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1. Introduction

Preeclampsia (PE) is defined as

gestational

ABSTRACT

Background: Preeclampsia is defined as gestational hypertension and
proteinuria which can be measured by the elevation of liver
transaminases to twice normal concentration, and the symptoms of
increased intracranial pressure such as dizziness, blurred vision, and
seizures. Zinc is an essential mineral for many biological functions and
one of the trace elements that is directly involved in the
oxidative/antioxidant balance, a pathogenesis process in preeclampsia
that is highly dependent on dietary habits and supplements. This study
was aimed to assess the association between serum zinc level with
preeclampsia (PE). Methods: This observational, case-control study was
performed on 90 women with singleton pregnancies at 28 to 42 weeks of
gestation which were referred to the Department of Obstetrics and
Gynecology, Dr. Mohammad Hoesin General Hospital, Palembang,
between August 2020 to November 2020. 30 pregnant women with PE
were selected as cases and 60 healthy pregnant women were selected as
controls. Maternal serum zinc samples were collected. The collected data
were entered into the master table. Tabulation, coding, and statistical
data analysis were performed using SPSS version 20.0 for Windows.
Results: The mean serum zinc levels in the case group and control group
were 43,90 + 15,79 ug/dL (ranged from 15 to 86 ug/dL) and 48,77 + 10,54
pg/dL (ranged from 22 to 83 ug/dL), respectively. A value of serum zinc
levels with the best sensitivity and specificity was 45,5 pug/dL.
Conclusion: There was a significant association between maternal serum
zinc level with PE. The risk of PE was 3,2 times higher in pregnant women
with serum zinc levels of <45,5 mcg/dL compared to pregnant women
with serum zinc levels of >45,5 mcg/dL. In this case it is necessary to
supplement zinc earlier in pregnancy to reduce the risk of preeclampsia.

worldwide. Based on the secondary analysis of the

hypertension and proteinuria > 300 mg/24 hours or
protein/creatinineratio= 0.3 or a (+) value in the urine
dipstick test, or the presence of thrombocytopenia with
platelets <100,000/uL, renal insufficiency (creatinine>
1.1 mg/dL), impaired liver function which can be
measured by the elevation of liver transaminases to
twice normal concentration, and the symptoms of
increased intracranial pressure such as dizziness,

blurred vision, and seizures.1The incidence of PE varies

World Health Association (WHO) Global Survey on
Maternal and Perinatal Health in 24 countries in the
world, the prevalence of preeclampsia is 10,754 of
276,388 mothers (4%).

significant risk factors for maternal mortality, perinatal

PE and eclampsia are

mortality, preterm birth, and low birth weight. Nearly 1
in 10 maternal deaths in Asia and Africa are associated
with gestational hypertension, and PE and eclampsia

have the greatest impacts on the maternal and
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neonatal morbidity and mortality.2-3 Oxidative stressis
one of the etiopathogenesis of PE.!

Zinc is an essential mineral for many biological
functions including protein synthesis, cell division, and
nucleic acid metabolism, and one of the trace elements
that is directly involved in the oxidative/antioxidant
balance, a pathogenesis process in PE that is highly
dependent on dietary habits and supplements. Several
studies have found significantly lower serum zinc levels
in PE patients compared to non-PE pregnancies.
Kamru et al. demonstrated that serum zinc levels were
43% lower in women with PE when compared to normal
pregnant women in Turkey. A study in India compared
serum zinc levels between women with PE and controls.
Serum zinc levels in women with mild PE and severe PE
were lower, which were 12.72 pmol/L in mild PE and
12.04 pmol/L in severe PE, compared to 15.64 pmol/L
in women with normal pregnancy.47

Scarce studies have been conducted on the benefits
of zinc in PE in Indonesia, especially in Palembang. We
aimed to assess the association between zinc and PE in
pregnant women which were referred to Dr.

Mohammad Hoesin General Hospital, Palembang.

2. Methods

This observational, case-control study was
conducted in the Department of Obstetrics and
Gynecology, Dr. Mohammad Hoesin General Hospital,
Palembang, in August 2020 to October 2020. Our study
population were all pregnant women with singleton
pregnancies at 28 to 42 weeks of gestation which were
referred to the Department of Obstetrics and
Gynecology, Dr. Mohammad Hoesin General Hospital,
Palembang. Protocol study has been approved by
ethical committee Dr. Mohammad Hoesin General
Hospital, Palembang.

The inclusion criteria in the case group included
diagnosis of PE, singleton pregnancy, at 28 to 42 weeks
of gestation. For the control group, the inclusion
criteria included singleton pregnancy at 28 to 42 weeks
of gestation. Controls received the same treatment as
other normal pregnancies. Both groups willed to
participate in the study and signed an informed

consent form. The exclusion criteria for both groups

were a gestational age of less than 20 weeks, multiple
pregnancy, pregnancy with complications, such as
antepartum hemorrhage, liver disease, kidney disease,
heart disease, diabetes mellitus, and metabolic
disorders, fetal death, intrauterine growth restriction,
and patients who refused to participate in the study.
Samples were selected by consecutive sampling
according to the day the patient was diagnosed with PE
(time of diagnosis). Anamnesis, physical examination
(vital signs, head to toe), gynecological examination
(external examination and internal examination, or as
indicated), additional examinations (ultrasound and
laboratory) were performed according to the guidelines
of the Department of Obstetrics and Gynecology, Dr.
Mohammad Hoesin General Hospital, Palembang.
Samples who agreed to participate in the study were
randomly classified into controls (non-preeclamptic
women) and cases (preeclamptic women). Maternal
serum zinc samples were collected and measured in the
Prodia Palembang Laboratory. Tools and materials
needed during the research were stationary (ball point),
tourniquet, stetoscope, weight scale, roll meter, Aglient
7700. Disposables included 3cc syringes, trace element
blood sample tubes, alcohol swabs, and Randox kits.
All data were collected and tabulated into data
tables, matching was carried out based on age, body
mass index (BMI), education level, marital status,
obstetric status, socioeconomic level, address,
occupation, and maternal disease. Matching was also
performed on demographic variable data (bias
variables). The collected data were entered into the
master table. Tabulation, coding, and statistical data
analysis were performed using SPSS version 20.0 for
Windows. Data analysis were performed according to
the type of data and the type of data distribution
(Kolgomorov-Smirnov test). Chi Square/Fisher's test
was conducted on nominal and categorical data. T-test
or Mann-Whitney U test was conducted on interval
data. The results were presented in tables and figures
with a confidence interval (CI) of 95%. Success
parameter of this study was an association between
serum zinc levels and PE with an odds ratio of > 2 (p

<0.05).

694



3. Result

A total of 90 pregnant women fulfilled the inclusion
criteria. There were 60 cases and 30 controls. The mean
age of the case group was 31.23 + 5.83 years (ranged
between 20 to 41 years) with majority of the samples
were > 30 years (53.3%), meanwhile, the mean age of
the control group was 29,25 + 6.77 years (ranged
between 17 to 44 years) with majority of the samples
were > 30 years (48.3%). Although the mean age of the
control group was slightly younger, this difference was
not statistically significant (p = 0.138). There was no
difference in age categories (p = 0.266) between cases
and controls.

Majority of cases and controls have higher
education level (high school) (90% and 83.3%,

respectively) and most of them were housewives (80%

and 85%, respectively). There was no statistical
difference in education level (p = 0.342) and occupation
(p = 0.319) between cases and controls.

There was no difference in BMI between the
normoweight and overweight groups (p = 0.246)
between cases and controls. 73.3% of the cases were
overweight.

Most pregnant women in the case group were at 37
to 42 weeks (75.9%) and majority were multiparous
(43.3%). Similar results shown in the control group,
they were at 37 to 42 weeks pregnant (63.3%) and
majority were also multiparous (43.3%). There was no
difference in gestational age (p = 0.347) and parity (p =
0.940) between cases and controls. The data can be

seen in Table 1.

Table 1. Characteristics of subjects in the case and control group (n = 90)

Case group

Control Group

Variables (n= 30) (n= 60) P value
Age (years)
e mean = SD 31,23 +£5,83 29,25 +£6,77 0,138a
e median (min-max) 32 (20 - 41) 30 (17 - 44)
Age categories, n (%)
. <20 0 (0,0) 5 (8,3) 0,266P
e 20 -30 years 14 (46,7) 26 (43,3)
e > 30 years 16 (53,3) 29 (48,3)
Education level, n (%)
e SD 1(3,3) 4 (6,7)
. SLTP 2 (6,7) 1 (1,7) 0,342b
. SLTA 27 (90,0) 50 (83,3)
. D3 0 (0,0) 1(1,7)
e S1 0 (0,0) 4 (6,7)
Occupation, n (%)
. Housewives 24 (80,0) 51 (85,0)
. Enterpreneurs 3 (10,0) 5 (8,3) 0,319¢®
e  Private employees 2 (6,7) 0 (0,0)
. Civil employees 0 (0,0) 2(3,3)
. Farmers 1(3,3) 1(1,7)
. Students 0(0,0) 1(1,7)
BMI (kg/m?2)
. Normoweight 8 (26.7) 25(41.7) 0,246¢
. Overweight 22(73.3) 35(58.3)
Gestational age, n (%)
. < 37 weeks 7 (24,1) 22 (36,7) 0,3474
37 - 42 weeks 22 (75,9) 38 (63,3)
Parity n (%)
. Nulliparous 9 (30,0) 15 (25,0)
. Primiparous 7 (23,3) 16 (26,7) 0,940v
e  Multiparous 13 (43,3) 26 (43,3)
1(3,3) 3 (5,0)

Grand multiparity

aMann Whitney Test, p = 0,05
bPearson Chi Square Test, p = 0,05
cContinuity correction, p = 0,05
dChi Square Test, p = 0,05
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The mean serum zinc levels in the case group and difference in serum zinc levels between cases and

control group were 43,90 = 15,79 ug/dL (ranged from controls (p = 0.013). The serum zinc levels of pregnant

15 to 86 ug/dL) and 48,77 + 10,54 pg/dL (ranged from women with PE were lower than not PE. (Table 2).

22 to 83 pg/dL), respectively. There was a significant

Table 2. Serum zinc levels (n = 90)

Variables Cases Controls
(n= 30) (n= 60)
Serum zinc levels
Mean = SD 43,90 £ 15,79 48,77 £ 10,54
Median (min-max) 41 (15 - 86) 49,5 (22 — 83)

Mann Whitney Test, p = 0,05

To find the cut-off point of serum zinc levels, (Figure 1). Based on the cut-off curve of serum zinc
analysis was carried out using a receiver operating levels, a value of serum zinc levels with the best
curve (ROC) by making a curve between the sensitivity, sensitivity and specificity was 45,5 pg/dL. (Figure 2).

specificity and serum zinc levels of pregnant women
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Figure 1. ROC of serum zinc levels
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Figure 2. Cut-off curve of sensitivity, specificity, and serum zinc levels
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Serum zinc levels < 45.5 pug / dL were found in 19
out of 30 cases (63.3%) and 21 out of 60 controls (35%).
There was a significant relationship between serum

zinc levels and the incidence of PE. Pregnant women

with serum zinc levels < 45.5 ug/dL are 3.2 times more
likely to experience PE compared to pregnant women
with serum zinc levels > 45.5 ug/dL (OR = 3.208 (C195%
1.288 - 7.990); p = 0.020) (Table 3).

Table 3. The association between zinc serum level and PE

PE
. as OR P
Characteristic Yes No Total (IK95%) value
Zinc Serum zinc levels
e <455 ug/dL 19 21 40 3,208 0,020
e >455pug/dL 11 39 50 (1,288 - 7,990)
Total 30 60 90

4. Discussion

Hypertension in pregnancy is used to describe blood
pressure disorders in patients who may only have mild
elevated blood pressure or severe hypertension with
several organ dysfunction including chronic
hypertension, gestational hypertension, superimposed
PE, PE, eclampsia, and hemolysis syndrome in the form
of elevated liver enzymes and decreased platelet count
(HELLP syndrome).8 The criteria for severe
preeclampsia are the presence of one or more
symptoms of systolic blood pressure greater than 160
mmHg and diastolic blood pressure equal to or more
than 110 mmHg, proteinuria more than 2 g/24 hours
or +2, qualitatively.?

Age has an important influence on the incidence of
hypertension in pregnancy. A pregnant woman who is
35 years or older is defined as “advanced maternal age
(AMA)”.10 Research conducted by Morikaw et al. in
2013 reported that the relationship between maternal
age and PE forming a U-shaped curve. the lowest
frequency was in women aged 25-29 years, while the
high frequency was found in women aged less than 20
years and more than 35 years.!!

This study showed the mean age of cases was 31.23
+ 5.83 years, ranged between 20 to 41 years and
majority of them were > 30 years old (53.3%). This
result is not different from the study conducted by

Siddiqui et al., in 2020 which reported that 95 pregnant

Chi Square test, p = 0,05

women with PE had a mean age of 31.3 £ 5.1 years.12
Curiel-Balsera et al. also reported that the mean age of
203 severe PE patients was 31 + 5.0 years. In 2017,
Bokslag et al. reported that the mean age of 131 PE
patients was 30.9 £ 5.0 years.13,14

The incidence of PE increased by 3.97 times in
extremely obese people and 3.25 times in obese people
with a BMI of 27.5 - 30.0 kg/m?2, and 1,60 times in
people with a BMI of 25.0 - 27.5 kg/m?2.15 The result
found that most of the cases were overweight (73.3%).
This result is not much different from a study
conducted by Yu Z et al. in 2019. The mean BMI of 80
PE patients from two treatment groups in their study
was 28.0 = 5, kg/m2and 27.0 + 6.0 kg/m?2.11 A meta-
analysis study of 92 studies involving 25,356,688
pregnant women conducted by Bartsch et al., in 2016
reported that pregnant women with a BMI before
pregnancy > 30 were 2.8 times more likely to suffer
from PE (RR= 2.8; 95% CI 2,6 - 3,1).16

PE is often experienced by young women and
nulliparous. The incidence of PE in multiparous women
also varies but is lower than nulliparous, nulliparous
women are 1.8 times more likely to suffer from PE than
primiparous (RR = 1.78; p = 0.000).15 Research
conducted by Morikawa et al., in 2013 reported that PE
occurred in 2.7% nulliparous women and 1.9%
multiparous women.!! However, we found that the

majority of PE patients were multiparous (43.3%). This
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result is accordance with the results of research
conducted by Winarko and Yusuf in 2020 which
reported that the majority of PE patients were
multiparous (61.54%) and research conducted by
Siddiqui et al. which also reported that the majority of
PE patients were multiparous (57.1%).12

In addition, there were no significant differences in
age, age categories, BMI, education level, occupation,
or parity in cases and controls. It means that these
variables did not affect the incidence of PE so it was
reasonable for both groups to be compared.

Adequate maternal nutrition before and during
pregnancy is very important for the health of both
mother and child. Poor nutrition in pregnancy can
interfere with the health of both mother and baby. Each
year, 3.5 million deaths in women and children are
attributed to malnutrition.!? Zinc acts as an
intracellular molecule

signaling capable of

communicating between <cells by converting
extracellular stimuli to intracellular signals and
controlling intracellular action. Changes in zinc
homeostasis and dysfunction in the signaling function
of zinc can lead to the pathogenesis of several diseases.
Several studies have shown that lower plasma zinc
levels are associated with impaired pregnancy
outcomes such as fetal malformations, intrauterine
growth restriction, preterm birth, PE, and postpartum
hemorrhage.18

PE is caused by several factors and several studies
have shown that PE is associated with an imbalance of
increased lipid peroxides (LPO) and decreased
antioxidants. Zinc also acts as an antioxidant so that
zinc deficiency can cause increased lipid peroxidation.
Several studies have found significantly lower serum
zinc levels in PE patients compared to non-PE
pregnancies.5

A study by Akhtar et al. in 2011 reported that there
was a significant difference in zinc levels between
pregnant women with PE and normal pregnancies
(902.50 + 157.15 pgm/L versus 1153.33 + 67.09
ugm/L; p <0.000).19 Another study conducted by Farzin
et al. in 2012 showed that there was a significant
difference in zinc levels between pregnant women with

PE and controls (76.49 + 17.62 ug/dL versus 100.61 *

20.12 pg/dL; p <0.001). In 2010, Akinloye et al.
reported a significant difference in zinc levels between
pregnant women with PE and controls (8.6 = 1.4
umol/L versus 9.4 * 0.8 umol/L; p <0.05).8 A study
conducted by Sarwar et al. in 2013 also reported a
significant difference in zinc levels between pregnant
women with PE and controls (0.77 £ 0.05 mg/dL versus
0.98 + 0.03 mg/dL; p = 0.000).21

Furthermore, it was found that zinc levels were
lower compared to other studies. The difference in the
results of the study was probably due to the subjects’
gestational age. We concluded pregnant women at 28
to 42 weeks while it could be earlier in other studies,
such as at 20 weeks of gestation.

Zinc has its own uniqueness because it has
functions in regulatory, catalytic, and structural cells
in various biological systems. Zinc plays a role in
carbohydrate, lipid, protein metabolism as well as
nucleic acid synthesis and degradation through its role
in the carbonic anhydrase enzymes (CO2 and HCO3
metabolism), thimidine kinase/DNA and RNA
polymerase (nucleic acid and protein synthesis). Zinc is
essential for a variety of functions including growth and
development, reproductive function, sensory and
immune functions, antioxidants, and membrane
stabilization.2223

One of the important functions of zinc is its role in
the structure and function of the biomembrane. Several
researchers have shown that decreased concentration
of zinc in the biomembrane underlies several disorders
associated with zinc deficiency. Zinc is an important
component of several enzymes that regulate cell growth,
protein and DNA synthesis, energy metabolism,
regulation of gene transcription, hormone levels, and
growth factor metabolism.2425 In the preconception
period, zinc supplementation is used to increase fertility
and healthy childbirth. Poor maternal zinc status is
associated with fetal malformations, intrauterine
growth restriction, preterm delivery, PE, and
postpartum hemorrhage.26

Placental oxidative stress is considered to be related
to the pathogenesis of PE. There is a lot of evidence to
suggest the contribution of oxidative stress to

endothelial dysfunction which leads to PE. In humans,
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there are three forms of superoxide dismutases (SOD):
cytosolic Cu/Zn-SOD, mitochondrial Mn SOD, and
extracellular SOD. SODs are metalloenzymes that
catalyze the dismutation of superoxide anions into
oxygen and hydrogen peroxide molecules and thus form
an important part of the cellular antioxidant defense
mechanism.27

There are increased concentrations of markers of
oxidative stress and decreased concentrations of
antioxidants in circulating maternal and placental in
women with PE. The increase in lipid peroxidation
biomarkers (MDA) was accompanied by reduced SOD
and GPx in pre-eclamptic cord blood and eclamptic
pregnancies compared to normal pregnancies. The
antioxidant enzyme SOD has been shown to be reduced
in patients with PE and eclampsia in the same study.
Certain substrates and co-factors are required for
adequate antioxidant enzyme function. Glutathione is a
substrate for enzymes that catalyze the reduction of
reactive oxygen species and free radicals. 27

Zincis one of the regulators of angiogenesis because
it is related to cell proliferation, differentiation and
apoptosis.28 Zinc is also a major biomembrane
component and is very important for the structure and
function of a membrane. Zinc modulates signal
transduction in endothelial cells that affects
angiogenesis.2? A study proved the association between
zinc and endothelial dysfunction. Zinc has a membrane-
stabilizing effect that helps control cell damage due to
apoptosis. Several studies have found significantly
lower serum zinc levels in PE patients compared to non-

PE pregnancies.5

5. Conclusion

There was a significant difference in serum zinc
levels between cases and controls (p = 0.013). The
serum zinc levels of pregnant women with PE were
lower than those of non-PE pregnant women. Based on
the cut-off curve for serum zinc levels, a value of serum
zinc levels with the best sensitivity and specificity was
45,5 ng/dL. There is a significant association between
serum zinc levels and the incidence of PE. Pregnant
women with serum zinc levels < 45.5 pg/dL are 3.2

times more likely to experience PE compared to

pregnant women with serum zinc levels > 45.5 ug/dL
(OR = 3.208 (CI95% 1.288 - 7.990); p = 0.020).
Maternal zinc levels can be used as a predictor of
preeclampsia because the ideal cut-off point has been
obtained and it can help to diagnose PE. There were no
significant differences in the mean age, age categories,
and gestational age. Further studies should be carried
out to investigate if the risk of developing PE can be
decreased by providing zinc supplementation early in

pregnancy.
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