigal, R.J. (2001). Effects of 

exercise on glycemic control and body mass in type 2 diabetes mellitus: A meta-

analysis of controlled clinical trials. JAMA, 286(10), 1218-1227. 

Brannon, P.M. & Picciano, M.F. (2011). Vitamin D in Pregnancy and Lactation in 

Humans. Annual Review of Nutrition, 31(1), 89-115. 

Brembeck, P., Winkvist, A. & Olausson, H. (2013). Determinants of vitamin D status 

in pregnant fair-skinned women in Sweden. Br J Nutr, 110(5), 856-864. 

Brisson, D., Perron, P., Guay, S.-P., Gaudet, D. & Bouchard, L. (2010). The 

“hypertriglyceridemic waist” phenotype and glucose intolerance in pregnancy. 

Canadian Medical Association Journal, 182(15), e722-e725. 

Brock, K., Huang, W.-Y., Fraser, D., Ke, L., Tseng, M., Stolzenberg-Solomon, R., 

Peters, U., Ahn, J., Purdue, M. & Mason, R. (2010). Low vitamin D status is associated 

with physical inactivity, obesity and low vitamin D intake in a large US sample of 

healthy middle-aged men and women. The Journal of Steroid Biochemistry and 

Molecular Biology, 121(1), 462-466. 



204 

 

Brunner, S., Stecher, L., Ziebarth, S., Nehring, I., Rifas-Shiman, S.L., Sommer, C., 

Hauner, H. & von Kries, R. (2015). Excessive gestational weight gain prior to glucose 

screening and the risk of gestational diabetes: A meta-analysis. Diabetologia, 58(10), 

2229-2237. 

Buchanan, T.A., Xiang, A., Kjos, S.L., Lee, W.P., Trigo, E., Nader, I., Bergner, E.A., 

Palmer, J.P. & Peters, R.K. (1998). Gestational diabetes: Antepartum characteristics 

that predict postpartum glucose intolerance and type 2 diabetes in Latino women. 

Diabetes, 47(8), 1302-1310. 

Buchanan, T.A., Xiang, A., Kjos, S.L. & Watanabe, R. (2007). What is gestational 

diabetes? Diabetes Care, 30(Suppl. 2), s105-s111. 

Buchanan, T.A. & Xiang, A.H. (2005). Gestational diabetes mellitus. The Journal of 

Clinical Investigation, 115(3), 485-491. 

Burris, H.H. & Camargo, C.A. Jr. (2014). Vitamin D and Gestational Diabetes Mellitus. 

Current Diabetes Reports, 14(1), 1-6. 

Burris, H.H., Rifas-Shiman, S.L., Camargo, C.A., Litonjua, A.A., Huh, S.Y., Rich-

Edwards, J.W. & Gillman, M.W. (2012a). Plasma 25-Hydroxyvitamin D During 

Pregnancy & Small-for-Gestational Age in Black and White Infants. Annals of 

Epidemiology, 22(8), 581-586. 

Burris, H.H., Rifas-Shiman, S.L., Kleinman, K., Litonjua, A.A., Huh, S.Y., Rich-

Edwards, J.W., Camargo, C.A. & Gillman, M.W. (2012b). Vitamin D deficiency in 

pregnancy and gestational diabetes mellitus. American Journal of Obstetrics and 

Gynecology, 207(3), 182, e181-182, e188. 

Camargo, C.A., Rifas-Shiman, S.L., Litonjua, A.A., Rich-Edwards, J.W., Weiss, S.T., 

Gold, D.R., Kleinman, K. & Gillman, M.W. (2007). Maternal intake of vitamin D 

during pregnancy and risk of recurrent wheeze in children at 3 years of age. The 

American Journal of Clinical Nutrition, 85(3), 788-795. 

Campos, H., Khoo, C. & Sacks, F.M. (2005). Diurnal and acute patterns of postprandial 

apolipoprotein B-48 in VLDL, IDL, and LDL from normolipidemic humans. 

Atherosclerosis, 181(2), 345-351. 

Cannell, J.J., Grant, W.B. & Holick, M.F. (2014) Vitamin D and inflammation. 

Dermato-endocrinology, 6(1), e983401. 

Carreno, C.A., Clifton, R.G., Hauth, J.C., Myatt, L., Roberts, J.M., Spong, C.Y., 

Varner, M.W., Thorp Jr, J.M., Mercer, B.M. & Peaceman, A.M. (2012). Excessive early 

gestational weight gain and risk of gestational diabetes mellitus in nulliparous women. 

Obstetrics and Gynecology, 119(6), 1227. 

Catalano, P. & Ehrenberg, H. (2006). Review article: The short‐and long‐term 

implications of maternal obesity on the mother and her offspring. BJOG: An 

International Journal of Obstetrics & Gynaecology, 113(10), 1126-1133. 



205 

 

Catalano, P.M., McIntyre, H.D., Cruickshank, J.K., McCance, D.R., Dyer, A.R., 

Metzger, B.E., Lowe, L.P., Trimble, E.R., Coustan, D.R. & Hadden, D.R. (2012). The 

Hyperglycaemia and Adverse Pregnancy Outcome Study Associations of GDM and 

Obesity with Pregnancy Outcomes. Diabetes Care, 35(4), 780-786. 

Catalano, P.M., Roman, N.M., Tyzbir, E.D., Merritt, A.O., Driscoll, P. & Amini, S.B. 

(1993). Weight gain in women with gestational diabetes. Obstetrics & Gynecology, 

81(4), 523-528. 

Cedergren, M. (2006). Effects of gestational weight gain and body mass index on 

obstetric outcome in Sweden. International Journal of Gynecology & Obstetrics, 93(3), 

269-274. 

Centre for Maternal and Child Enquiries (CMACE) (2010).  Maternal obesity in the 

UK: Findings from a national project. CMACE: London.  

Charatcharoenwitthaya, N., Nanthakomon, T., Somprasit, C., Chanthasenanont, A., 

Chailurkit, L.O., Pattaraarchachai, J. & Ongphiphadhanakul, B. (2013). Maternal 

vitamin D status, its associated factors and the course of pregnancy in Thai women. 

Clin Endocrinol (Oxf), 78(1), 126-133. 

Chasan-Taber, L., Silveira, M., Lynch, K.E., Pekow, P., Braun, B., Manson, J.E., 

Solomon, C.G. & Markenson, G. (2014). Physical activity before and during pregnancy 

and risk of abnormal glucose tolerance among Hispanic women. Diabetes & 

Metabolism, 40(1), 67-75. 

Chatzi, L., Plana, E., Pappas, A., Alegkakis, D., Karakosta, P., Daraki, V., Vassilaki, 

M., Tsatsanis, C., Kafatos, A. & Koutis, A. (2009). The metabolic syndrome in early 

pregnancy and risk of gestational diabetes mellitus. Diabetes & Metabolism, 35(6), 

490-494. 

Chen, P., Wang, S., Ji, J., Ge, A., Chen, C., Zhu, Y., Xie, N. & Wang, Y. (2015). Risk 

factors and management of gestational diabetes. Cell Biochem Biophys, 71(2), 689-694. 

Chen, Y., Quick, W.W., Yang, W., Zhang, Y., Baldwin, A., Moran, J., Moore, V., 

Sahai, N. & Dall, T.M. (2009). Cost of gestational diabetes mellitus in the United States 

in 2007. Population Health Management, 12(3), 165-174. 

Chitme, H.R., Al Shibli, S.A. & Al-Shamiry, R.M. (2016). Risk Factors and Plasma 

Glucose Profile of Gestational Diabetes in Omani Women. Oman Med J, 31(5), 370-

377. 

Cho, G.J., Hong, S. C., Oh, M.J. & Kim, H.J. (2013). Vitamin D deficiency in 

gestational diabetes mellitus and the role of the placenta. American Journal of 

Obstetrics and Gynecology, 209(6), 560, e561-560, e568.  

Cho, H. J., Kang, H. C., Choi, S. A., Ju, Y. C., Lee, H. S. & Park, H. J. (2005) The 

possible role of Ca2+ on the activation of microsomal triglyceride transfer protein in 

rat hepatocytes. Biol Pharm Bull, 28 (8): 1418-1423. 



206 

 

Choi, R., Kim, S., Yoo, H., Cho, Y.Y., Kim, S.W., Chung, J.H., Oh, S.-y. & Lee, S.-Y. 

(2015). High Prevalence of Vitamin D Deficiency in Pregnant Korean Women: The 

First Trimester and the Winter Season as Risk Factors for Vitamin D Deficiency. 

Nutrients, 7(5), 3427-3448. 

Christakos, S., Ajibade, D.V., Dhawan, P., Fechner, A.J. & Mady, L.J. (2010). Vitamin 

D: Metabolism. Endocrinology and Metabolism Clinics of North America, 39(2), 243-

253. 

Christesen, H.T., Falkenberg, T., Lamont, R.F. & Jørgensen, J.S. (2012). The impact 

of vitamin D on pregnancy: a systematic review. Acta obstetricia et gynecologica 

Scandinavica, 91(12), 1357-1367. 

Clifton‐Bligh, R., McElduff, P. & McElduff, A. (2008). Maternal vitamin D deficiency, 

ethnicity and gestational diabetes. Diabetic Medicine, 25(6), 678-684. 

Cobas E411 Roche Diagnostics. (2011). Electro-chemiluminescence immnoassay 

(ECLIA) for the in-vitro determination of human insulin in serum and plasma. 

Retrieved from: [Roche Diagnostics Website].  

http://www.cobas.com/content/dam/cobas_com/pdf/product/Elecsys-Insulin 

assay/Elecsys%20Vitamin%20D%20total%20Factsheet.pdf [Accessed 10 January, 

2015]. 

Cobas E411 Roche Diagnostics. (2012). Vitamin D Total Reagent Insert 

(06268668001V1) [Roche Diagnostics Website]. 

http://www.captodayonline.com/productguides/instruments/automated-

immunoassay-analyzers-july-2012/roche-diagnostics-cobas-e411-immunoassay-

analyzers-june-2011.html [Accessed 19 March, 2015]. 

Cockburn, F., Belton, N.R., Purvis, R.J., Giles, M.M., Brown, J.K., Turner, T.L., 

Wilkinson, E.M., Forfar, J.O., Barrie, W.J., McKay, G.S. & Pocock, S.J. (1980). 

Maternal vitamin D intake and mineral metabolism in mothers and their newborn 

infants. Br Med J, 281(6232), 11-14. 

Cohen, A.K., Chaffee, B.W., Rehkopf, D.H., Coyle, J.R. & Abrams, B. (2014). 

Excessive gestational weight gain over multiple pregnancies and the prevalence of 

obesity at age 40. International Journal of Obesity, 38(5), 714-718. 

Cosson, E., Benbara, A., Pharisien, I., Nguyen, M.T., Revaux, A., Lormeau, B., Sandre-

Banon, D., Assad, N., Pillegand, C. & Valensi, P. (2013). Diagnostic and prognostic 

performances over 9 years of a selective screening strategy for gestational diabetes 

mellitus in a cohort of 18,775 subjects. Diabetes Care, 36(3), 598-603. 

Coughlan, M., Oliva, K., Georgiou, H., Permezel, J. & Rice, G. (2001). Glucose‐
induced release of tumour necrosis factor‐alpha from human placental and adipose 

tissues in gestational diabetes mellitus. Diabetic Medicine, 18(11), 921-927. 

Craig, C., Marshall, A., Sjöström, M., Bauman, A., Booth, M., Ainsworth, B., Pratt, 

M., Ekelund, U., Yngve, A. & Sallis, J. (together with the IPAQ Consensus Group and 

the IPAQ Reliability and Validity Study Group) (2003). International Physical Activity 

http://www.cobas.com/content/dam/cobas_com/pdf/product/Elecsys-Insulin%20assay/Elecsys%20Vitamin%20D%20total%20Factsheet.pdf
http://www.cobas.com/content/dam/cobas_com/pdf/product/Elecsys-Insulin%20assay/Elecsys%20Vitamin%20D%20total%20Factsheet.pdf
http://www.captodayonline.com/productguides/instruments/automated-immunoassay-analyzers-july-2012/roche-diagnostics-cobas-e411-immunoassay-analyzers-june-2011.html
http://www.captodayonline.com/productguides/instruments/automated-immunoassay-analyzers-july-2012/roche-diagnostics-cobas-e411-immunoassay-analyzers-june-2011.html
http://www.captodayonline.com/productguides/instruments/automated-immunoassay-analyzers-july-2012/roche-diagnostics-cobas-e411-immunoassay-analyzers-june-2011.html


207 

 

Questionnaire (IPAQ): 12-country reliability and validity. Med Sci Sports Exerc, 

35(13), 81-95. 

Cushard, J., William, G., Creditor, M.A., Canterbury, J.M. & Reiss, E. (1972). 

Physiologic hyperparathyroidism in pregnancy. The Journal of Clinical Endocrinology 

& Metabolism, 34(5), 767-771. 

D'Anna, R., Baviera, G., De Vivo, A., Facciolà, G., Di Benedetto, A. & Corrado, F. 

(2006). C-reactive protein as an early predictor of gestational diabetes mellitus. The 

Journal of Reproductive Medicine, 51(1), 55-58. 

Dasgupta, A., Saikia, U. & Sarma, D. (2012). Status of 25 (OH) D levels in pregnancy: 

A study from the North Eastern part of India. Indian Journal of Endocrinology and 

Metabolism, 16(Suppl. 2), s405. 

Dashora, U., Dashora, V. & Kennedy, L. (2002). Two-hour 75-g oral glucose tolerance 

test early in pregnancy detects most cases of gestational diabetes. Diabetes Care, 25(4), 

803-803. 

Dawodu, A., Saadi, H.F., Bekdache, G., Javed, Y., Altaye, M. & Hollis, B.W. (2013). 

Randomized controlled trial (RCT) of vitamin D supplementation in pregnancy in a 

population with endemic vitamin D deficiency. The Journal of Clinical Endocrinology 

& Metabolism, 98(6), 2337-2346. 

Dawodu, A. & Wagner, C.L. (2007). Mother-child vitamin D deficiency: An 

international perspective. Archives of Disease in Childhood, 92(9), 737-740. 

Dawson-Hughes, B., Mithal, A., Bonjour, J.P., Boonen, S., Burckhardt, P., Fuleihan, 

G. E., Josse, R.G., Lips, P., Morales-Torres, J. & Yoshimura, N. (2010). IOF position 

statement: Vitamin D recommendations for older adults. Osteoporos Int, 21(7), 1151-

1154. 

Deluca, H.F. & Cantorna, M.T. (2001). Vitamin D: Its role and uses in immunology. 

The FASEB Journal, 15(14), 2579-2585. 

Deluca, H.F. & Zierold, C. (1998). Mechanisms and functions of vitamin D. Nutr Rev, 

56(2 Pt. 2), s4-10; Discussion, s54-s75. 

Dempsey, J.C., Sorensen, T.K., Williams, M.A., Lee, I.-M., Miller, R.S., Dashow, E.E. 

& Luthy, D.A. (2004). Prospective study of gestational diabetes mellitus risk in relation 

to maternal recreational physical activity before and during pregnancy. American 

Journal of Epidemiology, 159(7), 663-670. 

Desoye, G., Hahn, T., Hartmann, M., Blaschitz, A., Dohr, G., Kohnen, G. & Kaufmann, 

P. (1994). Insulin receptors in syncytitrophoblast and foetal endothelium of human 

placenta. Immunohistochemical evidence for developmental changes in distribution 

pattern. Histochemistry, 101(4), 277-285. 

Desoye, G., Hartmann, M., Jones, C.J., Wolf, H.J., Kohnen, G., Kosakke, G. & 

Kaufmann, P. (1997). Location of insulin receptors in the placenta and its progenitor 

tissues. Microscopy Research and Technique, 38(1‐2), 63-75. 



208 

 

Desoye, G. & Hauguel-de Mouzon, S. (2007). The human placenta in gestational 

diabetes mellitus the insulin and cytokine network. Diabetes Care, 30(Suppl. 2), s120-

s126. 

Devine, C.M., Bove, C.F. & Olson, C.M. (2000). Continuity and change in women’s 

weight orientations and lifestyle practices through pregnancy and the postpartum 

period: The influence of life course trajectories and transitional events. Social Science 

& Medicine, 50(4), 567-582. 

Devlin, J.T. (1992). Effects of exercise on insulin sensitivity in humans. Diabetes Care, 

15(11), 1690-1693. 

Di Cianni, G., Volpe, L., Lencioni, C., Miccoli, R., Cuccuru, I., Ghio, A., 

Chatzianagnostou, K., Bottone, P., Teti, G., Del Prato, S. & Benzi, L. (2003). 

Prevalence and risk factors for gestational diabetes assessed by universal screening. 

Diabetes Res Clin Pract, 62(2), 131-137. 

Dodd, J.M., Grivell, R.M., Nguyen, A.M., Chan, A. & Robinson, J.S. (2011). Maternal 

and perinatal health outcomes by body mass index category. Australian and New 

Zealand Journal of Obstetrics and Gynaecology, 51(2), 136-140. 

Dode, M.A. & Santos, I. S.  (2009). Non classical risk factors for gestational diabetes 

mellitus: A systematic review of the literature. Cadernos de Saúde Pública, 25, s341-

s359. 

Doherty, D.A., Magann, E., Francis, J., Morrison, J. & Newnham, J. (2006). Pre-

pregnancy body mass index and pregnancy outcomes. International Journal of 

Gynecology & Obstetrics, 95(3), 242-247. 

dos Santos-Weiss, I.C., Réa, R.R., Fadel-Picheth, C. M., Rego, F. G., Pedrosa, F. d. O., 

Gillery, P., Souza, E. M. & Picheth, G. (2013). The plasma logarithm of the 

triglyceride/HDL-cholesterol ratio is a predictor of low risk gestational diabetes in early 

pregnancy. Clinica Chimica Acta, 418, 1-4. 

Drever, N., Saade, G.R. & Bytautiene, E. (2010). Foetal programming: Early-life 

modulations that affect adult outcomes. Current Allergy and Asthma Reports, 10(6), 

453-459. 

Dror, D.K. & Allen, L.H. (2010). Vitamin D inadequacy in pregnancy: Biology, 

outcomes, and interventions. Nutrition Reviews, 68(8), 465-477. 

Durnin, J. & Womersley, J. (1974). Body fat assessed from total body density and its 

estimation from skinfold thickness: measurements on 481 men and women aged from 

16 to 72 years. Br J Nutr, 32(1), 77-97. 

Dzakpasu, S., Fahey, J., Kirby, R.S., Tough, S.C., Chalmers, B., Heaman, M.I., 

Bartholomew, S., Biringer, A., Darling, E.K. & Lee, L.S. (2015). Contribution of 

prepregnancy body mass index and gestational weight gain to adverse neonatal 

outcomes: Population attributable fractions for Canada. BMC Pregnancy and 

Childbirth, 15(1), 1. 



209 

 

Ebrahimi, F., Shariff, Z.M., Tabatabaei, S.Z., Fathollahi, M.S., Mun, C.Y. & Nazari, 

M. (2015). Relationship between sociodemographics, dietary intake, and physical 

activity with gestational weight gain among pregnant women in Rafsanjan City, Iran. J 

Health Popul Nutr, 33(1), 168-176. 

Eckel, R.H., Grundy, S.M. & Zimmet, P.Z. (2005). The metabolic syndrome. The 

Lancet, 365(9468), 1415-1428. 

Ehrenberg, H.M., Durnwald, C.P., Catalano, P. & Mercer, B.M. (2004). The influence 

of obesity and diabetes on the risk of cesarean delivery. American Journal of Obstetrics 

and Gynecology, 191(3), 969-974. 

Ekeroma, A.J., Chandran, G.S., McCowan, L., Ansell, D., Eagleton, C. & Kenealy, T. 

(2015). Impact of using the international association of diabetes and pregnancy study 

groups criteria in South Auckland: Prevalence, interventions and outcomes. Australian 

and New Zealand Journal of Obstetrics and Gynaecology, 55(1), 34-41. 

El Lithy, A., Abdella, R.M., El-Faissal, Y.M., Sayed, A.M. & Samie, R.M.A. (2014). 

The relationship between low maternal serum vitamin D levels and glycemic control in 

gestational diabetes assessed by HbA1c levels: An observational cross-sectional study. 

BMC Pregnancy and Childbirth, 14(1), 362. 

El Rifai, N.M., Abdel Moety, G.A.F., Gaafar, H.M. & Hamed, D.A. (2014). Vitamin D 

deficiency in Egyptian mothers and their neonates and possible related factors. The 

Journal of Maternal-Foetal & Neonatal Medicine, 27(10), 1064-1068. 

El-Gilany, A.H. & Hammad, S. (2010). Body mass index and obstetric outcomes in 

pregnant women in Saudi Arabia: A prospective cohort study. Ann Saudi Med, 30(5), 

376-380. 

Eliades, M. & Pittas, A.G. (2009). Vitamin D and type 2 diabetes. Clinical Reviews in 

Bone and Mineral Metabolism, 7(2), 185-198. 

Engelking, L. & Rebar, A.H. (2012). Metabolic and endocrine physiology (Teton New 

Media, 3rd edn.). Jackson, Wyoming: CRC Press. 

Enquobahrie, D.A., Williams, M.A., Qiu, C. & Luthy, D.A. (2005). Early pregnancy 

lipid concentrations and the risk of gestational diabetes mellitus. Diabetes Res Clin 

Pract, 70(2), 134-142. 

Erem, C., Cihanyurdu, N., Deger, O., Karahan, C., Can, G. & Telatar, M. (2003). 

Screening for gestational diabetes mellitus in northeastern Turkey (Trabzon City). Eur 

J Epidemiol, 18(1), 39-43. 

Erem, C., Kuzu, U.B., Deger, O. & Can, G. (2015). Prevalence of gestational diabetes 

mellitus and associated risk factors in Turkish women: The Trabzon GDM Study. Arch 

Med Sci, 11(4), 724-735. 

Essley, B.V., McNanley, T.J., Cooper, E.M., McIntyre, A.W., Witter, F., Harris, Z.L. 

& O’Brien, K.O. (2012). Vitamin D insufficiency is prevalent and vitamin D is 

inversely associated with PTH and calcitriol in pregnant adolescents. Journal of Bone 



210 

 

and Mineral Research: The Official Journal of the American Society for Bone and 

Mineral Research, 27(1), 177. 

Evans, K.N., Bulmer, J.N., Kilby, M.D. & Hewison, M. (2004). Vitamin D and 

placental-decidual function. Journal of the Society for Gynecologic Investigation, 

11(5), 263-271. 

Faridi, K., Zhao, D., Martin, S., Lupton, J., Guallar, E., Ballantyne, C., Lutsey, P. & 

Michos, E. (2016). Vitamin D and change in lipids over 5 years: The atherosclerosis 

risk in communities (ARIC) study. Journal of the American College of Cardiology, 

67(13_S), 1960-1960. 

Farrant, H.J., Krishnaveni, G.V., Hill, J.C., Boucher, B.J., Fisher, D.J., Noonan, K., 

Osmond, C., Veena, S.R. & Fall, C.H. (2008). Vitamin D insufficiency is common in 

Indian mothers but is not associated with gestational diabetes or variation in newborn 

size. European Journal of Clinical Nutrition, 63(5), 646-652. 

Fenina, H., Chelli, D., Ben Fradj, M.K., Feki, M., Sfar, E. & Kaabachi, N. (2016). 

Vitamin D Deficiency is Widespread in Tunisian Pregnant Women and Inversely 

Associated with the Level of Education. Clin Lab, 62(5), 801-806. 

Fernandez-Alonso, A.M., Dionis-Sanchez, E.C., Chedraui, P., Gonzalez-Salmeron, 

M.D. & Perez-Lopez, F.R. (2012). First-trimester maternal serum 25-hydroxyvitamin 

D(3) status and pregnancy outcome. Int J Gynaecol Obstet, 116(1), 6-9. 

Ferrara, A. (2007). Increasing prevalence of gestational diabetes mellitus a public 

health perspective. Diabetes Care, 30(Suppl. 2), s141-s146. 

Festa, A., Williams, K., Hanley, A.J. & Haffner, S.M. (2008). Beta-cell dysfunction in 

subjects with impaired glucose tolerance and early type 2 diabetes: Comparison of 

surrogate markers with first-phase insulin secretion from an intravenous glucose 

tolerance test. Diabetes, 57(6), 1638-1644. 

Flegal, K.M., Carroll, M.D., Kit, B.K. & Ogden, C.L. (2012). Prevalence of obesity and 

trends in the distribution of body mass index among US adults, 1999-2010. JAMA, 

307(5), 491-497. 

Flood-Nichols, S.K., Tinnemore, D., Huang, R.R., Napolitano, P.G. & Ippolito, D.L. 

(2015). Vitamin D Deficiency in Early Pregnancy. PloS One, 10(4), e0123763. 

Ford, E.S. (2001). Vitamin supplement use and diabetes mellitus incidence among 

adults in the United States. American Journal of Epidemiology, 153(9), 892-897. 

Ford, E.S., Ajani, U.A., McGuire, L.C. & Liu, S. (2005). Concentrations of serum 

vitamin D and the metabolic syndrome among US adults. Diabetes Care, 28(5), 1228-

1230. 

Forrest, K.Y.Z. & Stuhldreher, W.L. (2011). Prevalence and correlates of vitamin D 

deficiency in US adults. Nutrition Research, 31(1), 48-54. 



211 

 

Forsum, E., Sadurskis, A. & Wager, J. (1989). Estimation of body fat in healthy 

Swedish women during pregnancy and lactation. Am J Clin Nutr, 50(3), 465-473. 

Fouda, M.A., Turkistani, I.Z., Angkaya-Bagayawa, F.F., Krishnaswamy, S. & Al-

Daghri, N. (2016). Vitamin D deficiency in young women of childbearing age: The 

elephant in the room. Int J Clin Exp Med, 9(2), 4615-4619. 

Fowler, M.J. (2007). Diabetes: Magnitude and mechanisms. Clinical Diabetes, 25(1), 

25-28. 

Friedewald, W.T., Levy, R.I. & Fredrickson, D.S. (1972). Estimation of the 

concentration of low-density lipoprotein cholesterol in plasma, without use of the 

preparative ultracentrifuge. Clinical Chemistry, 18(6), 499-502. 

Gabbay-Benziv, R., Doyle, L.E., Blitzer, M. & Baschat, A.A. (2015). First trimester 

prediction of maternal glycemic status. Journal of Perinatal Medicine, 43(3), 283-289. 

Gagnon, C., Lu, Z.X., Magliano, D.J., Dunstan, D.W., Shaw, J.E., Zimmet, P.Z., 

Sikaris, K., Grantham, N., Ebeling, P.R. & Daly, R.M. (2011). Serum 25-

hydroxyvitamin D, calcium Intake, and risk of type 2 diabetes after 5 years: Results 

from a national, population-based prospective study (the Australian Diabetes, Obesity 

and Lifestyle Study). Diabetes Care, 34(5), 1133-1138. 

Gaillard, R., Durmuş, B., Hofman, A., Mackenbach, J.P., Steegers, E.A. & Jaddoe, V. 

W. (2013). Risk factors and outcomes of maternal obesity and excessive weight gain 

during pregnancy. Obesity, 21(5), 1046-1055. 

Garabedian, M. & Ben–Mekhbi, H. (1999). Rickets and vitamin D deficiency. In: M.F. 

Holick (Ed.), Vitamin D physiology, molecular biology, and clinical applications. New 

Jersey, US: Humana Press.  

Garawi, F., Ploubidis, G.B., Devries, K., Al-Hamdan, N. & Uauy, R. (2015). Do 

routinely measured risk factors for obesity explain the sex gap in its prevalence? 

Observations from Saudi Arabia. BMC Public Health, 15, 254. 

Gardosi, J., Madurasinghe, V., Williams, M., Malik, A. & Francis, A. (2013). Maternal 

and foetal risk factors for stillbirth: Population based study. BMJ, 346, f108. 

Gasim, T. (2012). Gestational diabetes mellitus: Maternal and perinatal outcomes in 

220 Saudi women. Oman Med J, 27(2), 140-144. 

Gernand, A.D., Bodnar, L.M., Klebanoff, M.A., Parks, W.T. & Simhan, H.N. (2013). 

Maternal serum 25-hydroxyvitamin D and placental vascular pathology in a multicenter 

US cohort. The American Journal of Clinical Nutrition, 98(2), 383-388. 

Getahun, D., Fassett, M.J. & Jacobsen, S.J. (2010). Gestational diabetes: Risk of 

recurrence in subsequent pregnancies. American Journal of Obstetrics and Gynecology, 

203(5), 467, e461-467, e466. 



212 

 

Ginde, A.A., Sullivan, A.F., Mansbach, J.M. & Camargo, C.A., Jr. (2010). Vitamin D 

insufficiency in pregnant and nonpregnant women of childbearing age in the United 

States. Am J Obstet Gynecol, 202(5), 436, e431-e438. 

Gomes, C.P., Torloni, M. R., Gueuvoghlanian‐Silva, B. Y., Alexandre, S. M., Mattar, 

R. & Daher, S. (2013). Cytokine levels in gestational diabetes mellitus: A systematic 

review of the literature. American Journal of Reproductive Immunology, 69(6), 545-

557. 

Gore, S.A., Brown, D.M. & West, D. S. (2003). The role of postpartum weight retention 

in obesity among women: A review of the evidence. Annals of Behavioral Medicine, 

26(2), 149-159. 

Grant, C.C., Stewart, A.W., Scragg, R., Milne, T., Rowden, J., Ekeroma, A., Wall, C., 

Mitchell, E.A., Crengle, S. & Trenholme, A. (2013). Vitamin D during pregnancy and 

infancy and infant serum 25-hydroxyvitamin D concentration. Pediatrics, 2013-2602. 

Grant, W.B. & Holick, M.F. (2005). Benefits and requirements of vitamin D for optimal 

health: A review. Altern Med Rev, 10(2), 94-111. 

Grant, W.B. & Soles, C.M. (2009). Epidemiologic evidence for supporting the role of 

maternal vitamin D deficiency as a risk factor for the development of infantile autism. 

Dermato-endocrinology, 1(4), 223-228. 

Grundy, S.M., Cleeman, J.I., Daniels, S.R., Donato, K.A., Eckel, R.H., Franklin, B.A., 

Gordon, D.J., Krauss, R.M., Savage, P.J. & Smith, S.C. (2005). Diagnosis and 

management of the metabolic syndrome an American Heart Association/National 

Heart, Lung, and Blood Institute scientific statement. Circulation, 112(17), 2735-2752. 

Guariguata, L., Whiting, D., Hambleton, I., Beagley, J., Linnenkamp, U. & Shaw, J. 

(2014). Global estimates of diabetes prevalence for 2013 and projections for 2035. 

Diabetes Research and Clinical Practice, 103(2), 137-149. 

Guasch, A., Bullo, M., Rabassa, A., Bonada, A., Del Castillo, D., Sabench, F. & Salas-

Salvado, J. (2012). Plasma vitamin D and parathormone are associated with obesity and 

atherogenic dyslipidaemia: A cross-sectional study. Cardiovasc Diabetol, 11, 149. 

Guelinckx, I., Devlieger, R., Beckers, K. & Vansant, G. (2008). Maternal obesity: 

Pregnancy complications, gestational weight gain and nutrition. Obesity Reviews, 9(2), 

140-150. 

Gur, E.B., Ince, O., Turan, G.A., Karadeniz, M., Tatar, S., Celik, E., Yalcin, M. & 

Guclu, S. (2014). Ultrasonographic visceral fat thickness in the first trimester can 

predict metabolic syndrome and gestational diabetes mellitus. Endocrine, 47(2), 478-

484. 

Gyetko, M., Hsu, C.H., Wilkinson, C., Patel, S. & Young, E. (1993). Monocyte 1 alpha-

hydroxylase regulation: Induction by inflammatory cytokines and suppression by 

dexamethasone and uremia toxin. Journal of Leukocyte Biology, 54(1), 17-22. 



213 

 

Haddow, J.E., Neveux, L.M., Palomaki, G.E., Lambert‐Messerlian, G., Canick, J.A., 

Grenache, D.G. & Lu, J. (2011). The relationship between PTH and 25‐hydroxy 

vitamin D early in pregnancy. Clinical Endocrinology, 75(3), 309-314. 

Haidari, F., Jalali, M.-T., Shahbazian, N., Haghighizadeh, M.-H. & Azadegan, E. 

(2016). Comparison of Serum Levels of Vitamin D and Inflammatory Markers Between 

Women With Gestational Diabetes Mellitus and Healthy Pregnant Control. Journal of 

Family & Reproductive Health, 10(1),  1-8. 

Halicioglu, O., Aksit, S., Koc, F., Akman, S.A., Albudak, E., Yaprak, I., Coker, I., 

Colak, A., Ozturk, C. & Gulec, E.S. (2012). Vitamin D deficiency in pregnant women 

and their neonates in spring time in western Turkey. Paediatric and Perinatal 

Epidemiology, 26(1), 53-60. 

Haliloglu, B., Ilter, E., Aksungar, F.B., Celik, A., Coksuer, H., Gunduz, T., Yucel, E. 

& Ozekici, U. (2011). Bone turnover and maternal 25 (OH) vitamin D3 levels during 

pregnancy and the postpartum period: Should routine vitamin D supplementation be 

increased in pregnant women? European Journal of Obstetrics & Gynecology and 

Reproductive Biology, 158(1), 24-27. 

Hamilton, S.A., McNeil, R., Hollis, B.W., Davis, D.J., Winkler, J., Cook, C., Warner, 

G., Bivens, B., McShane, P. & Wagner, C.L. (2010). Profound vitamin D deficiency in 

a diverse group of women during pregnancy living in a sun-rich environment at latitude 

32 N. International Journal of Endocrinology, 2010 (2010) 917428. 

Han, S., Crowther, C.A. & Middleton, P. (2012). Interventions for pregnant women 

with hyperglycaemia not meeting gestational diabetes and type 2 diabetes diagnostic 

criteria. Cochrane Database Syst Rev, 1, CD009037. 

Hantoushzadeh, S., Sheikh, M., Bosaghzadeh, Z., Ghotbizadeh, F., Tarafdari, A., 

Panahi, Z. & Shariat, M. (2016). The impact of gestational weight gain in different 

trimesters of pregnancy on glucose challenge test and gestational diabetes. Postgrad 

Med J, 92(1091), 520-524. 

Harizopoulou, V.C., Kritikos, A., Papanikolaou, Z., Saranti, E., Vavilis, D., Klonos, E., 

Papadimas, I. & Goulis, D.G. (2010). Maternal physical activity before and during early 

pregnancy as a risk factor for gestational diabetes mellitus. Acta Diabetologica, 47(1), 

83-89. 

Harrison, C.L., Thompson, R.G., Teede, H.J. & Lombard, C.B. (2011). Measuring 

physical activity during pregnancy. International Journal of Behavioral Nutrition and 

Physical Activity, 8(1), 1. 

Hartling, L., Dryden, D.M., Guthrie, A., Muise, M., Vandermeer, B. & Donovan, L. 

(2014). Diagnostic thresholds for gestational diabetes and their impact on pregnancy 

outcomes: A systematic review. Diabet Med, 31(3), 319-331. 

Haussler, M.R., Haussler, C.A., Bartik, L., Whitfield, G.K., Hsieh, J.-C., Slater, S. & 

Jurutka, P.W. (2008). Vitamin D receptor: Molecular signaling and actions of 

nutritional ligands in disease prevention. Nutrition Reviews, 66 (Suppl. 2), s98-s112. 



214 

 

Haver, M.C., Locksmith, G.J. & Emmet, E. (2003). Irregular menses: An independent 

risk factor for gestational diabetes mellitus. American Journal of Obstetrics and 

Gynecology, 188(5), 1189-1191. 

Hayes, C., Nashold, F., Spach, K. & Pedersen, L. (2003). The immunological functions 

of the vitamin D endocrine system. Cellular and Molecular BiologyTM, 49(2), 277-300. 

Heaney, R., Weaver, C. & Recker, R. (1988). Calcium absorbability from spinach. The 

American Journal of Clinical Nutrition, 47(4), 707-709. 

Heaney, R.P., Dowell, M.S., Hale, C.A. & Bendich, A. (2003). Calcium absorption 

varies within the reference range for serum 25-hydroxyvitamin D. Journal of the 

American College of Nutrition, 22(2), 142-146. 

Heaney, R.P. & Weaver, C.M. (1995). Effect of psyllium on absorption of co‐ingested 

calcium. Journal of the American Geriatrics Society, 43(3), 261-263. 

Hedderson, M.M., Gunderson, E.P. & Ferrara, A. (2010). Gestational weight gain and 

risk of gestational diabetes mellitus. Obstetrics and Gynecology, 115(3), 597. 

Hedlund, L., Brembeck, P. & Olausson, H. (2013). Determinants of vitamin D status in 

fair-skinned women of childbearing age at northern latitudes. PloS One, 8(4), e60864. 

Helmrich, S.P., Ragland, D.R., Leung, R.W. & Paffenbarger Jr, R.S. (1991). Physical 

activity and reduced occurrence of non-insulin-dependent diabetes mellitus. New 

England Journal of Medicine, 325(3), 147-152. 

Hernandez-Cordero, S., Neufeld, L.M., Garcia-Guerra, A. & Aburto, N.J. (2008). 

Physical activity during pregnancy and early postpartum in Mexican women. The 

FASEB Journal, 22(1_MeetingAbstracts), 679, 673. 

Herrera, E. & Ortega-Senovilla, H. (2010). Disturbances in lipid metabolism in diabetic 

pregnancy – are these the cause of the problem? Best Practice & Research: Clinical 

Endocrinology & Metabolism, 24(4), 515-525. 

Herring, S.J., Oken, E., Rifas-Shiman, S.L., Rich-Edwards, J.W., Stuebe, A.M., 

Kleinman, K.P. & Gillman, M.W. (2009). Weight gain in pregnancy and risk of 

maternal hyperglycaemia. American Journal of Obstetrics and Gynecology, 201(1), 61, 

e61-e61, e67. 

Herzberg-Schafer, S.A., Staiger, H., Heni, M., Ketterer, C., Guthoff, M., Kantartzis, K., 

Machicao, F., Stefan, N., Haring, H.U. & Fritsche, A. (2010). Evaluation of fasting 

state-/oral glucose tolerance test-derived measures of insulin release for the detection 

of genetically impaired beta-cell function. PloS One, 5(12), e14194. 

Heslehurst, N., Rankin, J., Wilkinson, J. & Summerbell, C. (2010). A nationally 

representative study of maternal obesity in England, UK: Trends in incidence and 

demographic inequalities in 619 323 births, 1989–2007. International Journal of 

Obesity, 34(3), 420-428. 



215 

 

Heude, B., Thiébaugeorges, O., Goua, V., Forhan, A., Kaminski, M., Foliguet, B., 

Schweitzer, M., Magnin, G., Charles, M.A. & The EDEN Mother-Child Cohort Study 

Group (2012). Pre-pregnancy body mass index and weight gain during pregnancy: 

Relations with gestational diabetes and hypertension, and birth outcomes. Maternal and 

Child Health Journal, 16(2), 355-363. 

Hiersch, L. & Yogev, Y. (2014). Impact of gestational hyperglycaemia on maternal and 

child health. Current Opinion in Clinical Nutrition & Metabolic Care, 17(3), 255-260. 

Holick, M. (1995a). Vitamin D: Photobiology, metabolism, and clinical applications. 

Endocrinology, 2, 990-1014. 

Holick, M.F. (1995b). Environmental factors that influence the cutaneous production 

of vitamin D. Am J Clin Nutr, 61(3 Suppl.), s638S-s645. 

Holick, M. & Benjamin, C. (2005). Vitamin D: Physiology, dietary sources, and 

requirements. Guide to Nutritional Supplements, 456-465. 

Holick, M. & Chen, T. (2008). Vitamin D deficiency: A worldwide problem with health 

consequences. Am J Clin Nutr, 87, s1080-s1086. 

Holick, M.F. (2002). Vitamin D: The underappreciated D-lightful hormone that is 

important for skeletal and cellular health. Current Opinion in Endocrinology, Diabetes 

and Obesity, 9.  

Holick, M.F. (2003). Vitamin D: A millenium perspective. Journal of Cellular 

Biochemistry, 88(2), 296-307. 

Holick, M.F. (2004a). Sunlight and vitamin D for bone health and prevention of 

autoimmune diseases, cancers, and cardiovascular disease. The American Journal of 

Clinical Nutrition, 80 (6), s1678-s1688. 

Holick, M.F. (2004b). Vitamin D: Importance in the prevention of cancers, type 1 

diabetes, heart disease, and osteoporosis. The American Journal of Clinical Nutrition, 

79(3), 362-371. 

Holick, M.F. (2006). High prevalence of vitamin D inadequacy and implications for 

health. Mayo Clinic Proceedings, 81(3), 353-373. 

Holick, M.F. (2007). Vitamin D deficiency. New England Journal of Medicine, 357(3), 

266-281. 

Holick, M.F. (2008). The vitamin D deficiency pandemic and consequences for 

nonskeletal health: Mechanisms of action. Molecular Aspects of Medicine, 29(6), 361-

368. 

Holick, M.F. (2010). Vitamin D: Extraskeletal health. Endocrinology and Metabolism 

Clinics of North America, 39(2), 381-400. 



216 

 

Holick, M.F. (2011a). Vitamin D: A d-lightful solution for health. Journal of 

Investigative Medicine: The Official Publication of the American Federation for 

Clinical Research, 59(6), 872. 

Holick, M.F. (2011b). Vitamin D: Evolutionary, physiological and health perspectives. 

Current Drug Targets, 12(1), 4-18. 

Holick, M.F., Binkley, N.C., Bischoff-Ferrari, H.A., Gordon, C.M., Hanley, D.A., 

Heaney, R.P., Murad, M.H. & Weaver, C.M. (2011). Evaluation, treatment, and 

prevention of vitamin D deficiency: An Endocrine Society clinical practice guideline. 

Journal of Clinical Endocrinology & Metabolism, 96(7), 1911-1930. 

Holick, M.F., Binkley, N.C., Bischoff-Ferrari, H.A., Gordon, C.M., Hanley, D.A., 

Heaney, R.P., Murad, M.H. & Weaver, C.M. (2012). Guidelines for preventing and 

treating vitamin D deficiency and insufficiency revisited. J Clin Endocrinol Metab, 

97(4), 1153-1158. 

Hollis, B.W., Johnson, D., Hulsey, T.C., Ebeling, M. & Wagner, C.L. (2011). Vitamin 

D supplementation during pregnancy: Double‐blind, randomized clinical trial of safety 

and effectiveness. Journal of Bone and Mineral Research, 26(10), 2341-2357. 

Hollis, B.W. & Wagner, C.L. (2004a). Assessment of dietary vitamin D requirements 

during pregnancy and lactation. Am J Clin Nutr, 79(5), 717-726. 

Hollis, B.W. & Wagner, C.L. (2004b). Vitamin D requirements during lactation: High-

dose maternal supplementation as therapy to prevent hypovitaminosis D for both the 

mother and the nursing infant. The American Journal of Clinical Nutrition, 80(6), 

s1752-s1758. 

Holmes, V.A., Barnes, M.S. & Alexander, H.D. (2009). Vitamin D deficiency and 

insufficiency in pregnant women: A longitudinal study. Br J Nutr, 102, 876-881. 

Hossein-Nezhad, A. & Holick, M.F. (2013). Vitamin D for health: A global perspective. 

Mayo Clinic Proceedings, 88 (7), 720–755. 

Huda, S.S., Brodie, L.E. & Sattar, N. (2010). Obesity in pregnancy: Prevalence and 

metabolic consequences. Seminars in Foetal and Neonatal Medicine, 15 (2):700-76. 

Hughes, R.C., Moore, M.P., Gullam, J.E., Mohamed, K. & Rowan, J. (2014). An early 

pregnancy HbA1c >/=5.9% (41 mmol/mol) is optimal for detecting diabetes and 

identifies women at increased risk of adverse pregnancy outcomes. Diabetes Care, 37, 

(11), 2953-2959. 

Hung, T.H. & Hsieh, T.T. (2016). Pregestational body mass index, gestational weight 

gain, and risks for adverse pregnancy outcomes among Taiwanese women: A 

retrospective cohort study. Taiwan J Obstet Gynecol, 55(4), 575-581. 

Hussain, A.N., Alkhenizan, A.H., El Shaker, M., Raef, H. & Gabr, A. (2014). 

Increasing trends and significance of hypovitaminosis D: A population-based study in 

the Kingdom of Saudi Arabia. Arch Osteoporos, 9, 190. 



217 

 

Ibrahim, S.A., Al-Halim, O.A.F.A., Samy, M.A. & Mohamadin, A.M. (2013). Maternal 

nutritional status and the risk of birth defects among Saudi women. Nutrafoods, 12(3), 

81-88. 

IDF (2013). IDF Diabetes Atlas (6th edn.). Brussels, Belgium: International Diabetes 

Federation. 

IDF (2015). IDF Diabetes Atlas (7th edn.). Brussels, Belgium: International Diabetes 

Federation. 

Imamura, F., Mukamal, K.J., Meigs, J.B., Luchsinger, J.A., Ix, J.H., Siscovick, D.S. & 

Mozaffarian, D. (2013). Risk Factors for Type 2 Diabetes Mellitus Preceded by β-Cell 

Dysfunction, Insulin Resistance, or Both in Older Adults: The Cardiovascular Health 

Study. American Journal of Epidemiology, 177(12), 1418-1429. 

Institute of Medicine (IOM) (2010). Dietary Reference Intakes for Calcium and 

Vitamin D. Committee to Review Dietary Reference Intakes for vitamin D and Calcium, 

Food and Nutrition Board, Washington, DC: National Academy Press.  

IOM, Rasmussen, K.M. & Yaktine, A.L. (Eds.) (2009). Weight gain during pregnancy: 

Reexamining the guidelines. Washington: The National Academies. 

IPAQ Research Committee (2005). Guidelines for data processing and analysis of the 

International Physical Activity Questionnaire (IPAQ) – short and long forms. Retrieved 

from: http://www.ipaq.ki.se/scoring.pdf [Accessed September 17, 2015]. 

Iqbal, R., Rafique, G., Badruddin, S., Qureshi, R., Cue, R. & Gray-Donald, K. (2007). 

Increased body fat percentage and physical inactivity are independent predictors of 

gestational diabetes mellitus in South Asian women. European Journal of Clinical 

Nutrition, 61(6), 736-742. 

Jafarzadeh, L., Motamedi, A., Behradmanesh, M. & Hashemi, R. (2015). A 

Comparison of Serum Levels of 25-hydroxy Vitamin D in Pregnant Women at Risk for 

Gestational Diabetes Mellitus and Women Without Risk Factors. Materia Socio-

medica, 27(5), 318. 

Jain, M., Kapry, S., Jain, S., Singh, S. & Singh, T. (2015). Maternal Vitamin D 

Deficiency: A Risk Factor for Gestational Diabetes Mellitus in North India. Gynecol 

Obstet (Sunnyvale), 5(264), 2161-0932, 1000264. 

Janbi, O.S., Sabra, A.A., Sebiany, A.M. & Hafez, A.S. (2013). Predictors of maternal 

weight gain during normal and high risk pregnancies: A retrospective study in primary 

care, Eastern Saudi Arabia. Canadian Journal of Clinical Nutrition, 1, 5-15. 

Jang, H.C. (2011) Gestational diabetes in Korea: incidence and risk factors of diabetes 

in women with previous gestational diabetes. Diabetes Metab J, 35(1), 1-7. 

Javaid, M., Crozier, S., Harvey, N., Gale, C., Dennison, E., Boucher, B., Arden, N., 

Godfrey, K., Cooper, C. & The Princess Anne Hospital Study Group (2006). Maternal 

vitamin D status during pregnancy and childhood bone mass at age 9 years: a 

longitudinal study. The Lancet, 367(9504), 36-43. 

http://www.ipaq.ki.se/scoring.pdf


218 

 

 
Jensen, C.B., Petersen, S.B., Granström, C., Maslova, E., Mølgaard, C. & Olsen, S.F. 

(2012). Sources and Determinants of Vitamin D Intake in Danish Pregnant Women. 

Nutrients, 4(4), 259-272. 

Jensen, H.S., Hansen, H.H. & Dombernowsky, P. (1980). Phase II trial of 

prednimustine (NSC-134087) in the treatment of small-cell anaplastic carcinoma of the 

lung. Cancer Chemother Pharmacol, 4(4), 259-261. 

Jenum, A.K., Mørkrid, K., Sletner, L., Vange, S., Torper, J.L., Nakstad, B., Voldner, 

N., Rognerud-Jensen, O.H., Berntsen, S. & Mosdøl, A. (2012). Impact of ethnicity on 

gestational diabetes identified with the WHO and the modified International 

Association of Diabetes and Pregnancy Study Groups criteria: A population-based 

cohort study. European Journal of Endocrinology, 166(2), 317-324. 

Jeon, C.Y., Lokken, R.P., Hu, F.B. & Van Dam, R.M. (2007). Physical activity of 

moderate intensity and risk of type 2 diabetes a systematic review. Diabetes Care, 

30(3), 744-752. 

John, E.M., Schwartz, G.G., Koo, J., Wang, W. & Ingles, S.A. (2007). Sun exposure, 

vitamin D receptor gene polymorphisms, and breast cancer risk in a multiethnic 

population. American Journal of Epidemiology, 166(12), 1409-1419. 

Johnson, D.D., Wagner, C.L., Hulsey, T.C., McNeil, R.B., Ebeling, M. & Hollis, B.W. 

(2011). Vitamin D deficiency and insufficiency is common during pregnancy. Am J 

Perinatol, 28(1), 7-12. 

Johnson, J.A., Grande, J.P., Roche, P.C. & Kumar, R. (1994). Immunohistochemical 

localization of the 1, 25 (OH) 2D3 receptor and calbindin D28k in human and rat 

pancreas. American Journal of Physiology-Endocrinology and Metabolism, 267(3), 

e356-e360. 

Jones, G. (2008). Pharmacokinetics of vitamin D toxicity. The American Journal of 

Clinical Nutrition, 88(2), s582-s586. 

Jones, G., Riley, M.D. & Dwyer, T. (2000). Maternal diet during pregnancy is 

associated with bone mineral density in children: A longitudinal study. Eur J Clin Nutr, 

54(10), 749-756. 

Josefson, J.L., Feinglass, J., Rademaker, A.W., Metzger, B.E., Zeiss, D.M., Price, H.E. 

& Langman, C.B. (2013). Maternal obesity and vitamin D sufficiency are associated 

with cord blood vitamin D insufficiency. Journal of Clinical Endocrinology & 

Metabolism, 98(1), 114-119. 

Jowett, N., Samanta, A. & Burden, A. (1987). Screening for diabetes in pregnancy: Is 

a random blood glucose enough? Diabetic Medicine, 4(2), 160-163. 

Ju, S.Y., Jeong, H.S. & Kim, D.H. (2013). Blood vitamin D status and metabolic 

syndrome in the general adult population: a dose-response meta-analysis. The Journal 

of Clinical Endocrinology & Metabolism, 99(3), 1053-1063. 



219 

 

Kahn, S.E., Hull, R.L. & Utzschneider, K.M. (2006). Mechanisms linking obesity to 

insulin resistance and type 2 diabetes. Nature, 444(7121), 840-846. 

Kalkhoff, R.K. (1982). Metabolic effects of progesterone. Am J Obstet Gynecol, 142(6 

Pt. 2), 735-738. 

Kaludjerovic, J. & Vieth, R. (2010). Relationship between vitamin D during perinatal 

development and health. Journal of Midwifery & Women’s Health, 55(6), 550-560. 

Kanagalingam, M.G., Forouhi, N.G., Greer, I.A. & Sattar, N. (2005). Changes in 

booking body mass index over a decade: Retrospective analysis from a Glasgow 

Maternity Hospital. BJOG: An International Journal of Obstetrics & Gynaecology, 

112(10), 1431-1433. 

Kanan, R.M., Al Saleh, Y.M., Fakhoury, H.M., Adham, M., Aljaser, S. & Tamimi, W. 

(2013). Year-round vitamin D deficiency among Saudi female out-patients. Public 

Health Nutr, 16(3), 544-548. 

Kang, S.W., Kim, S.H., Lee, N., Lee, W.W., Hwang, K.A., Shin, M.S., Lee, S.H., Kim, 

W.U. & Kang, I. (2012). 1,25-Dihyroxyvitamin D3 promotes FOXP3 expression via 

binding to vitamin D response elements in its conserved noncoding sequence region. J 

Immunol, 188(11), 5276-5282. 

Kanis, J.A. & Yates, A.J. (1985). Measuring serum calcium. British Medical Journal 

(Clinical Research edn), 290(6470), 728-729. 

Kannel, W.B. (1983). High-density lipoproteins: Epidemiologic profile and risks of 

coronary artery disease. The American Journal of Cardiology, 52(4), b9-b12. 

Karlsson, T., Andersson, L., Hussain, A., Bosaeus, M., Jansson, N., Osmancevic, A., 

Hulthen, L., Holmang, A. & Larsson, I. (2015). Lower vitamin D status in obese 

compared with normal-weight women despite higher vitamin D intake in early 

pregnancy. Clin Nutr, 34(5), 892-898. 

Karpe, F., Dickmann, J.R. & Frayn, K.N. (2011). Fatty acids, obesity, and insulin 

resistance: Time for a reevaluation. Diabetes, 60(10), 2441-2449. 

Karras, S., Paschou, S.A., Kandaraki, E., Anagnostis, P., Annweiler, C., Tarlatzis, B.C., 

Hollis, B.W., Grant, W.B. & Goulis, D.G. (2016). Hypovitaminosis D in pregnancy in 

the Mediterranean region: A systematic review. Eur J Clin Nutr, 70, 979-986. 

Karras, S.N., Anagnostis, P., Annweiler, C., Naughton, D.P., Petroczi, A., Bili, E., 

Harizopoulou, V., Tarlatzis, B.C., Persinaki, A., Papadopoulou, F. & Goulis, D.G. 

(2014a). Maternal vitamin D status during pregnancy: The Mediterranean reality. Eur 

J Clin Nutr, 68(8), 864-869. 

Karras, S.N., Anagnostis, P., Bili, E., Naughton, D., Petroczi, A., Papadopoulou, F. & 

Goulis, D.G. (2014b). Maternal vitamin D status in pregnancy and offspring bone 

development: The unmet needs of vitamin D era. Osteoporos Int, 25(3), 795-805. 



220 

 

Karras, S.N., Shah, I., Petroczi, A., Goulis, D.G., Bili, H., Papadopoulou, F., 

Harizopoulou, V., Tarlatzis, B.C. & Naughton, D.P. (2013). An observational study 

reveals that neonatal vitamin D is primarily determined by maternal contributions: 

Implications of a new assay on the roles of vitamin D forms. Nutr J, 12, 77. 

Kautzky-Willer, A., Bancher-Todesca, D., Weitgasser, R., Prikoszovich, T., Steiner, 

H., Shnawa, N., Schernthaner, G., Birnbacher, R., Schneider, B., Marth, C., Roden, M. 

& Lechleitner, M. (2008). The impact of risk factors and more stringent diagnostic 

criteria of gestational diabetes on outcomes in central European women. J Clin 

Endocrinol Metab, 93(5), 1689-1695. 

Kawashima, H., Torikai, S. & Kurokawa, K. (1981). Calcitonin selectively stimulates 

25-hydroxyvitamin D3-1 alpha-hydroxylase in proximal straight tubule of rat kidney. 

Nature, 291(5813), 327-329. 

Kazemi, A., Sharifi, F., Jafari, N. & Mousavinasab, N. (2009). High prevalence of 

vitamin D deficiency among pregnant women and their newborns in an Iranian 

population. J Womens Health (Larchmt), 18(6), 835-839. 

Khalesi, N., Bahaeddini, S.M. & Shariat, M. (2012). Prevalence of maternal vitamin D 

deficiency in neonates with delayed hypocalcaemia. Acta Medica Iranica, 50(11), 740. 

Khan, H., Kunutsor, S., Franco, O.H. & Chowdhury, R. (2013). Vitamin D, type 2 

diabetes and other metabolic outcomes: A systematic review and meta-analysis of 

prospective studies. Proceedings of the Nutrition Society, 72(01), 89-97. 

Khan, R., Ali, K. & Khan, Z. (2013). Socio-demographic Risk Factors of Gestational 

Diabetes Mellitus. Pakistan Journal of Medical Sciences, 29(3), 843-846. 

Kim, C., Newton, K.M. & Knopp, R.H. (2002). Gestational diabetes and the incidence 

of type 2 diabetes: A systematic review. Diabetes Care, 25(10), 1862-1868. 

Kim, S.Y., England, L., Sappenfield, W., Wilson, H.G., Bish, C.L., Salihu, H.M. & 

Sharma, A.J. (2012). Racial/ethnic differences in the percentage of gestational diabetes 

mellitus cases attributable to overweight and obesity, Florida, 2004-2007. Prev Chronic 

Dis, 9, e88. 

Kirwan, J.P., Huston-Presley, L., Kalhan, S.C. & Catalano, P.M. (2001). Clinically 

useful estimates of insulin sensitivity during pregnancy: Validation studies in women 

with normal glucose tolerance and gestational diabetes mellitus. Diabetes Care, 24(9), 

1602-1607. 

Kjos, S.L. & Buchanan, T.A. (1999). Gestational diabetes mellitus. New England 

Journal of Medicine, 341(23), 1749-1756. 

Kluczynski, M.A., Lamonte, M.J., Mares, J.A., Wactawski-Wende, J., Smith, A.W., 

Engelman, C.D., Andrews, C.A., Snetselaar, L.G., Sarto, G.E. & Millen, A.E. (2011). 

Duration of Physical Activity and Serum 25-hydroxyvitamin D Status of 

Postmenopausal Women. Annals of Epidemiology, 21(6), 440-449. 



221 

 

Koerner, A., Kratzsch, J. & Kiess, W. (2005). Adipocytokines: Leptin - the classical, 

resistin - the controversical, adiponectin - the promising, and more to come. Best 

Practice & Research: Clinical Endocrinology & Metabolism, 19(4), 525-546. 

Kolu, P., Raitanen, J., Rissanen, P. & Luoto, R. (2012). Health care costs associated 

with gestational diabetes mellitus among high-risk women -- results from a randomised 

trial. BMC Pregnancy & Childbirth, 12, 71. 

Kösüs, A., Kösüs, N. & Turhan, N.Ö. (2012). Gestational diabetes: Comparision of the 

carpenter and the coustan thresholds with the new thresholds of Turkish women and 

implications of variations in diagnostic criteria. Journal of Maternal-Foetal and 

Neonatal Medicine, 25(6), 616-622. 

Kovacs, C.S. (2008). Vitamin D in pregnancy and lactation: Maternal, foetal, and 

neonatal outcomes from human and animal studies. The American Journal of Clinical 

Nutrition, 88(2), s520-s528. 

Kovacs, C.S. (2013). Maternal vitamin D deficiency: foetal and neonatal implications. 

Seminars in Foetal and Neonatal Medicine, 18(3), 129-135. 

Kovacs, C.S. & Kronenberg, H.M. (1997). Maternal-foetal calcium and bone 

metabolism during pregnancy, puerperium, and lactation 1. Endocrine Reviews, 18(6), 

832-872. 

Kramer, C.K., Swaminathan, B., Hanley, A.J., Connelly, P.W., Sermer, M., Zinman, 

B. & Retnakaran, R. (2014). Vitamin D and Parathyroid Hormone Status in Pregnancy: 

Effect on Insulin Sensitivity, β-cell Function, and Gestational Diabetes Mellitus. The 

Journal of Clinical Endocrinology & Metabolism, 99(12), 4506-4513. 

Krishnaveni, G.V., Hill, J.C., Veena, S.R., Geetha, S., Jayakumar, M.N., Karat, C.L. & 

Fall, C.H. (2007). Gestational diabetes and the incidence of diabetes in the 5 years 

following the index pregnancy in South Indian women. Diabetes Res Clin Pract, 78(3), 

398-404. 

Kuchuk, N.O., Pluijm, S.M., van Schoor, N.M., Looman, C.W., Smit, J.H. & Lips, P. 

(2009). Relationships of serum 25-hydroxyvitamin D to bone mineral density and 

serum parathyroid hormone and markers of bone turnover in older persons. The Journal 

of Clinical Endocrinology & Metabolism, 94(4), 1244-1250. 

Kumari, A., Mitra, S., Tiwari, H.C. & Srivastav, R. (2017). Hypovitaminosis D in 

pregnancy and its correlation with preeclampsia and gestational diabetes mellitus, 6(3), 

7. 

Kwon, H.N. & Lim, H. (2016). Relationship between Serum Vitamin D Status and 

Metabolic Risk Factors among Korean Adults with Prediabetes. PloS One, 11(10), 

e0165324. 

Kwon, S.S., Kwon, J., Park, Y., Kim, Y. & Lim, J. (2015). HbA1c for diagnosis and 

prognosis of gestational diabetes mellitus. Diabetes Research and Clinical Practice, 

110(1), 38-43. 



222 

 

Lacroix, M., Battista, M.-C., Doyon, M., Houde, G., Ménard, J., Ardilouze, J.-L., 

Hivert, M.-F. & Perron, P. (2014). Lower vitamin D levels at first trimester are 

associated with higher risk of developing gestational diabetes mellitus. Acta 

Diabetologica, 51, (4), 609-616. 

Lain, K.Y. & Catalano, P.M. (2007). Metabolic changes in pregnancy. Clinical 

Obstetrics and Gynecology, 50(4), 938-948. 

Lapillonne, A. (2010). Vitamin D deficiency during pregnancy may impair maternal 

and foetal outcomes. Medical Hypotheses, 74(1), 71-75. 

Lau, S.L., Gunton, J.E., Athayde, N.P., Byth, K. & Cheung, N.W. (2011). Serum 25-

hydroxyvitamin D and glycated haemoglobin levels in women with gestational diabetes 

mellitus. Med J Aust, 194(7), 334-337. 

Lei, Q., Niu, J., Lv, L., Duan, D., Wen, J., Lin, X., Mai, C. & Zhou, Y. (2016). 

Metabolic risk factors clustering and adverse pregnancy outcomes: A prospective 

cohort study. Diabetes/Metabolism Research and Reviews, 32(8), 835-842. 

Leng, J., Shao, P., Zhang, C., Tian, H., Zhang, F., Zhang, S., Dong, L., Li, L., Yu, Z. & 

Chan, J.C. (2015). Prevalence of gestational diabetes mellitus and its risk factors in 

Chinese pregnant women: A prospective population-based study in Tianjin, China. 

PloS One, 10(3), e0121029. 

Lepercq, J., Cauzac, M., Lahlou, N., Timsit, J., Girard, J., Auwerx, J. & Hauguel-de 

Mouzon, S. (1998). Overexpression of placental leptin in diabetic pregnancy: A critical 

role for insulin. Diabetes, 47(5), 847-850. 

Levin, G.P., Robinson-Cohen, C., de Boer, I.H., Houston, D.K., Lohman, K., Liu, Y., 

Kritchevsky, S.B., Cauley, J.A., Tanaka, T. & Ferrucci, L. (2012). Genetic variants and 

associations of 25-hydroxyvitamin D concentrations with major clinical outcomes. 

JAMA, 308(18), 1898-1905. 

Lewis, S., Lucas, R.M., Halliday, J. & Ponsonby, A.L. (2010). Vitamin D deficiency 

and pregnancy: From preconception to birth. Molecular Nutrition & Food Research, 

54(8), 1092-1102. 

Li, C., Liu, Y. & Zhang, W. (2015). Joint and Independent Associations of Gestational 

Weight Gain and Pre-Pregnancy Body Mass Index with Outcomes of Pregnancy in 

Chinese Women: A Retrospective Cohort Study. PloS One, 10(8), e0136850. 

Li, G., Kong, L., Zhang, L., Fan, L., Su, Y., Rose, J. C. & Zhang, W. (2015). Early 

pregnancy maternal lipid profiles and the risk of gestational diabetes mellitus stratified 

for body mass index. Reproductive Sciences, 22(6), 712-717. 

Li, N., Liu, E., Guo, J., Pan, L., Li, B., Wang, P., Liu, J., Wang, Y., Liu, G. & Baccarelli, 

A.A. (2013). Maternal prepregnancy body mass index and gestational weight gain on 

pregnancy outcomes. PloS One, 8(12), e82310. 

Liat, S., Cabero, L., Hod, M. & Yogev, Y. (2015). Obesity in obstetrics. Best Practice 

& Research: Clinical Obstetrics & Gynaecology, 29(1), 79-90. 



223 

 

Lin, P.C., Hung, C.H., Chan, T.F., Lin, K.C., Hsu, Y.Y. & Ya-Ling, T. (2016). The risk 

factors for gestational diabetes mellitus: A retrospective study. Midwifery, 42, 16-20. 

Lin, T.C., Mu, C.F. & Hsu, C.Y. (2015). Risk factors for gestational diabetes mellitus: 

Ethnic disparities. Australian Journal of Rural Health, 23(3), 176-180. 

Lind, T. & Cheyne, G.A. (1979). Effect of normal pregnancy upon the glycosylated 

haemoglobins. Br J Obstet Gynaecol, 86(3), 210-213. 

Lips, P. (2006). Vitamin D physiology. Progress in Biophysics and Molecular Biology, 

92(1), 4-8. 

Liu, J., Laditka, J.N., Mayer‐Davis, E.J. & Pate, R.R. (2008). Does physical activity 

during pregnancy reduce the risk of gestational diabetes among previously inactive 

women? Birth, 35(3), 188-195. 

Loy, S.L., Lek, N., Yap, F., Soh, S.E., Padmapriya, N., Tan, K.H., Biswas, A., Yeo, G. 

S., Kwek, K., Gluckman, P.D., Godfrey, K.M., Saw, S.M., Muller-Riemenschneider, 

F., Chong, Y.S., Chong, M.F. & Chan, J.K. (2015). Association of Maternal Vitamin D 

Status with Glucose Tolerance and Caesarean Section in a Multi-Ethnic Asian Cohort: 

The Growing Up in Singapore Towards Healthy Outcomes Study. PloS One, 10(11), 

e0142239. 

Lu, M., Xu, Y., Lv, L. & Zhang, M. (2016). Association between vitamin D status and 

the risk of gestational diabetes mellitus: A meta-analysis. Archives of Gynecology and 

Obstetrics, 293(5), 959-966. 

Lukaszewski, M.-A., Eberlé, D., Vieau, D. & Breton, C. (2013). Nutritional 

manipulations in the perinatal period program adipose tissue in offspring. American 

Journal of Physiology-Endocrinology and Metabolism, 305(10), e1195-e1207. 

Luke, B. (1991). Nutrition During Pregnancy: Part I, Weight Gain; Part II, Nutrient 

Supplements. JAMA, 265(2), 281-282. 

Lundqvist, A., Sandstrom, H., Stenlund, H., Johansson, I. & Hultdin, J. (2016). Vitamin 

D Status during Pregnancy: A Longitudinal Study in Swedish Women from Early 

Pregnancy to Seven Months Postpartum. PloS One, 11(3), e0150385. 

Lurie, S. & Danon, D. (1992). Life span of erythrocytes in late pregnancy. Obstet 

Gynecol, 80(1), 123-126. 

Lv, H., Yang, X., Zhou, Y., Wu, J., Liu, H., Wang, Y., Pan, Y. & Xia, Y. (2016). Parity 

and serum lipid levels: A cross-sectional study in Chinese female adults. Scientific 

Reports, 6, 33831. 

Ma, R., Gu, Y., Zhao, S., Sun, J., Groome, L.J. & Wang, Y. (2012). Expressions of 

vitamin D metabolic components VDBP, CYP2R1, CYP27B1, CYP24A1, and VDR in 

placentas from normal and preeclamptic pregnancies. American Journal of Physiology-

Endocrinology and Metabolism, 303(7), e928-e935. 



224 

 

MacLaughlin, J. & Holick, M.F. (1985). Aging decreases the capacity of human skin 

to produce vitamin D3. Journal of Clinical Investigation, 76(4), 1536. 

Maghbooli, Z., Hossein‐Nezhad, A., Karimi, F., Shafaei, A.R. & Larijani, B. (2008). 

Correlation between vitamin D3 deficiency and insulin resistance in pregnancy. 

Diabetes/Metabolism Research and Reviews, 24(1), 27-32. 

Mahfoodh, M. B., Al-Ayed, M. & Al-Dhafiri, A. (2003) Measurement and assessment 

of ultraviolet radiation in Riyadh, Saudi Arabia. International Journal of Sustainable 

Energy, 23 (1-2): 31-38. 

Maïmoun, L. & Sultan, C. (2009). Effect of Physical Activity on Calcium Homoeostasis 

and Calciotropic Hormones: A Review. Calcified Tissue International, 85(4), 277-286. 

Makgoba, M., Nelson, S.M., Savvidou, M., Messow, C.-M., Nicolaides, K. & Sattar, 

N. (2011). First-trimester circulating 25-hydroxyvitamin D levels and development of 

gestational diabetes mellitus. Diabetes Care, 34(5), 1091-1093. 

Malabanan, A., Veronikis, I. & Holick, M. (1998). Redefining vitamin D insufficiency. 

The Lancet, 351(9105), 805-806. 

Mamun, A.A., Kinarivala, M., O'Callaghan, M.J., Williams, G.M., Najman, J.M. & 

Callaway, L.K. (2010). Associations of excess weight gain during pregnancy with long-

term maternal overweight and obesity: Evidence from 21 y postpartum follow-up. The 

American Journal of Clinical Nutrition, 91(5), 1336-1341. 

Mangge, H., Weghuber, D., Prassl, R., Haara, A., Schnedl, W., Postolache, T. & Fuchs, 

D. (2015). The role of vitamin D in atherosclerosis inflammation revisited: More a 

bystander than a player? Current Vascular Pharmacology, 13(3), 392-398. 

Manson, J.E., Stampfer, M., Colditz, G., Willett, W., Rosner, B., Hennekens, C., 

Speizer, F., Rimm, E. & Krolewski, A. (1991). Physical activity and incidence of non-

insulin-dependent diabetes mellitus in women. The Lancet, 338(8770), 774-778. 

Mansuri, S., Badawi, A., Kayaniyil, S., Cole, D.E., Harris, S.B., Mamakeesick, M., 

Maguire, J., Zinman, B., Connelly, P.W. & Hanley, A.J. (2015). Associations of 

circulating 25(OH)D with cardiometabolic disorders underlying type 2 diabetes 

mellitus in an Aboriginal Canadian community. Diabetes Res Clin Pract, 109(2), 440-

449. 

Mao, L., Ge, X., Xu, Y., Huang, K., Pan, W., Zhou, S., Yan, S. & Tao, F. (2015). 

[Pregestational body mass index, weight gain during first half of pregnancy and 

gestational diabetes mellitus: A prospective cohort study]. Zhonghua liu xing bing xue 

za zhi, 36(5), 416-420. 

Marfell-Jones, M., Olds, T., Stewart, A. & Carter, J.E. (2006). International Standards 

for Anthropometric Assessment (2011 edn). New Zealand: International Society for the 

Avancement of Kinanthropometry.  

Marwaha, R.K., Tandon, N., Chopra, S., Agarwal, N., Garg, M.K., Sharma, B., Kanwar, 

R.S., Bhadra, K., Singh, S., Mani, K. & Puri, S. (2011). Vitamin D status in pregnant 



225 

 

Indian women across trimesters and different seasons and its correlation with neonatal 

serum 25-hydroxyvitamin D levels. Br J Nutr, 106(9), 1383-1389. 

Masuda, S., Byford, V., Arabian, A., Sakai, Y., Demay, M.B., St-Arnaud, R. & Jones, 

G. (2005). Altered pharmacokinetics of 1α, 25-dihydroxyvitamin D3 and 25-

hydroxyvitamin D3 in the blood and tissues of the 25-hydroxyvitamin D-24-

hydroxylase (Cyp24a1) null mouse. Endocrinology, 146(2), 825-834. 

Matsuura, F., Wang, N., Chen, W., Jiang, X.C. & Tall, A.R. (2006). HDL from CETP-

deficient subjects shows enhanced ability to promote cholesterol efflux from 

macrophages in an apoE- and ABCG1-dependent pathway. J Clin Invest, 116(5), 1435-

1442. 

Matthews, D., Hosker, J., Rudenski, A., Naylor, B., Treacher, D. & Turner, R. (1985). 

Homoeostasis model assessment: insulin resistance and β-cell function from fasting 

plasma glucose and insulin concentrations in man. Diabetologia, 28(7), 412-419. 

McAree, T., Jacobs, B., Manickavasagar, T., Sivalokanathan, S., Brennan, L., Bassett, 

P., Rainbow, S. & Blair, M. (2013). Vitamin D deficiency in pregnancy – still a public 

health issue. Maternal & Child Nutrition, 9(1), 23-30. 

McCarty, M. & Thomas, C. (2003). PTH excess may promote weight gain by impeding 

catecholamine-induced lipolysis-implications for the impact of calcium, vitamin D, and 

alcohol on body weight. Medical Hypotheses, 61(5), 535-542. 

McGowan, C.A., Byrne, J., Walsh, J. & McAuliffe, F.M. (2011). Insufficient vitamin 

D intakes among pregnant women. Eur J Clin Nutr, 65(9), 1076-1078. 

McLeod, D., Warner, J., Henman, M., Cowley, D., Gibbons, K. & McIntyre, H. (2012). 

Associations of serum vitamin D concentrations with obstetric glucose metabolism in 

a subset of the Hyperglycemia and Adverse Pregnancy Outcome (HAPO) study cohort. 

Diabetic Medicine, 29(8), e199-e204. 

McManus, R., Summers, K., de Vrijer, B., Cohen, N., Thompson, A. & Giroux, I. 

(2014). Maternal, umbilical arterial and umbilical venous 25-hydroxyvitamin D and 

adipocytokine concentrations in pregnancies with and without gestational diabetes. 

Clinical Endocrinology, 80(5), 635-641. 

Meek, C.L., Murphy, H.R. & Simmons, D. (2016). Random plasma glucose in early 

pregnancy is a better predictor of gestational diabetes diagnosis than maternal obesity. 

Diabetologia, 59(3), 445-452.  

Meinilä, J., Koivusalo, S.B., Valkama, A., Rönö, K., Erkkola, M., Kautiainen, H., 

Stach-Lempinen, B. & Eriksson, J. G. (2015). Nutrient intake of pregnant women at 

high risk of gestational diabetes. Food & Nutrition Research, 59, 

10.3402/fnr.v3459.26676. 

Melzer, K. & Schutz, Y. (2010). Pre-pregnancy and pregnancy predictors of obesity. 

International Journal of Obesity, 34, s44-s52. 



226 

 

Metzger, B.E., Buchanan, T.A., Coustan, D.R., De Leiva, A., Dunger, D.B., Hadden, 

D.R., Hod, M., Kitzmiller, J.L., Kjos, S.L. & Oats, J.N. (2007). Summary and 

recommendations of the Fifth International Workshop-Conference on Gestational 

Diabetes Mellitus. Diabetes Care, 30(Suppl. 2), s251-s260. 

Metzger, B.E., Coustan, D.R. & Committee, O. (1998). Summary and 

recommendations of the Fourth International Workshop-Conference on Gestational 

Diabetes Mellitus. Diabetes Care, 21, B161. 

Metzger, B.E., Gabbe, S.G., Persson, B., Buchanan, T.A., Catalano, P.A., Damm, P., 

Dyer, A.R., Leiva, A., Hod, M., Kitzmiler, J.L., Lowe, L.P., McIntyre, H.D., Oats, J.J., 

Omori, Y. & Schmidt, M.I. (2010). International Association of Diabetes and 

Pregnancy Study Groups recommendations on the diagnosis and classification of 

hyperglycemia in pregnancy. Diabetes Care, 33(3), 676-682. 

Metzger, B.E., Lowe, L.P., Dyer, A.R., Trimble, E.R., Chaovarindr, U., Coustan, D.R., 

Hadden, D.R., McCance, D.R., Hod, M., McIntyre, H.D., Oats, J.J., Persson, B., 

Rogers, M.S. & Sacks, D.A. (2008). Hyperglycemia and adverse pregnancy outcomes. 

N Engl J Med, 358(19), 1991-2002. 

Miehle, K., Stepan, H. & Fasshauer, M. (2012). Leptin, adiponectin and other 

adipokines in gestational diabetes mellitus and pre‐eclampsia. Clinical Endocrinology, 

76(1), 2-11. 

Miettinen, M., Reinert, L., Kinnunen, L., Harjutsalo, V., Koskela, P., Surcel, H.-M., 

Lamberg-Allardt, C. & Tuomilehto, J. (2012). Serum 25-hydroxyvitamin D level 

during early pregnancy and type 1 diabetes risk in the offspring. Diabetologia, 55(5), 

1291-1294. 

Milman, N., Hvas, A.-M. & Bergholt, T. (2012). Vitamin D status during normal 

pregnancy and postpartum. A longitudinal study in 141 Danish women. Journal of 

Perinatal Medicine, 40(1), 57-61. 

Modder, J. & Fitzsimons, K. (2010). CMACE/RCOG joint guidelines: Management of 

women with obesity in pregnancy. Centre for Maternal and Child Enquiries and the 

Royal College of Obstetricians and Gynaecologists. 

Mohammadzadeh, F., Eshghinia, S. & Vakili, M.A. (2015). The prevalence of 

gestational diabetes mellitus and its related risk factors in Gorgan, north of Iran. 

Selective or universal screening test is cost-effective? International Journal of Diabetes 

in Developing Countries, 35(3), 225-229. 

Mohd, M.M. A.-H., Phung, H., Sun, J. & Morisky, D.E. (2016). The predictors to 

medication adherence among adults with diabetes in the United Arab Emirates. Journal 

of Diabetes & Metabolic Disorders, 15(1), 30. 

Molla, A.M., Al Badawi, M., Hammoud, M.S., Molla, A.M., Shukkur, M., Thalib, L. 

& Eliwa, M.S. (2005). Vitamin D status of mothers and their neonates in Kuwait. 

Pediatrics International, 47(6), 649-652. 



227 

 

Moon, R.J., Crozier, S.R., Dennison, E.M., Davies, J.H., Robinson, S.M., Inskip, H.M., 

Godfrey, K.M., Cooper, C. & Harvey, N.C. (2015). Tracking of 25-hydroxyvitamin D 

status during pregnancy: The importance of vitamin D supplementation. Am J Clin 

Nutr, 102(5), 1081-1087. 

Morales, E., Guxens, M., Llop, S., Rodriguez-Bernal, C.L., Tardon, A., Riano, I., 

Ibarluzea, J., Lertxundi, N., Espada, M. & Rodriguez, A. (2012a). Circulating 25-

hydroxyvitamin D3 in pregnancy and infant neuropsychological development. 

Pediatrics, 130(4), e913-e920. 

Morales, E., Romieu, I., Guerra, S., Ballester, F., Rebagliato, M., Vioque, J., Tardón, 

A., Arranz, L., Torrent, M. & Espada, M. (2012b). Maternal vitamin D status in 

pregnancy and risk of lower respiratory tract infections, wheezing, and asthma in 

offspring. Epidemiology, 23(1), 64-71. 

Mørkrid, K., Jenum, A., Berntsen, S., Sletner, L., Richardsen, K., Vangen, S., Holme, 

I. & Birkeland, K. (2014). Objectively recorded physical activity and the association 

with gestational diabetes. Scandinavian Journal of Medicine & Science in Sports, 24(5), 

e389-e397. 

Mosca, A., Paleari, R., Dalfrà, M.G., Di Cianni, G., Cuccuru, I., Pellegrini, G., 

Malloggi, L., Bonomo, M., Granata, S. & Ceriotti, F. (2006). Reference intervals for 

hemoglobin A1c in pregnant women: Data from an Italian multicenter study. Clinical 

Chemistry, 52(6), 1138-1143. 

Moses, R.G., Morris, G.J., Petocz, P., San Gil, F. & Garg, D. (2011). The impact of 

potential new diagnostic criteria on the prevalence of gestational diabetes mellitus in 

Australia. Medical Journal of Australia, 194(7), 338. 

Moses, R.G., Wong, V.C.K., Lambert, K., Morris, G.J. & San Gil, F. (2016). Seasonal 

Changes in the Prevalence of Gestational Diabetes Mellitus. Diabetes Care, 39(7), 

1218-1221. 

Mudd, L.M., Owe, K.M., Mottola, M.F. & Pivarnik, J.M. (2013). Health benefits of 

physical activity during pregnancy: An international perspective. Med Sci Sports Exerc, 

45(2), 268-277. 

Mulligan, G.B. & Licata, A. (2010). Taking vitamin D with the largest meal improves 

absorption and results in higher serum levels of 25‐hydroxyvitamin D. Journal of Bone 

and Mineral Research, 25(4), 928-930. 

Murray, K.D., Isackson, P.J., Eskin, T.A., King, M.A., Montesinos, S.P., Abraham, 

L.A. & Roper, S.N. (2000). Altered mRNA expression for brain‐derived neurotrophic 

factor and type II calcium/Calmodulin‐dependent protein kinase in the hippocampus of 

patients with intractable temporal lobe epilepsy. Journal of Comparative Neurology, 

418(4), 411-422. 

Mutlu, N., Esra, H., Begum, A., Fatma, D., Arzu, Y., Yalcin, H., Fatih, K. & Selahattin, 

K. (2015). Relation of maternal vitamin D status with gestational diabetes mellitus and 

perinatal outcome. African Health Sciences, 15(2), 523-531. 



228 

 

Nankervis, A., McIntyre, H., Moses, R., Ross, G., Callaway, L., Porter, C., Jeffries, W., 

Boorman, C., De Vries, B. & McElduff, A. (2012). ADIPS consensus guidelines for the 

testing and diagnosis of gestational diabetes mellitus in Australia. Australasian 

Diabetes in Pregnancy Society. Retrieved from: 

http://www.adips.org/downloads/ADIPSConsensusGuidelinesGDM03.05.13Version

ACCEPTEDFINAL.pdf. [Accessed 1 June, 2014]. 

Narchi, H., Kochiyil, J., Zayed, R., Abdulrazzak, W. & Agarwal, M. (2010). Maternal 

vitamin D status throughout and after pregnancy. Journal of Obstetrics & Gynaecology, 

30(2), 137-142. 

Nasiri-Amiri, F., Bakhtiari, A., Faramarzi, M., Adib Rad, H. & Pasha, H. (2016). The 

Association between Physical Activity during Pregnancy and Gestational Diabetes 

Mellitus: A Case-Control Study. Int J Endocrinol Metab, 14(3), e37123. 

Nayak, P.K., Mitra, S., Sahoo, J.P., Daniel, M., Mathew, A. & Padma, A. (2013). Feto-

maternal outcomes in women with and without gestational diabetes mellitus according 

to the International Association of Diabetes and Pregnancy Study Groups (IADPSG) 

diagnostic criteria. Diabetes Metab Syndr, 7(4), 206-209. 

Negrato, C.A., Jovanovic, L., Tambascia, M.A., Calderon, I., Geloneze, B., Dias, A. & 

Rudge, M.V.C. (2008). Mild gestational hyperglycaemia as a risk factor for metabolic 

syndrome in pregnancy and adverse perinatal outcomes. Diabetes/Metabolism 

Research and Reviews, 24(4), 324-330. 

Nehring, I., Schmoll, S., Beyerlein, A., Hauner, H. & von Kries, R. (2011). Gestational 

weight gain and long-term postpartum weight retention: A meta-analysis. The 

American Journal of Clinical Nutrition, 94(5), 1225-1231. 

Nesbitt, T. & Drezner, M.K. (1993). Insulin-like growth factor-I regulation of renal 25-

hydroxyvitamin D-1-hydroxylase activity. Endocrinology, 132(1), 133-138. 

Nielsen, L.R., Ekbom, P., Damm, P., Glümer, C., Frandsen, M.M., Jensen, D.M. & 

Mathiesen, E.R. (2004). HbA1c levels are significantly lower in early and late 

pregnancy. Diabetes Care, 27(5), 1200-1201. 

Nisa, M., Aslam, M., Salah Rosdy, A., Rajab, M. & Kattea, L. (2009). Impact of obesity 

on fetomaternal outcome in pregnant Saudi females. Int J Health Sci Qassim Uni, 3(2), 

187-195. 

Noctor, E. & Dunne, F.P. (2015). Type 2 diabetes after gestational diabetes: The 

influence of changing diagnostic criteria. World Journal of Diabetes, 6(2), 234-244. 

Nohira, T., Kim, S., Nakai, H., Okabe, K., Nohira, T. & Yoneyama, K. (2006). 

Recurrence of gestational diabetes mellitus: Rates and risk factors from initial GDM 

and one abnormal GTT value. Diabetes Res Clin Pract, 71(1), 75-81. 

Nohr, E.A., Vaeth, M., Baker, J.L., Sørensen, T.I., Olsen, J. & Rasmussen, K.M. 

(2008). Combined associations of prepregnancy body mass index and gestational 

http://www.adips.org/downloads/ADIPSConsensusGuidelinesGDM


229 

 

weight gain with the outcome of pregnancy. The American Journal of Clinical 

Nutrition, 87(6), 1750-1759. 

Nohr, E.A., Villamor, E., Vaeth, M., Olsen, J. & Cnattingius, S. (2012). Mortality in 

infants of obese mothers: Is risk modified by mode of delivery? Acta Obstetricia et 

Gynecologica Scandinavica, 91(3), 363-371. 

Nolan, C.J., Riley, S.F., Sheedy, M.T., Walstab, J.E. & Beischer, N.A. (1995). Maternal 

serum triglyceride, glucose tolerance, and neonatal birth weight ratio in pregnancy: A 

study within a racially heterogeneous population. Diabetes Care, 18(12),1550-1556. 

Norman, A.W. (2001). Vitamin D. In: B.A. Bowman & R.M. Russell (Eds.). Present 

Knowledge in Nutrition (8th edn., pp.146-155). Washington, DC: ILSI Press. 

Norman, A.W., Frankel, J., Heldt, A.M. & Grodsky, G.M. (1980). Vitamin D 

deficiency inhibits pancreatic secretion of insulin. Science, 209(4458), 823-825. 

Noyola-Martínez, N., Díaz, L., Zaga-Clavellina, V., Avila, E., Halhali, A., Larrea, F. & 

Barrera, D. (2014). Regulation of CYP27B1 and CYP24A1 gene expression by 

recombinant pro-inflammatory cytokines in cultured human trophoblasts. Journal of 

Steroid Biochemistry and Molecular Biology, 144, 106-109. 

NutriBase 11 Professional (2014). Edition V. 11. 5th edn. Arizona 85048  E. Muirwood 

Drive, Phoenix. 

O'Hartaigh, B., Neil Thomas, G., Silbernagel, G., Bosch, J.A., Pilz, S., Loerbroks, A., 

Kleber, M.E., Grammer, T.B., Böhm, B.O. & März, W. (2013). Association of 25‐
hydroxyvitamin D with type 2 diabetes among patients undergoing coronary 

angiography: Cross‐sectional findings from the Ludwigshafen Risk and Cardiovascular 

Health (LURIC) Study. Clinical Endocrinology, 79(2), 192-198. 

O’Dea, A., Infanti, J.J., Gillespie, P., Tummon, O., Fanous, S., Glynn, L.G., McGuire, 

B.E., Newell, J. & Dunne, F.P. (2014). Screening uptake rates and the clinical and cost 

effectiveness of screening for gestational diabetes mellitus in primary versus secondary 

care: Study protocol for a randomised controlled trial. Trials, 15(1), 1. 

O’Sullivan, E., Avalos, G., O’Reilly, M., Dennedy, M., Gaffney, G., Dunne, F. & 

Collaborators, A.D. (2011). Atlantic Diabetes in Pregnancy (DIP): The prevalence and 

outcomes of gestational diabetes mellitus using new diagnostic criteria. Diabetologia, 

54(7), 1670-1675. 

American College of Obstetricians Gynecologists (2013). Practice bulletin no. 137: 

Gestational diabetes mellitus. Obstet Gynecol, 122(2 Pt. 1), 406-416. 

Odsæter, I.H., Åsberg, A., Vanky, E., Mørkved, S., Stafne, S. N., Salvesen, K.Å. & 

Carlsen, S.M. (2016). Hemoglobin A1c as screening for gestational diabetes mellitus 

in Nordic Caucasian women. Diabetology & Metabolic Syndrome, 8, 43. 

Oken, E., Ning, Y., Rifas-Shiman, S.L., Radesky, J.S., Rich-Edwards, J.W. & Gillman, 

M.W. (2006). Associations of physical activity and inactivity before and during 

pregnancy with glucose tolerance. Obstetrics and Gynecology, 108(5), 1200. 



230 

 

Olafsdottir, A.S., Skuladottir, G., Thorsdottir, I., Hauksson, A. & Steingrimsdottir, L. 

(2006). Combined effects of maternal smoking status and dietary intake related to 

weight gain and birth size parameters. BJOG: An International Journal of Obstetrics & 

Gynaecology, 11(11), 1296-1302. 

Olagbuji, B.N., Atiba, A.S., Olofinbiyi, B.A., Akintayo, A.A., Awoleke, J.O., Ade-Ojo, 

I.P., Fasubaa, O.B. & Group-Nigeria, G.D.S. (2015). Prevalence of and risk factors for 

gestational diabetes using 1999, 2013 WHO and IADPSG criteria upon implementation 

of a universal one-step screening and diagnostic strategy in a sub-Saharan African 

population. European Journal of Obstetrics & Gynecology and Reproductive Biology, 

189, 27-32. 

Oleson, C.V., Patel, P.H. & Wuermser, L.-A. (2010). Influence of Season, Ethnicity, 

and Chronicity on Vitamin D Deficiency in Traumatic Spinal Cord Injury. The Journal 

of Spinal Cord Medicine, 33(3), 202-213. 

Olmos-Ortiz, A., Avila, E., Durand-Carbajal, M. & Díaz, L. (2015). Regulation of 

calcitriol biosynthesis and activity: Focus on gestational vitamin D deficiency and 

adverse pregnancy outcomes. Nutrients, 7(1), 443-480. 

Ono, T., Guthold, R. & Strong, K. (2005). WHO Global Comparable Estimates. Global 

Infobase data for saving lives 2005. Retrieved from: 

https://apps.who.int/infobase/Index.aspx [Accessed 14 January 2015]. 

Ovesen, L., Brot, C. & Jakobsen, J. (2003). Food contents and biological activity of 25-

hydroxyvitamin D: A vitamin D metabolite to be reckoned with? Annals of Nutrition 

and Metabolism, 47(3-4), 107-113. 

Palacios, C. & Gonzalez, L. (2014). Is vitamin D deficiency a major global public health 

problem? The Journal of Steroid Biochemistry and Molecular Biology, 144PA, 138-

145. 

Panel IADPSG Consensus (2010). International Association of Diabetes and Pregnancy 

Study Groups recommendations on the diagnosis and classification of hyperglycemia 

in pregnancy. Diabetes Care, 33(3), 676-682.  

Parikh, S.J., Edelman, M., Uwaifo, G.I., Freedman, R.J., Semega-Janneh, M., 

Reynolds, J. & Yanovski, J.A. (2004). The relationship between obesity and serum 1, 

25-dihydroxy vitamin D concentrations in healthy adults. The Journal of Clinical 

Endocrinology & Metabolism, 89(3), 1196-1199. 

Parildar, H., Dogruk Unal, A., Aksan Desteli, G., Cigerli, O. & Guvener Demirag, N. 

(2013). Frequency of Vitamin D deficiency in pregnant diabetics at Baskent University 

Hospital, Istanbul. Pak J Med Sci, 29(1), 15-20. 

Park, S., Kim, M.H. & Kim, S.H. (2014). Early gestational weight gains within current 

recommendations result in increased risk of gestational diabetes mellitus among Korean 

women. Diabetes/Metabolism Research and Reviews, 30(8), 716-725. 

https://apps.who.int/infobase/Index.aspx


231 

 

Park, S., Yoon, H.-K., Ryu, H.-M., Han, Y.J., Lee, S.W., Park, B.K., Park, S.-Y., Yim, 

C.-H. & Kim, S.-H. (2014). Maternal Vitamin D Deficiency in Early Pregnancy Is Not 

Associated with Gestational Diabetes Mellitus Development or Pregnancy Outcomes 

in Korean Pregnant Women in a Prospective Study. Journal of Nutritional Science and 

Vitaminology, 60(4), 269-275. 

Parlea, L., Bromberg, I., Feig, D., Vieth, R., Merman, E. & Lipscombe, L. (2012). 

Association between serum 25‐hydroxyvitamin D in early pregnancy and risk of 

gestational diabetes mellitus. Diabetic Medicine, 29(7), e25-e32. 

Parviainen, M., Harmoinen, A. & Jokela, H. (1985). Serum albumin assay with 

bromcresol purple dye. Scandinavian Journal of Clinical and Laboratory Investigation, 

45(6), 561-564. 

Perez-Ferre, N., Torrejon, M.J., Fuentes, M., Fernandez, M.D., Ramos, A., Bordiu, E., 

del Valle, L., Rubio, M.A., Bedia, A.R., Montanez, C. & Calle-Pascual, A.L. (2012). 

Association of low serum 25-hydroxyvitamin D levels in pregnancy with glucose 

homoeostasis and obstetric and newborn outcomes. Endocr Pract, 18(5), 676-684. 

Pike, K.C., Inskip, H.M., Robinson, S.M., Cooper, C., Godfrey, K.M., Roberts, G. & 

Lucas, J.S. (2013). The relationship between maternal adiposity and infant weight gain, 

and childhood wheeze and atopy. Thorax, 68(4), 372-379. 

Pinnell, A.E. & Northam, B.E. (1978). New automated dye-binding method for serum 

albumin determination with bromcresol purple. Clinical Chemistry, 24(1), 80-86. 

Pittas, A.G. & Dawson-Hughes, B. (2010). Vitamin D and diabetes. The Journal of 

Steroid Biochemistry and Molecular Biology, 121(1), 425-429. 

Pittas, A.G., Lau, J., Hu, F.B. & Dawson-Hughes, B. (2007). The role of vitamin D and 

calcium in type 2 diabetes. A systematic review and meta-analysis. Journal of Clinical 

Endocrinology & Metabolism, 92(6), 2017-2029. 

Pleskačová, A., Bartáková, V., Pácal, L., Kuricová, K., Bělobrádková, J., Tomandl, J. 

& Kaňková, K. (2015). Vitamin D status in women with gestational diabetes mellitus 

during pregnancy and postpartum. BioMed Research International 2015, 2015, 260624 

Poel, Y., Hummel, P., Lips, P., Stam, F., Van Der Ploeg, T. & Simsek, S. (2012). 

Vitamin D and gestational diabetes: A systematic review and meta-analysis. European 

Journal of Internal Medicine, 23(5), 465-469. 

Pryke, A., Duggan, C., White, C., Posen, S. & Mason, R. (1990). Tumor necrosis factor‐
alpha induces vitamin D‐1‐hydroxylase activity in normal human alveolar 

macrophages. Journal of Cellular Physiology, 142(3), 652-656. 

Qing, X., GAO, Z.Y., LI, L.M., Lu, W., Zhang, Q., Yue, T., Xia, Z., Sheng, G., Jing, 

H.J. & Yang, Y.T. (2016). The Association of Maternal Body Composition and Dietary 

Intake with the Risk of Gestational Diabetes Mellitus during the Second Trimester in a 

Cohort of Chinese Pregnant Women. Biomedical and Environmental Sciences, 29(1), 

1-11. 



232 

 

Raatikainen, K., Heiskanen, N. & Heinonen, S. (2006). Transition from overweight to 

obesity worsens pregnancy outcome in a BMI‐dependent manner. Obesity, 14(1), 165-

171. 

Radaelli, T., Uvena-Celebrezze, J., Minium, J., Huston-Presley, L., Catalano, P. & 

Hauguel-de Mouzon, S. (2006). Maternal interleukin-6: Marker of foetal growth and 

adiposity. Journal of the Society for Gynecologic Investigation, 13(1), 53-57. 

Radaelli, T., Varastehpour, A., Catalano, P. & Hauguel-de Mouzon, S. (2003). 

Gestational diabetes induces placental genes for chronic stress and inflammatory 

pathways. Diabetes, 52(12), 2951-2958. 

Rajab, K.E., Issa, A.A., Hasan, Z.A., Rajab, E. & Jaradat, A.A. (2012). Incidence of 

gestational diabetes mellitus in Bahrain from 2002 to 2010. International Journal of 

Gynecology & Obstetrics, 117(1), 74-77. 

Rajput, R., YogeshYadav, Rajput, M. & Nanda, S. (2012). Utility of HbA1c for 

diagnosis of gestational diabetes mellitus. Diabetes Research and Clinical Practice, 

98(1), 104-107. 

Rasmussen, K.M., Catalano, P.M. & Yaktine, A.L. (2009). New guidelines for weight 

gain during pregnancy: what obstetrician/gynecologists should know. Curr Opin Obstet 

Gynecol, 21(6), 521-526. 

Reddy, G.S., Norman, A.W., Willis, W., Goltzman, D., Guyda, H., Solomon, S., 

Philips, D.R., Bishop, J.E. & Mayer, E. (1983). Regulation of vitamin D metabolism in 

normal human pregnancy. The Journal of Clinical Endocrinology & Metabolism, 56(2), 

363-370. 

Redman, C. W., Jacobson, S. L. & Russell, R. (2010) Hypertension in pregnancy. de 

Swiet's Medical Disorders in Obstetric Practice, Fifth Edition, 153-181.Reece, E.A. 

(2010). The foetal and maternal consequences of gestational diabetes mellitus. The 

Journal of Maternal-Foetal & Neonatal Medicine, 23(3), 199-203. 

Reece, E.A., Leguizamón, G. & Wiznitzer, A. (2009). Gestational diabetes: The need 

for a common ground. The Lancet, 373(9677), 1789-1797. 

Reeves, I., Bamji, Z., Rosario, G., Lewis, K., Young, M. & Washington, K. (2014). 

Vitamin D deficiency in pregnant women of ethnic minority: A potential contributor to 

preeclampsia. Journal of Perinatology, 34(10), 767-773. 

Restall, A., Taylor, R.S., Thompson, J., Flower, D., Dekker, G.A., Kenny, L.C., Poston, 

L. & McCowan, L.M. (2014). Risk factors for excessive gestational weight gain in a 

healthy, nulliparous cohort. Journal of Obesity, 2014, 148391. 

Reunanen, A., Knekt, P., Aaran, R.K. & Aromaa, A. (1998). Serum antioxidants and 

risk of non-insulin dependent diabetes mellitus. European Journal of Clinical Nutrition, 

52(2), 89-93. 



233 

 

Reynolds, R., Osmond, C., Phillips, D. & Godfrey, K. (2010). Maternal BMI, parity, 

and pregnancy weight gain: influences on offspring adiposity in young adulthood. The 

Journal of Clinical Endocrinology & Metabolism, 95(12), 5365-5369. 

Riedt, C.S., Cifuentes, M., Stahl, T., Chowdhury, H.A., Schlussel, Y. & Shapses, S.A. 

(2005). Overweight postmenopausal women lose bone with moderate weight reduction 

and 1 g/day calcium intake. J Bone Miner Res, 20(3), 455-463. 

Ritchie, L.D., Fung, E.B., Halloran, B.P., Turnlund, J.R., Van Loan, M.D., Cann, C.E. 

& King, J.C. (1998). A longitudinal study of calcium homoeostasis during human 

pregnancy and lactation and after resumption of menses. The American Journal of 

Clinical Nutrition, 67(4), 693-701. 

Robertson, E.G. (1969). Oedema in normal pregnancy. J Reprod Fertil Suppl (Suppl. 

9), 27-36. 

Robitaille, J. (2015). Excessive gestational weight gain and gestational diabetes: 

importance of the first weeks of pregnancy. Diabetologia, 58(10), 2203-2205. 

Rode, L., Kjærgaard, H., Ottesen, B., Damm, P. & Hegaard, H.K. (2012). Association 

between gestational weight gain according to body mass index and postpartum weight 

in a large cohort of Danish women. Maternal and Child Health Journal, 16(2), 406-

413. 

Rodriguez, A., García-Esteban, R., Basterretxea, M., Lertxundi, A., Rodríguez-Bernal, 

C., Iñiguez, C., Rodriguez-Dehli, C., Tardón, A., Espada, M., Sunyer, J. & Morales, E. 

(2015). Associations of maternal circulating 25-hydroxyvitamin D3 concentration with 

pregnancy and birth outcomes. BJOG: An International Journal of Obstetrics & 

Gynaecology, 122 (12), 1695-1704. 

Rodriguez, A., Santa Marina, L., Jimenez, A.M., Esplugues, A., Ballester, F., Espada, 

M., Sunyer, J. & Morales, E. (2016). Vitamin D Status in Pregnancy and Determinants 

in a Southern European Cohort Study. Paediatr Perinat Epidemiol, 30(3), 217-228. 

Romero, R., Gotsch, F., Pineles, B. & Kusanovic, J.P. (2007). Inflammation in 

pregnancy: Its roles in reproductive physiology, obstetrical complications, and foetal 

injury. Nutrition Reviews, 65(Suppl. 3), s194-s202. 

Rong, K., Yu, K., Han, X., Szeto, I.M., Qin, X., Wang, J., Ning, Y., Wang, P. & Ma, 

D. (2015). Pre-pregnancy BMI, gestational weight gain and postpartum weight 

retention: A meta-analysis of observational studies. Public Health Nutrition, 18(12), 

2172-2182. 

Ross, A., Taylor, C. & Yaktine, A. (2011). Committee to Review Dietary Reference 

Intakes for Vitamin D and Calcium.Overview of vitamin D. Washington DC: The 

National Academies Press. (pp.345-402). 

Ruifrok, A., Van Poppel, M., Van Wely, M., Rogozińska, E., Khan, K., De Groot, C., 

Thangaratinam, S. & Mol, B. (2014). Association between weight gain during 



234 

 

pregnancy and pregnancy outcomes after dietary and lifestyle interventions: A meta-

analysis. American Journal of Perinatology, 31(05), 353-364. 

Russell, C., Dodds, L., Armson, B.A., Kephart, G. & Joseph, K.S. (2008). Diabetes 

mellitus following gestational diabetes: role of subsequent pregnancy. BJOG, 115(2), 

253-259; Discussion, 260. 

Ryan, E. (2011). Diagnosing gestational diabetes. Diabetologia, 54(3), 480-486. 

Ryckman, K., Spracklen, C., Smith, C., Robinson, J. & Saftlas, A. (2015). Maternal 

lipid levels during pregnancy and gestational diabetes: A systematic review and meta‐
analysis. BJOG: An International Journal of Obstetrics & Gynaecology, 122(5), 643-

651. 

Sacks, D.A., Hadden, D.R., Maresh, M., Deerochanawong, C., Dyer, A.R., Metzger, 

B.E., Lowe, L.P., Coustan, D.R., Hod, M. & Oats, J.J. (2012). Frequency of gestational 

diabetes mellitus at collaborating centers based on IADPSG consensus panel–

recommended criteria the hyperglycemia and adverse pregnancy outcome (HAPO) 

study. Diabetes Care, 35(3), 526-528. 

Sadat-Ali, M., Al Elq, A., Al-Farhan, M. & Sadat, N.A. (2013). Fortification with 

vitamin D: Comparative study in the Saudi Arabian and US markets. J Family 

Community Med, 20(1), 49-52. 

Sahu, M., Bhatia, V., Aggarwal, A., Rawat, V., Saxena, P., Pandey, A. & Das, V. 

(2009). Vitamin D deficiency in rural girls and pregnant women despite abundant 

sunshine in northern India. Clinical Endocrinology, 70(5), 680-684. 

Sai, A. J., Walters, R., Fang, X. & Gallagher, J. (2010). Relationship between vitamin 

D, parathyroid hormone, and bone health. The Journal of Clinical Endocrinology & 

Metabolism, 96(3), e436-e446. 

Saldana, T.M., Siega-Riz, A.M., Adair, L.S. & Suchindran, C. (2006). The relationship 

between pregnancy weight gain and glucose tolerance status among black and white 

women in central North Carolina. American Journal of Obstetrics and Gynecology, 

195(6), 1629-1635. 

Salle, B.L., Delvin, E.E., Lapillonne, A., Bishop, N.J. & Glorieux, F.H. (2000). 

Perinatal metabolism of vitamin D. The American Journal of Clinical Nutrition, 71(5), 

s1317-s1324. 

Sanchez, P.A., Idrisa, A., Bobzom, D.N., Airede, A., Hollis, B.W., Liston, D.E., Jones, 

D.D., Dasgupta, A. & Glew, R.H. (1997). Calcium and vitamin D status of pregnant 

teenagers in Maiduguri, Nigeria. J Natl Med Assoc, 89(12), 805-811.  

Saraf, R., Morton, S.M., Camargo, C.A., Jr. & Grant, C.C. (2015). Global summary of 

maternal and newborn vitamin D status - a systematic review. Matern Child Nutr, 12(4), 

647-668. 

Savvidou, M., Nelson, S.M., Makgoba, M., Messow, C.M., Sattar, N. & Nicolaides, K. 

(2010). First-trimester prediction of gestational diabetes mellitus: Examining the 



235 

 

potential of combining maternal characteristics and laboratory measures. Diabetes, 

59(12), 3017-3022. 

Schiessl, B., Beyerlein, A., Lack, N. & von Kries, R. (2009). Temporal trends in 

pregnancy weight gain and birth weight in Bavaria 2000–2007: Slightly decreasing 

birth weight with increasing weight gain in pregnancy. Journal of Perinatal Medicine, 

37(4), 374-379. 

Schneider, S., Hoeft, B., Freerksen, N., Fischer, B., Roehrig, S., Yamamoto, S. & Maul, 

H. (2011). Neonatal complications and risk factors among women with gestational 

diabetes mellitus. Acta Obstetricia et Gynecologica Scandinavica, 90(3), 231-237. 

Schneuer, F.J., Roberts, C.L., Guilbert, C., Simpson, J.M., Algert, C.S., Khambalia, A. 

Z., Tasevski, V., Ashton, A.W., Morris, J.M. & Nassar, N. (2014). Effects of maternal 

serum 25-hydroxyvitamin D concentrations in the first trimester on subsequent 

pregnancy outcomes in an Australian population. The American Journal of Clinical 

Nutrition, 99(2), 287-295. 

Scholl, T.O. & Chen, X. (2009). Vitamin D intake during pregnancy: Association with 

maternal characteristics and infant birth weight. Early Human Development, 85(4), 

231-234. 

Scholl, T.O., Hediger, M.L., Khoo, C.-S., Healey, M.F. & Rawson, N.L. (1991). 

Maternal weight gain, diet and infant birth weight: Correlations during adolescent 

pregnancy. Journal of Clinical Epidemiology, 44(4-5), 423-428. 

Scragg, R. & Camargo, C.A. (2008). Frequency of Leisure-Time Physical Activity and 

Serum 25-Hydroxyvitamin D Levels in the US Population: Results from the Third 

National Health and Nutrition Examination Survey. American Journal of 

Epidemiology, 168(6), 577-586. 

Scragg, R., Holdaway, I., Singh, V., Metcalf, P., Baker, J. & Dryson, E. (1995). Serum 

25-hydroxyvitamin D3 is related to physical activity and ethnicity but not obesity in a 

multicultural workforce. Aust N Z J Med, 25, 218-223. 

Sedrani, S., Elidrissy, A. & Arabi, K. (1983). Sunlight and vitamin D status in normal 

Saudi subjects. Am J Clin Nutr, 38, 129-132. 

Seely, E.W., Brown, E.M., DeMaggio, D.M., Weldon, D.K. & Graves, S.W. (1997). A 

prospective study of calciotropic hormones in pregnancy and post partum: Reciprocal 

changes in serum intact parathyroid hormone and 1,25-dihydroxyvitamin D. Am J 

Obstet Gynecol, 176(1 Pt. 1), 214-217. 

Serehi, A.A., Ahmed, A.M., Shakeel, F., Alkhatani, K., El-Bakri, N.K., Buhari, B.A., 

Mohareb, U.A. & Aljohani, N. (2015). A comparison on the prevalence and outcomes 

of gestational versus type 2 diabetes mellitus in 1718 Saudi pregnancies. Int J Clin Exp 

Med, 8(7), 11502-11507. 



236 

 

Serenius, F., Elidrissy, A. & Dandona, P. (1984). Vitamin D nutrition in pregnant 

women at term and in newly born babies in Saudi Arabia. Journal of Clinical 

Pathology, 37(4), 444-447. 

Sethi, J.K. & Vidal-Puig, A.J. (2007). Thematic review series: Adipocyte biology. 

Adipose tissue function and plasticity orchestrate nutritional adaptation. Journal of 

Lipid Research, 48(6), 1253-1262. 

Sevket, O., Sevket, A., Ozel, A., Dansuk, R. & Kelekci, S. (2014). The use of HbA1c 

as an aid in the diagnosis of gestational diabetes mellitus. J Obstet Gynaecol, 34(8), 

690-692. 

Shah, A., Sands, J. & Kenny, L. (2006). Maternal obesity and the risk of stillbirth and 

neonatal death. J Obstet Gynaecol, 26 (Suppl. 1), s19. 

Shahbazian, H., Nouhjah, S., Shahbazian, N., Jahanfar, S., Latifi, S.M., Aleali, A., 

Shahbazian, N. & Saadati, N. (2016). Gestational diabetes mellitus in an Iranian 

pregnant population using IADPSG criteria: Incidence, contributing factors and 

outcomes. Diabetes Metab Syndr, 10(4), 242-246. 

Shahgheibi, S., Farhadifar, F. & Pouya, B. (2016). The effect of vitamin D 

supplementation on gestational diabetes in high-risk women: Results from a 

randomized placebo-controlled trial. Journal of Research in Medical Sciences: The 

Official Journal of Isfahan University of Medical Sciences, 21, 2. 

Shalayel, M.H., Ahmed, S.A., Khattab, A. & Satti, G.M. (2012). Frequency of 

Gestational Diabetes Mellitus and Impaired Glucose Tolerance in Urban Sudanese 

Pregnant Women in the Third Trimester. Sudan Journal of Medical Sciences, 7(2), 101-

103. 

Shand, A.W., Nassar, N., Von Dadelszen, P., Innis, S.M. & Green, T.J. (2010). 

Maternal vitamin D status in pregnancy and adverse pregnancy outcomes in a group at 

high risk for pre-eclampsia. BJOG, 117(13), 1593-1598. 

Sharma, A., Agrawal, A., Goel, M. & Gupta, M. (2017). Utility of fasting plasma 

glucose test as screening tool for gestational diabetes mellitus based on International 

Association of the Diabetes and Pregnancy Study Group criteria. International Journal 

of Reproduction, Contraception, Obstetrics and Gynecology, 5(6), 2005-2010. 

Sharma, K., Wahi, P., Gupta, A., Jandial, K., Bhagat, R., Gupta, R., Gupta, S. & Singh, 

J. (2013). Single Glucose Challenge Test Procedure for Diagnosis of Gestational 

Diabetes Mellitus: A Jammu Cohort Study. Journal of the Association of Physicians of 

India, 61, 39. 

Sharma, S., Kumar, A., Prasad, S. & Sharma, S. (2016). Current Scenario of Vitamin 

D Status During Pregnancy in North Indian Population. J Obstet Gynaecol India, 66(2), 

93-100. 

Shibata, M., Suzuki, A., Sekiya, T., Sekiguchi, S., Asano, S., Udagawa, Y. & Itoh, M. 

(2011). High prevalence of hypovitaminosis D in pregnant Japanese women with 



237 

 

threatened premature delivery. Journal of Bone and Mineral Metabolism, 29(5), 615-

620. 

Shin, J.S., Choi, M.Y., Longtine, M.S. & Nelson, D.M. (2010). Vitamin D effects on 

pregnancy and the placenta. Placenta, 31(12), 1027-1034. 

Shuang, W. & Huixia, Y. (2014). [Analysis of the effect of risk factors at gestational 

diabetes mellitus]. Zhonghua fu chan ke za zhi, 49(5), 321-324. 

Shulman, G.I., Rothman, D.L., Jue, T., Stein, P., DeFronzo, R.A. & Shulman, R.G. 

(1990). Quantitation of muscle glycogen synthesis in normal subjects and subjects with 

non-insulin-dependent diabetes by 13C nuclear magnetic resonance spectroscopy. N 

Engl J Med, 322(4), 223-228. 

Simões, F.F., Castro, N.P., Euclydes, V.V., Luzia, L.A., Paiva, A.A. & Rondó, P.H. 

(2016). Maternal adiposity and maternal and cord blood concentrations of vitamin D 

[25 (OH) D 3]. Clinical Nutrition Experimental, 9, 3-12. 

Singh, J., Huang, C.-C., Driggers, R.W., Timofeev, J., Amini, D., Landy, H.J., 

Miodovnik, M. & Umans, J.G. (2012). The impact of pre-pregnancy body mass index 

on the risk of gestational diabetes. The Journal of Maternal-Foetal & Neonatal 

Medicine, 25(1), 5-10. 

Slominski, A.T., Kim, T.K., Li, W., Postlethwaite, A., Tieu, E.W., Tang, E.K. & 

Tuckey, R.C. (2015). Detection of novel CYP11A1-derived secosteroids in the human 

epidermis and serum and pig adrenal gland. Sci Rep, 5, 14875. 

Sobande, A. & Eskandar, M. (2006). Multiple repeat caesarean sections: Complications 

and outcomes. Journal of Obstetrics and Gynaecology Canada, 28(3), 193-197. 

Soheilykhah, S., Mogibian, M., Rahimi-Saghand, S., Rashidi, M., Soheilykhah, S. & 

Piroz, M. (2010). Incidence of gestational diabetes mellitus in pregnant women. 

International Journal of Reproductive BioMedicine, 8(1), 24-28. 

Sommer, C., Jenum, A.K., Waage, C.W., Mørkrid, K., Sletner, L. & Birkeland, K.I. 

(2015). Ethnic differences in BMI, subcutaneous fat, and serum leptin levels during and 

after pregnancy and risk of gestational diabetes. European Journal of Endocrinology, 

172(6), 649-656. 

Sommer, C., Mørkrid, K., Jenum, A., Sletner, L., Mosdøl, A. & Birkeland, K. (2014). 

Weight gain, total fat gain and regional fat gain during pregnancy and the association 

with gestational diabetes: A population-based cohort study. International Journal of 

Obesity, 38(1), 76-81. 

Song, S.J., Zhou, L., Si, S., Liu, J., Zhou, J., Feng, K., Wu, J. & Zhang, W. (2013). The 

high prevalence of vitamin D deficiency and its related maternal factors in pregnant 

women in Beijing. PloS One, 8(12), e85081. 

Song, Y., Xu, Q., Park, Y., Hollenbeck, A., Schatzkin, A. & Chen, H. (2011). 

Multivitamins, Individual Vitamin and Mineral Supplements, and Risk of Diabetes 

Among Older U.S. Adults. Diabetes Care, 34(1), 108-114. 



238 

 

Specker, B. (2004). Vitamin D requirements during pregnancy. The American Journal 

of Clinical Nutrition, 80(6), s1740-s1747. 

SPSS Inc. (2012). Predictive Analytics SoftWare Statistics for Windows (Version 21.0). 

Chicago: SPSS Inc. 

Streuling, I., Beyerlein, A., Rosenfeld, E., Schukat, B. & von Kries, R. (2011). Weight 

gain and dietary intake during pregnancy in industrialized countries – a systematic 

review of observational studies. Journal of Perinatal Medicine, 39(2), 123-129. 

Stumpf, U., Kurth, A., Windolf, J. & Fassbender, W. (2007). Pregnancy-associated 

osteoporosis: An underestimated and underdiagnosed severe disease. A review of two 

cases in short-and long-term follow-up. Adv Med Sci, 52, 94-97. 

Sukumar, N., Farmer, J., Venkataraman, H. & Saravanan, P. (2015a). Longer duration 

of sitting down in pregnancy is associated with gestational diabetes, greater weight gain 

and depressive symptoms. Endocrine Abstracts, 38, 184. 

Sukumar, N., Wilson, S., Venkataraman, H. & Saravanan, P. (2015b). Low vitamin 

B12 in pregnancy is associated with maternal obesity and gestational diabetes. 

Endocrine Abstracts, 38, 206.  

Sullivan, S.D., Umans, J.G. & Ratner, R. (2012). Gestational diabetes: Implications for 

cardiovascular health. Current Diabetes Reports, 12(1), 43-52. 

Super, D.M., Edelberg, S.C., Philipson, E.H., Hertz, R.H. & Kalhan, S.C. (1991). 

Diagnosis of gestational diabetes in early pregnancy. Diabetes Care, 14(4), 288-294. 

Tabatabaei-Malazy, O., Nikfar, S., Larijani, B. & Abdollahi, M. (2015). Influence of 

ascorbic acid supplementation on type 2 diabetes mellitus in observational and 

randomized controlled trials: A systematic review with meta-analysis. Journal of 

Pharmacy & Pharmaceutical Sciences, 17(4), 554-582. 

Taha, S.A., Dost, S.M. & Sedrani, S.H. (1984). 25-Hydroxyvitamin D and total 

calcium: extraordinarily low plasma concentrations in Saudi mothers and their 

neonates. Pediatric Research, 18(8), 739-741. 

Takahasi, E.H.M., Alves, M.T.S.S., Alves, G.S., da Silva, A.A.M., Batista, R.F.L., 

Simões, V.M.F., Del-Ben, C.M. & Barbieri, M.A. (2013). Mental health and physical 

inactivity during pregnancy: A cross-sectional study nested in the BRISA cohort study. 

Cadernos de Saúde Pública, 29(8), 1583-1594. 

Tamayo, T., Tamayo, M., Rathmann, W. & Potthoff, P. (2016). Prevalence of 

gestational diabetes and risk of complications before and after initiation of a general 

systematic two-step screening strategy in Germany (2012–2014). Diabetes Research 

and Clinical Practice, 115, 1-8. 

Tao, M., Shao, H., Gu, J. & Zhen, Z. (2012). Vitamin D status of pregnant women in 

Shanghai, China. J Matern Foetal Neonatal Med, 25(3), 237-239. 



239 

 

Taylor, M. & Burley, D.V. (2015). Examining the Cost-Effectiveness of Moving the 

Healthy Start Vitamin Programme from a Targeted to a Universal Offering: Cost-

Effectiveness Systematic Review (Final Report). National Institute for Health and Care 

Excellence.  

Teh, W.T., Teede, H.J., Paul, E., Harrison, C.L., Wallace, E.M. & Allan, C. (2011). 

Risk factors for gestational diabetes mellitus: Implications for the application of 

screening guidelines. Australian and New Zealand Journal of Obstetrics and 

Gynaecology, 51(1), 26-30. 

Thacher, T.D. & Levine, M.A. (2016). CYP2R1 mutations causing vitamin D-

deficiency rickets. The Journal of Steroid Biochemistry and Molecular Biology 

(pending publication) Available online: 

http://www.sciencedirect.com/science/article/pii/S0960076016302138 [Accessed 10 

March, 2017]. 

Thandrayen, K. & Pettifor, J.M. (2010). Maternal vitamin D status: Iimplications for 

the development of infantile nutritional rickets. Endocrinology and Metabolism Clinics 

of North America, 39(2), 303-320. 

Tobias, J.H. & Cooper, C. (2004). Perspective: PTH/PTHrP Activity and the 

Programming of Skeletal Development In Utero. Journal of Bone and Mineral 

Research, 19(2), 177-182. 

Toher, C., Lindsay, K., McKenna, M., Kilbane, M., Curran, S., Harrington, L., Uduma, 

O. & McAuliffe, F. (2014). Relationship between vitamin D knowledge and 25‐
hydroxyvitamin D levels amongst pregnant women. Journal of Human Nutrition and 

Dietetics, 27(3), 261-269. 

Tomedi, L., Simhan, H. & Bodnar, L. (2013). Early‐pregnancy maternal vitamin D 

status and maternal hyperglycaemia. Diabetic Medicine, 30(9), 1033-1039. 

Touvier, M., Deschasaux, M., Montourcy, M., Sutton, A., Charnaux, N., Kesse-Guyot, 

E., Assmann, K.E., Fezeu, L., Latino-Martel, P., Druesne-Pecollo, N., Guinot, C., 

Latreille, J., Malvy, D., Galan, P., Hercberg, S., Le Clerc, S., Souberbielle, J.C. & 

Ezzedine, K. (2015). Determinants of vitamin D status in Caucasian adults: Influence 

of sun exposure, dietary intake, sociodemographic, lifestyle, anthropometric, and 

genetic factors. J Invest Dermatol, 135(2), 378-388. 

Tzotzas, T., Papadopoulou, F., Tziomalos, K., Karras, S., Gastaris, K., Perros, P. & 

Krassas, G. (2010). Rising serum 25-hydroxy-vitamin D levels after weight loss in 

obese women correlate with improvement in insulin resistance. J Clin Endocrinol 

Metab, 954251-4257. 

U.S. Department of Agriculture (2014). Agricultural Research Service. Nutrient data 

base for dietary studies (release 27). Food Surveys Research Groups. Available:  

http://www.barc.usda.gov/bhnrc/foodsurvey/home.htm [Accessed 12 Feburary 2016]. 

Urrutia, R.P. & Thorp, J.M. (2012). Vitamin D in pregnancy: Current concepts. Curr 

Opin Obstet Gynecol, 24(2), 57-64. 

http://www.sciencedirect.com/science/article/pii/S0960076016302138


240 

 

Vaidya, A. & Williams, J.S. (2012). Vitamin D and insulin sensitivity: Can gene 

association and pharmacogenetic studies of the vitamin D receptor provide clarity? 

Metabolism: Clinical and Experimental, 61(6), 759. 

van den Berg, G., van Eijsden, M., Vrijkotte, T.G. & Gemke, R.J. (2013). Suboptimal 

maternal vitamin D status and low education level as determinants of small-for-

gestational-age birth weight. Eur J Nutr, 52(1), 273-279. 

van Leeuwen, M., Opmeer, B. C., Yilmaz, Y., Limpens, J., Serlie, M.J. & Mol, B.W.J. 

(2011). Accuracy of the random glucose test as screening test for gestational diabetes 

mellitus: A systematic review. European Journal of Obstetrics & Gynecology and 

Reproductive Biology, 154(2), 130-135. 

Vandevijvere, S., Amsalkhir, S., Van Oyen, H. & Moreno-Reyes, R. (2012). High 

prevalence of vitamin D deficiency in pregnant women: A national cross-sectional 

survey. PloS One, 7(8), e43868. 

Verburg, P.E., Tucker, G., Scheil, W., Erwich, J.J., Dekker, G.A. & Roberts, C.T. 

(2016). Seasonality of gestational diabetes mellitus: A South Australian population 

study. BMJ Open Diabetes Res Care, 4(1), e000286. 

Vercruyssen, J., Jacquemyn, Y. & Ajaji, M. (2012). Effect of sun exposure and 25-

hydroxyvitamin D status among pregnant women in Antwerp, Belgium. Int J Gynaecol 

Obstet, 116(1), 76-77. 

Vesco, K.K., Dietz, P.M., Rizzo, J., Stevens, V.J., Perrin, N.A., Bachman, D.J., 

Callaghan, W.M., Bruce, F.C. & Hornbrook, M.C. (2009). Excessive gestational weight 

gain and postpartum weight retention among obese women. Obstetrics & Gynecology, 

114(5), 1069-1075. 

Vieth, R., Bischoff-Ferrari, H., Boucher, B.J., Dawson-Hughes, B., Garland, C.F., 

Heaney, R.P., Holick, M.F., Hollis, B.W., Lamberg-Allardt, C. & McGrath, J.J. (2007). 

The urgent need to recommend an intake of vitamin D that is effective. The American 

Journal of Clinical Nutrition, 85(3), 649-650. 

Vilarrasa, N., Vendrell, J., Maravall, J., Elío, I., Solano, E., San José, P., García, I., 

Virgili, N., Soler, J. & Gómez, J.M. (2010). Is plasma 25 (OH)D related to adipokines, 

inflammatory cytokines and insulin resistance in both a healthy and morbidly obese 

population? Endocrine, 38(2), 235-242. 

Vilmi-Kerälä, T., Palomäki, O., Vainio, M., Uotila, J. & Palomäki, A. (2015). The risk 

of metabolic syndrome after gestational diabetes mellitus – a hospital-based cohort 

study. Diabetology & Metabolic Syndrome, 7(1), 43. 

Vrachnis, N., Belitsos, P., Sifakis, S., Dafopoulos, K., Siristatidis, C., Pappa, K.I. & 

Iliodromiti, Z. (2012). Role of adipokines and other inflammatory mediators in 

gestational diabetes mellitus and previous gestational diabetes mellitus. International 

Journal of Endocrinology, 2012, 549748. 



241 

 

Vu, D., Ong, J. M., Clemens, T. L. & Kern, P. A. (1996) 1,25-Dihydroxyvitamin D 

induces lipoprotein lipase expression in 3T3-L1 cells in association with adipocyte 

differentiation. Endocrinology, 137 (5): 1540-1544. 

Wacker, M. & Holick, M.F. (2013a). Vitamin D - effects on skeletal and extraskeletal 

health and the need for supplementation. Nutrients, 5(1), 111-148. 

Wacker, M. & Holick, M.F. (2013b). Sunlight and Vitamin D: A global perspective for 

health. Dermato-endocrinology, 5(1), 51-108. 

Wagner, C.L., McNeil, R., Hamilton, S.A., Winkler, J., Cook, C.R., Warner, G., 

Bivens, B., Davis, D.J., Smith, P.G. & Murphy, M. (2013). A randomized trial of 

vitamin D supplementation in 2 community health center networks in South Carolina. 

American Journal of Obstetrics and Gynecology, 208(2), 137, e131-137, e113. 

Wahabi, H.A., Fayed, A. & Esmaeil, S.A. (2014). Maternal and Perinatal Outcomes of 

Pregnancies Complicated with Pre-gestational and Gestational Diabetes Mellitus in 

Saudi Arabia. Journal of Diabetes & Metabolism, 5:399. doi:10.4172/2155-

6156.1000399 

Wahabi, H., Fayed, A., Esmaeil, S., Alzeidan, R., Elawad, M., Tabassum, R., Hansoti, 

S., Magzoup, M.E., Al-Kadri, H. & Elsherif, E. (2016). Riyadh Mother and Baby 

Multicenter Cohort Study: The Cohort Profile. PloS One, 11(3), e0150297. 

Wahl, D.A., Cooper, C., Ebeling, P.R., Eggersdorfer, M., Hilger, J., Hoffmann, K., 

Josse, R., Kanis, J.A., Mithal, A., Pierroz, D.D., Stenmark, J., Stocklin, E. & Dawson-

Hughes, B. (2012). A global representation of vitamin D status in healthy populations. 

Arch Osteoporos, 7, 155-172. 

Walicka, M. & Marcinowska-Suchowierska, E. (2008). [Vitamin D deficiency during 

pregnancy and lactation]. Ginekologia polska, 79(11), 780-784. 

Wallace, T.M., Levy, J.C. & Matthews, D.R. (2004). Use and abuse of HOMA 

modeling. Diabetes Care, 27(6), 1487-1495. 

Wang, C., Chatzisarantis, N.L., Spray, C.M. & Biddle, S.J. (2002). Achievement goal 

profiles in school physical education: Differences in self‐determination, sport ability 

beliefs, and physical activity. British Journal of Educational Psychology, 72(3), 433-

445. 

Wang, C., Zhu, W., Wei, Y., Su, R., Feng, H., Lin, L. & Yang, H. (2016). The Predictive 

Effects of Early Pregnancy Lipid Profiles and Fasting Glucose on the Risk of 

Gestational Diabetes Mellitus Stratified by Body Mass Index. Journal of Diabetes 

Research, 2016 3013567. 

Wang, J., Thornton, J.C., Bari, S., Williamson, B., Gallagher, D., Heymsfield, S.B., 

Horlick, M., Kotler, D., Laferrère, B. & Mayer, L. (2003). Comparisons of waist 

circumferences measured at 4 sites. The American Journal of Clinical Nutrition, 77(2), 

379-384. 



242 

 

Wang, L., Song, Y., Manson, J.E., Pilz, S., Marz, W., Michaelsson, K., Lundqvist, A., 

Jassal, S.K., Barrett-Connor, E., Zhang, C., Eaton, C.B., May, H.T., Anderson, J.L. & 

Sesso, H.D. (2012a). Circulating 25-hydroxy-vitamin D and risk of cardiovascular 

disease: a meta-analysis of prospective studies. Circ Cardiovasc Qual Outcomes, 5(6), 

819-829. 

Wang, O., Nie, M., Ying Ying, H., Zhang, K., Li, W., Ping, F., Jun Tao, L., Chen, L.M. 

& Xing, X.P. (2012b). Association between vitamin D insufficiency and the risk for 

gestational diabetes mellitus in pregnant Chinese women. Biomedical and 

Environmental Sciences, 25(4), 399-406. 

Wang, T.J., Zhang, F., Richards, J.B., Kestenbaum, B., van Meurs, J.B., Berry, D., Kiel, 

D., Streeten, E.A., Ohlsson, C., Koller, D.L., Palotie, L., Cooper, J.D., O'Reilly, P. F., 

Houston, D.K., Glazer, N.L., Vandenput, L., Peacock, M., Shi, J., Rivadeneira, F., 

McCarthy, M.I., Anneli, P., de Boer, I.H., Mangino, M., Kato, B., Smyth, D.J., Booth, 

S.L., Jacques, P.F., Burke, G.L., Goodarzi, M., Cheung, C.-L., Wolf, M., Rice, K., 

Goltzman, D., Hidiroglou, N., Ladouceur, M., Hui, S.L., Wareham, N.J., Hocking, L.J., 

Hart, D., Arden, N.K., Cooper, C., Malik, S., Fraser, W.D., Hartikainen, A.-L., Zhai, 

G., Macdonald, H., Forouhi, N.G., Loos, R.J.F., Reid, D.M., Hakim, A., Dennison, E., 

Liu, Y., Power, C., Stevens, H.E., Jaana, L., Vasan, R.S., Soranzo, N., Bojunga, J., 

Psaty, B. M., Lorentzon, M., Foroud, T., Harris, T.B., Hofman, A., Jansson, J.-O., 

Cauley, J.A., Uitterlinden, A.G., Gibson, Q., Järvelin, M.-R., Karasik, D., Siscovick, 

D.S., Econs, M.J., Kritchevsky, S.B., Florez, J.C., Todd, J.A., Dupuis, J., Hypponen, E. 

& Spector, T.D. (2010). Common genetic determinants of vitamin D insufficiency: A 

genome-wide association study. The Lancet, 376(9736), 180-188. 

Wanner, M., Richard, A., Martin, B., Linseisen, J. & Rohrmann, S. (2015). 

Associations between objective and self-reported physical activity and vitamin D serum 

levels in the US population. Cancer Causes & Control, 26(6), 881-891. 

Weaver, C.M., Proulx, W.R. & Heaney, R. (1999). Choices for achieving adequate 

dietary calcium with a vegetarian diet. The American Journal of Clinical Nutrition, 

70(3), s543-s548. 

Wei, S., Audibert, F., Hidiroglou, N., Sarafin, K., Julien, P., Wu, Y., Luo, Z. & Fraser, 

W. (2012). Longitudinal vitamin D status in pregnancy and the risk of pre‐eclampsia. 

BJOG: An International Journal of Obstetrics & Gynaecology, 119(7), 832-839. 

Wei, S.-Q., Audibert, F., Luo, Z.-C., Nuyt, A.M., Masse, B., Julien, P. & Fraser, W.D. 

(2013a). Maternal plasma 25-hydroxyvitamin D levels, angiogenic factors, and 

preeclampsia. American Journal of Obstetrics and Gynecology, 208(5), 390, e391-390, 

e396.  

Wei, S.-Q., Qi, H.-P., Luo, Z.-C. & Fraser, W.D. (2013b). Maternal vitamin D status 

and adverse pregnancy outcomes: A systematic review and meta-analysis. The Journal 

of Maternal-Foetal & Neonatal Medicine, 26(9), 889-899. 

Wei, Y.M. & Yang, H.X. (2011). [Comparison of the diagnostic criteria for gestational 

diabetes mellitus in China]. Zhonghua fu chan ke za zhi, 46(8), 578-581. 



243 

 

Weisman, C.S., Hillemeier, M.M., Downs, D.S., Chuang, C.H. & Dyer, A.-M. (2010). 

Preconception predictors of weight gain during pregnancy: Prospective findings from 

the Central Pennsylvania Women's Health Study. Women's Health Issues, 20(2), 126-

132. 

Weiss, J.L., Malone, F.D., Emig, D., Ball, R.H., Nyberg, D.A., Comstock, C.H., Saade, 

G., Eddleman, K., Carter, S.M. & Craigo, S.D. (2004). Obesity, obstetric complications 

and cesarean delivery rate – a population-based screening study. American Journal of 

Obstetrics and Gynecology, 190(4), 1091-1097. 

Whitehouse, A.J., Holt, B.J., Serralha, M., Holt, P.G., Kusel, M.M. & Hart, P.H. (2012). 

Maternal serum vitamin D levels during pregnancy and offspring neurocognitive 

development. Pediatrics, 129(3), 485-493. 

Whitelaw, D.C., Scally, A.J., Tuffnell, D.J., Davies, T.J., Fraser, W.D., Bhopal, R.S., 

Wright, J. & Lawlor, D.A. (2014). Associations of circulating calcium and 25-

hydroxyvitamin D with glucose metabolism in pregnancy: A cross-sectional study in 

European and South Asian women. The Journal of Clinical Endocrinology & 

Metabolism, 0(0), jc.2013-2896. 

World Health Organization (2000). Obesity: Preventing and managing the global 

epidemic (Report on a WHO Consultation, WHO Technical Report Series 894). 

Geneva: World Health Organization. 

World Health Organization (2013). Diagnostic criteria and classification of 

hyperglycaemia first detected in pregnancy. WHO/NMH/MND/13.2 2013. 

Geneva:  WHO. Retrieved from: 

http://apps.who.int/iris/bitstream/10665/85975/1/WHO_NMH_MND_13.2_eng.pdf 

[Accessed 14 February 2015]. 

World Health Organization (2014). Global status report on alcohol and health 2014. 

Geneva, Switzerland: World Health Organisation. Retrieved from: 

http://www.who.int/substance_abuse/publications/global_alcohol_report/en/[Accesse

d 14 February 2015]. 

Widen, E.M. & Gallagher, D. (2014). Body composition changes in pregnancy: 

Measurement, predictors and outcomes. Eur J Clin Nutr, 68(6), 643-652. 

Wortsman, J., Matsuoka, L.Y., Chen, T. C., Lu, Z. & Holick, M. F. (2000) Decreased 

bioavailability of vitamin D in obesity. The American Journal of Clinical Nutrition, 

72(3), 690-693. 

Wuertz, C., Gilbert, P., Baier, W. & Kunz, C. (2013). Cross-sectional study of factors 

that influence the 25-hydroxyvitamin D status in pregnant women and in cord blood in 

Germany. Br J Nutr, 110(10), 1895-1902. 

Xiang, F., Jiang, J., Li, H., Yuan, J., Yang, R., Wang, Q. & Zhang, Y. (2013). High 

prevalence of vitamin D insufficiency in pregnant women working indoors and residing 

in Guiyang, China. J Endocrinol Invest, 36(7), 503-507. 

http://apps.who.int/iris/bitstream/10665/85975/1/WHO_NMH_MND_13.2_eng.pdf


244 

 

Xiao, J.-P., Zang, J., Pei, J.-J., Xu, F., Zhu, Y. & Liao, X.-P. (2015). Low maternal 

vitamin D status during the second trimester of pregnancy: A cross-sectional study in 

Wuxi, China. PloS One, 10(2), e0117748. 

Xue, B., Greenberg, A.G., Kraemer, F.B. & Zemel, M.B. (2001). Mechanism of 

intracellular calcium ([Ca2+]i) inhibition of lipolysis in human adipocytes. FASEB J, 

15(13), 2527-2529. 

Yan, J. (2015). Maternal pre-pregnancy BMI, gestational weight gain, and infant birth 

weight: A within-family analysis in the United States. Economics & Human Biology, 

181-12. 

Yang, H., Wei, Y., Gao, X., Xu, X., Fan, L., He, J., Hu, Y., Liu, X., Chen, X., Yang, Z. 

& Zhang, C. (2009). Risk factors for gestational diabetes mellitus in Chinese women: 

A prospective study of 16,286 pregnant women in China. Diabet Med, 26(11), 1099-

1104. 

Yew, T., Khoo, C., Thai, A., Kale, A., Yong, E. & Tai, E. (2014). The Prevalence of 

Gestational Diabetes Mellitus Among Asian Females is Lower Using the New 2013 

World Health Organization Diagnostic Criteria. Endocrine Practice, 20(10), 1064-

1069. 

Yu, F., Xue, Y., Li, C., Shen, J., Gao, F., Yu, Y. & Fu, X. (2007). [Association of serum 

interleukin-6 and high-sensitivity C-reactive protein levels with insulin resistance in 

gestational diabetes mellitus]. Nan fang yi ke da xue xue bao. Journal of Southern 

Medical University, 27(6), 799-801. 

Yuen, L. & Wong, V.W. (2015). Gestational diabetes mellitus: Challenges for different 

ethnic groups. WorldJjournal of Diabetes, 6(8), 1024. 

Zerwekh, J.E. (2008). Blood biomarkers of vitamin D status. The American Journal of 

Clinical Nutrition, 87(4), s1087-s1091. 

Zhang, C., Bao, W., Rong, Y., Yang, H., Bowers, K., Yeung, E. & Kiely, M. (2013). 

Genetic variants and the risk of gestational diabetes mellitus: A systematic review. 

Human Reproduction Update, 19(4), 376-390. 

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

gestational diabetes: review of epidemiologic evidence. The American Journal of 

Clinical Nutrition, 94(6 Suppl.), s1975-s1979. 

Zhang, C., Qiu, C., Hu, F.B., David, R.M., Van Dam, R.M., Bralley, A. & Williams, 

M.A. (2008). Maternal plasma 25-hydroxyvitamin D concentrations and the risk for 

gestational diabetes mellitus. PloS One, 3(11), e3753. 

Zhang, C., Solomon, C.G., Manson, J.E. & Hu, F.B. (2006). A prospective study of 

pregravid physical activity and sedentary behaviors in relation to the risk for gestational 

diabetes mellitus. Archives of Internal Medicine, 166(5), 543-548. 



245 

 

Zhang, F., Dong, L., Zhang, C., Li, B., Wen, J., Gao, W., Sun, S., Lv, F., Tian, H. & 

Tuomilehto, J. (2011). Increasing prevalence of gestational diabetes mellitus in Chinese 

women from 1999 to 2008. Diabetic Medicine, 28(6), 652-657. 

Zhang, J.Y., Lucey, A.J., Horgan, R., Kenny, L.C. & Kiely, M. (2014). Impact of 

pregnancy on vitamin D status: A longitudinal study. Br J Nutr, 112(7), 1081-1087. 

Zhang, M.-X., Pan, G.-T., Guo, J.-F., Li, B.-Y., Qin, L.-Q. & Zhang, Z.-L. (2015). 

Vitamin D Deficiency Increases the Risk of Gestational Diabetes Mellitus: A Meta-

Analysis of Observational Studies. Nutrients, 7(10), 8366-8375. 

Zhao, X., Fang, R., Yu, R., Chen, D., Zhao, J. & Xiao, J. (2017). Maternal Vitamin D 

Status in the Late Second Trimester and the Risk of Severe Preeclampsia in 

Southeastern China. Nutrients, 9(2), 138. 

Zheng, L., Deng, A., Huixia, Y. & Yan, W. (2014). Gestational weight gain and risk of 

gestational diabetes mellitus among Chinese women. Chin Med J, 127(7), 1255-1260. 

Zhou, J., Zhao, X., Wang, Z. & Hu, Y. (2012). Combination of lipids and uric acid in 

mid-second trimester can be used to predict adverse pregnancy outcomes. The Journal 

of Maternal-Foetal & Neonatal Medicine, 25(12), 2633-2638. 

Zhou, Q.G., Hou, F.F., Guo, Z.J., Liang, M., Wang, G.B. & Zhang, X. (2008). 1,25-

Dihydroxyvitamin D improved the free fatty-acid-induced insulin resistance in cultured 

C2C12 cells. Diabetes Metab Res Rev, 24(6), 459-464. 

Zhu, W.-w., Yang, H.-x., Wei, Y.-m., Yan, J., Wang, Z.-l., Li, X.-l., Wu, H.-r., Li, N., 

Zhang, M.-h. & Liu, X.-h. (2013). Evaluation of the value of fasting plasma glucose in 

the first prenatal visit to diagnose gestational diabetes mellitus in china. Diabetes Care, 

36(3), 586-590. 

Zittermann, A., Frisch, S., Berthold, H.K., Gotting, C., Kuhn, J., Kleesiek, K., Stehle, 

P., Koertke, H. & Koerfer, R. (2009). Vitamin D supplementation enhances the 

beneficial effects of weight loss on cardiovascular disease risk markers. Am J Clin Nutr, 

89(5), 1321-1327. 

Zuhur, S.S., Erol, R.S., Kuzu, I. & Altuntas, Y. (2013). The relationship between low 

maternal serum 25-hydroxyvitamin D levels and gestational diabetes mellitus 

according to the severity of 25-hydroxyvitamin D deficiency. Clinics, 68(5), 658-664. 

 

 


	Doc1
	Final Sara AlMusharaf (1354323)-Phd Thesis.pdf

