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Low vitamin C intake increases risk of pre-eclampsia
in high pesticide exposure area

Rifatul Masrikhiyah*, Suhartono**, and Martha Irene Kartasurya***

BACKGROUND
Pre-eclampsia is the largest direct cause (42%) of maternal mortality
death in Brebes district in 2013. The cause of pre-eclampsia is not known
with certainty, oxidative stress being one of its causes. The aim of this
study was to determine macro- and micronutrient intakes that do not
correspond to the needs, as pre-eclampsia risk factors in post-partum
women.

METHODS
The research was an observational study of case control design. Study
subjects were 20-35 year-old post partum women consisting of 55 cases
(pre-eclampsia) and 55 controls (non-pre-eclampsia). Nutrient intakes
were measured using semi-quantitative food frequency questionnaires
and data on levels of pesticide exposure, body mass index (BMI), mid-
upper arm circumference (MUAC) and education were collected from
structured interviews. Data was analyzed by chi-square tests and multiple
logistic regression.

RESULTS
There was no difference in age and MUAC between the cases and controls.
Low vitamin C intake (OR: 20.93; 95% CI: 2.72 – 161.36), high
polyunsaturated fatty acid intake (OR: 10.50; 95% CI: 2.47 – 44.57), and
low vitamin E intake (OR: 8.57; 95% CI: 2.07 – 35.46) were pre-eclampsia
risk factors after controled for pesticide exposure, BMI and education.
Low vitamin C intake played the most important role in the incidence of
preeclampsia.

CONCLUSION
Low vitamin C intake played the most important role toward pre-
eclampsia. Greater caution is needed when issuing recommendations
regarding the consumption of vitamin supplements in pregnancy, as high
doses of some vitamins may be deleterious.

Keywords: Pre-eclampsia, vitamin C, vitamin E, polyunsturated fatty
acids, pesticide exposure
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INTRODUCTION

Pre-eclampsia still constitutes a pubic health
problem in developed and developing countries,
contributing toward global maternal and perinatal
morbidity and mortality.(1) Pre-eclampsia affects
5-10% of all global pregnancies. The prevalence
of pre-eclampsia in developing countries reaches
16.7% and around 40-60% is estimated to
contribute toward maternal mortality in
developing countries.(2) The World Health
Organization estimates that the incidence of pre-
eclampsia is seven-fold higher in developing
countries (2.8% of live births) than in developed
countries (0.4%).(3)

According to the Health Service of Brebes
district, in 2012 the direct causes of the maternal
mortality rate (MMR) in this district were
hemorrhage 22%, pre-eclampsia 42%, infection
8%, heart failure 14%, dyspnea 4%, ruptured
ectopic pregnancy 2%, ectopic pregnancy 2%,
post curettage 2% and others 4%.(4) Oxidative
stress results from an imbalance between free
radical production and the antioxidant defense
system (5) and is one of the causes of pre-
eclampsia. Nutrients may influence oxidative
stress by increasing free radicals/decreasing
antioxidants/providing substrates for the
formation of free radicals.

A case-control study on 453 pregnant women
(151 cases and 302 controls) showed that women
with mid-upper arm circumference (MUAC) of
>25.6 cm had two and a half times greater risk
for pre-eclampsia than pregnant women with
MUAC of <25.6 cm.(6) According to a study
conducted by Kartasurya (7) on 200 pregnant/post
partum women (50 pre-eclampsia cases and 150
controls), in women with pre-pregnancy body
mass index (BMI) scores of >23 kg/m2, the risk
of pre-eclampsia was four and a half times greater
than in women with pre-pregnancy BMI scores
of <23 kg/m2.

Lipids are involved in the generation of free
radicals and polyunsaturated fatty acids (PUFA)
tend to be oxidized by free radicals and reactive

oxygen species (ROS). A high PUFA intake may
render the organism more susceptible to lipid
peroxidation, which is strongly suspected to play
a important role in the causation of maternal
endothelial dysfunction and the appearance of
clinical symptoms of pre-eclampsia.(8-10)

According to the study by Clausen et al.(11) an
increased intake of PUFA in pregnant women
increases the risk of pre-eclampsia.

Antioxidants may decrease the level of lipid
peroxides by limiting or inactivating their
formation. Free radicals may be treated by
administration of antioxidants such as vitamins
A, C and E. Low intakes of vitamins A, C and E
may cause an imbalance between free radicals and
antioxidants in the body. A previous study found
that low intakes of vitamins A, C and E may
increase the risk of pre-eclampsia.(12)

Since protein status affects glutathione
concentrations, a low protein intake contributes
toward oxidative stress, as a result of low
glutathione concentrations. Low glutathione
concentrations affect the antioxidant effects of
glutathione itself, causing free radicals to become
uncontrolled, thus resulting in oxidative stress.
The results of a study in pregnant women with
pre-eclampsia showed that the glutathione
concentrations in their blood were lower than in
normal pregnant women.(13)

A total of 104 pregnant women with pre-
eclampsia and of 206 pregnant women at high
risk of, but not suffering from, pre-eclampsia,
were studied in second trimester pregnancies. This
study showed that there was no relationship
between nutritional intake and the development
of pre-eclampsia (or other effects) when evaluated
for 7 days.(14) A review and bivariate meta-analysis
of 36 studies involving 1,699,073 pregnant women
showed BMI to be a weak predictor of pre-
eclampsia.(15)

Brebes district in Central Java is one of the
largest producers of shallots (bawang merah) in
Indonesia, and has a high pesticide utilization.
Pesticide exposure may cause health disorders in
pregnant women. The study conducted by Saldana
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et al.(16) found that pesticide exposure is a risk
factor of pre-eclampsia. Based on these facts the
present study aimed to determine the macro- and
micronutrient intakes that do not correspond to
needs, as risk factors of pre-eclampsia in post-
partum women residing in areas of high pesticide
exposure.

The present study differs from previous
studies in the location/site of the study, since it
was conducted in Brebes district in an area of
high pesticide exposure, where no previous studies
had been conducted on the intakes of lipids,
proteins and antioxidants (vitamins A, C and E)
in relation to pre-eclampsia.

METHODS

Research design
This study was of observational case control

design and was conducted from February – March
2016 at 3 puskesmas (public health centers) in
Brebes district, Central Java, i.e. puskesmas
Brebes, Wanasari and Bulakamba.

Research subjects
The subjects in this study were women of

productive age (20-35 years) who were up to 3
months post partum. The number of subjects in
this study was 110, consisting of 55 cases and 55
controls. This number was obtained based on total
sampling in the three puskesmas (Brebes,
Wanasari and Bulakamba), where 55 subjects
were found for the group of cases and 55 subjects
for the group of controls. The inclusion criteria
were women of productive age (20-35 years),
agreeing to participate in the study, being 3 months
post partum and diagnosed as having had pre-
eclampsia in pregnancy (as cases), normal
pregnant women (as controls), and residing in the
catchment area of Bulakamba, Wanasari and
Brebes subdistricts, Brebes district. The exclusion
criteria for the subjects in this study were women
with twin pregnancies and with diabetes mellitus.
Pre-eclampsia was diagnosed by health personnel
by the criteria of a blood pressure of >140/90
mmHg after 20 weeks of pregnancy and of
proteinuria.

Anthropometric measurements
Measurement of BMI and MUAC of the

women before pregnancy was performed by health
personnel. The BMI of women before pregnancy
was obtained from pre-pregnancy body weight
divided by height, while MUAC was measured at
the start of pregnancy.

Nutrient intake measurements
Nutrient intakes were obtained from

interviews conducted by the investigators using
the semi-quantitative food frequency
questionnaire. The assessed nutrient intakes
comprised total lipids, PUFA, and vitamins A, C
and E. The nutrient adequacy level was calculated
using the Nutrisurvey 2007 program and based
on the Indonesian Recommended Dietary
Allowances (IRDA) of 2013. The cut-off point
for low protein intake was categorized at <80%
of IRDA and for adequate protein intake at >80%
of IRDA.(17) Low intake of vitamins A, C and E
was categorized at <77% of IRDA and adequate
intake at >77% of IRDA.(18) The intakes of PUFA
and total lipids were categorized as high at >110%
of IRDA and adequate at <110% of IRDA.(17)

Exposure to pesticides
The level of pesticide exposure was obtained

through structured interviews, using a list of
questions for the interviews and forms for
willingness to participate in the study. The level
of pesticide exposure was divided into two
categories, i.e. mild and severe, with total scores
of 1-11 and 12-22, respectively.

Statistical analysis
Chi square and independent t tests were used

to determine differences between cases and
controls. Simple logistic regression and multiple
logistic regression were used to examine the risk
factors of pre-eclampsia. The level of significance
used was 0.05.

Ethical clearance
This study was conducted after obtaining

approval of the ethics commission under no. 051/
EC/FK-RSDK/2016.
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RESULTS

Table 1 shows that with regard to age and
level of education of the study subjects, there were
no significant differences between cases and
controls (p=0.245 and p=0.096).

Table 2 shows the results of the analysis of
pre-eclampsia risk factors. The results of simple
logistic regression showed that there was a
relationship between intakes of nutrients (protein,
PUFA, and vitamins A, C and E), BMI, and level
of pesticide exposure with the incidence of pre-
eclampsia. Low intake of protein (OR: 5.37; 95%
CI: 1.43 – 20.08), high intake of PUFA (>110%

of IRDA) (OR: 6.55; 95% CI: 2.62 – 16.41), low
intake of vitamin A (OR: 4.84; 95% CI: 1.28 –
18.26), low intake of vitamin C (OR: 4.35; 95%
CI: 1.33 – 14.24), low intake of vitamin E (OR:
12; 95% CI: 4.15 – 34.69), BMI >23 kg/m2 (OR:
2.50; 95% CI: 1.10 – 5.67), severe pesticide
exposure (OR: 3.34; 95% CI: 1.26 – 8.82) are
risk factors of the incidence of pre-eclampsia.

The variables that were used as candidates
in the multiple logistic regression analysis were
those that were significant in the simple logistic
regression analysis. These comprised the intakes
of protein, PUFA, vitamin A, vitamin C, vitamin
E, pesticide exposure, and BMI.

Table 1. Characteristics of study subjects, by cases (n=55) and controls (n=55)

*independent T-test; ** Chi-square test

Table 2. Simple logistic regression analysis of risk factors of pre-eclampsia

IRDA: Indonesian Recommended Dietary Allowances
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A low vitamin C intake was the risk factor
with the most important role on the incidence of
pre-eclampsia (OR: 20.93; 95% CI: 2.72-
161.36). Other risk factors that also played a
role on the incidence of pre-eclampsia were high
intake of PUFA(OR: 10.50; 95% CI: 2.47-
44.57), low vitamin E intake (OR: 8.57; 95%
CI: 2.07 –35.46), and severe pesticide exposure
(OR: 5.83; 95% CI: 1.31 – 25.94) (Table 3).

DISCUSSION

Low protein intake was a risk factor for
the incidence of pre-eclampsia, but was
statistically not significant. The results of this
study are in agreement with a case control study
conducted on 113 women with gestational
hypertension and 150 healthy pregnant women
in Tehran, that did not show any significant
differences in protein intake between the two
groups.(19) However, the results of our study
differed from those of one study on pregnant or
post partum women in Semarang and another
study on pregnant women in Makassar, with and
without pre-eclampsia, where it was found that
low protein intake was a risk factor of pre-
eclampsia in pregnancy.(7,20) Similarly, a study
that was conducted in one Indian hospital found
that low protein intake was a risk factor of pre-
eclampsia.(21)

Low protein intake contributes toward
oxidative stress that subseaquently causes pre-
eclampsia. Protein status affects glutathione
concentration, where low protein intake leads to
low glutathione concentrations. Glutathione is
the substrate for the enzyme catalyzing the
reduction of ROS and free radicals. Glutathione

has an important antioxidant capacity and plays
an essential role in the detoxification of
endogeneous metabolic products, including lipid
peroxides, and of xenobiotic compounds.(22)  Low
glutathione concentrations increase oxidative
stress that causes pre-eclampsia.

High intake of PUFA (>110% of IRDA) is
a risk factor of the incidence of pre-eclampsia.
This is in line with the study by Clausen et al.(11)

who found that high intake of PUFA in pregnant
women increased the risk of pre-eclampsia.

Lipids are involved in the generation of free
radicals. PUFA in lipid membranes are the main
targets of lipid peroxidation by ROS. PUFA are
degraded by free radicals, thus producing end
products termed malondialdehydes (MDA),
which may be used for determining the level of
oxidative damage caused by lipid peroxidation.
Therefore, high PUFA intake may render the
organism more susceptible to lipid peroxidation.
Lipid peroxidation is strongly suspected to play
an important role in causing endothelial
dysfunction and the development of clinical
symptoms of pre-eclampsia.(8-10)

The results of our study showed that low
intakes of vitamin A, vitamin E and vitamin C
are risk factors for the incidence of pre-
eclampsia. The results of this study agree with
those of a study conducted in Yogyakarta, where
it was found that pregnant women with a low
consumption of vitamins A, C, and E, and beta
carotene were at risk for pre-eclampsia.(12)

Vitamins A, C and E act as antioxidants by
donating electrons to free radicals for binding
to single (unpaired) electrons of free radicals
without becoming new free radicals. Free
radicals may be treated with the administration

Table 3. Multiple logistic regression for risk factors of pre-eclampsia
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of antioxidants. An imbalance between free
radicals and antioxidants causes oxidative
stress.(5) Oxidative stress is considered an
important element in the pathogenesis of pre-
eclampsia resulting in endothelial dysfunction
and ultimately inducing the syndrome of pre-
eclampsia.(23)

The results of our study show that low
vitamin C intake increases the risk of pre-
clampsia. These results are consistent with those
of a cohort study conducted on Danish pregnant
women, showing that the risk of severe pre-
eclampsia/eclampsia may decrease with
increasing vitamin C intake.(25) However, a
review of twenty-nine trials involving 24,300
women who took vitamin C supplements during
pregnancy concluded that vitamin C supplements
do not prevent pregnancy problems, including
stillbirth, neonatal mortality, preterm birth, pre-
eclampsia or low birthweight babies.(26) There is
no agreement on the optimal gestational time for
measurement of vitamin C intake. However, the
second half of pregnancy may reflect vitamin C
intake in placental development, since
trophoblast invasion is completed by this time.
The time of complete placentation is not
generally considered to be the most probable
gestational time point associated with oxidative
stress.(25)

In the present study, severe level of pesticide
exposure is a risk factor for the incidence of pre-
eclampsia, which agrees with the results of a study
in the USA where it was found that women who
were exposed to pesticides during pregnancy had
a greater risk of pre-eclampsia than did pregnant
women who were not exposed to pesticides.(16)

Pesticides are one of the sources of free
radicals. When free radical production increases
and exceeds the capacity of the antioxidant
defense system in the body, a condition occurs
called oxidative stress.(5) Oxidative stress is
considered an important element in the
pathogenesis of pre-eclampsia that results in
endothelial dysfunction and ultimately causes the
syndrome of pre-eclampsia, although its role has
not yet been completely analyzed.(23)

A limitation of this study was that only
nutrient intakes, pesticide exposure and BMI
were measured, whereas there are still many
other uncontrollable or unavoidable factors that
affect pre-eclampsia in pregnant women of
productive age, such as immunity, cardiovascular
adaptation, and genetic factors. For assessment
of nutrient intakes, this study used the semi-
quantitaive FFQ, which may still contain
information bias or recall bias. In this study we
did not measure serum NO or MDA
concentrations to determine the level of oxidative
stress in the women. The public health
implications of our findings are that they confirm
the current dietary recommendations for intakes
of vitamin A, C, E in pregnancy.

CONCLUSIONS

Low vitamin C intake plays a most
important role toward pre-eclampsia. However,
greater caution is also needed in recommending
the consumption of vitamin supplements in
pregnancy, as high doses of some vitamins may
be deleterious.
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