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Abstract

Introduction: Vitamin D deficiency during pregnancy may lead to many health problems by negatively
affecting the metabolism of the newborn and the mother, such as infantile rickets, poor fetal and neonatal
growth and development, gestational diabetes, and preeclampsia. We aimed to investigate the levels and
clinical results of vitamin D in preeclamptic mothers and their babies.

Methods: The study group consisted of 42 preeclamptic mothers, and their babies diagnosed with
preeclampsia according to the International Society for the Study of Hypertension in Pregnancy (ISSHP)
criteria, while the control group consisted of 49 healthy mothers and babies with similar gestational age and
birth weight. All pregnant women participating in the study were routinely taking 1200 IU of vitamin D3
daily supplements. The cord blood vitamin D level of both groups of newborns was measured and the results
were statistically compared.

Results: The birth week, weight, and height averages and APGAR score averages measured at the first
minutes of the babies in the study group (preeclamptic mother babies) were statistically significantly lower
than those of the babies in the control group (babies of healthy mothers) (p=0.001, p=0.001, p<0.001,
p=0.004, respectively). Vitamin D and calcium levels of the mothers in the study group were lower than those
of the mothers in the control group. When the infants were examined, only the level of vitamin D was
statistically significantly lower in infants in the patient group (p<0.001, p<0.001, p=0.001, respectively).

Conclusion: There is consistent evidence of an association between low vitamin D concentrations and
adverse preeclampsia outcomes. Since vitamin D deficiency is more common in preeclamptic mothers and
their infants, higher-dose vitamin D supplementation than routine may be recommended to the patients.
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Keywords: preeclamptic mothers newborns, preeclamptic mothers babies, preeclamptic mothers, hypertension in
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Introduction

Vitamin D deficiency in pregnant women and their babies is an important health problem with severe
consequences by negatively affecting the metabolism of both [1], such as infantile rickets, poor fetal and
neonatal growth and development, gestational diabetes, and preeclampsia [2].

Preeclampsia is a multisystemic pregnancy disease seen approximately in 4% of pregnancies and has adverse
maternal-fetal and neonatal effects [3]. Although the definition of preeclampsia differs between countries
and textbooks, many of them use the definition provided by the International Society for the Study of
Hypertension in Pregnancy (ISSHP), which is used worldwide. The ISSHP defines preeclampsia as the
presence of new-onset hypertension and proteinuria or other end-organ damage after 20 weeks of gestation
[4].

According to many studies in the literature, it has been stated that a higher rate of preeclampsia can be seen
in pregnant women with lower vitamin D levels. It is recommended to start vitamin D supplementation
regularly for pregnant women with preeclampsia risk [5]. In line with the recommendations of the Ministry
of Health in Turkey, pregnant women take 1200 IU of vitamin D3 supplements daily from the 12th week of
pregnancy to the sixth month after delivery [6].

The frequency of preeclampsia is relatively high in our region (Mardin, Turkey), where we conducted this
study. Thus, in this study, we aimed to investigate the levels and clinical results of vitamin D in
preeclamptic mothers and their babies.

Materials And Methods
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This prospective study consisted of 42 preeclamptic mothers and their babies diagnosed with preeclampsia
according to the ISSHP criteria, while the control group consisted of 49 healthy mothers and babies with
similar gestational age and birth weight. This study was conducted between December 2020 and March 2021
in Mardin Derik State Hospital, Turkey. As the Ministry of Health recommended in Turkey, all pregnant
women participating in the present study were routinely taking 1200 IU of vitamin D3 daily supplements
from the 12th week. Pregnant women with another chronic or psychological disorder, including chronic
hypertension, and newborns with chronic diseases, were not included in the study group. Local ethics
committee approval was obtained for the research (Approval number: 37201737-806.02). The participating
families were informed about the study parameters and they provided written consent in accordance with
the Declaration of Helsinki.

In our study, vitamin D deficiency was defined as 25(0OH)D level <20 ng/mL (50 nmol/L), while vitamin D
insufficiency was defined as 25(OH)D level between 21 and 29 ng/mL (525-725 nmol/L) [7].

Collection of blood samples

Blood samples (2 mL) were taken as two different samples, from the mother and the baby. To determine
25(0OH)D levels, blood samples were taken by experienced nurses from the maternal upper extremity vein
(median cubital or cephalic vein) just before birth, while in newborns, blood samples were taken from the
umbilical vein just after birth. After the samples were centrifuged at 4000 rpm for 6 minutes, they were
stored at -20 degrees Celsius until the day of analysis. Serum 25(OH)D concentrations were measured using
a chemiluminescence assay using the LIAISON instrument with the Diasorin kit (Diasorin Inc., Stillwater,
MN, USA).

Statistical analysis

SPSS 15.0 for Windows program (SPSS Inc., Chicago) was used for statistical analysis. Descriptive statistics
were given as numbers and percentages for categorical variables and mean, standard deviation, minimum,
maximum, and median for numerical variables. The rates in the groups were compared with the chi-square
test. Comparisons of numerical variables between two independent groups were made using the Mann-
Whitney U test since the normal distribution condition was not met. The relationships between numerical
variables were analyzed by Spearman's correlation analysis since the parametric test condition was not met.
Cutoff analysis was performed by receiver operating characteristic (ROC) curve analysis. The statistical alpha
significance level was accepted as p “0.05.

Results

When the results were analyzed regarding demographic and clinical characteristics, the mean gestational
week of the study group (preeclamptic mothers) was statistically significantly lower than that of the control
group (healthy mothers), while the mean age, systolic and diastolic blood pressure, and proteinuria were
statistically significantly higher (age p=0.019, other comparisons p<0.001). The birth week, weight and
height averages and APGAR score averages measured at the first minutes of the babies in the study group
(preeclamptic mother babies) were statistically significantly lower than the babies in the control group
(babies of healthy mothers) (p=0.001, p=0.001, p<0.001, p=0.004, respectively). There was no statistically
significant difference between the groups regarding head circumference, fifth-minute APGAR score, and
gender (p=0.887, p=0.620, p=0.897, respectively) (Table I).
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Mother
Age

Gestational week

Systolic blood pressure (mmHg)

Diastolic blood pressure (mmHg)

Proteinuria (g/dL)
Baby
Weight (g)

Height (cm)

Head circumference (cm)

1st minute APGAR

5th minute APGAR

Gender n (%)

Study (Preeclamptic) Group

MeantSD Min-Max (Median)
27.7+5.4 26 (21-41)
37.5+1.5 38 (33-39)
153.6+8.9 155 (140-175)
92.748.8 95 (75-110)
1.80+0.81 2 (1-3)
3250.2+430.4 3100 (2500-3900)
46.4+4.7 48 (34-52)
37.3+2.0 37 (32-42)
6.76+0.88 7 (5-8)

9.26+0.70 9 (7-10)

22 (52.4%)

20 (47.6%)

Control Group

MeantSD

25.2+4.9
38.6+0.7
117.7£10.1
73.248.9

0.24+0.43

3528.0£303.7
49.5+1.9
37.3:15
7.35£0.86
9.3740.53

25 (51.0%)

24 (49.0%)

Min-Max (Median)

23 (19-38)
39 (37-39)
120 (95-153)
75 (60-95)

0 (0-1)

3640 (2980-4100)
50 (42-52)

37 (35-40)

7(5-9)

9 (8-10)

TABLE 1: Comparison of demographic and clinical characteristics between groups

0.019

<0.001

<0.001

<0.001

<0.001

0.001

<0.001

0.887

0.004

0.620

0.897

Mother

Vitamin D (ng/mL)
Calcium (mg/dL)
Magnesium (mg/dL)
Phosphorus (mg/dL)
Baby

Vitamin D (ng/mL)
Calcium (mg/dL)
Magnesium (mg/dL)

Phosphorus (mg/dL)

Vitamin D and calcium levels of the mothers in the study group were lower than those of the mothers in the
control group. When the infants were examined, only the level of vitamin D was statistically significantly

lower in infants in the patient group (p<0.001, p<0.001, p=0.001, respectively) (Table 2).

Study (Preeclamptic) Group

MeantSD Min-Max (Median)
19.3+13.3 15 (5-55)
8.59+0.49 8.6 (7.9-10)
2.22+0.26 2.2(1.8-2.7)
3.29+0.60 3.3(2.1-4.1)
23.4+13.7 20 (10-60)
8.94+0.63 8.8 (7.8-11)
2.1410.34 2 (1.2-2.9)
3.40+0.71 3.65 (2-4.5)

Control Group

MeanzSD

39.2+17.2
9.10+0.59
2.19+0.20

3.280.66

36.5+13.7
9.06+0.48
2.09+0.23

3.31+0.66

Min-Max (Median)

39 (1090)
9.1 (8-10.5)
2.2 (1.9-2.6)

3.5 (2-4.1)

33 (10-65)
9(8.2-10)
2(1.5-2.8)

3.6 (2-4.1)

TABLE 2: Vitamin D, calcium, magnesium, and phosphorus levels in the groups

<0.001

<0.001

0.835

0.903

0.001

0.150

0.267

0.395

Discussion

Todays, it is stated that maternal vitamin D deficiency may be an independent risk factor for preeclampsia [8].
The findings in previous studies suggest that the effects of vitamin D levels on the immune system and given
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that infections that occur as a result of vitamin D deficiency play a role in the development of preeclampsia
[9]. Thus, starting vitamin D supplementation from early pregnancy can prevent possible health problems
for both mother and baby by preventing preeclampsia [10].

The risk of preeclampsia may increase, especially in cases where 25(0H)D vitamin falls below 10 ng/mL
(severe deficiency). For example, in a study conducted in the USA, severe preeclampsia was up to five times
higher in pregnant women with insufficient 25(OH)D levels at the 15-20th weeks of pregnancy than in the
control group [11]. In another study in which 33 studies were reviewed, there was a significant relationship
between lower vitamin D levels and preeclampsia [12]. For example, in Halhali et al.’s study, which examines
the relationship between vitamin D deficiency and preeclampsia, it has been shown that every one standard
deviation increase in vitamin D level during 24-26th gestational weeks may cause a 30% decrease in the risk
of developing preeclampsia [13]. In our study, the mean vitamin D level of the mothers in the study
(preeclampsia) group was 19.3 ng/mL, while the vitamin D level of the babies of these mothers was 23.4
ng/mL. When the mothers of the control group were examined, it was observed that the average vitamin D
level of the mothers was 39.2 ng/mL, while the average vitamin D level of the babies of these mothers was
36.5 ng/mL. In conclusion, our study showed that preeclampsia could be seen even in cases with vitamin D
insufficiency (25(0OH)D level 21-29 ng/mL), let alone vitamin D deficiency (<10 ng/mL), and may lead to
clinical consequences in infants.

In a study in which 3730 mothers from different ethnic groups were followed, it has been reported that the
risk of lower birth weight and preterm birth is higher in those with a vitamin D level below 12 ng/mL in the
early stages of pregnancy [14]. In our study, it was observed that the birth height and weight of the babies of
preeclamptic mothers were lower than those of the control group.

In some studies, it is stated that birth weight and calcium levels are better in newborns of mothers who take
calcium and vitamin D supplements during pregnancy. Dosing recommendations for women during
pregnancy and lactation might be best directed toward ensuring that the neonate is vitamin D-sufficient and
that this sufficiency is maintained during infancy and beyond [15]. In our study, although the calcium level
of preeclamptic mothers with significantly lower vitamin D levels was within normal limits, the calcium level
was statistically significantly lower than that in the control group. Again, although the vitamin D level was
lower in babies of preeclamptic mothers, no significant difference was found in the blood calcium levels
when compared to that in the control group.

There are different recommendations about how much vitamin D to take during pregnancy. The
recommendation of the USA Endocrine Society emphasizes that the target for vitamin D level in pregnancy
should be >30 ng/mL (>75 mmol/L) and that 1500-2000 IU of vitamin D per day would be appropriate to
reach this level [16]. Perez-Lopez, in his evaluation in 2020, reported that the vitamin D level should be 40-
60 ng/mL during pregnancy, and the need for vitamin D is 4000 [U/day to achieve these levels [17]. However,
preeclamptic mothers who participated in our study regularly taking the recommended daily 1200 IU vitamin
D supplement in our country but still having vitamin D deficiency suggests that the amount of supplements
taken may not be sufficient. The American College of Obstetricians and Gynecologists (ACOG) states that a
daily dose of 4000 IU can be increased to treat vitamin D deficiency during pregnancy [18].

Although the prospective design of our study is its important strength, the relatively small number of
participants, the absence of different ethnic origins, the limited number of samples, and possible selection
bias are the limitations of this study.

Conclusions

Vitamin D deficiency is a critical health problem for pediatricians, obstetricians, and family physicians to be
alert. There is consistent evidence of an association between low vitamin D concentrations and adverse
preeclampsia outcomes. Since vitamin D deficiency is more common in preeclamptic mothers and their
infants, higher-dose vitamin D supplementation than routine may be recommended to patients.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Mardin Provincial Health
Directorate issued approval 37201737-806.02.02. Animal subjects: All authors have confirmed that this
study did not involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform
disclosure form, all authors declare the following: Payment/services info: All authors have declared that no
financial support was received from any organization for the submitted work. Financial relationships: All
authors have declared that they have no financial relationships at present or within the previous three years
with any organizations that might have an interest in the submitted work. Other relationships: All authors
have declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References

2022 Tammo et al. Cureus 14(3): €23519. DOI 10.7759/cureus.23519 4 0of 5



Cureus

13.

14.

15.

16.

17.

18.

Greer FR: 25-Hydroxyvitamin D: functional outcomes in infants and young children. Am J Clin Nutr. 2008,
88:5298-33S. 10.1093/ajcn/88.2.5298

Aghajafari F, Nagulesapillai T, Ronksley PE, Tough SC, O'Beirne M, Rabi DM: Association between maternal
serum 25-hydroxyvitamin D level and pregnancy and neonatal outcomes: systematic review and meta-
analysis of observational studies. BM]J. 2013, 346:f1169. 10.1136/bmj.f1169

Yang Y, Le Ray I, Zhu ], Zhang ], Hua ], Reilly M: Preeclampsia prevalence, risk factors, and pregnancy
outcomes in Sweden and China. JAMA Netw Open. 2021, 4:e218401. 10.1001/jamanetworkopen.2021.8401
Brown MA, Magee LA, Kenny LC, et al.: The hypertensive disorders of pregnancy: ISSHP classification,
diagnosis & management recommendations for international practice. Pregnancy Hypertens. 2018, 13:291-
310. 10.1016/j.preghy.2018.05.004

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. Obstet Gynecol Int. 2017,
2017:8249264. 10.1155/2017/8249264

Vitamin D Support Program for Pregnant Women in Turkey . (2011). Accessed: March 03, 2022:
https://www.saglik.gov.tr/TR,11158/gebelere-d-vitamini-destek-
programi.html#:~:text=D%20vitamini%20deste%C4%9Fi%20uyg....

Fidan F, Alkan BM, Tosun A: Pandemic era: vitamin D deficiency and insufficiency . Turk ] Osteoporos. 2014,
20:71-4. 10.4274/t0d.94830

Bodnar LM, Catov JM, Simhan HN, Holick MF, Powers RW, Roberts JM: Maternal vitamin D deficiency
increases the risk of preeclampsia. | Clin Endocrinol Metab. 2007, 92:3517-22. 10.1210/jc.2007-0718
Merewood A, Mehta SD, Chen TC, Bauchner H, Holick MF: Association between vitamin D deficiency and
primary cesarean section. | Clin Endocrinol Metab. 2009, 94:940-5. 10.1210/jc.2008-1217

Nema J, Sundrani D, Joshi S: Prenatal vitamin D supplementation reduces blood pressure and improves
placental angiogenesis in an animal model of preeclampsia. Food Funct. 2020, 11:10413-22.
10.1039/d0fo01782e

Baker AM, Haeri S, Camargo CA Jr, Espinola JA, Stuebe AM: A nested case-control study of midgestation
vitamin D deficiency and risk of severe preeclampsia. | Clin Endocrinol Metab. 2010, 95:5105-9.
10.1210/jc.2010-0996

Purswani JM, Gala P, Dwarkanath P, Larkin HM, Kurpad A, Mehta S: The role of vitamin D in pre-eclampsia:
a systematic review. BMC Pregnancy Childbirth. 2017, 17:231. 10.1186/s12884-017-1408-3

Halhali A, Tovar AR, Torres N, Bourges H, Garabedian M, Larrea F: Preeclampsia is associated with low
circulating levels of insulin-like growth factor I and 1,25-dihydroxyvitamin D in maternal and umbilical cord
compartments. | Clin Endocrinol Metab. 2000, 85:1828-33. 10.1210/jcem.85.5.6528

Leffelaar ER, Vrijkotte TG, van Eijsden M: Maternal early pregnancy vitamin D status in relation to fetal and
neonatal growth: results of the multi-ethnic Amsterdam born children and their development cohort. Br |
Nutr. 2010, 104:108-17. 10.1017/S000711451000022X

Kovacs CS: Vitamin D in pregnancy and lactation: maternal, fetal, and neonatal outcomes from human and
animal studies. Am ] Clin Nutr. 2008, 88:520S-8S. 10.1093/ajcn/88.2.5208

Holick MF, Binkley NC, Bischoff-Ferrari HA, et al.: Evaluation, treatment, and prevention of vitamin D
deficiency: an Endocrine Society clinical practice guideline. ] Clin Endocrinol Metab. 2011, 96:1911-30.
10.1210/jc.2011-0385

Pérez-Lopez FR, Pilz S, Chedraui P: Vitamin D supplementation during pregnancy: an overview . Curr Opin
Obstet Gynecol. 2020, 32:316-21. 10.1097/GC0O.000000000000064 1

Vitamin D: Screening and Supplementation During Pregnancy. (2011). Accessed: March 2, 2022:
https://www.acog.org/clinical/clinical-guidance/committee-opinion/articles/2011/07/vitamin-d-screening-
and-supplement....

2022 Tammo et al. Cureus 14(3): €23519. DOI 10.7759/cureus.23519

50f5


https://dx.doi.org/10.1093/ajcn/88.2.529S?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/ajcn/88.2.529S?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmj.f1169?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmj.f1169?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jamanetworkopen.2021.8401?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jamanetworkopen.2021.8401?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.preghy.2018.05.004?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.preghy.2018.05.004?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1155/2017/8249264?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1155/2017/8249264?utm_medium=email&utm_source=transaction
https://www.saglik.gov.tr/TR,11158/gebelere-d-vitamini-destek-programi.html?utm_medium=email&utm_source=transaction#:~:text=D vitamini deste%C4%9Fi uygulamas%C4%B1%3B Ek,annelere D Vitamini deste%C4%9Fi uygulanacakt%C4%B1r.
https://www.saglik.gov.tr/TR,11158/gebelere-d-vitamini-destek-programi.html?utm_medium=email&utm_source=transaction#:~:text=D vitamini deste%C4%9Fi uygulamas%C4%B1%3B Ek,annelere D Vitamini deste%C4%9Fi uygulanacakt%C4%B1r.
https://dx.doi.org/10.4274/tod.94830?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4274/tod.94830?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/jc.2007-0718?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/jc.2007-0718?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/jc.2008-1217?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/jc.2008-1217?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1039/d0fo01782e?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1039/d0fo01782e?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/jc.2010-0996?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/jc.2010-0996?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12884-017-1408-3?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12884-017-1408-3?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/jcem.85.5.6528?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/jcem.85.5.6528?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1017/S000711451000022X?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1017/S000711451000022X?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/ajcn/88.2.520S?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/ajcn/88.2.520S?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/jc.2011-0385?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/jc.2011-0385?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/GCO.0000000000000641?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/GCO.0000000000000641?utm_medium=email&utm_source=transaction
https://www.acog.org/clinical/clinical-guidance/committee-opinion/articles/2011/07/vitamin-d-screening-and-supplementation-during-pregnancy?utm_medium=email&utm_source=transaction
https://www.acog.org/clinical/clinical-guidance/committee-opinion/articles/2011/07/vitamin-d-screening-and-supplementation-during-pregnancy?utm_medium=email&utm_source=transaction

	Vitamin D Deficiency and Its Clinical Results in Preeclamptic Mothers and Their Babies
	Abstract
	Introduction
	Materials And Methods
	Collection of blood samples
	Statistical analysis

	Results
	TABLE 1: Comparison of demographic and clinical characteristics between groups
	TABLE 2: Vitamin D, calcium, magnesium, and phosphorus levels in the groups

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


