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Is Vitamin D Status Associated with Depression, Anxiety and Sleep
Quality in Pregnancy: A Systematic Review

Abstract

Background: Women’s mental health is a significant health issue for pregnant women during and
after pregnancy. Postpartum depression (PPD) is defined as the presence of depression in the 1* year
after delivery. This study reviews the relationship between Vitamin D levels, anxiety and poor
sleep quality related to pregnancy. Materials and Methods: A systematic search was conducted
on documents presented in PubMed, Scopus, ProQuest, Science Direct, Google Scholar and Web of
Science databases until March 2020. Three separate search paths were considered for three different
disorders with particular keywords. All observational studies that investigate the relationship between
Vitamin D levels and PPD, sleep disorders, and anxiety were selected for inclusion in the study.
Results: Search yielded 14 eligible studies. Quality of most included studies was medium to
high. Nine studies reported that Vitamin D deficiency was directly associated to the incidence of
PPD and sleep disorders. One study reported an indirect association, and three researches did not
observe any association between Vitamin D status, sleep disorders and PPD. One study reported
a direct association to anxiety but did not have any relation to PPD. Conclusions: PPD and sleep
quality during pregnancy associated to Vitamin D deficiency directly. Although studies have several
limitations, the importance of sufficient Vitamin D status in pregnant women has been addressed in
all studies, especially regarding the prevention of PPD, anxiety, and poor sleep quality during the

pregnancy.
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Introduction

Postpartum depression (PPD) is defined
as the presence of depression in the
It year after delivery.l'! Approximately,
10%—-18% of postpartum women in
different society are affected by PPD.F!
The reported prevalence of PPD in Iran
is 25.3%.1 A large amount of researches
explained adverse effects of PPD on the
cognitive and emotional development of
infants."! Symptoms of PPD are similar to
other types of depression including feeling
sad, hopeless, nervous, weight loss, and
sleep deprivation.’!.. Many  postpartum
women suffer from mental disorders such
as anxiety and sleep disorders.” While
they need sufficient sleep for their energy
requirements. Hormonal changes may cause
energy loss and alter sleep quality, sleep
duration, and eating habits in early weeks
of Post partum period.”” Recommendations
for preventing PPD include breast feeding,
good asleep, and routine postnatal maternal

This is an open access journal, and articles are
distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work
non-commercially, as long as appropriate credit is given and
the new creations are licensed under the identical terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

health care.[®”! Beside unwanted pregnancy,
history of depression, dietary factors such as
polyunsaturated fatty acid, Vitamin D, and
homocysteine deficiency may have a role in
the incidence of PPD.®! Sleep deprivation
can cause pregnancy complications such
as gestational hypertension, gestational
diabetes, PPD, and cesarean delivery.'”
Vitamin D3 is produced after skin exposed
to the sun’s ultraviolet rays.!'! Therefore,
lack of sun exposure and indoor lifestyle
are two major important causes of vitamin
D deficiency.'"” Evidence for vitamin D has
grown dramatically and a large amount of
the present knowledge was published in
the last decade.!' Vitamin D has calcemic
and non- calcemic functions.' It is a
hormone which is needed for normal
brain homeostasis and development.!'! In
the brain, it promotes neurotransmission,

neurogenesis,  synaptogenesis, amyloid
clearance and the prevent neuronal
death.l')  Active form of vitamin
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D (calcitriol) is associated with production of serotonin by
activating synthesis of tryptophan hydroxylase 2(TPH 2)
in the brain'”! and also has protective effects against low
level of dopamine and serotonin."¥! Insufficient level of
vitamin D is also associated with several mental disorders
such as anxiety,'” sleep disorders such as restless leg
syndrome (RLS) in pregnant women.”?! On the other hand,
supplementation with medium dose of vitamin D (>800 I.
U. daily) had some desirable effects on the treatment of
depression, especially when serum level of vitamin D was
lower than normal range.'? Vitamin D supplementation
for 2 years was also associated to sleep improvement
in 1500 patients with neurologic complaints.?!! Due to
the importance of relationship between the levels of
vitamin D and some disorders such as PPD, we made a
comprehensive conclusion by conducting a systematic
review and collecting all related evidence. This study
reviews the effect of vitamin D deficiency on PPD, anxiety
and poor sleep quality during pregnancy.

Materials and Methods

This systematic review was performed to collect any
literatures to assess if vitamin D status is associated to PPD,
anxiety and sleep disorders in pregnancy. A systematic
search was performed on papers presented in PubMed,
Scopus, ProQuest, Science Direct, Google Scholar and
Web of Science databases until Oct 2020 without any
time or language restriction. To get articles related to
each of the disorders, a separate search was conducted by
separate keywords. Keywords related to PPD: [postpartum
depression OR depression, postpartum OR PPD AND
vitamin D OR calciferol OR cholecalciferol OR calcitriol
OR 250HD OR 1,25 OHD]. Keywords related to sleep
disorders: [sleep deprivation OR sleep disorders OR sleep
quality AND pregnancy OR gestation AND vitamin D OR
calciferol OR cholecalciferol OR calcitriol OR 250HD OR
1,25 OHD]. And keywords related to anxiety: [anxiety AND
pregnancy OR gestation AND Vitamin D OR calciferol
OR cholecalciferol OR calcitriol OR 250HD OR 1,25
OHD]. Studies that potentially examined the association
between levels of Vitamin D and PPD, anxiety and poor
sleep quality were investigated. For every article obtained
in the database search, title and abstract was screened. The
reference list of relevant articles was also searched. Next,
potentially eligible publications also were examined by full
text. We excluded duplicates, animal studies, editorials,
letters, clinical trials, review articles and studies which
assessed other types of depression rather than PPD.

The data extracted from each study included: author and
year of publication, design and aim of the study, number
of participants, country, and methods used to assess
vitamin D status, vitamin D sampling time and method
used to depression diagnosis. The data were filled by
two independent writers in computer tables, at the end if
there were any differences, it was discussed with the third
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author. The Newcastle-Ottawa Scale was used to assess the
quality of the studies. Studies were scaled on the basis of
participant selection (4 questions), the comparability of the
study and statistical data analysis (2 questions), and the
measurement of outcome (3 questions). Maximum number
of score which can be given by each study was nine (four
stars in selection, three stars in outcome and two stars in
comparability section). Table 1 shows the quality of papers
entered into the study.

Results

The search strategy and study selection procedure is
displayed in Figure 1. A total of 989 articles were
yielded by electronic search. After excluding duplicate
records, title and abstract of 520 papers were evaluated
and 496 articles were excluded. Reasons for excluding
were as follows: 279 articles were unrelated, 197 studies
assessed other type of depression rather than PPD
and 20 publications were excluded because of other
reasons. Next, full-text of 14 studies met all inclusion
were reviewed. All included studies [Table 1] used a
cohort design except for five studies.?”?¢ Studies were
conducted in different countries. There was heterogeneity
in vitaminVitamin D sampling time. All studies were
classified as good quality except for one.?”? Nine studies
reported that vitamin D deficiency was directly associated
to the incidence of PPD and sleep quality.?*?*31 One
study reported an indirect association,??! three researches
did not observe any relationship between vitamin D
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Figure 1: PRISMA flowchart of study selection process in each stage
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Table 1: Studies examined association of serum vitamin D and Postpartum depression

Author Study Sample Country Method of Vitamin D Result Quality questionnaires Outcome
(Year) design size vitamin D sampling assessment
assessment time
Rapid direct First 7 ?slsrssitation
Murph; h apid direc month: .. Fair
(28%)}/ Cohort 97 (szlrl(t)lina radri)oimmunoassa af?er s betweep vitamin qiali ty EPDS PPD
y delivery D deficiency and
risk of PPD
Nielsen Case- Cases chromatography-  and 25 . . Good
(2013) conirol 875 Denmark tandem grapiy weeks betweep vitamin quality EPDS PPD
. D deficiency and
Controls mass spectrometry - gestation o0 onn
ELISA Direct
. At24 and  association
Gur (2014)  Cohort 179 Turkey Enzymelinked g oove between vitamin 009 EPDS PPD
immunosorbent of gestation D deficiency and quality
assay risk of PPD
Direct
Robinson Enzyme _ At 18 association Good
Cohort 796  Australia immunoassay kit  weeks of  between vitamin . EPDS PPD
(2014) . . quality
mass spectrometry gestation D deficiency and
risk of PPD
As soon as No association
(C;g}’;])“D Cohort 1040  Australia Mass spectroscopy E ;)tzsrlble %egzgi?ezg;?;z qGL?aoliy EPDS PPD
delivery risk of PPD
Direct
24-48 association
Fu(2015)  Cohort 213 China ffﬁ;zfr"d“lar hours after between vitamin qufa(i?ty EPDS PPD
delivery D deficiency and
risk of PPD
Competitive No association
Accortt chemiluminescence At first between vitamin  Good
(20106) Cohort o1 USA immunoassay trimester D deficiency and quality EPDS PPD
platform risk of PPD
Direct
1-6 months association Good
Amini S cohort 81 Iran ELISA after between vitamin . IPAQ, EPDS PPD
delivery D deficiency and quality
risk of PPD
Direct
. L 3-4 months association
ggi%l;e ircoti(s);lal 1319  Japan E&Z;t}iﬁ:ﬁgre after between vitamin quf;?ty EPDS PPD
delivery D deficiency and
risk of PPD
Direct
association
between vitamin
D deficiency and Antenatal
o 25-OH-D 1251 at12-20 o of antenatal anxiety,
V;](l)lilgms cohort 105  Michigan Radioimmunoassay wedelgz_3 6 anxiety .and Go?i BDI, MINI, depression
( ) kit an depression quality and
weeks o
No association PPD
between vitamin
D deficiency and
risk of PPD
Contd...
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Tablel: Contd...

Author Study Sample Country Method of Vitamin D Result Quality questionnaires Outcome
(Year) design size vitamin D sampling assessment
assessment time
liquid Direct Antenatal
Huang Cross _ Chromatography- 5, association 5 DASS-21, anxiety
. 498  Caucasian tandem mass between vitamin .
(2014) sectional weeks . quality PHQ-9 and
spectroscopy (LC- D deficiency and depression
MS/MS) risk of PPD P
Direct
Isotope- association
Cheng . dilution liquid At26-28 between vitamin  Good Sleep
cohort 890  Singapore chromatography-  weeks . . PSQI .
(2017) tandem mass estation D deficiency quality disorders
- & and risk of sleep
p y disorders
No association
High-performance At 36 between vitamin
(C;%Ii(;l)lz sCercOt?(s);lal 92 Turkey  liquid gestational D deficiency Glfa(i?t PSQI (Siilszfders
chromatography  week and risk of sleep quattty
disorders
Direct
| Cross . association Sleep
ilsrn(ezrz)ezeg)s © zzelztelf)nal 742 (Asri)di) Not reported glilrrndes ter between vitamin Gl?;;ﬂ IRLSSG disorder-
control D deficiency and quattty RLS
risk of RLS

PPD: Postpartum depression, RLS: Restless leg syndrome, PSQI: Pittsburgh Sleep Questionnaire, DASS-21: Depression, anxiety, and
stress scales, IRLSSG: International RLS Study Group, BDI: Beck depression inventory, MINI: Mini International Neuropsychiatric
Interview, PHQ-9: Patient health questionnaire depression module, LC-MS: Liquid chromatography-tandem mass spectroscopy, EPDS:
Edinburgh Postnatal Depression Scale, IPAQ: International Physical Activity Questionnaire, ELISA: Enzyme-linked immunosorbent assay

status, sleep disorders and PPDP*¥31 and one study
reported a direct association to anxiety but did not find
any relationship to PPD.B¥

Discussion

A study conducted on 796 pregnant women in Western
Australia measured serum vitamin D concentration at
18 weeks’ gestation. PPD was assessed 3 days after
delivery with abbreviated form of Edinburgh Postnatal
Depression Scale (EPDS). Findings showed that vitamin
D had a protective effect on PPD (odds ratio (OR) = 2.19,
95% confidence interval (CI) = 1.26, 3.78).%% Using a
valid method for measuring vitamin D level and assessing
vitamin D before the incidence of PPD were two major
strengths of the mentioned study. In contrast, limitations
were using an abbreviated form of EPDS and unavailable
data regarding prenatal mental health.

In another study was carried out in Australia, investigators
analyzed 1040 cord blood samples to evaluate vitamin D
level in pregnant women. PPD was assessed at 6 weeks
and 6 months after delivery with the use of EPDS score.
The main aim of this study was to evaluate the effect of
omega-3 fatty acid DHA supplementation during pregnancy
on PPD. As a secondary result, the study found no
significant association between vitamin D concentration
and risk of PPD.F? Some advantages of the mentioned
study should be addressed: (1) Large sample size, (2) Using

4

the best method for examining serum vitamin D level, (3)
collecting EPDS questionnaire in two phases (early and
late after pregnancy) and (4) measuring vitamin D levels
before the incidence of PPD. As cord blood has lower level
of Vitamin D than maternal blood sample, using cord blood
sample was a limitation. Another limitation was assessing
the serum level of Vitamin D as the secondary aim of
the study, the result may have been confounded with
w3 supplementation Moreover, the frequency of severe
Vitamin D deficiency (<15 nmol/L) was low and it might
affect statistical power of the study.

Accortt et al. focused on the association between
Vitamin D, inflammation and risk of PPD.*3! Serum vitamin
D concentration was measured in the first trimester. EPDS
was used to evaluate PPD. An association between prenatal
low level of 25(OH) D3 and the incidence of PPD was
marginally significant (3 = —0.209, P = 0.058). Observed
association was mediated by interleukin-6 and the ratio of
interleukin-6 to interleukin-10. The strength of this study
was assessing mediatory role of inflammatory markers in the
relation between vitamin D and PPD. Missing data during
the 6 weeks after giving birth, participants withdrawals,
residual confounding factors (e.g. socioeconomic status)
were limitations of the mentioned study.

A case control study examined relation between serum
vitamin D level and PPD. Women were interviewed by
using EPDS at 10-12 and 25 weeks of gestation. Results
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showed that women with higher serum level of vitamin
D (>80 nmol/L) were at greater risk of PPD?23% The study
recommended that vitamin D binding protein (Gc protein)
should be routinely assessed in pregnancy because it plays
a key role in bioavailability of vitamin D.?? One of the
limitations of this study is the lack of remeasurement of
vitamin D after delivery.

Yoshihiro Miyake et al. assessed 1319 pregnant women
for dietary intake of dairy product by diet history
questionnaire (DHA). The aim of this study was to assess
whether higher intake of dairy products, calcium and
vitamin D during pregnancy could decrease risk of PPD.
EPDS score was used to assess PPD 3-4 months after
delivery. The study showed that dairy-derived vitamin
D had no association with PPD. Maybe this is because
measurement of vitamin D after pregnancy has not been
performed and authors used pregnancy values to evaluate
this relationship. Therefore, administering this questionnaire
in 3—4 months after delivery was a major limitation of this
study. Furthermore, this study measured dietary intake of
vitamin D instead of serum level. Moreover, Vitamin D
content of dairy products is limited and it does not have
important role in total Vitamin D metabolism.*! In another
study, 179 pregnant were examined at gestational weeks 24
and 28. Blood samples were collected in mid-pregnancy.
Women were interviewed using EPDS at 1 week, 6 weeks,
and 6 months after delivery. The study reported that
women with PPD symptoms were more likely to have low
level of Vitamin D. The limitations of the study: (1) small
samples, (2) effect of season in level of Vitamin D.BY A
cohort study performed at the South Carolina evaluated
97 postpartum women. The study showed that low level
of vitamin D was an effective factor for developing
PPD. It should be addressed that several confounding
factors (e.g. self-esteem, feeling adequate support and
experiencing stressful life) were not controlled in mentioned
study.?”! Another cohort study was conducted to assess the
relation between serum vitamin D level at delivery and
PPD in 3 months after delivery. Serum vitamin D was
measured in 213 pregnant women in 24-48 h after delivery.
Women were followed 3 months after delivery to complete
EPDS. The study reported that PPD was most prevalent
in women with low level of vitamin D (<10.2 ng/ml) with
an adjusted OR of 0.81 (95% CI 0.70-0.92; P < 0.0001).
A major limitation of this study was collecting history of
depression by self-report method.”! Eighty-one Iranian
women with a PPD participated in this study. A total of
27 patients were randomly assigned into three groups to
receive either 50,000 IU Vitamin D3 fortnightly + 500 mg
calcium carbonate daily; or 50,000 IU Vitamin D3
fortnightly + placebo of calcium carbonate daily, or placebo
of Vitamin D3 fortnightly + placebo of calcium carbonate
daily (placebo group) for 8 weeks. At the baseline and
end of the study, the severity score of PPD, levels of
25-hydroxy Vitamin D, calcium. The PPD score had
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more reduction in the Vitamin D + calcium and Vitamin
D + calcium placebo groups than that of the placebo
group. The effect of vitamin D on the PPD score was
larger when vitamin D was given alone than given together
with calcium.*Y A study was performed on American
women at high risk of depression to examine the effects of
omega-3 supplementation on depressive symptoms in 2016.
As the secondary result, the study showed that low level of
vitamin D in early pregnancy associate to depressive and
anxiety symptoms during pregnancy and not postpartum
depression. beck depression inventory (BDI) and mini
international neuropsychiatric interview (MINI) were
completed at 12-20 weeks, 2628 weeks, 34-36 weeks, and
6—8 weeks postpartum. Vitamin D levels were measured at
12-20 weeks and 34-36 weeks using radioimmunoassay
kit. The major strength of the trial was evaluating vitamin
D status and depression symptoms several times. There is
a limitation with the study; using BDI instead of EPDS
to assess depressive and anxiety symptoms.?* Y. Huang
et al. in a cross-sectional study examined 498 pregnant
women at 15.4 weeks. Two questionnaires depression,
anxiety, and stress scales (DASS-21) and patient health
questionnaire depression module (PHQ-9) were used to
determine the correlation between mental health symptoms
and serum level of vitamin D. The study reported an
inverse association between anxiety symptoms and
serum vitamin D concentration, especially in patients
who did not report physical activity. Confounders were
controlled as the strength of the study includes the
history of medicine, diabetes, anxiety, depression, and
chronic hypertension.** Another cross-sectional study was
performed to evaluate even low level of serum vitamin
D associate to sleep disturbance in the last trimester of
pregnancy. The Pittsburgh Sleep Questionnaire (PSQI) was
used to measure sleep quality. Venus blood samples used
to determine serum 25-hydroxy vitamin D levels of 92
pregnant women with poor sleep quality. The study did not
support any association between low levels of vitamin D
and sleep quality.[*]

A cohort study examined 890 pregnant women at
2628 weeks’ gestation in Singapore. PSQI was used as
the sleep quality questionnaires. Maternal plasma 250HD
and 24-h dietary recall administered to determine the
associations between maternal plasma 250HD levels,
night-time eating and sleep quality. The results in this article
showed that vitamin D deficiency (<50 nmol/L) can cause
poor sleep quality and night-time eating at mid-pregnancy.
The strengths of the study were its large sample size, in
addition accounting for confounders include variation
in skin tone. Lack of physical activity measurement
was one limitation of this study.”” This cross-sectional
case-control study aimed to attending antenatal care clinics.
They interviewed pregnant women attending antenatal
clinics face-to-face using the International RLS Study
Group (IRLSSG) criteria. They assessed the severity of
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RLS using the IRLSSG severity scale for RLS (IRLS).The
study revealed that RLS during pregnancy is linked to low
level of vitamin D. Moreover, the physical activity level
was evaluated using the short form of the International
Physical Activity Questionnaire (IPAQ). A limitations
were that only included the mothers who had low levels
of serum 25[OH] D (lower than 75 nmol/L) and it is not
clear if the same effect would be obtained in mothers with
normal serum vitamin D levels. Moreover, the effect of
only Ca (without vitamin D) was not studied.™!

Although studies have several limitations, the importance
of sufficient vitamin D status in pregnant women has
been addressed in all studies, especially regarding
the prevention of PPD. Vitamin D is associated with
neuroprotection, neuroplasticity, brain development and
regulating of neurotrophic factors. Vitamin D can elevate
neurons glutathione metabolism and prevent oxidative
degenerative processes by its anti-oxidant activity.®
Low level of vitamin D alters brain morphology and
expression of tyrosine hydroxylase gene which involved
in norepinephrine and dopamine synthesis.*) Normal level
of serum vitamin D induces the expression of vitamin D
receptors in amygdale, thalamus, hypothalamus, dorsal
raphe nucleus and motor neurons.?” Vitamin D has an
important role in the brain glucose transportation by
regulating GLUT3.B% It plays a role in hypothalamic—
pituitary— adrenal axis and hormonal and cellular
event. Some circadian behavioral and peripheral
rhythms disruptions may be due to vitamin D deficiency.*”
1,250HD directly or by VDR regulates gene expression, "’
probably including circadian clock genes.*"! Reviewed
studies did not control some confounding factors such
as seasonal change and physical activity. Level of serum
vitamin D alters during a year. The lowest level of vitamin
D has been observed in winter.[*”! Since all pregnant women
did not enroll in studies at the same time, seasonal change
could affect our results. Nevertheless, the risk of depression
in fall and winter may increase independent of some
confounding factors other than vitamin D deficiency.*¥ For
example, common cold in fall and winter has unfavorable
effect on social support and results in incidence of
depression. Furthermore, inflammatory markers increased
following the common cold may have adverse role in
depression.***1 In contrast, vacation time in summer
can decrease risk of depressive symptoms.'*?! Vitamin
D binding protein, known as GC protein, is inversely
associated with bioavailability of circulating and
active form of vitamin D. Although measurement of
total 25(OH) D3 (free form + protein-bound form) is
common through the studies only free form of 25(OH)
D3 can bind to Ge proteins. Gc protein increases during
pregnancy and it results in lower level of free 25(OH)
D3. It shows that high or normal level of 25(OH) D3 is
not necessarily reflect adequate level of free 25(OH) D3
in pregnancy Evidence showed that high level of GC
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protein could be correlated with deleterious mutation and
incidence of depressive symptom.[* Therefore, it has
been suggested that Gc should be measured in pregnancy
as a routine test. Some probable reasons for decreased
level of 1, 25(OH) D3 during pregnancy are: (1) elevated
level of GC protein during pregnancy. It decreases
physiologic activity of vitamin D; (2) genetic variations
which decrease conversion of 25(0OH) D3-1,25(0OH)
D3; (3) Pretty high level of vitamin D which stimulates
24-hydroxylase enzyme activity and increases conversion
of active form 1,25(OH) D3 to inactive metabolite
1,24,25—trihydroxyvitamin D3, (4) Low level of 25(OH)
D3 which decreases conversion of 25(0OH) D3-1,25(OH)
D3. Vitamin D deficiency has been linked to impaired
dopaminergic neurotransmission.*®) The role of Vitamin
D in the development of RLS was further supported by
the higher concentration of Vitamin D binding protein in
the cerebrospinal fluid of patients with RLS.*”? However,
it is not proven yet whether treatment with Vitamin D can
improve RLS symptoms. A recent randomized controlled
trial of 35 patients with RLS who received either Vitamin
D (50,000 IU caplets) or a placebo revealed that Vitamin
D supplementation does not improve RLS symptoms.!®!

Effective and safe dose of vitamin D supplementation
during pregnancy is remained controversial. Preeclampsia
and IUGR were improved by 400 IU/day of vitamin D3
versus 4000 1U/day during the pregnancy.[*”

Several limitations were common in most included studies.
Although most studies assessed PPD in a short period after
delivery, it should be expanded to 1 year after delivery.
As EPDS can estimate PPD for only previous 7 days, this
questionnaire may be useful in short-term investigations.
Also, several studies used a self-administered EPDS,
PSQI, BDI, MINI, DASS-21, IRLSSG, and PHQ-9
questionnaires and only two studies**" used interviewers
to complete them. All studies contained the small sample
size. Hence, the sample size should be larger to increase to
power of study. Studies did not report any data regarding
anti-depressant medication during pregnancy.

Conclusions

Vitamin D deficiency seems to be associated to PPD
and sleep disorders. Although studies have several
limitations, the importance of sufficient vitamin D status
in pregnant and postpartum women has been addressed
in all studies, especially regarding the prevention of PPD.
Probably, vitamin D supplementation in patients with
vitamin D deficiency can help to improve PPD. However
supplementing women with normal level of vitamin D
cannot have beneficial effect on PPD. However, further
studies are needed to determine the effect of vitamin D on
PPD.
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