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Review Article

Association between Vitamin D Levels During Pregnancy and Postpartum

Depression: A Narrative Reviews

Abstract

Background: Postpartum Depression (PPD) is a serious depression that develops in the first
year, with unknown explained reasons. Many studies evaluated the impact of Vitamin D (VD)
levels on depression during pregnancy and postnatal. This narrative review aims to review any
association between serum VD levels during pregnancy and the development of PPD. Materials
and Methods: PPD data from published trials and research articles (period from 2012 to 2022)
were assessed through PubMed, Scopus, Science Direct, and Google Scholar using the following
terms: Depression, pregnancy, 25-hydroxyvitamin D (250H VD), vitamin D deficiency (VDD) and
postpartum (PP). Articles were selected manually and with careful tracking to avoid duplication.
Articles that investigated any association between VD levels during pregnancy and PPD in the time
frame were included in the study, while articles investigating VD levels of PP without depression
were excluded. Results: In this narrative review, five out of seven studies showed an association
between PPD and VDD during pregnancy. Danish National Birth Cohort (DNBC), Edinburgh
Postnatal Depression Scale (EPDS) and Center for Epidemiologic Studies Depression Scale (CES-D)
enrolled among different studies from 3 days to 1 year PP to assess PPD. Conclusions: Pregnant
women with VDD are significantly associated with PPD. Longitudinal follow-up studies are needed
to evaluate the association between VDD with PPD. Screening VD levels among pre-postnatal
mothers may be essential for awareness programs that can be implemented to promote remission of
postnatal depression.
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Introduction and lack of social support® represent

significant risk factors.

Features of PPD disorder include

Postpartum Depression (PPD) is one of
the most serious depression subtypes

that is considered a major public health
issue.l! It is a nonpsychotic depressive
event that develops following childbirth
and progresses in the first year following
delivery.*¥ Worldwide, up to 20% of
women have PPD within the first year
following childbirth.*> The prevalence of
PPD varies between different countries!®
and has been estimated between 100 and
150 per 1000 births varied according
to cultural and societal factors.!”
According to epidemiological statistics,
the prevalence was predicted around
8.5% in Canada, 5-13.4% in Denmark,
13-19% in the USA, and 13.4-36% in
Brazil and Chile.l’®! In the Middle East,
PPD is common (27%), and bad economy
and problems related to pregnancy, low
educational levels, unplanned pregnancy,
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contemplative ruminations, panic attacks,!'”
emotional instability, tearfulness, lack of
appetite, sleeping problems, poor focus,
exhaustion, impatience, melancholy,
thoughts of suicide, and a sense of blame.
Also includes moods of insufficiency and
the inability to care for the newborn.-!!
These signs may last from a few weeks
to more than 6 months.'” Depression
negatively influences women’s lives, their
families, and the baby’s cognitive and
behavioral development.l'*'*1 The definite
cause of PPD is unknown,!™! even though
multiple biological, genetic, socioeconomic,
and physiological variables pool to cause
this condition.'*'® PPD development is
prone to a number of risk factors, which
include depression during pregnancy,!'”¥!
high stress levels, an absence of financial
support, a poor education, and challenging
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birth experience, ™! and dietary factors like Vitamin
D Deficiency (VDD) and polyunsaturated fatty acids.!
Many self-report tests can be used to check for PPD such
as the Edinburgh Postnatal Depression Scale (EPDS),?”
but a clinical interview is the standard method for its
diagnoses.!

Although the cause of PPD is unclear, publications showed
that it may be associated with a psycho-neuro-immune
component,”?? and three hypotheses were developed: The
first one, PPD has been linked to a decrease in the brain’s
production of monoamine neurotransmitters, one of these
monoamines is serotonin.”*! Biological estrogens estradiol
and estriol are released by the placenta and increase during
pregnancy. Serotonin function is increased by estradiol
and is significantly linked to mood disorders, estradiol
levels increase significantly throughout pregnancy and
drop abruptly after delivery, this fast decline in estradiol
level may be a factor in complicated PPD.['“**1 The
second one, is that stress triggers the hypothalamus to
rerelease Corticotrophin-Releasing Hormone (CRH),, that
triggers the release of corticotrophins from pituitary, and
generate cortisol. PPD is caused by a malfunction in the
hypothalamic-pituitary-adrenal alignment and involves
many abnormalities, including the increase in cortisol
levels during pregnancy and subsequent sharp decline after
delivery.?**! The third one is the association between the
development of PPD and some cytokines like interleukin-6
and tumor necrosis factor.®) Therefore, the association
between Vitamin D (VD) and PPD development must be
intensely understood through in vitro and in vivo studies.
This will offer treatment guidance with simple and low
coastlines.

VD is a steroid hormone that is produced by our bodies
after being exposed to ultraviolet B radiation through the
skin,?% it can also be acquired from food like fish, egg
yolk, liver oil, beef liver, portabella mushrooms, fortified
foods such as breakfast cereal and milk.?”*! Ultraviolet
light converts 7-dehydrocholesterol to pre- VD, which
is convert to cholecalciferol (VD3),** that exhibits no
biological activity within the body. Then it passes through
two hydroxylation steps to be activated, the first one in the
liver to produce 25hydroxy vitamin D (25(OH)D), which
is the predominant vitamin form in our blood,*” and the
second hydroxylation occur mainly inside the kidney,
brain, and immune system by lalpha-hydroxylase using
specialized cells to produce the functional form of VD,
which is called calcitriol. Serum 25(OH)D levels lower
than 25 nmol/L (10 ng/mL) are considered as VDD, serum
VD lower than 50 nmol/L (20 ng/mL) is considered as VD
insufficiency, while VD higher than 100 nmol/L (40 ng/mL)
is defined as vitamin sufficiency.l*!

Vitamin D Receptor (VDR) has hormone-binding and
DNA-binding domains.l""™® VDR are widely distributed
among nearly all human tissues and cells and perform many

functions**; VD functions via endocrine (calcemic), keeps
the calcium homeostasis, and autocrine (non-calcemic)
functions.*¥ VD is also involved in bone metabolism,?*
neuromuscular, and immune function that reduces
inflammation  associated  with  multiple  sclerosis,
autoimmune disorders, respiratory disease, and cancer.?’3]

VD is an exceptional neuro-steroid hormone,**"! and its
receptors were widely distributed throughout several areas
of the brain including the basal ganglia, hypothalamus,
thalamus cingulate, cortex, and hippocampus, which might
influence the etiology of depression.’**! VDR and the
enzyme responsible for producing the active version of the
hormone lalpha-hydroxylase both exist in the human brain
and the hypothalamic-pituitary-adrenal alignment that may
explain the association between VDD and depression.!”
The mechanism of how a low VD concentration may lead
to depression includes a few suggestions correlated with
the neurotransmission and neurogenesis functions of VD
and the production of brain tryptophan hydroxylase2.™
This influences the production of serotonin, which is highly
connected with social behavior.'¥! Another suggestion
is that VD prevents the hypermethylation of gene
promoters, which are crucial for Gamma-amino butyric
acid-ergic neuron function. This clarifies the association
between the reduction in the quantity of GABA-ergic
neurons and depression.**"! Many studies evaluate the
influence of VD supplements in improving depressive
symptoms and decreasing their severity.** Increased
circulating 25(OH)D concentrations following 8-week
VD supplementation (50,000 IU) resulted in a significant
decrease in Beck Depression Inventory-II (BDI-II) scores
in patients with mild-to-moderate depression.*?) The
relationship between VD levels and PPD is controversial,
few studies revealed the association between VD level and
PPD,7132941 while others showed no association.”! This
study aims to review the studies concerning the association
between 25(OH)D levels during pregnancy and PPD
development.

Materials and Methods

Literature review used PubMed, Scopus, Science Direct,
and Google Scholar for studies (July 1912 to May 2022).
Keywords featuring a combination of depression, VD,
pregnancy, PP, and antepartum were selected for search.
This study reviewed the previous studies regarding the
association between VD levels during pregnancy and PPD.
Studies were enrolled only if they were published in the
English language and if VD serum level was measured
before the day of delivery (during the gestation period).
Although more than 100 publications (case-control,
prospective  cohort, and longitudinal cohort) were
fully checked, only seven were valid by the inclusion
criteria [Figure 1]. Articles were selected manually and
with careful tracking for inclusion criteria. All articles
that investigated the relationship between VD level during
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Articles found in
the Scopus (5)

Articles found in the
Science Direct (25)

Articles found in
the PubMed (29)

Atrticles found in the
Google scholar (35)

Total Found articles (94)

< | Duplicated Articles (45)

Evaluated articles (49)

Eliminated of articles that

pregnancy or postpartum (42)

measure Vitamin D during :>ﬂ

Final evaluated articles (7)

Figure 1: The flowchart for the selection process of the articles

pregnancy and PPD were enrolled in this study. All
articles that investigated VD levels of PP were excluded.
Data collected from the enrolled studies must include
publication year, authors, sample size, phase for serum
sample collection, PPD assessment method, and full
results description. [Table 1]. The authors tried to act in an
unbiased way while analyzing the retrieved data from the
enrolled articles. For ethical considerations, the researchers
avoided plagiarism in any form and avoided redundant
publication. In the current study, ethical principles have
been considered, and if the study results were utilized, the
studies were referenced.

Ethical considerations

This study was approved by the Ethical Committee (IRB) at
the Hashemite University, Zarqa, Jordan (IRB/12-2/2022).

Results

Only seven published articles from the literature reviewed
using PubMed, Scopus, Science Direct, and Google
Scholar search engine, keywords selected a combination
of depression, VD, pregnancy, postpartum (PP), and
antepartum showed an association between VD level and
PPD throughout pregnancy period [Table 1]. The firstborn
one is by Nielsen et al.,”*¥! who examined the association
between PPD and VD levels. Participants (605 cases,
875 control) were selected from the Danish National
Birth Cohort (DNBC). Blood samples were selected
within week 25 of pregnancy, and the study used Liquid
chromatography-Tandem Mass Spectrometry (LCTMS)
for measuring VD levels. VD concentration was
categorized into groups (less than 6 ng/mL, 6-9.6 ng/mL,
10-19.6 ng/mL, 20-31.7 ng/mL, 32-39.7 ng/mL, more
than 40 ng/mL). VD 20-31.7 ng/mL were designated as
a reference. DNBC were used in depression assessment.

Nielsen et al.*¥ showed no significant association between
VD levels and the risk of PPD (p = 0.08). Conversely, they
showed that high VD concentrations were associated with a
higher risk of PPD.

The second study was a prospective cohort that was
carried out by Robinson et al*®! They enrolled 706
Caucasian women within the middle of the gestational
period. 25(OH)D concentrations were measured using
immunoassay and tandem mass spectrometry. VD
concentrations are classified as less than 19 ng/mL,
19-23 ng/mL, 24-28 ng/mL, more than 28 ng/mL, and
normal concentration was 20-50 ng/mL. Three days
following delivery, PP’s mood disturbance was assessed
using EPDS, which includes worrying, dejection,
variation in mood, weeping, appetite variations, and
sleep irregularities. Every item was given a 4-point scale
ranging from 0 to 3 indicating a mood disturbance. The
results of this study showed that the lowest quartile VD
levels were significantly correlated to increased PPD
symptoms (p = 0.017), while no significant association
between the highest quartile VD and increased PPD
symptoms.

Another community cohort study was carried out by Gur
et al™ in Turkey that examined 179 pregnant mothers
in mid-pregnancy (between 24 and 28 weeks gestation).
The study enrolled married women who planned to get
pregnant, women with a body mass index of 20-30 kg/m?,
women with an educational level of 8 years minimum, and
an income greater than or equal to $4500 per year, which
were aged between 18 and 40 years. This study excluded
women with high-risk PPD, including any previous
depression, depression in pregnancy and anxiety, stressful
life, undesired pregnancy, inadequate marriage relations
and inadequate social care, low socioeconomic status,
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Table 1: Association between vitamin D level during pregnancy and postpartum depression between 2012 and 2022

Study, year, Sample number and Vitamin D measuring (mean) PPD® Results
design, country collection time method and grouping assessment
Nielsen, 605 cases: 875 control Method: Liquid DNBC®™/1 year  No correlation between decreased
2013, (serum obtained at week 25  chromatography-tandem mass postpartum gestational vitamin D levels and
case-control, of pregnancy) spectrometry groups: 6 levels the incidence of PPD (p=0.08) and
Denmark (<6 ng/mL, 6-9.6 ng/mL, a high risk of PPD at a high level
10-19.6 ng/mL, 20-31.7 ng/mL, of vitamin D
32-39.7 ng/mL, >40 ng/mL)
Robinson, 706 cases: Blood samples Method: Enzyme immunoassay ~EPDS**/3 days  Significant relation between the
2014, were obtained in the middle kit and isotope-dilution liquid after delivery lower level of vitamin D (women
prospective of the gestational period (18 chromatography-tandem mass in the west quartile) and increased

cohort, Australia weeks)

Gur. 2014,
cohort, Turkey

179 cases: Blood samples
were obtained in the middle
of pregnancy (between 24

spectrometry groups: Four
quartiles <19 ng/mL, 19-23 ng/
mL, 24-28 ng/mL, >28 ng/mL

Method: Enzyme-linked
immunosorbent assay (ELISA)
groups: <10 ng/mL (severely

PPD symptoms (p=0.017), and

no significant correlation between
higher levels of vitamin D (women
in the highest quartile) and
increased PPD symptoms
VDD can be related to
increases in the risk of PPD
symptoms in the 1 week, 6 weeks,

EPDS/1 week,
6 weeks, and
6 months after

and 28 weeks of gestation)  deficient), 20 ng/mL (mildly delivery and 6 months after delivery

deficient), and >20 ng/mL (p=0.003, 0.004, and <0.001,
(sufficient) respectively)

Accortt, 91 cases: Blood samples Method: competitive EPDS/4-6 An inverse association between

2016,4 were obtained in the first chemiluminescence weeks prenatal log 25(OH)D and PPD

prospective trimester immunoassay platform postpartum symptomatology (=—0.209,

cohort, USA p=0.058)

Lamb, 20184 125 cases: Blood samples Method: EPDS/12-14 Significant inverse association

longitudinal, were obtained at 3 different  25(OH)D concentrations weeks of between depressive symptoms and

cohort, USA times, Time 1 (T1) early in ~ were measured using liquid pregnancy, vitamin concentrations (T1=—0.18,

(Southern gestation (mean=14 weeks), chromatography-mass 32 weeks of p=0.024; T2=-0.27,p=0.009; T3 =

California) Time 2 (T2) in the third spectrometry pregnancy, and ~ —0.22, p=0.019)

trimester (mean=32 weeks),
and Time 3 (T3) at 6 weeks
postpartum

Accortt, 2021, 89 cases: Blood samples

Plasma vitamin D metabolite

at 10 weeks after
delivery with
PPD=EPDS >10

(CES-D)®/6-10 A significant relationship between

prospective were obtained in the second  ratio (VMR)" was measured  weeks postpartum PPD risk and lower VMR
cohort, USA trimester (18-20 weeks by coupling reverse-phase liquid (p=0.007)
(Los Angeles) gestation) chromatography and mass
spectrometry (LC-MS/MS).
King, 2022,147 105 cases: Blood samples Method: plasma vitamin D EPDS Women with vitamin D deficiency

prospective were obtained at four levels were measured by
cohort, South different times, weeks 8—12  radioimmunoassay
Carolina (USA) of pregnancy, weeks 24-28

of pregnancy, 6—8 weeks
after delivery and 10-12
weeks after delivery

may have EPDS scores more
than or equal to 10, but without
statistical significance (OR: 2.40;
95% C10.92-6.27)

*Postpartum depression (PPD).**Danish Register of Medicinal Product Statistics (DNBC). ***Edinburgh Postnatal Depression Scale (EDPS).
****Vitamin D deficiency (VDD).*****Vitamin D metabolite ratio (VMR). SCenter for Epidemiologic Studies Depression (CES-D)

overweight, smoking, alcohol, and several pregnancies.
This study excluded the women after delivery who had
intrauterine death of the fetus, neonatal infant demise,
newborn with the anomaly, infant brought to neonatal
critical care unit, and difficult delivery. Blood samples
were drawn in mid-pregnancy (24-28 weeks), and an
enzyme-linked immunosorbent assay was used for VD
determination. VD classified: Less than 10 ng/mL as
severely deficient, 20 ng/mL as mildly deficient, and more

than 20 ng/mL as sufficient. PPD was scored via the EPDS
system 1 week after delivery, 6 weeks following delivery,
and 6 months following delivery. If the mother’s score
on the EPDS scoring system is >12, then listed as PPD.
They demonstrated that VDD is associated with increased
PPD risk in the 1 week, 6 weeks, and 6 months following
delivery (p = 0.003, 0.004, and <0.001; respectively).

Another prospective study in the USA was performed
by Accortt et al.,* who enrolled 91 African women to

Iranian Journal of Nursing and Midwifery Research | Volume 29 | Issue 3 | May-June 2024 293



8L+AWAOANOMNBAAAAYO/FIAEIDVIHSALLIAIPOOAEIEAHIONI/AOAU

MY TXOMADYOIAXZOHISABZIYTCN+eyNIOITWNOTZTARY HIRSHAQUE Ag Jwul/wod mm| sfeulnol:diy woy pspeojumoq

¥202/¥T/L0 uo

Bateineh and Atoum: Vitamin D levels during pregnancy and postpartum depression

evaluate the relationship between low VD with prenatal
PPD symptoms. VD concentration was measured via a
competitive chemiluminescence immunoassay in the first
trimester. The symptoms of PPD were determined by the
EPDS questionnaire 4-6 weeks PP. Accortt et al.* found
a negative association between prenatal log 25(OH)D and
PPD symptoms.

A longitudinal cohort study was carried out by Lamb
et al.*® and enrolled 125 women from Southern California.
Study eligibility criteria included women with a minimum
of 18 years old with gestational age less than 25 weeks
and getting maternal care at the medical centers. Mothers
with parathyroid illness or any serious psychological
illness besides depression were excluded. Blood samples
were obtained at three different times; Time 1 (T1) early
in gestation (mean = 14 weeks), Time 2 (T2) in the
third trimester (mean = 32 weeks), and Time 3 (T3) at
6 weeks PP. Measuring of 25(OH)D levels was performed
using liquid mass spectrometry and PPD symptoms
were evaluated using the EPDS during 12-14 weeks of
pregnancy, around 32 weeks of pregnancy, and 10 weeks
after delivery with EPDS >10. An opposite association
was found between VD level and PPD symptoms. They
also showed that VD may be a significant biomarker for
depressed pregnant and PP women.

Another prospective cohort study was carried out in
the USA by Accortt et al.,» 89 women were enrolled
according to the following criteria: Gave birth to live
babies, speak English or Spanish, the mother is pregnant
with a single fetus inside her uterus, and were less than
20 weeks gestation. VD level was determined in the
second trimester (18-20 weeks gestation), and plasma
vitamin D metabolite ratio (VMR) was determined by
24,25(0OH),/25(0OH)D. PPD symptoms were evaluated at
6—10 weeks PP using the Center for Epidemiologic Studies
Depression Scale (CES-D) with >16 representing the risk
for PPD. The range of CES-D scores is 0-60, with more
symptoms at the higher scores. This study found that 34%
of the participants were at risk for PPD and demonstrated
that lower prenatal VD levels can predict PPD risk.

Finally, a prospective cohort study carried out by King
et al. " enrolled 105 women and excluded women with
less than 18 years old, over 12 weeks of pregnancy, or not
being able to provide informed consent. Blood samples were
drawn at four different times; weeks 812 of pregnancy,
weeks 24-28 of pregnancy, 6—8 weeks after delivery, and
10-12 weeks after delivery, and plasma VD levels were
measured by radioimmunoassay. PPD symptoms were
assessed by EPDS, with scores more or equal to 12 mean
presences of depressive symptoms, and scores more or
equal to 10 mean presence of minor depressive symptoms
need more medical observations. Results showed deficient
VD levels were associated with higher depression risk at
the follow-up evaluation.

There is biological evidence for the association of
VD and depression development, but more studies are
needed to support the scarce literature that links VD
level and depression outside of the prenatal period.[*®!-12]
Longitudinal follow-up studies are needed to evaluate the
impact of pre-postnatal VD level and PPD on both mother
and infant health at different seasons, among different
ethnic populations and among different socioeconomic
groups.

Discussion

This study reviewed previous studies concerning the
association between 25(OH)D and VD levels during
pregnancy and PPD development. Many studies showed
the relationship between VD levels and depression
development, VD and PPD during pregnancy.”® The
association between 25(OH)D concentration and depression
risk may be explained by the influence of VD on the
hypothalamic-pituitary-adrenal axis and excessive activity
of the sympatho-adrenal system.®3¢! This may be due
to the distribution of VDR in the brain. In addition, an
abrupt decline in estrogen levels occurring after delivery
may alter gonadotropin-releasing hormone (GnRH) by the
hypophyseal portal system and thus influence neuronal
activity and PPD."# Another justification may be related to
the VD impact on the hemostat the calcium level in tissue
and its effect on the prevention of PPD.M This review
discussed seven publications that studied the association
between gestational VD levels and PPD [Table 1].

According to this study, observational studies may be
inadequate and inconclusive, regarding the association
between serum VD level and PPD,2284445461 while other
studies showed a non-significant association or no
association.**] Multiple methodological variations among
different studies including insufficiency of a confounders’
adjustment especially season, which is the main element
that affects VD concentration.!'! In addition, measuring
serum VD at different intervals gestational intervals. Also,
variations may be due to differences in the study group
population, differences in social status, ignoring the PP
medical care in some studies, and self-reporting methods
used to assess depression in some cases.*”’ So, studies
are needed to determine the correlation between PPD and
pregnant VD status among different groups with larger
sample sizes.

Many studies were performed that evaluate the role of
VDD measured after delivery and a probable PPD threat.
A case-control study enrolled 60 women from Iran by
Abedi et al.,""! evaluated the relationship between low VD
levels and PPD postnatally. They demonstrated a significant
association between VD level and PPD postnatally. Another
study by Pillai et al.'¥ evaluated the same relationship
postnatally by EPDS; that were measured at 6 weeks PP.
They showed a strong relationship between low-level
bioavailable 25(OH)D and the risk of PPD postnatally.
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Results of these studies showed that serum VD was
significantly lower in women with PPD, and severe VDD
were twice more likely to have PPD.I'7 Consequently,
health policymakers have to pay attention to the VD level
among pregnant women to be treated.

Although there is strong support for the role of VD potential
in depression development, more studies are needed to
examine the role of VD in the pathophysiology, prevention,
and treatment of PPD. VD supplement is available and
inexpensive, and it is recommended for pregnant women,
to significantly decrease PPD symptoms.*”) Nevertheless,
more studies are required to understand the relationship
between VD level, depression development and remission
postnatally.

In the PP period, self-care is usually ignored by mothers
and can be a critical psychological component, which
influences the well-being of mothers and infants. So,
screening VD levels among pre-postnatal mothers may
be essential in numerous awareness programs that can
be implemented to promote psychological health. These
actions can prevent psychological problems that support
good quality of life.

Limitations of the study include small sample size,
socioeconomic status, and inadequate information about the
seasonal variation that affects VD concentration. In addition,
differences in methods used for serum VD measurement
at different gestational intervals with ignorance of
differences among different prenatal caring systems.? In
addition, assessing depression by self-reporting methods
and cultural-ethnic variation. Studies with larger sample
sizes and a range of socioeconomic situations ought to be
included, for these reasons. Studies show the association
between VD levels during various phases of pregnancy and
the PP period are also needed. Studies about the role of
early intervention, monitoring, and VD supplements in the
development of PPD are also important for decoding VD in
PPD at the molecular level.

Conclusion

Although there are complex associations between VD
levels during pregnancy and the risk for PPD, this review
showed a significant association between low VD levels
and PPD development. Health policymakers must pay
attention to measuring VD levels among pregnant women
and recommend vitamin supplements during pregnancy to
decrease PPD.
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