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Abstract

Background—-Brain bioenergetic anomalies and redox dysregulation have been implicated in
the pathophysiology of psychotic disorders. The present study examined brain energy-related
metabolites and the balance between nicotinamide adenine dinucleotide metabolites (oxidized
NAD+ and reduced NADH) using 31P-magnetic resonance spectroscopy (31P-MRS) in unaffected
siblings, compared to first episode psychosis (FEP) patients and healthy controls.

Methods—21 unaffected siblings, 32 FEP patients (including schizophrenia spectrum and
affective psychoses), and 21 controls underwent 31P-MRS in the frontal lobe (6x6x4 cm®) on a 4T
MR scanner, using custom-designed dual-tuned surface coil with outer volume suppression. Brain
parenchymal pH and steady-state metabolite ratios of high energy phosphate compounds were
measured. NAD+ and NADH levels were determined using a 31P-MRS fitting algorithm. 13
unaffected sibling-patient pairs were related; other patients and siblings were unrelated. ANCOVA
analyses were used to examine 31P-MRS measures, with age and gender as covariates.

Results—The phosphocreatine/adenosine triphosphate ratio was significantly reduced in both
unaffected siblings and FEP patients, compared to controls. NAD+/NADH ratio was significantly
reduced in patients compared to siblings and controls, with siblings showing a reduction in NAD+/
NADH compared to controls that was not statistically significant. Compared to patients and
controls, siblings showed significantly reduced levels of NAD+. Siblings did not differ from
patients or controls on brain pH.
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Discussion—Our results indicate that unaffected siblings show some, but not all the same
abnormalities in brain energy metabolites and redox state as FEP patients. Thus, 31P-MRS studies
may identify factors related both to risk and expression of psychosis.

Keywords

unaffected relatives; schizophrenia; bipolar disorder; 31P magnetic resonance spectroscopy; energy
metabolism; oxidative stress

1. Introduction

Psychotic disorders are common and severe psychiatric disorders with multifactorial
etiology. Schizophrenia and bipolar disorder, in particular, are strongly heritable with some
overlapping genetic risk; first-degree relatives of patients with these disorders have an
approximately 10 fold increased risk of developing illness compared to the general
population (Erlenmeyer-Kimling et al., 1995; International Schizophrenia Consortium et al.,
2009; Ivleva et al., 2010; Kendler and Gardner, 1997). Some neurobiological correlates of
psychotic disorders are manifest in unaffected relatives, often to a reduced extent, compared
to healthy individuals (Byun et al., 2012; Skudlarski et al., 2013). Unaffected relatives of
patients with psychotic disorders may share predisposing factors for illness, without sharing
confounds of chronic illness and its treatment. Studying neurobiological abnormalities of
psychotic disorders in unaffected relatives can therefore contribute to finding heritable
markers of disease risk (Gottesman and Gould, 2003), and advance our understanding of
factors underlying these disorders.

Studies using 31P magnetic resonance spectroscopy (MRS) have identified abnormalities in
brain bioenergetics in psychotic disorders (Du et al., 2014; Nenadic et al., 2012; Pettegrew et
al., 1991; Smesny et al., 2007; Yuksel et al., 2015a). 31P MRS allows the measurement of
high energy phosphate (HEP) metabolite levels, including phosphocreatine (PCr) and
adenosine triphosphate (ATP) as well as inorganic phosphate (Pi), and the phospholipid
metabolites, phosphomonoesters (PME) and phosphodiesters (PDE). Brain parenchymal pH
can also be measured in 3IP MRS using the chemical shift difference between PCr and Pi.
Altered levels of these brain metabolites have been found in patients with psychotic
disorders, revealing energy metabolism abnormalities and perturbed membrane phospholipid
metabolism in the brain (Du et al., 2014; Nenadic et al., 2012; Pettegrew et al., 1991;
Smesny et al., 2007; Yuksel et al., 2015a; Yuksel et al., 2015b). In a previous study using

a 31P magnetization transfer MRS approach (Du et al., 2014), we found new evidence of
dysfunctional brain bioenergetics, specifically, a significant reduction in the forward rate
constant of a critical enzyme involved in energy metabolism, creatine kinase, in the frontal
lobe of patients with schizophrenia. In addition, we reported that brain parenchymal pH
measured by 31P MRS was significantly reduced in patients with schizophrenia, possibly
indicating a reduced ratio of oxidative phosphorylation to glycolysis, leading to lactic acid
build up. Despite intriguing observations, however, no abnormalities in HEPs or
phospholipid metabolites have been reported consistently enough in the 3P MRS literature
(Yuksel et al., 2015b). In particular, there are few studies that have used 31P MRS to
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investigate brain abnormalities in unaffected relatives of patients with psychotic disorders
(Keshavan et al., 2003; Klemm et al., 2001).

A recent advance in the 31P MRS literature is the ability to quantify nicotinamide adenine
dinucleotide (NAD+) and its reduced form NADH (Kim et al., 2017; Lu et al., 2016), which
play crucial roles in redox reactions related to energy metabolism and antioxidant activity.
We recently demonstrated the feasibility of a novel 31P MRS approach to quantify
phosphorus NAD metabolite resonance signals in the brain (Kim et al., 2017). The balance
between the redox pair of NAD+ and NADH concentrations reflects the oxidative state of
cells, and the NAD+/NADH ratio may be used as a measure of oxidative stress (Blacker et
al., 2014). A converging body of evidence has suggested a role for oxidative stress and
altered antioxidant defenses in psychotic disorders (Yao and Keshavan, 2011). In a recent
study, we found evidence of a significant reduction in NAD+/NADH measured by 31P MRS,
reflecting redox imbalance, in the brain of patients with first episode and chronic
schizophrenia (Kim et al., 2017), compared to healthy controls. To our knowledge, no
studies have previously measured NAD metabolites using 31P MRS in unaffected relatives of
patients with psychotic disorders.

In the present study, we examined whether HEP metabolite abnormalities and redox
imbalance measured by in vivo 31P MRS are present in unaffected siblings of patients with
first episode psychosis (FEP), as they are in patients with psychosis. Studying both brain
HEP metabolites, including PCr, ATP and Pi, in addition to NAD metabolites allows us to
examine two aspects of mitochondrial pathways. While NAD+/NADH informs us
specifically on oxidative state, these brain metabolites are all at the intersection of multiple
critical biochemical pathways within cells, necessary for mitochondrial function and energy
metabolism. We hypothesized that unaffected siblings of patients with FEP would show
abnormalities in measures of HEP metabolites, NAD+/NADH and pH in the frontal lobe,
compared to healthy controls, but that abnormalities observed in unaffected siblings would
be of lesser magnitude than those seen in patients. We studied the prefrontal cortex, because
it has been implicated in bioenergetic compromise, neurobiochemical (Deicken et al., 1994;
Stanley et al., 1995) changes, and other abnormalities in these disorders (Lewandowski et
al., 2011).

2. Methods

2.1. Participants

We assessed 32 patients with FEP, 21 unaffected siblings and 21 healthy controls. Of the 32
patients, 4 were diagnosed with schizophrenia, 4 with schizoaffective disorder, 17 with
bipolar disorder with psychotic features, 5 with psychosis not otherwise specified (NOS),
and 2 with major depressive disorder with psychotic features. Patients were recruited from
McLean OnTrack, a FEP outpatient program, and were included within one year of the onset
of psychotic symptoms. Patients were excluded if symptoms could be attributable to a
general medical condition or substance use, or they had a diagnosis of current substance use
disorder. There were no selection criteria based on severity of clinical symptomatology,
however, patients were not hospitalized at the time of the study. Unaffected siblings had no
history of a psychotic or bipolar disorder, and were not taking psychoactive medications.
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There were 13 unaffected sibling-patient pairs in the sample who were related, while other
patients and unaffected siblings were unrelated. Proband diagnoses for unaffected siblings
were obtained by diagnostic interview and review of hospital charts, and included 3 with
schizophrenia, 3 with schizoaffective disorder, 14 with bipolar disorder with psychotic
features, and 1 with psychosis NOS. Unaffected siblings were recruited through
participating patients, a support group for family members in McLean OnTrack and flyers at
McLean Hospital. Healthy controls, recruited via flyers on local college campuses, had no
psychiatric diagnoses and no history of the same in first-degree relatives. Patients, siblings
and controls were excluded if they had a history of significant medical or neurologic illness,
history of significant head trauma, contraindication to MR scan (including claustrophobia)
or pregnancy. Of note, the unaffected sibling data we present here is entirely new, but 28
patients and 11 controls in this analysis overlap with the study population in our recent study
(Kim et al., 2017), and we include them for comparison purposes. The study was approved
by the McLean Hospital Institutional Review Board, and participants provided written
informed consent.

2.2. Clinical Assessments

The Structured Clinical Interview for DSM-IV-TR (First et al., 1995) was used for diagnosis
ascertainment of all subjects. The following rating scales were also administered as
appropriate to patients, siblings and/or controls: Wisconsin Schizotypy Scales-short form
(Gross et al., 2015), Symptom Checklist-90-Revised (SCL-90-R) (Derogatis et al., 1973),
Positive and Negative Syndrome Scale (PANSS) (Kay et al., 1987), Beck Depression
Inventory-11 (BDI-11) (Beck et al., 1996), State-Trait Anxiety Inventory (STAI) (Spielberger
et al., 1983), Edinburgh Handedness inventory (Oldfield, 1971), and MATRICS Consensus
Cogpnitive Battery (MCCB) (Marder and Fenton, 2004).

2.3. Magnetic resonance imaging and 3P MRS Experiments

31p MRS was performed on a 4T whole-body MR scanner interfaced with Varian INOVA
console. Brain anatomic imaging and 3P MRS were acquired from the frontal lobe of the
brain by a specially designed half helmet dual-tuned surface coil placed on the forehead
(supplementary Figure S1). 3IP MRS measures, HEP and phospholipid metabolites, and
NAD analyses were extracted from a 31P MRS study using a magnetization transfer
approach (31P-MT-MRS) to quantify creatine kinase and ATP synthetase reaction rates (Du
etal., 2014; Kim et al., 2017). Details of the 31P MRS techniques have been described
previously (Du et al., 2014; Kim et al., 2017), and more information is provided in the
supplementary material.

2.4. 31p spectrum Processing andQuantification of pH

Two methods were applied for 31P spectra processing to assess 1) HEP and phospholipid
metabolites, and 2) NAD metabolites. First, metabolite levels (PCr, Pi, PDE and PME) using
B-ATP as an internal reference were analyzed from spectra acquired without magnetization
transfer (Figure 1a) in the time domain with the AMARES algorithm (jMRUI; http://
mrui.uab.es/mrui/) (van den Boogaart et al., 1996). This strategy eliminates the
magnetization transfer effect for PCr and Pi quantifications, and the spectra (Figure 1a) with
26 signal averages have enough SNR for metabolite quantification. Details on this spectrum
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processing are previously described (Du et al., 2014). Briefly, the initial 4 points of FID
were truncated to remove the broad component. Eight resonance peaks (PME; Pi; PDE; PCr;
and three adenosine triphosphates (a-, B -, y-ATP)) were included in the basis set.

Second, NAD+ and NADH quantification was performed on the summed spectra (Figure 1b)
in order to enhance SNR of NAD for higher fitting accuracy. The approach used prior
information of chemical shift and strong second-order coupling effects, from which 31P
spectra of NAD at 4T can be predicted (Kim et al., 2017). We developed in-house MATLAB
software (version 7.9, R2009b) for simulating the 31P spectra containing NAD+, NADH and
a-ATP resonances. We previously performed a series of simulation, phantom, and test-retest
studies to validate the quantification approach used in this study (Kim et al., 2017). Details
of the NAD+ and NADH quantification methods have been described previously (Kim et al.,
2017), and more information is provided in the supplementary material. Unknown
parameters (i.e., signal intensity and line-width of a-ATP, NAD+, and NADH) were
determined using nonlinear least-square fitting of the model output to the resonance signals
of NAD+, NADH and a- ATP obtained from in vivo 31P MRS experiments. The fitting
errors were calculated by dividing the standard deviation of residual signal by the mean
value of the fitted signal. The concentrations were determined using a-ATP signal as an
internal reference, with its brain concentration set to 2.8 mM (Zhu et al., 2015), in order to
remain consistent with and make comparisons with previous reports (Zhu et al., 2015).

Brain pH was calculated using the chemical shift difference in parts per million between Pi
and PCr (Petroff et al., 1985).

2.6. Statistical analyses

3. Results

We performed statistical analyses using SPSS (PASW) version 22 (SPSS, Chicago, IL). We
used chi-square tests for categorical variables and ANOVAs for continuous variables to
compare demographic and clinical characteristics among patient, sibling and control groups.
We used mixed model ANCOVA analyses with contrasts to examine 3P MRS measures
with diagnosis as a between-subjects factor, age and gender as covariates, and patient-sibling
pairs as a random factor. Age was included as a covariate given the age dependence of NAD
metabolite measures previously reported in the literature (Zhu et al., 2015). Our primary
outcome measures were pH, PCr/B-ATP and Pi/p-ATP ratios, and the NAD+/NADH ratio.
We also examined phospholipid metabolite ratios, NAD+, and NADH. We carried out
exploratory bivariate correlation analyses to examine the relationship of Wisconsin
Schizotypy positive and negative factor scores, and SCL-90-R total scores to our primary
outcome measures in siblings. All hypothesis tests were two-sided and conducted with a
significance level of alpha=0.05.

3.1. Clinical Characteristics

Demographic and clinical characteristics of study participants are given in Table 1. There
were no significant differences between siblings and controls on measures of psychological
distress or psychosis-proneness, including Wisconsin schizotypy positive (F/=1.72, £=0.09)
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and negative (F/=-1.5, P=0.13) factor scores, BDI-Il (/=0.94, P=0.35) or STAI (/=-0.42,
P=0.67) total scores. Medication use is given in Table 1. At the time of the study, there were
10 patients (31.2%) who were taking both antipsychotic and mood stabilizer medications, 1
patient (3.1%) taking 2 antipsychotic medications and 3 patients (9.4%) who were not taking
any psychiatric medications.

3.2. Phosphate Metabolite Ratios and pH Measurements

The mean (SD) PCr SNR did not differ (P=0.28) between patients (52.3(20.0)), siblings
(61.2 (18.7)) and controls (59.6 (24.3)). The PCr/p-ATP ratio differed significantly among
groups (F=4.56, P=0.01), with siblings and patients showing significantly lower ratios
compared to controls (P=0.007, and P=0.02, respectively), while there were no significant
differences between patients and siblings (P=0.60) (Table 2). There were no other significant
differences among groups for ratios of metabolites to B-ATP, nor for intracellular pH.

3.3. NAD+/NADH

Figure 1a presents 31P spectra acquired from a healthy control, and Figure 1b shows the
relevant spectral region with NAD+ and NADH fitting results and residual signal. The mean
(SD) NAD resonances (NAD+ and NADH) SNR was not significantly different (P=0.76)
between patients (29.8 (12.1)), siblings (32.2 (9.2)) and controls (31.6 (12.8)).

NAD+/NADH ratio differed among groups (/=10.91, A< 0.001), with significant differences
between both patients and healthy controls (A< 0.001) and patients and siblings (/£<0.001),
but not between siblings and controls (£=0.29) (Table 2). NAD+ levels also significantly
differed between groups (/= 4.95, P=0.01), with siblings showing lower levels of NAD+
compared to patients (£=0.005) and controls (A=0.01), but with no differences between
patients and controls (P=0.75). NADH differed among groups (/=16.91, A< 0.001), with
patients displaying higher levels of NADH compared to controls (A< 0.001) and siblings (A<
0.001), while there were no differences between siblings and controls (~P=0.96).

3.4. Additional Analyses

The SCL-90-R global severity index was significantly correlated with pH (r=0.48, P=0.03)
in the sibling group. In addition, in the sibling group, the SCL-90-R positive symptom
distress index was significantly correlated with PCr/g-ATP ratio (r=0.62, £=0.003) and Pi/p-
ATP ratio (r=0.57, P=0.009). No other significant correlations were found between
spectroscopic parameters and measures of psychological distress and psychosis-proneness in
siblings.

4. Discussion

The results suggest abnormalities in brain energy metabolism and redox regulation in both
unaffected siblings at high genetic risk for psychosis and patients with FEP. Consistent with
our recent study (Kim et al., 2017), patients with FEP showed significant reductions in NAD
+/NADH ratios with elevated levels of NADH, compared to siblings and controls. In
unaffected siblings, while we did not find the same striking evidence for redox
dysregulation, there was evidence for altered balance between the NAD+ and NADH redox
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pair. Situated between patients and controls, siblings showed a NAD+/NADH ratio of 4.47,
lower than that observed for controls, 5.20, although the difference was not statistically
significant. Interestingly, levels of NAD were significantly lower in siblings, compared to
both patients and controls. Siblings appear to be in the normal range with regard to
maintaining a stable oxidative state in cells, however, it is possible that the decrease in NAD
+ levels represents a vulnerability in metabolic pathways and cellular signaling events,
related to genetic risk for psychosis. There is emerging evidence for oxidative stress in both
early (Flatow et al., 2013; Fournier et al., 2014; Kim et al., 2017) and chronic (Kim et al.,
2017; Yao and Keshavan, 2011) stages of psychotic illness, and oxidative stress may have
wide-ranging implications for oxidative damage in the brain. An alteration in NAD+/NADH
may affect several critical enzymatic reactions, which are required to maintain normal brain
function, including neurotransmission and myelin production (Andreazza, 2012).

The decrease in PCr/p-ATP ratio in siblings and patients, compared to controls, further
suggests compromised metabolic pathways involved in energy production and use in both
individuals at genetically high risk for psychosis and those with psychosis. PCr acts as a
reservoir by storing HEP bonds, critical to maintaining ATP levels during increased energy
demand (Beard and Braissant, 2010; Saks et al., 1996), and affecting metabolic pathways
and neurotransmission. Using the same 31P MRS approach in chronic patients with
schizophrenia, we did not previously find a decrease in PCr, suggesting that this abnormality
may be present early in illness. Prior studies examining 31P MRS measures in unaffected
relatives, namely children, of patients with schizophrenia (Keshavan et al., 2003; Klemm et
al., 2001; Rzanny et al., 2003), have not reported significant alterations in PCr, ATP or Pi;
these studies showed abnormalities in phospholipid metabolites, which we did not find.
However, IH MRS studies in unaffected relatives of patients with schizophrenia have
revealed decreases in PCr and Cr in different brain regions, including the striatum (Keshavan
et al., 2009) and thalamus (Yoo et al., 2009).

Taken together, the pattern of findings show that unaffected siblings at genetic risk for
psychosis share some abnormalities with FEP patients, but not all, in the two aspects of
metabolic pathways studied. It is intriguing that PCr/B-ATP was decreased in both sibling
and patient groups, but that the pattern of NAD+/NADH balance was somewhat different
between these two groups. This could suggest that redox dysregulation and possibly
oxidative stress plays a critical role in the expression of psychosis. Future prospective
studies may determine whether at risk individuals who develop psychosis, show progression
to significant redox imbalance in the brain.

It is important to point out that we chose a dimensional approach to studying psychosis,
including siblings of patients with schizophrenia spectrum disorders as well as affective
psychoses. Reinforcing the concept of using a transdiagnostic approach, particularly at an
early stage of illness, we have found a high diagnostic switch rate of 50.5% during treatment
in our FEP program, McLean OnTrack, with psychotic disorder diagnoses evolving over
time (Shinn et al., 2017). This rate of diagnostic shift is consistent with changes in diagnoses
found in a large study of first-admission patients with psychotic disorders, followed over a
period of 10 years (Bromet et al., 2011).
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Of note, in our study, unaffected siblings were high functioning, and not significantly
different from controls on measures of psychological distress, global cognitive functioning,
depressive and anxiety symptoms, or psychosis-proneness. Our sample of unaffected
siblings represented individuals at high genetic risk, but not necessarily at high clinical risk
for psychosis. It is possible that siblings, unaffected by psychosis, but with high clinical risk
for psychosis and more psychopathology would have shown a more similar pattern to
patients on measures of NAD metabolite levels, compared to controls. In addition, siblings
were still within the age range for increased risk of developing psychosis, and follow-up
would be necessary to determine whether psychopathology evolved over time. Interestingly,
we did find that siblings with more psychological distress had increased pH, and increased
PCr/p-ATP and Pi/B-ATP ratios; these associations may reflect compensatory responses to
metabolic stressors.

This study has limitations to consider. First, the low SNR of 3P MRS forces us to obtain
data from a large brain region in the frontal lobes. Outer-volume suppression ensured
exclusion of signal from HEP-rich extra-cranial muscle. Second, because we used a proton
quadrature surface coil for structural imaging, our results are not corrected for voxel
composition of white and gray matter. Third, we chose to study metabolite concentration
ratios, rather than metabolite concentrations, using internal referencing, a widely used
method. Obtaining absolute metabolite concentrations using an external reference with
known concentration and matched electromagnetic properties is time consuming, and can be
confounded by issues such as radiofrequency coil loading. Although internal referencing
may be a more reliable method, we could not then directly examine ATP concentrations,
which may be abnormal when there is bioenergetic dysfunction. Our results, however, do not
suggest significant abnormalities in ATP with normal Pi/ATP, PME/ATP and PDE/ATP
ratios, consistent with past studies in psychotic disorders (Stanley et al., 1995; Volz et al.,
1998). Fourth, the reduction found in PCr should be interpreted with caution in view of the
discrepancies between 31P MRS studies in both patients with first episode and chronic
psychotic disorders, which may be due in part to differences in methodology (Yuksel et al.,
2015b). Fifth, with regards to NAD metabolite measures, while NAD+/NADH is the
generally accepted index of redox state of cells (Blacker et al., 2014), NAD+/NADH
alterations may also reflect upstream changes in other related redox pairs, including
nicotinamide adenine dinucleotide phosphate (NADP+)/reduced NADPH and reduced
glutathione/oxidized glutathione. The contributions from these other redox pairs to the
NAD 31p metabolite signals are likely low, as NADP+/NADPH intracellular concentrations
are small (~ 10%) (Blacker et al., 2014), compared to NAD+ and NADH. Finally, as energy
metabolism and redox state are dynamic phenomena, a longitudinal study design would be
needed to examine how state fluctuations may relate to the differences observed between
patients, siblings and controls.

Overall, this study provides new evidence on brain energy related metabolites and redox
balance in individuals at high genetic risk for psychosis, suggesting that compromised
energy metabolism and altered NAD biology are observed in those vulnerable to psychosis.
As expected, patients with FEP showed greater dysregulation in energy metabolism and
oxidative state markers. Findings highlight the need for targeting bioenergetics and the
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oxidative state in early disease stages to document and improve metabolic status in the brain
of patients with psychosis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. In vivo representative 31P spectra obtained from the frontal lobe of the brain in a
healthy participant

(a) Control spectra (26 signal averages) without saturating -y-ATP resonance in fully
relaxation conditions (TR=14 sec) is shown. (b) For NAD+ and NADH quantification, we
summed a series of spectra (total of 182 signal averages) that consists of spectra obtained
with and without applying saturation pulse, since the saturation pulse had no impact on
NAD resonance. High SNR spectra enabled high fitting accuracy of NAD resonance (i.e., fit
error < 5 %).
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Demographic and Clinical Characteristics of Unaffected Siblings, Patients with First Episode Psychosis, and

Healthy Controls

Characteristic FZ?]IZ'Z%S S('rl]):I'an%s C(?]rltzrf)ls
Age, mean (SD) 22679 235(56)2 226(35)°
Sex (Male), No.(%) *** 27 (84.4) 7(33.3) 9 (42.9)
Race and Ethnicity, No.(%)

Caucasian 27 (84.4) 19 (90.5) 13 (61.9)

African American 1(3.1) 0(0.0) 1(4.8)

Hispanic 1(3.1) 1(4.8) 3(14.3)

Asian 2(6.3) 2(9.5) 4(19)
Left-handed, No.(%) 5(17.2) 3(14.3) 2(9.5)
Education, mean (SD) ax 4.6 (14) 53(16) 5.7(14)
Body Mass Index, mean (SD) ** 256(3.6)  239(34) 225(3.1)
Current smoking, No.(%) ™ 7(219) 0(0) 0(0)
Lifetime Hospitalizations, No.(%) 15(1.3)
Prior suicide attempt, No.(%) 6(18.8)
PANSS total score, mean (SD) 48.9 (13.4)
Global Assessment of Functioning ™™ 58.7(146)  87.5(6.6)
MCCB composite total score, mean (SD) € o 37.0 (13.9) 47.7(119) 55.3(12.0)
SCL-90-R Positive Symptom Distress Index, mean (SD) 45.3(12.8) 37.7(17.0)
SCL-90-R Global Severity Index, mean (SD) 455(9.32) 428(9.7)
Medications, No.(%)

Atypical antipsychotic 16 (50.0)

Clozapine 2 (6.3)

Typical antipsychotic 1(3.1)

Lithium 15 (46.9)

Mood stabilizer 19 (59.4)

Chlorpromazine equivalent, mean (SD), mg/d 136.0 (187.24)

Abbreviations: PANSS, Positive and Negative Syndrome Scale; MCCB, MATRICS Consensus Cognitive Battery; SCL-90-R, Symptom

Checklist-90-Revised
a

age range= 18-29 years.
b

age range= 18-37 years.

cage range= 18-28 years.

dEducation range: 3= high school, 4= some college, 5= 2-year college, 6= 4-year college graduate, 7= some graduate or professional school, and 8=

completed graduate or professional school.

EMCCB data available for subset of patients (26), relatives (13) and controls (11).

*
F<0.05.

*:

*
P<0.01
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31p Magnetic Resonance Spectroscopy in the Frontal Lobe of Unaffected Siblings, Patients with First Episode
Psychosis, and Healthy Controls

Mean (SD)
Variable Patients Siblings Controls P Value
n=32 n=21 n=20
Intracellular pH 7.030 (0.016)  7.025 (0.019) 7.020 (0.016) 0.21
Phosphocreatine/B-ATP 1.20 (0.17) 1.17 (0.20) 1.39 (0.36) 0.01
Inorganic phosphate/B-ATP ~ 0.39 (0.12) 0.37 (0.08) 0.44 (0.12) 0.15
Phosphodiester/B-ATP 0.74 (0.16) 0.65 (0.09) 0.77 (0.23) 0.11
Phosphomonoester/p-ATP 1.05 (0.22) 0.96 (0.18) 1.11 (0.28) 0.12
n=31 n=18 n=20
NAD+/NADH 3.35(1.10) 4.74 (1.55) 5.20 (1.44) <0.001
NAD+ (mM) 0.32 (0.05) 0.28 (0.03) 0.31 (0.03) 0.01
NADH (mM) 0.10 (0.03) 0.06 (0.02) 0.06 (0.02) 0.001

Abbreviations: p-ATP, p-adenosine triphosphate; NAD, Nicotinamide adenine dinucleotide.
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