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Abstract

Introduction: Pre-eclampsia is one of the main causes of maternal and neonatal death in developing
countries. A low vitamin D level can increase the risk of neonatal abnormalities. Clinical studies
reported various complications of low vitamin D levels, such as pre-eclampsia, gestational diabetes,
low birthweight, and caesarean section. This study aimed to investigate the role of vitamin D in
pregnancy with pre-eclampsia and its association with neonatal outcomes.

Methods: This is an observational analytical study uses a cross-sectional approach to investigate
vitamin D levels and pre-eclampsia, conducted in General Hospital Dr. M. Djamil Padang from Mei
2021 — April 2022. A total of 5 mL blood was withdrawn to analyzed vitamin D. This study has been
approved by Health Research FEthics Committee Andalas University (Approved number:
339/KEPK/2021).

Results: There was a significant difference in the levels of 1,25 dihydroxy vitamin D3 between normal
pregnancy and pre-eclampsia patients (99,18 vs 72,53 pg/ml; p = 0,033). In the pre-eclampsia patients’
first APGAR score, there was a significant difference in the levels of 1,25 dihydroxy vitamin D3 between
normal, moderate, and severe asphyxia groups (114,19 vs 66,75 vs 74,78 pg/ml; p = 0,025).

Conclusion: Measuring early maternal 1,25 dihydroxy vitamin D3 can lower the pre-eclampsia risks
and the impact the perinatal outcomes, particularly in determining first Apgar scores.

Keywords: 1,25 dihydroxy vitamin D3, Calcium, Pre-eclampsia, Neonatal

253



ANDALAS OBSTETRICS AND GYNECOLOGY JOURNAL

Correspondence Address:
Ruang Redaksi Majalah Obgin Emas, 3rd Floor Obstetrics and Gynecology Department. M. Djamil Central General
Hospital Padang, J1. Perintis Kemerdekaan Padang, West Sumatra 25127

eISSN : 2579-8324 pISSN : 2579-8323

Website:
http://jurnalobgin.fk.unand.ac.id/index.php/JOE

INTRODUCTION

According to the intercensal population survey, Indonesia has a high maternal mortality rate
among the ASEAN countries, with 305 per 100.000 deaths recorded in 2019. The mortality
rate was associated with diseases and related pregnancy complications. Post-partum
hemorrhage, infection, pre-eclampsia or eclampsia, prolonged or delayed parturition, and
unsafe abortion contributed to 75% of maternal death, with most of the causes being

preventable and can be rescued.!?

Pre-eclampsia (PE) is one of the main causes of maternal and neonatal death in developing
countries. It is a specific pregnancy syndrome and contributes to the higher morbidity and
mortality rate of maternal and neonatal due to asphyxia and prematurity. Early PE occurs before
34 weeks’ gestation and is associated with fetal growth restriction, premature birth, and poor
neonatal development. The characteristics of PE include elevated blood pressure (systolic
blood pressure > 140 mmHg or diastolic blood pressure > 90 mmHg) with proteinuria (>300
mg/24 hours) after 20 weeks’ gestation (usually manifested in the third trimester) and

accompanied by maternal organ dysfunctions.*?

The metabolism abnormality of Vitamin D and calcium during pregnancy are associated with
the risks of PE. It was reported that vitamin D supplements in the first trimester would prevent
PE by regulating the metabolism process of vitamin D. Additionally, various conditions, such
as diabetes, pre-pregnancy chronic hypertension, chronic renal failure, nulliparity, single or
twin pregnancy, family history of PE or eclampsia, obesity, immune system abnormality, and

previous history of PE and eclampsia are the associated factors that contributed in PE.>#

Vitamin D plays an essential role during pregnancy. Vitamin D deficiency is a global pandemic
with 18 — 84% prevalence. A low vitamin D level can increase the risk of maternal morbidities
and neonatal abnormalities. Clinical studies reported various complications of low vitamin D
levels, including gestational diabetes, low birth weight, and caesarean section. A previous
study confirmed that low vitamin D caused the imbalance of Thl and Th2 regulation and
overexpressed Thl cytokine. Furthermore, the mechanisms will influence immunological
tolerance derived from embryo implantation. Additionally, the association between vitamin D

deficiency and high expression of Th1 was also reported in PE cases.?
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The levels of vitamin D and zinc serum in severe PE and normal pregnancy patients were
reported lower in the patients with severe PE.® Additionally, a previous study investigated the
differences between serum 1,25(OH)D and calcium in the pregnancy with PE and normal

pregnancy, and found a significantly lower 1,25(OH)D in the early onset of PE.’

A deficiency of vitamin D can lead to hypoperfusion from spasium intervilosum, placenta
hypoxia and oxidative stress due to vascular remodelling abnormality of the uterus and
eventually will induce maternal syncytiotrophoblast and endothelial dysfunction. The
substances released by the placenta into the maternal circulation, such as free radicals, oxidized
lipids, cytokines, sSVEGFR-1, and EG-VEGF, were found to be the associated mechanisms
related to vitamin D deficiency and PE manifestation.* This study aimed to investigate the role

of vitamin D in pregnancy with PE and its association with neonatal outcomes.

METHODS

Study design

This observational analytical study uses a cross-sectional approach to investigate vitamin D
levels and PE. This study was conducted in General Hospital Dr. M. Djamil Padang, Obstetrics
and Gynecology Department from Mei 2021 — April 2022. This study has been approved by
the Health Research FEthics Committee of Andalas University (Approved number:
339/KEPK/2021 ). The patients signed informed consent.

Patients and sample collection

The normal pregnant, PE, and severe PE patients admitted to the General Hospital Dr. M.
Djamil Padang were selected using a consecutive sampling method. Patients with normal
pregnancy, diagnosed with PE, and willing to sign the informed consent were included in this
study. The exclusion criteria: were malabsorption, superimposed PE, thyroid, renal, and liver
abnormality; ineligible serum due to damage; and dropped-out patients. A total of 5 mL of

blood was withdrawn to analyse vitamin D using ELISA Kit (R&D system).

Statistical analysis
Univariate analysis was performed to evaluate frequency distributions and proportions in
categorical data; mean and standard deviations in numerical data for age, gestational age,

parity, BMI before pregnancy, and perinatal outcome variables (birth weight, first and second
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APGAR scores). Bivariate analysis was performed to analyse the differences of 1,25 dihydroxy
vitamin D3 between normal pregnancy and PE. Data normality was assessed based on the

Shapiro-Wilk test. All p values < 0.05 was considered statistically significant.

RESULTS AND DISCUSSION

Eighty pregnant patients were observed in this study. The total of normal pregnancy and pre-

eclampsia patients was 40 in both groups.
Patient characteristics
The characteristics of the patients are shown in Table 1.

Table 1. Patient Characteristics

Characteristics Normal Pregnancy (n =40) | Pre-eclampsia (n = 40)
Age (years), meantSD 33,13+ 4,99 30,48+ 6,82
BMI (kg/m?), mean+SD 22,75+ 3,24 26,73 £5,30
Parity, n (%)

Primipara 6 (15,0) 16 (40,0)

Multipara 34 (85,0) 24 (60,0)
SBP (mmHg), mean+SD 117,40 £ 7,21 164,63+ 18,93
DBP (mmHg), mean+SD 76,00 £+ 5,06 101,30+ 7,67
MAP (mmHg), mean+SD 89,60 + 4,54 122,03 £ 10,15
GA (weeks), mean+SD 37,50+ 1,22 32,58+ 5,10
Birthweight (kg), mean+SD 3.024,13+ 420,03 1.924,25 + 998,39
1** Apgar score, mean+SD 7,33 +0,80 5,53 +2,47
ond Apgar score, mean+SD 8,53 +£ 0,60 6,95 + 2,80
Vitamin D (pg/ml), mean+SD 111,11 +£52,49 88,73 £42,22
Calcium (mg/dL), mean+SD 9,55+0,93 8,67+ 0,49

Table 1 shows the mean age of patients with normal pregnancy was older than the PE (33,13 +
4,99 vs 30,48 + 6,82 years old). Our study showed that PE patients were younger than the
normal pregnancy. A similar study by Muarrofah, et al., showed that the pregnant women with
age of 12 — 35 years old were at higher risk of severe PE.® The age of <20 and > 35 years old

women is in the initial and last reproduction period, respectively. Within the period, the
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pregnant women are prone to PE.° The age-risk based might also determine the preparedness

of the pregnant women in physical, emotional, psychological, social, and economy.?

Patients with PE had a higher BMI than the normal pregnancy (26,73 = 5,30 Kg/m? vs 22,75
+ 3,24 Kg/m?). Our study showed that the BMI of normal pregnant was lower than the PE
patients. Additionally, in the PE patients’ BMI, there was no significant difference in the levels
of 1,25 dihydroxy vitamin D3 between normal weight, overweight, and obesity groups (67,97
vs 87,56 vs 71,37 pg/ml; p = 0,586), as seen in Table 2. Similar finding of BMI and its
association to the PE was also reported by Andriani et al.!° The BMI indicates nutritional status
of the individual to determine normal, underweight, overweight, or obesity. In Asia-Pacific,
BMI > 25 kg/m? is categorized as obesity. Obesity is one of the risk factors for PE. A study
was conducted to the women population showed that PE was increased three times in the

pregnancy women with obesity.!°

Table 2. Profile of 1,25 Dihydroxy Vitamin D3 in BMI of Pre-eclampsia Patients

Normal weight | Overweight

(n=16) (n = 16) Obesity (n=8) | p Value

1,25 dihydroxy vitamin
D3 (pg/ml), median (min 67,97 (41,73- 87,56 (25,86- 71,37 (52,40-

_ max) 168,30) 215,23) 133,92) 0,586

Table 1 shows the multiparities were higher in patients with normal pregnancy (85,0%) and PE
(60,0%). A study by Diah et al., also showed that majority of the severe PE patients were
characterized with primiparous. Hypertension in pregnancy is commonly occur in primigravida
due to implantation process and causes placental ischemia followed by inflammatory
syndrome. The parity factor plays important role in hypertension or PE since 20% of the
nulliparous pregnancy were affected compared to multiparous. In the first pregnancy,
formation of blocking antibodies towards placenta antigen were not completed, therefore, it

might cause unfavorable effects in placental tissue formation.’

Table 1 shows the gestational age for normal pregnancy was higher than PE patients (37,50 +
1,22 vs 32,58 £ 5,10 weeks). A previous study by Lisonkova et al., reported that PE commonly
occur in the late onset (GA >34 weeks) than the early onset (GA <34 weeks).!! Additionally,

in the PE patients’ GA, there was a significant difference in the levels of 1,25 dihydroxy
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vitamin D3 between early and late-onset groups (67,43 vs 86,38 pg/ml; p = 0,026), as seen in
Table 3. This contrasts with our study that showed PE were commonly present in the early
onset (32 weeks) than in the late onset (38 weeks. A study by Aksornphusitaphong et al., stated
that maternal with chronic hypertension history were at higher risk for early onset PE,
additionally, maternal with family history of chronic hypertension were 18 times higher for
late onset PE.!2 We did not report the association of PE in the pregnancy with GA of 32 weeks,

and further study is required in the future.

Table 3. Profile of 1,25 Dihydroxy Vitamin D3 in GA of Pre-eclampsia Patients

Early onset (n = 19) Late onset (n =21) p Value

1,25 dihydroxy vitamin D3
(pg/ml), median (min — max) 67,43 (25,86-168,80) 86,38 (52,40-215,23) 0,026

Table 1 shows the mean birthweight of normal pregnancy was higher than PE patients
(3.024,13 £ 420,03 vs 1.924,25 + 998,39 grams). The pregnancy women with PE had lower
birthweight in this study. A similar study by Reza et al found that the prevalence of low
birthweight in mother with PE were higher. It has been reported that pregnant mother with PE
had 3,48 times of higher risk having low birthweight compared to the one without PE.!* A
study by Imdad et al., reported that calcium supplement has reduced low birthweight
prevalence by 15%.'* Pre-eclampsia will cause placenta abnormalities, vasospasm, and
endothelial injury.'> In PE, the levels of prostacyclin are lower in vascular endothelial cells of
umbilical cord and reducing placental perfusion and umbilical cord circulation.!® The
unsuccessful trophoblast invasion due to PE in spiralis artery will impact the remodelling and
lower blood circulation and further causing hypoxia and placental ischemia, and ultimately

manifest with fetal growth restriction. !>

Table 1 shows that the first and second Apgar scores were higher in the normal pregnancy
compared to the PE patients (7,33 + 0,80 and 8,53 + 0,60 vs 5,53 + 2,47 and 6,95 + 2,80).
Additionally, in the PE patients’ first APGAR score, there was a significant difference in the
levels of 1,25 dihydroxy vitamin D3 between normal, moderate, and severe asphyxia groups
(114,19 vs 66,75 vs 74,78 pg/ml; p = 0,025), as seen in Table 4. Furthermore, in the PE patients’
second APGAR score, there was no significant difference in the levels of 1,25 dihydroxy
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vitamin D3 between normal, moderate, and severe asphyxia groups (70,29 vs 108,86 vs 74,78

pg/ml; p = 0,710), as seen in Table 5.

Table 4. Profile of 1,25 Dihydroxy Vitamin D3 in I* Apgar Score of Pre-eclampsia Patients

_ Moderate Severe asphyxia
Normal (n =17) asphyxia (n = 16) (n="7) p Value
1,25 dihydroxy vitamin
D3 (pg/ml), median 114,19 (58,61- 66,75 (24,86- 74,78 (33,63- 0.025
(min — max) 215,23) 168,80) 150,29) ’

Table 5. Profile of 1,25 Dihydroxy Vitamin D3 in 2"’ Apgar Score of Pre-eclampsia Patients

_ Moderate Severe asphyxia
Normal (n = 33) asphyxia (n = 2) (n=5) p Value
1,25 dihydroxy vitamin
D3 (pg/ml), median 70,29 (25,86- 108,86 (67,43- 74,78 (33,63- 0.710
(min — max) 215,23) 150,29) 127,40) ’

Our study reports lower Apgar score in the pregnancy with PE. A similar study by Mihu et al
also showed the same finding. Additionally, Mihu et al., also reported that the number of
underweight neonates were significantly higher in pregnancy with severe PE.!” Lower Apgar
scores were mainly caused by uteroplacental insufficiency due to incomplete placentation and
placental ischemia which might be manifested by PE and can lead to high perinatal morbidity
and mortality.!® 1* A newborn baby with lower Apgar score (<7) is commonly present with
premature birth. The low Apgar score is associated with larger placenta in which required larger
amount of oxygen and nutrition. This condition may cause the demand of supply to the fetus.
Therefore, the fetus with low Apgar score might having less optimum growth and development

after birth.2°

The Association between 1,25 dihydroxy vitamin D3 and calcium in pre-eclampsia

Table 1 shows that the levels of 1,25 dihydroxy vitamin D3 in normal pregnancy were higher
than in PE patients (111,11 + 52,49 vs 88,73 + 42,22 pg/ml). The calcium levels in normal
pregnancy were higher than in PE patients (9,55 + 0,93 vs 8,67 = 0,49 mg/dL). Additionally,

there was a significant difference in the levels of 1,25 dihydroxy vitamin D3 between normal
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pregnancy and PE patients (99,18 vs 72,53 pg/ml; p = 0,033). There was a significant difference
in calcium levels between normal pregnant and PE patients (9,55 vs 8,67 mg/dL; p = <0,0001),

as seen in Table 6.

Table 6. Profile of 1,25 Dihydroxy Vitamin D3 and Calcium

Variables Normal Pregnancy (n =40) | Pre-eclampsia (n =40) | p Value
1,25 dihydroxy vitamin D3

(Pg/r)nl)» median (min — 99,18 (34,38-263,62) 72,53 (25,86-215,23) 0,033
max

Calcium (mg/dL), median
(min — max) 9,55 (7,70-11,80) 8,67 (7,60-10,30) <0,0001

The levels of 1,25 dihydroxy vitamin D3 were higher in the normal pregnancy. The previous
study also found the similar result in which the vitamin D showed a gradual increased three
times from early pregnancy to the third trimester.!? The increased of vitamin D levels is vital
for bone growth, produce anti-inflammatory and pro-inflammatory cytokines, blood pressure
regression, and insulin secretion regulation.?!: 22 In pregnancy, low levels of vitamin D is
associated with low bone mineralization, glucose balance impairment, and softening of the
bone due to growth impairment within the uterus as a consequence of low vitamin D.
Additionally, low levels of vitamin D also caused preterm birth. In the last decades, the
prevalence vitamin D deficiency in pregnancy had increased and contributed to the global
health problem with the impact to both mother and fetal.?* Vitamin D is associated with PE by

affecting blood pressure regulation and immune modulator.?

A meta-analysis reported that
there were abnormality biomarkers in the pregnancy and associated with PE progression during

first trimester.

This study shows a higher levels of calcium in the normal pregnancy compared to the PE
patients. A study by Dhungana et al., and Kumar et al., reported the similar finding to this
study.?* 2> Kumar et al., reported a significant association between calcium levels in both
normal pregnancy and PE, in which the levels of calcium in pregnancy with PE were lower.?
Calcium is one of the most abundant substances in our body to support various body functions,
such as for the normal growth and development, neuronal excitability process, neurotransmitter
releasing, muscle contraction, membrane integrity, and blood clotting.?® 2’ During pregnancy,
several physiological changes occur to maintain maternal homeostasis, while also maintain and

support the growth and development for the baby. Low albumin levels, increased extracellular
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volume, elevation of renal function, and placental calcium transfer are some of the alterations
occurred due to the influence of calcium metabolism. Calcium homeostasis is a complex
mechanisms involves calcitropic hormones (parathyroid, calcitonin, and 1,25 dihydroxy

vitamin D3).28

Low levels of calcium contributed to the progression of PE or hypertension during pregnancy.
Decreased of calcium levels will elevate parathyroid and renin hormone released, and
eventually increased blood intracellular calcium. High intracellular calcium in the vascular
smooth muscle will increase vascular resistance and vasoconstriction, further causing high
blood pressure. During pregnancy, hemodilution, increased urinary excretion and calcium
mineral transfer from maternal to fetal will reduce calcium concentration progressively.?”-2° In
the second and third trimesters, metabolism and absorption of the calcium is high, and the
sufficient calcium will reduce uterus smooth muscle contraction and prevent delivery
complications and premature birth.?® 28 A study conducted in North India to the 524
primigravida pregnancies by giving calcium supplement 2 gr/day reported that the risk of PE
were lower to 66,7%. Additionally, the study also showed that daily calcium intake reduced
premature birth events significantly.?> 3 Similarly, a randomized trials study by Imdad et al.,

also found that premature birth events had 24% lower during pregnancy after given calcium

supplement (0,5 — 2 gr/day).'

A linear regression statistical method (Table 7) shows the levels of 1,25 dihydroxy vitamin D3
of PE patients were 0,899 mg/dL, and in each supplement of 1 mg/dL calcium will elevate the
levels of 1,25 dihydroxy vitamin D3 as much of 0,02 pg/mL. There was a weak and positive
correlation (r = 0,167) between calcium levels and the elevation of 1,25 dihydroxy vitamin D3
in PE patients; additionally, there was no significant association between levels of 1,25

dihydroxy vitamin D3 and calcium in PE patients (p > 0,05), as seen in Table 7.

Table 7. Correlation of 1,25 Dihydroxy Vitamin D3 and Calcium in Pre-eclampsia

Similarity R R? p Value
Calcium (mg/dL) 1,25 dihydroxy vitamin D3 =
0,899 + 0,020 (Calcium) 0.167 0,028 0,502

The association of 1,25 dihydroxy vitamin D3 with perinatal outcomes of pre-eclampsia
patients

261



ANDALAS OBSTETRICS AND GYNECOLOGY JOURNAL

Correspondence Address:
Ruang Redaksi Majalah Obgin Emas, 3rd Floor Obstetrics and Gynecology Department. M. Djamil Central General
Hospital Padang, J1. Perintis Kemerdekaan Padang, West Sumatra 25127

eISSN : 2579-8324 p

Website:

1 2579-8323 http://jurnalobgin.fk.unand.ac.id/index.php/JOE

Our study reports a mother with low birthweight had a lower 1,25 dihydroxy vitamin D3.
Vitamin D deficiency can lower the serum calcium and causing uterine atony and postpartum

31 Vitamin D deficiency is associated with the fetal growth via calcium

hemorrhage.
metabolism, bone growth, and placental function alteration.?? During pregnancy, synthesis of
1,25(OH);D in mother decidua, placenta, and kidney will enhance the serum 1,25(OH).D
levels to increase the calcium absorption for the fetal.>* A study by Merewood et al., reported
the risk of PE were 5 times in the women with 25(OH)D < 15 ng/mL with gestational age of
22 weeks.** Additionally, powe et al., also reported that 25(OH)D levels < 15 ng/mL in the
first trimester was associated with PE development. The women with severe PE (gestational

age < 34 weeks) showed a lower levels of 25(OH)D.3% 36

Previous studies reported no correlation between serum vitamin D with small for gestational
age or low birthweight, while other studies found that low levels of vitamin D will tend to have
low birthweight baby. Vitamin D deficiency might be an independent risk factor for abnormal
fetal growth, and it was reported that a deficient of 1 ng/ml 25(OH)D was associated with 19%
risk of small for gestational age. Vitamin D deficiency will directly affect fetal bone growth.
Some of the steroid hormone, such as thyroid interacts with vitamin D to support fetal growth.
Therefore, nutritional metabolism in the pregnancy is modulated by vitamin D to promote fetal

development.

A study by Robinson et al., found a significant association between maternal vitamin D and
fetal growth. There was a positive correlation between vitamin D and baby’s birtweight.?? 33
In placental trophoblast model, vitamin D played a role in signaling genetic regulation
expression in the early placental development. Placenta has the molecular components to
transform 25(OH)D into active vitamin D form 1,25-(OH),D3 for local utilization or paracrine.
The 1,25-(OH):D3 has been shown to improve endothelial function in hemodylisis patients
through paracrine action. In endothelial cells, 1,25-(OH),D3 improved vascular endothelial
growth factor, and strong proangiogenic proteins (which are lowered in PE) via vitamin D
receptor binding and colocalization with responsive vitamin D in promoting vascular
endothelial growth factor. Therefore, insufficient vitamin D levels can affect PE and fetal

growth via modification of vascular endothelial growth factor activity.*

In this study, there was a significant association of the first Apgar score (normal vs moderate

vs severe asphyxia), while the second Apgar score showed no significant association in the PE
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patients. A study by Zhou et al., reported that not every study showes a similar result in which
a low statistic power could be a contributing factor.>! Born with asphyxia can result in a serious

impication for the children, including higher mortality and abnornal neurological conditions.’

A cohort prospective study was conducted by Augustine et al., in Sweden reported that vitamin
D deficency could be a contributing factor for birth asphyxia. The study found that the women
with vitamin D deficiency had twice risk factors having birth asphyxia and low Apgar score.?’
A study by Lu T el al., reported that low Apgar score of one and five minutes premature baby
in the bronchopulmonary dysplasia (BPD) group were lower compared to the non-BPD. The
results showed that neonatal pneumonia and asphyxia were higher in BPD group compared to

the non-BPD.38

Zhang et al., stated that vitamin D is an inflammatory T-cells regulator to inhibit Th17 cells
activation. The IL-27 is an anti-inflammatory cytokine induced by Th17 was also reported
having correlation with 25(OH)D in normothermic hypoxic ischemic encepalopathy (HIE).
This result showed that a baby with low vitamin D levels had limited ability to reduce

inflammatory reaction post-HIE Th17.3

CONCLUSION

There is a difference serum 1,25 dihydroxy vitamin D3 levels between normal pregnancy and
pre-eclampsia patients. There was no association between calcium and perinatal outcomes
between normal pregnancy and pre-eclampsia patients. In the first Apgar scores, there was a
significant difference in the levels of 1,25 dihydroxy vitamin D3 between normal, moderate,
and severe asphyxia groups. Measuring early maternal 1,25 dihydroxy vitamin D3 can lower
the pre-eclampsia risks and the impact the perinatal outcomes, particularly in determining

Apgar scores.

FUNDING

This research received funding from medical faculty, Andalas University (Funding number:
08/UN.16.02/fd/PT.01.03/2021)

263



ANDALAS OBSTETRICS AND GYNECOLOGY JOURNAL

Correspondence Address:
Ruang Redaksi Majalah Obgin Emas, 3rd Floor Obstetrics and Gynecology Department. M. Djamil Central General
Hospital Padang, J1. Perintis Kemerdekaan Padang, West Sumatra 25127

eISSN : 2579-8324 pISSN : 2579-8323

Website:
http://jurnalobgin.fk.unand.ac.id/index.php/JOE

ACKNOWLEDGMENT
We want to thanks all staff at Hospital M. Djamil Padang to participate in this research.
CONFLICT OF INTERESTS

The authors declare no conflicts of interests in preparing this article

REFERENCES

1. Achadi EL. Kematian maternal dan neonatal di indonesia. FKM Ul pada Rakernas. 2019.

2. Organization WH. Maternal mortality: key facts. WHO [Internet]. 2019.

3. Behjat Sasan S, Zandvakili F, Soufizadeh N, Baybordi E. The effects of vitamin D supplement on
prevention of recurrence of preeclampsia in pregnant women with a history of preeclampsia.
Obstetrics and Gynecology International. 2017;2017.

4. Nassar K, Rachidi W, Janani S, Mkinsi O. Vitamin D and pre-eclampsia. Gynecol Obstet.
2016;6(6):1-4.

5. Myatt L, Roberts JM. Preeclampsia: syndrome or disease? Current hypertension reports.
2015;17(11):1-8.

6. Wibowo RHKN. Comparison of maternal vitamin D and zinc level between severe preeclampsia
and normal pregnancy in Cipto Mangunkusumo Hospital. Indonesia: Universitas Indonesia; 2014.

7. Mikhail N. PERBEDAAN KADAR 1, 25 DIHIDROKSI VITAMIN D3 DAN KALSIUM SERUM MATERNAL
ANTARA PREEKLAMSIA AWITAN DINI (PEAD), PREEKLAMSIA AWITAN LAMBAT (PEAL) DAN HAMIL
NORMAL: Universitas Andalas; 2018.

8. Harli FM. Hubungan Usia Ibu Hamil Berisiko dengan Kejadian Preeklampsia (Studi di Wilayah Kerja
Puskesmas Kabuh, Puskesmas Peterongan dan Puskesmas Cukir Kabupaten Jombang): STIKes
Insan Cendekia Medika Jombang; 2018.

9. Cunningham FG, Leveno KJ, Bloom SL, Dashe JS, Hoffman BL, Casey BM, et al. Hypertensive
Disorders. Williams Obstetrics, 25e. New York, NY: McGraw-Hill Education; 2018.

10. Andriani C, Lipoeto NI, Utama BIl. Hubungan Indeks Massa Tubuh dengan Kejadian Preeklampsia
di RSUP Dr. M. Djamil Padang. Jurnal Kesehatan Andalas. 2016;5(1).

11. Lisonkova S, Joseph KS. Incidence of preeclampsia: risk factors and outcomes associated with
early- versus late-onset disease. Am J Obstet Gynecol. 2013;209(6):544.e1-.e12.

12. Aksornphusitaphong A, Phupong V. Risk factors of early and late onset pre-eclampsia. J Obstet
Gynaecol Res. 2013;39(3):627-31.

13. Wen Y-H, Yang H-l, Chou H-C, Chen C-Y, Hsieh W-S, Tsou K-I, et al. Association of Maternal
Preeclampsia with Neonatal Respiratory Distress Syndrome in Very-Low-Birth-Weight Infants.
Scientific Reports. 2019;9(1):13212.

14. Imdad A, Bhutta ZA. Effects of calcium supplementation during pregnancy on maternal, fetal and
birth outcomes. Paediatr Perinat Epidemiol. 2012;26 Suppl 1:138-52.

15. Hartati N. Preeklampsia dengan Berat Badan Lahir Rendah (BBLR) pada ibu bersalin. Jurnal Gema
Keperawatan. 2018;11(1).

16. Herzog EM, Eggink AJ, Reijnierse A, Kerkhof MA, de Krijger RR, Roks AJ, et al. Impact of early- and
late-onset preeclampsia on features of placental and newborn vascular health. Placenta.
2017;49:72-9.

17. Mihu D, Razvan C, Malutan A, Mihaela C. Evaluation of maternal systemic inflammatory response
in preeclampsia. Taiwan J Obstet Gynecol. 2015;54(2):160-6.

264



eISSN : 2579-8324 pISSN : 2579-8323

18.
19.
20.

21.
22.

23.
24.

25.

26.

27.

28.
29.

30.

31.

32.
33.
34.

35.

36.

37.

Correspondence Address:

Hospital Padang, J1. Perintis Kemerdekaan Padang, West Sumatra 25127

Website:
http://jurnalobgin.fk.unand.ac.id/index.php/JOE

Kovo M, Schreiber L, Elyashiv O, Ben-Haroush A, Abraham G, Bar J. Pregnancy outcome and
placental findings in pregnancies complicated by fetal growth restriction with and without
preeclampsia. Reprod Sci. 2015;22(3):316-21.

Susilo S, Pratiwi K, Fattah A, Irwinda R, Wibowo N. Determinants of low APGAR score among
preeclamptic deliveries in Cipto Mangunkusumo Hospital: A retrospective cohort study in 2014.
Medical Journal of Indonesia. 2015;24:183.

Eskild A, Haavaldsen C, Vatten LJ. Placental weight and placental weight to birthweight ratio in
relation to Apgar score at birth: a population study of 522 360 singleton pregnancies. Acta Obstet
Gynecol Scand. 2014;93(12):1302-8.

Roberts JM, Bodnar LM, Patrick TE, Powers RW. The Role of Obesity in Preeclampsia. Pregnancy
Hypertens. 2011;1(1):6-16.

Manary M, NW S. Aspek kesehatan masyarakat pada gizi kurang. Gibney MJ, Margetts BM,
Kearney JM, Arab L Gizi Kesehatan Masyarakat Jakarta: EGC. 2004.

Gebreyohannes RD, Abdella A, Ayele W, Eke AC. Association of dietary calcium intake, total and
ionized serum calcium levels with preeclampsia in Ethiopia. BMC Pregnancy Childbirth.
2021;21(1):532.

Dhungana A, Bharati A, Manandhar R, Karki C. A comparative study of serum uric acid, glucose,
calcium and magnesium in pre-eclampsia and normal pregnancy. Journal of Pathology of Nepal.
2017;7:1155.

Kumar N, Singh AK. Maternal serum uric acid and calcium as predictors of hypertensive disorder
of pregnancy: A case control study. Taiwan J Obstet Gynecol. 2019;58(2):244-50.

Soraya |, APP NM, Wulandara Q. PERBANDINGAN KADAR KALSIUM PADA IBU BERSALIN
NORMATENSI DENGAN PREEKLAMPSIA BERAT (PEB) DI RUANG VK RS SMC TASIKMALAYA TAHUN
2018. JURNAL KESEHATAN BIDKESMAS RESPATI. 2019;2(10):28-35.

Jain S, Sharma P, Kulshreshtha S, Mohan G, Singh S. The role of calcium, magnesium, and zinc in
pre-eclampsia. Biol Trace Elem Res. 2010;133(2):162-70.

Kumar A, Kaur S. Calcium: A Nutrient in Pregnancy. J Obstet Gynaecol India. 2017;67(5):313-8.
Harini IM, Novara T, Sutrisno S. Perbedaan Kadar Kalsium Darah pada Kehamilan Preeklamsia
dengan Kehamilan Normotensi. Jurnal Kedokteran Brawijaya. 2018;30(2):109-13.

Kumar A, Devi SG, Batra S, Singh C, Shukla DK. Calcium supplementation for the prevention of
pre-eclampsia. Int J Gynaecol Obstet. 2009;104(1):32-6.

Zhou J, Su L, Liu M, Liu Y, Cao X, Wang Z, et al. Associations between 25-hydroxyvitamin D levels
and pregnancy outcomes: a prospective observational study in southern China. Eur J Clin Nutr.
2014;68(8):925-30.

Lo TH, Wu TY, Li PC, Ding DC. Effect of Vitamin D supplementation during pregnancy on maternal
and perinatal outcomes. Ci Ji Yi Xue Za Zhi. 2019;31(4):201-6.

Robinson CJ, Wagner CL, Hollis BW, Baatz JE, Johnson DD. Maternal vitamin D and fetal growth in
early-onset severe preeclampsia. Am J Obstet Gynecol. 2011;204(6):556.e1-4.

Merewood A, Mehta SD, Chen TC, Bauchner H, Holick MF. Association between vitamin D
deficiency and primary cesarean section. J Clin Endocrinol Metab. 2009;94(3):940-5.
Fernandez-Alonso AM, Dionis-Sanchez EC, Chedraui P, Gonzéalez-Salmerén MD, Pérez-Lépez FR.
First-trimester maternal serum 25-hydroxyvitamin D3 status and pregnancy outcome. Int J
Gynaecol Obstet. 2012;116(1):6-9.

Powe CE, Seely EW, Rana S, Bhan |, Ecker J, Karumanchi SA, et al. First trimester vitamin D, vitamin
D binding protein, and subsequent preeclampsia. Hypertension. 2010;56(4):758-63.

Augustin H, Mulcahy S, Schoenmakers |, Bullarbo M, Glantz A, Winkvist A, et al. Late Pregnancy
Vitamin D Deficiency is Associated with Doubled Odds of Birth Asphyxia and Emergency
Caesarean Section: A Prospective Cohort Study. Matern Child Health J. 2020;24(11):1412-8.

265

ANDALAS OBSTETRICS AND GYNECOLOGY JOURNAL

Ruang Redaksi Majalah Obgin Emas, 3rd Floor Obstetrics and Gynecology Department. M. Djamil Central General



ANDALAS OBSTETRICS AND GYNECOLOGY JOURNAL

Correspondence Address:
Ruang Redaksi Majalah Obgin Emas, 3rd Floor Obstetrics and Gynecology Department. M. Djamil Central General
Hospital Padang, J1. Perintis Kemerdekaan Padang, West Sumatra 25127

) ) Website:
eISSN : 2579-8324 PISSN: 2579-8323 http://jurnalobgin.fk.unand.ac.id/index.php/JOE

38. LuT, LiangB,lJiaY, Cail, Wang D, Liu M, et al. Relationship between bronchopulmonary dysplasia,
long-term lung function, and vitamin D level at birth in preterm infants. Transl Pediatr.
2021;10(11):3075-81.

39. Zhang H, Shih DQ, Zhang X. Mechanisms underlying effects of 1,25-Dihydroxyvitamin D3 on the
Th17 cells. Eur J Microbiol Immunol (Bp). 2013;3(4):237-40.

266



