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Abstract

Purpose—Within schizophrenia cardiovascular disease (CVD) is highly prevalent secondary to
atypical antipsychotic (AAP) use. Thorough assessments of diet, lifestyle, and endothelial
functioning have not been done in this population. Omega 3 Fatty Acids (N-3 FAs) have garnered
attention in relation to psychopathology as well as cardioprotection. This study examined the
status of endothelial function within the schizophrenia population and determined
pharmacogenetic, medication, dietary, and lifestyle factors associated with this functioning.

Methods—Schizophrenia subjects were screened for the metabolic syndrome along with physical
activity, smoking, and variants related to folate pharmacogenetics in this cross-sectional analysis.
Avrteriole endothelial-dependent vasodilatation was measured using non-invasive peripheral
arterial tonometry (RH-PAT, EndoPAT2000). A 24 hour dietary food recall was used to construct
intake profiles using the Nutrition Data Systems for Research software (NDSR). We examined
associations between AAP use and RH-PAT values, and the influence of N-3 FA dietary intake on
this measure. Preliminary data are reported in 83 subjects with a mean age (£ s.d.) of 45.89 (£
11.49), 64% were Caucasian (n = 53), 64% were male (n = 53), and 77% were receiving AAP
treatment (n = 63).
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Results—A significant positive relationship was found between RH-PAT values and N-3 FA
intake (F=17.7(1,16), p=0.0007) in subjects not receiving AAPs. This relationship was lost in
those treated with AAPs (F=0.25(1,43), p>0.6). Regression analysis confirmed the interaction
effect of AAP treatment on the relationship between RH-PAT and N-3 FAs (p=0.0105).
Endothelial dysfunction was also related to folate pharmacogenetic variants.

Conclusions—AAPs may counteract some vascular health benefits of a diet high in N-3 FAs.
AAP use may necessitate a higher N-3 FA dose to regain these effects, but additional research is
necessary to strengthen the preliminary findings. Pharmacogenetic variants related to folate and
homocysteine metabolism may also increase endothelial dysfunction risk.

Keywords

Schizophrenia; Antipsychotics; Cardiovascular Disease; Omega 3 Fatty Acids; Endothelial
Functioning

1. Introduction

The metabolic syndrome affects persons with schizophrenia significantly more than the
general population, a fact related to the use of atypical antipsychotics (AAPs) (McEvoy et
al. 2005). The metabolic syndrome comprises a cluster of risk factors including abdominal
obesity; abnormalities in glucose metabolism, dyslipidemia, and elevated blood pressure,
and was associated with an increased risk of cardiovascular disease (CVD) and diabetes
(DM) (Davidson 2002). Our group, and others, have reported that occurrence of metabolic
syndrome within schizophrenia is associated with pharmacogenetically regulated folate and
homocysteine metabolism as well as folate exposure though dietary intake (Ellingrod et al.
2008;Garcia-Miss Mdel et al. 2010;van Winkel et al. 2010a;van Winkel et al.
2010b;Ellingrod et al. 2010). Presence of at least one variant allele for either of the key
enzymes methylenetetrafolate reductase (MTHFR) 677C/T (rs1801133), 1298A/C
(rs1801131) or catechol-o-methylatransferase (COMT) 158 Val/Met (rs4680) may increase
the risk of metabolic syndrome within this population due to their roles in folate and
homocysteine metabolism (Ellingrod et al. 2008; Tunbridge et al. 2008). While the literature
related to metabolic syndrome risk within schizophrenia is rapidly expanding and lifestyle
factors such as poor diet and a high incidence of cigarette smoking have also been identified
as risk factors for increased CVD within this group (Vancampfort et al. 2010;DE Hert et al.
2009;Bobes et al. 2010), much remains unknown about the pathophysiology of CVVD within
schizophrenia. It is known that the vascular endothelium is adversely affected by the
metabolic syndrome, (Benjamin et al. 2004;McVeigh et al. 1992;Brook et al. 2001;Lupattelli
et al. 2000;Kuvin et al. 2003a; Tziomalos et al. 2010), increasing the cardiovascular disease
(CVD) risk.

The endothelium is a vital organ that has garnered important attention due to its relationship
to CVD) (Ross 1999;Haynes 2003;Rubinshtein et al. 2010). Physiologically the endothelium
is comprised of a single layer of cells that line all blood vessels, and represents an important
organ though its effects on regulating vasomotor tone, thrombosis, inflammation, platelet
and leukocyte adhesion and vascular permeability (Lane et al. 2006). The presence of
endothelial dysfunction increases the risk of CVD not only in individuals with established
vascular disease, but also in those without (Kullo and Malik 2007). Thus measuring
endothelial functioning may help to identity those at greatest risk for CVD. Unfortunately
this measure has primarily been a research tool due to the invasive nature of this assessment
as well as issues related to operator dependency (Bonetti et al. 2004). However, recently,
measurement of fingertip pulse amplitude tonometry (RH-PAT) has introduced a non-
invasive method for measuring small vessel (arteriole) endothelial-dependent vasodilatation
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and determining vascular health within the ambulatory clinic setting (Bonetti et al.
2004;Kuvin et al. 2003b;Kuvin et al. 2007). Pulse amplitude hyperemic response
impairment has been associated with endothelial dysfunction and abnormal RH-PAT results
have been correlated with the traditional invasive assessments of arteriole endothelial—
dependent vasodilatation (Bonetti et al. 2004).

The aim of this investigation was to measure arteriole endothelial-dependent vasodilatation
and the extent of endothelium dysfunction within the schizophrenia population using a non-
invasive method, to determine the associated pharmacogenetic, medication, dietary, and
lifestyle factors. We hypothesized that the prevalence of endothelial dysfunction would be
similar to the prevalence of metabolic syndrome. Additionally we also proposed that
presence of poorer arteriole endothelial-dependent vasodilatation and endothelial
dysfunction would be related to AAP use, dietary and lifestyle measures, and the MTHFR
and COMT genetic variants that regulate folate and homocysteine metabolism.

2. Methods

2.1 Subjects

Subjects were included in this cross-sectional analysis if they meet the following inclusion
criteria 1) Presence of a DSM-IV diagnosis of schizophrenia, schizophreniform disorder, or
schizoaffective disorder, 2) Between the ages of 18-90 years of age, and 3) their physician
determined that they should be treated with an antipsychotic which they had been receiving
for at least 6 months. Subjects were excluded if they 1) were unwilling to participate, 2)
lacked the ability to give informed consent, which was assessed using a short questionnaire
asking subjects key questions about the study, 3) had medical records documenting the
presence of type Il diabetes before the onset of receiving an antipsychotic, or 4) currently
had a active substance abuse diagnosis. The study protocol was approved by the University
of Michigan Medical School Institutional Review Board (IRBMED) as well as the
Washtenaw County Health Organization (WCHO).

2.2 Assessments

Subjects meeting study inclusion and exclusion criteria then underwent an informed consent
process followed by a clinical interview that included the Structured Clinical Interview for
DSM Diagnoses (SCID), a thorough assessment of current and past medication history, and
an assessment of smoking status (including current and past use) that allowed us to calculate
a smoking pack year history. Subjects were asked to fast for at least 8 hours before the study
visit and each visit was scheduled to take place between 8 and noon. These visits were timed
to be within 2 hours of the subject’s usually waking time based on appointment availability.
Vital signs, as well as height, weight, and hip and waist circumference were also measured
for each subject and Body Mass Index (BMI) as well as the Hip/Waist ratio was calculated
from this data. Subjects were also asked to recall all foods eaten for the last 24 hours, which
was repeated twice after the initial study visit for a total of three assessments. This
information was then used to calculate average calorie intake as well as provide an average
assessment of dietary folate and vitamin B12 intake using the Nutrition Data Systems for
Research software (NDSR) developed by the Nutrition Coordinating Center (NCC) at the
University of Minnesota for data entry and nutrient analysis (Schakel 2001). The output
from this analysis provides values for more than 140 nutrients, nutrient ratios, and other
compounds based on the information gathered from the three 24 hour food recounts. Each
subject’s average physical activity level was calculated by using the Total Activity Measure
2 (TAM2) which measures total or moderate intensity physical activity by asking
participants for the total time spent in activity at different activity levels per week (Orrell et
al. 2007). A higher score indicates greater physical activity over the past week. Blood was
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drawn for the following fasting laboratory assessments: folate, vitamin B12, homocysteine,
glucose, insulin, hemoglobin Alc, lipids (total cholesterol (TC), high density lipoprotein
(HDL), low density lipoprotein (LDL)), and leptin. Subjects were given a diagnosis of
metabolic syndrome if they presented any 3 of the following NCEP-ATP IlI criteria: 1)
abdominal obesity characterized by waist circumference of >40 inches for men or >35
inches for women, 2) triglycerides > 150 mg/dL, 3) HDL cholesterol <40 mg/dL for men
and <50 mg/dL for women, 4) blood pressure >130/>85 mmHg or treatment for
hypertension, or 5) fasting glucose =100 mg/dL or treatment of diabetes (Davidson 2002),.

2.3 Endothelial Function Assessment

We accessed arteriole endothelial-dependent vasodilatation using the EndoPAT 2000 device
(Itamar Medical Inc, Caesarea, Israel), which has been validated and described in previous
studies as a non-invasive method using peripheral arterial tonometry (RH- PAT) signals
(Tziomalos et al. 2010;Rubinshtein et al. 2010;Bonetti et al. 2004;Goor et al. 2004;Bonetti et
al. 2003;Lavie et al. 2000;Halligan et al. 2004). Previous studies have demonstrated that this
methodology provides a clinically useful metric of endothelial-dependent vasodilatation
with a significant portion being nitric oxide (NO)-mediated in the arteriole system
(Rubinshtein et al. 2010;Bonetti et al. 2004). Briefly, this assessment involves two
specifically designed finger probes which are placed on the subject’s middle finger of each
hand. These probes are then inflated through the use of pneumatic tubes connected to an
inflating device controlled by a computer algorithm. Subjects are then instructed to remain
motionless for 5 minute in order to obtain a baseline measurement. After this time the blood
pressure cuff located on the subject’s non-dominate arm is inflated to 60 mmHg above
baseline systolic or at least 200 mmHg of pressure for 5 minutes. Subjects remain
motionless during this time while occlusion of arterial blood flow is confirmed by a
reduction of the RH-PAT tracing to zero. After 5 minutes, the blood pressure cuff is rapidly
deflated and the subject is instructed to stay motionless for another 5 minutes for the final
assessment.

Avrteriole endothelial-dependent vasodilatation is measured by the RH-PAT index which is
automatically generated by the computer algorithm and calculated as the ratio of the PAT
signal after blood pressure cuff release compared to the baseline evaluation. The final RH-
PAT output is normalized for baseline signal and indexed to the contra lateral arm.
Controversy still exists regarding the best way to use the RH-PAT index for identifying
those with endothelial dysfunction. Previous reports have shown that an RH-PAT index of
<1.35 was the best discriminator of presence versus absence of CVD and yielded 80%
sensitivity and 85% specificity to identify endothelial dysfunction in subjects (Bonetti et al.
2004;Bonetti et al. 2003). Recently, though these same investigators have suggested a
threshold of <1.67 based on their comparison to the gold standard method which is injection
of acetylcholine during coronary catheterization (Bonetti et al. 2004). The newer threshold
of <1.67 has also been adopted by the Itamar for clinical use, thus we chose to use <1.67 as
our measure of endothelial dysfunction.

2.4 MTHFR and COMT genotyping

Genomic DNA was isolated from whole blood with the salt precipitation method (Lahiri and
Nurnberger 1991). Genotyping was done with Pyrosequencing " Technology. Polymerase
Chain Reaction (PCR) primers were designed using Oligo 6 (MBI, Cascade, CO, USA).
Pyrosequencing primers were designed using Pyrosequencing single nucleotide
polymorphism (SNP) Primer Design Version 1.01 software
(http://www.pyrosequencing.com). Subjects were genotyped for the MTHFR 1298A/C
(rs1801131) and 677C/T (rs1801133) variants as well as the COMT Val158Met (rs4680)
variant. For these assays, forty-five PCR cycles were done for reactions in a 20ul volume
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with 1.5mM Mg?2*. PCR products were visualized by electrophoresis on 1.5% agarose gels
stained with ethidium bromide prior to Pyrosequencing. Briefly, Pyrosequencing is a primer
based extension method of sequencing that utilizes a four-enzyme process performed in a
single well. Nucleotides are incorporated to the open 3 DNA strand in which pyrophosphate
is released and used in a sulfurylase reaction emitting ATP. The ATP is then used by
luciferace, which is converted to oxyluciferin. Light is discharged as a result of the reaction
and collected by a CCD camera. The light is assembled into a readable format and
represented as peaks, commonly called Pyrogram charts. Based on these programs, each
DNA sample can be sequenced and then genotyped (Marsh et al. 2005).

3. Statistical Analysis

4. Results

Subjects currently receiving olanzapine, clozapine, quetiapine, risperidone, or paliperidone
were classified as receiving an atypical antipsychotic (AAP). Ziprasidone and aripiprazole
were not included in this primary classification due to their lack of weight gain liability
(Komossa et al. 2009b;Komossa et al. 2009a).. The criteria used for endothelial dysfunction
was a RH-PAT value of <1.67 as previous discussed. Both the MTHFR and COMT variants
have shown a relationship between CVD risk and/or hyperhomocysteinemia with presence
of the 677T allele in subjects with the COMT 158 Val allele (Tunbridge et al. 2008;Klerk et
al. 2002;Lewis et al. 2005). Therefore, for the MTHFR genotype subjects were grouped
based on those caring at least one variant allele (677CT or CC and 1298 AC or CC) and
those who were homozygous dominant (677TT or 1298CC). For the COMT genotype, Val
allele carriers were included in one group and homozygous Met/Met subjects were included
in another. This variant allele classification was done given to maximize power given the
relatively small sample size of the group. Differences in mean values for the primarily
outcomes and socio-demographic variables between genotype groups and AAP groups were
determined by the use of one-way analysis of variance (ANOVA) for normally distributed
variables (BMI, waist circumference, age, metabolic measures, smoking pack year history,
RH-PAT, and dietary and lifestyle assessments). Chi squared analysis was used to compare
dichotomous variables (e.g. gender, metabolic syndrome diagnosis, and endothelial
dysfunction) by genotype and AAP groups. To examine the relationship between AAP use,
dietary measures, MTHFR/COMT status, and endothelial dysfunction, a regression model
was constructed using the RH-PAT index as the dependent variable and age, gender, dietary
and lifestyle measures, AAP use, genotypes, and interactions as the independent variables. A
p-value less than 0.05 was considered statistically significant due to the exploratory nature
of this investigation.

WE analyzed a total of 83 subjects with a schizophrenia spectrum diagnosis. The mean age
(% s.d.) of subjects in years was 45.89 + 11.49 (range = 22-70 years old). The majority of
subjects (64%, n=53) were Caucasian, with 27% (n= 22) reporting to be African American.
Similar to the overall demographics of schizophrenia, 64% (n = 53) of our study group was
male. The mean body mass index (BMI) of subjects was 33.2 £ 7.97 and 44% (n = 36) met
metabolic syndrome criterion which is in line with the previous literature (McEvoy et al.
2005, Ellingrod et al. 2008). Fifty-nine percent of our group currently smoked cigarettes (n =
49) with a mean pack year history of 357.67 + 225.41, however 76% (n = 62) reported a
history of smoking.

We classified 77% (n= 63) of our group as users of an AAP at the time of the assessment
was seen in 77% (n = 63) of our group. In looking at this closer the AAPs used most
commonly were risperidone/pailperidone (n = 20), followed by clozapine (n = 18),
quetiapine (n=14), and olanzapine (n = 11). Among those not receiving an AAP, 6 subjects
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use aripiprazole montherapy and 4 subjects used ziprasidone monotherapy. The rest of the
non AAP users were receiving a typical antipsychotic agent such as haloperidol.
Polypharmacy was also common within our group as 18 subjects were receiving more than
one antipsychotic. Of these, 2 subjects were receiving two typical antipsychotics, and 2 were
receiving two AAPs. The majority of polypharamacy could be attributed to the 14
individuals who were receiving an AAP with either ziprasione, aripiprazole, or a typical
antipsychotic. For classification purposes, these subjects are included within the AAP group.
In terms of other medications, 26% of subjects (n = 22) were also receiving a concurrent
mood stabilizer (primarily valproate). In looking at the two groups (AAPSs users and non-
users) there was no difference in the percentage of patients concurrently receiving mood
stabilizers (~ 25% for each). For antidepressant polypharamacy, overall 46% of subjects (h =
38) were also receiving an antidepressant, primarily a selective serotonin reuptake inhibitor
(SSRI, n = 20). Forty-four percent of AAP users had concomitant therapy with an
antidepressant compared to 58% of non-AAP users, which was not statistically different, but
trended in that direction (y< = 19.06, p = 0.07). Table 1 outlines the demographic differences
seen between AAP users and non-users. Although very few differences were found between
the two groups, subejcts using AAPs, were younger (p = 0.01), and had trend for a higher
physical activity (TAM2) score (p = 0.08) and lower polyunsaturated fatty acids to saturated
fatty acids intake (PUFA:SFA) ratio (p = 0.06). Both MTHFR and COMT variants were in
Hardy Weinberg equilibrium (p> 0.24 for all) with mean allele frequencies of 0.23 (MTHFR
677),0.28 (MTHFR 1298) and 0.43 (COMT 158), which are similar to those reported in the
dbSNP database for individuals of European descent. No demographic differences were
found between any of the genotype groups based on the number of MTHFR and/or COMT
allele present.

The mean RH- PAT index was 1.76 + 0.51 and 50% (n = 41) of subjects met criteria for
endothelial dysfunction (RH-PAT index < 1.67) (Bonetti et al. 2004;Bonetti et al. 2003).
Compared to the general population the overall RH-PAT index of our subjects is low. In
looking at a group of health controls participating is a separate investigation, the mean RH-
PAT index was 2.05 +0.43. However these subjects were younger (mean age; 38 £ 12)
consisted of more females (17 Female 8 Male) and overall of normal weight (mean BMI
25.7 + 4.5), although they did come from the same geographical and study laboratory.

Overall, the RH-PAT index was not related to age (F = 0.18, df = 1, 79, p = 0.66), race (F =
0.23,df =2, 78, p=0.79), gender (F = 0.21, df = 1, 79, p = —.21), smoking status (F = 1.35,
df = 1,79, p =0.24)) pack year history (F = 0.0001, df = 1, 77, p = 0.99), AAP use (F =
0.146, df = 1, 79, p = 0.70), or physical activity (TAM2) (F = 0.022, df = 1,80, p = 0.88).
The RH-PAT index was negatively related to BMI, such that worse endothelial dysfunction
was correlated with higher BMI (F = 5.08, df = 1, 79, p = 0.027), however it was not related
to the hip/waist ratio (F = 0.19, df = 1, 79, p = 0.66) or a diagnosis of metabolic syndrome (F
=0.23,df =1, 80, p = 0.64). There were no differences in the RH-PAT index based on AAP
use or genotype status as stated previously. In looking at various dietary relationships in
relation to arteriole endothelial-dependent vasodilatation, a significant positive relationship
was found between the RH-PAT index and daily total omega-3 fatty acid (including both
long and short chain fatty acids, N-3 FA) intake from the dietary recall data (F=17.7(1,16), p
=0.0007) as well as the PUFA:SFA ratio (F=9.72(1,16)p = 0.0066) in subjects not receiving
AAPs. This relationship was not observed in subjects treated with AAPs (F=0.25(1,43), p >
0.6). Regression analysis confirmed the interaction effect of AAP on the relationship
between RH-PAT and N-3 FA (F=4.09(3,59), p=0.0105) as well as PUFA:SFA ratio
(F=2.76(3,59), p=0.05) (Figure 1). After controlling for age and TAM2 score (variables
found to be different in AAP users—Table One), the AAP and N-3 FA interaction remained
significant (t = —2.99, p = 0.0041) as did the PUFA:SFA ratio (t = —2.16, p = 0.035). These
results were also seen for the interaction between N-3 FA and AAP use when subjects
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receiving aripiprazole and ziprasidone were included in the AAP group after controlling for
age and TAM2 (F = 2.61(5,57), p = 0.034).

For the pharmacogenetic analysis, there was a trend for the RH-PAT index to be related to
the COMT Val allele (F = 3(1,78), p = 0.08) which continued after controlling for N-3 FA
intake (F = 3.057(2, 60), p = 0.05). Thus in individuals with the COMT Val allele, the RH-
PAT index was lower (mean 1.67) compared to those with the Met/Met genotype (mean =
2.00). Sixty percent of the COMT Val allele carriers (n = 37) meet endothelial dysfunction
criteria compared to none in the Met/Met group (x2 = 3.87, p = 0.0.04). We did not find a
relationship between the MTHFR variants and arteriole endothelial-dependent
vasodilatation.

5. Discussion

Overall this investigation found that 50% of schizophrenia subjects meet criteria for
endothelial dysfunction (RH-PAT < 1.67) (Bonetti et al. 2004), which is to our knowledge
the first time this has been reported. Given that at least 40% of schizophrenia subjects meet
metabolic syndrome criteria, and that this population is at high risk for AAP associated
metabolic complications, we hypothesized that at least 40% of our group would have an RH-
PAT < 1.67, similar to the incidence of metabolic syndrome (McEvoy et al. 2005). We
observed no evidence for a relationship between endothelial dysfunction and age, race,
gender, smoking status, or AAP use (p = 0.15 for all), but was significantly related to the
COMT Val allele, with 60% of those with this allelic variant meeting these criteria.

Previously investigations within the general population have reported that a naturally
logarithmically transposed RH-PAT value (L-RH-PAT) of <0.4 carries a greater risk of CV
adverse events such as cardiac death, myocardial infarction, revascularization or cardiac
hospitalization (Rubinshtein et al. 2010). In looking at our group 35% had an L-RH-PAT
index of <0.4 which is similar to the 40% prevalance of metabolic syndrome. As part of this
project we had hypothesized that in subjects who pharmacogentically showed altered folate
metabolism due to presence of MTHFR and COMT variants, poorer arteriole endothelial-
dependent vasodilatation would be seen. Overall, we did not show a combined effect of the
MTHFR and COMT variants on the RH-PAT index or endothelial dysfunction. We did see a
relationship between endothelial dysfunction and the COMT Val allele. Additionally, within
the COMT Val allele carriers, 43% had an L-PAT value of <0.4, compared to only 11% of
those with the Met/met genotype. This is the first time this relationship has been reported
within the schizophrenia literature and may be a factor behind the exaggerated risk for CVD.

Interestingly, the RH-PAT index, the L-RH-PAT measure, as well as presence of endothelial
dysfunction, was not associated with cigarette smoking. This contradicts the literature within
the general population, as cigarette smoking has been identified as a strong risk factor for
endothelial dysfunction (Grassi et al. 2010;Puranik and Celermajer 2003). Nevertheless, the
schizophrenia population has been hypothesized as having different risks elated to smoking,
and possibly experiencing differences in nicotine metabolism, given the high percentage of
consumers that smoke, and the reported equal or lower incidence of lung cancer compared to
the general population (Tran et al. 2009;Catts et al. 2008). Although 59% of our study group
currently smoked, the vast majority (76%) had a history of cigarette smoking. A better
understanding of the relationship between cigarette smoking and arteriole endothelial—
dependent vasodilatation with the schizophrenia population is needed and will be followed
up in future studies.

In addition to reporting the prevalance of endothelial dysfunction within a schizophrenia
study group, this investigation is also the first to examine the relationship between arteriole
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endothelial-dependent vasodilatation and dietary and lifestyle assessments within the
schizophrenia population. Our research group has been focusing on the role of folate and
homocysteine metabolism, as this is pharmacogenetically regulated and has been associated
with CVD, however this is controversial within the general population (Ellingrod et al.
2008;Klerk et al. 2002;Lewis et al. 2005). Thus, as part of this currently project, we felt it
important to measure overall dietary folate exposure and in doing so were able to measure
other dietary nutrients and components using the 24 hour food recall. Very little is known
about the dietary habits of schizophrenia patients, particularly in relation to folic acid intake,
however recent work has shown some promising results in relation to folate exposure (Goff
et al. 2004). Regardless understanding the relationship between dietary measure and CVD in
this group is completely unexamined. Most ordinarily, patients with schizophrenia have
poorer dietary habits compared to the general population. Henderson and colleagues were
the first to observe the dietary intake of schizophrenia patients and found that compared to
the National Health and Nutrition Examination Survey (NHANES) data, the schizophrenia
group consumed significantly less (p<0.001) calories, carbohydrate, protein, mono- and
polyunsaturated fat, folate, sodium, and significantly more caffeine than the NHANES
group (Henderson et al. 2006). In looking at our dietary assessments, we found that fatty
acid intake, specifically, total N-3 FA intake was related to the arteriole endothelial-
dependent vasodilatation within our study population. This is the first time to our knowledge
that this relationship has been reported within schizophrenia. While the idea of altered fatty
acid metabolism within schizophrenia is not new, our group is looking at a very different
phenotype compared to what is currently in the literature. Previous work done by other
investigators reported on the “Niacin Induced Skin Flush” in schizophrenia (Messamore
2003). Briefly lack of a flush from niacin administered topically to schizophrenia subjects
may to be due to a suggestive depletion of arachadonic acid and other essential fatty acids
(Messamore 2003). Unfortunately, we did not measure the niacin skin flush within our
study. Additionally it has been reported that in first-episode patients, levels of red blood cell
essential polysaturated fatty acid levels were reduced and that risperidone or olanzapine
administration for 6 months levels normalized (Evans et al. 2003). N-3 FAs are of interest
within schizophrenia and have been proposed as a possible treatment intervention and/or
preventative measure (Kuehn 2010;Amminger et al. 2010). The polyunsaturated fatty acids
(PUFA), which include N-3 FAs have been identified as “cardioprotective” due to their
beneficial effect on reducing inflammation, their role in maintaining membrane fluidity, and
regulation of blood pressure and blood clotting (Shukla et al. 2010;Manerba et al. 2010;Wall
et al. 2010). We found a significant relationship between N-3 FA and PUFA intake and
greater arteriole endothelial-dependent vasodilatation in those not receiving AAPs, while
this relationship did not exist in those receiving AAP. These relationships maintained
significance after controlling for differences in age and physical activity seen between the
two groups. These data may suggest that the proposed fatty acid “cardio-protective” effects
may not be seen in those receiving AAPs or that a higher N-3 FA dosage is needed within
this group. We hypothesized that AAP use may be related to increases in BMI, blood
pressure, or metabolic laboratory values (cholesterol, triglycerides, or glucose), but no
differences were noted between these two groups. As seen in Table 1 the AAP group was
younger and reported more physical activity compared to non AAP users. Most
interestingly, the mean intake of N-3 FA was higher in the AAP group compared to those
not receiving AAPs, however this was not statistically significant.

Within the cardiovascular literature, the cardioprotective effects of the N-3 FAs is still
controversial. Although older literature has suggested a cardiprotective effect of N-3 FA
supplementation (Marik and Varon 2009), two new large randomized double blind placebo
controlled N-3 FA supplementation trails have recently called these results into question.
Both the “omega study” and the “alpha and omega study” found that in well treated
individuals’ at high risk for CVD, N-3 FA supplementation did not confer any long term
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benefit (Kromhout et al. 2010). It is important to note that these trials took place within the
general population and consisted of subjects who had already experienced at least one major
cardiovascular event (i.e. myocardial infarction). Arguably, this population is very different
than our subjects but also at high risk for CVD. The long term benefits from using N-3 FA
supplements may be different than benefits seen in subjects who obtain these fatty acids
from a composite healthier diet, presumably due to an overall healthier lifestyle. While the
majority of our subjects reported engaging in regular physical activity, over 40% meet the
NCEP-ATP-I11 metabolic syndrome criteria (Davidson 2002) indicating a fair amount of
CVD. Additionally as stated earlier, previous reports suggest diets of schizophrenia subjects
are often not as “healthy” as those within the general population (Henderson et al. 2006).
Our data provide new insight into the role of N-3 FAs within schizophrenia but
unfortunately create many new questions that must be answered. While the basic
pharmacology of the AAPs is known as it relates to serotonin and dopamine
neurotransmission, the secondary pharmacology has yet to be determined. Within the
schizophrenia literature it has been suggested that pharmacologically AAPs may alter lipid
metabolism or cause perturbations within the inflammatory cascade, both of which may be
mechanisms for this altered relationship between N-3 FA and arteriole endothelial—
dependent vasodilatation within this group (Lauressergues et al. 2010;Saetre et al. 2007).
Unfortunately, given the assessments included in our current research, we are unable to
further elucidate any mechanisms behind the AAP’s effect, so for now, we will be unable to
answer this question.

6. Limitations

Despite our best research efforts this investigation has some limitations. Most notably this is
a cross-sectional study that only had one assessment for the arteriole endothelial-dependent
vasodilatation. Additionally lack of a specific control may limit our results and the use of the
24 hour food recount for quantifying an average daily intake is not optimal, despite our use
of this assessment in triplicate in an effort to obtain a good approximation of each subject’s
usual diet. Lack of blood levels of many of the dietary measurements hinder our ability to
relate the body’s handling of these nutrients in relation to AAP associated metabolic
complications. Additionally, our measurement of physical activity was based on subject self-
report which is prone to both systematic and random errors and only a small minority of our
subjects were being treated with any type of cardiovascular medication (i.e. statin
medication). Thus, this brings up the question as to if N-3 FAs would be more beneficial in
our subjects if primary cardiovascular treatment was first undertaken. Given recent research
within the cardiovascular literature, uncertainty now exists as to the benefits of N-3 FA
supplementation in “well medicated” individuals (Marik and Varon 2009;Kromhout et al.
2010). Lastly, the sample size included in this post-hoc analysis is rather small compared to
others within the general population that have examined arteriole endothelial-dependent
vasodilatation and given the number of variables available to test in regards to the RH-PAT
variable, we did not correct for multiple statistical testing. Despite these limitations, this
investigation is the first to report on arteriole endothelial-dependent vasodilatation with the
schizophrenia population and will add substantially to the literature as we continue our quest
to understand the metabolic complications from AAP use.

7. Summary

In summary, as part of this investigation we found 50% of individuals with schizophrenia
met criteria for arteriole endothelial-dependent vasodilatation when measured using the
non-invasive EndoPAT2000. This percentage is similar to the 40% incidence of metabolic
syndrome seen in this population. This investigation is the first, to our knowledge, to report
on the prevalance of endothelial dysfunction (RH-PAT < 1.67) within the schizophrenia
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population. Additionally we found an interaction between total dietary N-3 FA intake and
AAP use, where the positive relationship found between arteriole endothelial-dependent
vasodilatation and N-3 FA intake was negated in subjects receiving AAPs. This loss of
association was not due to an increase in other components related to metabolic syndrome
development which may mean that the AAPs themselves have a direct effect in removing
the “cardio protective” effects of the N-3 FAs. Gaining a better mechanistic understanding
of this relationship is unfortunately beyond the scope of this current project, but the results
of this study will provide the framework for continued work in this area.
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Figure 1. Interaction between N-3 FA intake and AAP use and RH-PAT index

This figure shows a graphical represtnation of the interaction between n-3 FA intake and
AAP use on Arteriole Endothelial Dependent VVasodilatation in schizophrenia subjects. The
blue line represents a positive relationship between n-3 FA intake and the RH-PAT index in
non-AAP users, while the red line shows the lack of a relationship between n-3 FA intake
and the RH-PAT index in AAP users. A higher RH-PAT index score is an indicator of
betters Arteriole Endothelial Dependent VVasodilatation.
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Description of demographic differences between atypical antipsychotic (AAP) users and non-users

Table One

Demographic variable AAP users AAP non-users | p-value
Age *s.d (years) 443+115 51+10.1 0.02
Percent Caucasian/African American 61.97/26.76 71.43/28.57 0.75
Percent Male 67 52 0.20
Total Activity Score (TAM2) + s.d (MET/minute) 2926 + 2592 1861 + 1684 0.08
Hip/Waist Ratio 1.03+0.09 1.04+0.11 0.95
BMI (kg/m2) 335+75 324+96 0.58
Systolic Blood Pressure + s.d (mmHg) 123.6 +17.5 1225+20.1 0.80
Diastolic Blood Pressure + s.d (mmHg) 75.8+12.9 74.3+11.8 0.65
Homocysteine + s.d (umol/L) 11.6+43 129+88 0.34
RH-PAT +s.d 1.8+05 1.7+£06 0.67
Total Cholesterol + s.d (mg/dl) 168.6 +45.2 155.2+37.8 0.23
Triglycerides + s.d (mg/dl) 151.1 +103.7 114.8 £ 104.6 0.17
High Density Lipoprotein + s.d (mg/dl) 46.3+14.0 457+11.6 0.85
Low Density Lipoproteins + s.d (mg/dl) 105.0 + 33.7 93.7+32.1 0.18
Glucose + s.d (mg/dL) 105.4 +48.4 106.8 + 46.4 0.91
Leptin + s.d (ng/ml) 22.2+16.9 18.4+21.1 0.47
Percent meeting ATP-111 Metabolic Syndrome Criteria 45 47 0.84
Number of ATP-I11 Metabolic Syndrome Criteria Met 25+15 21+15 0.27
Percent Current Smoker 63 48 0.20
Smoking Pack Year History 221.8+29.8 173.8+54.0 0.44
Mean Total N-3 FA intake * s.d (grams/day) 16+09 15+08 0.67
Polyunsatured Fatty Acids (PUFA) * s.d (grams/day) 16.4+8.7 16.0+8.3 0.87
Monounsatured Fatty Acids (MUFA) + s.d (grams/day) 29.6+125 26.7+8.9 0.35
Total Saturated Fatty Acids (SFA) * s.d (grams/day) 28.9+10.7 253+89 0.66
Mean PUFA:SFA Ratio + s.d 06+0.3 0.8+05 0.06
n-3 PUFA  s.d (grams/day) 8.8+258 1.5+0.81 0.21
n-6 PUFA + s.d (grams/day) 13.65+8.1 143879 0.73
Mean n-6:n-3 Ratio + s.d 8.7+4.4 106 £55 0.14
Mean Dietary Energy Consumed * s.d (kcals/day) 2035.7 £ 734.1 | 1907.0 £ 609.7 0.49
Mean Dietary Fat Consumed + s.d (grams/day) 81.0+31.7 74.4+24.3 0.41
Mean Dietary Carbohydrates Consumed + s.d (grams/day) 255.8+99.5 233.8+94.3 0.40
Mean Dietary Fiber Consumed + s.d (grams/day) 17.3+9.1 15.1+8.4 0.35
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