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Abstract 
Food consumption of omega-3 fatty acids, vitamin B complex, antioxidant such as vitamin C, micro minerals such as zinc, magnesium and iron, and vitamin D has been associated to the cause and treatment  of depression. However, there has been a lack of strong scientific evidence in many of the reported studies. Vitamin D receptors impact on various brain neurotransmitters and suggest a potential role in causing and redressing mood disorder, psychiatric and neurological conditions. In this literature survey report, the author has tried to examine whether vitamin D deficiency is associated with depression and providing vitamin D supplements will help overcome depression. The author has carried out a literature survey that examines the relation between vitamin D deficiency/insufficiency and depression, vitamin D supplementation and Vitamin D as a treatment for depression.


Introduction
Human beings fulfil their daily requirement of Vitamin D from a variety of sources, including exposure to sunlight, general diet intake and dietary supplements (Nair and Maseeh,2012). There are two types of vitamin D which are obtained from dietary sources. We can get vitamin D2 (or ergocalciferol) from plant sources (such as mushrooms and soy milk) and vitamin D3 (or cholecalciferol) from animal sources (e.g., raw fish, mackerel, eel, salmon). Although vitamin D3 is about three times stronger than D2, it is difficult to obtain sufficient daily vitamin D from general dietary intake. The majority of vitamin D is produced in the body through the penetration of sunlight on the skin. The ultraviolet B (UVB) radiation present in the sunlight converts 7-dehydrocholesterol to pre-vitamin D3, and then to vitamin D3.
By forming the compound 25-hydroxyvitamin D or 25(OH)D after metabolising in the liver and then further converting to its active form (1,25-dihydroxyvitamin D) in the kidney it binds to vitamin D receptors in target tissues. In general practise, the optimal range of 25(OH)D present in blood is between 30- 60 ng/ml and with ‘insufficiency’ defined as levels between 21-29 ng/ml and ‘deficiency’ as < 20 ng/ml (Holick, 2008). It has been stayed that about one billion people have inadequate levels of vitamin D or are vitamin D deficient. The daily vitamin D intake of 600 IU for children and adults up to the age of 70 years, and 800 IU for adults over the age of 70 years has been suggested by (Carbonare et al., 2017).
Vitamin D deficiency can have long-term effects on the human body which are vast and varies in different age groups. In utero and during childhood, vitamin D deficiency can cause growth retardation and skeletal deformities. It also increases the risk of hip fracture in later adulthood as it is essential for bone health. Vitamin D deficiency leads to calcium deficiency and reduced bone density which can lead to conditions such as osteopenia and osteoporosis. Vitamin D receptors within the brain show some specificity to the prefrontal cortex, hippocampus, cingulate gyrus, thalamus, hypothalamus, and substantia nigra (Eyles et al., 2013) and these regions of the brain have been implicated in the physiology of depression. It is very important to understand the biology of vitamin D in the developing and adult brain, and the links between low levels of vitamin D and neuropsychiatric diseases. An overview of various studies examining for an association between vitamin D and depression is presented in this report. A critical examination has been carried out.
Methodology
A systematic literature review has been carried out by searching relevant articles associated with vitamin D and depression. A google scholar and regular google searches were carried out to identify literature articles. Some articles were also taken from the citations of prominent articles pertaining to vitamin D and depression. Specific search terms included “vitamin D” and “depression” – and with “treatment”. This was carried out to identify studies related to whether vitamin D can provide a reliable treatment for depression.

Result and discussion
There is societal stigma related to mental health and depression is one of them. Individuals try to control their symptoms, if they have serious depression distress or are in immediate contact with people who do. The degree of the individual's mental health awareness decides how they manage their symptoms (Jorm et al., 2000). By having the knowledge of available support and supplements, people with will be able to manage or prevent future mental health symptoms. The concept of vitamin D insufficiency has been the subject of intense discussion as a cause for depression. Based on (Bertone-Johnson, 2009), research suggests no strong link between vitamin D deficiency and the connection with depression. This is based on two critical theories in the potential implications of genetic and epigenetic elements. First, the availability and functionality of monoamine neurotransmitters in the brain that have been strongly linked to depression (i.e., the monoamine deficiency theory). The two brain chemicals most thoroughly investigated are norepinephrine, and serotonin in the central nervous system. The most significant evidence connecting monoamines to depression comes from studies on how well antidepressant medications work. The impact of stress on psychological functioning is the second related theory for the emergence of depression. In reaction to stress, the hypothalamus releases corticotropin-releasing hormone (CRH), which encourages the brain to produce corticotropins, which drive the adrenals to generate cortisol. Depression and anxiety may be caused by hypothalamic-pituitary-adrenal (HPA) axis dysfunction. There is a parallel drawn between the brains of humans and rat. There is strong evidence which suggests that the deficiency of vitamin D doesn't affect rats' behaviour. Additionally, there is little evidence linking vitamin D, stress, and cortisol. Study of 334 overweight or obese people provided evidence that vitamin D did not help them to improve their physical or mental state.
The study by (Reed et al., 2007) involved 75 African immigrant women and was aimed to establish the proportion of vitamin D deficiency/insufficiency in Somali women residing in neighbourhood and assess any potential links between low blood 25(OH)D concentrations and musculoskeletal complaints, weariness, pain, and depression. The women were given two months of vitamin D supplementation. The study found low 25(OH)D serum concentrations, a marker of vitamin D deficiency and no effect on their depressive symptoms. Another study done in 2009 by (Pan et al.,2009) among 3262 people, aged 50 to 70 in Beijing (north) and Shanghai (south), China. In each city, two urban regions and one agricultural county were chosen and asked to complete a questionnaire. The study population's rate of depression and 25(OH)D concentration, and various influencing factors were put in a model. After adjusting for several influencing factors, and geographic location, no direct corelation between depression symptoms and vitamin D 25(OH)D levels could be established. Similarly, (Dumville et. al.,2006) involved 2117 women in a multi-centre randomised control trial where calcium and vitamin D were administered to women with one or more hip fracture risk. They examined if vitamin D had any effect on seasonality-related psychological well-being throughout the course of six-months. After associating the results, mental health scores did not increase when elderly women were given 800 IU of vitamin D daily. 
(Almeida et. al.,2015) conducted the study in metropolitan Perth, Western Australia neighbourhood with 3105 older males to examine the retrospective, cross-sectional, and prospective relationships between vitamin D concentration and depressive mood. Using accepted techniques, evaluation of 25(OH)D was carried out. Past depression and current depression were also determined by using administrative health data linkage and by a geriatric depression scale score, respectively. During the 6-year follow-up, incident depression was determined by a patient health questionnaire (PHQ-9) score of 10 or by administrative health data linkage (range 0.1–10.9 years). Although a little antidepressant impact of vitamin D cannot be completely ruled out, the results did not suggest a role for vitamin D in the cause of depression. It is suggested that to rule out or definitively prove the causal relationship between vitamin D deficiency and depression, large, randomised placebo-controlled trials are required. (Gowda et al.,2015) looked at 18-year-olds with a sample size of 4923 participants who had been diagnosed with depression or depressive symptoms to calculate the mean score effect of vitamin D supplementation on reducing depressive symptoms. They performed over 9 trails and the studies involving 18-year-olds were given a depressive disorder diagnosis based on criteria from the Diagnostic and Statistical Manual of Mental Disorders or another symptom. The research did not corroborate the evidence for vitamin D and depression. 2015 research from Oregon State University conducted by (M.C. Health,2015) on 185 healthy females between the ages of 18 and 25 were their levels of vitamin D3 were assessed. 42% of the women had vitamin D3 deficiency (30 ng/ml) at the beginning of the study. Lower vitamin D3 levels were observed to predict clinically significant depressive symptoms after controlling for season, body mass index, race/ethnicity, food, and activity. However, it was concluded that due to small sample size, it is impossible to determine if vitamin D deficiency contributes to depression as it may only be more prevalent in depressed individuals. (Lee et al, 2011) study results demonstrate a negative link between depression and 25(OH)D levels that is mostly irrelevant to other aspects of lifestyle and health.
According to (Sotodehasl et al,2015) in their short review state that they have found evidence of the importance of vitamin D. They stated that vitamin D aids and improves cellular, neuromuscular, and ossification function. It is mostly utilised to regulate the concentration of calcium and phosphorus in the blood. Furthermore, they concluded that vitamin D is essential for good health and may play a significant role in mental health; nevertheless, the connection between vitamin D and depressive symptoms and other psychiatric illnesses is unclear and requires further research. The study is based on review of 42 articles since 2006. They have also tried to establish the link between vitamin D deficiency as a determinant for depression. Recent scientific research has scrutinized the connection between insufficient vitamin D and mood disorders and shown a relationship between low levels of vitamin D and the presence of depression. Depression statistically improved when vitamin D pills were taken. According to certain research, a change in vitamin levels (vitamin D supplementation of 800 IU daily or more) has a similar effect as antidepressant drugs in the management of depression. This has been corroborated by the research of (Menon et al, 2019), who stated in the year 2020 that over the last 15 years, researchers have been trying to prove that depression is a consensus of illness. With new findings, scientific interest in vitamin D's function in depression has grown. There are currently at least three main types of data that support this correlation. The authors have defined and clarified supporting data in these three areas. The first being that vitamin D plays a crucial role in the layers of the brain and control of mood. Second, vitamin D regulates the link between depression and infection through a possible naturally resistant mechanism. Thirdly, more details are becoming accessible regarding vitamin D's defensive abilities (under its anti-inflammatory effects). This has been supplemented by the study of (Yilmazi et. al.,2014) where they have found a strong evidence of Vitamin D deficiency and depression. Their study included 218 premenopausal women, 174 with a significant deficit of vitamin D and 44 women with normal levels of Vitamin D. As a common factor, the deficiency of vitamin D is consequently recognised by pain. They provide evidence that taking supplements of vitamin D can lead to improving the level of pain. Also, a meta-analysis based on 31424 participants showed evidence that women more often have depression due to the lack of vitamin D. However, there are also statistics that did not provide such information. In conclusion, they offer a strong recommendation for future studies to establish an association between the deficiency of vitamin D and depression, primarily based on the age of the person's persistence. Knowledge of Vitamin D has grown exponentially. This demonstrates new mechanisms and diseases associated with deficiency including cancer, cardiovascular disease, diabetes, and premature mortality. Whilst Vitamin D was believed to follow Funk’s model of vitamins, having a single mechanism and function limited to calcium and bone metabolism, the mechanisms of action of Vitamin D are now recognized to be endocrine, paracrine, and autocrine via vitamin D receptors (VDRs) affecting most physiological systems, including the brain. The enzymes necessary for the hydroxylation of 25(OH)D. Epidemiological evidence shows that Vitamin D deficiency is associated with an 8 - 14 % increase in depression and a 50 % increase in suicide. However, connection and ability of supplementation continue provocative awaiting confirmation by systematic review and meta-analysis.
(Robinson et al,2014) examined the prevalence of 25(OH)-vitamin D inadequacy and insufficiency with pregnant women and women of reproductive. The link between 25(OH)-vitamin D status in pregnancy and altered risk of postnatal depressive symptoms were examined. To evaluate the levels of 25(OH)-vitamin D, a study involved 796 pregnant women in Perth (1989–1992), who were participating in the Western Australian Pregnancy Cohort (Raine) Study. Three days after giving birth, women began to experience postnatal depression. Even after considering several confounding factors like season of birth, body mass index, and sociodemographic factors, women who were in the lowest quartile for 25(OH)-vitamin D status were more likely to report a higher level of postnatal depression symptoms. In other study, which involved 97 women and studied postnatal 25(OH)-vitamin D, it was discovered that low vitamin D levels were associated with a higher reporting of postnatal depressed symptoms up to seven months after delivery. It was observed that lower levels of 25(OH)-vitamin D in the second month of pregnancy are connected to a larger risk for reporting postnatal depression symptoms in the first few days following birth. Low 25(OH)-vitamin D levels have also been linked to a higher chance of reporting symptoms that could be signs of mood disorders. 
(Berk et al, 2007) studied 17 patients with depression, both unipolar and bipolar and measured their 25(OH)D levels in summer. Based on the study, it was found that as a simple and affordable strategy, vitamin D supplementation may be supported by well-designed RCTs of vitamin D in psychiatric and community populations with mood as the outcome. The report concluded that for vulnerable groups, supplementation would likely be the best course of treatment and should be used as a prophylactic measure. However, the effects based on different seasons were ignored as 25(OH)D levels would change depending on the exposure to sunlight. (Moy et el, 2016) studied to ascertain the relationship between vitamin D levels and women's health-related quality of life and depression. A cross-sectional study of women in Kuala Lumpur, Malaysia, was carried out. A self-administered questionnaire was used to evaluate sociodemographic traits, physical activity level, perceived depression, and health-related quality of life. Malaysia experiences a lot of sunshine all year round due to its proximity to the equator. A total of 770 female teachers mostly between the ages of 30 and 40 were recruited and more than 70% of them lacked vitamin D. Women who didn't get enough vitamin D were more likely to experience depression and had lower quality of life in terms of mental health. Vitamin D level was independently linked to depression. The presence of vitamin D receptors in the brain suggests that there may be more than one explanation for this association. It was concluded that among women in Kuala Lumpur, Malaysia, vitamin D status is substantially correlated with depression as well as mental health-related quality of life.
(Cuomo et el, 2019) examined the frequency and consequences of vitamin D deficiency in a sample of 290 psychiatric patients at the University of Siena Medical Centre for inpatient or day hospital treatment. From January to December 2017, they conducted a retrospective review of the medical files for 290 individuals who had been admitted for inpatient or day hospital care. After reviewing the medical records, the data were collected such  hormone serum levels,  weight, height, and body mass index (BMI); socio - demographic data (age, sex, date of birth, and place of birth); primary psychiatric diagnosis; vitamin D serum levels and other phospholipid metabolism parameters (PTH, alkaline phosphatase, calcium, magnesium, and phosphorus); prolactin serum levels; regular diet data (defined as at least two meals per day); regular exercise data (defined as aerobic activity >20 minutes at least). Among the 290 study participants, 94% had vitamin D levels that were below the normal range. 63% had vitamin D insufficiency and 31% matched the criteria for vitamin D deficiency. However, for samples recorded during July and August, vitamin D levels showed higher level due to summer months. Only 18 (6%) out of 290 patients with mental illness (mostly bipolar disorder) showed adequate levels of vitamin D and rest showed a very high prevalence of Vitamin D inadequacy or deficiency (VDID). The results indicated that VDID is much greater in patients with mental illness than in the general population. A recent study of 55,844 European individuals, found that 13% had serum vitamin D concentrations of less 30 nmol/L (Cashman et al., 2016). As there is evidence that vitamin D helps the brain defend itself against oxidative damage (Humble ,2010). A UK study indicated that all male psychiatric inpatients were vitamin D deficient while receiving hospital care and researchers discovered that 83% of hospitalised inpatients lacked adequate Vitamin D levels (McCue,2012)
(Ganji et al.2019) with the aim to find an association between serum vitamin D and depression studied 7970 non-institutionalized US residents of ages 15-39. About 20 % of the participants had low levels of vitamin D (serum vitamin D 50 nmol/L) and 30 % had moderate levels (serum vitamin D 50–75 nmol/L). Vitamin D deficiency was more common in women, non-Hispanic blacks, those with higher BMIs, poorer incomes, people residing in metropolitan areas, and people from the south. It was surprising that the prevalence of vitamin D deficiency was higher in people in the South compared to those in the Northeast and Midwest. This may be because study was done throughout the summer in the Northeast and Midwest and in the winter in the South to avoid the extreme cold environment in the Northeast and Midwest and the warm climate in the South. Participants in this study who reported having a recent episode of depression had 8.4 % lower serum vitamin D concentrations than those who did not. It was discovered that serum vitamin D concentrations were 14 % lower in people with major and minor depressions. Additionally, other study found that people who were receiving vitamin D supplements had significantly lower Beck Depression Inventory scores and lower levels of circulating parathyroid hormone without concurrent increases in calcium (Föcker et al., 2018).
(Kamalzadeh et. al.,(G2) study involved 347 people which was divided into two groups. First group of depressed people had 50 % participants and the second group participants did not have depression symptoms (control group). The depressed group had 92 % females and 174 depressed patients in the study. Depressive patients in the study had significantly lower mean vitamin D levels than the control group; however, their study's distribution of gender groups was extremely unbalanced (overrepresentation of women). They also studied the association between vitamin D level and depression in men and women, considering the biological and psychosocial variations between the sexes. The mean vitamin D levels in the depressed group were considerably lower than those in the non-depressed group in both genders. The present study emphasized the need for additional research to evaluate if low vitamin D serum concentration is causally related to depression in obese individuals and added support to the theory that it is. (Jorde et. al.,2008) studied a total of 441 overweight participants from the University Hospital of North Norway's outpatient clinic in ages from 21 to 70. The Beck Depression Inventory (BDI) was used to assess depressed mood both before and after the trial. The BDI is a self-created multiple-choice questionnaire with 21 items. In the current study, they discovered that compared to the subjects with serum 25(OH)D levels below 40 nmol/L, overweight and obese subjects with serum 25(OH)D levels above 40 nmol/L had higher (more depressive) scores on the BDI total. They also found that supplementing with high doses of vitamin D for a year improved these scores.
Based on a total of 31 424 people from a case-control research, 10 cross-sectional studies, and three cohort studies by (Anglin et el ,2013) it was confirmed that low vitamin D levels are linked to depression. In cross-sectional research, there was a higher odds ratio of depression for the lowest vs. highest vitamin D categories, and lower vitamin D levels were discovered in depressed individuals. According to the cohort studies, the risk of depression was considerably higher for those in the lowest vs. highest vitamin D categories. They emphasised the necessity for randomised controlled studies of vitamin D for the treatment and prevention of depression to confirm this association. (Alavi et al ,2018) conducted a study from March 2016 through February 2017 where three mental clinics participated in the randomised, placebo-controlled experiment. For 8 weeks, the eligible patients were divided into two groups at random: vitamin D group (n = 40) and placebo group (n = 40). Patients over 60 years old who were receiving therapy for depression were included in this study. Other requirements for inclusion included Iranian citizenship, the ability to speak Farsi and respond to questions, the absence of any history of mental illness other than depression, the absence of any history of physical disability, and a GDS (Geriatric Depression Scale) score above 5 that represents moderate to severe depression in older adults. The severity of the depression in the groups (GDS > 10) before the intervention was not statistically different. No patients in the vitamin D group developed severe depression following the intervention, whereas 10 patients (25.6%) in the placebo group did suggesting that in older patients’ depression scores improved when they took vitamin D supplements.
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	Author  
	Year  
	Sample  
	Qualitative/ Quantitative  
	Strength 
	Weakness  

	Alavi et al.,  
	2018
	78
	 Qualitative
	 Good study, also they cover an age group that is likely to show depression symptoms  
	They could involve more clinics into research.

	Almeida et al 
	2015
	3105
	Qualitative
	Good study, large number of participants, also 6 years follow up .
	They could compare, the similar studies in other countries. It could provide even more unbiased opinion. 

	Anglin at al.,  
	2013
	31424
	Quantitative 
	Very strong case study. They have done case-control studies cross-sectional studies, and cohort studies, also 31424 participants age over 18 years old, Study lent 2006-2011. 
	They have used only google scholar articles, however there are valuable resources they could have other non-academic point of view as well.

	Berk et al 
	2007
	17
	Quantitative 
	Closely observed participants, have compared that outcome. 
	Small number of participants were involved

	Bertone-Johnson 
	2009
	334
	Quantitative 
	There review does not support the connection of Vitamin D with depression  
	Very narrow research, specially how deficiency of vitamin  D could effect other energy human levels . 

	Cashman et al., 2016)
	2016
	 55,844 
	Quantitative
	Very strong research, used of secondary data from 11 EU countries 
	They should use more data from non-EU countries 

	Coumo at al. 
	2019
	290
	Quantitative 
	Good review of clinical record, they also have compared the vitamin D level with patients of other countries . 
	Potentially can wider the  research with larger  number of participants and also  longer period of time . 

	Dumville et al.,  
	-2006
	2117
	Quantitative 
	Strong study, they have used a lot of data in comparing their study’s result. 
	It could be longer study; six months is not enough. 

	Föcker, M et al., 
	2018
	200
	Quantitative
	Very good study, they have included different age group.
	They did a short trial ;28 days are not enough. The result could be manipulated because of mental illness of participants .

	Ganji et al., (2010) 
	2019
	7970
	Quantitative 
	This study's data were gathered through a nationally representative sample poll of civilian residents; as a result, the findings can be generalised to the entire community. The large sample size 7970 and the incorporation of several variables that affect blood vitamin D levels 
	The weakest point in the study that they have not done any research for level of vitamin d in previous years in south and north. 

	Gowda at el.,  
	2015
	4923
	Qualitative 
	Wide used if meta-analysis of randomized controlled trials. Unbiased view on the topic  
	They have not taken into consideration if the cause of depression on the participant was inherited 

	Health, M.C. for W.M.  
	2015
	185
	Quantitative 
	A university research, young age women were involved. Good factors for to compare levels of depression, as more people in middle age are suffering from depression . 
	Research does not consider the factors as if the participants were taking any supplements  

	Jorde.R.at al.,  
	2008
	441
	Qualitative 
	By using the Beck Depression Inventory, they have investigated effect of Vitamin D 
	Only people with overweigh were questioned. 

	Kamalzadeh et al., 
	2021
	347
	Quantitative 
	The study establishes that concentration is causally related to depression in obese individuals. and adds support to  
	It is a very small group of people, mainly women in depressive group. They should search for more males participants  

	Lee, D.M.et al.,
	2011
	3369
	Qualitative
	Good study, they questioned range of men between age 40-79 .
	They did not compared the same age group men with long term mental illnesses.

	McCue at el
	2012
	107
	Qualitative
	Good study, as they checked not only those 107 people but patients admitted to the hospital
	They compare vitamin D level of people with similar illnesses  by used secondary data.

	Menon et al.,  
	2019
	69
	Quantitative 
	The review clearly supports a association among vitamin D and depression. 
	They did not expand their research on articles written on other languages  

	Moy.F et al., 
	2016
	770
	Quantitative 
	Significant number of participants  
	They could wider the age group 

	Pan et al 
	2009
	3262
	Qualitative 
	Good cross study, they have compared two regions in China, also question more depressive age group. 
	 

	Reed et al., 
	2007
	75
	Quantitative 
	Strong study, they have used a lot of data in comparing their studys’result.

 
	They could have study wider immigrant’s communities  

	Robinson et al., 
	2014
	796
	Quantitative 
	Strong three years study that involve large number of participants .
	They could have exchange information with other researchers. 

	Sotodehasl, Malek  
	2015
	42
	Quantitative 
	They have done interesting research on the local population. 
	They could have expanded the age group research. 

	Yilmaz, Bodur, S., & Holick, M.F. Holick and Chen, T.C.
	2014
	218
	Quantitative 
	12 months study  
	Could be wider study, involving other hospitals or researchers. 
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