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ABSTRACT 
 

Purpose: Zinc status during gestation affects both maternal and fetal health. The study was 
designed to investigate maternal zinc status and relate it with dietary zinc and socioeconomic levels 
in first, second and third trimester pregnant women.  
Methods/Patients: Forty-five [15 for each trimester] pregnant women and thirty non-pregnant 
women that served as control were recruited for the study. Serum zinc concentrations were 
determined using atomic absorption spectrometry. From structured questionnaire, information was 
obtained on age, dietary zinc content, and socioeconomic status [education, occupation]. Zinc 
status was summarized as mean ± standard deviation. Data were analyzed using Student t- test, 
analysis of variance (ANOVA), and Chi-square test. P < 0.05 was considered significant.  
Results: Only first but not second and third trimester pregnant women featured significantly lower 
zinc levels compared with control. Non-significant difference in zinc levels were observed when the 
three trimesters were compared. Of the women in first trimester which featured significantly lower 
serum zinc level compared with control, all were of high educational status although only < 50% 
were of high occupational status yet over 70% belong to high dietary zinc sub-group.  
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Conclusion: Data obtained from the study revealed that depleted serum zinc level was observed in 
the first trimester and educational status rather than socioeconomic status played a role in choice of 
zinc- rich containing food.  

 

 
Keywords: Gestation; first trimester; second trimester; third trimester; serum zinc status; dietary zinc 

content; socio-economic level. 
 

1. INTRODUCTION  
 
During pregnancy, progressive physiological 
changes fundamental to supporting the metabolic 
demand of the growing fetus increases a 
woman’s micronutrient requirement [1-3]. 
Characteristic elevations in oxygen consumption, 
central hemodynamic alterations, and oxidative 
stress, are essential to fetal development and 
contribute to the long standing recognition of 
pregnancy as a vulnerable period which is 
important in determining life-long health. It is 
essential to ensure that women receive adequate 
macro and micro-nutrition prior to and throughout 
pregnancy to optimize their capacity to manage 
these physiological challenges and ensure the 
well-being of the growing fetus. Micronutrient 
deficiencies have been associated with 
significantly higher reproductive risks both in the 
conception period and throughout the course of 
gestation [4-6] and may include anemia, 
pregnancy induced hypertension and 
preeclampsia, fetal growth restriction, labor 
complications leading to increased maternal and 
fetal morbidity or mortality [7].  
 
Pregnant women living in developing countries or 
from low-income areas of developed nations can 
be exposed to inadequate macro and micro-
nutrition [7]. Suboptimal consumption results in 
lower than average pregnancy weight gains as a 
result of limited access to and intake of animal 
products, fruits, vegetables and fortified foods [8]. 
During pregnancy the increased nutritional 
demands placed on key maternal physiological 
systems may exacerbate pre-existing suboptimal 
micronutrient status and contribute to the 
increased prevalence of adverse maternal and 
fetal outcomes in these populations [9].  
 
For many individual pregnant women in the 
developing world, some of the required 
micronutrients are derived from diet, which are 
not optimally consumed. Moreover, sometimes 
an essential trace element may be obtained or 
derived from its poor dietary sources. For 
instance, it is not uncommon for zinc to be 
derived from plant based diet which are poor 
sources of this element and which contain high 

levels of phytate, an important organic compound 
which inhibits not only the absorption of zinc but 
other bivalent minerals as well [10].  

 
In developing countries, deficiency of minerals 
and vitamins in women of reproductive age is 
recognized as a major public health concern. 
Pregnant women are the prime target as far as 
nutritional deficiencies are concerned. The 
demands imposed by pregnancy involving the 
growing placenta, fetus and maternal tissues, 
coupled with associated dietary risks could add 
up to the effect [11]. This study is aimed at 
comparing the concentration of serum zinc in 
first, second and third trimesters of pregnancy 
and relate them with dietary zinc contents.   

 
2. METHODS AND MATERIALS 
 

2.1 Study Design 
 
Cross-sectional comparative study. 
 

2.2 Sample Size 
 
Seventy-five participants consisting of 45 
pregnant women across the three trimesters and 
30 non-pregnant women. The participants in the 
four groups were age-matched. 
  

2.3 Study Site 
 
Antenatal clinics at State Hospital Asubiaro  and 
Osun State Teaching Hospital, both in Osogbo, 
Nigeria.  

 
2.4 Study Population/Inclusion & Exclu-

sion Criteria 
 
Research participants consisted of respondent 
females within the child bearing age range. 
Included in the study were apparently healthy 
pregnant women in the three trimesters of 
pregnancy (test subjects) while apparently health 
non-pregnant women served as the control 
group. Meanwhile all pregnant women known to 
have chronic medical conditions such as human 
immunodeficiency virus, tuberculosis and chronic 
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renal failure, those on zinc supplementation or 
any medication capable of altering Zn level were 
excluded. In addition, those with lifestyles 
capable of modulating zinc status e.g. smoking, 
binge drinking and those with obstetrical 
abnormalities were also excluded.  
 

2.5 Sample Collection and Trace Element 
Estimation 

 

Laboratory wares used were cleansed according 
to standard procedure as described in Elemental 
Analysis Manual of United State Department of 
Health and Human Services. 5 mL of venous 
blood was collected from each study participants. 
Each sample was dispensed into anti-coagulant 
free bottle and centrifuged for 10 minutes at 1500 
x g within 2 hours of collection. Sera obtained 
were stored in a refrigerator at -20 degree 
Celsius until required for analysis. The analysis 
of serum concentration of zinc was done by the 
Atomic Absorption Spectrophotometry (AAS) 
using AAnalyst model 400.  
 

2.6 Instrument of Data Collection 
 

After the questionnaire has been validated, the 
structured questionnaire was administered by the 
researcher.  It consisted of different sections 
namely; socio-demography [age, level of 
education; occupation,/employment status, 
marital status, family size]; maternal 
characteristics/ obstetrics information; socio-
economic status [high, medium, or low income]. 
Dietary zinc content was obtained using the 
classification described by Temiye et al   [12]. 
   

2.7 Classification of Zinc Content in 24-
Hour Meal Recall 

 

The zinc contents of 24-hour meal recall and the 
last meal consumed before blood was taken 
were classified based on the concentration of 
zinc in food items consumed by the subject. Thus 
each food item was classified as containing high, 
moderate, or low zinc [13, 14]. Meals which 
contain items such as plantain, red beef, egg, 
milk, cocoa products, and fish were classified as 
high zinc content, while beans, cereals made out 
of maize and rice products contain moderate 
zinc. Cassava products were classified as having 
traces or low zinc content [13, 14].   
 

2.8 Statistical Analysis 
 
Quantitative variables were summarized as 
mean ± standard deviation. Student’s t-test was 

used to determine significant difference in serum 
zinc levels between pregnant [in each of the 
trimesters] and non-pregnant women. Analysis of 
variance was used to compare Zn levels of 
pregnant women in first, second and third 
trimesters of pregnancy. Absolute or relative 
frequency (percentages) of qualitative data was 
obtained. Relationships between qualitative 
variables were determined using Chi square test 
with level of significance set at 0.05 (p< 0.05). 
Data were computer-analyzed using statistical 
package for social sciences (SPSS) 25.0 version. 
 

3. RESULTS AND DISCUSSION  
 
With serum zinc levels of 0.23±0.052; 
0.19±0.046; 0.25±0.060; and 0.22±0.081 (μg/mL) 
for control, first, second and third trimesters 
respectively, there was significant difference 
between control and first trimester (P= .01) but 
non-significant difference between second (P = 
.44) or third trimester (p= 0.51) and control. Yet 
result of the comparison of serum zinc of the 
three trimesters showed non-significant 
difference across the three trimesters of 
pregnancy (F= 2.459; P = .07). The significant 
lower levels of zinc in first trimester pregnant 
subjects compared with control are in agreement 
with various other past studies. Ejezie and 
Nwagha [15] reported that mean serum zinc 
levels were significantly lower in pregnancy 
compared with non-pregnant control. According 
to Ejezie and Nwagha [15], the degree of 
decrease continued as gestation progressed with 
the lowest level in the third trimester, although no 
such observation was made in the study. 
Physiological adjustments in intestinal zinc 
absorption is an important factor in zinc depleted 
states, the fact that zinc depletion occurred in 
first trimester subjects shows that such 
physiologic alteration was not sufficient to meet 
gestational demand. The difference between the 
data obtained from the study of Ejezie and 
Nwagha [15] and the present one may be due to 
variations in sociodemoraghic parameters of the 
participants for both study. It seems as if the age 
range of participants in Ejezie and Nwagha and 
the present studies could not have contributed to 
differences in result outcomes because they 
were similar. Ages of the participants range from 
15-44 years.  
 

Quite understandably, decreased zinc level 
during gestation can be linked with zinc 
requirement for fetal development and the 
significant variation within the period of gestation 
(with respect to trimesters) can be attributed to 
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differences in fetal zinc demand at each stage. 
The implications of depleted zinc levels in the 
first trimester pregnant women are diverse on 
fetal health. Zinc deficiency has been implicated 
in a wide range of intra-uterine misadventures 
such as fetal growth restriction resulting either in 
low birth weight or small for age infants [16]. 
Karimi et al [17] linked low maternal zinc 
deficiency not only to growth impairment, but 
also spontaneous abortion, congenital 
malformations, delayed immune system 
development and adverse birth outcomes e.g. 
premature delivery. The devastating effects of 
low maternal zinc level is not limited to the fetus, 
zinc deficiency has been linked with pregnancy-
induced hypertension in mothers [18].  
 
Although, the first trimester is not the period of 
most rapid growth, it is the time when zinc is 
mostly required. Some of the events of first 
trimester for which zinc is needed include 
development of major organs (heart, kidney, 
brain, etc) in the embryo [18]. The non-significant 
differences in levels of zinc at second and third 
trimesters compared with control warrants further 
investigation as the second trimester is a time of 
rapid fetal growth while maximal zinc store during 
the intra-uterine life is at third trimester, both of 
which should correspond to increase zinc 
demand by the fetus.  
  
There is no doubt that fetal zinc demand is 
always identified as a major cause of zinc 
depletion during pregnancy. Even in the 
developed world, pregnant women of different 
socioeconomic levels feature zinc depletion 
when compared to their non-pregnant 
counterparts.  Yet in many developing countries 
a number of other factors have been recognized 
as causes of zinc depletion during gestation, 
examples include malnutrition, worm 
infestation/malabsorption and infectious diseases 
(e.g. Plasmodium falciparum) [19].   
 
Obstetrical events such as morning sickness 
(nausea, vomiting that is severe enough to 
become hyperemesis gravidarum) and other 
symptoms of first trimester pregnancy (e.g. loss 
of appetite) could have also contributed to the 
depletion in first trimester subjects. The study of 
Nyaruhucha et al. [20], revealed that as many as 
82.8% of pregnant women surveyed reported at 
least one incidence of morning sickness. The 
same workers also identified that more than a 
third and as many as 63.7% of pregnant women 
survey in Tanzania experienced food aversion 
and pica respectively during the period of 

gestation. Most of the food they avoided included 
fish, meat, egg, and beans; many of which are 
rich sources of zinc. Similar observations have 
been made in Nigerian pregnant women [5]. With 
respect to pica- soil, ice, and ash were the most 
common non-food substances eaten. None of 
which is a healthy source of any essential trace 
elements. Other conditions such as smoking and 
alcohol abuse, capable of altering maternal zinc 
status and preventing adequate supply of zinc to 
the fetus are not present in the recruited subjects 
as they were part of the exclusion criteria [21].  
 
The use of micronutrient supplementation 
especially of formulation containing iron could 
have resulted in significant low level of zinc in the 
first trimester pregnant subjects compared with 
control. Interaction, an important characteristic of 
trace elements is displayed when two bivalent 
elements are present in ingested food, this is 
more so when there is overabundance of one 
trace element at the expense of another. Since 
they share the same absorption mechanism, it is 
possible that iron supplementation can result in 
low level of other bivalent trace metals even 
those that serve dynamic physiologic roles and 
are considered as essential [22].  In a study 
carried out in Nigeria by Ugwu et al [23], 65.9% 
of women were found to comply with intake of 
iron supplements. However, Hess and King [24] 
found no adverse effects of maternal iron 
supplementation on zinc status during 
pregnancy.  
 
The fact that grains were not a significant source 
of zinc in the study participants, [obtained from 
the information contained on the questionnaire] 
ruled out the influence of high level of dietary 
phytate on serum zinc status in first trimester 
pregnant women; phytate is an inhibitor of zinc 
absorption in the intestine.  
 
More than half 52.0% of the study participants 
were of medium socioeconomic status, 44.0% 
were of high socioeconomic status and 4.0% 
were of low socioeconomic status. More than half 
58.7% belonged to high dietary zinc intake group 
while 41.3% were of medium dietary zinc intake 
group. Chi-square analysis of these categorical 
variables reveals no significant relationship 
between dietary zinc and socioeconomic status 
(X

2 
= 5.519; P = .063).  

 
Results of the study also revealed that 
educational rather than socioeconomic status 
was a better determinant of the quality of zinc 
content in diet. Even some women who were 
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unemployed, fulltime housewives, or students but 
with high educational status were found to 
belong to high dietary zinc content sub-group. 
That high educational status rather than high 
economic status contributed to consumption of 
food rich in zinc suggests that probably curricula 
at both elementary and higher levels where 
nutrition is taught as a compulsory subject may 
have a bearing on this as the women are 
informed of healthy eating habit during gestation.  
First trimester women that had significantly lower 
serum zinc level compared with control were 
mostly of high educational status although less 
than half of the individuals were of high 
occupational status, although 7 out of 10 
belonged to high dietary zinc sub-group.  
 

4. CONCLUSION 
 

Data obtained from the study revealed that 
dietary zinc content of pregnant women recruited 
for the study varied widely. Although there was 
no relationship between socioeconomic status 
and dietary zinc, yet it seemed as if high 
educational but not economic status 
corresponded to high dietary zinc intake. Overall, 
depleted zinc level occurred at first trimester, and 
there are indications that zinc deficiency during 
the period of gestation is still a public health 
issue. 
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FURTHER STUDY 
 

Further study is required to address the main 
contributor(s) to low zinc level commonly 
observed during first trimester of gestation in 
Nigerian pregnant women. It is also desirable to 
identify its consequences to maternal health and 
fetal outcomes.  A study of larger sample size is 
required to clarify or establish the impact higher 
educational status play in choice of highly 
nutritious food during the period of gestation.  
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 

REFERENCES 
 
1. Mousa A, Naqasg A, Lim S. Macronutrient 

and Micronutrient Intake during  
Pregnancy: An Overview of Recent 
Evidence. Nutrients. 2019;11(2):443.  
DOI: 10.3390/nu11020443  
PMCID: PMC6413112 

2. Anuk AT, Polat N, Akdas S, Erol SA, 
Tanacan A, et al. The relationship between 
trace element status (zinc, copper, 
manganese) and clinical outcomes in 
COVID-19 infection during pregnancy. Biol 
Trace Elem Res. 2020;1-10.  
DOI: 10.1007/s12011-020-02496-y 

3. Looman M, Geelen A, Samlal RAK, 
Heijligenberg R, Klein Gunnewiek JMT, et 
al. Nutrients. 2019;11(2):460.  
DOI: 10.3390/nu11020460 

4. Haider BA, Bhutta ZA. Multiple‐ 
micronutrient supplementation for women 
during pregnancy. Cochrane Database 
Syst Rev. 2017(4):CD004905.  
Published online 2017 Apr 13.  
DOI: 10.1002/14651858.CD004905.pub5 

5. Kariuki L, Lambert C, Purwestri R, 
Biesalski HK. The trends of food and non-
food items (pica) by pregnant women in 
western Kenya. NFS Journal. 2016;5:1-      
4.  
Available:https;//doi.org/10.1016/j.nfs.2016
.09.001 

6. Cetin I, Buhling K, Demir C, Kortam A, 
Prescott SL, et al. Impact of micronutrient 
status during pregnancy on early nutrition 
programming. Ann Nutr Metab. 2019; 
74:269-278.  
Available:https;//doi.org/10.1159/00049969
8 

7. Lewandowska M, Sajdak S, Lubiński J. 
Can Serum Iron Concentrations in              
Early Healthy Pregnancy Be Risk Marker 
of Pregnancy-Induced Hypertension? 
Nutrients. 2019;11(5):1086.  
Published online 2019 
DOI: 10.3390/nu11051086 

8. Tran NG, Nguyen LT, Berde Y, Low YL, 
Tey SL, et al. Maternal nutritional 
adequacy and gestational weight gain and 
their associations with birth outcomes 
among Vietnamese women. BMC 
Pregnancy Childbirth. 2019;19:468.  
Published online 2019 Dec 4 
DOI: 10.1186/s12884-019-2643-6 

9. Ballestín SS, Campos MIG, Ballestín JB, 
Bartolomé MJL Is Supplementation with 
Micronutrients Still Necessary during 



 
 
 
 

Olayiwola et al.; AJBGMB, 10(2): 26-31, 2022; Article no.AJBGMB.83228 
 

 

 
31 

 

Pregnancy? A Review Nutrients. 2021; 
13(9): 3134.  
Published online 2021 Sep 8.  
DOI: 10.3390/nu13093134 

10. Gibson RS, Raboy V, King JC. Implications 
of phytate in plant-based foods for iron and 
zinc bioavailability, setting dietary 
requirements, and formulating programs 
and policies. Nutr Rev. 2018;76(11):793-
804.  
Available:https//doi.org/10.1093/nutrit/nuy0
28 

11. Keats EC, Haider BA, Tam E, Bhutta ZA, 
and Cochrane Pregnancy and               

Childbirth Group. Multiple‐micronutrient 
supplementation for women during 
pregnancy. Cochrane Database Syst Rev. 
2019;2019(3):CD004905.  
Published online 2019 Mar 15 
DOI: 10.1002/14651858.CD004905.pub6  
PMCID: PMC6418471 

12. Temiye EO, Duke ES, Owolabi MA, 
Renner JK. Relationship between painful 
crisis and serum zinc level in children with 
sickle cell anaemia. Anemia. 2011;69:85-
86. 

13. Balch, AP “Minerals,” in Prescription for 
Nutritional Healing, P. A. Balch and J. F. 
Balch, Eds., New York Press, New York, 
NY, USA, 3rd edition;2000. 

14. Norma MJT, Pearson CJ, Searle PGE. 
Tropical Food Crops in Their Environment, 
Cambridge University Press, Cambridge, 
UK, 2nd edition;1996. 

15. Ejezie FE, Nwagha UI. Concentration 
during Pregnancy and Lactation in Enugu, 
South-East Nigeria. Ann Med Health Sci 
Res Jan. 2011;1(1):69-76  

16. Wang H, Hu YF, Hao JH, Chen YH, Su 
PY, Wang Y, Yu Z, Fu L, Xu YY, Zhang 
C,Tao F-B, Xu D-X. Maternal zinc 
deficiency during pregnancy elevates the 
risks of fetal growth restriction: A 
population-based birth cohort study. Sci 
Rep. 2015;5:11262.  
Published online 2015 8.  

DOI: 10.1038/srep11262  
PMCID: PMC4459238 

17. Karimi A, Bagheri S, Nematy M , Saeidi M.  
Zinc deficiency in pregnancy and fetal - 
neonatal outcomes and impact of the 
supplements on pregnancy outcomes. 
Iranian Jour Neonatol. 2012;3(2)sumer. 

18. Gernand AD, Schulze KJ, Stewart CP, 
West KP, Christian P. Micronutrient 
deficiencies in pregnancy worldwide: 
health effects and prevention.  Nat Rev 
Endocrinol. 2016;12(5):274-289.  

19. Akinbo FO, Alabi LO, Aiyeyemi JA. 
Micronutrient deficiencies among pregnant 
women with Plasmodium falciparum 
infection in Owo, Ondo State, Nigeria. Afr J 
Clin. Exper Microbiol. 2019; 20(2):127 – 
136  

20. Nyaruhucha
 

CNM. Food cravings, 
aversions and pica among pregnant 
women in Dar es Salaam, Tanzania. 
Tanzan J Health Res. 2009;11(1):29-34. 

21. Sebastiani G, Borras-Novell C, Casanova 
MA, Tutusaus MP, Martinez SF, Roig 
MDG, Garcia-Algar O. The effects of 
alcohol and drugs of abuse on maternal 
nutritional profile during pregnancy. 
Nutrients. 2018;10(8):108.  
Available:https://doi.org/10.3390/nu100810
08 

22. Kondaiah P, Yaduvanshi PS, Sharp PA, 
Pullakhandam R. 

 
Iron and Zinc 

Homeostasis and Interactions: Does 
Enteric Zinc Excretion Cross-Talk with 
Intestinal Iron Absorption? Nutrients. 2019; 
11(8):1885.  

23. Ugwu EO, Olibe AO, Obi SN, Ugwu AO. 
Determinants of compliance to iron 
supplementation among pregnant women 
in Enugu, Southeastern Nigeria. Niger J 
Clin Pract [serial online] 2014;17:608-12.  

24. Hess SY, King JC 2009. Effects of 
maternal zinc supplementation on 
pregnancy and lactation outcomes. Food 
Nutr Bull. 2009;30(1 Suppl):S60-78.  
DOI: 10.1177/15648265090301S105.  

_________________________________________________________________________________ 
© 2022 Olayiwola et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/83228 

http://creativecommons.org/licenses/by/4.0

