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The  etiology  and  pathophysiology  of schizophrenia  (SCZ)  remain  obscure.  This  study  explored  the  asso-
ciations  between  SCZ  risk  and  serum  levels  of 39  macro  and  trace  elements  (MTE).  A 1:1  matched
case-control  study  was  conducted  among  114  schizophrenia  patients  and  114 healthy  controls  matched
by age, sex  and  region.  Blood  samples  were collected  to determine  the concentrations  of  39  MTE by ICP-
AES  and  ICP-MS.  Both  supervised  learning  methods  and  classical  statistical  testing  were  used to  uncover
the  difference  of  MTE levels  between  cases  and  controls.  The  best  prediction  accuracies  were  99.21%
achieved  by  support  vector  machines  in the original  feature  space  (without  dimensionality  reduction),
and  98.82%  achieved  by  Naive  Bayes  with  dimensionality  reduction.  More  than  half  of  MTE  were  found
to  be significantly  different  between  SCZ  patients  and  the  controls.  The  presented  investigation  showed
that  there  existed  remarkable  differences  in  concentrations  of  MTE  between  SCZ  patients  and  healthy

controls.  The  results  of  this  study  might  be  useful  to diagnosis  and  prognosis  of  SCZ;  they  also  indicated
other  promising  applications  in pharmacy  and  nutrition.  However,  the  results  should  be  interpreted  with
caution  due  to  limited  sample  size  and  the  lack  of potential  confounding  factors,  such as alcohol,  smok-
ing,  body  mass  index  (BMI),  use  of  antipsychotics  and  dietary  intakes.  In  the future  the application  of  the
analyses  will  be useful  in designs  that  have  larger  sample  sizes.

©  2017  Elsevier  GmbH.  All  rights  reserved.
. Introduction

Schizophrenia is a severe and costly mental disorder that affects
.5–1% of the population worldwide [1]. It is common for people
ith SCZ to suffer from problems such as long-term unemploy-
ent, poverty, homelessness [2] and a higher suicide rate [3]. The

verage life expectancy of people with this disorder is ten to twenty
ve years less than that of people without this disorder [4].

The real cause of schizophrenia is mysterious and mostly

elieved to be a combination of environmental and genetic factors
5]. In recent years, many molecular signatures were discovered as
ignificant biomarkers in schizophrenia patients’ serum. In 2011
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Schwarz et al. claimed that his study was  the first to identify a
biological signature for schizophrenia in blood serum [6]. In the
same year, Yang et al. discovered that an array of serum markers,
including glycerate, eicosenoic acid, �-hydroxybutyrate, pyruvate,
cysteine and urine �-hydroxybutyrate, could achieve an area under
the receiver operating characteristic curve (AUC) of 1 in both the
training set and the test set [7]. In 2014, Tregellas et al. showed that
intrinsic hippocampal activity could serve as a biomarker for cogni-
tion and symptoms in schizophrenia [8]. Neuroimaging biomarkers
were also introduced by Tregellas for early drug development of
schizophrenia in the same year [9]. In 2015, Chiappelli et al. intro-
duced myo-inositol as a potential biomarker for depression in
schizophrenia [10]. However, the mechanisms of these biomarkers
are still unknown.

MTE  play essential roles in the biological processes [11,12]. A
number of studies have shown that changes of MTE levels might
be linked to the etiology and pathophysiology of some psychia-

try diseases, including schizophrenia [13,14]. However, there have
existed numerous debates regarding the link between MTE lev-
els and schizophrenia risk [15–17]. In addition, a number of MTE,

dx.doi.org/10.1016/j.jtemb.2017.03.010
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uch as molybdenum, neodymium, nickel, praseodymium, rubid-
um, antimony, stannum, strontium, thorium, titanium, thallium,
ranium and vanadium, have not been included or completely
iscussed. The underlying interactions among these dozens of
lements can be complex, traditional single variable analysis or
orrelation analysis may  not be applicable to discover accurate pre-
ictions. Recently machine learning techniques, such as support
ector machines (SVM) and feature selection methods, are gain-
ng popularity in this field for handling high-dimensional input
eatures and yielding better diagnostic capability. In this study,
e conduct a 1:1 matched case-control study to probe the differ-

nces of 39 MTE  levels between SCZ patients and healthy controls
sing supervised learning methods and classical statistical testing
pproaches.

. Materials and methods

All experimental procedures were performed in accordance
ith the principles of the Declaration of Helsinki and later

mendments. The study protocol was approved by the Ethics
eview Committee of Health Science Center, Peking University
IRB00001052-12065). Each of the study participants was  informed
bout the objectives of the study, and a written consent was
btained. If the independent capacity of any subject was doubted,
he written consent of his or her primary caregiver was obtained
imultaneously.

.1. Study subjects

Initially, 130 clinically stable schizophrenia patients and 130
ge-, sex- and region-matched healthy controls without psychiatric
isorders, as evaluated by structured clinical interview for ICD-
0, were recruited from consecutive admissions at the psychiatric
epartment in the 261 Hospital of People’s Liberation Army, Beijing,
hina from November 2012 to April 2013. The schizophrenia group
as diagnosed according to the ICD-10 diagnosis of schizophre-
ia (F20) by clinically trained and experienced psychiatrists. The

nclusion criteria were as follows: age between 18 and 65, no occu-
ational exposure in heavy industry in the past, no acute infectious
nd traumatic diseases and no use of hormone therapy. After the
ecruitment, all patients and controls were screened for chronic
hysical illness (diabetes, kidney failure, or hepatic disease) from

 clinical examination. Due to the potential confounding effects on
TE  levels, participants who had evidence of chronic physical ill-

ess and were receiving mineral or vitamin supplements that might
ave influence on MTE  levels were excluded, according to consulta-
ion with an internal medicine specialist. This screening procedure
as done before data collection, and consequently a total of 114

chizophrenia patients and 114 healthy controls were included in
he final sample for the study.

.2. Sample collection

Venous blood sample (about 5 mL)  was collected from the fore-
rm vein of each participant after an overnight fast into a metal-free
lastic tube. All blood samples clotted at room temperature for half
n hour and then centrifuged at 3000 rpm for 15 min. Blood samples
ere separated, stored at −20 ◦C and also protected from light.

.3. Elements measurement
Each serum sample was put into a quartz tube and then 1.5 mL
urified nitric acid (HNO3) was added. After a serum sample was
redigested at room temperature for 2 h, 0.5 mL H2O2 was added
o promote further digestion. After that, the sample was digested
icine and Biology 43 (2017) 202–208 203

in a microwave digestion system (MWS-2; Bergholt Co., Germany)
and then diluted to 7 mL  with deionized water.

Concentrations of calcium (Ca), magnesium (Mg), phosphorus
(P) and sodium (Na), sulfur (S) were determined by inductively
coupled plasma-atomic emission spectrometry (ICP-AES, Ameri-
can Thermo Electron Corporation iCAP-6300). Levels of other 34
elements, including aluminum (Al), arsenic (As), boron (B), bar-
ium (Ba), bismuth (Bi), cadmium (Cd), cerium (Ce), cobalt (Co),
chromium (Cr), cesium (Cs), copper (Cu), iron (Fe), gadolinium (Gd),
germanium (Ge), mercury (Hg), Lanthanun (La), lithium (Li), man-
ganese (Mn), molybdenum (Mo), neodymium (Nd), nickel (Ni), lead
(Pb), praseodymium (Pr), rubidium (Rb), antimony (Sb), selenium
(Se), stannum (Sn), strontium (Sr), thorium (Th), titanium (Ti), thal-
lium (Tl), uranium (U), vanadium (V) and zinc (Zn), were measured
by inductively coupled plasma-mass spectrometry (ICP-MS, Amer-
ican PerkinElmer ELAN DRCII).

2.4. Quality control

Several methods were applied to ensure the accuracy of the
determination of macro and trace elements. First, all tubes were
made of polypropylene instead of glass materials in order to pre-
vent metal contamination. Second, all reagents were analytical
grade, and water was deionized. Third, several Standard Plasma
References, including Level I (REF 8883) and Level II (REF 8884),
were used. Four, Indium was  added into each sample as an inter-
nal standard before digestion. Finally, the measurement of element
levels was based on the most abundant isotope of each element to
avoid interference.

2.5. Data normalization

Each sample contains two  demographic variables (age, gender),
together with concentrations of the aforementioned 39 elements.
After data acquisition, preprocessing is necessary for later use. The
first step is digitization, with gender (male or female) represented
by 0 or 1. The next step is normalization: mapping all the con-
centrations of elements into an interval [0,1]. In the same way,
ages are linearly transformed from 0 to 100 year-old into [0,1].
After preprocessing, the data of 114 schizophrenia patients and 114
healthy controls is presented as a 228 × 41 matrix, with each row
for one subject. Ground-truth labels are used to stand for the case
of schizophrenia or not by +1 or −1, respectively.

2.6. Evaluation protocol

To compare the classification performance of different methods,
we use the 10 rounds of 5-fold cross validation [18] to obtain the
average classification accuracies, namely the proportion of correct
predictions to all the test subjects. Another popular measure is the
area under the receiver operator [19], but this measure requires
that classifiers change their parameters continuously to yield a
function of sensitivity and specificity, which is rather demand-
ing for our developed methods. Running time of cross-validation
is used to compare the training and prediction time of each algo-
rithm. All algorithms were implemented in Matlab on a 2.4-GHz
i7-CPU machine with 8-GB memory.

2.7. Dimensionality reduction

The main objective of dimensionality reduction is to reduce

the computational burden of classifiers and to alleviate the effects
of data noise. Six methods are used for this objective, including
Fisher feature selection (FFS), principal component analysis (PCA),
Fisher discriminant analysis (FDA) with its variant (FDAx, where the
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Table  1
Classification accuracies (in percentage) and runtime (in seconds) of 10 rounds 5-fold cross validation.

Origin FFS PCA FDA FDAx LPP FA

NB 89.78(0.17) 91.14(0.20) 93.82(0.17) 98.82(0.10) 76.93(0.17) 94.17(0.14) 86.75(0.13)
LR  98.68(2.22) 95.88(0.60) 96.81(0.73) 98.79(0.68) 98.00(0.73) 95.92(0.73) 97.59(0.92)
NN  98.15(8.72) 96.30(10.01) 97.01(6.51) 98.66(5.62) 97.99(5.69) 96.22(5.69) 97.27(7.73)
AB  98.51(66.70) 94.65(17.90) 91.82(17.75) 98.52(2.43) 98.06(20.88) 73.59(20.88) 90.86(11.74)
SVM  99.21(0.23) 96.00(0.14) 96.58(0.14) 98.66(0.07) 97.66(0.18) 95.03(0.18) 96.21(0.08)
RF  97.98(22.31) 94.76(16.45) 94.30(19.08) 98.73(18.03) 98.09(18.74) 95.13(18.74) 94.12(19.22)

Table 2
The projection coefficients w in FDA and the Fisher discriminant ratio F used in Fisher feature selection.

Feature w F Feature w F Feature w F Feature w F

Age −0.63 0 Cr −0.39 8.5 Mo  −0.72 0.32 Sn −2.27 73.8
Gender 0.22 0 Cs 1.08 3.5 Na −1.29 114.3 Sr 1.26 12.7
Al  −0.35 4.3 Cu 0.99 38 Nd 1.64 6.1 Th 0.36 4.8
As  0.92 52.4 Fe −0.39 6.2 Ni −0.84 17.1 Ti −16.1 196.9
B  3.06 91.4 Gd 2.11 9.4 P 1.42 14.4 Tl 3.8 11.9
Ba  −0.94 0 Ge 2.08 2.9 Pb 0.99 7.6 U −0.94 2.8
Bi  −0.25 22.5 Hg 1.37 2 Pr −2.63 2.7 V −1.15 41.3
Ca  −7.27 55.1 La −1.31 0.02 Rb −1.7 13.0 Zn 4.84 1.5
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Cd  1.69 9.2 Li 0.89 25.8 

Ce  0.63 1.7 Mg  4.73 0.83 

Co  −0.58 32.2 Mn 2.87 48.3 

etween-class scatter matrix is simply replaced by the “total” mix-
ure scatter matrix to allow more nonzero eigen-values), locality
reserving projection (LPP), and factor analysis (FA) [20–24]. Apart
rom FFS in which a small set of features are chosen directly, other
ve methods aim at transforming the original features into a low-
imensional embedding space. The reader can refer to the review
nd systematic comparison of different methods for dimensionality
eduction [25].

.8. Classifiers
A recent comprehensive performance evaluation on the whole
CI classification datasets [26] showed that the top rank of the
est classifiers includes random forest, SVM, neural network, and

Fig. 1. Concentration distributions of five important elements and one 
S 0.67 114.1
Sb 3.06 0.12
Se −1.56 54.8 s

boosting. In our SCZ diagnosis system, we  apply six classifiers: Ran-
dom Forest [27], Support Vector Machine [28], Neural Network [29],
AdaBoost [30], Naive Bayes [31], and Logistic Regression [31].

3. Results

A 228 × 39 matrix consisting of 114 patients and 114 healthy
subjects with 39 feature macro and trace elements from the
schizophrenia patient data is used. We  test the aforementioned six

classifiers on the original feature space as well as on the embed-
ding spaces by using six dimensionality reduction methods. The
dimension of the most embedding spaces is set as 10 for a trade-off
between accuracy and complexity, except that the FDA algorithm

unimportant element (Mg) for SCZ patients and healthy controls.
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Fig. 2. Concentration distributions of previous six elements shown as bot plots for
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sification performance on single B, with classification accuracies
ranging from 72.72% to 79.69%, is not satisfactory.
gure legend, the reader is referred to the web version of this article.)

an only project into 1D because of its inherent limitation for two-
lass problems.

The averaged classification accuracies are reported in Table 1
ased on 10 rounds 5-fold cross validation. We  can see that SVM
chieves the best accuracy 99.21% on the original feature vectors
without dimensionality reduction), and Naive Bayes outperforms
ther classifiers by yielding 98.82% on embedding spaces with
imensionality reduction. In comparison, dimensionality reduc-
ion methods, namely FDA and FDAx, based on Fisher discriminant
atios are often more favorable than the other four. The results on
unning time are also listed in Table 1. The dimensionality reduc-
ion step can evidently speedup the running time for each classifier;

n the other hand, three classifiers, NB, LR, and SVM, are faster than
he remaining ones.

Fig. 3. Distributions in normalized concentration for 

Fig. 4. Distributions in normalized concentration for combination
icine and Biology 43 (2017) 202–208 205

Through dimension reduction, the learned parameters of FDA
and Fisher feature selection (FFS) can reflect the correlation or sig-
nificance of the macro and trace elements to SCZ. Specifically, the
projection vector w of FDA can be regarded as linear weights to
the original features, thus larger weights means higher contribu-
tion. For FFS, the F statistic indicates the discriminant capability of
each chemical element: the larger the F is, the greater the difference
exists for that chosen element. As shown in Table 2, we  can see that
Titanium (Ti) is the top element with more discriminant informa-
tion, with F = 196.9. Besides, other important elements may  include
Boron (B) (F = 91.4), Calcium (Ca) (F = 55.1), Natrium (Na) (F = 114.3),
and sulfur (S) (F = 114.1).

To further examine the discriminant capability, we  draw the
concentration distributions of these five important elements and
of one unimportant element (Mg) for comparison. As shown in
Figs. 1 and 2, we can see that the differences between cases and con-
trols in these five elements are significant, whereas the difference
in the element Mg  is not so much. The first part of Table 3 lists the
classification accuracies based on each single element. As we can
see, all six classifiers can achieve accuracies more than 90% based
on the single most important element Ti. The other four elements
are B, Ca, Na and S, which provid accuracies around 80%.

We also investigate whether the relation of any two elements is
different between cases and controls. Fig. 3 shows the distributions
in normalized concentration for four pairs of elements, including
B-Ti, Na-S, Ca-Ti and Ca-Na. We  can see that these 2D scatter plots
are highly separable, though no straightforward functions can be
available to describe the pairwise relationship. The middle part of
Table 3 displays the classification accuracies based on a small set
of element pairs. It indicates that the pair of B and Ti achieves the
best performance for all the classifiers, with classification accura-
cies ranging from 92.89% to 95.35%. It appears that B and Ti are most
diverse elements and they complement each other, though clas-
When considering the scatter plots of any three important ele-
ments, the separability can be improved as shown in Fig. 4. Almost

pairs of elements (B-Ti, Na-S, Ca-Ti and Ca-Na).

s of three elements (B-Ca-Ti, B-Na-Ti, B-S-Ti, and Ca-S-Ti).
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Table  3
Classification accuracies (in percentage) based on 1/2/3 elements.

B Ca Na S Ti

NB 77.89 80.31 82.41 79.78 92.98
LR  77.76 81.93 81.71 80.22 92.98
NN  79.69 81.80 83.07 78.60 94.04
AB  79.61 79.87 83.82 76.76 92.32
SVM  79.02 82.06 83.25 79.65 93.11
RF  72.72 74.47 77.02 73.11 91.71

B  + Na B + S Ca + S B + Ti Ca + Ti

NB 87.02 85.00 80.13 94.17 92.68
LR  87.32 84.69 80.57 95.35 92.46
NN  88.55 88.55 83.29 93.51 92.68
Ada  86.75 84.12 80.13 92.89 92.32
SVM  87.46 85.13 79.87 95.18 93.33
RF  86.23 87.37 80.88 94.21 92.46

B  + Ca + Ti B + Na + Ti B + S + Ti Ca + Na + Ti Ca + S + Ti

NB 93.99 94.56 93.42 91.84 92.63
LR  95.00 95.18 94.91 93.11 92.46
NN  93.25 93.86 93.95 91.84 93.29
Ada  94.39 93.77 94.34 91.40 91.49
SVM  94.96 94.91 94.56 93.64 93.38
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RF  94.82 94.52 

ny linear classifier can achieve good performance based on these
riples of elements. The last part of Table 3 displays classification
esults based on a small set of element triples. The triple com-
osed of B-Ca-Ti achieves the best for three classifiers and B-Na-Ti
chieves the best for two.

As shown in Table 4, the serum levels of Al, As, B, Bi, Ca, Cd, Co,
u, Fe, Gd, Li, Mn,  Na, Ni, P, Rb, S, Se, Sn, Sr, Th, Ti, Tl, and V, are
ll significantly different between cases and controls (all P < 0.05),
ccording to both T-test and rank sum test.

. Discussion

In this article, we present a study of macro and trace elements
MTE) in serum for SCZ patients based on supervised learning meth-

ds. In order to make a comparison to machine learning methods,
he traditional hypothesis testing approaches, including T-test and
ank sum test, are applied. As shown in Table 4, at the level of 5%,
ore than half of MTE  are shown to be statistically significantly

able 4
he results of hypothesis tests. Mean and standard deviation of case and control, and th
olded.).

Feature Case Control T-test Rs-test 

age 32.8 ± 11.3 32.9 ± 10.7 0.928 0.778 

Al  169 ± 212 121 ± 146 0.040 0.000 

As  25.0 ± 11.1 37.3 ± 14.8 0.000 0.000 

B  64.4 ± 30.0 32.4 ± 21.9 0.000 0.000 

Ba  7.68 ± 31.5 5.16 ± 7.03 0.946 0.113 

Bi  0.26 ± 0.42 0.07 ± 0.13 0.000 0.000 

Ca  9.7e4 ± 4.1e4 10e4 ± 1.0e4 0.000 0.000 

Cd  0.17 ± 0.16 0.28 ± 0.47 0.000 0.000 

Ce  0.37 ± 0.63 0.27 ± 0.52 0.194 0.406 

Co  0.47 ± 0.33 0.74 ± 0.63 0.000 0.000 

Cr  4.63 ± 6.31 7.20 ± 50.6 0.004 0.058 

Cs  0.98 ± 3.59 0.89 ± 0.72 0.061 0.000 

Cu  803 ± 232 1033 ± 320 0.000 0.000 

Fe  1340 ± 921 1530 ± 592 0.014 0.000 

Gd  0.06 ± 0.04 0.04 ± 0.03 0.002 0.000 

Ge  3.80 ± 1.39 4.21 ± 2.36 0.090 0.044 

Hg  3.52 ± 20.5 1.15 ± 3.17 0.161 0.000 

La  0.13 ± 0.26 0.13 ± 0.30 0.879 0.575 

Li  253 ± 184 175 ± 53.2 0.000 0.000 

Mg  2.2e4 ± 1.4e4 2.1e4 ± 3404 0.361 0.038 
94.25 92.94 93.64

different between cases and controls. The means and standard devi-
ations differ enormously between the case and control groups over
many features. This is mainly because of singular values (or outliers)
incurred in measurements to the data. For example, on certain ele-
ments, the highest concentration is more than thousand times of
the average value, which influenced the test results greatly. How-
ever, machine learning methods are much more robust dealing with
such “outliers” problem.

The contributions of this study are twofold. First, we identify
an array of significant MTE  in blood serum samples for distin-
guishing SCZ patients from healthy subjects. The blood sample
acquisition is practical, noninvasive, and easily performed in clin-
ical settings. Second, we use state-of-the-art machine learning
algorithms to classify the concentrations of 39 measured MTE. Since

the underlying interactions among these dozens of elements can be
complex, traditional single variable analysis or correlation analy-
sis may  not be applicable to discover accurate predictions. Instead,
several dimensionality reduction methods are employed to exclude

e P-value of T-test and rank sum test. (ng/ml, Alpha = 0.05, P-value under alpha is

Feature Case Control T-test Rs-test

Mn  7.01 ± 4.86 3.47 ± 2.64 0.000 0.000
Mo  2.00 ± 2.37 2.03 ± 0.97 0.571 0.004
Na 3.3e6 ± 2.2e5 3.6e6 ± 1.9e5 0.000 0.000
Nd 0.20 ± 0.26 0.14 ± 0.09 0.015 0.106
Ni 5.73 ± 7.62 10.0 ± 9.44 0.000 0.000
P 1.2e5 ± 1.7e4 1.1e5 ± 1.5e4 0.000 0.000
Pb 6.31 ± 8.78 3.98 ± 12.2 0.006 0.066
Pr 0.04 ± 0.07 0.03 ± 0.02 0.102 0.751
Rb 196 ± 55.7 225 ± 66.1 0.000 0.007
S 1.1e6 ± 1.2e5 1.2e6 ± 8.5e4 0.000 0.000
Sb 3.64 ± 1.25 3.59 ± 1.25 0.729 0.295
Se 65.7 ± 35.5 97.5 ± 37.1 0.000 0.000
Sn 0.52 ± 0.38 1.98 ± 2.24 0.000 0.000
Sr 50.9 ± 17.7 67.2 ± 60.3 0.000 0.001
Th 0.50 ± 0.78 0.29 ± 0.76 0.029 0.000
Ti 79.9 ± 15.8 139 ± 42.4 0.000 0.000
Tl 0.10 ± 0.10 0.14 ± 0.10 0.001 0.000
U 0.03 ± 0.03 0.15 ± 1.31 0.095 0.236
V 0.50 ± 0.52 0.91 ± 0.60 0.000 0.000
Zn 881 ± 270 843 ± 279 0.215 0.006
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eemingly “irrelevant” variables and to speed up the following
alculations. Then in the embedded low-dimensional space, clas-
ifiers are trained to learn the implicit patterns within the data.
xperimental results on a data set composed of 114 schizophrenia
atients and 114 healthy controls show that the prediction accura-
ies in the embedded space and in the original space are adequate
o identify SCZ patients convincingly. The key point is that machine
earning methods can be promising for analyzing complex patterns
n MTE  for mental disorder diagnosis. The proposed approach may
ave other emerging applications beyond diagnosis purposes. One
ossibility is to modify MTE  by pharmacy for enforcing the element
oncentrations of a patient into a normal interval. Another perspec-
ive is to provide a rebalanced diet in nutrition for patients. These
ew applications will depend on the thorough and deep analysis of
TE  in serum between patients and healthy controls.
There were several limitations in this study. First, possible con-

ounding biases were unlikely to be controlled and avoided, due
o the absence of some factors, such as the use of antipsychotics,
ody mass index (BMI), alcohol, dietary intakes and smoking. In the

iterature, one study did not observe any link between duration of
llness, antipsychotic doses, and the alterations of some elements,
ncluding zinc, iron, copper, selenium and manganese [32]. More-
ver, even if the nutritional and socioeconomic status of cases and
ontrols were comparable, it remains impossible to eliminate the
ossibility that diverse genetic features might be associated with
chizophrenia. Second, our data only presented the alterations of
TE  in serum among a relatively small number of participants, fur-

her studies with prospective design and larger sample sizes are
eed.

This study also had several significant merits. The first advantage
as the simultaneous measurement of 39 MTE  under the identi-

al experimental conditions. Another one was the match on age,
ex and region of SCZ patients and controls. Finally, the classifi-
ation accuracies reported in this article were remarkably higher
han most empirical decisions, and the test error rates provided
uantitative confidence of the prediction results.

. Conclusion

This study might be useful for diagnosis and prognosis of SCZ
isorder. It also indicated other potential applications in pharmacy
nd nutrition. The results of this study provide useful information
or designing future studies with larger sample sizes. However,
he results should be interpreted with caution due to the limited
ample size and the lack of controlling for the potential confound-
ng factors, such as the use of antipsychotics, BMI, alcohol, dietary
ntakes and smoking.
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