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Abstract Pregnant women in developing countries are vulnerable to multiple micronutrient
deficiencies. Studies assessing serum levels of the micronutrients and magnitude of their
deficiencies are very scarce in African subjects. This study was aimed at determining serum
levels of micronutrients in 375 pregnant (42 HIV seropositive) and 76 non-pregnant women
(20 HIV seropositive) who visited the University of Gondar Hospital, Gondar, Ethiopia.
Serum concentrations of zinc,\ copper, selenium, calcium, and magnesium were determined
using an inductively coupled plasma mass spectrometer. Irrespective of HIV serostatus,
pregnant women had significantly higher serum concentrations of copper and copper/zinc
ratio and significantly lower magnesium compared to those in non-pregnant women (P<
0.05). Except for selenium, which was significantly lower in HIV-seropositive pregnant
women (P<0.05), the mean serum concentrations of zinc, copper, calcium, and magnesium
were not significantly different between pregnant women by HIV serostatus. The
prevalence of deficiency in zinc, magnesium, selenium, and calcium in the pregnant
women, irrespective of their HIV serostatus, was 66.7%, 25.6%, 21.9%, and 9.3%,
respectively. The magnitude of deficiency in zinc, magnesium, and selenium was
significantly higher in HIV seropositive pregnant women (76.2%, 52.4%, and 45.2%) than
that in HIV-seronegative pregnant women (65.5%, 22.2%, and 18.9%) and in HIV-
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seronegative non-pregnant women (42.9%, 8.1%, and 30.4%; P<0.05). Deficiency in one,
two, three, or four mineral elements was observed in 44.8%, 14.4%, 9.9%, and 5.1% of the
pregnant women, respectively. Only 25.9% of the pregnant women and 44.7% of the non-
pregnant women were not deficient in any of the micronutrients. The high prevalence of
micronutrient deficiencies in pregnant and non-pregnant women in Gondar, Ethiopia
warrants the need for strategies on prevention and control of the deficiencies.

Keywords Pregnant women . Non-pregnant women . HIV. Zinc . Selenium . Copper .

Calcium .Magnesium . Gondar . Ethiopia

Introduction

Minerals such as zinc, copper, selenium, calcium, and magnesium are essential for normal
human development and functioning of the body [1]. They have been implicated to play
important roles in immuno-physiologic functions [1, 2]. For example, zinc is an integral
part of more than 200 enzymes and has significant task in nucleic acid metabolism, cell
replication, tissue repair, and growth. Its deprivation leads to profound alteration of thymic
function with resultant loss of T-cell-mediated responses and increased susceptibility to
infectious diseases [1, 2]. The antioxidation functions of selenium in glutathione peroxidase
is essential in protecting the biological system from oxidation caused by peroxides.
Superoxide dismutases, which usually contain copper and/or zinc, act as antioxidants
against superoxides. Calcium plays an important role in muscle contraction and regulation
of water balance in cells. Modification of plasma calcium concentration leads to the
alteration of blood pressure. Magnesium has been known as an essential co-factor for many
enzyme systems. It also plays an important role in neurochemical transmission and
peripheral vasodilation [1].

Deficiency of the minerals in women of reproductive age is recognized as a major public
health problem in many developing countries [3–7]. Pregnant women are particularly
vulnerable to nutritional deficiencies because of the increased metabolic demands imposed
by pregnancy involving a growing placenta, fetus, and maternal tissues, coupled with
associated dietary risks [8, 9]. In turn, the maternal undernutrition can have adverse effects
such as anemia, pregnancy-induced hypertension, complications of labor, and even death.
Furthermore, the fetus can be affected, resulting in stillbirth, pre-term delivery, intrauterine
growth retardation, congenital malformations, reduced immunocompetence, and abnormal
organ development [9, 10].

The essential nature of minerals has been recognized through the identification of
clinical conditions associated with severe deficiencies of particular minerals and through
subsequent animal experiments. Although the importance in pregnancy of a few mineral
deficiencies, such as iron and iodine, has been long recognized, the role of many others is
only recently becoming appreciated [3]. Gaining this understanding is complicated by the
finding that mineral deficiencies often co-exist and that deficiencies of specific minerals
vary by stage of life, economic status, health status, etc. This variability is due to
consumption of diets with differing content and bioavailability of micronutrients and
differing losses of and requirements for micronutrients [3].

Maternal iron deficiency and the consequent anemia comprise a major problem in
developing countries, affecting >50% of women during pregnancy [5, 6]. Other
micronutrient deficiencies are likely to be widely prevalent, especially those of iodine,
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zinc, and vitamin A [1, 8, 9]. Although several studies have documented the status of one or
two micronutrients among pregnant women [11–14], little information is available on the
extent of multiple micronutrient deficiencies during pregnancy [15, 16]. Therefore, the
present study was aimed to determine serum levels of zinc, copper, selenium, calcium, and
magnesium in Ethiopian pregnant women and to compare these to those in apparently
healthy non-pregnant women.

Materials and Methods

Design, Area, and Period of Study Pregnant women attending routine antenatal care from
March to June 2005 at the University of Gondar Hospital in Gondar, Ethiopia were enrolled
at their first visit. As controls, apparently healthy volunteer non-pregnant women, who were
living in the same geographic locality with the pregnant women, were recruited. The
University of Gondar Hospital is a tertiary-level teaching- and service-rendering institution
that provides health service to over 4 million people in Northwest Ethiopia. Informed
consent was obtained from the participants, and the study was ethically approved by the
Research Ethics Committee of the University of Gondar and The University of Tokushima,
Japan.

Anthropometry Body weight was determined to the nearest 0.1 kg on an electronic digital
scale, and height was measured to the nearest 0.1 cm. Body mass index (BMI), defined as
the weight in kilogram of the individual divided by the square of the height in meter, was
used to determine the nutritional status of the participants into severe malnutrition (BMI<
15.9 kg/m2), moderate malnutrition (BMI=16–16.9 kg/m2), mild malnutrition (BMI=17–
18.4 kg/m2), normal (BMI=18.5–24.9 kg/m2), overweight (BMI=25–29.9 kg/m2), and
obese (BMI>30).

Blood Collection, Serum Separation, and HIV Serology About 5 ml of venous blood was
collected from the participants. After clot was retracted, the blood samples were
centrifuged, and sera were separated from the cells following standard procedures. The
sera were tested for the presence of HIV-1 antibodies using rapid HIV-1 diagnostic test kits
following the manufacturers’ instructions. The results were interpreted following the current
national algorithm for screening of sera for HIV-1 infection [17]. The remaining sera were
kept frozen at −20oC until used.

Determination of Trace Elements in Serum The concentration of minerals in serum was
determined using an inductively coupled plasma mass spectrometer (ICP-MS; model 8500,
Schimadzu, Tokyo, Japan) following previously published procedures [18]. In brief, serum
sample (200 μl) was aliquoted into Teflon tube and covered with a Teflon ball. After adding
1 ml of concentrated HNO3 (Wako Pure Chemicals, Japan), the tube was heated at 120°C
for 5 h on an aluminum heating block (IWAKI, Asahi Techno Glass, Japan). The sample
was further heated almost to dryness at 200°C after removing the Teflon ball. Finally, the
residue was dissolved with 2 ml of 0.1 M HNO3, which contained 10 ng/ml internal
standard elements (In, Re, and Tl). The diluted serum solution was used for analysis of the
elements in ICP-MS. Commercially available single-element standard solutions (1,000 μg/
ml) were purchased from Wako Pure Chemicals (Osaka, Japan) and used for standardiza-
tion of calibration curves.
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Statistical Analysis Data were analyzed using Statistical Package for the Social Sciences
(SPSS) version 10 statistical package (SPSS, Chicago, IL, USA). A one-sample
Kolmogorov–Smirnov test was used to assess whether the data were normally distributed.
Comparisons of serum values of the trace elements among pregnant women with and
without HIV co-infection and control groups were made using a one-way analysis of
variance. Post hoc Tukey test was used to determine which pairs of means differ
significantly. Deficiency of zinc, selenium, copper, magnesium, and calcium was defined at
their serum levels less than 75, 7, and 75 μg/dl and 1.8 and 8.4 mg/dl, respectively [19].
P values less than 0.05 were considered statistically significant.

Results

A total of 375 pregnant women and 76 apparently healthy non-pregnant women (controls)
were included in this study. About 42 of the pregnant women and 20 of the controls were
found co-infected with HIV. Table 1 shows the age distribution and anthropometric features
of the participants. Majority of the study subjects were in the age group 20–39 years. The
mean BMI of the pregnant women (23.87±9.36) was significantly higher than that in the

Table 1 Age Distribution and Anthropometric Characteristics of Antenatal Care Attending Pregnant Women
and Non-pregnant Women, University of Gondar Hospital, 2005

Variables Pregnant women Non-pregnant women P value
N=375 N=76

Age, year
Mean±SD 25.1±5.6 27.3±7.4 0.03
Median (range) 25.0 (16–45) 26.0 (18–46)
14–19 65 (17.3)a 10 (13.2)
20–29 226 (60.3) 37 (48.7)
30–39 78 (20.8) 25 (32.9)
40–49 6 (1.6) 4 (5.3)
Body height, m
Mean±SD 1.59±0.06 1.61±0.06 0.029
Median (range) 1.59 (1.40–1.80) 1.60 (1.48–1.73)
Body weight, kg
Mean±SD 59.14±8.55 53.11±7.22 0.000
Median (range) 58.5 (40–94) 52.0 (39–70)
BMI, kg/m2

Mean±SD 23.87±9.36 20.54±2.25 0.002
Median (range) 23.14 (14.69–32.5) 19.92 (17.33–28.04)
Nutritional status
Severe malnutrition 2 (0.5) –
Moderate malnutrition – –
Mild malnutrition 6 (1.6) 8 (10.5)
Normal 273 (72.5) 65 (85.5)
Over weight 84 (22.4) 3 (3.9)
Obese 10 (2.9) –

a Number (%)
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non-pregnant women (20.54±2.25). Only 2.1% and 10.5% of the pregnant and non-
pregnant women, respectively, had BMI less than 18.5 kg/m2.

Table 2 shows the concentrations of serum magnesium, calcium, copper, zinc, and
selenium in pregnant women and controls. The mean serum level of selenium was
significantly lower in pregnant women with HIV co-infection compared to that in HIV-
seronegative pregnant women (P<0.05). The mean concentrations of magnesium, calcium,
copper, and zinc were not significantly different between pregnant women with and without
HIV co-infection. However, the ratio of copper to zinc concentration in serum was
significantly higher in HIV-seropositive pregnant women than that in HIV-uninfected
pregnant women (P<0.05). Irrespective of HIV serostatus, pregnant women had
significantly higher serum concentrations of copper and copper-to-zinc ratio and
significantly lower serum levels of magnesium compared to those in healthy controls
(P<0.05). Pregnant women without HIV co-infection had significantly lower serum
magnesium concentration compared to controls without HIV infection (P<0.05). On the
contrary, the pregnant women without HIV co-infection had a significantly higher
concentration of copper (P<0.05) and a remarkably lower serum zinc level when compared
to that in HIV-seronegative pregnant women, although not statistically significant. As a
result, the ratio of copper to zinc concentration was significantly higher in serum of
pregnant women without HIV infection as compared to controls without HIV co-infection.
On the other hand, except for serum concentrations of copper and copper-to-zinc ratio, the
levels of calcium, zinc, and selenium in HIV-seropositive pregnant women were not
significantly different when compared to their corresponding levels in controls with HIV
co-infection. Non-pregnant women did not have significant difference in concentrations of
copper, zinc, selenium, and copper-to-zinc ratio by HIV serostatus. However, only serum
calcium was significantly higher in sera of those without HIV co-infection compared to its
level in HIV-seropositive non-pregnant women (P<0.05).

Table 3 shows the distribution of pregnant women and healthy controls by serum status
of minerals and HIV infection. The prevalence of deficiency in zinc, magnesium, selenium,
and calcium in the pregnant women, irrespective of their HIV serostatus, was 66.7%,
25.6%, 21.9%, and 9.3%, respectively. The magnitude of deficiency in zinc, magnesium,
and selenium was significantly higher in HIV-seropositive pregnant women (76.2%, 52.4%,
and 45.2%) than that in HIV-seronegative pregnant women (65.5%, 22.2%, and 18.9%; P<

Table 2 Mean±SD Concentration of Micronutrients in Serum of Pregnant and Non-Pregnant Women by
HIV Serostatus

Micronutrient Non-pregnant women Pregnant women

HIV- (n=56) HIV+ (n=20) HIV- (n=333) HIV+ (n=42)

Mg (mg/dl) 2.85±0.61***, **** – 2.47±0.85* 2.14±0.86*
Ca (mg/dl) 14.87±3.76** 11.12±1.53*, *** 14.53±4.77** 13.41±5.22
Cu (µg/dl) 146.8±49.4***, **** 172.1±51.6***, **** 241.9±74.7*, ** 239.6±81.5*, **
Zn µg/dl 88.0±42.6 76.2±26.9 76.0±45.3 76.3±125.4
Se (µg/dl) 9.4±4.5 10.1±5.1 10.6±4.2 a 8.0±4.7***
Cu/Zn 2.0±1.2***, **** 2.5±1.4***, **** 3.8±1.6*, **, **** 4.7±2.2*, **, ***

*P<0.05 versus HIV− non-pregnant women

**P<0.05 versus HIV+ non-pregnant women

***P<0.002 versus HIV− pregnant women

****P<0.05 versus HIV+ pregnant women
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0.05). Deficiency in one, two, three, or four micronutrients was observed in 44.8%, 14.4%,
9.9%, and 5.1% of the pregnant women, respectively. Only 25.9% of the pregnant women
and 44.7% of non-pregnant women were not deficient in any of the micronutrients
(Table 4).

Discussion

This study demonstrated that 74.1% of pregnant women and 55% of controls in Gondar,
Ethiopia were deficient in serum levels of one or more micronutrients. The deficiencies
were more pronounced in the women with HIV co-infection. In fact, infection with HIV is a
major health problem in the country in general and among pregnant women in particular
[20]. Antenatal-based sentinel surveillance data from 44 rural and 38 urban sites indicated
an HIV prevalence of 2.2% and 9.5%, respectively, in pregnant women in the year 2005
[20]. Infection with HIV has long been shown to affect nutritional status.

Pregnancy is associated with continuous physiologic adjustments that affect the
metabolism of all nutrients [8]. About 40 days after conception, the placenta, a complex
organ of internal secretions, releases numerous hormones and enzymes into the maternal
circulation, which affect the metabolism of all nutrients. These adjustments in nutrient
metabolism in addition to changes in the anatomy and physiology of the mother support
fetal growth and development while maintaining maternal homeostasis and preparing for
lactation [8]. These processes account for the raised metabolic rate in the pregnant state.

We observed zinc deficiency in 66.7% of the pregnant women and in 46.1% of the non-
pregnant women irrespective of their HIV serostatus. This finding is comparable to studies
on pregnant women from elsewhere where prevalences ranging from 22% to as high as
73.5% were reported [12, 15, 16, 21]. 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 concentration found in seeds (cereal grains/legumes/nuts), inhibits zinc absorption

Table 4 Prevalence of Micronutrient Deficiencies in Pregnant and Non-Pregnant Women by HIV Serostatus

Status HIV-
seronegative
pregnant
women
(n=333)

HIV-
seropositive
pregnant
women
(n=42)

Total,
N=375

HIV-seronegative
non-pregnant
women (n=56)

HIV-seropositive
non-pregnant
women (n=20)

Total,
N=76

Non-deficient 92 (27.6)a 5 (11.9) 9
(25.9)

25 (44.6) 9 (45.0) 34
(44.7)

Deficiency in one
micronutrient

157 (47.1) 11 (26.2) 168
(44.8)

20 (35.7) 7 (35.0) 27
(35.5)

Deficiency in two
micronutrients

41 (12.3) 13 (31.0) 54
(14.4)

11 (19.6) 4 (20.0) 15
(19.7)

Deficiency in three
micronutrients

24 (7.2) 13 (31.0) 37
(9.9)

– – –

Deficiency in four
micronutrients

19 (5.7) – 19
(5.1)

– – –

a Number (%)
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[22]. This might hold true in the subjects of the present study, as the staple foods in Gondar
and its surrounding areas are cereal based.

The high prevalence of zinc deficiency has a far-reaching implication, as zinc is an
important element performing a range of functions in the body. Zinc is a co-factor for the
synthesis of a number of enzymes, DNA, and RNA [1]. Zinc deficiency has been associated
with complications of pregnancy and delivery, as well as with growth retardation and
congenital abnormalities in the fetus [3]. During pregnancy, there is a decline in circulating
zinc and a decline also occurs as pregnancy progresses, possibly due to a decrease in zinc
binding and increased transfer of zinc from the mother to the fetus [14]. Several studies
globally have documented relationships between lowered zinc concentrations during
pregnancy and low birth weight, suggesting that there is a threshold for serum zinc
concentration below which adverse pregnancy outcome increases significantly [3, 23].

In this study, unlike zinc, no pregnant or non-pregnant women were found deficient in
serum copper levels. Studies have reported that the increase in serum copper during
pregnancy is mainly due to an increase in its carrier proteins, ceruloplasmin, which increase
in response to stimulation by elevated levels of maternal estrogens [13, 24]. In line with our
observation, a very low prevalence (2.7%) of copper deficiency was reported from pregnant
women in India [16] and China [15]. Copper is an important trace element involved in the
function of several cuproenzymes that are essential for life [25]. Copper deficiency during
embryonic and fetal development can result in numerous gross structural and biochemical
abnormalities, as the fetus is fully dependent on the maternal copper supply [26].

Deficiency in magnesium was also high in the pregnant women of the present study, as
25.6% of them had its serum levels <1.80 mg/dl. However, this prevalence is lower than the
43.6% [16] and 51.5% [15] deficiency reported in Indian and Chinese pregnant women.
The low serum magnesium status during pregnancy could be due to an active transport of
the element across the placenta into the fetus [27]. Low dietary intake coupled with increase
in demand for growth and accelerated metabolism during pregnancy could be the other
contributing factors [28]. The mineral is essential for proper bone formation and in various
intracellular enzymatic processes [29]. Deficiency of magnesium may possibly be
associated with pre-eclampsia, pre-term delivery, and low birth weight [30]. It has been
documented that magnesium deficiency during gestation significantly increases neonatal
mortality and morbidity [31].

We observed selenium deficiency in a large number of pregnant women, especially in
those with HIV co-infection. Selenium is an integral part of the enzyme glutathione
peroxidase, which forms a major cellular defense system against oxidative injury [32].
Selenium deficiency has been incriminated in the causation of several diseases including
malignancies. The selenium requirement of pregnant and lactating women increases as a
result of selenium transport via the placenta and via breast milk [33]. Blood and serum
selenium levels therefore decrease during pregnancy and are lower than those in non-
pregnant women [33].

Serum calcium is composed of protein-bound calcium, diffusible calcium complexes,
and ionized calcium. Its serum concentration is so exquisitely regulated with the normal
serum concentrations ranging from 8.5 to 10.5 mg/dl in adults. However, we observed
relatively higher mean serum calcium in the Ethiopian pregnant women in the present
study. In line with our finding, Hamlin [34] ascribed the lowest rates of edema, proteinuria,
and hypertension-gestosis in Ethiopian pregnant woman to diets high in calcium. A study
involving Swedish pregnant women indicated a decrease in serum calcium as pregnancy
advances, where its mean level declined from 2.235±0.097 mM/l at week 10 to 2.353±
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0.097 mM/l at week 32 [35]. The decreased serum calcium levels were thought to be due to
consequences of increased blood volume and transfer of calcium to the fetus [35].

This study also showed that deficiencies of minerals occur concurrently in pregnant
women (29.4%) and controls (19.7%). This indicates the coexistence of micronutrient
deficiencies probably due to common etiology and underlying mechanisms. For instance, a
diet rich in phytate and low in animal proteins, as is common in most developing countries
including Ethiopia, predisposes one to insufficient intake and absorption of zinc [22, 36]. In
addition, direct interactions between micronutrients were described previously, such as the
antagonistic effect of iron supplementation on zinc uptake, although the mechanisms
underlying these interactions are not yet fully understood [22]. Apart from the dietary
factors, the pregnant women living in developing countries are exposed to recurrent
respiratory and diarrheal infections, prolonged lactation, and recurrent pregnancy, all of
which can influence micro-nutrition [4].

In summary, the findings of the present study reveal a high prevalence of micronutrient
deficiencies, individually as well as concomitantly, among the pregnant and non-pregnant
women in Gondar. These calls for the need to undertake multicentric studies in various
parts of the country to substantiate the data obtained in the present study so that any
intervention measures, if required, can be initiated.
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