DRUG DISCOVERY | OPINION VOL.14, ISSUE 33, 2020

Schizophrenia and Vitamin D deficiency

Shashi K Agarwal

Medical Director, Agarwal Health Center, New Jersey, USA; E-mail: usacardiologist@gmail.com; Mobile Phone: 732-895-3200

Article History

Received: 19 February 2020
Accepted: 26 March 2020
Published: April 2020

Citation
Shashi K Agarwal. Schizophrenia and Vitamin D deficiency. Drug Discovery, 2020, 14(33), 90-96

Publication License

—G)
© The Author(s) 2020. Open Access. This article is licensed under a Creative Commons Attribution License 4.0 (CC BY 4.0). | ISSN 2278~
540X; EISSN 2278-5396

General Note

e
%4 Article is recommended to print as color version in recycled paper. Save Trees, Save Climate.

ABSTRACT

Vitamin D, a multipurpose steroid hormone, is vital to health. Vitamin D deficiency is present in approximately 30% to 50% of the
general population. Its deficiency is now considered a worldwide pandemic. A strong correlation exists between vitamin D deficiency
and the pathogenesis of several medical disorders. It is also being increasingly implicated in the pathology of several cognition and
mental illness. Scientific data suggests that raising vitamin D levels to normal may help reduce the elevated morbidity and mortality risk
associated with this deficiency. This study confirms a possible causal association between vitamin D deficiency and schizophrenia.
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Abbreviations: CNS: Central nervous system; DSM: Diagnostic and Statistical Manual of Mental Disorders; D2: egrocalciferol; D3:
Cholecalciferol; 25-OHD: 25-hydroxyvitamin D; SAD: Seasonal Affective Disorder

1. INTRODUCTION

Vitamin D refers to cholecalciferol and ergocalciferol, both biologically inactive precursors of this sunshine vitamin. Cholecalciferol or
Vitamin D3, is produced photo-chemically in the skin after exposure to sunlight (Norman et al, 1998), while egrocalciferol or Vitamin D2
is produced exogenously and enters the circulation after gastrointestinal absorption from ingesting food such as fortified dairy
products, fatty fish, and eggs (Ovesin et al, 2010). Vitamin D deficiency or insufficiency is prevalent in practically every segment of the
U.S. population, including children and young adults (Dong Y, et al, 2010). This deficiency is now being reported from virtually all parts
of the world, including sunny countries (van der Meer et al, 2006; Mashal 2001; Gannage-Yared et al, 2000; Rucker et al, 2002). A strong
correlation exists between vitamin D deficiency and the patho-physiology of several medical conditions. Although traditionally
associated with defects of bone and calcium metabolism (Lips, 2001), it has now become recognized as an important vitamin for good
health. Besides neonatal tetany, rickets, osteomalacia and osteoporosis (Wagnor et al, 2008) its deficiency has recently been linked to
several other diseases, including multiple sclerosis, Crohn's disease, lupus, rheumatoid arthritis, colorectal cancer, and chronic
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lymphocytic leukemia (Ramagopalan et al, 2010), cancer (Lappe et al, 2007), diabetes ( Baz-Hecht et al, 2010), active tuberculosis
(Nnoaham et al, 2007) and periodontal disease (Amano et al, 2009). Adequate levels of Vitamin D are also necessary for optimal
cardiovascular health (Lee et al, 2008; Wang et al, 2008; Kim et al, 2008), with its deficiency being associated with hypertension (Kristal-
Boneh et al, 1997; Forman et al, 2007), stroke (Pilz et al, 2008), heart failure (Pilz et al, 2008), cardiac arrhythmias (Chavan et al, 2007),
coronary artery disease (Watson et al, 1997), and myocardial infarction (Giovannucci et al, 2008). Its deficiency has also been linked to
excess cardiovascular mortality (Dobnig et al, 2008) and an increase in general mortality (Vacek et al, 2012). Recently, increasing
evidence has linked vitamin deficiency with several psychiatric and neurological conditions like depression and Alzhiemer's disease
(Lu'o'ng et al, 2011; Howland, 2011). The role of nutritional deficiencies, especially vitamin D deficiency in the patho-physiology of
schizophrenia is also emerging (McGrath et al, 2011) Neonates born in the winter and those with hypovitaminosis D levels exhibit a
higher propensity to develop schizophrenia (McGrath et al, 2010) Adult schizophrenics appear to have lower vitamin D levels (Itzhaky et
al, 2012) This study was done to assess the prevalence of vitamin D deficiency in institutionalized patients with schizophrenia.

2. METHODS

We retrospectively reviewed the vitamin D results on all schizophrenic patients seen in our office during a period of six months. All
patients were diagnosed to be suffering from schizophrenia by psychiatrists according to the criteria established by the revised fourth
edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV, 2000) All patients met the three diagnostic criteria:
A. Characteristic symptoms: Two (or more) of the following, each present for a significant portion of time during a 1-month period (or
less if successfully treated): (1) delusions, (2) hallucinations, (3) disorganized speech (e.g., frequent derailment or incoherence), (4)
grossly disorganized or catatonic behavior, (5) negative symptoms, i.e, affective flattening, alogia, or avolition. B. Social/occupational
dysfunction: For a significant portion of the time since the onset of the disturbance, one or more major areas of functioning such as
work, interpersonal relations, or self-care are markedly below the level achieved prior to the onset (or when the onset is in childhood or
adolescence, failure to achieve expected level of interpersonal, academic, or occupational achievement). C. Duration: Continuous signs
of the disturbance persist for at least 6 months. This 6-month period must include at least 1 month of symptoms (or less if successfully
treated) that meet Criterion A (i.e., active-phase symptoms) and may include periods of prodromal or residual symptoms. During these
prodromal or residual periods, the signs of the disturbance may be manifested by only negative symptoms or two or more symptoms
listed in Criterion A present in an attenuated form (e.g. odd beliefs, unusual perceptual experiences) (DSM-1V, 2000) All patients were
regularly seen by their psychiatrists and were stable on anti-psychotic medications. Vitamin D was measured as 25-hydroxyvitamin D in
the blood. The levels were analyzed by chemi-luminescent immunoassay and reported as ng/ml. Although some previous studies had
established 27 nmol/I as the lower limit of the normal range (Fraser, 1983), the accepted lower limit is usually accepted to be 30 nmol/I (
Zeghund et al, 1997) Most laboratories define the normal range of vitamin D as being 30 to 74 ng/mL. In our study the levels were
recorded and classified as follows: more than 30 ng/ml: normal; 21 to 30 ng/ml: mild deficiency; 11 to 20 ng/mL: moderate deficiency;
10 ng/ml or less: severe deficiency (Norman et al, 2007).

3. RESULTS

Of the total of 83 patients with schizophrenia, 63 had vitamin D levels measured. Of these, 46 (73%) had low Vitamin D levels(less than
30 ng/ml), while 17 (27%) had normal vitamin D levels (more than 30 ng/ml). Of the 26 females, 20 (77%) had low vitamin d levels and
of the 37 males, 26 (70%) had low vitamin D levels. 10 of the 63 had severe deficiency (10 ng/ml or less), 22 of the 63 had moderate
deficiency (11 to 20 ng/mL) while 14 of the 63 had mild deficiency (21 to 30 ng/ml). No difference was noted between the males and
females.

4. DISCUSSION

Vitamin D receptors and vitamin D metabolizing enzymes are present throughout the brain. Vitamin D affects numerous
neurotransmitters and neurotrophic factors in mental disorders (Humble et al, 2010) It protects the brain preventing vascular injury
through antioxidant and anti-inflammatory mechanisms (Cass et al, 2006; Baksi et al, 1982; Harms et al, 2008; Berk et al, 2008; Stumpf et
al, 1987; Stumpf et al, 1995; Wion et al, 1991; Watson et al, 2002; Partonen, 1998). Its deficiency is associated with negative CNS effects
in animal studies, including increased anxiety, decreased activity, and muscular and motor impairments (McCann et al, 2008).
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4.1. Role of Vitamin D in schizophrenia

Schizophrenia is a worldwide disease, with a prevalence of approximately 1% (Bhugra 2005). It is the third leading cause of global
disability in persons aged 15-44 years. It is responsible for 2.8 percent of the global burden of disability (Health Organization, 2001). The
clinical features and management of schizophrenia has been well studied (APA, 2000; Sullivan et al, 2003; Woo et al, 2004). These
patients suffer from multiple co-morbid psychiatric (Foti et al, 2010; Palmer et al, 2005) and medical conditions, including pulmonary,
cardiovascular and endocrine diseases (Jeste et al, 1996; Casey et al, 2011; Goff et al, 2005; Copeland et al, 2007). They also appear to
get suboptimal medical care (Brown et al, 2000; Felker et al, 1996). Institutionalized patients with schizophrenic may be subject to poor
living conditions, poor diet, excessive smoking and alcohol intake, lack of exercise and reduced exposure to the sun (Wildgust et al,
2010). In general, patients with schizophrenia have a two to three fold higher mortality rate when compared to the general population
(Laursen et al, 2007; Saha et al, 2007; Brown et al, 2010) and a reduction of 10-25 years in life expectancy. The role of vitamin D
deficiency in this population is rapidly emerging and is being subject to clinical investigation (McGrath et al, 2011) Neonates born with
hypo-vitaminosis D levels exhibit a higher propensity to develop schizophrenia (McGrath et al, 2010) Vitamin D levels are lower during
winter and spring months and neonates born during this period have a significantly increased risk of later developing schizophrenia
(Moskovitz, 1978; Torrey et al, 1997) Similar associations between schizophrenia and people living at higher altitudes with lower
exposure to sunlight have been documented (Saha et al, 2006) Dark skinned migrants also appear to develop more schizophrenia,
compared to white skinned migrants from the same regions (Cantor-Graae et al, 2005) Several studies have demonstrated that adult
schizophrenics have lower vitamin D levels (Itzhaky et al, 2012) compared to the general population. The exact etiology is not known.
Low vitamin D may alter gene expression and nervous system development (Mackay-Sim et al, 2004) Environmental factors also appear
to play a role (Holick, 1995).

4.2. Role of vitamin D in psychiatric conditions

Vitamin D deficiency is associated with mood disorders, including seasonal affective disorder (SAD) (Thys-Jacobs et al, 1995; Wilkins et
al, 2006; Glothe et al, 1999). Broad spectrum phototherapy appears to improve symptoms in SAD (Gloth et al, 1999). A high percentage
of psychiatric inpatients (McCue et al, 2012; Berk et al, 2008) and outpatients (Humble et al, 2010) are deficient in vitamin D. Patients
with higher levels of depressive symptoms or with depression often have vitamin D deficiency (Howland, 2011; Witte et al, 2008;
Bertone-Johnson, 2009). Hypo-vitaminosis D has also been associated with bipolar disorders (Gracious et al, 2012) and psychosis (Berg
et al, 2010). It has been incriminated in some neurological disorders, including Alzheimer's disease (Eyles et al, 2012; Pogge et al, 2010;
Luong et al, 2011). Patients with Parkinsons disease also appear to by vitamin D deficient (L Ng K et al, 2012; Vinh et al, 2012).

4.3. Causes of Vitamin D deficiency

Vitamin D deficiency usually results from a multitude of factors, including dark skin, avoidance of sun exposure or living above and
below latitudes of approximately 40° N and 40° S, respectively, or poor exposure due to religious reasons or being institutionalized.
Vitamin D deficiency may also occur in infants, adolescents and pregnant and lactating women, primarily due to increased needs
(Gultekin et al, 1987; Prentice, 1998). Obese individuals tend to deposit vitamin D3 from cutaneous and dietary sources in the body fat
compartments, leading to reduced bioavailability (Wortsmanet al, 2000). Patients suffering from fat malabsorption syndromes,
inflammatory bowel disease (Lo et al, 1985) and those with obesity related gastric bypass surgery may become vitamin D deficient
(Compher et al, 2008; Reid, 1998) Certain medications can interfere with vitamin D absorption or metabolism, including orlistat,
cholestyramine (McDuffie et al, 2002; Compston et al, 1978) corticosteroids and epilepsy drugs (Buckley et al, 1996; Goughet al, 1986).
In vitro studies suggest that antipsychotic drug treatment may also lead to deficiency by inhibiting vitamin D synthesis (Lauth et al,
2010).

4.4. Prevention of vitamin D deficiency

Replacing vitamin D is generally cheap and easy. It is estimated that approximately 30 minutes of direct skin exposure of the arms and
face to sunlight can provide all the daily vitamin D needs of the body (Holick, 1994) Fatty fish, such as salmon, mackerel, herring and
sardines are the richest natural sources of vitamin D and an important way to maintain optimal levels (Nakamura et al, 2000) Fortified
foods can also help supplement its intake such as fruit juices, grains, milk, cereal and oils with calcium and vitamin D (Calvo et al, 2004)
Vitamin D is also available over the counter as a supplement or can be obtained in higher strengths with a doctor’s prescription. Vitamin
D toxicity is extremely rare. Prolonged massive doses may result in hyper-calcemia. Symptoms of toxicity may include anorexia, nausea,
vomiting, weight loss, constipation and weakness (Hathcock et al, 2007). Toxicity may rarely cause confusion and cardiac arrhythmias
(Favus et al, 1996).
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5. CONCLUSION

It is estimated that as much as 60% of the adult US population suffers from vitamin D deficiency. Our population of institutionalized

schizophrenia patients had a 73% incidence of hypo-vitaminosis D. This deficiency may contribute to the higher morbidity and mortality

noted in this population. Psychiatric in-patients may be particularly vulnerable to vitamin D deficiency because of lack of exposure to

sunlight, poor dietary habits, anticonvulsants therapy and overrepresentation of ethnic groups known to be at a greater risk.

Consideration should therefore be given to supplemental vitamin D in these patients. A Finnish cohort supplemented with prenatal and
infant vitamin D demonstrated a reduced adult risk for schizophrenia (McGrath et al, 2004) Obesity related depression shows an

improvement with vitamin D supplementation (Jorde et al, 2008). There is growing evidence that supplementation in adults improves

symptoms (Hogberg et al, 2012) in a variety of psychiatric disorders, including schizophrenia.

Acknowledgement
This data was presented as a poster during the annual scientific meetings of EPA, 2013.

Funding: This study has not received any external funding.

Conflict of Interest: The author declares that there are no conflicts of interests.

Peer-review: External peer-review was done through double-blind method.

Data and materials availability:
All data associated with this study are present in the paper.

REFERENCE

1.

Amano Y, Komiyama K, Makishima M. Vitamin D and
periodontal disease. J Oral Sci. 2009 Mar; 51(1):11-20
American Psychiatric Association: Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition - Text Revision.
Washington, DC, APA, 2000; 312-31

Baksi SN, Hughes MJ: Chronic vitamin D deficiency in the
weanling rat alters catecholamine metabolism in the
cortex.Brain Res 1982, 242:387-390.
Baz-Hecht M, Goldfine AB.The
deficiency on diabetes and cardiovascular risk. Curr Opin
Endocrinol Diabetes Obes. 2010 Apr; 17(2):113-9.

Berg AO, Melle |, Torjesen PA, Lien L, Hauff E, Andreassen
OA: A cross-sectional study of vitamin D deficiency among

impact of vitamin D

immigrants and Norwegians with psychosis compared to the
general population. J Clin Psychiatr 2010, 71(12):1598-1604.
Berk M, Jacka FN, Williams LF, Ng F, Dodd S, Pasco JA: Is this
D vitamin to worry about? Vitamin D insufficiency in an
inpatient sample. Aust New Zeal J Psychiatr 2008, 42:874-
878.

Berk M, Ng F, Dean O, Dodd S, Bush Al: Glutathione: a novel
treatment target in  psychiatry.
Sci 2008, 29:346-351.
Bertone-Johnson ER:Vitamin D and the occurrence of

Trends  Pharmacol

depression: causal association or circumstantial evidence?
Nutr Rev 2009, 67(8):481-492.

Bhugra D. The global prevalence of schizophrenia. PLoS Med.
May 2005; 2(5):e151

10.

11.

12.

13.

14.

15.

16.

17.

Brown, S., Inskip, H., & Barraclough, B (2000). Causes of the
excess mortality of schizophrenia.
Psychiatry, 177, 212-217.

Buckley LM, Leib ES, Cartularo KS, Vacek PM, Cooper SM.
Calcium and vitamin D3 supplementation prevents bone loss

British Journal of

in the spine secondary to low-dose corticosteroids in
patients with rheumatoid arthritis. A randomized, double-
blind, placebo-controlled Ann Med
1996;125:961-8.

Calvo MS, Whiting SJ, Barton CN. Vitamin D fortification in
the US and Canada: current status and data needs. Am J Clin
Nutr. 2004; 80:1710S-6S.

Cantor-Graae E, Selten JP. Schizophrenia and migration: a

trial. Intern

meta-analysis and review. Am J Psychiatry2005; 16

Carol LWagner and Frank R. Greer. Prevention of Rickets
and Vitamin D Deficiency in Infants, Children, and
Adolescents. Pediatrics 2008; 122;114

Casey DA, Rodriguez M, Northcott C, Vickar G, Shihabuddin
L. Schizophrenia: medical illness, mortality, and aging. Int J
Psychiatry Med. 2011; 41(3):245-51.

Cass WA, Smith MP, Peters LE: Calcitriol protects against the
dopamine- and serotonin-depleting effects of neurotoxic
doses of  methamphetamine.  Ann NY  Acad
Sci 2006, 1074:261-271.

Chavan CB, Sharada K, Rao HB, Narsimhan C. Hypocalcemia
as a cause of reversible cardiomyopathy with ventricular

tachycardia. Ann Intern Med. 2007; 146:541-542

www.discoveryjournals.org | OPEN ACCESS

Page9 3

disc@®very

rios the wncsiessd

(



http://www.biomedcentral.com/sfx_links?ui=1471-244X-12-38&bibl=B18
http://www.biomedcentral.com/sfx_links?ui=1471-244X-12-38&bibl=B20
http://www.biomedcentral.com/sfx_links?ui=1471-244X-12-38&bibl=B17

DRUG DISCOVERY | OPINION

VOL.14, ISSUE 33, 2020

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Compher CW, Badellino KO, Boullata JI. Vitamin D and the
bariatric surgical patient: a review. Obes Surg 2008;18:220-4.
Compston JE, Horton LW. Oral 25-hydroxyvitamin D3 in
treatment of osteomalacia associated with ileal resection
and cholestyramine therapy. Gastroenterology 1978; 74:900-
2.

Copeland LA, Mortensen EM, Zeber JE, Pugh MJ, Restrepo
M,
decedents: Impact of schizophrenia. Prog
Neuropsychopharmacol Biol Psychiatry. 2007; 31(3):720-6
Dobnig H, Pilz S, Scharnagl H, et al. Independent association
1,25-
dihydroxyvitamin D levels with all-cause and cardiovascular
mortality. Arch Intern Med. 2008; 168(12):1340-1349.

Dong YV, "Low 25-Hydroxyvitamin D
adolescents: Race, season, adiposity, physical activity, and
fitness" Pediatrics 2010; DOI: 10.1542/peds.2009-2055.
DSM-IV: Schizophrenia and other psychotic disorders. In:
Diagnostic and Statistical Manual of Mental Disorders DSM-
IV-TR. 4th ed. Arlington, Va.:
Association; 2000. http://www.psychiatryonline.com.
Accessed Nov. 26, 2011.

Eyles DW, Burne TH, McGrath JJ. Vitamin D, effects on brain
development, adult brain function and the links between low

Dalack GW. Pulmonary disease among inpatient

of low serum 25-hydroxyvitamin D and

et al levels in

American Psychiatric

levels of vitamin D and neuropsychiatric disease. Front
Neuroendocrinol. 2012 Jul 11. [Epub ahead of print]

Favus MJ, Christakos S. Primer on the Metabolic Bone
Diseases and Disorders of Mineral Metabolism. 3rd ed.
Philadelphia, PA: Lippincott-Raven, 1996.

Felker, B., Yazel, J. J, & Short, D (1996). Mortality and
medical comorbidity among psychiatric patients: A review.
Psychiatric Services, 47 (12), 1356-1363.

Forman JP, Giovannucci E, Holmes MD, et al. Plasma 25-
hydroxyvitamin D levels and risk of incident hypertension.
Hypertension. 2007;49(5):1063-1069

Foti DJ, Kotov R, Guey LT, Bromet EJ. Cannabis use and the
course of schizophrenia: 10-year follow-up after first
hospitalization. Am J Psychiatry. Aug 2010; 167(8):987-93
Fraser, D.R. 1983. The physiological economy of vitamin D.
Lancet, I: 969-972 (NHANES Il1).
Gannage-Yared MH, Chemali R, Yaacoub N, et al.
Hypovitaminosis D in a sunny country: relation to lifestyle
and bone markers. ) Bone Miner Res 2000; 15:1856-62.
Giovannucci E, Liu U, Hollis BW, et al. 25-hydroxyvitamin D
and risk of myocardial infarction in men: a prospective study.
Arch Intern Med. 2008;168:1174-1180.

Gloth FM, Alam W, Hillis B: Vitamin D vs broad spectrum
phototherapy in the treatment of seasonal
disorder.) Nutr Health Aging 1999, 3(1):5-7.

affective

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Goff DC, Cather C, Evins AE, Henderson DC, Freudenreich O,
Copeland PM, Bierer M, Duckworth K, Sacks FM. Medical
morbidity and mortality in schizophrenia: guidelines for
psychiatrists. J Clin Psychiatry. 2005; 66(2):183-94

Gough H, Goggin T, Bissessar A, Baker M, Crowley M,
Callaghan N. A comparative study of the relative influence of
different anticonvulsant drugs, UV exposure and diet on
vitamin D and calcium metabolism in outpatients with
epilepsy. Q J Med 1986; 59:569-77.

Gracious BL,Teresa L Finucane, Meriel Friedman-Campbell.
Vitamin D deficiency and psychotic features in mentally ill
adolescents: A cross-sectional BMC
Psychiatry 2012, 12:38

Gultekin, A, Ozalp, I, Hasanoglu, A. & Unal, A. 1987. Serum
25-hydroxycholecalciferol levels in children and adolescents.
Turk. J. Pediatr., 29: 155-162.

Harms LR, Eyles DW, McGrath JJ, Mackay-Smith A, Burne
adult
mice.Behav Brain

study.

THJ: Developmental vitamin D deficiency alters
behavior in 129/Sv) and C57BL/6)
Res 2008, 187:343-350.

Hathcock JN, Shao A, Vieth R, Heaney R. Risk assessment for
vitamin D. Am J Clin Nutr. 2007; 85:6-18

Health Organization. World Health Report 2001. Mental
Health: New Understanding, New Hope.
Switzerland: World Health Organization, 2001; 27-29
Hogberg G, Gustafsson S, Hallstrom T, Gustafsson T,

Geneva,

Klawitter B, Petersson M: Depressed adolescents in a case-
series were low in vitamin D and depression was ameliorated
by vitamin D supplementation. Acta Paediatr Volume
101, Issue 7, pages 779-783, July 2012

Holick MF. Environmental factors that influence the
cutaneous production of vitamin D. Am J Clin Nutr 1995; 61
suppl 3:638S

Holick, M.F. 1994. McCollum award lecture, 1994: Vitamin D-
new horizons for the 215t century. Am. J. Clin. Nutr., 60: 619-
630.

Howland RH. Vitamin D and depression. J Psychosoc Nurs
Ment Health Serv. 2011 Feb; 49(2):15-8. doi: 10.3928/0279
3695-20110111-02. Epub 2011 Jan 21.

Humble MB, Gustafsson S, Bejerot S. Low serum levels of 25-
hydroxyvitamin D (25-OHD) among psychiatric out-patients
in Sweden: relations with season, age, ethnic origin and
psychiatric diagnosis. J Steroid Biochem Mol Biol. 2010 Jul;

121(1-2):467-70. doi: 10.1016/j.jsbmb.2010.03.013. Epub
2010 Mar 7.
Humble MB. Vitamin D, light and mental health. J

Photochem Photobiol B.2010 Nov 3; 101(2):142-9. doi:
10.1016/j.jphotobiol.2010.08.003. Epub 2010 Aug 10.

www.discoveryjournals.org | OPEN ACCESS

<
o))
S
£

disc@®very

rios the wncsiessd

(



http://www.biomedcentral.com/sfx_links?ui=1471-244X-12-38&bibl=B10
http://www.biomedcentral.com/sfx_links?ui=1471-244X-12-38&bibl=B19

DRUG DISCOVERY | OPINION

VOL.14, ISSUE 33, 2020

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

ltzhaky D, Amital D, Gorden K, et al. Low serum vitamin
D concentrations in patients with schizophrenia. Isr Med
Assoc J. 2012 Feb; 14(2):88-92.

Jeste DV, Gladsjo JA, Lindamer LA, Lacro JP: Medical
comorbidity in schizophrenia. Schizophr Bull 1996; 22:413-
430.

John H. Lee, MD, James H. O'Keefe, MD, et al.Vitamin D
Deficiency. An Important, Common, and Easily Treatable
Cardiovascular Risk Factor? J Am Coll Cardiol, 2008; 52:1949-
1956

Jorde R, Sneve M, Figenschau Y, Svartberg J, Waterloo
K: Effects of vitamin D supplementation on symptoms of
depression in overweight and obese subjects: randomized
double blind trial.J Intern Med 2008, 264(6):599-609.

Kim DH, Sabour S, Saga UN,
hypovitaminosis D in cardiovascular diseases (from the

et al. Prevalence of
National Health and Nutrition Examination Survey 2001 to
2004). Am J Cardiol. 2008;102:1540-1544.

Kristal-Boneh E, Froom P, Harari G, Ribak J. Association of
calcitriol and blood pressure in normotensive men.
Hypertension. 1997; 30:1289-1294

L Ng K, Nguyén L. Role of vitamin d in Parkinson's disease.
ISRN Neurol. 2012; 2012:134289. doi: 10.5402/2012/134289.
Epub 2012 Mar 7.

Lappe, JM; Travers-Gustafson, D; Davies, KM; Recker, RR;
Heaney, RP (2007). "Vitamin D and calcium supplementation
reduces cancer risk: results of a randomized trial". The
American journal of clinical nutrition 85 (6): 1586-91.
Laursen TM, Munk-Olsen T, Nordentoft M, Mortensen PB.
Increased mortality among patients admitted with major
psychiatric disorders: a register-based study comparing
mortality in unipolar depressive disorder, bipolar affective
disorder, schizoaffective disorder, and schizophrenia. J Clin
Psychiatry 2007; 68:899-907.
Lauth M, Rohnalter V,
Svenningsson P, Toftgard R: Antipsychotic drugs regulate

Bergstrom A, Kooshesh M,

hedgehog signaling by modulation of 7-dehydrocholesterol
reductase levels.Mol Pharmacol 2010, 78:486-496.

Lips P. Vitamin D
hyperparathyroidism in the elderly: consequences for bone

deficiency and  secondary
loss and fractures and therapeutic implications. Endocr Rev
2001; 22:477-501.

Lo CW, Paris PW, Clemens TL, Nolan J, Holick MF. Vitamin D
absorption in healthy subjects and in patients with intestinal
malabsorption syndromes. Am J Clin Nutr .1985; 42:644-
.649.

Lu'o'ng KV, Nguyén LT. The beneficial role of vitamin D in
Alzheimer's  disease. Am J Dis  Other

Demen. 2011 Nov; 26(7):511-20.

Alzheimers

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Mackay-Sim A, Féron F, Eyles D, Burne T, McGrath J.
Schizophrenia, vitamin D, and brain development. Int Rev
Neurobiol. 2004; 59:351-80.

Mashal AA. Effects of different dress styles on vitamin D
levels in healthy young Jordanian women. Osteoporos Int
2001; 12:931-5.

McCann J, Ames B:ls there convincing biological or
behavioral evidence linking vitamin D deficiency to brain
dysfunction?FASEB J 2008, 22:982-1001.

McCue RE, Charles RA, Orendain GC, Joseph MD, Abanishe
JO. Vitamin d deficiency among psychiatric inpatients. Prim
Care Companion CNS Disord. 2012; 14(2). pii: PCC.11
m01230. doi: 10.4088/PCC.11m01230. Epub 2012 Apr 19.
McDuffie JR, Calis KA, Booth SL, Uwaifo G, Yanovski JA.
Effects of orlistat on fat-soluble vitamins
adolescents. Pharmacotherapy 2002; 22:814-22.
McGrath J, Saari K, Hakko H, Jokelainen J, Jones P, Jarvelin

in obese

MR, Chant D, Isohanni M:Vitamin D supplementation during
the first year of life and risk of schizophrenia: a Finnish birth
cohort study.Schizophr Res 2004, 67(2-3):237-245
McGrath A, St Clair D.
and schizophrenia--the role of dietary factors. Schizophr
Bull. 2011 Mar; 37(2):272-83.

McGrath JJ, Eyles DW, Pedersen CB et al. Neonatal vitamin D
status and risk of schizophrenia: a population-based case-
control study. Arch Gen Psychiatry. 2010 Sep; 67(9):889-94.
Moskovitz RA. Seasonality in schizophrenia. Lancet 1978;
1:664

Nakamura K, Nashimoto M, Hori Y, Yamamoto M. Serum 25-

J, Brown Prevention

hydroxyvitamin D concentrations and related dietary factors
in peri- and postmenopausal Japanese women. Am J Clin
Nutr. 2000; 71:1161-5.

Nnoaham KE, Clarke A. Low serum vitamin D levels and
tuberculosis: a systematic review and meta-analysis. . Int J
Epidemiol. 2008 Feb; 37(1):113-9.

Norman AW, Bouillon R, Whiting SJ, Vieth R, Lips P: 13th
workshop consensus for vitamin D nutritional guidelines. J
Steroid Biochem Mol Biol 2007, 103(3-5):204-205.

Norman AW. Sunlight, season, skin pigmentation, vitamin D,
and 25-hydroxyvitamin D: integral components of the
vitamin D endocrine system. Am J Clin Nutr 1998; 67:1108—
10.

Ovesen L, Brot C, Jakobsen J. Food contents and biological
activity of 25-hydroxyvitamin D: a vitamin D metabolite to
be reckoned with? Ann Nutr Metab 2003; 47:107-13.

Palmer BA, Pankratz VS, Bostwick JM: The lifetime risk of

suicide in schizophrenia: a reexamination. Arch Gen
Psychiatry 2005, 62:247-53.
Partonen T:Vitamin D and serotonin in winter. Med

Hypotheses 1998, 51:267-268.

www.discoveryjournals.org | OPEN ACCESS

Page9 5

disc@®very

rios the wncsiessd

(



http://www.ncbi.nlm.nih.gov/pubmed?term=Itzhaky%20D%5BAuthor%5D&cauthor=true&cauthor_uid=22693787
http://www.ncbi.nlm.nih.gov/pubmed?term=Amital%20D%5BAuthor%5D&cauthor=true&cauthor_uid=22693787
http://www.ncbi.nlm.nih.gov/pubmed?term=Gorden%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22693787
http://www.ncbi.nlm.nih.gov/pubmed/22693787
http://www.ncbi.nlm.nih.gov/pubmed/22693787
http://www.ncbi.nlm.nih.gov/pubmed?term=McGrath%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20974747
http://www.ncbi.nlm.nih.gov/pubmed?term=Brown%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20974747
http://www.ncbi.nlm.nih.gov/pubmed?term=St%20Clair%20D%5BAuthor%5D&cauthor=true&cauthor_uid=20974747
http://www.ncbi.nlm.nih.gov/pubmed/20974747
http://www.ncbi.nlm.nih.gov/pubmed/20974747
http://www.ncbi.nlm.nih.gov/pubmed?term=McGrath%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=20819982
http://www.ncbi.nlm.nih.gov/pubmed?term=Eyles%20DW%5BAuthor%5D&cauthor=true&cauthor_uid=20819982
http://www.ncbi.nlm.nih.gov/pubmed?term=Pedersen%20CB%5BAuthor%5D&cauthor=true&cauthor_uid=20819982
http://www.ncbi.nlm.nih.gov/pubmed/20819982
http://www.biomedcentral.com/sfx_links?ui=1471-244X-12-38&bibl=B11
http://www.biomedcentral.com/sfx_links?ui=1471-244X-12-38&bibl=B12
http://www.biomedcentral.com/sfx_links?ui=1471-244X-12-38&bibl=B25

DRUG DISCOVERY | OPINION

VOL.14, ISSUE 33, 2020

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Pilz S, Dobnig H, Fischer JE, et al. Low vitamin d levels
predict stroke in patients referred to coronary angiography.
Stroke. 2008 Sep; 39(9):2611-2613

Pilz S, Marz W, Wellnitz B, Seelhorst U, et al. . Association of
vitamin D deficiency with heart failure and sudden cardiac
death in a large cross-sectional study of patients referred for
coronary angiography. J Clin Endocrinol Metab. 2008 Oct;
93(10):3927-3935.

Pogge E. Vitamin D and Alzheimer's disease: is there a link?
Consult Pharm. 2010 Jul; 25(7):440-50. doi: 10.4140/TCP
.n.2010.440.

Prentice, A. 1998. Calcium requirements of breast-feeding
mothers. Nutr. Revs., 56: 124-127.

Ramagopalan SV, Heger A, Berlanga AJ, et al. A ChIP-seg-
defined genome-wide map of vitamin D receptor binding:
Associations with disease and evolution. Genome 2010
Resdoi:10.1101/gr.107920.110

Reid IR. The roles of calcium and vitamin D in the prevention
of osteoporosis. Endocrinol Metab Clin North Am 1998;
27:389-98.

Rucker D, Allan JA, Fick GH, . et al. Vitamin D insufficiency in
a population of healthy western Canadians. CMAJ 2002; 166:
1517-24.

Saha S, Chant D, McGrath J. A systematic review of mortality
in schizophrenia: is the differential mortality gap worsening
over time? Arch Gen Psychiatry 2007; 64:1123-1131

Saha S, Chant DC, Welham JL, McGrath JJ. The incidence and
prevalence of schizophrenia varies with latitude. Acta
Psychiatr Scand 2006; 114:36-39.

Stumpf WE, O'Brien LP: 1,25 (OH)2 vitamin D3 sites of action
in the brain. An autoradiographic study. Histochemistry
1987, 87:393-406.

Stumpf WE: Vitamin D sites and mechanisms of action: a
histochemical perspective. Reflections on the utility of
autoradiography  and  cytopharmacology  for
targeting.Histochem Cell Biol 1995, 104:417-427.
Sullivan PF, Kendler KS, Neale CM. Schizophrenia as a

drug

complex trait. Evidence from a Meta-Analysis of Twin
Studies. Arch Gen Psychiatry 2003; 60:1187-1192.
Thys-Jacobs S, Silberton M, Alvir J, Paddison P, Rico M,
Coldsmith  R: Reduced bone with
premenstrual syndrome.) Wom Health 1995, 4:161-168.
Torrey EF, Miller J, Rawlings R, Yolken RH. Seasonality of

mass in  women

births in schizophrenia and bipolar disorder: a review of the
literature. Schizophr Res 1997; 28: 1-38.

Vacek JL, Vanga SR, Good M, Lai SM, Lakkireddy D, Howard
PA: Vitamin D deficiency and supplementation and relation
to cardiovascular health.Am J Cardiol 2012, 109(3):359-63.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

van der Meer |, Karamali N, Boeke A. High prevalence of
vitamin D deficiency in pregnant non-Western women in the
Hague, Netherlands. Am J Clin Nutr 2006; 84:350-353.

Vinh Quéc Luong K, Thi Hoang Nguyén L. Vitamin D and
Parkinson's disease. J Neurosci Res. 2012 Dec; 90(12):2227-
36. doi: 10.1002/jnr.23115. Epub 2012 Aug 28.

Wang TJ, Pencina MJ, Booth SL, et al. Vitamin D deficiency
and risk of cardiovascular disease. Circulation. 2008;
117:503-511.

Watson KE, Abrolat ML, Malone LL, Hoeg JM, Doherty T,
Detrano R, et al. Active serum vitamin D levels are inversely
correlated with coronary calcification. Circulation. 1997;
96:1755-1760

Watson LC, Marx CE:New onset of neuropsychiatric
symptoms in the possible
hyperparathyroidism. Psychosomatics 2002, 43:413-417.
Wildgust HJ, Beary M. Are there modifiable risk factors which
will reduce the excess mortality
Psychopharmacol 2010; 24:37-50.
Wilkins C, Sheline Y, Roe C, Birge S, Morris J: Vitamin D
deficiency is associated with low mood and worse cognitive

adults.Am J

elderly: primary

in schizophrenia? J

performance in older Geriatr
Psychiatr 2006, 14:1032-1040.

Wion D, MacGrogan D, Neveu |, Jehan F, Houlgatte R,
Brachet P: 1,25-Dihydroxyvitamin D3 is a potent inducer of
nerve growth factor synthesis. J Neurosci Res 1991, 28:110-
114.

Witte J. G. Hoogendijk, MD, PhD; Paul Lips, MD, PhD;
Miranda G. Dik, PhD; Dorly J. H. Deeg, PhD; Aartjan T. F.
MD, PhD; Brenda W. J. PhD

Depression Is Associated With Decreased 25-Hydroxyvitamin

Beekman, H. Penninx,
D and Increased Parathyroid Hormone Levels in Older
Adults Arch Gen Psychiatry. 2008; 65(5):508-512

Woo TU W, Zimmet SV, Wojcik JD, et al. Treatment of
Schizophrenia. In The American Psychiatric Publishing
Textbook of Psychopharmacology, 3rd edition. Edited by
Schatzberg, AF and Nemeroff CB. Washington DC, American
Psychiatric Press, 2004; 885-912.

Wortsman J, Matsuoka LY, Chen TC, Lu Z Holick MF.
Decreased bioavailability of vitamin D in obesity. Am J Clin
Nutr. 2000 Sep; 72(3):690-3.

Zeghund, F., Vervel, C., Guillozo, H., Walrant-Debray, O.,
Boutignon, H. & Garabedian, M. 1997. Subclinical vitamin D
deficiency in neonates: definition and response to vitamin D
supplements. Am. J. Clin. Nutr. 65:771-778.

Zittermann A, Gummert JF, Borgermann J, et al. Vitamin D
deficiency and mortality. Curr Opin Clin Nutr Metab Care.
2009 Nov;12(6):634-9.

www.discoveryjournals.org | OPEN ACCESS

Page9 6

disc@®very

rios the wncsiessd

(



http://www.biomedcentral.com/sfx_links?ui=1471-244X-12-38&bibl=B8
http://www.biomedcentral.com/sfx_links?ui=1471-244X-12-38&bibl=B24
http://www.biomedcentral.com/sfx_links?ui=1471-244X-12-38&bibl=B9
http://www.biomedcentral.com/sfx_links?ui=1471-244X-12-38&bibl=B23

