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The correlation of vitamin D and probability of postpartum depression is becoming more and more popular. Numerous studies have concluded the close relation of vitamin D to postpartum depression (PPD) but due to the complications of this connection, the findings have been mixed. Epidemiological studies have found a close link between vitamin D deficiency, depression along with other mood disorders, and vitamin D has been linked to a number of brain processes. Low vitamin D during pregnancy might potentially raise the likelihood of postpartum depression, according to the hypothesis. According to estimates, 20% to 40% of women worldwide have postpartum depression (PPD) after giving birth. Although vitamin D's role in the management of mental diseases and depression has been studied recently, it is yet unknown how vitamin D could impact PPD. The results are contradicting each other and do not prove the connection of the supplement’s insufficiency and PPD, and a review of contemporary research has not yet been done. Additionally, there aren't many clinical investigations on supplementation with vitamin D with PPD. Up to now, only a very few studies have examined that connection. The findings from fellow examinations indicate that vitamin D deficiency is related to the incidence of PPD. Vitamin D may also be important in the recovery of women with postpartum depression. However, it is unclear whether these effects are due to vitamin D's impact on the hypothalamic-pituitary-adrenal (HPA) axis' function, level of serotonin and estradiol, and pro-inflammatory cytokines and/or other PPD-related mechanisms. Thus, the goal of the study was to ascertain if postpartum depression relates to poor vitamin D levels while pregnant. The articles considered for this study were those discussing connections of vitamin D and PPD in the Google Scholar, PubMed, PsycINFO, Embase, MEDLINE, and Maternity and Infant Care databases. 
[bookmark: _Toc119014501]2.Introduction

The main factor in women's disease-related incapacity is depression during and after pregnancy. Out of all the women-related issues, postpartum depression (PPD) is widespread, with 19% prevalence (Alshikh Ahmad, et al. 2021). Poor cognitive growth, the physical and mental well-being of the child, and behavioral outcomes are all the results of postpartum depression. It also includes depressiveness in the gestation and post-partum, which are related to adverse results for mothers and their newborns (Özcan, et al. 2017).
The relationship between pregnant mood problems and blood levels of 25-hydroxyvitamin D (25(OH)D), the vitamin D metabolite that is the greatest predictor of vitamin D status in the general population, has been examined in a number of researches. These research findings, however, remain uncertain. This study is an extensive literature review that studies the association between vitamin D deficiency and post-partum depression, or it can be said to be a link between 25(OH)D and PPD (Mahmood, et al. 2015).
PPD is a dangerous condition that affect both women and their families along with unborn children. Similar to major depressive illness, PPD can present with symptoms such as melancholy, sluggishness, losing interest in once-enjoyable activities, and even suicidal thoughts or ideas. Neglect, poor care, and maybe even abandonment of their babies are further indications of PPD (Fallah, et al. 2020).
According to research on both general populations and women, in particular, there may be a link between low levels of vitamin D in the blood and depression (Aghajafari, et al. 2018).
Ersoy and Ersoy, investigation, which looked for how vitamin D levels relate to the depression of adolescent females, came up empty-handed. Both genders have expressed depressive conditions in relation to reduced levels of calciferol, according to Milaneschi et al. (2014) and they also discovered a link between low vitamin D levels and depression in the women. In a randomized experiment, Stefanowski et al. (2017) found that administering women more vitamin D3 helped them feel less depressed.
Decreased concentration of the micronutrient have been correlated with a variety of illnesses and disorders, including premenstrual syndrome, post-partum depression (PPD), seasonal affective disorder, preeclampsia, cardiovascular depression, bone disease, autoimmune disorder, cancer, non-specific behavior changes, and other more serious clinical depressions. The hypothalamus, thalamus, amygdala, dorsal raphae nucleus, and motor neurons are said to have large amounts of vitamin D, which supports the idea that it may impact the spinal cord and brain stem along with effects on the motor system, autonomic, and endocrine (Singla, et al. 2015). Thus, signs of being depressed, including exhaustion, mood disruption, and motor function, may be linked to vitamin D deficiency (Kiely, et al. 2021).
After the skin was exposed to ultraviolet B radiation, it had been predicted that the human body would create vitamin D, a hormone that is derived from cholesterol. Additionally, various primary sources of vitamin D includes fish and egg yolk. Due to the frequent use of sunscreen out of concern for skin cancer and the reduction of fish in the diet out of concern for mercury levels, pregnant women frequently do not obtain enough vitamin D (Abedi, et al. 2018). Few people know how common vitamin D insufficiency is among the general population, especially during pregnancy. According to studies, pregnant women are more likely than non-pregnant women to have low blood levels of 25(OH)D, and the concentration of 25(OH)D appears to change across the three trimesters, with higher levels presented in the second part of the pregnancy. (Ribamar, et al. 2020).
The World Health Organization (WHO) and the American College of Obstetricians and Gynecologists do not advise standard taking of vitamin D supplements while pregnant because systematic testing of prenatal calciferol has been proven to be of low cost. (Lin, et al. 2019). However, starting in week 12 of pregnancy, some international health agencies, such as the Turkish Ministry of Health, advice vitamin D supplements with 1200 IU per day (Urrutia-Pereira and Solé, 2015).
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This is an extensive literature review studying the association between vitamin D deficiency and postpartum depression. For the purpose of this literature review, articles were searched on Embase, Google Scholar, MEDLINE, PubMed, PsycINFO, and Maternity and Infant Care databases. This study is focused on three studies with the same background, and it analyzes these three articles extensively.
The first study was conducted in which they discussed the deficiency of vitamin D among women during their pregnancy and the chance of getting affected by postpartum depression symptoms; Robinson M, et al. (2014).
In Perth, Australia, Robinson et al. conducted prospective cohort research and examined blood samples from 696 randomly chosen pregnant women (18 weeks of gestation). The research included just females of Caucasian descent. Each sample's 25(OH)D level was determined, and the samples were then classified into 4 groups according to their concentration: “19 ng/mL, 19 to 23 ng/mL, 24 to 28 ng/mL, and >28 ng/mL” (Robinson. et al, 2014).  Based on acknowledged typical concentration of vitamin D, which is thought to be from 20 to 50 ng/mL, this categorization was created to assess potential consequences resulting from deficiencies or insufficiencies. Six symptoms from the Edinburgh Postnatal Depression Scale known as (EPDS), are included in this measure: sleep disturbance, appetite change, tearfulness, mood swings, sadness, and anxiety were used to measure mood disturbances in the study's participants' moods over the course of a 3-day observation period following delivery. Each response received a 4-point rating, with higher scores indicating a worse mood. A probable mood disturbance was defined for the study as a score of 6 or above.
Another study used for the purpose of this literature review was conducted by Gur et al. (2014). The premise of this study revolves around mid-pregnancy vitamin D levels and postpartum depression. A prevalent disease, PPD, impacts 1-2 of 10 first time mothers and might be harmful to both the mother and the baby. Low vitamin D levels may be related to sadness and a bad mood, according to recent studies. This prospective study's objective was to assess any potential relationships between PPD and mid-pregnancy blood levels of 25-hydroxy vitamin D3 (25(OH)D3), a descent indicator of vitamin D.
Gur and associates conducted and published further prospective cohort research in Turkey. The results were obtained from examining 678 expectant mothers in the range 24-28 weeks of gestation. The conditions for participation in that particular research were BMI in the range of 20 to 30 kg/m2, school education of 8th class, women who have reached parity 3 by age, age between 18 and 40 years, and have an annual salary of $4500 as minimum salary, and provided they were married, wanted or planned pregnancy. Women with PPD risk factors, such as a lack of social life, a strained marriage, stressful life events, prenatal depression, anxiety issues, a history of depression, a low socioeconomic status, an unwanted or unintended pregnancy, multiple pregnancies, use of alcohol or substances, smoking, obesity, were excluded from the study. After delivery, participants were additionally disqualified if they had a problematic delivery, death of the fetus in the uterus, death in the newborn stage, a baby with an anomaly, or newborn admitted to the neonatal intensive care unit.
The authors came to the conclusion that PPD is linked to low vitamin D or vitamin D deficiency during mid-pregnancy. The time of the blood sample collection for vitamin D levels is a research limitation that restricts the scope of this study. They were gathered throughout the summer and the autumn; thus, they were probably greater than expected if done during the other seasons.
The third study selected for conducting this extensive literature review study was completed by Nielsen, et al. (2013). The background of his study revolved around vitamin D status during pregnancy and the risk of subsequent postpartum depression. The participants were chosen from the Danish National Birth Cohort. Based on filling prescriptions for depression medications within a year following birth, 605 women in total were recruited. The selected sample was further compared with the other 875 women who did not fill any prescriptions for antidepressants within a year of giving birth. The said study found a strong positive correlation between vitamin D levels and postpartum depression. The findings of the said study did not provide evidence for a link between vitamin D deficiency and postpartum depression after pregnancy. Instead, it was shown that women with the greatest vitamin D concentrations had a higher risk of PPD. 
As long as the underlying process is not apparent, the findings of this study's implications for public health remain equivocal. They don't believe that the relationship between greater vitamin D concentrations and an increased risk of PPD is due to vitamin D's direct negative effects because the highest vitamin D concentrations in the research were far lower than those that are often regarded as dangerous. Nevertheless, the study's findings imply that intricate biological processes play a role in the association between vitamin D intake during pregnancy and the risk of postpartum depression, indicating that suggestions to pregnant women to take vitamin D supplements should be taken with care.
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Data Sources: An analysis of the research is necessary to assist physicians and medical practitioners decide how to manage their pregnant patients since it is possible that low vitamin D levels or vitamin D deficiency and depression, particularly post-partum depression, are related. A search was conducted to find the primary sources for this literature review paper. For this study, searches were conducted using Google Scholar, MEDLINE, PubMed, and International Pharmaceutical Abstracts. All the empirical studies were selected to conduct this literature review study. The key word used to search for the study include vitamin D, calciferol deficiency, 25-hydroxyvitamin D, or 25(OH)D, pregnancy, depression, and postpartum depression. Human participants, English speaking, and vitamin D as the only micronutrient to investigate were the inclusion criteria. This literature review study didn't include any research that didn't evaluate vitamin D levels throughout pregnancy. There are now three studies that have been published that examine the connection between vitamin D deficiency and postpartum depression. This review's goal is to assess this relationship using the information at hand.

[bookmark: _Toc119014504]5.Extraction of data
 The inclusion criteria were human participants, the use of the English language, the use of vitamin D as the only micronutrient in the investigation and measuring the level of vitamin D or its deficiency during or post pregnancy. Studies that looked at vitamin D levels following delivery were not included. Additionally, any prenatal depression was disregarded for the purposes of this study.
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 Even though a number of variables may affect the risk and the seriousness of PPD, only three of the published longitudinal studies have examined the connection between vitamin D deficiency and postpartum depression. Their findings were inconsistent: In two of these investigations, there was a demonstrable link between PPD and patients with low vitamin D levels. However, the third study discovered a link between PPD incidence and high vitamin D levels.
	Studies
	Type of study
	Number of Patients
	Time Period
	Results

	Robinson, et al, 2014
	Quantitative
Longitudinal
	696
	18 weeks of gestation period during pregnancy
	Vitamin D deficiency is a causing factor of postpartum depression. Discover six more reasons for PPD.

	Mahmood, Owens, and Hoover, (2015).

	Quantitative
Cross-sectional
	Literature
	Mid-Pregnancy
	Potential connection of the micronutrient’s concentration during mid-pregnancy and PPD

	Ribamar, et al., (2020).

	Longitudinal
Quantitative
	8538 Women
	24-32 week of gestation period and 6 months after delivery
	Possible relationship between VDD and a higher predisposition to gestational and PPD.

	Menon, et al., (2020).

	Meta analysis
Secondary data
	Analysis of 68 articles
	Anonymous
	Serum vitamin D levels conversely impact clinical depression

	Lin, et al., (2019).
	Quantitative
Cross-sectional
	97
	6–8 weeks postpartum
	The composition of erythrocyte fatty acids and plasma riboflavin levels may both have an impact in the development of PPD.

	Abedi, et al., (2018).

	Quantitative
Cross-sectional
	120
	2-12 weeks postpartum
	Remarkable link between a low level of vitamin D and PPD among reproductive-aged Iranian women

	Gur et al. 2014
	Quantitative
Cross-sectional
	208
	24-28 week of gestation period during pregnancy
	Negative connection between vitamin D deficiency and PPD

	Nielsen et al. 2013
	Quantitative
Cross-sectional
	605 pregnant women taking antidepressant and 875 pregnant women not taking
	10-12 week of gestation and 25th week of gestation
	Higher level of vitamin D is harmful, low level not that much


Table 1: Summary of Literature Review

[bookmark: _Toc119014506]7.Ethical Consideration

Some of the examined research did not account for misleading elements which directed the result of the study to other variables or the other variables that limit the scope of this systematic literature review. Numerous studies have been conducted in the past which studied the level of Vitamin D and its impact on various phases of pregnancy. The measuring method of 25(OH)D was already considered as an influential element of variability in several evaluations of vitamin D and disease-related effects. Since different inter-method variability for similar blood samples has been documented by DEQAS (International Vitamin D External Quality Assessment Scheme), the technique of measuring vitamin D is a crucial consideration. LC-MS/MS is currently the best assay for measuring various forms of vitamin D, including epimers (liquid chromatography-tandem mass spectrometry). The studies differed in how they defined the cut-offs for 25(OH)D deficit, in addition to the underlying problems in the test methodology. Aside from these additional confounding variables, vitamin D levels may also be influenced by UVB (Ultraviolet B) exposure, BMI status, dietary status, ethnicity, season, latitude, and VDR (vitamin D receptor) genotype. 
Age, income, social support, housing arrangements, education, and other comorbidities are other variables that might impact depression after pregnancy. Most of the analysis included in this systematic review either did not take in consideration these factors at all or did so only in part. Finally, there are differences between the studies on the types of assessment instruments and the cut-offs they employ to characterize prenatal or postnatal depression in the assessment of antenatal and postnatal depression.
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This systematic literature review covered various sources of literature covering the concerned topic but focused on three main research areas, which were extensively covered in the literature review part. The findings were also designed to have a common outcome across several studies and then the outcome of three selected studies.
It is evident that low vitamin D levels assessed soon after birth are associated with postpartum depression later development as well as lower prenatal vitamin D levels and postpartum depression risk. A cohort study by Fu et al. also looked at PPD for three months postpartum and vitamin D levels 24 hours after birth. They discovered a statistically significant correlation with PPD as determined by EPDS and levels of the nutrient lower than 10.2 ng/mL. This research is one of the arguments in favor of the link between PPD and low vitamin D levels.
Supplementing with vitamin D is a reasonably safe and affordable way to ensure a healthy pregnancy (Lian, et al. 2021). Currently, it is not necessary to invest in broad vitamin D-level tests to avoid PPD in expectant mothers. However, it is crucial that doctors used to avoid over-supplementing pregnant women with vitamin D due to inconsistent research on its benefits.
The research conducted by Robinson et al. (2014) discovered an adverse association with low supplement’s concentration and postnatal depression. According to the overall symptom ratings used in this study, there is a statistically significant link of the reduced vitamin D in the second trimester and an increase in PPD symptoms. Participants' ages ranged from 20 to 29.9 years, and a healthy BMI was maintained by more than 73% of them. Compared to the 26.9% of individuals in the lowest quartile, only 16.5% of those in the top quartile had PPD with six or more symptoms. Adjustments were made for a number of putative cofounders, including maternal age and BMI, alcohol usage, smoking, the season of delivery, and education. When compared to women in the top quartile, women in the lowest 25(OH)D quartile had a substantially higher likelihood of endorsing 6 or more depression symptoms. The results did not conduct majority, however the participants who scored higher concentration of vitamin D levels displayed fewer symptoms of depression.
The researchers concluded that there is a connection between low vitamin D levels during mid-pregnancy and an increase in postpartum depression symptoms. This study's use of the EPDS scoring instrument to evaluate PPD for only three days postpartum may be a limitation that limits the results of the study. Theoretically speaking, post-partum depression symptoms can appear at any moment within the first four weeks following childbirth and last for up to a year (Mandell, 2021). Additionally, it should be emphasized that studying only one blood sample during mid-pregnancy could not be enough, and that getting a second sample closer to the conclusion of the pregnancy might have provided more useful information.
The subsequent study conducted by Gur et al. (2014) helped to reach the place where it is suitable to say that vitamin D deficiency has several adverse consequences during and after pregnancy, including PPD. Following the eliminations of the study, blood was collected from 208 expectant mothers between 24 and 28 weeks of gestation as a sample. The results were grouped in 3 different sections: severe deficit (10 ng/mL), mild deficiency (20 ng/mL), and normal (>20 ng/mL). PPD was assessed using an EPDS grading system one week after birth, then again at six weeks and six months later. Using the EPDS scoring method, a participant was supposed to have a result equal or more than 12. For each of the three time periods, Pearson correlation was used (the results were collected in first week, sixth week and fifth month after infant’s birth).
Participants in the research had an average age of 28.5 and an approximate BMI of 26.5. The individuals' average levels of vitamin D were 22.4 ng/mL, with 40% having a mild and 11% having a severe deficit of vitamin D. In the first postpartum week, around 21% of the individuals satisfied the criteria for PPD, 23% did so by the sixth week, and nearly 24% did so by the sixth month. Women with PPD and women without PPD in 3 time periods had substantially different mean levels of the nutrient. In comparison with the control group (vitamin D levels >20 ng/mL), 50% of the severely deficient women’s group (levels greater than 10 ng/mL) reported PPD during the sixth month after delivery. The first to sixth postpartum week findings were in line with those from the sixth month. Additionally, there was a significant inverse relationship between vitamin D levels and EPDS score during the three-time courses.
The findings of the last study utilized in the literature review resulted in a non-significant relationship between reduced vitamin D concentration and post-partum low moods. Pregnant women had their blood collected on week 10,12 and 25. The results revealed 6 different concentration levels. The findings of this study propose a probable J-shaped connection in PPD and vitamin D levels, with both high and low levels being related. This study found no evidence of a relationship between prenatal vitamin D levels and postpartum antidepressant usage. The researchers summarized that the statistics did not show enough correlation of the deficiency of the nutrient and the incidence of PPD. The research was limited as there was not an accurate scoring method, such as EPDS, to assess PPD. One of the study's weaknesses is that it measured total vitamin D rather than free vitamin D, even though only free 25(OH)D3 is the physiologically active form. If pregnancy raises protein levels, and if the socioeconomic status is left unadjusted, there may be considerable nutritional variations across groups. 
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The information that is currently available suggests that the deficiency of vitamin D levels during pregnancy may be associated with the development of PPD, but the results from the existing cohort studies are contradictory and confounded by methodological problems. Vitamin D levels in pregnant women should ideally be greater than 20 ng/mL. Additional research is required to evaluate whether the administration of the supplement is advantageous and if achieving a certain goal because of supplementation is helpful in avoiding PPD.
The current investigation discovered a potential link between vitamin D deficiency and a higher propensity for depression to arise during pregnancy and postpartum. It was also possible to notice that vitamin D supplementation has been suggested as a viable method for lowering the risk of depression symptoms throughout these biological times. However, additional research is required to identify whether vitamin D insufficiency is a potential adverse outcome for postpartum depression or if it is more of a consequence than a cause of these conditions. In addition to determining the suggested and safe dose of medication of vitamin D necessary to keep serum vitamin D levels high and dissuade such ailments during this period, this research study insisted on the necessity of having more randomized controlled trials assessing the effects of vitamin D supplementation during pregnancy on both gestational and postpartum depression. 
Based on the findings, this study provides the following recommendations that prospective researchers who wish to investigate the therapeutic and preventative effects of vitamin D on depression may want to keep in mind: 
· Administer vitamin D using the recommended amounts, times, frequencies, and routes: According to preliminary research, the effectiveness of oral and parenteral methods is equivalent. However, oral supplementation compliance is probably more of a problem. A single supplementary parenteral dosage of vitamin D for depression has been shown in trials to have positive benefits, suggesting that the effectiveness of parenteral supplementation is much higher in this area (Menon, et al. 2020).
· Determine which subgroups with depression might profit most from more vitamin D: There may be a subset of depressed people who would benefit most from vitamin D treatment, much as there seems to be an inflammation biotype of depression. Finding that subgroup is the issue, and enriched trials definitely seem to be a step in the right direction to do so. According to the literature that is currently available, individuals who are obese, old, young, housebound, or who have chronic illnesses are possibly more inclined to benefit from vitamin D-based therapies (Menon, et al. 2020). This needs more research.
· Calculate contemporaneous changes in vitamin D levels, depression, and inflammatory markers: Researchers should attempt to determine if changes in the level of vitamin D and systemic inflammatory indicators coincide with changes in depression ratings. It will also shed important light on the biochemical mechanisms behind the relationship between vitamin D and depression (Menon, et al. 2020). This will strengthen the link between vitamin D and depression even further.
· Examine the advantages of vitamin D suprathreshold dosing: The trials that are now available have solely examined the taking of supplements to treat underlying vitamin D insufficiency. It may be important to investigate if extra supplementation aids in the management of persistent depressive symptomatology and the avoidance of new episodes. 
· Adequate confounding factor correction is necessary to reduce the risk of false connections. Researchers should be aware of a variety of significant confounding variables, including both lifestyle and demographic characteristics. Additionally, it becomes important to adjust for factors like social support, the baby's gender, and the mother's educational status in unique populations like postpartum moms.
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