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Background: Immunological, nutritional, and microbial factors have been implicated in the pathophysiology of
schizophrenia, but the interrelationship among measures is understudied. In particular, an increase in the levels
of the pro-inflammatory cytokine interleukin-6 (IL-6) is associated with all phases of the illness, and may be as-
sociated with other inflammatory markers.
Vitamin D is a modulator of the immune system, and LPS antibodies are an indirect measure of gut barrier func-
tion. In this study we investigated potential contributing inflammatory mechanisms for IL-6 elevation.
Methods:We compared the levels of vitamin D, C-reactive protein (CRP), antibodies to lipopolysaccharide (LPS),
and IL-6 in children, adolescents and young adults with psychosis (n = 47), individuals at clinical high risk for
psychosis (n=17) and unaffected comparison controls (n=33). Participants were diagnosed by a psychiatrist,
using a structured interview, the MINI-Neuropsychiatric Interview. 25(OH)D was measured in serum using
chemiluminescent micro particle immunoassay, and anti-LPS antibodies, CRP and IL-6 levels were measured
by ELISA.
Results: IL-6 and C-reactive protein levels were significantly elevated in the psychosis group relative to the unaf-
fected control subjects. In the psychosis group, levels of IL-6 correlated positively with IgA anti-LPS antibodies
and negatively correlated with vitamin D.
Conclusions: Our findings show a significant correlation between IL-6, anti-LPS antibodies and vitamin D defi-
ciency in psychosis, suggesting the existence ofmultiple potential pathways related to IL-6 elevation inpsychosis,
and therefore multiple potential strategies for risk mitigation. Collectively these findings support hypotheses re-
garding interrelated inflammatory contributions to the pathophysiology of psychosis.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

Schizophrenia affects approximately 1% of the population, with a
pathophysiology that is largely elusive. Inflammatory models of schizo-
phrenia abound, and consistent literature showing increased plasma
levels of certain interleukin (IL) cytokines, especially IL-6, in all ages
and phases of psychosis (Stojanovic et al., 2014). The etiology for ele-
vated IL-6 in psychosis remains to be determined. In immune-
mediated conditions such as multiple sclerosis and Crohn's disease,
high IL-6 levels have been linked to nutritional factors such as vitamin
D deficiency, and have been shown to influence clinical status (Reich
et al., 2016). Vitamin D has been found to be deficient in patients with
schizophrenia (Grahamet al., 2015) and linked to reduced hippocampal
volume (Shivakumar et al., 2015). Vitamin D is a modulator of the
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immune system, and controls the development of the largest immune
organ, gut-associated lymphoid tissue (GALT) (Weiss, 2011). The gut
microbiome has emerged as a central link between inflammation and
neuropsychiatric disease (Sandhu et al., 2017). LPS antibodies may
also serve as an indirect measurement of LPS leakage into the circula-
tion, reflecting a defect in gut barrier function (Barclay, 1995).

Our study aimed at investigating the potential causes of IL-6 eleva-
tion in those clinically high risk (CHR) for psychosis, and in adolescents
and young adults with psychosis, using a cross-sectional approach
across a range of potential etiological factors. Our primary hypothesis
was that we would find a significant difference in IL-6 levels between
psychosis participants and controls, and would correlate with inflam-
matory biomarkers such as vitamin D and LPS antibodies.

2. Subjects and methods

This studywas approved by the New York State Psychiatric Institute
Institutional Review Board. All participants (age 8–35) signed informed
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Table 2
Biomarkers by group.

Variable Group Test
statistic

p
value

Psych
(N = 47)

Early
(N = 17)

Control
(N = 33)
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consent; in the case of those under age 18, assent was signed and par-
ents also signed consent. Participants were classified into one of three
groups: 1) Children, adolescents and young adults with psychosis (n
= 47), 2) clinical high risk (CHR) for psychosis (n = 17) and 3) unaf-
fected by psychosis controls (n = 33).
Sampled at seasons 1 and
2, N (%)

28 (59.57%) 12
(70.59%)

18
(54.55%)

1.20 0.55

Vitamin D 0.59 0.74
N 47 17 30
Mean-SD 28.5 (13.8) 25.18

(10.61)
28.05
(12.23)

IgA 0.05 0.98
N 42 17 31
Mean-SD 0.05 (0.05) 0.06

(0.08)
0.05
(0.05)

IgG 0.76 0.69
N 42 17 31
Mean-SD 0.11 (0.07) 0.09

(0.06)
0.12
(0.12)

IgM 1.83 0.40
N 42 17 31
2.1. Participants

Inclusion criteria consisted of a diagnosis of psychosis between the
ages of 8 and 35. In the psychosis group, 4 were children or adolescents
with psychosis (ages 12–17) and 43 were young adults with psychosis
(ages 18–35). A psychiatrist administered the MINI Neuropsychiatric
structured diagnostic interview, and eligible participantswith psychosis
had a positive diagnosis of either psychosis (current or lifetime), or
mood disorder with psychotic symptoms. CHR participants, ages
14–30 were recruited solely through the prodromal clinic, the Center
for Prevention and Evaluation (COPE). Unaffected comparison controls
were recruited through Columbia's clinical research website.
Mean-SD 0.12 (0.09) 0.18
(0.16)

0.15
(0.11)

CRP 7.08 0.03
N 47 17 32
Mean-SD 4376

(3797.04)
2654
(2729)

2433
(2907)
2.2. Blood sampling and laboratory analysis

Serum and plasma was collected on all participants and stored at
−80 °C until use for assays. Vitamin D3 25OH was immediately mea-
sured in the serum using a quantitative chemiluminescent immunoas-
say. Serum IL-6, CRP and plasma IgG, IgA and IgM LPS antibodies were
all measured by a high sensitivity enzyme-linked immunosorbent
assay (ELISA) kits, according to manufacturer protocols.
2.3. Statistical analysis

Kruskal-Wallis tests were used to compare demographics and bio-
markers between the three groups (Table 2). To compare IL-6 and CRP
levels between groups, multinomial logistic model was fitted with
group as the outcome controlling for LPS IgA, vitamin D, season of sam-
pling and demographic variables including age, gender and BMI.

The bivariate association between IL-6, vitamin D, and LPS antibod-
ies in each group was examined using Spearman's correlation analysis.
Partial correlation was examined using multiple linear regression with
IL-6 as the outcome and vitaminD and LPS IgA as independent variables.
In the regressions, log transformation was applied to IL-6, CRP and anti-
LPS antibodies. All statistical tests were two-sided and were considered
significant at p ≤ 0.05. SAS 9.4 was used for all comparisons.
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3. Results

Demographic information for all groups is summarized in Table 1.
There was no difference across groups in age, gender, or BMI. The levels
of vitamin D and LPS antibodies were not statistically different between
groups (Table 2).
Table 1
Demographics by group.

Variable Group Test
statistic

p
value

Psych
(N = 47)

CHR
(N = 17)

Control
(N = 33)

Age 3.54 0.17
N 47 17 33
Mean (SD) 24.30 (5.91) 22.76 (3.68) 25.27 (4.75)

BMI 4.56 0.10
N 47 17 33
Mean (SD) 27.80 (7.88) 23.87 (4.02) 24.84 (6.26)

Male, N (%) 30 (63.83) 11 (64.71) 14 (42.42) 3.6 0.17
3.1. Between group comparisons

The IL-6 level in psychosis group was significantly higher than that
in the controls, (Wald χ2 = 5.11, p = .024) (Fig. 3), controlling for LPS
IgA, vitamin D, season of sampling, and demographics (Fig. 1). CRP
was also increased in the psychosis group compared to the controls
(Wald χ2=5.11, p=.024). By contrast, therewere no significant differ-
ences in IL-6 (Waldχ2=1.73, p=.19) or CRP (Wald χ2=1.25, p=.26)
between the CHR group and controls.

Without controlling for demographics and inflammatory markers,
no significant differences in IL-6 and CRP were observed between
groups.
3.2. Within group correlations

3.2.1. IL-6 and vitamin D
Elevated IL-6 and low vitamin D were significantly correlated across

all three groups (r = −0.40, p b .0001) and remained significant even
when controlling for group status (F1,88 = 9.13, p = .003). In the
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Fig. 1. Scatter plot with regression line of LogIL6 and vitamin D in psychosis group.
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psychosis group, IL-6 had a highly significant negative correlation with
vitamin D (Table 3, r = −0.49, p b .0001). In the CHR group, the rela-
tionship between IL-6 and vitamin D was again negative but was not
statistically significant (r=−0.21, p= .4). In the control group, the re-
lationship was again significant (r = −0.37, p = .05).
3.2.2. IL-6 and LPS antibodies
IL-6 and anti-LPS IgA significantly correlated across all three groups,

and the correlation remained significant following control for group sta-
tus (F1,84 = 4.785, p = .031). In the psychosis group, there was a posi-
tive correlation with IL-6 and anti-LPS IgA (r = 0.36, p = .02). By
contrast, there were no significant relationships between IL-6 and LPS
antibodies in either the CHR (r = 0.13, p = .6) or control (r = 0.15, p
= .4) groups.
3.2.3. IL-6 and BMI
IL-6 and BMI are significantly correlated across all three groups (r=

0.55, p b .001), but the relationship was significant at trend level when
controlled for group status (F1,91 = 3.794, p = .055). In the psychosis
group, IL-6 and BMI were positively associated (r = 0.70, p b .0001),
as well as the control group (r = 0.41, p = .02) but not in the CHR
group (r = −0.18, p = .5).
3.3. Multiple regression analysis

When a MANCOVA approach was used controlling for group, Vita-
min D (F = 13.7, df = 1,76, p b .000) and BMI (F = 9.71, df = 1,76, p
b .001) emerged as independent predictors, whereas the contribution
of IgA was significant at trend level only (F = 3.67, df = 1,76, p =
.06). In within-groupmultiple regression for chronic patients, the com-
bination of BMI and Vitamin D levels accounted for ~50% of the variance
in IL-6 levels (R2 = 0.58, p = .001), with significant independent con-
tributions for each measures (BMI: partial r = −68, p b .001; Vitamin
D: partial r = −0.51, p = .001).
Table 3
Pearson correlation between IL-6, vitamin D and LPS antibodies.

IL6 CRP Vit D IgA IgG IgM

Overall
CRP 0.38⁎⁎

Vit D −0.40⁎⁎ −0.11
IgA 0.22⁎ 0.06 −0.12
IgG 0.19 −0.03 −0.14 0.38⁎⁎

IgM −0.01 −0.04 −0.01 0.40⁎⁎ 0.20⁎

BMI 0.55⁎⁎ 0.44⁎⁎ −0.20 0.12 0.14 −0.26⁎

Psychosis
CRP 0.48⁎⁎

Vit D −0.48⁎⁎ −0.20
IgA 0.36⁎ 0.31 −0.33⁎

IgG 0.22 −0.03 −0.16 0.41⁎⁎

IgM 0.05 0.17 −0.12 −0.02 −0.02
BMI 0.70⁎⁎ 0.44⁎ −0.21 0.28 0.34⁎ −0.18

CHR
CRP −0.08
Vit D −0.19 −0.35
IgA 0.16 −0.32 0.14
IgG 0.25 −0.11 −0.11 0.78⁎⁎

IgM 0.10 −0.41 0.36 0.71⁎⁎ 0.44
BMI −0.18 0.49 −0.17 −0.15 −0.13 −0.45

Unaffected controls
CRP 0.27
Vit D −0.40⁎ 0.08
IgA 0.15 −0.12 −0.07
IgG 0.20 0.01 −0.17 0.28
IgM −0.04 0.02 −0.09 0.42⁎ 0.32
BMI 0.41⁎ 0.29 −0.31 0.14 0.01 −0.24

⁎ p b .05.
⁎⁎ p b .01.
4. Discussion

To our knowledge, this is the first study investigating IL-6 levels, an-
tibodies to LPS, and vitamin D in a population of individuals with psy-
chosis and CHR. Consistent with prior literature, our data show that
IL-6 and CRP are elevated among participants with psychosis,
supporting a possible role of inflammation in the pathophysiology of
psychosis. The differences in IL-6 and CRPwere observed only after con-
trolling for potentially confounding factors.We interpret this as indicat-
ing greater IL6 levels in schizophrenia patients even after controlling for
demographic, metabolic and nutritional factors that are known to affect
IL-6 expression.

A novel finding from this study was the highly significant negative
correlation between vitamin D and IL-6 (Table 2, r = −0.56, p b

.0001) in the psychosis group, to a greater degree than in controls
(Table 2, r = −0.37, p = .05). While this has been reported in a study
of suicidal patients (Grudet et al., 2014) this has not yet been studied
in the psychosis population. Mechanistically we think this converges
on the toll-like receptor 4 (TLR4), as in-vitro studies show that vitamin
D deficiency can also lead to increased IL-6, whereby vitamin D
inhibited pro-inflammatory cytokine production through MAPK
phosphatase-1 (Zhang et al., 2012). Our study suggests that given its re-
lationship with IL-6, vitamin D may play a mediating role in psychosis
risk. There is a paucity of clinical trials investigating the efficacy of vita-
min D supplementation in those with neuropsychiatric disease, and es-
pecially those with psychosis; an 8-week vitamin D supplementation
trial improved symptoms in bipolar youth with mania, and also in-
creased levels of GABA in the anterior cingulate cortex (ACC) using
MRS (Sikoglu et al., 2015). In schizophrenia, one open label 8-week vi-
tamin D supplementation trial investigated the effect of vitamin D on
metabolic markers, and showed a significant decrease in cholesterol in
participants whose vitamin D level was 30 or greater (Thakurathi
et al., 2013). Another study gave vitamin D supplementation to those
with chronic schizophrenia on clozapine, and found a trend towards
better cognition (Krivoy et al., 2017). Surprisingly, we did not find a dif-
ference between vitamin D levels among groups, largely due to the fact
that a significant number of controls were found to have vitamin D in-
sufficiency or deficiency (see Table 2).

In schizophrenia, studies have examined serological markers of bac-
terial translocation, sCD14 and LPS-binding protein; sCD14 seropositiv-
ity conferred a 3.1-fold increased odds of associationwith schizophrenia
(Severance et al., 2013). Another novel and important finding is the cor-
relation between IL-6 and LPS IgA antibodies found in the psychosis
group (Table 3, Fig. 2), which suggests the potential role of bacterial
translocation in the disease process of psychosis. IgA antibodies reflect
a mucosal immune response, (Brandtzaeg, 2007) and vitamin D and
Fig. 2. Scatter plot with regression line of LogIL6 and IgA in psychosis group.
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CHR vs Control:  = 0.81, p = 0.19

Fig. 3. Boxplots of Interleukin-6 levels by group.
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vitamin A are critical regulators ofmucosal immune function (Kunisawa
andKiyono, 2013). Ourfindings in thepsychosis grouponly support this
mechanism, aswe see an inverse relationship between LPS IgA antibod-
ies and vitamin D (Table 3), suggesting that these alterations in the gut
microbiome, in concert with vitamin D deficiency, may contribute to el-
evated IL-6 levels in psychosis patients to a greater degree than in
controls.

Our data shows a significant relationship between IL-6 and BMI
(Table 3) which is well-established in the literature (Khaodhiar et al.,
2004). The relationship is most pronounced in the psychosis group
(Table 2) underscoring the importance of careful metabolic manage-
ment in those with psychosis.

Our secondary aim was to compare relationships among CHR sub-
jects to those observed in established psychosis. We did not find signif-
icant group differences in inflammatory biomarkers between those
with psychosis and CHR.

Our results showing elevated IL-6 levels, LPS IgA antibodies and low
vitamin D in the psychosis groupmay biologically converge on the toll-
like receptor 4. The TLR4 has recently emerged as playing a role in psy-
chiatric diseases such as schizophrenia, and also autoimmune disorders
and CNS disorders (Garcia Bueno et al., 2016). The binding of LPS to the
TLR4 receptor results in the production of a variety of pro-inflammatory
cytokines, such as IL-6 (Cai et al., 2015). Inmousemodels Vitamin D de-
ficiency can also cause disruption of the gut barrier (Assa et al., 2014).
Cytokines such as IL-6 and enteric microbes containing LPS can regulate
tight junctions and intestinal barrier integrity (Turner, 2009). We hy-
pothesize that in psychosis patients, chronically lowvitaminDmay con-
tribute to intestinal barrier permeability and act in concert with LPS to
cause an increased inflammatory state through TLR4, leading to in-
creased cytokine production.

5. Conclusions

Our data suggest that biomarkers such IgA antibodies to LPS, in-
creased levels of IL-6, and vitaminD deficiency collectivelymay contrib-
ute to the inflammatory state in patients with psychosis and may also
contribute to gut and blood brain barrier dysfunction. Clinical trials of
vitamin D may prove to be a simple intervention that could improve
clinical symptoms and may play a significant role in prevention as well.
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