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Background: A potential link between increase in total cholesterol and triglycerides and clinical improvement has
been observed during antipsychotic drug treatment in chronic schizophrenia patients, possibly due to drug re-
lated effects on lipid biosynthesis. We examined whether changes in serum lipids are associated with alleviation
of psychosis symptoms after one year of antipsychotic drug treatment in a cohort of first-episode psychosis (FEP)
patients.

Methods: A total of 132 non-affective antipsychotic-treated FEP patients were included through the Norwegian
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Sﬁﬁg;kfrenia Thematically Organized Psychosis (TOP) project. Data on antipsychotic usage, serum lipids (total cholesterol,
Psychosis high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol and triglycerides (TG)),
Serum lipids body mass index (BMI) and clinical state were obtained at baseline and after 12 months. The Positive and Neg-

BMI ative Syndrome Scale (PANSS) was used to assess psychotic symptoms. Mixed-effects models were employed
Antipsychotic treatment to examine the relationship between serum lipids and psychotic symptoms while controlling for potential con-
Clinical outcome founders including BMI.
Results: An increase in HDL during one year of antipsychotic treatment was associated with reduction in PANSS
negative subscores (B = —0.48, p = 0.03). This relationship was not affected by concurrent change in BMI (ad-
justed HDL: B = —0.54, p = 0.02). No significant associations were found between serum lipids, BMI and PANSS
positive subscores.
Conclusion: We found that an increase in HDL level during antipsychotic treatment is associated with improve-
ment in negative symptoms in FEP. These findings warrant further investigation to clarify the interaction be-
tween lipid pathways and psychosis.
© 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Metabolic disturbances such as obesity and dyslipidemia are com-
mon in schizophrenia (Allison et al., 1999; Mitchell et al., 2013;
Vancampfort et al., 2013). These metabolic abnormalities may be caused
by environmental factors, but can also be intrinsic to the illness itself
(Mitchell et al., 2013; Vancampfort et al., 2013). Indeed, dyslipidemia
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has been observed in antipsychotic-naive and in first-episode psychosis
(FEP) patients (Chen et al., 2013; De Hert et al., 2006; Enez Darcin et al,,
2014; Fleischhacker et al., 2013; Kaddurah-Daouk et al., 2012; Misiak et
al,, 2016; Saari et al., 2004; Thakore, 2004; Verma et al., 2009; Wu et al.,
2013; Zhai et al., 2017). In line with these findings, there is also evidence
of overlapping genetic markers between disturbed lipid metabolism
and schizophrenia (Andreassen et al., 2013). Additional findings of
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white matter abnormalities and reduced myelination in schizophrenia
(Bernstein et al., 2015; Davis et al., 2016; Mighdoll et al., 2015) also in-
dicate an involvement of lipids, as cholesterol is crucial for myelin for-
mation and functioning (Dietschy and Turley, 2004; Saher et al., 2005;
Verheijen et al., 2003).

The metabolic effects of many antipsychotic drugs further illuminate
the possible link between lipid factors and schizophrenia. It is well
known that treatment with antipsychotics may lead to weight gain
and dyslipidemia (Goncalves et al., 2015; Musil et al., 2015; Young et
al., 2015). Weight gain, mainly caused by enhanced appetite and food
intake, may indirectly increase lipid levels, but it has also been shown
that dyslipidemia can occur independently of weight gain in antipsy-
chotic treated patients (Birkenaes et al., 2008; Lally et al., 2013;
Procyshyn et al.,, 2007). Although antipsychotic-related metabolic
changes have been associated with negative health consequences (De
Hert et al, 2011; Mitchell et al, 2013; Nasrallah et al., 2015;
Newcomer, 2005), there are also several studies that report a positive
link between treatment-related weight gain and improvement in psy-
chosis (Bai et al., 2006; Czobor et al., 2002; Gupta et al., 1999; Hermes
et al.,, 2011; Lamberti et al., 1992; Lane et al., 2003; Leadbetter et al.,
1992; Meltzer et al,, 2003; Sharma et al., 2014). Similarly, treatment-re-
lated increases in serum triglycerides (TG) have been associated with
improvement in overall psychotic symptoms, and with a reduction in
positive symptoms (Atmaca et al., 2003; Lally et al., 2013; Pande et al.,
2002). There are also reports of an association between an increase in
TG and/or total cholesterol, and improvement in negative symptoms
(Chen et al., 2014; Procyshyn et al., 2007) and in cognitive symptoms
(Krakowski and Czobor, 2011). Recent advances in lipidomics research,
moreover, have linked changes in cell membrane lipid profiles to treat-
ment response, signifying the multifaceted role of lipids in psychosis
(Kaddurah-Daouk et al., 2012; Tessier et al., 2016). Nevertheless, the na-
ture of these associations is not fully clarified, as prior studies have
mainly involved chronic patients in whom the long-term effect of
poor lifestyle and multiple drug exposures may be difficult to
disentangle.

The main objective of the present study was to explore the relation-
ship between serum lipids and symptom relief in FEP patients during
their first year of antipsychotic treatment. Our main hypothesis was
that an increase in serum lipids during antipsychotic treatment would
be associated with improvement of psychosis-related symptoms, even
after controlling for potential confounders including changes in body
mass index (BMI). To test our hypothesis, we used data from a longitu-
dinal sample of FEP patients where data regarding serum lipids, BMI and
clinical state (i.e. positive and negative symptoms) at baseline and after
12 months of treatment were obtained.

2. Materials and methods
2.1. Study design

The present study is a prospective longitudinal study with a natural-
istic design, with patients recruited at their first treatment for a psy-
chotic disorder from inpatient and outpatient psychiatric units in the
catchment areas of the major hospitals in Oslo, Norway, as part of the
larger Thematically Organized Psychosis (TOP) study (http://www.
med.uio.no/norment/english/). The Regional Ethics Committee and
The Norwegian Data Inspectorate approved the study.

2.2. Patients

One hundred and thirty-two FEP patients were included in the pres-
ent study (see Fig. 1). The inclusion criteria followed the general inclu-
sion criteria for the TOP study: (1) age 18 to 65 years, (2) meeting the
diagnostic criteria for a broad schizophrenia spectrum psychosis accord-
ing to Diagnostic and Structural Manual of Mental Disorders, fourth ver-
sion (DSM-IV, American Psychiatric Association, 2000), (3) no head

trauma, neurological or other medical disorder that could influence
CNS functioning, and (4) IQ over 70. The specific inclusion criteria for
this longitudinal study was that the patient had not previously received
adequate treatment for their psychotic disorder. Adequate treatment
was defined as antipsychotic medication in doses over 1 Defined Daily
Dosage (DDD) for >12 weeks or shorter if this treatment was followed
by symptomatic remission; “first episode psychosis”. DDD is the as-
sumed average maintenance dose per day for a drug used for its main
indication in adults (https://www.whocc.no/ddd/definition_and_
general_considera/). In general, the patients were recruited in the
early phases of treatment. However, some individuals were too psy-
chotic to give informed consent at an early stage and patients could
thus give consent to enter the study up to 52 weeks after start of first
treatment (for details see Simonsen et al., 2017). For the purposes of
the analyses in the current paper we did not include patients who (1)
were not using any antipsychotics at baseline as well as at follow-up,
and (2) participants treated with cholesterol-lowering medications
(statins and fibrates).

The distribution of diagnoses was as follows: N = 87 (66%) with a di-
agnosis of schizophrenia, N = 5 (4%) schizophreniform disorder, N = 16
(12%) schizoaffective disorder and N = 24 (18%) psychotic disorder not
otherwise specified (psychosis NOS).

2.3. Clinical assessments

Sociodemographic history (including age, gender, ethnicity, edu-
cation), smoking, alcohol consumption, diet, exercise habits, dura-
tion of untreated psychosis (DUP), hospitalization, antipsychotic
medication, and use of cholesterol-lowering medication were ob-
tained through structured interviews. The ethnicity of patients was
categorized as Caucasian or non-Caucasian. All patients were diag-
nosed with the Structural Clinical Interview for DSM-IV (SCID)
(First et al., 1996). Inter-rater reliability was good, with an overall
kappa score of 0.77 (95% CI: 0.60-0.94). Psychotic and other related
symptoms were assessed using The Positive and Negative Syndrome
Scale (PANSS) (Kay et al., 1987), we report the means for a five-fac-
tor model (Wallwork et al., 2012). Depression was assessed with the
Calgary Depression Scale for Schizophrenia (CDSS) (Addington et al.,
1992). The extent of alcohol use was measured with The Alcohol Use
Disorders Identification Test (AUDIT) (Saunders et al., 1993). Diet
and exercise habits were assessed at inclusion and at 12 months by
interviews. The patients were asked to describe their eating habits
as healthy, moderately healthy or unhealthy. This variable was
then dichotomized into “similar or poorer diet” (including patients
who did not change their diet habits from inclusion to 12 months,
as well as patients who reported a poorer diet at 12 months) and
“better diet” (consisting of patients who reported a beneficial change
in diet). Exercise was also initially assessed as light, moderate or
hard, and then dichotomized into “similar or reduced exercise” and
“increased exercise” at 12 months. Our rationale for dichotomizing
diet and exercise was that we were primarily interested in the
change in these variables, as they would reflect improvement or de-
cline in lifestyle.

2.4. Use of antipsychotic medication

Information about current and previous use of antipsychotics was
obtained through interviews with the patients combined with prescrip-
tion data from the medical charts. All participants used one or more an-
tipsychotics at least once during the study period (see Supplementary
Tables 1-4, for information concerning antipsychotic and non-psycho-
tropic drug use). For the purpose of this study, where our main goal
was to investigate if serum lipid changes during antipsychotic drug
therapy were related to improvement in psychosis, we defined treat-
ment with any type of antipsychotic agent throughout the study period
as continuous antipsychotic use (n = 100; 76%). In contrast, treatment
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First episode patients (n=173)

Excluded (n=20)
e Bipolar 1 and bipolar 2
(n=5)
e  Major depressive episode
(n=15)

First episode non-affective psychosis (FEP) patients
(n=153)

e schizophrenia, schizophreniform disorder,
schizoaffective disorder and psychotic disorder
not otherwise specified (psychosis NOS)

Excluded (n=21)

e patients who did not use
any antipsychotic
medication during the
study period

Final FEP sample (n=132)

e All antipsychotic users (assessed by measuring
detectable levels of antipsychotics in serum)

e  Schizophrenia: N=87 (66%)
schizophreniform disorder: N=5 (4%)
schizoaffective disorder: N=16 (12 %)
psychotic disorder not otherwise specified
(psychosis NOS): N=24 (18%)

Fig. 1. Participants flow chart.

with any type of antipsychotic agent, either at baseline or at 12 months
(n = 32; 24%), was defined as intermittent antipsychotic use, see Table
1 for details. Since the number of patients using the same antipsychotic
agent as monotherapy at both time points was low (Table 1), we did not
have the statistical power to perform subgroup analyses for the differ-
ent drugs.

Compliance was checked by measuring antipsychotic drug
levels in serum samples analyzed by standard therapeutic drug
monitoring methods at Diakonhjemmet Hospital, Oslo, Norway
(Solberg et al., 2016). Since antipsychotic drug levels give informa-
tion on the drug treatment at one particular point in time, which in
the present study did not necessarily reflect the drug treatment for
the whole study period, the drug levels were not included in the
main analyses, but this information was used to exclude non-
adherent patients.

2.5. Metabolic parameters

2.5.1. Serum lipid measurements

Blood was sampled in the morning after overnight fasting. Choles-
terol (total cholesterol, HDL, LDL) and TG were analyzed at the Depart-
ment of Clinical Chemistry at Oslo University Hospital with standard
enzymatic methods from Roche Diagnostics Norge AS, Oslo, Norway.
Data on serum lipids are reported in Table 2.

2.5.2. BMI measurement

All participants were weighed on calibrated digital weights under
equal conditions and height was measured with standard methods.
Body mass index (BMI) was calculated according to the standard for-
mula: BMI = weight (in kilograms) divided by height (in meters
squared) (kg/m?).

2.6. Statistical analysis

All statistical analyses were performed using SPSS version 22 (SPSS
Inc., Chicago, IL, USA/IBM, New York, USA). For the comparison of demo-
graphic and clinical characteristics, chi-squared test and t-tests were
used. Paired t-tests were used to examine the change in serum lipid
levels, BMI and PANSS positive and negative subscores during the fol-
low-up period. Pearson correlation coefficients were used to examine
the correlation between serum lipid levels and BMI. Multivariate regres-
sion analyses controlling for age, gender and continuous vs. intermittent
antipsychotic use were applied to examine the relationship between
metabolic variables and outcome measurements at baseline and after
12 months. Two-sided tests were employed in all analyses, and the sig-
nificance level was set to p < 0.05.

Linear mixed effects models were applied to investigate the associa-
tion between change in PANSS positive and negative subscores and
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Table 1

Demographic and treatment characteristics of the FEP sample.
Characteristics
Age (years), mean (SD) 26.7 (7.6)
Gender (male), n (%) 85 (64.4)
Ethnicity (Caucasian), n (%) 87 (65.9)
Education (years), mean (SD) 12.9(2.8)
Change in diet (“better diet”)?, n (%) 20 (15.2)
Change in exercise (“increased exercise “)°, n (%) 21 (15.9)
Smoking (daily), n (%) 60 (45.5)
Alcohol use (AUDIT), mean (SD) 7.3 (7.6)
DUP (weeks), median (range) 40.0 (1-1040)
Hospitalization (at inclusion), n (%) 30 (22.7)
Antipsychotic treatment
Continuous antipsychotic use€, n (%) 100 (76)
Intermittent antipsychotic use?, n (%) 32 (24)
Typical antipsychotics®, n (%) 16 (16)
Atypical antipsychotics, n (%) 116 (88)
Monotherapy', n (%) 34 (26)
Polypharmacy?, n (%) 41 (31)

SD = standard deviation, n = number of subjects, % = percentage, AUDIT = Alcohol Use
Disorder Identification Test, DUP = duration of untreated psychosis.

2 Diet was dichotomized into “similar or poorer diet” (including patients who did not
change their diet habits from inclusion to 12 months, as well as patients who reported a
poorer diet at 12 months) and “better diet” (consisting of patients who reported a benefi-
cial change in diet).

b Exercise was dichotomized into “similar or reduced exercise” (including patients who
did not change their exercise habits from inclusion to 12 months, as well as patients who
reported a reduced exercise at 12 months) and “increased exercise” (consisting of patients
who reported increased exercise at 12 months).

¢ Continuous antipsychotic use was defined as use of any type of antipsychotic agent
throughout the study period.

4" Intermittent antipsychotic use was defined as use of any type of antipsychotic agent,
either at baseline or at 12 months.

€ All typical antipsychotic agents were used in combination with atypical agents.

T Monotherapy with the same antipsychotic agent at baseline and at 12 months, n:
olanzapine 15, aripiprazole 7, quetiapine 4, risperidone (tablet or injection) 3, ziprasidon
3, and paliperidone 1.

& Polypharmacy was defined as using multiple antipsychotic agents either (or both) at
baseline and at 12 months.

change in metabolic parameters (total cholesterol, HDL, LDL, TG and
BMI) from baseline to one year follow-up. In this procedure, both
PANSS positive and negative subscores were investigated in separate
models along with each metabolic parameter (total cholesterol, HDL,
LDL, TG and BMI). The PANSS subscores were defined as dependent fac-
tors, while time (baseline and 12 months), age, gender, continuous vs.
intermittent antipsychotic use, serum lipid levels (total cholesterol,
HDL, LDL, TG) and BMI were defined as fixed factors (independent var-
iables). Time was considered a repeated factor with compound covari-
ance. The final model was chosen based on the information criteria
(Akaike information criterion). Preliminary analyses were conducted
to ensure assumptions of normality, linearity, multicollinearity and

homoscedasticity. Serum TG values were In-transformed after inspec-
tion of residuals. Due to issues with multicollinearity, we did not enter
all the lipids in the same mixed model analysis. There were no problems
with linearity or homoscedasticity.

Missing variables were treated pairwise. Preliminary analyses
showed that the missing variables were randomly distributed (Little's
MCAR test: chi-square = 463.54, df = 440, and p = 0.21) and that
there were no significant differences in sociodemography, illness-re-
lated factors or antipsychotic usage between the patients with complete
lipid datasets and the ones with missing lipid data. To further ensure the
validity of the results we reran the mixed model analyses including only
subjects with full dataset (total cholesterol n = 99; HDL n = 90; LDL n
= 86; InTGn = 89; BMIn = 112).

3. Results

One hundred and thirty-two FEP patients participated, of whom 85
(64%) were males and 87 (66%) were Caucasians. Mean age was 26.7
(SD = 7.6) years and median DUP 40.0 (range 1-1040) weeks. See
Table 1.

3.1. Changes in serum lipid levels and BMI

There was a statistically significant decrease of 0.07 mmol/L (SD =
0.27) in mean HDL from baseline (1.39 mmol/L; SD = 0.38) to
12 months (1.32 mmol/L; SD = 0.37) at the group level (p = 0.02);
49 subjects (54%) experienced a decrease and 41 subjects (46%) an in-
crease in their HDL levels (Table 2). There were no significant changes
in serum total cholesterol, LDL or In TG (Table 2). Also, there were no
significant differences in the direction of lipid change between continu-
ous vs. intermittent antipsychotic use (data not shown).

Paired sample t-test showed that mean BMI increased significantly
from 25.0 (SD = 4.2) to 26.3 (SD = 4.7) during the follow-up period
(p <0.001) (Table 2). Eighty-three patients (74%) with BMI measure-
ments experienced weight gain. Forty-four (39%) out of these cases ex-
perienced a clinically significant increase in BMI, i.e. >7% of BMI at
baseline. Twenty-nine patients (26%) displayed a reduction in BMI, of
whom 20 subjects (69%) were using antipsychotic medication during
the entire study period. There were no significant differences in direc-
tion of weight change between patients with continuous antipsychotic
use vs. patients with intermittent use (chi-square (1, N = 112) =
1.71,p = 0.19).

3.2. Relationship between serum lipids and BMI
Pearson correlation coefficients showed that changes in total choles-

terol levels were correlated with changes in HDL (r = 0.21, p = 0.05),
LDL (r = 0.64, p < 0.001), In TG (r = 0.22, p = 0.04) and BMI (r =

Table 2
Paired t-tests examining the change in clinical characteristics from baseline to 12 months.
n Baseline 12 months A t (df) p-value
mean (SD) mean (SD) mean (SD)

Psychotic symptoms
Total PANSS scores 129 63.2 (13.9) 55.2 (14.7) —8.1(14.0) —6.6 (128) <0.001
PANSS positive subscores 131 2.6 (1.0) 2.1 (1.0) —0.5(1.1) —5.3(130) <0.001
PANSS negative subscores 132 2.2 (1.0) 2.0 (0.9) —0.2 (0.9) —2.2(130) 0.03
Metabolic parameters
Total cholesterol 99 490 (0.97) 4.92 (0.96) 0.02 (0.72) 0.29 (98) 0.77
HDL (mmol/L) 90 1.39 (0.40) 1.32(0.37) —0.07 (0.27) —2.39(89) 0.02
LDL (mmol/L) 86 2.99 (0.82) 3.08 (1.27) 0.16 (1.06) 1.44 (85) 0.15
Ln TG (mmol/L) 89 0.15 (0.55) 0.20 (0.52) 0.07 (0.55) 1.15 (88) 0.25
BMI (kg/m2) 112 24.9 (4.3) 26.3 (4.7) 14 (2.5) 5.83 (111) <0.001

n = total number of subjects with both baseline and 12 months data, PANSS = Positive and Negative Syndrome Scale, HDL = high-density lipoprotein cholesterol, LDL = low-density
lipoprotein cholesterol, Ln TG = In of triglycerides, BMI = body mass index, SD = standard deviation, A = change from baseline to one year follow-up, t = t-test, df = degrees of freedom.

P-values are obtained from paired t-tests.
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0.22,p = 0.04). Ln TG levels were correlated with changes in HDL (r =
—0.28,p = 0.01) and LDL (r = 0.33, p = 0.002) levels.

3.3. Relationship between serum lipid levels, BMI and psychotic symptoms

At baseline, multivariate linear regression analyses showed a nega-
tive association between HDL level and PANSS negative subscores
when controlling for age, gender and continuous vs. intermittent anti-
psychotic use (B = —0.67, p = 0.02) (Supplementary Table 5). At
12 months, there were no significant associations between serum lipids,
BMI, and PANSS positive and negative subscores (Supplementary Table
5).

The mixed effects model demonstrated a significant association be-
tween an increase in HDL and a decrease in PANSS negative subscores
after one year (B = —0.48, p = 0.03) when controlling for age, gender
and continuous vs. intermittent antipsychotic use (Table 3). Similar re-
sults were found when we analyzed with complete lipid dataset (B:
—0.62, p = 0.01). Furthermore, the association between change in
HDL and change in negative symptoms remained significant after con-
trolling for BMI change (B = —0.54, p = 0.02) (Table 4). No significant
associations were found between total cholesterol, LDL, In TG, BMI and
PANSS positive and negative subscores (Table 3).

3.4. Post hoc analyses examining the negative association between HDL and
PANSS negative subscores

Group comparison between patients with an increase in HDL levels
(n =41, 46%) versus those with a decrease (n = 49, 54%) during the fol-
low-up period displayed no significant differences in sociodemographic
or illness-related factors except that the HDL increase group had higher
mean PANSS negative subscore at baseline, 2.5 (SD = 1.1) vs. 2.0 (SD =
1.0) (p = 0.04) and a higher mean AUDIT score at 12 months, 8.8 (SD =
7.0) vs. 5.1 (SD = 5.2) (p = 0.01), respectively (Supplementary Table
6).

Post hoc mixed model analyses showed that neither illness (includ-
ing diagnosis subgroup, DUP, hospitalization, concurrent changes in
PANSS positive subscores and CDSS scores) nor lifestyle-related factors
(including smoking, alcohol use, changes in diet and changes in exer-
cise) significantly influenced the relationship between HDL and PANSS
negative subscores (Supplementary Table 7).

4. Discussion

The main finding of the present one year follow-up study of FEP pa-
tients was that increase in HDL levels during one year of antipsychotic
treatment was significantly associated with a reduction in negative psy-
chotic symptoms (i.e. PANSS negative subscores), an association that
remained significant after controlling for potential confounders, includ-
ing demographic variables, lifestyle factors, and BMI.

The important role of cholesterol (total, HDL, and LDL) for human
health has been known for decades. Patients with schizophrenia have
markedly increased prevalence of metabolic abnormalities including

Table 3

dyslipidemia, and several meta-analyses have demonstrated hypertri-
glyceridemia and low HDL-cholesterol in chronic schizophrenia
(Mitchell et al., 2013; Vancampfort et al., 2013). More recently, such
low HDL levels have also been reported in FEP, including antipsychotic
drug-naive patients (Enez Darcin et al., 2014; Fleischhacker et al.,
2013; Misiak et al., 2016; Wu et al.,, 2013; Zhai et al., 2017) and even
subjects with prodromal symptoms only, i.e. at high risk of developing
psychosis (Cordes et al., 2016). These findings suggest that a suboptimal
level of HDL cholesterol serves as an unfavorable lipid marker in early
psychosis.

It is, therefore, interesting that we demonstrate a significant associ-
ation between an increase in HDL level and a reduction in PANSS nega-
tive subscores during one year of antipsychotic treatment in FEP
patients. Usually, the lipid disturbances in schizophrenia tend to worsen
with time, and multi-episode patients with schizophrenia have signifi-
cantly higher prevalence of abnormally low HDL cholesterol as com-
pared to FEP and antipsychotic naive patients (Vancampfort et al.,
2013). We found on a group level that the mean HDL level decreased
following one year of antipsychotic treatment, which is in accordance
with the literature on medicated FEP (Correll et al., 2014; Wu et al.,
2013). Still, almost half of the FEP patients in our study experienced
an increase in HDL level. The reasons for this beneficial change in HDL
are uncertain, but they may be related to treatment effects (including
antipsychotic drugs) and changes in lifestyle and diet. As the different
antipsychotic agents have different effects on serum lipid levels, it
would have been interesting to examine the subgroups of antipsy-
chotics (e.g., olanzapine) that have previously been shown to have a
high tendency to cause dyslipidemia. However, due to the low number
of subjects treated with each of the antipsychotic agent throughout the
study period, we could not look specifically at the subgroups of drugs.

Our data do not prove any causal relationship between the increase
in HDL and decrease in negative symptoms in FEP patients. An interest-
ing but speculative theory is to consider HDL in serum as an indirect
proxy for cholesterol in the brain, where improved supply could play a
positive role in myelination. It has previously been indicated that pa-
tients with schizophrenia have reduced myelination in the CNS
(Bernstein et al., 2015; Davis et al., 2016; Mighdoll et al., 2015), and in
vivo MRI and animal studies have demonstrated pro-myelinating ef-
fects of antipsychotic drugs (Bartzokis et al., 2012, 2007; Ebdrup et al.,
2016; Xu et al,, 2010) that in part could be related to their lipid-stimu-
lating effects (Cai et al., 2015; Steen et al., 2017). It is also possible that
genetic factors per se could influence lipid metabolism as a risk factor
for schizophrenia (Andreassen et al., 2013; Solberg et al., 2016). On
the other hand, the observed link between HDL and PANSS negative
subscores could represent an indirect effect of successful treatment
that reduces the negative symptoms, leading to subsequent changes in
lifestyle and diet improving HDL levels. The fact that the patients who
experienced an increase in HDL had lower HDL levels at baseline and
more pronounced negative symptoms could to some degree support
this. Nevertheless, it is worth mentioning that we found a similar link
between higher HDL levels and lower negative psychotic symptoms
also at baseline. Additionally, the patients who increased in HDL levels

Mixed models examining the association between change in metabolic parameters and PANSS positive and negative subscores trajectories from baseline to 12 months.

PANSS positive subscores

PANSS negative subscores

Coefficient 95% CI p-value Coefficient 95% Cl p-value
Total cholesterol 0.10 (—0.05,0.25) 0.19 0.01 (—0.14,0.16) 0.90
HDL 0.33 (—0.09,0.75) 0.13 —0.48 (—0.90, —0.06) 0.03
LDL 0.09 (—0.04,0.23) 0.17 0.03 (—0.10,0.16) 0.68
Ln TG 0.07 (—0.18,0.33) 0.56 0.15 (—0.10, 0.40) 0.23
BMI —0.01 (—0.04,0.02) 0.45 —0.01 (—0.04, 0.03) 0.73

PANSS = Positive and Negative Syndrome Scale, HDL = high-density lipoprotein cholesterol, LDL = low-density lipoprotein cholesterol, Ln TG = In of triglycerides, BMI = body mass
index, CI = confidence interval. Analyzed with mixed effects model and adjusted for covariates age, gender, and antipsychotic use. Antipsychotic use was dichotomized into continuous
antipsychotic use (use of any type of antipsychotic agent throughout the study period) vs. intermittent antipsychotic use (use of any type of antipsychotic agent, either at baseline or at 12

months).
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Table 4
Mixed models examining the association between change in metabolic parameters and PANSS positive and negative subscores trajectories from baseline to 12 months while controlling for
BML.
PANSS positive subscores PANSS negative subscores
Coefficient 95% CI p-value Coefficient 95% CI p-value
Total cholesterol 0.14 (—0.02,0.29) 0.09 0.02 (—0.14,0.18) 0.81
HDL 0.36 (—0.09,0.81) 0.12 —0.54 (—0.98, —0.09) 0.02
LDL 0.10 (—0.04,0.23) 0.16 0.04 (—0.10,0.17) 0.61
Ln TG 0.14 (—0.13, 0.40) 0.32 0.18 (—0.08, 0.44) 0.18

PANSS = Positive and Negative Syndrome Scale, HDL = high-density lipoprotein cholesterol, LDL = low-density lipoprotein cholesterol, Ln TG = In of triglycerides, CI = confidence in-
terval. Analyzed with mixed effects model and adjusted for covariates age, gender, antipsychotic use and body mass index (BMI). Antipsychotic use was dichotomized into continuous
antipsychotic use (use of any type of antipsychotic agent throughout the study period) vs. intermittent antipsychotic use (use of any type of antipsychotic agent, either at baseline or

at 12 months).

did not differ from those who decreased with respect to
sociodemographic, lifestyle- or illness-related factors, except for
reporting higher alcohol consumption at 12 months. Still, there was
no increase in alcohol use during the follow-up period as these patients
had similar levels of alcohol consumption at baseline. In addition, it is
unlikely that higher alcohol consumption could explain why these pa-
tients improved in negative psychotic symptoms as high alcohol con-
sumption is often related to more psychotic symptoms (Addington et
al, 2014).

Prior studies that have investigated the potential relationship be-
tween lipid changes and improvement of psychotic symptoms during
antipsychotic treatment have predominantly reported an association
between increase in serum TG levels and reduction in overall psychotic
symptoms and in positive symptoms (Atmaca et al., 2003; Lally et al.,
2013; Pande et al., 2002; Procyshyn et al., 2007) leading us to hypothe-
size that a similar relationship could also be found in our sample of FEP
patients. However, we did not observe such a relationship. One possible
explanation for this difference may be that the patients in prior studies
were often treated with clozapine, a drug reserved for patients with
treatment-resistant psychosis and recognized for its dyslipidemic po-
tential (Mitchell et al., 2013). In our sample (with only three clozapine
users), TG levels were not significantly altered during the follow-up pe-
riod. This may have impeded a potential relationship between TG levels
and psychotic symptoms.

Many studies have reported an association between treatment-re-
lated weight gain and improved clinical outcome in schizophrenia (Bai
et al., 2006; Basson et al., 2001; Bustillo et al., 1996; Czobor et al.,
2002; Hermes et al., 2011; Meltzer et al., 2003; Yang et al., 2014). We
did not observe such a link between increased body weight and reduced
psychotic symptoms, despite the fact that two thirds of our patients ex-
perienced an increase in BMI. Although BMI and serum lipids may be
correlated, we did not find a significant correlation between these two
metabolic variables. It should also be noted that these parameters may
be partly independent in patients treated with antipsychotic drugs
(Birkenaes et al., 2008; Kang and Lee, 2015; Lally et al.,, 2013;
Procyshyn et al.,, 2007).

The present study has limitations that require consideration. Be-
cause of the naturalistic study design there are many confounding fac-
tors, which cannot be controlled for. The dynamic nature of treatment
for schizophrenia with frequent changes in antipsychotic regimens dur-
ing the follow-up period is an important limitation. Furthermore, serum
lipids were missing for a number of patients, especially at 12 months.
We did, however, try to minimize the effect of these missing variables
by using mixed effects models. Also, when we repeated the analyses in-
cluding only subjects with a complete dataset, similar results were
found. We did not provide structured assessments of intake of fish oil
and dietary seafood, or habitual amount of exercise, factors that may in-
fluence both the metabolic parameters and symptom levels. However,
we used self-report assessments of changes in diet and exercise habits
to partially control for these potential confounders in the mixed
model analyses. We also controlled for the effect of smoking, alcohol
use and education, which may be regarded as proxies for lifestyle

factors. It is nevertheless possible that other factors not accounted for
could have influenced the results. Patients were receiving standard
treatment from the University Hospital and followed recent guidelines,
thus, the clinical change was not due to different quality of treatment.

In conclusion, we found that an increase in HDL level during antipsy-
chotics treatment was related to improvement in negative symptoms,
independent of weight change. To further elaborate the clinical signifi-
cance of the effects of antipsychotic treatment on lipid metabolism, suf-
ficiently powered longitudinal studies in drug-naive patients are
needed.

Role of the funding source

The study was supported by grants from the Research Council of Norway to
NORMENT CoE (grant number 223273/F50, under the Centres of Excellence funding
scheme) and Stiftelsen Kristian Gerhard Jebsen (SKGJ-MED-008). The funding bodies
had no role in the analyses or writing of the manuscript, or the decision to submit this
work for publication.

Contributors

PBG analyzed the data and was responsible for design of the study, interpretation of
results and drafting of the first version of the manuscript, together with IM and VMS.
OAA and ID contributed with data, interpretation of results and writing of the manuscript.
CS, TVL, EZH, TI, SHL and RHM contributed with data. SS contributed with interpretation of
results. All authors contributed to the writing of the manuscript and have approved the
final version.

Conflict of interest
The authors of this paper have no conflict of interests.

Acknowledgements
We thank our collaborators in the NORMENT & KG Jebsen Centre for Psychosis Re-
search, and all participants taking part in the study.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.schres.2017.10.042.

References

Addington, D., Addington, ]., Maticka-Tyndale, E., Joyce, J., 1992. Reliability and validity of
a depression rating scale for schizophrenics. Schizophr. Res. 6 (3), 201-208.

Addington, ], Case, N., Saleem, M.M., Auther, A.M., Cornblatt, B.A, Cadenhead, K S., 2014.
Substance use in clinical high risk for psychosis: a review of the literature. Early
Interv. Psychiatry 8 (2), 104-112.

Allison, D.B., Fontaine, K.R., Heo, M., Mentore, J.L., Cappelleri, ].C., Chandler, L.P., Weiden, P.
J., Cheskin, L., 1999. The distribution of body mass index among individuals with and
without schizophrenia. J. Clin. Psychiatry 60 (4), 215-220.

Andreassen, 0.A., Djurovic, S., Thompson, W.K., Schork, AJ., Kendler, K.S., O'Donovan, M.
C., Rujescu, D., Werge, T., Van De Bunt, M., Morris, A.P., McCarthy, M.I, Roddey, J.C.,
McEvoy, LK, Desikan, R.S., Dale, AM., 2013. Improved detection of common variants
associated with schizophrenia by leveraging pleiotropy with cardiovascular-disease
risk factors. Am. J. Hum. Genet. 92 (2), 197-209.

Atmaca, M., Kuloglu, M., Tezcan, E., Ustundag, B., 2003. Serum leptin and triglyceride
levels in patients on treatment with atypical antipsychotics. J. Clin. Psychiatry 64
(5), 598-604.

Bai, Y.M.,, Lin, C.-C,, Chen, ].-Y., Lin, C.-Y., Su, T.-P., Chou, P., 2006. Association of initial an-
tipsychotic response to clozapine and long-term weight gain. Am. J. Psychiatry 163
(7),1276-1279.


https://doi.org/10.1016/j.schres.2017.10.042
https://doi.org/10.1016/j.schres.2017.10.042
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0005
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0005
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0010
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0010
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0015
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0015
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0020
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0020
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0020
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0025
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0025
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0025
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0030
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0030
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0030

P.B. Gjerde et al. / Schizophrenia Research 197 (2018) 253-260 259

Bartzokis, G., Lu, P.H., Nuechterlein, K.H., Gitlin, M., Doi, C,, Edwards, N., Lieu, C., Altshuler,
L.L, Mintz, ]., 2007. Differential effects of typical and atypical antipsychotics on brain
myelination in schizophrenia. Schizophr. Res. 93 (1-3), 13-22.

Bartzokis, G., Lu, P.H., Raven, E.P., Amar, C.P.,, Detore, N.R,, Couvrette, AJ., Mintz, ], Ventura,
J,, Casaus, LR, Luo, J.S., Subotnik, K.L., Nuechterlein, K.H., 2012. Impact on intracortical
myelination trajectory of long acting injection versus oral risperidone in first-episode
schizophrenia. Schizophr. Res. 140 (1-3), 122-128.

Basson, B.R,, Kinon, B.J., Taylor, C.C., Szymanski, K.A., Gilmore, ].A., Tollefson, G.D., 2001.
Factors influencing acute weight change in patients with schizophrenia treated
with olanzapine, haloperidol, or risperidone. J. Clin. Psychiatry 62 (4), 231-238.

Bernstein, H.-G., Steiner, J., Guest, P.C., Dobrowolny, H., Bogerts, B., 2015. Glial cells as key
players in schizophrenia pathology: recent insights and concepts of therapy.
Schizophr. Res. 161 (1), 4-18.

Birkenaes, A.B., Birkeland, K.I., Engh, J. a, Faerden, A., Jonsdottir, H., Ringen, P.A., Friis, S.,
Opjordsmoen, S., Andreassen, O. a, 2008. Dyslipidemia independent of body mass
in antipsychotic-treated patients under real-life conditions. J. Clin. Psychopharmacol.
28 (2), 132-137.

Bustillo, J.R,, Buchanan, RW.,, Irish, D., Breier, A., 1996. Differential effect of clozapine on
weight: a controlled study. Am. J. Psychiatry 153 (6), 817-819.

Cai, H.L., Tan, Q.Y., Jiang, P., Dang, R.L.,, Xue, Y., Tang, M.M., Xu, P., Deng, Y., Li, H.D,, Yao, ] K.,
2015. A potential mechanism underlying atypical antipsychotics-induced lipid distur-
bances. Transl. Psychiatry 5, e661.

Chen, S., Broqueres-You, D., Yang, G., Wang, Z., Li, Y., Wang, N., Zhang, X., Yang, F,, Tan, Y.,
2013. Relationship between insulin resistance, dyslipidaemia and positive symptom
in Chinese antipsychotic-naive first-episode patients with schizophrenia. Psychiatry
Res. 210 (3), 825-829.

Chen, S.-F,, Hu, T.-M.,, Lan, T.-H., Chiu, H.-J,, Sheen, L.-Y., Loh, E.-W., 2014. Severity of psy-
chosis syndrome and change of metabolic abnormality in chronic schizophrenia pa-
tients: severe negative syndrome may be related to a distinct lipid
pathophysiology. Eur. Psychiatry 29 (3), 167-171.

Cordes, J., Bechdolf, A., Engelke, C., Kahl, K.G., Balijepalli, C., Losch, C., Klosterkatter, J.,
Wagner, M., Maier, W., Heinz, A, De Millas, W., Gaebel, W., Winterer, G., Janssen, B.,
Schmidt-Kraepelin, C., Schneider, F., Lambert, M., Juckel, G., Wobrock, T., Riedel, M.,
Moebus, S., 2016. Prevalence of metabolic syndrome in female and male patients at
risk of psychosis. Schizophr. Res. 181, 38-42.

Correll, C.U., Robinson, D.G., Schooler, N.R., Brunette, M.F.,, Mueser, K.T., Rosenheck, RA.,
Marcy, P., Addington, ]., Estroff, S.E., Robinson, J., Penn, D.L., Azrin, S., Goldstein, A.,
Severe, J., Heinssen, R., Kane, ].M., 2014. Cardiometabolic risk in patients with first-ep-
isode schizophrenia spectrum disorders. JAMA Psychiat. 71 (12), 1350-1363.

Czobor, P., Volavka, J., Sheitman, B., Lindenmayer, ].-P., Citrome, L., McEvoy, ]., Cooper, T.B.,
Chakos, M., Lieberman, J.A., 2002. Antipsychotic-induced weight gain and therapeutic
response: a differential association. J. Clin. Psychopharmacol. 22 (3), 244-251.

Davis, K.L., Stewart, D.G., Friedman, J.I, Buchsbaum, M., 2016. White matter changes in
schizophrenia. ]. Am. Med. Assoc. 60 (5), 443-456.

De Hert, M., van Winkel, R., Van Eyck, D., Hanssens, L., Wampers, M., Scheen, A., Peuskens,
J. 2006. Prevalence of diabetes, metabolic syndrome and metabolic abnormalities in
schizophrenia over the course of the illness: a cross-sectional study. Clin. Pract.
Epidemiol. Ment. Health 2, 14.

De Hert, M., Detraux, ]., van Winkel, R., Yu, W., Correll, C.U., 2011. Metabolic and cardio-
vascular adverse effects associated with antipsychotic drugs. Nat. Rev. Endocrinol. 8
(2), 114-126.

Defined daily dose (DDD), d. https://www.whocc.no/ddd/definition_and_general_
considera/.

Dietschy, ].M., Turley, S.D., 2004. Thematic review series: brain lipids. Cholesterol metab-
olism in the central nervous system during early development and in the mature an-
imal. J. Lipid Res. 45 (8), 1375-1397.

Ebdrup, B.H., Raghava, .M., Nielsen, M.O., Rostrup, E., Glenthoj, B., 2016. Frontal fasciculi
and psychotic symptoms in antipsychotic-naive patients with schizophrenia before
and after 6 weeks of selective dopamine D2/3 receptor blockade. ]. Psychiatry
Neurosci. 41 (2), 133-141.

Enez Darcin, A, Yalcin Cavus, S., Dilbaz, N., Kaya, H., Dogan, E., 2014. Metabolic syndrome
in drug-naive and drug-free patients with schizophrenia and in their siblings.
Schizophr. Res. 166 (1-3), 201-206.

First, M.B., Spitzer, R.L.,, Gibbon, M., 1996. Structured Clinical Interview for DSM-IV-TR
Axis I Disorders, Research Version, Patient Edition. (SCID-1/P). [Norwegian version;
Vogel E, Vogel P, Kardel I, et al. Psychological Institute, University of Oslo, Oslo,
Norway.

Fleischhacker, W.W,, Siu, C.0., Boden, R., Pappadopulos, E., Karayal, O.N., Kahn, R.S., group,
E. study, 2013. Metabolic risk factors in first-episode schizophrenia: baseline preva-
lence and course analysed from the European First-Episode Schizophrenia Trial. Int.
J. Neuropsychopharmacol. 16 (5), 987-995.

Goncalves, P., Araujo, J.R., Martel, F., 2015. Antipsychotics-induced metabolic alterations:
focus on adipose tissue and molecular mechanisms. Eur. Neuropsychopharmacol. 25
(1), 1-16.

Gupta, S., Droney, T., Al-Samarrai, S., Keller, P., Frank, B., 1999. Olanzapine: weight gain
and therapeutic efficacy. J. Clin. Psychopharmacol. 19 (3), 273-275.

Hermes, E., Nasrallah, H., Davis, V., Meyer, J., McEvoy, ]., Goff, D., Davis, S., Stroup, T.S.,
Swartz, M., Lieberman, J., Rosenheck, R., 2011. The association between weight
change and symptom reduction in the CATIE schizophrenia trial. Schizophr. Res.
128 (1-3), 166-170.

Kaddurah-Daouk, R., McEvoy, J., Baillie, R., Zhu, H., Yao, KJ., Nimgaonkar, V.L., Buckley, P.F.,
Keshavan, M.S., Georgiades, A., Nasrallah, H.A., 2012. Impaired plasmalogens in pa-
tients with schizophrenia. Psychiatry Res. 198 (3), 347-352.

Kang, S.H., Lee, J. I, 2015. Metabolic disturbances independent of body mass in patients
with schizophrenia taking atypical antipsychotics. Psychiatry Investig. 12 (2),
242-248.

Kay, S.R,, Fiszbein, A., Opler, L.A., 1987. The positive and negative syndrome scale (PANSS)
for schizophrenia. Schizophr. Bull. 13 (2), 261-276.

Krakowski, M., Czobor, P., 2011. Cholesterol and cognition in schizophrenia: a double-
blind study of patients randomized to clozapine, olanzapine and haloperidol. 130
(1-3),27-33.

Lally, J,, Gallagher, A., Bainbridge, E., Avalos, G., Ahmed, M., McDonald, C., 2013. Increases
in triglyceride levels are associated with clinical response to clozapine treatment.
J. Psychopharmacol. 27 (4), 401-403.

Lamberti, ].S., Bellnier, T., Schwarzkopf, S.B., 1992. Weight gain among schizophrenic pa-
tients treated with clozapine. Am. J. Psychiatry 149 (5), 689-690.

Lane, H.-Y., Chang, Y.-C,, Cheng, Y.-C, Liu, G.-C, Lin, X.-R., Chang, W.-H., 2003. Effects of
patient demographics, risperidone dosage, and clinical outcome on body weight in
acutely exacerbated schizophrenia. J. Clin. Psychiatry 64 (3), 316-320.

Leadbetter, R., Shutty, M., Pavalonis, D., Vieweg, V., Higgins, P., Downs, M., 1992. Cloza-
pine-induced weight gain: prevalence and clinical relevance. Am. ]. Psychiatry 149
(1), 68-72.

Meltzer, H.Y., Perry, E., Jayathilake, K., 2003. Clozapine-induced weight gain predicts im-
provement in psychopathology. Schizophr. Res. 59 (1), 19-27.

Mighdoll, ML, Tao, R., Kleinman, J.E., Hyde, T.M., 2015. Myelin, myelin-related disorders,
and psychosis. Schizophr. Res. 161 (1), 85-93.

Misiak, B., taczmaniski, L., Stoka, N.K., Szmida, E., Piotrowski, P., Loska, O., Slezak, R., Kiejna,
A, Frydecka, D., 2016. Metabolic dysregulation in first-episode schizophrenia patients
with respect to genetic variation in one-carbon metabolism. Psychiatry Res. 238,
60-67.

Mitchell, AJ., Vancampfort, D., Sweers, K., Van Winkel, R., Yu, W., De Hert, M., 2013. Prev-
alence of metabolic syndrome and metabolic abnormalities in schizophrenia and re-
lated disorders—a systematic review and meta-analysis. Schizophr. Bull. 39 (2),
306-318.

Musil, R., Obermeier, M., Russ, P., Hamerle, M., 2015. Weight gain and antipsychotics: a
drug safety review. Expert Opin. Drug Saf. 14 (1), 73-96.

Nasrallah, H.A., Harvey, P.D., Casey, D., Csoboth, C.T., Hudson, J.I, Julian, L., Lentz, E.,
Nuechterlein, K.H., Perkins, D.O., Kotowsky, N., Skale, T.G., Snowden, L.R., Tandon,
R., Tek, C., Velligan, D., Vinogradov, S., O'Gorman, C., 2015. The Management of
Schizophrenia in Clinical Practice (MOSAIC) Registry: a focus on patients, caregivers,
illness severity, functional status, disease burden and healthcare utilization.
Schizophr. Res. 166 (1-3), 69-79.

Newcomer, J.W., 2005. Second-generation (atypical) antipsychotics and metabolic ef-
fects: a comprehensive literature review. CNS Drugs 19 (Suppl. 1), 1-93.

Pande, S., Procyshyn, R.M., Nazerali, M., Attwood, D., Chow, K., 2002. Do triglycerides
modulate the effectiveness of clozapine? Int. Clin. Psychopharmacol. 17 (4), 197-199.

Procyshyn, RM., Wasan, K.M., Thornton, A.E., Barr, AM., Chen, E.Y.H., Pomarol-Clotet, E.,
Stip, E., Williams, R., MacEwan, G.W., Birmingham, C.L., Honer, W.G., 2007. Changes
in serum lipids, independent of weight, are associated with changes in symptoms
during long-term clozapine treatment. J. Psychiatry Neurosci. 32 (5), 331-338.

Saari, K., Koponen, H., Laitinen, J., Jokelainen, J., Lauren, L., Isohanni, M., Lindeman, S.,
2004. Hyperlipidemia in persons using antipsychotic medication: a general popula-
tion-based birth cohort study. J. Clin. Psychiatry 65 (4), 547-550.

Saher, G., Brugger, B., Lappe-Siefke, C., Mobius, W., Tozawa, R., Wehr, M.C,, Wieland, F.,
Ishibashi, S., Nave, K.-A., 2005. High cholesterol level is essential for myelin mem-
brane growth. Nat. Neurosci. 8 (4), 468-475.

Saunders, ].B., Aasland, O.G., Babor, T.F,, de la Fuente, ].R., Grant, M., 1993. Development of
the Alcohol Use Disorders Identification Test (AUDIT): WHO collaborative project on
early detection of persons with harmful alcohol consumption—II. 88 (6), 791-804.

Sharma, E., Rao, N.P., Venkatasubramanian, G., 2014. Association between antipsychotic-
induced metabolic side-effects and clinical improvement: a review on the Evidence
for “metabolic threshold”. Asian ]. Psychiatr. 8 (1), 12-21.

Simonsen, C., Faerden, A., Romm, K.L.,, Berg, A.O., Bjella, T., Sundet, K., Ueland, T.,
Andreassen, 0., Melle, 1., 2017. Early clinical recovery in first-episode psychosis:
symptomatic remission and its correlates at 1-year follow-up. Psychiatry Res. 254,
118-125.

Solberg, D.K., Bentsen, H., Refsum, H., Andreassen, 0.A., 2016. Lipid profiles in schizo-
phrenia associated with clinical traits: a five year follow-up study. BMC Psychia-
try 16, 299.

Steen, V.M, Skrede, S., Polushina, T., Lopez, M., Andreassen, O.A,, Ferng, ]., Le Hellard, S.,
2017. Genetic evidence for a role of the SREBP transcription system and lipid biosyn-
thesis in schizophrenia and antipsychotic treatment. Eur. Neuropsychopharmacol. 27
(6), 589-598.

Tessier, C., Sweers, K., Frajerman, A., Bergaoui, H., Ferreri, F., Delva, C., Lapidus, N.,
Lamaziere, A., Roiser, .P., De Hert, M., Nuss, P., 2016. Membrane lipidomics in schizo-
phrenia patients: a correlational study with clinical and cognitive manifestations.
Transl. Psychiatry 6, e906.

Thakore, J.H., 2004. Metabolic disturbance in first-episode schizophrenia. Br. ]. Psychiatry
Suppl. 47, S76-9.

Thematically Organized Psychosis (TOP) Study, d. NORMENT: Norwegian Centre for Men-
tal Disorders Researchhttp://www.med.uio.no/norment/english/.

Vancampfort, D., Wampers, M., Mitchell, AJ., Correll, C.U., De Herdt, A., Probst, M., De Hert,
M., 2013. A meta-analysis of cardio-metabolic abnormalities in drug naive, first-epi-
sode and multi-episode patients with schizophrenia versus general population con-
trols. World Psychiatry 12 (3), 240-250.

Verheijen, M.H.G., Chrast, R., Burrola, P., Lemke, G., 2003. Local regulation of fat metabo-
lism in peripheral nerves. Genes Dev. 17 (19), 2450-2464.

Verma, S.K., Subramaniam, M., Liew, A., Poon, L.Y., 2009. Metabolic risk factors in drug-
naive patients with first-episode psychosis. J. Clin. Psychiatry 70 (7), 997-1000.
Wallwork, R.S., Fortgang, R., Hashimoto, R., Weinberger, D.R., Dickinson, D., 2012.
Searching for a consensus five-factor model of the positive and negative syndrome

scale for schizophrenia. Schizophr. Res. 137 (1-3), 246-250.


http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0035
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0035
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0040
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0040
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0040
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0045
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0045
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0050
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0050
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0050
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0055
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0055
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0055
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0060
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0060
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0065
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0065
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0070
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0070
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0070
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0075
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0075
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0075
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0075
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0080
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0080
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0085
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0085
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0090
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0090
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0095
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0095
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0100
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0100
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0100
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0105
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0105
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0105
https://www.whocc.no/ddd/definition_and_general_considera
https://www.whocc.no/ddd/definition_and_general_considera
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0115
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0115
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0115
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0120
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0120
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0120
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0120
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0125
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0125
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0125
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf1000
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf1000
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf1000
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf1000
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0130
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0130
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0130
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0135
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0135
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0135
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0140
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0140
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0145
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0145
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0145
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0150
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0150
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0155
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0155
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0155
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0160
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0160
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0165
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0165
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0165
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0170
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0170
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0170
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0175
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0175
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0180
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0180
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0180
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0185
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0185
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0185
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0190
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0190
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0195
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0195
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0200
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0200
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0200
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0205
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0205
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0205
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0205
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0210
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0210
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0215
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0215
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0215
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0215
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0220
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0220
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0225
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0225
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0230
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0230
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0230
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0235
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0235
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0240
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0240
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0245
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0245
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0245
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0250
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0250
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0250
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0255
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0255
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0255
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0260
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0260
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0260
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0265
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0265
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0265
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0270
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0270
http://www.med.uio.no/norment/english
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0280
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0280
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0280
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0285
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0285
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0290
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0290
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0295
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0295

260 P.B. Gjerde et al. / Schizophrenia Research 197 (2018) 253-260

Wu, X, Huang, Z., Wu, R., Zhong, Z., Wei, Q., Wang, H., Diao, F., Wang, J., Zheng, L., Zhao, ], Young, S.L., Taylor, M., Lawrie, S.M., 2015. “First do no harm”. A systematic review of the
Zhang, J., 2013. The comparison of glycometabolism parameters and lipid profiles be- prevalence and management of antipsychotic adverse effects. J. Psychopharmacol. 29
tween drug-naive, first-episode schizophrenia patients and healthy controls. (4), 353-362.

Schizophr. Res. 150 (1), 157-162. Zhai, D,, Cui, T., Xu, Y., Feng, Y., Wang, X,, Yang, Y., Li, S., Zhou, D., Dong, G., Zhao, Y., Yang,

Xu, H., Yang, H.-]., McConomy, B., Browning, R., Li, X.-M., 2010. Behavioral and neurobio- Y., Zhang, R., 2017. Cardiometabolic risk in first-episode schizophrenia (FES) patients
logical changes in C57BL/6 mouse exposed to cuprizone: effects of antipsychotics. with the earliest stages of both illness and antipsychotic treatment. Schizophr. Res.
Front. Behav. Neurosci. 4 (2), 8. 179, 41-49.

Yang, L., Chen, ], Liy, D,, Yu, S., Cong, E., Li, Y., Wu, H., Yue, Y., Zuo, S., Wang, Y., Liang, S.,
Shi, Y., Shi, S., Xu, Y., 2014. Association between SREBF2 gene polymorphisms and
metabolic syndrome in clozapine-treated patients with schizophrenia. Prog. Neuro-
Psychopharmacol. Biol. Psychiatry 56, 136-141.


http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0300
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0300
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0300
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0305
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0305
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0305
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0310
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0310
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0310
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0315
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0315
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0315
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0320
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0320
http://refhub.elsevier.com/S0920-9964(17)30670-9/rf0320

	Increase in serum HDL level is associated with less negative symptoms after one year of antipsychotic treatment in first-�e...
	1. Introduction
	2. Materials and methods
	2.1. Study design
	2.2. Patients
	2.3. Clinical assessments
	2.4. Use of antipsychotic medication
	2.5. Metabolic parameters
	2.5.1. Serum lipid measurements
	2.5.2. BMI measurement

	2.6. Statistical analysis

	3. Results
	3.1. Changes in serum lipid levels and BMI
	3.2. Relationship between serum lipids and BMI
	3.3. Relationship between serum lipid levels, BMI and psychotic symptoms
	3.4. Post hoc analyses examining the negative association between HDL and PANSS negative subscores

	4. Discussion
	Role of the funding source
	Contributors
	Conflict of interest
	section20
	Acknowledgements
	Appendix A. Supplementary data
	References


