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Abstract Concentrations of various trace elements are

altered during pregnancy with changes in the mother’s

physiology and the requirements of growing fetus. The aim

of the present longitudinal study was to learn the changes of

micronutrients Iron (Fe), Calcium (Ca), zinc (Zn) Magne-

sium (Mg) and copper (Cu) of pregnant woman and their

relations with newborns levels. Serum levels of iron, cal-

cium, zinc, magnesium and copper of 162 pregnant women

and their newborns were determined by an inductively

couple plasma mass spectrometer (ICP/MS). The results

showed that majority (41 %) of pregnant women were in age

group 26–36 years 55 % had high school and diploma levels

of education and the total income ranged between 3 and 5

Rials million per month There was significant difference in

iron levels during first, second and third trimesters,

76.0 ± 17.8, 63.5 ± 15.2 and 70.1 ± 14.4 lg/dl respec-

tively. Significant difference was shown in zinc levels

79.5 ± 15, 74.5 ± 16.1, and 65.3 ± 14.9 lg/dl during three

trimesters. Copper levels during pregnancy were signifi-

cantly different (130.9 ± 43.5, 172.0 ± 38.94, 193.2 ±

28.5 lg/dl. The serum levels of calcium and magnesium

during pregnancy were constant (Ca: 8.96 ± 0.48, 8.86 ±

0.47, 8.91 ± 0.42 mg/dl and Mg: 2.10 ± 0.21, 2.08 ± 0.28,

2.09 ± 0.29 mg/dl). Results showed that 13 % of pregnant

women had hypocalcaemia and hypomagnesaemia. Thirty

eight percent and 42 % of pregnant women had iron and zinc

deficiency respectively. In this study, unlike zinc, no pregnant

women were found deficient in serum copper levels. Calcium,

iron, zinc, copper and magnesium levels in the newborn’s cord

blood were 8.93 ± 0.43, 106.0 ± 26.1, 85.35 ± 16.6,

57.04 ± 13.8 and 1.99 ± 0.27 mg/dl respectively. In the

present study the levels of iron and zinc in cord blood were

higher than the levels of iron and zinc in maternal serum. The

mean level of copper in cord blood serum in the current study

was lower than maternal values. The mean serum calcium and

magnesium in the serum cord blood and in the serum of the

pregnant women were similar.
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Introduction

Pregnancy is a natural phenomenon during which women

encounter a wide range of internal physical physiological

changes [1]. It is a period of rapid growth and cell differ-

entiation, both for the mother and the fetus. Consequently,

it is a period when both are very susceptible to alterations

in dietary supply, especially of nutrients which are mar-

ginal under normal circumstances.

The period of intrauterine nourishment, growth and

development is one of the most vulnerable periods which

affect nutrition status of fetus [2]. During this time, inad-

equate stores or intake of micronutrients can have adverse

effects on the mother, such as anemia, hypertension,

complications of labor, or even death [3]. Furthermore, the

fetus can be affected, resulting in a stillbirth, preterm

delivery, intrauterine growth retardation, congenital
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malformations, reduced immunocompetence, and abnormal

organ developments [4].

It has been shown that concentrations of various trace

elements are altered during pregnancy by many researches.

But most of those researches were about single micronu-

trient, cross-sectional researches [5], of different women in

different duration of pregnancy [6]. Longitudinal studies

with larger sample size on a wide range of micronutrients

of normal pregnant women and their cord blood in Iran

have not been reported. In this longitudinal study, we

investigated the changes on serum blood concentrations of

selected trace elements during three trimesters of preg-

nancy changes of statistical significance and cord blood

after delivery in healthy women.

Materials and Methods

The selected urban area, the city of Khoy is located in the

Western Azerbaijan, situated in North West of Iran. A total

number of 162 healthy women with confirmed pregnancy

(17–45 years) who started their prenatal care were selected

based on their willingness. All subjects were requested by

the head midwife of the center to take part in this longi-

tudinal study. Written consent letters from all the subjects

were obtained and they agreed to be the subjects until the

birth of the babies. The pregnant women with diabetes

mellitus and cardio vascular disease (CVD), multiple

pregnancies, mothers with placenta previa and placenta

abruptia were excluded from this study. Venous blood

specimens were collected from the participating pregnant

women at the end of first, second and third trimester of

pregnancy. New-born cord blood sample was collected

before delivery of placenta. The collected blood was

poured into metal-free plain tubes and was allowed to clot

at room temperature. Plain tubes were centrifuged for

15 min at 3,500 rpm and the serum was separated and kept

in trace elements-free tubes and stored at -40 �C until

analysis. Finally samples were kept in dried ice and were

sent for biochemical analysis. Inductively couple plasma

mass spectrometer (ICP/MS) [7] was selected for serum

calcium, iron, zinc, copper and magnesium analysis. The

analysed items consisted of calcium (mg/dl), iron (lg/dl),

zinc (lg/dl), copper (lg/dl) and magnesium (mg/dl). The

data that was elicited from different schedules were fed to

spread sheet of SPSS version 16 (SPSS Inc., Chicago,

Illinois). All other data obtained were subjected to suitable

statistical analysis. Mean, standard deviation (Mean ± SD)

and percentages were calculated wherever necessary and

suitable tables were prepared. The statistical differences

among the groups were analysed by t test and one-way

ANOVA followed by post hoc test.

Results

The present longitudinal method investigation was planned

to study the changes of some micronutrients like; Iron (Fe),

Calcium (Ca), Zinc (Zn) Magnesium (Mg) and Copper

(Cu) of normal pregnant woman at the end of each tri-

mester of pregnancy. Blood specimens were collected from

162 healthy pregnant women aged 16–40 years and from

cord blood of their neonates.

Information on Pregnant Women, Their Family

Background and Type of Diet Consumed

The mean age of pregnant women was 26.1 ± 5.8 years

and the age range was 18-40 years. Majority (41 %) of

pregnant women were in age group 26–36 years, followed

by the age group 20–26 years (36 %). Majority of subjects

(55 %) had high school and diploma levels of education.

Eighty-seven percent of subjects were home maker. Based

on what the subjects and their family declared, the total

income of a majority of them was Rials 3–5 million per

month. The percentage of subjects with income \Rials 3

(million/month) and above Rials 5 million/month were 27

and 25 respectively. Mean height, weight and BMI were

159.4 ± 4.7, 58.1 ± 8.2 and 22.1 ± 1.9 respectively. All

the Iranian pregnant women were non-vegetarians. All

subjects generally followed the traditional Iranian food

pattern. Analysis of the frequency of consumption of var-

ious food items by the Iranian pregnant women showed

that wheat in the form of bread was the most common

cereal that was used daily by the subjects. The main meal

of the day was lunch or dinner. Breakfast consisted of tea,

with bread, yogurt and cheese and, in some cases, milk.

Consumption of butter, jam and honey for breakfast was

rare. Bread and potato were the staple foods. Rice was

consumed three to four times per week. In general, if one

meal included rice, the other meal was without rice. Snacks

were usually bread, cheese and tea and occasionally fruits.

Profile of Serum Calcium, Iron, Zinc, Copper

and Magnesium Levels of Mothers During Three

Trimesters of Pregnancy

The profile of serum calcium, iron, zinc, copper and mag-

nesium levels of the pregnant women during three trimesters

of pregnancy is given in Table 1. The mean serum calcium

and magnesium during the first, second and third trimesters

were the same (8.96 ± 0.48, 8.86 ± 0.47, 8.91 ± 0.42 and

2.10 ± 0.21, 2.08 ± 0.28 and 2.09 ± 0.29 mg/dl). Our

findings showed that there were significant difference in iron,

zinc and copper levels during three trimesters of pregnancy.

In comparison with the values in the first trimester, serum
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iron concentration kept decrease in the third trimester

(\0.05) Table 1.

Micronutrients Levels in Maternal and Umbilical Cord

Blood

Serum levels of calcium, iron, zinc, copper and magnesium

in maternal serum blood and umbilical cord blood in the

third trimester are presented in Table 2.

Calcium, iron, zinc, copper and magnesium levels in the

newborn’s cord blood were 8.93 ± 0.43, 106.0 ± 26.1,

85.35 ± 16.6, 57.04 ± 13.8 and 1.99 ± 0.27 mg/dl

respectively. As shown in the table iron and zinc levels in

maternal serum were significantly lower than that in cord

blood. The mean level of copper in cord blood serum in the

current study was lower than maternal values. The mean

serum magnesium and calcium in the serum cord blood and

in the serum of pregnant women was similar Table 2.

Prevalence of Serum Calcium, Iron, Zinc, Copper

and Magnesium Deficiency in Third Trimester

of Pregnancy

As it is clear from the Table 3, this study found that

*13 % of pregnant women were hypocalcemic. In the

present study, 38 % of pregnant women had iron defi-

ciency. We observed zinc deficiency in 42 % of the preg-

nant women. In this study, unlike zinc, no pregnant women

were found deficient in serum copper levels. Prevalence of

deficiency in magnesium was 13 % in the present study

Table 3.

Discussion

As reported, maternal calcium levels of all the three ges-

tation stages in the present study were found no difference

among themselves, although some studies found that the

serum calcium level did not change during the pregnancy

[8, 9]. As mentioned above, the level of calcium during all

the trimesters was constant whereas due to the plasma

dilation, a decline in the level of the calcium was expected

but we could not get the predicted result. So the level of

calcium was similar in all the three trimesters of preg-

nancy. Optimum level and any sort of changes in the level

of serum calcium play a vital role in the health and well-

being of the mother as well as of the neonate. The very

high circulatory concentrations of estrogen and progester-

one alter the concentration of many substances including

calcium in the maternal blood during pregnancy [10].

Studies of calcium homeostasis responses during preg-

nancy have shown increase in both intestinal calcium

absorption and urinary calcium excretion during pregnancy

and increased rate of bone turnover during pregnancy [11].

Moreover, the increase production of maternal 1,25-di-

hydroxyvitamin D3 is an independent phenomenon leads to

a marked increase in intestinal calcium absorption and may

allow the maternal skeleton to store calcium in advance of

peak fetal demands later in pregnancy [12]. All of them can

explain the insignificant changes during the different ges-

tational weeks in the present study.

Iron is an important micronutrient and is necessary for

hemoglobin (Hb) synthesis and several other important

functions in the body. Iron deficiency can result not only in

reduced oxygen carrying capacity due to lowered hemo-

globin levels, but can also affect immunity and growth and

development [13]. During pregnancy, iron needs are usu-

ally very high to meet the requirements for the fetus, pla-

centa, and maternal red cell expansion. Worldwide, poor

pregnancy outcome has been most commonly associated

with anemia caused by low plasma levels of iron. Our

results showed that in comparison with the values in the

first trimester, serum iron concentration kept decrease in

the third trimester. This reflects the fact that the iron stores

in pregnant body, gradually fell during pregnancy and also

it seems pregnant women did not take their iron

Table 1 Serum levels of calcium, iron, zinc, copper and magnesium in maternal serum during pregnancy (n = 162)

Serum levels (mg/dl) Reference valuese Trimesters F values

First Second Third

Calcium 8.9–10.4 8.96 ± 0.48 8.86 ± 0.47 8.91 ± 0.42 NS

Iron 60–150 76.0 ± 17.8a 63.5 ± 15.2b 70.1 ± 14.4c 25.0*

Zinc 70–102 79.5 ± 15a 74.5 ± 16.1b 65.3 ± 14.9c 33.8*

Copper 70–150 130.9 ± 43.5a 172.0 ± 38.94b 193.2 ± 28.5c 115.7*

Magnesium 1.8–3 2.10 ± 0.21 2.08 ± 0.28 2.09 ± 0.29 NS

Different superscripts indicate significant difference at 5 % level as shown by Post hoc Bonferroni test

NS not significant

* Significant at the 0.05 level
e Reference values for non pregnant women [10]
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supplements during pregnancy regularly. Similar variation

in serum iron during pregnancy was shown in a study in

south Korea [14], and India [15].

Zinc was considered one of the necessary compositions

of more than 200 enzymes in the human body and plays an

important role in nucleic acid metabolism, cell replication,

wound healing, and growth through its functions in nucleic

acid polymerases. Zinc is required for cellular division and

differentiation, and is an essential nutrient for normal

embryogenesis. Zinc is a cofactor for the synthesis of a

number of enzymes, DNA, and RNA [16]. Zinc deficiency

has been associated with complications of pregnancy and

delivery, as well as with growth retardation and congenital

abnormalities in the fetus [4]. A comparison between the

mean serum zinc during the three trimesters of pregnancy

in the current study with a study in China [9], findings

showed that the mean serum zinc levels was higher than in

the current findings. Zinc levels of subjects kept decreasing

during pregnancy from first trimester to third trimester.

Similar results were shown in other studies in Turkey [17]

and in China [9]. The decline may be explained by a dis-

proportionate increase in plasma volume, as well as the

maternal–fetal transfer. The other reasons possibly be

decrease in zinc binding [18], or low dietary bioavailability

[19], or very high amounts of copper or iron in the diet that

compete with zinc at absorption sites [20].

Copper is an essential micronutrient and has many

important functional roles in immune system and its

response [21]. Trace element copper is involved in the

function of several cuproenzymes that are essential for life.

Copper deficiency affects many cuproenzymes, leading to

defects in ATP production; lipid peroxidation; hormone

activation; angiogenesis; and abnormalities of vasculature,

skeleton, and lung [22]. Similar mean serum levels of

copper were shown in other studies carried out in Ethiopia

[23] and in China [9]. Our results show that copper levels

rise significantly with increasing gestational periods. The

increase of copper with the progression of pregnancy could

be partly related to synthesis of ceruloplasmin, a major

copper binding protein, as a result of elevated levels of

maternal estrogen. Another reason may be the decreased

biliary copper excretion induced by hormonal changes,

typical during pregnancy [24].

Magnesium, an essential trace element for the human

body, is needed for proper bone formation and in various

intracellular enzymatic processes [25]. Magnesium has

established its role in obstetrics, it being an essential ele-

ment to fetal wellbeing. Deficiency of magnesium may be

possibly associated with pre-eclampsia and pre-term

delivery and possibly with low birth weight [26]. It has

been documented that magnesium deficiency during ges-

tation significantly increases neonatal mortality and mor-

bidity [27]. As shown in the present study, the

measurements of serum magnesium during the three tri-

mesters of pregnancy showed a slightly decrease in serum

magnesium during second trimester of pregnancy but it

was not significant. The similar result was reported in

Argentina [11.]. Generally, the lower serum magnesium

during second trimester may be associated with hemodi-

lution, renal clearance during pregnancy, and consumption

of minerals by the growing fetus [4, 28].

The results of the current study showed that, 13 % of

pregnant women were hypocalcemic. A study in Iran [29],

showed that 19 % of pregnant women had hypocalcemia

(i.e. serum calcium level below 8.5 mg/dl). Factors affect

the low blood calcium levels is inadequate vitamin D, low

calcium intake or things that interfere with the absorption

of calcium. The reason for calcium disabsorption may be

due to the nutrients such as wheat in the form of bread, the

Table 2 Serum levels of calcium, iron, zinc, copper and magnesium

in maternal serum blood and umbilical cord blood in third trimester

(n = 162)

Elements in serum

levels (mg/dl)

Maternal

blood

Cord blood t test

Calcium 8.9 ± 0.41 8.93 ± 0.43 NS

Iron 70.1 ± 14.4 106.0 ± 26.1 15.7*

Zinc 65.3 ± 14.9 85.35 ± 16.6 10.7*

Copper 193.2 ± 28.5 57.04 ± 13.8 54.4*

Magnesium 1.98 ± 0.26 1.99 ± 0.27 NS

NS not significant

* Significant at the 0.05 level

Table 3 maternal serum micronutrients deficiency in third trimester

of pregnancy (n = 162)

Parameters

(mg/dl)

Reference

valuesa
Levels N Percent

Calcium 9.2–11 B8.7 (Hypocalcaemia) 21 13

8.8–9 87 54

[9.1 54 33

Iron 60–150 \60 (Deficient) 61 38

60–70 48 29

[70 53 33

Zinc 70–110 \70 (Deficient) 68 42

70–80 39 24

[80 55 34

Cooper 70–150 \150 14 9

150–200 85 52

[200 63 39

Magnesium 1.8–3.0 \1.8 (Deficient) 21 13

1.8-2 87 54

[2 54 33

a Refrence values in non pregnant women [10]
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staple cereal that is used daily by Iranian, which can impair

intestinal calcium absorption, because of the presence of

high amounts of phytic acid in wheat flour [30].

Vitamin D is essential for the maintenance of calcium

homeostasis. In general, vitamin D deficiency was promi-

nent in people living in high latitudes, during the winter

season, the use of sunscreens and people who wear cultural

clothing such as veiling and concealing clothing. Con-

cealed clothing blocks the absorbance of UV light therefore

fails to produce vitamin D. Furthermore, Iranian women

spend less time outdoor over men, which make them and

their children more prone to the deficiency [31].

In the present study, 38 % of pregnant women had iron

deficiency. The prevalence of iron deficiency in pregnant

women in the studies conducted in UK [32]; in China [33];

and in India [16] was 34, 42.6 and 73.4 % respectively.

The high prevalent of iron deficiency amongst pregnant

women found in the present study was possibly due to the

inadequate iron consumption or the bread eaten by Iranian

is made from flour of high extraction and without added

leaven. As a result, it contains high concentrations of

phytic acid. Phytate has been shown by several investiga-

tors to interfere with absorption of iron [34].

We observed zinc deficiency in 42 % of the pregnant

women. This finding is comparable to studies on pregnant

women from elsewhere, where prevalence ranging from

22 % to as high as 73.5 % were reported in India and China

[35–37]. The higher prevalence of zinc deficiency found in

the present study could be due to an inadequate zinc intake

and poor bio-absorption. It is worthy to note that several

dietary factors are known to affect zinc absorption as a

result of physico-chemical interactions in the intestine.

Phytate, a component in plants with the highest concen-

tration found in seeds (cereal grains/legumes/nuts), inhibits

zinc absorption [38]. This might hold true in the subjects of

the present study, as the staple foods in Iran are cereal

based.

Copper deficiency caused inadequate maternal dietary

intake is very rare, whereas moderate copper deficiency

attributed to secondary causes, such as diseases status,

during interactions and nutritional genetic factors, are more

common and may result pregnancy complication. Deficient

of copper in pregnancy can result in early embryonic death

and gross structural abnormalities including skeletal, pul-

monary central nervous system and cardiovascular defects

[39]. In this study, unlike zinc, no pregnant women were

found deficient in serum copper levels. In line with our

observation, a very low prevalence (2.7 %) of copper

deficiency was reported from pregnant women in India [16]

and in China [35].

Prevalence of deficiency in magnesium was 13 %

(serum levels \1.80 mg/dl).in the present study. However,

this prevalence of magnesium deficiency is \43.6 %

showed in a study in India [16], and 51.5 % in China [35].

Low serum magnesium status during pregnancy could be

due to an active transport of the element across the placenta

into the fetus estrogen domination to which these women

are exposed [40].

The mean calcium in cord blood in the studies con-

ducted in the USA [41]; Greek and Albania [42] was

similar to the mean calcium in cord blood in the current

study.

The current study showed iron levels in maternal serum

were higher than that in cord blood. Similar results were

shown in the other studies carried out in Amman [43] and

India [15] which indicate selective uptake of iron by fetus

[44].

In the present study the levels of zinc in cord blood were

higher than the levels of zinc in maternal serum. Similar

findings have been reported in the other studies in India

[45] and Amman [43]. Our study exhibited that zinc level

of neonates were more than their mothers which could be

caused by active transport of zinc from mother to fetus

through placenta as a result of high zinc requirement in the

fetus, sufficient transport from mother to the fetus and

increased absorption in the fetus. On the other hand, it

could be caused by band valency reduction of maternal

zinc during pregnancy and physiologic dilution because of

enhanced maternal blood volumes. This could be due to

rising neonatal zinc level as compared to their mothers.

The mean level of copper in cord blood serum in the

current study was lower than maternal values; these values

are in agreement with the data obtained from India [15] and

Amman [43]. Copper transport is done actively from

mother to fetus through the placenta as a result of fetal

need.

The mean serum magnesium in the serum cord blood

and in the serum of pregnant women was similar. Com-

parable results were shown in other countries namely the

USA [41]; Greek and Albania [42].

In conclusion the present study has several advantages

over previous studies that examined micronutrient status

during pregnancy, since a wide range of micronutrients was

examined simultaneously in a longitudinal study. These

values will be helpful in assessing the health status of

pregnant women with a socioeconomic and racial back-

ground similar to those of our study participants and give

treatments to them promptly. There was no published data

concerning micronutrient changes and their deficiencies

among pregnant Iranian women. Therefore, the aim of this

study was to determine the changes of micronutrients and

the prevalence of micronutrients deficiencies among preg-

nant women of Iranian. Identifying the magnitude of

micronutrient deficiencies among pregnant women is

essential for evidence-based intervention modalities. Thus,

studies investigating these parameters are vital and may be
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of great interest, so as to provide health planners and

caregivers with fundamental guidelines for the implemen-

tation of preventive measures. The actual consumption of

supplementary nutrients was not monitored and this is one

of the limitation of the study.
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cologie du Canada: JOGC. 2002;24(8):628.

29. Ainy E, Ghazi AAM, Azizi F. Changes in calcium, 25 (OH)

vitamin D3 and other biochemical factors during pregnancy.

J Endocrinol Invest. 2006;29(4):303–7.

30. Elders PJ, Netelenbos JC, Lips P, Van Ginkel FC, Khoe E,

Leeuwenkamp OR, et al. Calcium supplementation reduces ver-

tebral bone loss in perimenopausal women: a controlled trial in

248 women between 46 and 55 years of age. J Clin Endocrinol

Metab. 1991;73(3):533–40.

31. Guzel R, Kozanoglu E, Guler-Uysal F, Soyupak S, Sarpel T.

Vitamin D status and bone mineral density of veiled and unveiled

Turkish women. J Women’s Health Gend Based Med. 2001;

10(8):765–70.

32. Baker PN, Wheeler SJ, Sanders TA, Thomas JE, Hutchinson CJ,

Clarke K, et al. A prospective study of micronutrient status in

adolescent pregnancy. Am J Clin Nutr. 2009;89(4):1114.

33. Liao QK. Prevalence of iron deficiency in pregnant and pre-

menopausal women in China: a nationwide epidemiological

survey. Zhonghua Xue Ye Xue Za Zhi. 2004;25(11):653–7.

34. Simpson KM, Morris ER, Cook JD. The inhibitory effect of bran

on iron absorption in man. Am J Clin Nutr. 1981;34:1469–78.

35. Ma AG, Chen XC, Xu RX, Zheng MC, Wang Y, Li JS. Com-

parison of serum levels of iron, zinc and copper in anaemic and

non-anaemic pregnant women in China. Asia Pac J Clin Nutr.

2004;13:348–52.

36. Kapil U, Pathak P, Singh P, Singh C. Zinc and magnesium

nutriture amongst pregnant mothers of urban slum communities

in Delhi: a pilot study. Indian Pediatr. 2002;39:365–8.

Ind J Clin Biochem (Apr-June 2014) 29(2):174–180 179

123



37. Pathak P, Kapil U, Dwivedi SN, Singh R. Serum zinc levels

amongst pregnant women in a rural block of Haryana state, India.

Asia Pac J Clin Nutr. 2008;17:276–9.

38. Gibson R. Zinc nutrition in developing countries. Nutr Res Rev.

1994;7:151–73.

39. King JC. Determinants of maternal zinc status during pregnancy.

Am J Clin Nutr. 2000;71:1334S–43S.

40. Gupta AP, Bhandari B, Gupta A. Serum copper, zinc, magnesium

and calcium in neonates. Indian Pediatr. 1984;21:469–73.

41. Perveen S, Altaf W, Vohra N, Bautista ML, Harper RG, Wapnir

RA. Effect of gestational age on cord blood plasma copper, zinc,

magnesium and albumin. Early Human Dev. 2002;69(1–2):15–23.

42. Schulpis KH, Karakonstantakis T, Vlachos GD, Gavrili S, Mentis

A-FA, Lazaropoulou C, et al. The effect of nutritional habits on

maternal-neonatal zinc and magnesium levels in Greeks and

Albanians. e-SPEN Eur e-J Clin Nutr Metab. 2009;4(4):e176–80.

43. Awadallah SM, Abu-Elteen KH, Elkarmi AZ, Qaraein SH, Salem

NM, Mubarak MS. Maternal and cord blood serum levels of zinc,

copper, and iron in healthy pregnant Jordanian women. J Trace

Elements Exp Med. 2004;17:1–8.

44. Balai KS, Pendse V, Gupta R, Gupta S. Effect of maternal anemia

on iron status of the newborn. Indian J Matern Child Health.

1992;3(2):54–6.

45. Rwebembera AA, Munubhi EK, Manji KP, Mpembeni R, Philip

J. Relationship between infant birth weight \/=2,000 g and

maternal zinc levels at Muhimbili National Hospital, Dar Es

Salaam, Tanzania. J Trop Pediatr. 2006;52(2):118–25.

180 Ind J Clin Biochem (Apr-June 2014) 29(2):174–180

123


	Serum Level of Some Minerals during Three Trimesters of Pregnancy in Iranian Women and Their Newborns: A Longitudinal Study
	Abstract
	Introduction
	Materials and Methods
	Results
	Information on Pregnant Women, Their Family Background and Type of Diet Consumed
	Profile of Serum Calcium, Iron, Zinc, Copper and Magnesium Levels of Mothers During Three Trimesters of Pregnancy
	Micronutrients Levels in Maternal and Umbilical Cord Blood
	Prevalence of Serum Calcium, Iron, Zinc, Copper and Magnesium Deficiency in Third Trimester of Pregnancy

	Discussion
	References


