
Evaluation of Serum Level of Minerals, Alkaline phosphatase and Vitamin D in Healthy Pregnant 

Women of Jodhpur. 

Abdullahi Sulaiman1, Deepa Singh2, Muhammad Abdurrazak*3, Umar Abdullahi Zakariya4, Ismail Rabiu 5 

 

1. Department of Manufacturing Services, Scientific Equipment Development Institute, Minna, 

NASENI, Nigeria. 

2. Department of Biochemistry, American International Institute of Medical Sciences, Udaipur, India. 

3. Department of Biochemistry, School of Science and Information Technology, Skyline University 

Nigeria. 

4. Department of Biochemistry, Federal University Dutse, Nigeria. 

5. Department of Microbiology, School of Science and Information Technology, Skyline University 

Nigeria. 

 

*Corresponding Author: muhdabdul45@gmail.com  

ABSTRACT 

There is believe that vitamin D deficiency is rare in sunny, semi hot arid parts of tropical country like India. 

Calcium and vitamin D play major roles in calcium homeostasis and skeletal development especially during 

pregnancy. This study is aimed to determine and evaluate the serum vitamin D, calcium, magnesium, 

phosphorus and alkaline phosphatase levels in healthy pregnant subjects around Jodhpur, “The Sun City” 

district of Rajasthan. The study involves determining alterations or otherwise of these parameters during 

each trimester of normal pregnancy when compared with healthy non-pregnant controls. Total of 120 

subjects were recruited for this study. Of this total, 90 were healthy pregnant women (30 subjects for each 

trimester) and 30 were healthy non-pregnant controls. First trimester subjects were designated as group I, 

second trimester subjects as II, third trimester subjects as III and control subjects as group IV. Venous blood 

was drawn to test calcium, magnesium, phosphorus, vitamin D, and alkaline phosphatase levels in the 

serum. Of the total 90 pregnant subject, 37% had vitamin D deficiency, 33% had insufficiency and only 

30% had normal or optimal vitamin D level. This is in contrast to control group where 40% of the 30 

subjects therein had deficiency, 20% had insufficiency and 40% had optimal level. Serum calcium in third 

trimester (group III) was significantly lower (p<0.05) as compared to controls. Difference in serum calcium 

was not significant when comparing group, I with IV, I with II or II with IV. Mean serum magnesium was 

higher but not significant in the first trimester as compared to controls. However, it decreased in the second 

and third trimester and value was significantly lower in third trimester as compared to controls. Vitamin D 

deficiency or insufficiency parallels low level of calcium and magnesium. Significant increase in serum 

alkaline phosphatase was observed throughout pregnancy. Subtle but insignificant changes in serum 

phosphorus was observed during pregnancy. Supplementation of these minerals, fortification of food and 

adequate sun exposure are the possible ways of combatting vitamin D and minerals deficiency.   
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1.0. INTRODUCTION. 

Pregnancy is a delicate stage where maternal adaptation happens early to provide a good upshot 

for both the mother and the foetus [1]. These physiological changes occur at varying rates 

throughout the whole body which allow the pregnant woman to accumulate additional energy in 

preparation for labour and gestation [2]. Often times than not, pregnancy is characterized by 

profound changes in almost every organ and system to accommodate the demands of fetoplacental 

unit [3]. In pregnancy, Mineral metabolism in the mother must adapt to the demand created by the 

foetus and placenta, which together draw calcium and other minerals from the maternal circulation 

to mineralize the growing foetal skeleton. In the same vein, mineral metabolism must adapt in the 

lactating woman to supply sufficient calcium to milk and the suckling neonate. Potential 

adaptations include increased intake of mineral, increased efficiency of intestinal absorption of 

mineral, mobilization of mineral from the skeleton, and increased renal conservation of mineral 

[4]. Despite a similar magnitude of calcium demand by pregnant and lactating women, the 

adjustments made in each of these reproductive periods differ significantly [5]. A pregnancy is 

influenced by many factors, some of which include culture, environment, socioeconomic status, 

and access to medical care. The haematological indices also have an impact on pregnancy and its 

outcome [6]. 

 

Calcium, phosphorus, magnesium and zinc are the primary bone-forming minerals. At birth an 

infant contains approximately 20-30g calcium, 16g phosphorus, 750mg magnesium and 50mg 

zinc, of which approximately 98%, 80%, 60% and 30%, respectively, are in the skeleton [7]. 

Quantitatively, the greatest period of fetal mineral accretion takes place from mid-gestation and is 

maximal during the third trimester. For instance, fetal accretion of calcium increases from around 

50mg/d at 20 weeks’ gestation to 330mg/d at 35weeks, averaging around 200mg/d for the third 

trimester. After delivery, the mineral accretion accompanying skeletal and somatic growth 

continues, the rate being higher in the first months and slowing progressively with age [7]. Typical 

whole-body mineral accretion rates for infancy are 140 mg/d calcium, 70 mg/d phosphorus, 3mg/d 

magnesium and 0.4 mg/d zinc (Prentice and Bates, 1994). There are several biological strategies 

for meeting the extra demands that pregnancy and lactation put on the mineral economy of the 

mother. An increase in mineral intake is one; physiological adaptations through elevated 

gastrointestinal absorption, decreased mineral excretion or mobilization of tissue stores is another 
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[8]. This research looks into the extent to which physiological adaptations occur during human 

reproduction and the importance of maternal diet and vitamin D status on the growth and bone 

development of the baby and the bone health of the mother 

 

 

2.0. Experimental design. 

Healthy adult pregnant and Non-pregnant women within the age range of 20-45 years living in 

Jodhpur attending Vasundhara Hospital and Fertility Research Centre Jodhpur, Rajasthan India 

were included in this study. Total of 120 subjects, out of which 90 were healthy pregnant (different 

gestational age) and 30 were healthy non-pregnant control, were recruited. Institutional ethical 

committee clearance was obtained prior to the study. Written informed consent was got from every 

subject before collecting blood. The 90 pregnant women were grouped into three based on 

gestational age while the 30 non-pregnant were used as control. The subjects were grouped as 

follows; 

Group I: Healthy pregnant women in first trimester. 

Group II: Healthy pregnant women in second trimester. 

Group III: Healthy pregnant women in third trimester. 

Group IV: Healthy non-pregnant control. 

2.1. Inclusion Criteria: 

1. Healthy pregnant and non-pregnant subjects age range of 20-45 years. 

2. Subjects attending Vasundhara Hospital and Fertility Research Centre Jodhpur. 

2.2.Exclusion Criteria: 

1. Subjects on medication. 

2. Subjects with special illness. 

3. Lactating women. 

2.3. Sample collection. 

By venopuncture technique, 10ml of blood sample was collected from each pregnant woman from 

each group above. Sample was collected from control subjects by similar means. In both cases, the 

antecubital fossa was cleaned with methylated spirit and allowed to dry. A tourniquet was then 
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applied a few centimetres above the antecubital fossa to detect the veins. Blood was taken with 

10ml sterile syringe. This was transferred into a plain bottle. Serum samples were separated from 

the collected blood samples by centrifugation for 5minutes at 3000 revolutions per minute. The 

serum was separated from the cells and were used for calcium, inorganic phosphate, magnesium, 

25(OH) vitamin D and alkaline phosphate analysis within 24 hours of storage at -200C. 

2.4. Methods of Estimation. 

Various methods of estimation for various kits were available. The biochemistry parameters 

assessed in this study were determined using the following methods; principles and procedures of 

the methods explained below: 

2.4.1. Serum Calcium (Barnett et al., 1973, Moorehead and Briggs, 1974). 

This was done by using modified O-cresolphthalein Complexone method using Erba Mannheim 

Calcium estimation kit. Normal values of calcium using this kit will be 8.4-10.4mg/dl. 

Principle: 

O-cresolphthalein complexone react with calcium in alkaline solution to form a purple coloured 

complex. The intensity of the colour formed is proportional to the calcium concentration and is 

measured photometrically between 540nm and 600nm with maximum absorbance at 575nm. 

 

 

 

Procedure: 

Into a test tube, 1000𝜇𝑙 working reagent was pipetted followed by 10 𝜇𝑙 of serum. The tube was 

shaken (to mix the content uniformly) and incubated for 5 minutes. Absorbance as well as result 

of the test was measured using semi auto analyser by aspirating the solution. 

 

2.4.2. Serum phosphorus (Molybdate UV Method). 

This was done by molybdate UV method using Liquimax Phosphorus–SLR kit. In this method, 

normal values of serum Phosphorus is in a range of 2.5-5.0mg/dl. 

Principle: 
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Phosphate ions in acidic medium react with ammonium molybdate to form a phosphomolybdate 

complex. This complex has an absorbance in the ultraviolet range and is measured at 340nm. 

Intensity of the complex formed is directly proportional to the amount of phosphorus present in 

the serum. 

Procedure: 

Into a test tube, 1000𝜇𝑙 working reagent was pipetted followed by 10 𝜇𝑙 of serum. The tube was 

shaken (to mix the content uniformly) and incubated for 5 minutes. Absorbance as well as result 

of the test was measured using semi auto analyser by aspirating the solution. 

 

2.4.3. Serum Magnesium. 

This was done using Erba kit. In this method, normal value of serum magnesium is in the range of 

1.6-2.6mg/dl. 

Principle: 

Magnesium reacts with Xylidyl Blue to form a coloured compound in alkaline solution. The 

intensity of the colour formed is proportional to the magnesium concentration in the sample. 

Interference with calcium is prevented by the use of GEDTA. 

Procedure: 

As per directions provided with kit, 1ml of working solution was poured in tube. Then 10μl sample 

was added to the tube, mixed and incubated at 370C for 3 minutes. The concentration of magnesium 

was estimated by aspirating the sample through semi-auto analyser. 

2.4.4. Serum Alkaline phosphatase (IFCC Method). 

This was done quantitatively by using International Federation of Clinical Chemist method using 

Liquimax alkaline phosphatase-Erba kit. Normal range of alkaline phosphatase ranges as follows; 

78-306IU/L. 

Principle: 

Alkaline Phosphatase at an alkaline pH hydrolyses para-nirophenylphosphate (p-NPP) to form 

yellow coloured para-nitrophenol (p-NP). The rate of para-nitrophenol formation is directly 

proportional to the ALP activity. Absorbance was measured at 405nm. 

Procedure: 
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Into a test tube, 1000µl of the working reagent was pipetted followed by 20µl of the serum. The 

resulting solution was mixed well and aspirated into semi-auto analyser for measurement. 

 

2.4.5. Estimation of Serum Vitamin D. 

Method used was chemiluminescence micro particle assay. Architect 25-OH Vitamin D kit is 

loaded in Architect I system to estimate serum Vitamin D levels. In this method, levels below 20 

ng/ml is considered as deficiency, 20-30 ng/ml is insufficiency and levels between 30-80ng/ml is 

optimum. 

 

2.5. Statistical Analysis. 

Analysis was performed using SPSS version 16. Continuous variables were expressed as 

mean±SD. Discrete variables were expressed as frequency (percentage). A p value of <0.05 was 

considered as significant. Significant difference between groups was analysed using independent 

t test and results were considered statistically significant if the p value is <0.05. 
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3. RESULT AND DISCUSSION. 

3.0. Result: 

Table 4.1 shows a comparison of Mean±SD of the parameters in different trimesters of pregnancy 

and in controls. Differences in serum calcium among first trimester, second trimester and controls 

were not significant. Serum calcium in third trimester was significantly lower (p<0.05) as 

compared to controls.  Mean serum magnesium was higher but not significant in the first trimester 

as compared to controls. However, it decreased in the second and third trimester and value was 

significantly lower in third trimester as compared to controls. No significant differences in serum 

phosphorus among different trimesters. Serum concentration of 25(OH) vitamin D3 did not vary 

significantly between pregnant and control subjects. Mean serum alkaline phosphatase 

concentration was significantly different when compared with controls. It increases in first, second 

and was significantly higher in the third trimester as compared to controls. Table 4.2 shows 

cumulative mean serum concentrations of all the parameters of pregnant subjects and controls. 

Significant difference in serum calcium, magnesium, phosphorus and vitamin D was not observed 

when mean serum of these parameters in pregnant subjects (first, second and third trimester treated 

as one) was compared with that in controls. However, such difference was found to be significant 

in serum alkaline phosphatase. Distribution of serum 25(OH) vitamin D3 in the various trimesters 

of pregnancy and of the control subjects is shown in Table 4.3. Deficiency of 25(OH) vitamin D3 

were seen in 40, 30 and 40% of pregnant women in the first, second and third trimesters 

respectively. The corresponding figures for insufficiency of vitamin D were 40, 30 and 30% 

respectively. A deficiency of 25(OH) vitamin D3 was found in 40% of controls and insufficiency 

was seen in 20% of this subject. Table 4.4 shows the distribution of serum calcium concentration 

in the three trimesters and in controls. Low level of calcium is most frequent in third trimester with 

50% of the subjects having calcium level below 8.4mg/dl. Low level of calcium reads 10% in first 

trimester subjects, 20% in second trimester subjects and 10% in controls as shown in the table. 
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Table 1.1: Mean ± Standard deviation of the biochemical parameters in various trimesters of 

pregnant subjects and among controls. 

 

*significant difference at p<0.05 when compared with controls.  

Table 1.2: Mean ± Standard deviation of the parameters in pregnant subjects and Non pregnant 

controls. 

Biochemical parameters. Pregnant subjects (Test) 

 (n=90) 

 Controls 

(n=30) 

Calcium (mg/dl) 8.94±0.82 9.14±1.04 

Magnesium (mg/dl) 1.94±0.72 2.08±0.68 

Phosphorus (mg/dl) 4.15±1.00 4.16±1.07 

25(OH) vitamin D3 (ng/ml) 21.42±7.00 23.74±6.27 

Alkaline Phosphatase (IU/L) 159.70±46.24* 121.84±30.23 

* significant difference at p<0.05 when compared with controls. 

  

 

Biochemical  

Parameters 

Trimester of Pregnancy  

Control       

(n=30) First 

(n=30) 

Second 

(n=30) 

Third 

(n=30) 

 

Calcium (mg/dl) 9.18±0.76 9.05±0.79 8.59±0.81* 9.14±1.04 

Magnesium(mg/dl) 2.17±0.69 1.93±0.75 1.72±0.68* 2.08±0.68 

Phosphorus(mg/dl) 4.10±0.98 4.19±1.05 4.17±1.00 4.16±1.07 

25(OH) Vitamin D3(ng/ml) 22.95±7.10 21.06±6.49 20.25±7.21 23.74±6.27 

Alkaline Phosphatase 

(IU/L) 

130.41±37.17 148.89±45.17* 199.81±48.83* 121.84±30.23 
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Table 1.3: Distribution of Serum 25(OH) Vitamin D3 concentration in various trimesters of 

pregnant subjects and in controls. 

 

Groups 

Serum 25(OH) Vitamin D3 (ng/ml)  

Deficiency  

<20ng/ml 

Insufficiency  

20-30ng/ml 

Normal  

>30ng/ml 

First trimester  

(n=30) 

12(40)α 12(40)   6(20) 

Second trimester  

(n=30) 

  9(30)   9(30) 12(40) 

Third trimester  

(n=30) 

12(40)   9(30)   9(30) 

Control  

(n=30) 

12(40)   6(20) 12(40) 

αNumbers in parenthesis represent percent. 

 

Table 1.4: Distribution of Serum Calcium concentrations in various Trimesters of pregnant 

subjects and in controls. 

Calcium First 

Trimester 

(n=30) 

Second Trimester 

(n=30) 

Third trimester 

(n=30) 

Control 

(n=30) 

Low  

<8.4 mg/dl 

  3(10)α   6(20) 15(50)   3(10) 

Normal Range 

8.4-10.4 mg/dl 

24(80) 21(70) 12(40) 18(60) 

High  

>10.4 mg/dl 

  3(10)   3(10)   3(10)   9(30) 

αNumbers in parenthesis represent percent. 
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3.2. Discussion: 

This research determines the status of 25(OH) vitamin D, calcium and other parameters related to 

calcium metabolism during different stages of pregnancy in pregnant women in Jodhpur. 25(OH) 

vitamin D deficiency was present in 40% of pregnant women in first trimester. However, the value 

has decreased in the second trimester as well as third trimester. Insufficiency of 25(OH) vitamin 

D3 was seen in 40% of those pregnant women in their first trimester, so that overall, 80% of the 

first trimester pregnant women had either deficiency or insufficiency of 25(OH) vitamin D3 as 

compared to 60% of the control women. In the present study, we compared the trends of 

biochemical changes of different subjects during different trimesters of pregnancy. In a study in 

Nigeria among young pregnant women, it was found that 25(OH) vitamin D3 concentration in the 

first trimester decreased as compared to non-pregnant women [9]. In a comprehensive study 

conducted in Iran, Mirsaeid Ghazi et al. [10] demonstrated high prevalence WAZ of 25(OH) 

vitamin D3 deficiency in the population of Tehran; this was more pronounced in women. In the 

present study, 25(OH) vitamin D3 deficiency is more common in the third trimester of pregnancy, 

the decrease being attributable to less sun exposure. A gradual decrease in concentration of 25(OH) 

vitamin D3 seen in this study from control down to third trimester is attributable to less exposure 

to sun as pregnancy grows. The decrease in 25(OH) vitamin D concentration in first, second and 

third trimester is however not significant when compared with controls due to supplementation 

intake during pregnancy. In a study by Bruinse [11], there was no difference in the levels of vitamin 

D during pregnancy in comparison to non-pregnant women. A vitamin D deficiency was also 

observed in a study in rural pregnant women of Barabanki [12]. Since there is positive correlation 

between sun light and vitamin D status [13], the observed decreased vitamin D concentration and 

deficiency in pregnant women can be attributed to sedentary indoor life style in which there is less 

exposure to sun. Another possible reason of vitamin D deficiency in pregnant women as observed 

in this study is attributable to diets that are not rich in vitamin D. Dietary sources are very low in 

Vitamin D content. Indians are not usually eating salmon, sardines, tuna, mackerel which are rich 

in D content. Egg yolk is also having only 20IU of Vitamin D. Dietary source of Vitamin D for 

vegetarians is unfortified milk which contain only 2IU of Vitamin D /100ml. Dilution and 

adulteration of milk will not be able to provide sufficient D vitamin [14]. In India, Vitamin D 

fortified food products are not commonly sold as in case of Western countries which made study 

subjects vulnerable to Vitamin D deficiency. The finding in this research was supported by other 

International Journal of Scientific & Engineering Research Volume 13, Issue 2, February-2022 
ISSN 2229-5518 806

IJSER © 2022 
http://www.ijser.org

IJSER



researches which reported insufficient calcium and vitamin D intake increased phytate intake as 

inhibitor of vitamin D absorption and also lack of sun exposure were the causes of vitamin D 

deficiency [15], [16]. 

Vitamin D deficiency state leads to secondary hyperparathyroidism which results in loss of 

phosphorus in the urine and decreases intestinal absorption of phosphorus. This causes low 

calcium or low normal phosphorus concentration. Low normal calcium and low normal 

phosphorus both will cause insufficient calcium phosphorus product which is important for bone 

mineralization process. Defective mineralization causes rickets in children and osteomalacia in 

adults [17], [18], [19]. During deficiency of Vitamin D, there should be low levels of calcium and 

phosphorus but alkaline phosphatase levels should raise. But in this study, calcium was reduced 

but phosphorus and alkaline phosphatase levels were within normal limits indicating that bone 

mineralization was not yet affected. While in this study, the status of vitamin D is not significantly 

different during pregnancy, the rise in the rate of low serum calcium from 10% in first trimester to 

20% in the second trimester and even 50% in third trimester as shown in table 4.4 may be due to 

deficiency and insufficiency of vitamin D caused by both lack of sun exposure, lack of access to 

vitamin D fortified food and intake of dietary foods that are poorly rich in vitamin D as vitamin D 

source. The fact that vitamin D increases the efficiency of intestinal absorption of calcium to 30-

40% [20] explains why a subtle change in vitamin D concentration can alter serum calcium level. 

The significant decrease in serum calcium (when compared with controls and first trimester 

subjects) during third trimester can be explained by increase fetal calcium deposition which is 

shown to be 350mg/day in third trimester [21] and increased calcium transfer from mother to meet 

fetal calcium demand. Therefore, the significant reduction we observed in serum calcium and in 

the present study could be as a result of mineral transfer from maternal circulation to the 

developing fetus. About 80% of the transfer occurs during the third trimester [22]. Muller et al. 

[23] also noted that calcium level increases in the fetus with increase in gestational age. However, 

the finding on serum calcium in this study contradict that of [24] which reports maternal serum 

calcium does not vary with increase in gestational age, and that there is increase in serum calcium 

in pregnant women compared to non-pregnant controls. 

In this study, the concentration of phosphorus shows a subtle increase during pregnant women but 

this increase is not significant. In other studies, the same findings have been reported in the 

trimesters in comparison to non-pregnant women [25]. Vitamin D increases the efficiency of 
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intestinal absorption of phosphorus by approximately 80% [26] and this high percentage may be 

the reason why a subtle change in vitamin D level hardly affect serum phosphorus. Hence serum 

phosphorus shows no significant variation among all the groups in this study. It has been reported 

by a similar study that supported that no major changes in either bone mass or blood inorganic 

phosphorus have been reported during pregnancy [27], [28], thus, phosphorus supplementation is 

not recommended during pregnancy. Major increment in alkaline phosphatase as observed in this 

study which parallels gestational age was due to placental production of the enzyme. Therefore, 

serum alkaline phosphatase activity increased progressively throughout gestation to a peak level 

at the end of gestation. Similar observation was reported on serum alkaline phosphatase by Jong 

and Soo [30]. 

This study revealed that magnesium level during third trimester was significantly lower in the 

pregnant population when compared with non-pregnant subjects. In fact, serum magnesium 

decreases as pregnancy advanced, the fall in serum magnesium value being observed most between 

the first and second trimesters. Young age, previous delivery and low social class were associated 

with magnesium deficiency. In this study, a reduction in serum magnesium was observed with 

advancing gestational age. The reduction in serum magnesium with advancing gestation reported 

in this study is similar to the findings of previous workers [31], [32]. Some suggested reasons for 

the low levels of magnesium in pregnancy include inadequate intake, increased metabolic demand 

of pregnancy especially as gestation advanced, physiological haemodilution in pregnancy, 

increasing parity and low socio-economic status [33]. Pathak et al [34] reported 43.6% amongst 

rural Indian women in a community-based cross-sectional study and found a higher prevalence in 

higher parity women, while another hospital based pilot study involving urban Indian dwellers 

reported magnesium deficiency in 4.6% of all pregnant women included in the study reported a 

prevalence of 25.6% while Kumar and co-worker [35] in Mauritius reported magnesium deficiency 

of 48% but found no difference in prevalence between their urban and rural participants. 

There are conflicting reports indicating possible effect of maternal vitamin D status on fetal growth 

and bone development [35]. Insufficient intake of dairy products and vitamin D makes individuals 

including pregnant women susceptible to inadequate vitamin D status and vitalizes the need for 

other nutritional supplements. Other very important sources of vitamin D are fish oils, which these 

pregnant subjects rarely consumed. Exposure to the sun also plays a very important in providing 

sufficient vitamin D. The fact that these pregnant and non-pregnant subjects are mostly vegetarians 
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also contributes to the observed common vitamin D deficiency and insufficiency in the study 

subjects. This inadequacy of vitamin D in the study subject has contributed immensely to the 

observed abnormal serum mineral concentration in the study subjects since homeostasis of these 

minerals in the body is mediated by vitamin D in one way or the other. Therefore, a defect in 

vitamin D level is likely to be reflected in serum minerals concentration. 

 

3.3.ACKNOWLEDGMENT 

The authors wish to thank the Management of Jodhpur Hospital. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

International Journal of Scientific & Engineering Research Volume 13, Issue 2, February-2022 
ISSN 2229-5518 809

IJSER © 2022 
http://www.ijser.org

IJSER



4.0.REFERENCES 

Alfaham M, Woodhead S, Pask G, and Davies D. Vitamin D deficiency: A concern in pregnant 

Asian women. Br J. Nutr. 1995, 73:881-7. 

Ann Prentice. (2003). Micronutrients and the Bone Mineral Content of the Mother, Fetus and New 

born. J. Nutr. 133: 1693S–1699S, 2003. 

Arikan GM, Panzitt T, Gucer F, Scholz HS, Reinisch S, Haas J, Weiss PA. Course of maternal 

serum magnesium levels in low risk gestations and in preterm labour and delivery. Fetal Diag 

Ther. 1999; 14(6): 332-336. 

Bako I. Gaya, Isa A. Imam, Hassan Abdulaziz, Abdulrauf A. Rukayya. Madugu N. Hauwa. (2014). 

Random Blood Glucose Levels Among Pregnant Women Attending Ante-Natal Clinic in Ahmadu 

Bello University Teaching Hospital, Shika-Zaria, Nigeria. IOSR Journal of Dental and Medical 

Sciences 13: 59-63. 

Brooke OG, Brown IRF, Bone CDM, et al. Vitamin D supplements in pregnant Asian women: 

Effect on calcium status and foetal growth. Br Med J 1980, 80:751-4. 

Bruinse HW, Van den Berg H. Changes of some vitamin levels during and after normal pregnancy. 

Eur J. Obstet Gynecol. Reprod. Biol. 1995, 61:31-7.  

Christopher S. K., Ghada El-Hajj F., (2006). Calcium and Bone Disorders During Pregnancy and 

Lactation.  J. Endocrinology and Metabolism Clinics North America 35: 21-51. 

Frolich A, Rudricki M, Fischer-Rasmassen W, Olfsson K. Serum concentration of intact 

parathyroid hormone during late human pregnancy: a longitudinal study. Eur J Obstet Gynecol 

Reprod Biol 1991; 42:85–7. 

Henriksen C, Brunvand L, Stoltenberg C, Trygg K, Haug E, Pedersen JI. Diet and vitamin D status 

among pregnant Pakistani women in Oslo. Eur J Clin Nutr 1995, 49:211-8. 

Holick MF, Binkley NC, Bischoff-Ferrari HA, et al. Evaluation, treatment, and prevention of 

vitamin D deficiency: An Endocrine Society clinical practice guideline. J Clin Endocrinol Metab. 

2011;96(7):1911–1930. 

Holick MF, Chen TC. Vitamin D deficiency: A worldwide problem with health consequences. Am 

J Clin Nutr. 2008. 87: S1080–6. 

Holick MF. McCollum Award Lecture, 1994: vitamin D – new horizons for the 21st century. Am 

J Clin Nutr. 1994;60(4):619–630. 

Holick MF. Resurrection of vitamin D deficiency and rickets. J. Clin. Invest. 2006;116(8):2062–

2072. 

Holick MF. Sunlight and vitamin D for bone health and prevention of autoimmune diseases, 

cancers, and cardiovascular disease. Am J Clin Nutr. 2004;80(Suppl 6):1678S–1688S. 

Holick MF. Vitamin D deficiency. N Engl J Med. 2007;357(3): 266–281. 

James MFM. Magnesium in obstetrics, Best Practice and Research Clinical Obstetrics and 

Gynaecology (2009), doi:10.1016/j.bpobgyn.2009.11.004. 

International Journal of Scientific & Engineering Research Volume 13, Issue 2, February-2022 
ISSN 2229-5518 810

IJSER © 2022 
http://www.ijser.org

IJSER



Kapil U, Pathak P, Singh P, Singh C. Zinc and magnesium nutriture amongst pregnant mothers of 

urban slums communities in Delhi: a pilot study. Indian Paediatr 2002; 39:365-369. 

Kassu A, Yabutani T, Mulu A, Tessema B, Ota F. Serum zinc, copper, selenium, calcium and 

magnesium levels in pregnant and non-pregnant women in Gondar, Northwest Ethiopia. Bio Trace 

Elem Res. 2008; 122 (2) 97–106. 

Kiran, B., A. Prema, R. Thilagavathi, and R. Jamuna Rani. "Serum 25-Hydroxy vitamin D, 

calcium, phosphorus and alkaline phosphatase levels in healthy adults above the age of 20 living 

in Potheri Village of Kancheepuram District, Tamilnadu." J App Pharm Sci 4, no. 12 (2014): 030-

4. 

Kumar A, Devi SG, Batra S, Singh C, Shukla DK. Calcium supplementation for the prevention of 

pre- eclampsia. Intl J Gynecol Obstet 2009; 104(1):32-36. 

Mangum KC, Hill SF, Wade BB, Richards DO, Minton SD, Franz KB. Effect of age, parity and 

magnesium supplementation on muscle cramping during pregnancy. J Am Coll Nutr. 1985; 4:375–

376. 

Mirsaeid Ghazi AA, Rais Zadeh F, Pezeshk P, and Azizi F. Seasonal variation of serum 25 hydroxy 

vitamin D3 in residents of Tehran. J. Endocrinol Invest 2004, 27:676-9. 

Muller F, Dommergueques M, Bussieres L, Loutat JS, Loirat C, Oury JF, Angrain Y, Hegerter P, 

Niaudet P: Development of Human Renal function. Clin Chem. 1996; 42:1855–60. 

Naylor KE, Iqbal P, Fledelius C, Fraser RB, Eastell R. The effect of pregnancy on bone density 

and bone turnover. J. Bone Miner Res. 2000; 15:129-37. 

Paderson EB, Johneson P, Kristensen S, Rasmussen AB, Emmertsen K, Moller J, Lauritsen JG, 

Wohlert M: Calcium, Parathyroid hormone and Calcitonin in normal pregnancy and pre-

eclampsia. Gynecol Obstet Invest. 1984; 18: 156–64. 

Pathak P, Kapoor SK, Kapil U, Dwivedi SN. Serum magnesium level among pregnant women in 

a rural community of Haryana State, India. Eur J Clin Nutr. 2003; 57:1504–1506. 

Patrick Chukwuyenum Ichipi-Ifukor, Juliet Jacobs, Rita Ngozi Ichipi-Ifukor, and Oberhiri 

Lawrence Ewrhe. Changes in Haematological Indices in Normal Pregnancy. Physiology Journal. 

2013; 28:381-384. 

Reddy GS, Norman AW: Regulation of vitamin D Metabolism in Normal Human Pregnancy. 

Obstet Gynaecol 1983; 88: 170-173. 

Sahu M, Bhatia V, Aggarwal A, Rawat V, Saxena P, Pandey A, Das V. Vitamin D deficiency in 

rural girls and pregnant women despite abundant sunshine in northern India. Clin. Endocrinol., 

2009; 70:680-684. 

Sanchez PA, Idrisa A, Bobzon DN, et al. Calcium and vitamin D status of pregnant teenagers in 

Maiduguri Nigeria. J. Natl Med Assoc. 1984; 8:74–93. 

Sparks JW. Human intrauterine growth and nutrient accretion, calcium and magnesium levels in 

pregnant and non-pregnant women in Gondar, Northwest Ethiopia. Semin Perinatol Bio Trace 

Elem Res. 2008; 122(2):97-106. 

International Journal of Scientific & Engineering Research Volume 13, Issue 2, February-2022 
ISSN 2229-5518 811

IJSER © 2022 
http://www.ijser.org

IJSER



Sedrani SH, Elidrissy AWTH, El Arabi K M. Sunlight and vitamin D status in normal Saudi 

subjects. Am J ClinNutr, 1983;38:129-132. 

Sowers M., Crutchfield M., Jannausch M., Updike S., Carton G. A prospective evaluation of bone 

mineral change in pregnancy. Obstet Gynaecol 1996; 77:741-745. 

 

International Journal of Scientific & Engineering Research Volume 13, Issue 2, February-2022 
ISSN 2229-5518 812

IJSER © 2022 
http://www.ijser.org

IJSER




