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ABSTRACT 

 

Schizophrenia is a major public health problem, affecting 1% of the population and 

accruing over $60 billion in healthcare costs annually for the United States. The physical 

and mental comorbidities associated with schizophrenia are extensive and pervasive, and 

contribute to the high rate of hospitalization, readmission, morbidity and mortality. 

Pharmacotherapy in the form of second generation antipsychotic drugs (SGAs), including 

quetiapine, is the primary treatment for schizophrenia; however, the growth in utilization 

of these medications has led to a simultaneous rise in the occurrence of weight gain and 

metabolic syndrome in this patient population. Vitamin D is essential in the normal 

functioning of the musculoskeletal system. However, its deficiency is prevalent. Vitamin 

D is involved in the pathology of mental illness, including schizophrenia. Furthermore, in 

recent years, it has also been suggested that an insufficient vitamin D status may be a risk 

factor for the development of metabolic syndrome. Increasingly, epidemiological studies 

have linked vitamin D status with various components of metabolic syndrome. The aim 

of this study was to examine the levels of the major circulating metabolite of vitamin D, 

serum 25(OH)D, as well as the mRNA transcripts of the vitamin D receptor (VDR), and 

the vitamin D metabolizing enzymes CYP24A and CYP27B in schizophrenic and bipolar 

patients that either gain weight or do not gain weight on the SGA, quetiapine. These 

findings were also correlated with basal metabolic index (BMI) and other metabolic risk 

factors. A high rate of vitamin D deficiency was found among this patient population. 

There was a significant negative correlation between serum 25(OH)D and both BMI and 
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fasting glucose levels. There were no statistically significant differences between the 

relative levels of the mRNA transcripts for VDR, CYP24A and CYP27B; however, 

decreased relative expression of each transcript predicted a more favorable vitamin D 

outcome in each case. In conclusion, the results from this study demonstrate that patients 

who gain weight on the SGA quetiapine have significantly lower vitamin D levels 

compared to those who do not gain weight on the drug.  A high incidence of vitamin D 

deficiency occurs in this patient population, which is already at an increased risk for 

morbidity and mortality. Vitamin D supplementation is not currently included in the 

standard care for mentally ill patients, but has the potential to be both an effective and 

inexpensive treatment for weight gain associated with the use of SGAs, including 

quetiapine.  
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Introduction 

Vitamin D 

 

Vitamin D is a hormone [1] or secosteroid (steroid with broken ring) that has historically 

been shown to regulate levels of calcium (Ca
2+

)
 
and phosphate (P) in plasma [2, 3]. The 

term vitamin D refers to two substances that are fat soluble and are responsible for curing 

and preventing rickets: cholecalciferol (D3) and ergocalciferol (D2) [2, 4, 5].The 

precursor of cholecalciferol, 7-dehydrocholesterol, is considered a provitamin that is 

present naturally in animal tissue (food source of vitamin D, natural form) and is 

synthesized in the skin by exposure to sunlight [2, 5-7]. The precursor of ergocalciferol, 

ergosterol, is the provitamin of D2 found in plants and is chemically similar to 7-

dehydrocholesterol and D3. This is the substance found in many over the counter vitamins 

as well as vitamin D enriched dairy products [2, 6]. D2 and D3 are chemically similar 

compounds and are considered vitamers of the substance that is generically referred to as 

vitamin D. Although the term vitamin D is largely used in reference to this topic, it is 

important to discern the difference between two key forms of the hormone: the 

biologically active form of vitamin D, 1,25-dihydroxyvitamin D, and the major 

circulating metabolite used as the primary indicator of one’s vitamin d status, 25-

hydroxyvitamin D (Figure 1) .



2 

 

Figure 1: Chemical structure and nomenclature for calcitriol and calcidiol. Panel A is a 

representative image of the biologically active form of vitamin D, calcitriol. Panel B is a 

representative image of the major circulating metabolite of vitamin D, calcidiol.
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The primary source of vitamin D comes from exposure to direct sunlight and is 

dependent upon duration of ultraviolet B (UVB) exposure [5, 7, 8], proximity to direct 

sunlight (equator) [9], type and amount of clothing [10], sunscreen application [11] and 

skin pigmentation [12]. Vitamin D status, which is a measurement of circulating 25-

hydroxyvitamin D and is reported as serum 25(OH)D is reliant upon other factors as well, 

including age [13], ethnicity [14, 15], and basal metabolic index (BMI) [16-18].  

 

History of Vitamin D 

 

The discovery of vitamin D is closely tied to the characterization of and treatment 

development for rickets in the 20
th

 century [19]. Rickets is a bone disease primarily 

affecting children that is caused by a vitamin D-induced calcium malabsorption and 

presents as a weakening and deformation of  the bones and spine [19]. Though originally 

described in the 1600s, it was not until the early twentieth century when Mellanby et al. 

published his work on the disease. Mellanby et al. found that rickets was caused by a 

nutritional deficiency and that the addition of  fish oil (cod liver) to the diet would 

alleviate symptoms [20]. Additional dietary essentials were being characterized during 

this time as treatments for various diseases [21]. McCollum et al. had discovered and 

isolated the fat-soluble vitamin A, then decided to test its ability to cure rickets; and in 

turn he changed the chemical properties to a substance that was able to cure rickets, 

which was termed vitamin D [4]. 

 

It was soon discovered that rickets symptoms in children could also be eliminated by 

exposure to UVB light [22]. Simultaneous discoveries were made by multiple 
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laboratories that consumption of irradiated food could also prevent rickets, which lead to 

a significant advance in public health and thus eventually the virtual elimination of 

rickets [23-26]. These studies set the groundwork for the discovery and structural 

characterization of vitamin D2 (ergocalciferol) and vitamin D3 (cholecalciferol); and 

eventually 25-hydroxyvitamin D3 [25(OH)D3], the major/active circulating metabolite of 

vitamin D. 

 

Vitamin D Metabolism and Biochemistry 

 

Neither the plant-derived form of vitamin D, D2 (ergocalciferol) nor the animal-derived 

form, D3 (cholecalciferol) are physiologically active. Therefore, to become active, two 

hydroxylation steps must first occur (Figure 2) [2, 8]. On the skin, UV light converts 7-

dehydrocholoesterol into vitamin D3, and together with D2 acquired from the diet, is 

moved through the blood to the liver via the vitamin D binding protein (DBP) where 

hepatic 25-hydroxylase hydroxylates D3 to 25-hydroxyvitamin D3 (25-

hydroxycholecalciferol/calcidiol/calcifediol/25(OH)D3) (Figure 2). [2, 8]. A second 

hydroxylation step occurs when DBP carries 25-hydroxyvitamin D3 to the kidneys, were 

25-hydroxyvitamin D3 is hydroyxlated further by the enzyme 1α-hydroxylase 

(CYP27B1) to 1,25-dihydroxyviramin D3 (calcitriol), which is the physiologically active 

form of vitamin D  [2, 8, 27, 28]. Then, the enzyme 25-hydroxyvitamin D-24-

hydroxylase (CYP24A1) metabolizes 1,25-dihydroxyviramin D3 to the inactive excretory 

product of vitamin D: 24,25-dihydroxyvitamin D3 (Figure 2) [29]. 
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Downstream, as a biologically active hormone, the action of vitamin D is mediated by the 

vitamin D receptor (VDR), a transcription factor that binds to D3 with high affinity, and 

targets genes involved in vitamin D mediated mechanisms, primarily in the kidney, 

intestine and bone  [30-33].  The inactivation of 1,25-dihydroxyviramin D3 into 24,25-

dihydroxyvitamin D3 is initiated by the enzyme 24-hydroxylase (CYP24A1) [8, 27, 28]. 

Both the activation and inactivation processes are catalyzed by various enzymatic 

activities, which are in part regulated by parathyroid hormone (PTH) [3, 34]. PTH, 

together with Ca
+
 and P, work through a feedback loop to systematically regulate 

calcitriol release by either stimulating or depressing 1α-hydroxylase [35, 36] (Figure 2). 

 

Because of both its biologic regulatory functions as well as its ability for transport, 

vitamin D is not a vitamin, but rather a hormone: (i) in prime circumstances vitamin D is 

synthesized in the skin and not needed in the diet [8]; (ii) inactive forms of the molecule 

are transported to remote sites (liver, kidney) where enzymatic activity occurs (via 25-

hydroxylase and 1α-hydroxylase, respectively) [8, 27, 28]; (iii) the active form of vitamin 

D, (D3) binds to VDR and ultimately cause changes in Ca+ in specific target tissues [30-

32]. 
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Figure 2: Illustration of the biological pathway of vitamin D [33]. On the skin, UV light 

converts 7-dehydrocholoesterol into vitamin D3, In the liver, hepatic 25-hydroxylase hydroxylates 

D3 to 25-hydroxyvitamin D3 (25(OH)D3). DBP carries 25-hydroxyvitamin D3 to the kidneys, 

where 25-hydroxyvitamin D3 is hydroyxlated further by the enzyme 1α-hydroxylase (CYP27B1) 

to 1,25-dihydroxyviramin D3 (calcitriol), which is the physiologically active form of vitamin D. 

CYP24A1 metabolizes 1,25-dihydroxyviramin D3 to the inactive excretory product of vitamin D: 

24,25-dihydroxyvitamin D3. Downstream, the action of vitamin D is mediated by VDR, which 

targets genes involved in vitamin D mediated mechanisms.  The inactivation of 1,25-

dihydroxyviramin D3 into 24,25-dihydroxyvitamin D3 is initiated by CYP24A1. 
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Vitamin D Status and Hypovitaminosis D 

 

Circulating serum 25(OH)D, the major metabolite of vitamin D, is the most accurate 

reflection of vitamin D status, and thus is the standard measurement in clinical 

assessment. Considerable controversy previously existed regarding the accepted method 

of determining vitamin D status (mass spectrometry assay, protein binding assay), but 

many now accept the DiaSorin assay as the standard in the field [37-39]. This assay uses 

chemiluminescent immunoassay (CLIA) technology to measure the circulating levels of 

25-hydroxyvitamin D in the blood serum, which is an accurate reflection of the 

biologically active form of vitamin D and the bioavailability of the hormone [38, 39] . 

According to the Endocrine Society, vitamin D status is typically categorized as 

sufficient (25(OH)D ≥ 30 ng/mL), insufficient (25(OH)D 21-29 ng/mL) or deficient 

(25(OH)D < 20 ng/mL) [40]. Though there are variations in classification of vitamin D 

status, most entities agree that levels of 25(OH)D greater than 20 ng/mL are needed for 

optimal health [40, 41] (Table 1). It is estimated that approximately 36% of adults 

between the ages of 18 and 29 years have 25(OH)D < 20 ng/mL [42], and that 6% of 

otherwise healthy adults living in the US have levels of serum 25(OH)D < 12 ng/mL 

[43]. 

 

Table 1: Classification of Vitamin D Status 

Organization Sufficient Insufficient Deficient  

Institute of Medicine 

[41] >20 ng/mL 12-20 ng/mL <12 ng/mL 

Endocrine Society [40] >30 ng/mL 21-29 ng/mL <20 ng/mL 

Table 1: Classification of Vitamin D Status. Serum 25(OH)D levels used to determine vitamin 

D status. Standards are based on the Institute of Medicine and the Endocrine Society.  
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Vitamin D is primarily acquired through UVB exposure and the synthesis of D3 

(cholecalciferol) on the skin [5, 7, 8]. Limited dietary sources of vitamin D exist, but 

include fatty fish and fortified cereals and dairy products. Therefore, in normal 

circumstances, vitamin D status is most greatly affected by factors that impact the skin’s 

ability to photosynthesize D3, including exposure to sunlight, geographical location, 

annual season and skin pigmentation [40, 44, 45] (Figure 3).  Hypovitaminosis D (HVD, 

low vitamin D) is prevalent worldwide, though it occurs more frequently in individuals 

with darker skin pigmentation, those who live further from the equator [16] and 

individuals over age 65 [46]. In the United States, vitamin D levels tend to peak in 

August and plummet around February [44]. One study found that during winter months at 

locations of latitude of 42°N (Boston) and 52°N (Edmonton) individuals did not produce 

any D3, compared to locations closer to the equator where sunlight was adequate and 

effective in synthesizing D3 [9]. A recent meta-analysis of various southern immigrant 

populations (Turkish, Moroccan, and African) living in Northern Europe showed that 

there was a higher incidence of vitamin D deficiency in these immigrant populations 

compared to both native Northern European populations as well as Turkish, Moroccan 

and African individuals living in their home county, suggesting a latitude effect as well as 

a sunlight effect on vitamin D status [47] 
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Figure 3: Upstream and downstream effects of vitamin D status. Vitamin D is primarily 

acquired by UVB radiation. Other factors including geographic location, season, ethnicity, age 

and metabolic status also affect vitamin D status. Vitamin D impacts skeletal development, 

metabolic factors, the pathology of various diseases as well as the skeletal health of elderly 

populations.  
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Vitamin D status is also affected by skin pigmentation and age. In modern cultures where 

little time is spent outdoors, individuals with darker skin color tend to have decreased 

vitamin D photosynthesis on the skin, and therefore are more at risk for HVD [47]. 

Multiple studies have shown a significant increase in serum vitamin D after UVB 

exposure in Caucasian subjects but not in Indian or African-American subjects [12, 48]. 

In a recent a randomized, double-blind trial, urban schoolchildren were tested for vitamin 

D status, and ethnic groups with darker skin pigmentation had significantly higher rates 

of vitamin D insufficiency (74.5% of African Americans, 64.7% of Hispanics and 88.9% 

of Asians versus 46.6% of Caucasians) [14].  In addition, studies show that serum 

25(OH)D is particularly low in elderly patients [49, 50]. After approximately age 65, the 

body becomes less efficient in synthesizing vitamin D primarily because of reduced Ca
+
 

absorption [46] and decreased ability of the kidney to use 1α-hydroxylase to generate the 

bioactive vitamin D hormone [51, 52]. 

 

Vitamin D and Physiological and Skeletal Function 

 

Vitamin D has been historically implicated in calcium regulation and bone metabolism 

[33, 53]. Vitamin D regulates intestinal calcium absorption; and adequate levels are 

necessary to ensure homeostasis of both Ca
+
 and P [53, 54]. There is a direct relationship 

between low serum vitamin D an intestinal calcium absorption [55], and it is well 

documented that adequate Ca
+
 and vitamin D are recommended to maintain proper bone 

health, especially during fetal development [40, 41]. In children, insufficient vitamin D 

retards calcium absorption and presents as the bone disease, rickets. In adults, low 

vitamin D is correlated to an increased rate of osteoporosis [56-58], and is therefore 
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thought to be essential in preventing the disease as well as protecting against bone 

fracture and falls [59-61].  

 

Gomez-Alonso et al. reported that 67% of Spanish patients participating in the European 

Vertebral Osteoporosis Study (EVOS) had serum 25(OH)D of less than 18 ng/mL [57] 

though other studies have found a lower rate of deficiency [58]. Data on patients with hip 

fractures indicate low levels of serum 25(OH)D similar to rates seen in the EVOS trial 

(60% of population studied)[62]. Multiple studies have shown an inverse relationship 

between number of falls and serum vitamin D [61, 63]. The same is also true for 

incidence of hip fractures in the elderly, and one study reported that 62% of subjects with 

a hip fracture had insufficient vitamin D [64]. Data from various randomized controlled 

trials (RCT) have also reported a significant reduction in falls after vitamin D 

supplementation: Bischoff et al. reported a 49% reduction in falls after 12 weeks of 800 

IU of vitamin D and 1,200 mg of calcium supplementation daily [65]; Gallagher et al. 

reported a 50% reduction in falls after a twice-daily 0.25 μg calcitriol supplementation 

[61]; and Pfeifer et al. found a 25% reduction in falls with 1,000 mg of only calcium 

daily and an even further reduction (39%) when 800 IU of daily vitamin D was added to 

the regiment [60]. 

 

A recent study in aged female rats showed a decrease in fat pad deposits as well as body 

weight after daily supplementation of 2,400 IU/kg of vitamin D and plant chemicals  

[66]. Another group reported a decrease in body weight and other measures of metabolic 

risk factors in rodents after chronic exposure to UV light, but reported no effect on 
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vitamin D supplementation alone [67]. Clinical studies have established an inverse 

relationship between BMI and vitamin D [16-18]; and supplementation more rapidly 

affects the improvement of vitamin D status in patients with a BMI of < 25 kg/m
2
 [68]. 

Prospective studies have shown that adequate vitamin D levels are associated with lower 

body weight in elderly women [69].  

 

Because of the essential role vitamin D has on skeletal and extraskeletal functions, 

methods of assessment have been established to quantify one’s vitamin D status. Despite 

its well-known necessity for bone health and other biologic functions, HVD is still 

extremely prevalent: studies indicate between 36-50% of the population at various 

locations worldwide have sub-optimal vitamin D levels [42, 70, 71]. Because of this, 

efforts have been made by organizations such as the Institute of Medicine, the Endocrine 

Society and others to establish recommendations for maintenance of vitamin D status as 

well as supplementation guidelines [40, 41, 72] (Table 2). 

 

Table 2: Recommended Vitamin D Supplementation and Minimum Serum 

Concentrations 

Organization Demographic 

Supplement Intake 

(IU/day) 

Minimum Serum 

25(OH)D (ng/mL) 

Institute of 

Medicine [41] 
1-70 YO (M+F) 

70+ YO (M+F) 

600 

800 

20 

20 

Endocrine Society 

[40] 
1-18 YO  (M+F), at 

risk for deficiency 

19+ YO  (M+F), at 

risk for deficiency 

600-1000 

 

1500-2000 

 

30 

 

30 

ESCEO [73] Adults 

Adults at risk for 

fall/fracture 

800-1000 

800-1000 

20  

30 
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Vitamin D and Neurocognitive Dysfunction  

 

Accumulating evidence makes a strong case for vitamin D’s involvement in the 

development and clinical outcome of mental illness and intellectual disabilities. The 

expression of VDR and its metabolites have been described in the brain and central 

nervous system (CNS) in animal models as well as in humans [74, 75]. Vitamin D has 

been characterized as being involved in animal models of neurotransmission, 

neuroprotection and neuronal growth (neurotrophic) [76]. In a rodent hippocampal slice 

culture, neurite outgrowth was enhanced with the addition of the active vitamin D 

metabolite (calcitriol/1,25 dihydroxyvitamin D3) [77]. In a similar model, chronic 

administration of vitamin D showed a neuroprotective effect against excitotoxic insults 

(NMDA antagonist or glutamate addition to culture) [78]. Cass et al. showed that a daily 

calcitriol injection in methamphetamine addicted rats reduced the methamphetamine-

induced depletion of dopamine receptor D2 (D2) and serotonin (5HT ) levels in the brain 

[79]. Additionally, rats pretreated with vitamin D for 8 days showed a decrease in 

cerebral infarct volume after the induction of a middle cerebral artery (MCA) stroke [80].  

 

Clinical data continue to provide a link between vitamin D and neurocognitive 

dysfunction. Data from recent longitudinal clinical trials [81, 82] as well as a current 

literature review [83] indicate that vitamin D status may be a risk factor for the onset and 

severity of multiple sclerosis, an autoimmune neurodegenerative disease. Alzheimer’s 

research indicates vitamin D’s importance in preserving cognitive function in this patient 

population, as shown in retrospective studies and chart reviews [84] as well as empirical 

data. [85]. Also, low serum vitamin D levels may be a risk factor for autism spectrum 
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disorder [86], and vitamin D supplementation has been shown to improve symptoms of 

the disorder [87]. Vitamin D supplementation also improved global assessment of 

functioning (GAF) scores in adult patients with attention-deficit hyperactivity disorder 

(ADHD) [88]. 

 

Schizophrenia  

 

Schizophrenia Epidemiology  

 

Schizophrenia is a major public health problem, affecting 1% of the population 

worldwide [89]. It is a lifelong and debilitating mental illness with both a direct and 

indirect impact on those with the disease as well as the communities in which they reside. 

It is estimated that the financial burden of schizophrenia in the US is $62 billion [90], 

however given the complications and comorbidities associated with the disorder, the 

breadth of impact schizophrenia has on the health care system goes beyond financials 

alone. In 2012, schizophrenia accounted for 383,000 hospital stays in the US, with an 

average length of stay of just over 10 days [72, 91]. It is well documented that 

readmission is high among this group, with the majority of patients requiring additional 

hospital stays within one year after initial discharge: 27% are readmitted after one month, 

45% are readmitted after 3 months, 56% after 6 months and 68 % after one year [72].  

 

The physical and mental comorbidities among this patient population are pervasive. It is 

estimated that 58% of schizophrenic patients also suffer from an additional physical 

comorbidity [92, 93]. The Center for Health Care Strategies (CHCS), and  Johns Hopkins 
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University have identified five common chronic diagnoses that are representative of the 

highest-need and highest-cost Medicaid recipients: asthma/COPD, congestive heart 

failure, coronary heart disease, diabetes and hypertension. Astonishingly, for each of 

these chronic conditions, 64-71% from each group also from suffer mental illness 

(including schizophrenia and bipolar); and nearly one-fifth of each group is diagnosed 

with both mental illness and substance abuse disorder [94]. Mental illness adds an 

additional 60-75% increase in healthcare costs to those who have chronic physical 

comorbidities [94]. These statistics not only highlight the economic and heathcare burden 

this population generates, but also represent the complexity of mental illness and the 

challenge healthcare professionals face in treating this population.  

 

Schizophrenia Pathology  

 

Schizophrenia consists primarily of positive, negative and cognitive symptoms which are 

measured in terms of severity by the Positive and Negative Syndrome Scale (PANSS) 

[95]. Positive symptoms of schizophrenia manifest as a disruption of reality, including 

auditory and visual hallucinations, delusional thinking and disruptions in thought 

processes [95]. Negative symptoms mimic a depressive-like state and include social 

withdrawal and a decrease in emotional response to stimuli [95]. It has also been shown 

that patients with schizophrenia (as well as bipolar) experience cognitive symptoms such 

as memory loss, intellectual impairment [96, 97] and difficulty with verbal recall [98, 

99]. Cognitive symptoms are usually the first to surface, and can remain present with or 

without other psychotic features [100, 101]. Schizophrenia usually presents in late 

childhood to early adolescence, and generally affects females slightly later in life than 
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males [102, 103]. There tends to be a higher presence in males, in individuals of lower 

socioeconomic groups, and in populations of migration or urban dwelling [103]. 

 

Some minor environmental risk factors exist, and include winter and spring birth months 

and various stressors during pregnancy (including famine, infection and drug use) [102]. 

There is also a strong genetic component to the development of schizophrenia: (i) there is 

an increased risk of developing schizophrenia as first-degree relative of someone that also 

has the disorder [104-106]; (ii) there are regions of highly conserved genetic 

homogeneity among patients with schizophrenia [107]; (iii) and some believe that the 

disease may be caused by a combination of various rare mutations (which concurrently 

increases the susceptibility of schizophrenia) that are passed down genetically [108].  

 

Despite the extensive research on the disease, aspects of schizophrenia remain a mystery, 

creating further obstacles for treatment. Schizophrenia is a lifelong disorder that requires 

continuous treatment, often with various combinations of pharmacotherapy as well as 

behavioral and physical interventions [109-111]. Medication adherence is one of the 

greatest challenges for patients and physicians [112], and because of this, patients often 

relapse into extreme cases of psychosis requiring hospitalization [113]. Treatment 

resistant schizophrenia (TRS) also provides additional challenges. Though there is some 

controversy surrounding the exact definition and diagnosis or TRS, these patients often 

require multiple different antipsychotic medications at higher doses, and even some never 

respond positively [114].  
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Schizophrenia and Vitamin D 

 

Vitamin D is increasingly identified as a risk factor for schizophrenia and other 

psychiatric illness. There is some evidence that neonatal [115] and maternal [116] 

vitamin D status may be a risk factor for schizophrenia; and preventing HVD both 

neonatally and during the early stages of life may contribute to a reduced risk of 

schizophrenia [117, 118]. Additionally, evidence exists supporting the use of vitamin D 

to reduce symptoms of depression, a component of schizophrenia [119]. In a study done 

in Finland, Vitamin D supplementation of 2,000 IU/day from birth to age one is 

associated with a 77% reduction in risk of schizophrenia in males; however no 

association was found in females [118].  Serum vitamin D levels have been found to be 

lower in patients with schizophrenia; and a recent meta-analysis estimates that 65% of 

schizophrenic patients are also vitamin D deficient [120, 121]. One study reported high 

levels of vitamin D deficiency among schizophrenic patients having an acute episode of 

psychosis [122]. Additionally, Cieslak et al. observed  22 patients with schizophrenia, 

and determined that low vitamin D was implicated in increased severity of the negative 

symptomatic manifestations of the disease in males [123]. In another study of nearly 

34,000 self-reporting participants, a high intake of dietary sources of vitamin D was 

associated with decreased psychotic features in women [124]. 

 

Schizophrenia and Antipsychotic Drugs 

 

Antipsychotic pharmacotherapy is the most effective treatment for schizophrenia, bipolar 

disorder and other psychiatric illness [111, 125, 126]. Pharmacological agents have been 
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the primary source of management for schizophrenia, however treatment of the illness 

was limited until the 1990s primarily because of the deleterious side effects of first 

generation antipsychotics (FGAs) [111]. Treatment has evolved over the past three 

decades thanks to the development of second generation or atypical antipsychotics 

(SGAs) [127]. Hallmark FGAs, including haloperidol are primarily dopamine-2 receptor 

(D2) antagonists that work by competitively blocking the dopamine D2 receptor site 

[128].  Although D2 antagonism alleviates the positive symptoms of schizophrenia 

including the presence of hallucinations, FGAs are highly correlated to dopaminergic 

neurotoxic effects resulting in debilitating extrapyramidal side effects (EPS) such as a 

parkinsonian-like profile, akathisia and tardive dyskinesia [129-132]. Because of the high 

risk of EPS, the use of FGAs is limited and compliance is low [133]. 

 

Second Generation Antipsychotic Drugs 

 

Second generation antipsychotics (SGAs), or atypical antipsychotic drugs, have become 

the preferred therapy for schizophrenia and other psychiatric illnesses, and currently 

account for 75% of the prescribed antipsychotic medication [132, 134-136]. SGAs are 

similar to FGAs in their overall efficacy, are slightly more effective in treating the 

negative symptoms of schizophrenia, and generally outperform FGAs in the management 

of parkinsonian and extrapyramidal side effects [129-132, 136, 137]. The pharmacology 

varies slightly among SGAs, however they are generally characterized as weak D2 

antagonists but as having a strong affinity for 5-HT2 [138-141]. Their unique 

pharmacology is responsible for the clear improvement in the reduction of drug-induced 

movement disorders with SGAs, however the medications present a unique set of side 
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effects, most notably being the prevalence of body weight gain (BWG) and associated 

metabolic conditions [136, 137, 142]. 

 

Multiple studies have reported clinically significant BWG of 7% or more (from baseline) 

in 15 to 75% of patients, with studies indicating upwards of an 11 lb increase in body 

weight [126, 136, 143-148]. Clozapine and olanzapine tend to have the highest incidence 

of weight gain with risperidone and quetiapine showing moderate weight gain and 

ziprasidone with little to no clinically significant weight gain. 

 

Quetiapine 

 

 Quetiapine is a dibenzothiazepine that was developed by AstraZeneca in 1985 and 

approved for use in the United States by the Food and Drug Administration in 1997 

[149]. It has the hallmark SGA characteristics: relatively high 5HT2A affinity and low 

D2 affinity; however quetiapine has a unique pattern of an early peak at D2 receptor 

bindings sites, and rapid disassociation [139, 150]. This is thought to contribute to its 

clinically efficacy in treating schizophrenia but also reducing the incidence of EPS. 

Quetiapine otherwise has a relatively diverse binding profile (Table 3), and the high 

affinity for H1 receptors may be a causative factor to the weight gain and sedation 

associated with the drug [150, 151]. Quetiapine is readily absorbed in the intestine and is 

metabolized in the liver by cytochrome P450 3A4 (CYP34A) [152]. The drug is available 

in an immediate release formulation as well as an extended release formulation 

(quetiapine fumarate/Seroquel XR) [153]. The half-life of quetiapine immediate release is 

7 hours; and blood levels of the drug reach a peak between 1-2 hours after oral 
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administration. This supports a twice-daily regimen of oral ingestion to maintain steady-

state plasma levels [152]. The half-life of the active metabolite of quetiapine fumarate is 

12 hours, and blood levels peak 12 hours after oral administration, eliciting a once-daily 

medication regimen [153]. Quetiapine’s action is similar in men and women and among 

all age groups, although there may be a slight decrease in drug metabolism in geriatric 

populations because of reduced liver or kidney function [152, 154, 155]. An average dose 

to treat schizophrenia and other psychiatric illnesses is 150-400 mg/day for quetiapine 

and 400-800 mg for quetiapine fumarate [153, 156].  

 

 

Table 3: Quetiapine Pharmacological Binding profile [150] 

Receptor Kd (nM)/Affinity Consequence 

α1-adrenergic 8.1/high  Side Effects 

Histamine H1 19/high Sedation, Weight Gain 

 Serotonin 5HT2A 31/relatively high Antipsychotic Effect; Low EPS 

α2-adrenergic 80/moderate Side Effects 

Serotonin 5HT1A 300/moderate Antidepressant Effect  

Serotonin 5HT1D 560/moderate   

Dopamine D2 770/relatively low Antipsychotic Effect; Low EPS 

Muscarinic M 1400/low Sedation, Weight Gain  

Serotonin 5HT2C 3500/low   

Table 3: Quetiapine binding profile. A low Kd value corresponds to a high receptor affinity. 

The relatively high 5HT2A affinity, as well as the relatively low D2 affinity are responsible for 

the antipsychotic effects of the drug as well as the decrease in motor impairments. H1, M and α1-

adrenergic receptor antagonism may contribute to side effects associated with quetiapine, such as 

sedation and weight gain.  
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Quetiapine and Metabolic Consequences 

  

As with the majority of SGAs, quetiapine has been shown to induce clinically significant 

weight gain, with most studies reporting between 5 to 15 lbs in at least 37% of patients 

[126, 145, 157]. Patients experience the majority of the weight gain within the first 3-6 

months, which is followed by a plateau [157]. Results from the CATIE schizophrenia 

trial [158, 159] as well as the RCT published by Zhang et al. [160] show a significant 

decrease in high density lipoprotein (HDL) as well as a significant increase in triglyceride 

levels after quetiapine treatment; however Newcomer et al. [161] did not find 

significance difference in triglyceride levels, but did report significant increase in levels 

of total cholesterol and low density lipoprotein (LDL). Data are conflicting with 

measures detecting changes in insulin sensitivity, however results from RCTs tend to 

report no significant changes in blood glucose level or glucose metabolism after 

treatment with quetiapine [158-161]. 

 

Clinical Significance of Weight Gain and Metabolic Syndrome 

 

A change in body weight that is 7% from baseline is considered clinically significant. 

Long-term weight gain leads to central obesity and is associated with an increased risk of 

developing metabolic syndrome [162]. Metabolic syndrome is term is used to describe a 

metabolic disease state that was initially described in the first half of the twentieth 

century as an inflammatory condition consisting of hypertension, hyperglycemia and 

central obesity which became increasingly associated with the development of diabetes 
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and heart disease [163, 164]. Metabolic syndrome often presents as disproportionate 

visceral adiposity which triggers an increase in the production of free fatty acids (FFA). 

Excess FFA has a direct impact on insulin resistance by inhibiting insulin-stimulated 

glucose uptake in muscle tissue. Overproduction of FFA also influences the development 

of obesity. Insulin resistance leads to hyperinsulinemia (too much insulin in the blood) 

and other problems such as hypertension (HBP), which can cause an overall lipid 

imbalance and insulin resistance [162, 165, 166] (Figure 4). 
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Figure 4: Contributing factors to metabolic syndrome. An excess adipose-induced increase in 

FFA impacts insulin resistance and obesity, ultimately leading to the pathogenesis of metabolic 

syndrome [167, 168].  
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There are currently many active definitions of metabolic syndrome (Table 4), but the 

consensus is that metabolic syndrome is diagnosed once a combination of the following 

risk factors is acquired: type 2 diabetes mellitus (T2DM), hyperglycemia: impaired 

fasting glucose (IFG) or impaired glucose tolerance (IGT), central obesity, elevated 

triglyceride levels, HBP and low HDL [168-171]. With at least 25% of Americans 

currently diagnosed with metabolic syndrome [172], the increasingly high prevalence is 

of great concern as individuals with the disease are twice as likely to suffer from 

comorbidities such as stroke, myocardial infarction, cardiovascular disease and mortality 

[173-176]. 
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Table 4: Comparison of Definitions of Metabolic Syndrome 

Organization WHO[170] AHA[168] AACE[169] 

Working 

Definition 
T2DM, IGT and/or 

IFG + 2 additional 

factors 

3 factors 
Determined by clinical 

judgement 

Glucose Status 

(fasting glucose 

mg/dL) 

T2DM, IGT or IFG ≥ 110 
Between 110 and 126 or 

> 140 (2 hours post-meal) 

Blood Pressure 

(mmHg) 
≥ 160/90 ≥ 130/85 ≥ 130/85 

Triglyceride 

Level (mg/dL) 
≥ 150 ≥ 150 ≥ 150 

HDL (mg/dL) 
< 35 M 

< 39 F 

< 40 M 

< 50 F 

< 40 M 

 < 50 F 

Waist 

Circumference 

(cm) 

W:H > 0.9 M 

W:H> 0.85 F 

BMI > 30kg/m2 

> 102 M 

> 88 F 
BMI  ≥ 25kg/m2 

Other 
Microalbuminuria  ≥ 

20 μg/min 
- 

Family history of T2DM, 

HBP, or CVD. Sedentary 

lifestyle, Increased age, high 

risk ethnic groups 

Table 4: Three relevant working definitions for diagnostic guidelines for metabolic 

syndrome. WHO: World Health Organization; AHA: American Heart Association; AACE: 

American Association of Clinical Endocrinologists. T2DM: Type 2 Diabetes Mellitus; IGT: 

Impaired Glucose Tolerance; IFG: Impaired Fasting Glucose. W:H: Waist to hip ratio. HBP: 

High Blood Pressure; CVD: Cardiovascular Disease.   
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Metabolic Syndrome and Schizophrenia 

 

Individuals with schizophrenia have a higher incidence of metabolic syndrome, with 

meta-analyses reporting between 32-42% [177, 178]. In addition, it has been shown that 

schizophrenia is associated with elevated levels of hormones involved in appetite 

regulation, including insulin and leptin [179-181]. Though it has been established that 

antipsychotic treatment can cause clinically significant weight gain, thus impacting the 

incidence of metabolic syndrome, speculation still exists regarding the rate of metabolic 

syndrome in drug naïve patients [182]. The increased risk may be due to additional 

factors affecting schizophrenic patients such as poor eating habits, high incidence of 

hospitalization and sedentary lifestyle. Weight gain associated with metabolic syndrome 

is important in patients with schizophrenia because it negatively affects medication 

adherence, further reduces the quality of life and can decrease patients’ overall lifespan.  

This is noteworthy to this patient population since those diagnosed with schizophrenia 

have a mortality rate 2.5 times greater than the general population and a suicide rate 12 

times the general population [183, 184]. Maintaining an acceptable quality of life status 

and medication adherence is of particular importance.  

 

 

Vitamin D and Insulin Resistance, Cardiovascular Risk 

 

It is well documented that vitamin D supports proper bone health; and that 

supplementation greatly reduces the risk of bone fractures and osteoporosis [33, 40, 41, 

53, 59, 60]. However, recent evidence has mounted supporting the role vitamin D plays 
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in extraskeletal functions. Sufficient levels of circulating 25(OH)D have been shown to 

have a protective effect against certain diseases including colorectal cancer [185, 186], 

kidney disease [187-189] and asthma [190-192]. There is also growing evidence 

suggesting that vitamin D deficiency may be associated with insulin resistance (decrees 

insulin sensitivity)  and could play a role in the pathogenesis of  T2DM [193] [194] [195] 

and cardiovascular disease [196, 197]. Vitamin D supplementation has been shown to 

reduce insulin resistance, although studies are limited in their scope [198, 199]. In a 

recent RCT of 58 Iranian diabetic patients, Yousefi et al. indicated that vitamin D 

supplementation helped stabilize insulin levels and reduce plasma glucose concentrations 

(glycated hemoglobin) in this population [194]. The mechanism by which vitamin D 

impacts insulin levels has not been fully articulated, however studies have suggested this 

may occur either through pancreatic beta cell functionality or serum calcium availability 

and its ability to transport glucose [194, 200, 201]. In other observational and 

retrospective studies in select populations with increased cardiovascular risk, HVD has 

been linked to higher levels of mortality among individuals not receiving a supplement 

[202]; and equally, supplementation is linked to an overall reduced rate of mortality [203, 

204].  

 

Vitamin D and Metabolic Syndrome 

   

Vitamin D status has also been associated with the pathology of metabolic syndrome 

[205]. A recent meta-analysis showed a dose-response association between higher plasma 

25(OH)D and lower risk of metabolic syndrome in otherwise healthy adult populations in 

cross-sectional but not prospective studies [205]. In a five year prospective study, 
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Gagnon et al. found that in a group of Australian adults, serum 25(OH)D was inversely 

associated with metabolic risk factors including waist circumference, triglycerides and 

fasting glucose but not HDL or high blood pressure [206]. In a similar three year 

Canadian study, Kayaniyil et al. also identified an inverse relationship between 25(OH)D 

levels and propensity to develop metabolic syndrome [207]. In a study of individuals with 

metabolic syndrome living in California, 30% had vitamin D levels less than 12 ng/ml 

(versus 6% of the general US population [43]) [208]. Also, in another randomized 

controlled study, the overweight and obese subjects with vitamin D deficiency had higher 

level of depression; and supplementation with vitamin D for one year improved the 

depressive symptoms [209]. However, Wamburg et al. reported that supplementation did 

not reduce metabolic risk factors, including waist circumference; but the study did find a 

non-significant decrease in systolic blood pressure and PTH [210]. Although it may be 

apparent that vitamin D influences aspects of metabolic health, data are still conflicting 

and the mechanism(s) by which this may occur are still largely unknown.  

 

  



29 

 

Hypothesis & Specific Aims 

 

Hypothesis: 

 

The central hypothesis is that schizophrenic patients who gain weight on the second 

generation antipsychotic drug, quetiapine, are vitamin D-deficient.  

Specific Aims: 

 

We predict that the patients with schizophrenia, who gain weight with quetiapine, are 

vitamin D-deficient compared to the patients who do not gain weight.   

1. Examine circulating levels of serum 25(OH)D 

2. Examine mRNA transcripts of vitamin D receptor (VDR) and the enzymes, 

CYP24A and CYP27B, in the white blood cells of the subjects 

3. Correlate findings with BMI and other metabolic risk factors 
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Materials and Methods 

 

Recruitment of Subjects 

 

In this cross-sectional study, patients were identified based on electronic health and 

medical record system (EPIC systems) chart review, and recruited from the psychiatry 

clinics of CHI Health Psychiatric Associates, Dodge Street and Counseling Connections, 

where the Primary Investigator (Dr. Selvaraj) worked on a full-time basis. The subjects 

were identified based on pre-determined inclusion and exclusion criteria (Figure 5). 

Subjects with schizophrenia, schizoaffective disorder or bipolar disorder taking at least 

100 mg of the atypical antipsychotic, quetiapine for 12 weeks or longer, were recruited 

for this study. Patients with schizoaffective disorder and bipolar disorder were included 

in this study because the pathology, epidemiology, neurobiology and genetic factors that 

impact the development of these disorders are similar to that of schizophrenia [96, 104, 

211]. In addition, quetiapine has similar efficacy, tolerability and safety profiles for this 

group of disorders [212]. Including patients with bipolar disorder greatly expanded our 

pool of potential participants.  

 

This clinical trial was also listed on www.clinicaltrials.gov and was approved for 

recruitment on October 31
st
, 2014. Clinical Trials identification number is: 

NCT02281162. 

 

http://www.clinicaltrials.gov/
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Figure 5: Schematic Diagram of Study Design  
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Study Groups 

 

We recruited 20 subjects from February 2015 to September 2015. In the CHI Health 

Clinics, there were sufficient number of minority patients, including African-Americans 

and women. The subjects were placed in one of two experimental groups: (i) “weight 

gain” (WG) and (ii) “no weight gain” (NWG).  In the WG group, we recruited patients 

who had experienced at least a 10% increase from their baseline weight. In the NWG 

group, we recruited patients who had lost weight, did not gain weight or had gained less 

than 5% of their baseline weight. The baseline weight data and other information was 

obtained from EPIC upon recruitment in the study.  

 

Informed Consent and HIPPA 

 

Once identified, potential subjects were approached by approved study personnel or 

treating clinicians for possible participation. Patients who indicated interest in the study 

were asked to review the informed consent documents and were given the opportunity to 

take the documents home for consideration. Interested subjects were asked to participate 

in the consent process as required by the U.S. Department of Health and Human Services 

and outlined in the U.S. code of Federal Regulations (Title 46, Section 116). Participation 

in the study required the understanding and voluntary signing of the Informed Consent 

Document, IRB 632260. 

 

All subjects were also required to read and sign the Health Insurance Portability and 

Accountability Act (HIPAA) form regarding confidentiality of subject data. HIPAA 
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procedures were followed during the entire duration of this study. All data recorded were 

de-identified and given a corresponding ‘study subject’ number (SS01-SS20). This 

process ensured the anonymity of laboratory results as well as the protection of personal 

information. The human research protocol with the Informed Consent and HIPAA forms 

was approved by the Institutional Review Board of Creighton University on August 20
th

, 

2014.  

 

Study Visit 

 

Each subject’s involvement was limited to one study visit, lasting between one and two 

hours. During this time, the consent process was completed. Afterward, the following 

information was collected for each of the 20 patients:  

i. Demographic data, including age, sex, ethnicity, duration of the illness and 

medication regimen, including length of time on quetiapine and all 

concomitant medications (collected by Dr. Selvaraj and Stacey Sigmon). 

ii. Anthropometry data, including height, weight, BMI, blood pressure, pulse 

rate. Anthropometry data, including height and weight was taken by a staffed 

medical technologist in the clinic. Subjects were asked to remove outerwear 

and shoes for weight and height measurements.   

In addition, the MINI International Neuropsychiatric Interview (M.I.N.I.), a well-known 

psychiatric diagnostic interview protocol, was administered by the PI (Dr. Selvaraj) prior 

collecting the patients’ blood sample. The M.I.N.I. includes items that assess the 

hallmark symptoms of exclusionary psychotic depression, other psychotic disorders, 

eating disorder and substance dependence. We used these modules only to help exclude 
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patients with the prescribed diagnoses. Following the M.I.N.I., 30-40 ml venous blood, in 

a fasting state, was collected by a staffed medical technologist at CHI Health Psychiatry 

Clinic. Five separate BD Vacutainer® Specimen Collection Tubes were used as shown in 

Table 5. 

 

The complete blood count (CBC) and complete metabolic panel were performed to rule 

out infection or any other co-morbidity. The metabolic panel includes a lipid panel for the 

measurement of triglycerides, high density lipoproteins (HDL), low density lipoproteins 

(LDL), and very low-density lipoproteins (VLDL) as well as a blood glucose 

measurement. Tubes 1-3 were collected daily by routine pick-up within CHI Health 

Clinical Laboratory. Tubes 4 and 5 were also collected on the day of specimen collection 

and delivered to the research laboratory of Joan Lappe and the PI, respectively, where the 

following procedures were performed.  

 

 

Table 5: BD Vacutainer® Specimen Collection Tubes 

Tube 

# 
Volume 

Testing/Processing 

Location 
Test 

Cerner 

Orderable 

BD 

Vacutainer 

® Tube 

1 5 ml Clinical Pathology 

Lab 

CBC with differential
 

85025 Lavender 

EDTA with 

hemaguard 

2 5 ml Clinical Pathology 

Lab 

Blood Glucose 82947 

 

Gold with 

hemaguard 

and clot 

activator 
3 5 ml Clinical Pathology 

Lab 

Lipid Panel 80061 

4 5 ml Research Lab of 

Joan Lappe 

serum for 25 hydroxy 

D 

NA 

5 10 ml Research Lab of PI protein/mRNA: VDR, 

CYP24A1 and 

CYP27B1 

NA Pink EDTA 

 



35 

 

Serum 25(OH)D  

 

Historically, there has been controversy involved in the recognized standardized method 

for quantifying levels of vitamin D. To analyze the patients' circulating vitamin D levels, 

we measured serum 25(OH)D, as it is the most reliable measure of vitamin D. Serum 

25(OH)D levels were measured by the standardized DiaSorin Liaison
® 

25 OH Vitamin D 

Total Assay which uses chemiluminescent immunoassay (CLIA) technology for the 

quantitative determination of 25-hydroxyvitimin D. This assay was performed in the 

Osteoporosis Research Center (ORC) at Creighton University. The ORC laboratory 

participates in the international quality assessment process for vitamin D assays 

(DEQAS) for 25(OH)D which is accepted by the College of American Pathologists 

(CAP) as a Proficiency Testing scheme for 25(OH)D assays.   Vitamin D status was 

categorized as: sufficiency 25(OH)D of  ≥ 30 ng/ml, insufficiency 25(OH)D of 21-29 

ng/ml and deficiency 25(OH)D < 20 ng/ml, which together, represent the standards 

recognized by the Endocrine Society [33]. 

 

Sample Preparation and Storage – Buffy Coat Isolation 

 

Under sterile conditions, 10 ml of whole blood was mixed with equal parts Hank’s 

Buffered Salt Solution (Cellgro/Corning) (HBSS) in a 50 ml Falcon
TM

 tube. This solution 

was slowly pipetted into a new 50 ml Falcon
TM 

tube containing 10 ml Histopaque 

(Sigma-Aldrich), and centrifudged at room temperature for 20 min at 1,500 RPM with 

the brake off. This step was performed to ensure proper phase separation between the 

clear plasma, the erythrocytes, or red blood cells, and the concentrated leukocyte band, or 
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buffy coat which separates the two.  The buffy coat contains white blood cells and 

platelets. The buffy coat was isolated and transferred to a new 50 ml Falcon
TM

 tube 

containing 10 ml HBSS, then was certrifudged at 4◦C for 10 min at 1,500 RPM. The 

supernatant was removed and the pellet was resuspended in 5 ml water and was mixed 

vigorously by pipetting for 30 seconds. Five milliliters of 1.8% saline was added, and the 

solution was again mixed vigorously by pipetting for 30 seconds. The solution was 

brought to a total volume of 50 ml with HBSS and centrifudged at 4◦C for 10 min at 1500 

RPM. The supernatant was removed and pellet was resuspended in 10 ml HBSS. Ten 

microliters was transferred to an Eppendorf® tube for later use.   The 10 ml HBSS 

solution was centrifudged again at 4◦C for 10 min at 1500 RPM, the supernatant was 

removed and the pellet as resuspended in 2 ml HBSS. The 2 ml was divided between two 

Eppendorf® tubes and centrifudged at 4◦C for 10 min at 1,600 RPM (Figure 6).  
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Figure 6: Schematic Diagram of the Protocol for Buffy Coat Isolation 
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RNA Isolation 

 

Total RNA was isolated from the buffy coat containing white blood cells from patients 

with schizophrenia and bipolar disorder with and without weight gain for identification of 

mRNA transcripts. The total RNA was isolated using the TRIzol® reagent (Thermo-

Fisher) method. Briefly, homogenized samples were incubated at room temperature for 5 

minutes then 200 μl of chloroform was added to each sample and vortexed for 15-20 

seconds. The samples were incubated at room temperature for 10 minutes, with 

intermittent vortexing, and then centrifuged at 12,000 RPM for 15 minutes at 4◦C. The 

aqueous phase (containing RNA) was extracted and transferred to a new Eppendorf® 

tube. An equal volume (500 μl) of 100% isopropanol was added, followed by a 10 minute 

incubation period at room temperature and centrifugation step at 12,000 RPM for 8 

minutes at 4◦C. The supernatant was decanted and the remaining RNA pellet was washed 

with 500 μl of 75% ethanol then vortexed and centrifuged at 15,000 RPM for 5 minutes 

at 4◦C (this step was performed twice). The ethanol from the wash step was decanted and 

the RNA pellet was allowed to air dry. Finally the RNA was resuspended by the addition 

of 50 μl of DEPC-treated water and a 5 minute incubation period at 56◦C. The samples 

were placed on ice and RNA yield quantification was performed using the Nanodrop 

(Thermo scientific, Rockford, IL, USA). 

 

Reverse Transcription 

 

First-strand cDNA synthesis was performed using the ImProm-II
TM

 reverse Transcription 

System kit (Promega, Madison, WI, USA) from RNA isolated from the buffy coat 
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containing white blood cells from the subjects recruited for this study. Two hundred 

nanograms of total RNA was utilized for reverse transcription. First, 200 ng of total RNA 

was added to 2.0 µl of Oligo (dT) and incubated at 70◦C for 5 minutes then kept on ice. 

This solution was added to a reverse transcription master mix with a total volume of 20 

µl containing the following additional components: ImProm-II
TM

 5X reaction Buffer 

(Promega; 5.0 µl), 8 mM magnesium chloride (Promega; 4.8 µl), 0.5 mM dNTP Mix 

(Promega; 1.0 µl), 20 u RNasin® ribonuclease Inhibitor (Promega), 1.0 u ImProm-II
TM

 

reverse Transcriptase (Promega; 1.0 µl) and nuclease free water (Promega; to make a 

total volume of 20 µl). Reverse Transcription was performed using the Veriti® Thermal 

Cycler (Applied Biosystems) with the following standardized program for all reactions:  

An annealing step at 25°C for 5 minutes followed by an extension step at 42°C for 

60 minutes, and inactivation of the reverse transcriptase at 72°C for 15 minutes. cDNA 

was stored at -20°C. 

   

Real-time PCR 

 

Following the synthesis of cDNA, real-time polymerase chain reaction (PCR) was 

performed using 1 μg  of cDNA, 10 μl SYBR Green PCR master mix (Applied 

biosystems, Life technologies, Carlsbad, CA) and forward and reverse primers (10 

picomol/μl) (Integrated DNA Technologies, Coralville, IA) using the CFX96 Real Time 

PCR system (Bio-Rad, Hercules, CA). The primer sequences used are shown in Table 6. 

The specificity of the primers was analyzed by running a melting curve. The PCR cycling 

conditions were as follows: denaturation at 95 °C for 2 minutes, followed by 40 cycles of 

30 seconds at 95 °C, 30 seconds at either 59 °C (VDR and CYP27B1) or 57 °C 
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(CYP24A1) and 30 seconds at 72 °C. The final extension step was 5 minutes at 72°C. 

Each real-time PCR run was carried out in quadruplicate and the threshold cycle values 

were averaged. Calculations of relative normalized gene expression were done using the 

BioRad CFX manager software and based on the differences in the threshold cycles. The 

fold change in expression between samples was calculated by the fold change = 2
−ΔΔCt

 

method [213].The results were normalized to the housekeeping gene, Glyceraldehyde-3-

Phosphate Dehydrogenase (GAPDH). 

 

 

 

 

 

 

 

Table 6: PCR Primer Sequence 

Gene of Interest Primers (Integrated DNA Technologies) 

VDR 

Forward Primer:  5’-AATGGCGGCCAGCACTTCCC-3’ 

Reverse Primer:  5’-CTGGCAGTGGCGTCGGTTGT-3’ 

CYP24A1 

Forward Primer: 5’-TGCGCATCTTCCATTTGGCGT-3’ 

Reverse Primer: 5’GCTGGCAAAACGC GATGGG-3’ 

CYP27B1 

Forward Primer: 5’-CGTGTACGTGGCTGCCCCTG-3’ 

Reverse Primer: 5’- GCCGCACAAGGTCGCAGACT-3’ 

GAPDH 

Forward Primer: 5’- GGGAAGGTGAAGGTCGGAGT-3’ 

Reverse Primer: 5’- TTGAGGTCAATGAAGGGGTCA-3’ 
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Statistical Analysis 

 

Statistical analysis was performed using GraphPad Prism 5.0 biochemical statistical 

package (GraphPad Software, Inc., San Diego, CA) and IBM SPSS 16.0 predictive 

analysis software (IBM Corporation, Armonk, New York). Statistical analysis was 

performed using two-tailed unpaired Student t-test or one-way ANOVA with 

Bonferroni’s multiple comparison test to analyze statistically significant differences 

between groups. Values of all measurements of Student’s t-test are expressed as mean ± 

SEM. Differences at p < 0.05 were considered significant. Demographic data were 

analyzed with SPSS software using a two-tail Fisher’s exact test. Significance was 

considered significant at p < 0.05. Regarding categorical analysis of vitamin D status: a 

3x2 Chi-square analysis with a sample size this small violated one of the assumptions of 

Chi-square analysis: the expected values were too small for the approximation involved 

in the chi-square test to be valid. Therefore 2x2 cross tabulation analyses were performed 

within the groups. A Chi-square analysis with Fisher’s exact test was then performed. 

Because our hypothesis for vitamin D status was directional (we expected WG group to 

have lower vitamin D), a one-tailed Fisher’s exact test was used in this instance only.  

This project was a pilot project to assess the feasibility of the study and also to generate 

preliminary data for future grants. In the future, a larger N would generate more accurate 

statistical results. All raw data related to this study are included in Appendix A.   
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Results 

Study Visit 

 

Twenty patients with either schizophrenia or bipolar disorder taking at least 100 mg of 

quetiapine per day were recruited for this study from CHI Health Psychiatric Associates 

and Counseling Connections between February 2015 and September 2015. Two subjects 

(10%) were disqualified after enrollment, ultimately resulting in 18 subjects completing 

this study. One patient changed his dose of quetiapine from 300 mg/day to 50 mg/day 

between enrollment and the study visit, and therefore did not meet the medication 

requirements. After the study, another patient was evaluated for genetic metabolic 

conditions, and it was determined that she is homozygous for the C677T variant of the 

methylenetetrahydrofolate reductase (MTHFR) gene. This genetic variant causes elevated 

levels of homocysteine because of the inability to properly process folate [214]. This 

genetic mutation has been linked to both metabolic abnormalities (increases 

cardiovascular risk) as well as alterations in vitamin D metabolism [214-216]. Because of 

this, the data for this patient was not used in analysis. The remaining subjects were placed 

in either the “weight gain” (WG) group or “no weight gain” (NWG) group. Patients were 

placed in the WG group if he or she gained 10% of baseline bodyweight after treatment 

with quetiapine. Ultimately, each experimental group had 9 subjects (n = 9).  

 

Patient Demographics 

 

Twenty patients were recruited for this study. After disqualifying one patient for a 

medication change and one patient for a post-study metabolic diagnosis, 18 participants 
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remained. Subjects ranged in age between 21 and 62 years. The mean age of this cohort 

was 44 ± 11.28 years, There was no significant difference in age between the two groups: 

the mean age of the NWG group was 42.11 ± 3.839 and the mean age of the WG group 

was 45.89 ± 3.795, p = 0.4941 (Table 7). Overall, 9 males (50%) and 9 females (50%) 

participated in this study. The NWG group has significantly more males than the WG 

group (NWG = 88.89% male, WG = 11.11% male; p = 0.003*) (Table 7). In this cohort, 

there were 6 African American participants (33.3%), 11 Caucasian participants (61.1%) 

and one Pacific Islander (5.5%). There are no statistical differences in ethnicity between 

the NWG and WG groups (p = 0.3348). Ten of the participants have a DSM-V diagnosis 

of schizophrenia (55.5%) and 8 have a diagnosis of bipolar disorder (44.4%). There are 

no statistical differences between the NWG and WG groups (p = 0.6372) (Table 7). Age 

and BMI statistics were determined using a two-tail Student’s t-test with 95% confidence 

intervals. Sex, ethnicity and diagnosis differences were determined using two-tail 

Fisher’s exact test. Statistical significance was determined based on a p < 0.05.  
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Table 7: Patient Demographics 

 NWG  (n = 9) WG  (n = 9) Cohort (n = 18) p 

Age (years) 42.11 ± 3.839 45.89 ± 3.795 44 ± 11.28 0.4941 

BMI (kg/m
2
) 27.03 ± 1.462 42.83 ± 3.122 35.26 ± 2.485 0.0002* 

Sex (% male) 88.89% 11.11% 50% 0.003* 

Ethnicity (% Caucasian) 77.78% 44.44% 61.1% 0.335 

Diagnosis 

(% schizophrenia) 
66.67% 44.44% 55.5% 0.637 

 

 

Patient Anthropometrics  

 

During the study visit, the following anthropometric data were collected from the study 

participants: height, weight, BP and pulse. BMI was calculated from height and weight 

information. Participants were asked to remove shoes and outerwear for the acquisition of 

height and weight measurements. The mean BMI of the cohort was 35.26 ± 2.485 kg/m
2
. 

The mean height of the cohort was 166.9 ± 2.698 cm. The mean weight of the cohort was 

210.89 ± 10.34 lbs.  The mean pulse rate of the cohort was 84.84 ± 3.452 BPM. A two-

tailed Student’s t-test was used to compare the results of the WG and NWG group. Table 

8 represents the results of this analysis. Significant differences were found between the 

two groups in the following parameters: height: WG = 159.5 ± 3.562, NWG = 174.4 ± 

2.075; p = 0.0023*; weight: WG = 237.0 ± 14.53, NWG = 184.8 ± 8.555; p = 0.0069*; 
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BMI: WG = 42.83 ± 3.122, NWG = 27.03 ± 1.462; p = 0.0002*; pulse: WG = 76.22 ± 

2.650 BPM, NWG = 90.78 ± 5.270 BPM; p = 0.0253*. 

 

Table 8: Results from anthropometric data. Table 8 represents a compared analysis of the 

patients’ anthropometrics using an unpaired two-tailed t-test with 95% CI. Results represented as 

mean ± SEM, and significance is defined as p < 0.05. Significant differences were found between 

the two groups in height, weight, BMI and pulse.  

 

 

Patient Hematology  

 

During the study visit, 5 ml of whole blood was collected and sent to CHI pathology for 

the analysis of a complete blood count with differential. This was performed to rule out 

any potential infection as well as to discern any potential differences between the two 

groups. A complete list of the hematological tests performed is listed in Table 9.  

 

A two-tailed Student’s t-test was used to compare the results of the WG and NWG group. 

Table 9 represents the results of this analysis. There are no differences between the WG 

and NWG group in the number of white blood cells (WBC) in the blood, as well as the 

constituents of WBCs: neutrophils, lymphocytes, monocytes, eosinophils and basophils 

(Table 9). However, the WG group has significantly lower amounts of red blood cells 

(RBC, p = 0.0569), hemoglobin (p = 0.0002*), hematocrit (p = 0.0007*), mean corpuscular 

Table 8: Results from Anthropometric Data 
 Reference Range Weight Gain No Weight Gain p-value 

Height (cm) - 159.5 ± 3.562 174.4 ± 2.075 0.0023* 

Weight (lb)  - 237.0 ± 14.53 184.8 ± 8.555 0.0069* 

BMI  (kg/m
2
) - 42.83 ± 3.122 27.03 ± 1.462 0.0002* 

Pulse (BPM) - 76.22 ± 2.650 90.78 ± 5.270 0.0253* 

Systolic BP 90-119 121.1 ± 7.677 125.0 ± 5.701 0.6896 

Diastolic BP 60-79 79.60 ± 4.140 79.75 ± 4.092 0.9800 
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hemoglobin (MCH, p = 0.0014*), and mean corpuscular hemoglobin concentration (MCHC, p 

= 0.0005*). The WG group has significantly higher amount of red cell distribution width 

(RDW, p = 0.0193*) and platelets (p = 0.0106*). 

 

  

Table 9: Hematology Results 

 
Reference 

Range Weight Gain No Weight Gain p value 

WBC (k/μl) 4.0-12.0 7.211 ± 0.8349 7.730 ± 0.5858 0.6117 

Neutrophils (%)  58.33 ± 4.187 62.00 ± 3.403  0.5023 

Neutrophils, Absolute (k/μl) 1.5-8 4.333 ± 0.7454 4.920 ± 0.6191 0.5500 

Lymphocytes  31.22 ± 4.245 27.10 ± 3.315 0.4498 

Lymphocytes, Absolute (k/μl) 1.0-4.5 2.122 ± 0.2707 1.980 ± 0.2021 0.675 

Monocytes (%)  6.444 ± 0.7093 7.600 ± 0.7916 0.2963 

Monocytes, Absolute (k/μl) 0.1-1.1 0.4667 ± 0.0500 0.5800 ± 0.06799  0.2052 

Eosinophils (%)  2.889 ± 0.3889 2.000 ± 0.3651  0.1138 

Eosinophils, Absolute (k/μl) 0.0-0.4 0.2222 ± 0.0364 0.1700 ± 0.03667 0.328 

Basophils (%)  0.8889 ± 0.1111 0.7000 ± 0.1528  0.3406 

Basophils, Absolute (k/μl) 0.0-0.1 0.0778 ± 0.0147 0.0700 ± 0.01528  0.7196 

RBC (m/μl) 3.50-5.30 4.509 ± 0.1737 5.022 ± 0.1797 0.0569* 

Hemoglobin (gm/dl) 12.0-16.0 12.30 ± 0.4045  15.45 ± 0.4974  0.0002* 

Hematocrit (%) 36.0-48.0 38.24 ± 1.085 45.51 ± 1.365 0.0007* 

MCV (fl) 80-100 85.44 ± 2.588 90.50 ± 1.025  0.0761 

MCH (pg) 26.0-34.0 27.41 ± 0.8366 30.76 ± 0.3612 0.0014* 

MCHC (gm/dl) 30.0-37.0 32.13 ± 0.2986 33.94 ± 0.2978 0.0005* 

RDW (%) 11.5-15.0 14.46 ± 0.4200 13.11 ± 0.3188 0.0193* 

Platelet (k/μl) 140-440 303.3 ± 26.12 221.6 ± 13.40 0.0106* 

MPV (fl) 8.5-12.5 10.76 ± 0.2688 11.05 ± 0.2734  0.4547 

Table 9: Results from hematological testing from CBC of whole blood sample. Table 9 

represents a compared analysis of the patients’ hematology results using an unpaired two-tailed t-

test with 95% CI. Results represented as mean ± SEM, and significance is defined as p < 0.05. 

Significant differences were found between the two groups in results of RBCs, hemoglobin, 

hematocrit, MCV, MCHC, RDW and platelet count. All means fall within the corresponding 

reference range. 

 

Complete Metabolic Profile: Spotlight on Metabolic Risk Factors  

 

During the study visit, 5 ml of whole blood was collected and sent to CHI pathology for 

the analysis of a complete metabolic panel. This was performed to further rule out any 
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potential undiagnosed metabolic condition as well as to discern any possible differences 

between the two groups. Measurements of fasting glucose as well as a heart disease risk 

factor (HDRF) and BMI were also recorded. HDRF is the LDL/HDL ratio for each 

patient and represents the risk of developing coronary heart disease. A low risk is 

categorized as having a HDRF of up to 1.5; an average risk is defined as a HDRF of 1.6-

3.6. HDRFs over 3.6 represent an increased risk of developing coronary heart disease 

with values of 3.7-6.3 representative of an above average risk and 5.1-6.1 indicating a 

high risk. According to the American Diabetes Association, fasting Glucose from 100-

125 mh/dL is considered impaired fasting glucose (pre-diabetic). Fasting Glucose > 125 

mg/dL is indicative of Diabetes Mellitus, but must be confirmed.  

  

 An unpaired two-tailed Student’s t-test was used to compare the results of the WG and 

NWG group. Table 10 represents the results of this analysis. The WG group shows 

significantly higher HDL (p = 0.0381*) as well as BMI (p = 0.0002*). It should also be 

noted that the mean of WG group for triglycerides and cholesterol fall outside the 

reference range. The means for both the WG and NWG group for LDL and 

cholesterol/HDL ratio fall outside of the reference range. In each case, the means of the 

experimental group are greater than the highest point in the reference range.  

 

An unpaired two-tailed Student’s t-test was used to compare the results from the 

metabolic and lipid panel of the patients with insufficient and deficient 25(OH)D versus 

those with sufficient 25(OH)D. Table 11 represents the results of this analysis. There are 

no statistical differences between the two groups.   
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Table 10: Results from complete metabolic profile and lipid panel compared with 

weight gain. Table 10 represents a compared analysis of patients’ metabolic profile 

between WG and NWG groups using an unpaired two-tail t-test with 95% CI. Results are 

represented as mean ± SEM, and significance is defined as p < 0.05. Significant 

differences were found between the two groups in results of HDL and BMI.  
 

Table 11: Results from complete metabolic profile and lipid panel compared with 

25(OH)D. Table 11 represents a compared analysis of patients’ metabolic profile 

between patients with sufficient and deficient versus sufficient 25(OH)D using an 

unpaired two-tail t-test with 95% CI. Results are represented as mean ± SEM, and 

significance is defined as p < 0.05.  

 

Table 10: Results from complete metabolic profile and lipid panel compared with 
weight gain 

 
Reference 

Range 

Weight 

Gain 

No Weight 

Gain p-value 

Cholesterol (mg/dL) 120-200 217.8 ± 17.40 177.2 ± 10.99 0.0601 

Triglyceride (mg/dL) ≤149 173.8 ± 39.69 131.6 ± 21.5 0.3500 

HDL (mg/dL) 40-60 52.78 ± 5.220 40.60 ± 2.109 0.0381* 

VLDL (mg/dL) ≤30 28.25 ± 4.825 26.20 ± 4.323 0.7558 

LDL (mg/dL) ≤99 121.5 ± 11.44 110.4 ± 9.587 0.4645 

Cholesterol/HDL Ratio ≤4.4 4.633 ± 0.8239 4.520 ± 0.4165 0.9007 

LDL/HDL Ratio ≤3.2 2.350 ± 0.3391 2.800 ± 0.3169 0.3492 

Non-HDL Cholesterol (mg/dL) - 154.4 ± 13.71 136.6 ± 11.83 0.3357 

Fasting Glucose (mg/dL) 10-100 96.78 ± 4.342 94.70 ± 6.488  0.798 

Heart Disease Risk Factor - 2.350 ± 0.3391 2.800 ± 0.3169 0.3492 

BMI  (kg/m
2
) - 42.83 ± 3.122 27.03 ± 1.462 0.0002* 

Pulse - 76.22 ± 2.650 90.78 ± 5.270 0.0253* 

Systolic BP 90-119 121.1 ± 7.677 125.0 ± 5.701 0.6896 

Diastolic BP 60-79 79.60 ± 4.140 79.75 ± 4.092 0.9800 

Table 11: Results from complete metabolic profile and lipid panel compared with 

25(OH)D status 

 

Reference 

Range 

Insufficient 

25(OH)D 

Sufficient 

25(OH)D p-value 

Cholesterol (mg/dL) 120-200 201.8 ± 13.14 190.0 ± 22.42 0.6733 

Triglyceride (mg/dL) ≤149 158.7 ± 27.79 154.0 ± 29.19 0.9328 

HDL (mg/dL) 40-60 48.29 ± 3.707 39.00 ± 4.899 0.2327 

VLDL (mg/dL) ≤30 27.46 ± 3.719 30.75 ± 5.963 0.6675 

LDL (mg/dL) ≤99 115.8 ± 8.258 120.3 ± 19.93 0.8101 

Cholesterol/HDL Ratio ≤4.4 4.521 ± 0.5307 5.000 ± 0.7036 0.6344 

LDL/HDL Ratio ≤3.2 2.462 ± 0.2275 3.250 ± 0.6910 0.1711 

Non-HDL Cholesterol (mg/dL) - 146.7 ± 9.995 151.0 ± 24.25 0.8514 

Fasting Glucose (mg/dL) 10-100 96.78 ± 4.342 94.70 ± 6.488 0.7980 

Heart Disease Risk Factor - 2.350 ± 0.3391 2.800 ± 0.3169 0.3492 

BMI  (kg/m
2
) - 36.01 ± 2.951 28.93 ± 2.735 0.2525 

Pulse - 84.73 ± 4.247 85.25 ± 4.888 0.9534 

Systolic BP 90-119 120.3 ± 4.723 134.5 ± 10.63 0.1993 

Diastolic BP 60-79 78.67 ± 2.908 84.25 ± 7.169 0.4145 
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Serum 25(OH)D 

 

During the study visit 5 ml of whole blood was collected and processed for serum. The 

serum was sent to the Osteoporosis Research Laboratory at Creighton University, where 

the lab determined the levels of circulating vitamin D (serum 25(OH)D). The DiaSorian® 

assay, the industry standard, was used for this determination; and the values represent a 

measurement of the combination of vitamin D2 and D3.  An unpaired two-tailed 

Student’s t-test with 95% CI was used to discern differences between the WG and NWG 

group. The results of this analysis are presented in Figure 7. Serum 25(OH)D levels are 

significantly lower in patients who gained at least 10% of their baseline bodyweight 

while on quetiapine as compared to those who did not gain weight (WG: 25(OH)D = 

16.67 ± 1.683; NWG: 25(OH)D = 25.11 ± 2.288; p = 0.0090*).  
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Figure 7: Serum 25(OH)D in weight gain versus no weight gain patients. Serum 25(OH)D in 

patients experiencing 10% increase in body weight from baseline after 12 weeks treatment with 

quetiapine, 100 mg or more (WG), versus those who did not gain weight (NWG). Results indicate 

a significant difference between the two group with 2 tail unpaired t-test, 95% CI; p = 0.0090*. 

Patients who did not gain weight have significantly higher serum 25(OH)D levels: WG serum 

25(OH)D = 16.67 ± 1.683 (n = 9); NWG serum 25(OH)D = 25.11 ± 2.288 (n = 9). Results 

represented as mean ± SEM. 

 

 

 

Results from the serum 25(OH)D assay were categorized based on the serum 25(OH)D 

standards put forth by the Endocrine Society [40]. Deficiency is defined as 25(OH)D < 

20 ng/ml, insufficiency is defined as 25(OH)D 21-29 ng/ml, and sufficiency is defined as 

25(OH)D ≥ 30 ng/ml. There are 2 patients in the NWG (22.2%) group versus 7 (77.78%) 

patients in the WG group with deficient vitamin D. There are 3 (33.3%) patients in the 

NWG group and 2 (22.2%) patients in the WG group with insufficient vitamin D. There 

are 4 (44.4%) patients in the NWG group versus 0 (0.0%) patients in the WG groups with 

sufficient vitamin D. There are no statistical differences between the WG and NWG 
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groups when vitamin D status was broken down into deficiency, insufficiency and 

sufficiency. However a statistical difference exists between the groups when sufficiency 

is compared to not sufficient in the WG versus NWG groups; p = 0.0305* (Table 12).  

Overall, in the entire cohort, 9 (50.0%) of the patients in this study are vitamin D 

deficient, 5 (27.75%) were vitamin D insufficient and only 4 (22.22%) had sufficient 

levels of vitamin D.  

 

Table 12: Numbers and percentages of patients according to vitamin D status 
 NWG  (n = 9) WG  (n = 9) Cohort (n = 18) 

Deficiency, n (%) 2 (22.2%) 7 (77.78%) 9 (50.0%) 

Insufficiency, n (%) 3 (33.3%) 2 (22.2%) 5 (27.78%) 

Sufficiency, n (%) 4 (44.4%)  0 (00.0%) 4 (22.22%) 

Table 12: Numbers and percentages of patients according to vitamin D status. Categories are 

defined according to the Endocrine Society’s standard. Deficiency = 25(OH)D < 20 ng.ml, 

insufficiency = 25(OH)D 21-29 ng/ml, sufficiency = 25(OH)D ≥ 30 ng/ml. Using Chi-square 

analysis with Fisher’s exact test; p = 0.0305* [40]. 

 

 

The results from the serum 25(OH)D assay were correlated with the metabolic risk 

factors listed in Table 13. Correlation was determined using a two-tailed Pearson’s 

correlation with 95% CI. The results of this analysis are presented in Figure 8. The 

correlations are statistically significant with two factors: BMI and fasting glucose. BMI is 

negatively correlated with 25(OH)D (r = -0.4316; p = 0.0369*). Fasting glucose is also 

negatively correlated with 25(OH)D (r = -0.5681; p = 0.0174*). No other metabolic risk 

factors are significantly correlated to 25(OH)D. 

 

 

 

 
*  
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Table 13: Correlation analysis between serum 25(OH)D and clinically relevant metabolic 

factors. There is a statistically significant negative correlation between BMI and 25(OH)D levels 

(p = 0.0369*) as well as fasting glucose levels and 25(OH)D levels (p = 0.0174). There are no 

significant correlations between 25(OH)D levels and cholesterol, triglycerides, HDL, VLDL, 

cholesterol/HDL ratio, LDL/HDL ratio, non-HLD cholesterol, HDRF, pulse, or BP.  Correlation 

was determined using a two-tailed Pearson’s correlation with 95% CI and significance 

was based on p < 0.05.  

  

Table 13: Correlation between 25(OH)D and clinically 

relevant metabolic parameters 

 r p-value 

Cholesterol (mg/dL) -0.3100 0.2106 

Triglyceride (mg/dL) -0.2355 0.3468 

HDL (mg/dL) -0.09188 0.7169 

VLDL (mg/dL) -0.05504 0.8338 

LDL (mg/dL) -0.1276 0.6254 

Cholesterol/HDL Ratio -0.02780 0.9101 

LDL/HDL Ratio 0.1823 0.4691 

Non-HDL Cholesterol (mg/dL) -0.03791 0.8776 

Fasting Glucose (mg/dL) -0.5681  0.0174* 

Heart Disease Risk Factor 0.1023 0.6961 

BMI  (kg/m
2
) -0.4316 0.0369* 

Pulse 0.09083 0.7115 

Systolic BP -0.01565 0.9493 

Diastolic BP -0.1182 0.6299 
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Figure 8: Correlation between Metabolic Factors and Serum 25(OH)D. Correlation was 

determined using a two-tailed Pearson’s correlation with 95% CI. A. BMI is negatively correlated 

with 25(OH)D:   r = -0.4316; p = 0.0369*. B. Fasting Glucose is negatively correlated with 

25(OH)D:  r = -0.5681; p= 0.0174*. C. There is no statistically significant correlation between 

HDRF and 25(OH)D: r = 0.1023; p = 0.6961. D. There is no statistically significant correlation 

between triglyceride level and 25(OH)D:  r = -0.2355; p = 0.3468. E. There is no statistically 

significant correlation between HDL and 25(OH)D: r = -0.09188; p = 0.7169. F. There is no 

statistically significant correlation between LDL and serum 25(OH)D:  r = -0.1276; p = 0.6254. 
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Real-time PCR Results 

 

Whole blood was collected and RNA was isolated from the buffy coat as described 

above. mRNA expression levels of VDR, CYP27B1 and CYP24A1 were evaluated with 

RT-PCR. The relative normalized expression of the mRNA transcripts was calculated 

using the 2
-ΔΔCt

 method [217]. GAPDH was used as the endogenous control. A two-tailed 

Student’s t-test was used to evaluate potential differences between mRNA transcripts in 

the WG versus NWG group. Statistical significance was determined based on p < 0.05. 

Figures 9, 10 and 11 represent the results of this analysis. Figure 9 illustrates the 

comparison between the expression of VDR in the WG group versus the NWG group. 

Figure 10 illustrates the comparison between the expression of CYP27B1 in the WG 

group versus the NWG group. Figure 11 illustrates the comparison between the 

expression of CYP24A1 in the WG group versus the NWG group.  
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Figure 9: Fold Change in VDR mRNA Expression. This histogram represents results from an 

unpaired two-tailed t-test with 95% CI and is expressed as the mean ± SEM of relative 

normalized VDR mRNA expression in the WG versus NWG group. The data was derived from n 

= 9 in each group and samples were run in quadruplicate. The relative expression of VDR was 

normalized against the expression of the reference gene GAPDH, using 2
-ΔΔCt 

method; p = 0.0512 
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Figure 10: Fold Change in CYP27B1 mRNA Expression. This histogram represents results 

from an unpaired two-tailed t-test with 95% CI and is expressed as the mean ± SEM of relative 

normalized VDR mRNA expression in the WG versus NWG group. The data was derived from n 

= 9 in each group and samples were run in quadruplicate. The relative expression of CYP27B1 

was normalized against the expression of the reference gene GAPDH, using 2
-ΔΔCt 

method; p = 

0.0758. 
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Figure 11: Fold Change in CYP24A1 mRNA Expression. This histogram represents results 

from an unpaired two-tailed t-test with 95% CI and is expressed as the mean ± SEM of relative 

normalized CYP24A1 mRNA expression in the WG versus NWG group. The data was derived 

from n = 9 in each group and samples were run in quadruplicate. The relative expression of VDR 

was normalized against the expression of the reference gene GAPDH, using 2
-ΔΔCt

 method; p = 

0.1684. 
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As a secondary analysis, the relative fold change of each of the mRNA transcripts of 

VDR, CYP24A1 and CYP27B1 was evaluated for prediction of vitamin D status. Data 

from the relative expression of VDR, CYP 24A1 and CYP27B1 were categorized based 

on the patients’ vitamin D status according to the Endocrine Society: sufficient (25(OH)D 

≥ 30 ng/mL), insufficient (25(OH)D 21-29 ng/mL) or deficient (25(OH)D  < 20 ng/mL) 

[40]. A one way ANOVA was used to evaluate the differences between the three groups. 

Statistical significance was determined based on p < 0.05. Figure 12 represents the results 

from this analysis.  
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Figure 12: Fold change in mRNA transcripts compared to vitamin D status. A. Fold change 

in VDR mRNA transcripts compared to vitamin D status; p = 0.6322.B. Fold change in CYP24A 

mRNA transcripts compared to vitamin D status; p = 0.4586. C. Fold change in CYP27B mRNA 

transcripts compared to vitamin D status; p = 0.5218.   
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Discussion  

 

In this current study, the serum 25(OH)D levels as well as the mRNA transcripts of VDR, 

and the vitamin D metabolizing enzymes, CYP24A and CYP27B were analyzed from the  

whole blood of schizophrenic and bipolar patients on the SGA, quetiapine. Metabolic risk 

factors were also assessed and evaluated for their potential correlation to vitamin D status 

in this patient population. In order to explicate the effect vitamin D may play on SGA-

induced weight gain, understanding the metabolism of the hormone is necessary.  

 

The primary finding of this study is that schizophrenic and bipolar patients on the SGA, 

quetiapine, who gained at least 10% of their body weight on the drug have significantly 

lower serum 25(OH)D levels compared to those that did not gain weight (p = 0.0090*). 

In addition, there are significantly more patients who are sufficient for vitamin D in the 

NWG group than in the WG group (p = 0.0305*). Overall, 50% of the entire cohort have 

deficient vitamin D levels, while only 22% have vitamin D levels considered sufficient 

by the Endocrine Society [40] . The incidence of vitamin D deficiency in this population 

(50%) is much greater than that of the general population (36%) [42].  

 

There are no statistical differences in the comparison of the relative levels of mRNA 

transcripts for VDR, and the vitamin D metabolizing enzymes CYP24A and CYP27B 

between the NWG and WG groups. In each case, the WG group has slightly higher levels 

of VDR, CYP24A and CYP27B expression; however neither case has statistically 

significant results. Although this outcome was not expected, recent studies in rodents see 

similar results: higher levels of renal CYP27B and CYP24A in obese mice compared to 
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non-obese controls [218, 219]. In the case of the relative expression of VDR, the 

difference in the relative levels of expression between the two groups is approaching 

significance (p = 0.0515), but is not considered so. These results are consistent with one 

study by Young et al. who reported that placental VDR levels were higher in newborns 

with low 25(OH)D [220]. Also, an additional finding by Jiang et al. found certain VDR 

polymorphisms were associated with a higher incidence of risperidone-induced metabolic 

syndrome [221].  In a recent cross-sectional study with 118 Spanish patients, VDR 

mRNA expression was significantly higher in the morbidly obese patients compared to 

the lean, overweight or obese patients [222].  Overall, we can speculate that the lack of 

statistically significant findings in our RT-PCR data is likely due to the small sample 

size. It is also plausible that the action of quetiapine may play a role in the expression of 

these genes; however it is not possible to discern this with a cross-sectional study design.  

 

In a secondary analysis of the data from RT-PCR, the relative expression of mRNA 

transcripts of VDR, CYP24A1 and CYP27B1 were evaluated for their prediction of 

vitamin D status. Interestingly, in each case, decreased relative expression of each 

transcript predicts a more favorable vitamin D outcome. However, this analysis also does 

not produce significant results, again likely due to the small sample size. A similar result 

was found in a recent study in obese mice: serum 25(OH)D levels were negatively 

correlated to renal CYP24A [218]. 

 

Not surprisingly, there are significant differences between the NWG and WG groups with 

regards to various metabolic findings. The WG group has significantly higher body 
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weight (p = 0.069*), BMI (p = 0.002*), HDL (p = 0.0381*), and significantly lower pulse 

rates (p = 0.0253*). However, there are no statistically different findings between the two 

groups in any of the other metabolic parameters tested including cholesterol, 

triglycerides, VLDL, LDL, fasting glucose or blood pressure. It is important to note, 

however that the mean systolic BP, diastolic BP, LDL and cholesterol/HDL ratio for both 

groups fall outside the recommended reference range for each parameter. In each case, 

the metabolic parameter is higher than the top tier ‘healthy’ reference range. In addition, 

the cholesterol and triglyceride levels for the WG group also fall outside the highest limit 

of the reference range (217.8 ± 17.4 versus 120-200 and 173.8 ± 39.69 versus ≤ 149, 

respectively). Finally, impaired fasting glucose is categorized as having a fasting glucose 

level of over 100 mg/dL. Although neither the WG nor the NWG have fasting glucose 

means that are over the 100 mg/dL reference limit, in both cases, the levels are 

exceptionally high: NWG: 94.70 ± 6.488 mg/dL and WG: 96.78 ± 4.342. Overall, only 

22% (4 subjects) of the cohort have impaired fasting glucose, however, the fasting 

glucose mean ± SEM of the entire cohort is high, 95.68 ± 3.887 mg/dL.  

 

HDL is considered the ‘good’ cholesterol because of its role in transporting fat molecules 

such as triglycerides and other lipoproteins from cells and tissues in the body back to the 

liver. Elevated levels of HDL have also been shown to be anti-inflammatory and 

protective against cardiovascular disease and overall mortality [223-225]. Therefore, it 

was unexpected that the WG group would have significantly lower HDL than the NWG 

group (Table 10). However, HDL levels must surpass 60 mg/dL to have health benefits 

[224, 225]. Furthermore, according to the WHO, AHA and AACE, the guidelines for 



63 

 

recommended HDL levels are lower for men than women (Table 4) [168-170]. Men tend 

to have lower levels of HDL as a whole, and there are significant differences in gender 

between the WG and NWG group in this cohort [223]. It is likely that the differences 

seen in HDL are actually an effect of gender and not an indicator of cardiovascular heath 

differences.  

A secondary but novel finding of this study is the correlation between serum 25(OH)D 

and metabolic risk factors. A statistically significant negative correlation exists between 

levels of serum 25(OH)D and BMI (r = -0.4316, p = 0.0369*) as well as serum 25(OH)D 

and fasting glucose levels (r = -0.5681, p = 0.0174) in this cohort. A significant inverse 

relationship has been previously established between serum 25(OH)D and BMI [16-18]; 

and the findings from this study support that work. However, according to recent RCTs, a 

defined relationship between serum 25(OH)D and fasting glucose has not been fully 

articulated. There are currently limited clinical studies evaluating the potential correlation 

between these two independent factors; and a consensus in the literature has not been 

established [226-233]. Furthermore, the sparse clinical trials that have evaluated this 

relationship focus on specific populations: patients with T2DM or other diseases and 

children with obesity [226-230]. The significant negative correlation between serum 

25(OH)D and fasting glucose found in this study is exciting, and represents one of the 

first cross-sectional studies to report this finding among schizophrenia and bipolar 

patients. To date, only one additional clinical study has been published reporting a 

significant correlation between serum 25(OH)D and fasting glucose in patients with 

schizophrenia [230].  Impaired fasting glucose is a marker of metabolic syndrome, and 

this finding may represent a potential mechanism for the development of metabolic 
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syndrome in this patient population. Although additional metabolic factors were assessed 

for their association with vitamin D levels, no additional statistically significant 

correlations between serum 25(OH)D and these risk factors were found.  

With the high rate of physical and mental comorbidities among schizophrenic patients, it 

is no surprise that metabolically significant weight gain is present at a higher rate in this 

cohort. Elevated BMI is a risk factor for metabolic syndrome. A recent meta-analysis 

indicated that metabolic syndrome has been found in anywhere from 11% to 69% of 

schizophrenic patients across various retrospective, prospective and cross-sectional 

studies [234]. Few studies have been done on drug naïve patients, nevertheless the 

prevalence of metabolic syndrome ranges from 4% to 26% in these findings [234]. 

Although the diagnosis of metabolic syndrome in first–episode drug naïve schizophrenic 

patients has been found to be similar to that of the general population, the presence of 

cardiovascular risk factors is significantly higher in this population. Obesity occurs at a 

rate of 1.5 to 2 times higher in schizophrenic patients compared to the general population 

[235]. Furthermore, impaired glucose tolerance as well as insulin resistance has been 

found to be higher in drug naïve schizophrenic patients [236].  A BMI > 20 kg/m
2
 has 

increases the risk of T2DM and cardiovascular disease [237]. A BMI > 25 kg/m
2
 is 

considered overweight and a BMI of > 30 kg/m
2
 is considered obese. In the US, it is 

estimated that approximately 67% of the population is overweight and 33% is obese 

[237]. In this current study, BMIs are high across both the WG and NWG group, with 

77.7% of the cohort being overweight and 55.56% being categorized as obese, both of 

which are higher than the national average.  
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It is well documented that the first line of treatment for schizophrenia, SGAs, causes 

clinically significant weight gain [126, 136, 143-148].  However, the mechanism by 

which SGAs (and in this case, quetiapine) induce weight gain is unknown. SGAs treat the 

symptoms of schizophrenia by transitorily acting on dopamine receptors while 

universally targeting the serotonin receptors [138-141]. In addition, the different SGAs 

have unique binding profiles that include muscarinic, adrenergic and histaminergic 

receptor targets.  Of the SGAs, clozapine and olanzapine have been shown to elicit the 

greatest amount of weight gain. These drugs have the highest affinity for the M3 receptor, 

and are potent antagonists of the histaminergic receptor (H1), which may implicate these 

receptors in the pathology of SGA-induced weight gain. Quetiapine’s binding profile is 

also diverse (Table 3), and the drug has been characterized as evoking a moderate amount 

of metabolic changes. One retrospective study found nearly a 10% increase in risk of 

developing diabetes in schizophrenic patients taking SGAs including quetiapine as 

compared to those taking traditional FGAs [238]. Changes in glucose metabolism have 

also been suggested as a side effect of quetiapine [239]. In a 2008 prospective study, van 

Winkel et al. found that patients’ glucose metabolism worsened 3 months after starting 

quetiapine therapy [239]. In addition to the potential of SGA’s receptor promiscuity to 

induce weight gain, other theories have been suggested including malfunctions in leptin 

signaling [240, 241], beta cell inhibition of insulin secretion and glucose transport [194, 

201, 242], or downstream effects of serotonin antagonism [243, 244]. We found a high 

rate of borderline impaired fasting glucose, which may contribute to the weight gain 

associated with quetiapine pharmacotherapy.  
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Vitamin D has been shown to be involved in the pathology of mental illness. 

Furthermore, in recent years, it has also been suggested that vitamin D status may be a 

risk factor for the development of metabolic syndrome. Recently, studies have linked 

vitamin D status with various components of metabolic syndrome. A recent Turkish 

study evaluated vitamin D status in a group of 90 individuals that were either overweight 

or obese, and compared this to multiple metabolic factors. The group with insufficient 

25(OH)D also had significantly higher triglycerides, fasting insulin, blood pressure and 

larger waist circumference [245]. However, no changes were found in fasting glucose, 

HDL or LDL [245]. In a retrospective analysis by Boonchaya-anant, a population of very 

obese subjects was evaluated for metabolic risk factors and their correlation to 25(OH)D. 

First, 81% of subjects had either insufficient or deficient 25(OH)D levels [246].  In 

addition, lower 25(OH)D was negatively correlated with a BMI, waist circumference and 

glycated hemoglobin; however no correlation was found between 25(OH)D and BP, 

cholesterol or triglyceride levels [246].  

 

The serum 25(OH)D data from this study is consistent with our findings with 77.78% of 

this cohort having either insufficient or deficient 25(OH)D levels. However, we found no 

differences between metabolic risk factors between the subjects with sufficient 25(OH)D 

versus those with insufficient and deficient 25(OH)D. Given the mixed findings of 

previous clinical data, this result is not surprising. It is likely that with an increased N, 

statistical differences between WG and NWG patients would develop. 
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Of note, a recent study in rodents demonstrated that vitamin D deficiency intensified the 

negative metabolic effects of SGA-induced weight gain, and that vitamin D 

supplementation attenuated these effects [247]. Additionally, one pilot study recently 

found that vitamin D supplementation improved the cholesterol status of overweight 

schizophrenic patients with metabolic abnormalities taking SGAs [248].  Overall, 50% of 

the entire cohort had deficient vitamin D levels, while only 22% had vitamin D levels 

considered sufficient 

 

Finally, during the study visit, blood was collected in order to perform a CBC with 

differential. This was performed mainly to rule out any potential undetected infection or 

disease within the cohort. A patient’s white blood cell count (WBC) is a test used to 

quality the number of white blood cells (leukocytes) in whole blood. There are 5 types of 

WBCs in the blood: basophils, eosinophils, lymphocytes, monocytes and neutrophils. 

Since WBCs serve as the body’s immune system, and elevated number of total WBC or 

the components indicate an infection, which may be the consequence of an underlying 

disease [249]. In addition, elevated leukocyte count has been shown to be a marker of 

inflammation and predictor of heart disease [250, 251].  There are no abnormalities in the 

cohort with respect to WBCs and the constituents, indicating no undiagnosed disease or 

abnormalities. In addition, there are no differences between any of these measures for the 

NWG and WG groups.  

 

 Conversely, statistically significant differences were found between the NWG and WG 

groups with respect to red blood cells’ oxygen-carrying properties. Red blood cell count 
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(RBC) measures the number of red blood cells in whole blood. Red blood cells make up 

the majority of whole blood and contain oxygen-carrying hemoglobin. Hemoglobin is a 

protein in red blood cells that is responsible for carrying oxygen to tissues in the body. 

The level of hemoglobin indicates the body’s efficiency doing this task. Hematocrit is a 

measurement of the percentage of RBCs in whole blood. Low levels of hemoglobin 

and/or hematocrit both may indicate anemia, intestinal bleeding and/or poor nutrition 

accompanied by insufficient levels of iron and certain vitamins [252-254]. Elevated 

hemoglobin and/or hematocrit is indicative of low oxygen levels in the blood. Mean 

corpuscular volume (MCV) is the average volume of RBCs in whole blood. Mean 

Corpuscular Hemoglobin (MCH) is determined by the following formula: MCH = (Total 

Hemoglobin x 10)/Total RBC. Low MCH (below26 pg). MCH as well as Mean 

Corpuscular Hemoglobin Concentration (MCHC) are further descriptives of a patient’s 

hemoglobin status as well as overall health. Low MCH and/or MCHC can indicate 

various blood diseases as well as anemia, and iron deficiency [251, 254]. Red cell 

distribution width or RDW is a measure of the diversity in size of red blood cells and 

platelets are a component of blood that are responsible for healing and wound closure. 

Mean platelet volume (MPV) is a measurement of the average size of platelets [255]. The 

WG group has significantly lower amounts of hemoglobin (p = 0.0002*), hematocrit (p = 

0.0007*), MCH (p = 0.0014*), and MCHC (p = 0.0005*). The WG group has 

significantly higher amounts of RDW (p = 0.0193*) and platelets (p = 0.0106*). The 

decreased amounts of hemoglobin, hematocrit, MCH and MCHC in the blood of the WG 

group may be indicators of the group’s cardiovascular health. Reduced ability to transport 

oxygen to the cells could play a role in environmental factors that affect weight gain such 
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as activity level. In addition, RDW has been shown to be positively correlated to 

increased risk of cardiovascular disease, morbidity and mortality [256, 257]. RDW, 

which is increased in the WG group, may be an indicator of poor cardiovascular health or 

a predictor of metabolic abnormalities.  

 

Vitamin D deficiency occurs at a high rate both among patients with schizophrenia and 

among patients with metabolic syndrome. A large majority of these patients are treated 

with SGA drugs, which have been shown to increase the prevalence of metabolic 

syndrome. Therefore, it is plausible to consider vitamin D’s involvement in the 

development of antipsychotic drug-induced weight gain and metabolic syndrome among 

schizophrenia patients. The literature summarized above as well as our current findings 

represent a potential for vitamin D to influence the severity of weight gain and metabolic 

syndrome. In addition, our finding of a significant negative correlation between serum 

25(OH)D and fasting glucose levels may indicate that the development of impaired 

fasting glucose is involved in the mechanism by which this occurs. However, few clinical 

studies have been performed on schizophrenic patients (taking SGAs), who are at a 

greater risk for weight gain and metabolic syndrome, and potentially more sensitive to 

vitamin D deficiency. Of these studies, vitamin D status has not been analyzed based on 

specific SGAs, therefore it is difficult to elucidate the effect each drug may have on both 

metabolic factors as well as vitamin D status. Studies are limited in their investigation of 

these parameters in schizophrenic patients taking SGAs. This cross-sectional clinical 

study is one of the first of its kind to explore this phenomenon, and represents a theory 

that vitamin D as well as fasting glucose levels may be involved in the mechanism for 
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weight gain associated with quetiapine treatment.  Furthermore, vitamin D 

supplementation is not currently standard of care for mentally ill patients, but has the 

potential to be both an effective and inexpensive concurrent treatment for weight gain 

associated with the use of SGAs, including quetiapine.  

 

Potential Limitations of this Study 

 

There are several limitations to this data. First, the sample size of this cohort is relatively 

small and has a limited focus. The data from 18 subjects were used in the final analysis. 

The majority of the patients were recruited from the patient population at Alegent’s 

Dodge Street Psychiatric Clinic. Additional patients were recruited from the PI’s private 

practice; however the scope is still relatively narrow.  A larger scale study at multiple 

hospitals and clinics would capture a more accurate picture of this patient population. In 

addition, there was a gender effect between the WG and NWG groups that cannot be 

ignored. There were significantly more males   in the NWG group (88.89%) as compared 

to the WG group (11.11%). However, given the limitations of time, resources and patient 

pool, this could not have been avoided. Other studies have found a similar gender effect 

when comparing BMI in schizophrenic patients [235]. This is something that should be 

evaluated further with additional research. Finally, there is a limitation in having a ‘true’ 

baseline control. We recruited patients both who did and did not gain (10% of baseline) 

weight after at least 12 weeks of quetiapine treatment. Because of this all patients in both 

the NWG and WG group were already taking quetiapine, and therefore a baseline serum 

25(OH)D measurement could not be obtained. We do believe this research would be 

strengthened by a true baseline 25(OH)D measurement. However, in our current setting 
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this would not be possible for two reasons. First, a prospective study would not have been 

plausible given the time constraints of this project. Second, we only recruited subjects 

who were current patients at clinics where the PI worked; therefore all patients were 

undergoing pharmacotherapy for schizophrenia or bipolar disorders during the course of 

this study. Obtaining a baseline measurement of 25(OH)D prior to admission to the clinic 

and prior to treatment with antipsychotic medication would not be feasible because 

maintaining pharmacotherapy for these patients is both difficult and necessary, is it 

neither ethically sound nor beneficial to the patient to alter his or her medication for a 

research study.  

 

Another concern could be related to the recruitment of patients in the summer versus 

winter. Since there is a seasonal variation, although within 5-7 ng/ml, in the circulating 

level of serum 25(OH)D we recruited patients in more than one season and throughout 

the months of February through September.  

  

  



72 

 

Conclusion 

 

Few clinical studies have been performed analyzing both metabolic risk factors and 

vitamin D status on schizophrenic patients taking quetiapine. The results from this study 

show that a high incidence of vitamin D deficiency occurs in this patient population. 

Furthermore, we were able to show that patients who gain weight on the SGA, quetiapine 

have significantly lower vitamin D levels compared to those who do not gain weight on 

the drug. In addition, we were able to correlate two risk factors for metabolic syndrome 

with serum 25(OH)D: BMI and fasting glucose levels. The relationship between vitamin 

D and BMI has been well established; however the relationship between vitamin D and 

fasting glucose has been explored very little in schizophrenic patients. This study is one 

of the first of its kind to report a significant negative correlation between serum 25(OH)D 

and fasting glucose. Though we did not discern any statistically significant differences 

between the relative levels of the mRNA transcripts for VDR and the vitamin D 

metabolizing enzymes, CYP24A and CYP27B, in each case, decreased relative 

expression of each transcript predicted a more favorable vitamin D outcome.  

 

Analysis of serum PTH as well as free 25-hydroxyvitamin D would strengthen the results 

from this study by further characterizing the involvement of vitamin D on metabolic 

factors in this patient population. At the time of this clinical trial, the Dia Source® 

ELISA kit, which has recently been introduced to the commercial market, was not 

available. Both experiments are planned for future studies. The information gained from 

such experiments would more accurately describe the action of vitamin D and its 
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metabolites in this population. Additional future studies include investigating additional 

SGAs, such as risperidone using similar parameters. 
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Appendix A – Raw Data 

 

Supplementary Table 1: Demographics Raw Data. DNC: did not qualify; PI: Pacific Islander. 

 

  

Weight Height Age BP Pulse

ID# Group (kg) (cm) BMI at visit Sex Diagnosis Ethnicity (mmHg) (BPM)

ss02 NWG 68.94604 182.9 20.6 55 M Schizophrenia B 115/72 80

ss03 NWG 82.55381 170.2 28.5 45 M Scizoafective W 110/72 124

ss04 NWG 78.01789 177.8 24.7 50 M Bipolar W 164/101 91

ss09 DNC 50.80235 154.9 21.2 37 F Bipolar W 128/83 109

ss12 NWG 91.17207 175.3 29.7 21 M Schizophrenia W 110/70 106

ss18 NWG 80.28585 167.6 28.6 37 M Schizophrenia W 120/80 80

ss15 NWG 73.02837 167.64 26 58 M Bipolar B 132/85 86

ss16 NWG 78.01789 180.3 24 38 M Bipolar  W 120/68 78

ss19 NWG 103.4191 180.3 31.8 42 M Schizophrenia W 136/90 96

ss20 NWG 98.88314 167.6 35.2 33 F Schizophrenia W 118/78 76

ss01 WG 131.5418 170.2 45.5 35 F Bipolar B 161/102 91

ss05 WG 74.38915 177.8 23.5 62 F Bipolar W 98/65 72

ss06 WG 107.5014 157.5 43.3 53 F Bipolar W 146/100 64

ss07 WG 106.1406 149.86 47.3 54 M Schizophrenia W 114/75 80

ss08 WG 116.1196 149.9 51.7 45 F Bipolar PI 142/83 80

ss10 WG 110.2229 162.6 41.7 52 F Schizophrenia B 110/82 78

ss11 WG 129.7274 152.4 55.9 32 F Bipolar W 94/63 78

ss13 WG 78.47148 147.3 36.2 29 F Schizophrenia B 114/70 76

ss14 WG 113.3981 167.64 40.4 51 F Schizophrenia B 111/78 67

SS17 DNC
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Supplementary Table 2: Serum 25(OH)D and Fasting Glucose Raw Data. The data from the 

Siemans® Centaur assay were not used for data analysis because values under 15 ng/mL were not 

quantified and therefore did not provide adequate information for our analysis. This assay was 

first performed by CHI  Health Clinical Laboratory. We has additional saved serum run by the 

Creighton university Osteoporosis Research Center using the DiaSorin® total 25(OH)D assay, 

which provided a quantified 25(OH)D value for each subject. These data were used for analysis. 

Fasting Glucose measurement for SS20 was removed in all calculations involving this 

measurement as it was an outlier using Grubbs test (extreme studentized deviate, ESD); Z = 

2.681, P < 0.05. 

  

 DiaSorin-Liaison Siemans Centaur

25(OH)D 25(OH)D Fasting Glucose 

ID# Group  (ng/mL)  (ng/mL) (mg/dL)

ss02 NWG 13 <15 85

ss03 NWG 28 22.4 93

ss04 NWG 30 18.8 86

ss09 DNC 6 <15 108

ss12 NWG 22 17.8 77

ss18 NWG 18 <15 89

ss15 NWG 21 <15 90

ss16 NWG 31 23.6 80

ss19 NWG 30 21 91

ss20 NWG 33 24.6 148

ss01 WG 8 <15 109

ss05 WG 18 <15 100

ss06 WG 13 <15 94

ss07 WG 12 <15 123

ss08 WG 21 <15 89

ss10 WG 20 15.2 89

ss11 WG 15 <15 89

ss13 WG 24 21.6 79

ss14 WG 19 <15 99

SS17 DNC
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Supplementary Table 3: Lipid Panel Raw Data. 

  

Non-HDL

Cholesterol Triglyceride HDL VLDL LDL Chol/HDL LDL/HDL Cholesterol

ID# Group mg/dL mg/dL mg/dL mg/dL mg/dL Ratio Ratio mg/dL

ss02 NWG 135 51 43 10 82 3.1 1.9 92

ss03 NWG 173 132 39 26 108 4.4 2.8 134

ss04 NWG 220 209 31 42 147 7.1 4.8 189

ss09 DNC 147 42 49 8 90 3 1.8 98

ss12 NWG 157 171 36 34 87 4.4 2.4 121

ss18 NWG 196 231 41 46 109 4.8 2.6 155

ss15 NWG 204 73 42 15 147 4.9 3.5 162

ss16 NWG 144 72 51 14 79 2.8 1.5 93

ss19 NWG 160 175 31 35 94 5.2 3 129

ss20 NWG 236 160 43 32 161 5.5 3.7 193

ss01 WG 242 170 44 34 164 5.5 3.7 198

ss05 WG 175 174 49 35 91 3.6 1.9 126

ss06 WG 318 442 31 NA NA 10.3 NA 192

ss07 WG 193 123 47 25 121 4.1 2.6 146

ss08 WG 225 128 61 26 138 3.7 2.3 164

ss10 WG 239 138 68 28 143 3.5 2.1 171

ss11 WG 229 269 37 54 138 6.2 3.7 192

ss13 WG 128 43 57 9 62 2.2 1.1 71

ss14 WG 211 77 81 15 115 2.6 1.4 130

SS17 DNC
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Supplementary Table 4: Complete Blood Count and Hematology Raw Data. Units: WBC 

(k/μl), RBC (m/μl), hemoglobin (gm/dl), hematocrit (%), MCV (fl), MCH (pg), MCHC (gm/dl), 

PDW (%), platelet (k/μl), MPV (fl), neutrophils (%), neutro, absolute (k/μl), lymphs (%), lymph, 

absolute (k/μl), monos (%), mono, absolute (k/μl), eos (%), eos absolute (k/μl), basos (%), basos 

absolute (k/μl).   
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Supplementary Table 5: Raw Data for RT-PCR: Each value listed represents the average of a 

duplicate for ∆Ct values.  

GAPDH GAPDH GAPDH GAPDH GAPDH GAPDH

ss01 WG 19.26 19.41 18.34 18.30 19.63 19.71

ss02 NWG 19.21 19.18 18.29 18.16 19.48 19.46

ss04 NWG 19.12 19.47 18.28 18.23 19.57 19.68

ss05 WG 20.52 20.44 19.35 19.34 20.72 20.78

ss06 WG 20.12 20.67 19.70 19.47 20.72 20.94

ss07 WG 19.84 20.86 19.30 19.42 21.37 21.52

ss08 WG 19.05 19.56 18.06 18.40 19.73 19.78

ss09 NWG 19.31 19.58 17.75 18.91 19.88 20.04

ss10 WG 20.02 20.14 18.73 18.92 20.28 20.69

ss11 WG 19.64 19.30 18.11 18.19 19.74 19.87

ss12 NWG 19.41 18.45 17.94 18.04 19.70 20.01

ss13 WG 20.02 20.16 18.50 18.35 20.30 20.49

ss14 WG 20.30 20.41 19.23 19.41 20.98 20.76

ss15 NWG 19.25 20.23 18.30 18.56 19.98 16.65

ss16 NWG 20.10 21.04 19.29 19.70 20.82 21.11

ss18 NWG 20.13 21.63 19.83 20.34 21.44 21.83

ss19 NWG 19.81 20.18 18.65 19.30 20.19 20.48

ss20 NWG 19.80 20.36 18.61 19.29 20.28 20.68

VDR VDR CYP 24 CYP 24 CYP 27 CYP 27

ss01 WG 25.39 25.20 29.94 28.54 25.98 25.51

ss02 NWG 24.89 24.38 30.18 29.82 25.43 25.05

ss04 NWG 25.62 24.91 27.40 27.28 25.08 24.53

ss05 WG 26.16 26.17 27.95 27.37 25.16 24.74

ss06 WG 26.42 26.08 26.74 26.30 25.63 25.38

ss07 WG 25.52 25.31 25.08 24.58 24.42 24.06

ss08 WG 25.18 24.87 25.14 24.98 24.25 23.84

ss09 NWG 25.55 25.35 26.24 26.00 24.80 24.37

ss10 WG 25.73 25.95 30.00 30.11 25.48 25.22

ss11 WG 23.94 23.70 22.85 22.43 22.56 22.29

ss12 NWG 25.48 25.69 28.89 29.15 24.56 24.49

ss13 WG 25.88 25.29 28.89 28.23 25.98 25.22

ss14 WG 26.09 25.84 28.52 28.16 25.59 32.51

ss15 NWG 25.19 25.36 27.78 28.13 24.99 25.22

ss16 NWG 25.86 25.92 29.18 29.11 25.91 25.92

ss18 NWG 27.21 27.03 27.01 26.42 26.27 25.82

ss19 NWG 25.69 25.57 26.36 24.59 25.24 25.68

ss20 NWG 25.32 25.35 25.07 25.12 25.14 25.38


