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INTRODUCTION

A growing body of evidence from ecological, animal, and 
clinical studies has suggested that neuroinflammation con-
tributes to the pathogenesis of schizophrenia.1-4 By examin-
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ing cytokine expression, researchers have postulated several 
neuroinflammatory theories, including exposures during the 
prenatal period,5-7 persistent neuroinflammation,8 neuroanat-
omy alterations,9-11 and cognitive function disturbances.12,13 
However, a variety of cytokines can be expressed under in-
flammatory stimuli. Examining a limited numbers of cytokines 
may not give an insight into the complex molecular biology of 
schizophrenia. In recent years, a bead-based multiplex im-
munoassay technique (BMIT) for cytokine measurement has 
been introduced,14 which uses relatively small quantities of 
sample and brings about much more comprehensive charac-
terizations.

As in first episode schizophrenia, inflammatory abnormali-
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ties are noted and suggested to be independent of medica-
tion. Evidence therefore suggests an ongoing immune pro-
cess in patients with schizophrenia, and this population may 
have a unique inflammatory profile compared to healthy con-
trols.15 The distinct trajectories of cytokine levels may be in-
dicated to be trait or state markers. Trait markers, like inter-
leukin (IL)-12, interferon-gamma (IFN-γ), and tumor necrosis 
factor-alpha (TNF-α) remain elevated despite the treatment. 
On the contrary, IL-1β, IL-6, and TNF-α appear to be state 
markers which return to the baseline level after symptoms of 
exacerbation were resolved. As a first step in understanding 
the inflammation in schizophrenia, it would be helpful to in-
vestigate the equality between quantitative measurements of 
inflammatory markers on BMIT, or it would lead to inaccurate 
estimations and faulty conclusions.

Some authors have recommended using a Bland-Altman plot 
(BAP) and 95% limits of agreement (LOA) to assess the test-
retest reliability.16-18 The graphic approach shows the associa-
tion of difference in cytokine levels against the mean value of 
paired measurements for each subject. By constructing an 
agreement interval with 95% of the differences, a BAP pro-
vides more information on the range of variability between 
measurements for each cytokine. 

To date, little data exists on the reliability and agreement of 
BMIT in measuring cytokine levels. The principle aim of this 
study is to examine the reliability and agreement of BMIT 
(17-plex panel) on repeated measurements by using BAPs, 
95% LOA, intraclass correlation coefficient (ICC), and coef-
ficient of repeatability (CoR). The secondary aim is to compare 
the cytokines showing optimal test-retest reliability in pa-
tients with schizophrenia with those of healthy controls.

METHODS

Study population
A total of 40 subjects were recruited in Taipei city, north-

ern Taiwan, including 20 patients with schizophrenia and 20 
healthy controls. All of the patients were hospitalized in a 
chronic ward with stable psychiatric condition for more than 
six months. The control group were enrolled using advertise-
ment, such as leaflets and internet. Patients were interviewed 
by two certified psychiatrists to confirm the diagnosis of schizo-
phrenia based on the criteria of the Diagnostic and Statistical 
Manual of Mental Disorders, Fourth Edition, Text Revision.19 
Healthy controls were interviewed as well to exclude a diag-
nosis of psychiatric disorder. One previous report clearly in-
dicated the confounding effect of body weight index (BMI) 
on the levels of cytokines and chemokines.20 Moreover, gen-
der and aging can affect inflammatory profiles.21 To eliminate 
potential confounding factors, the study only enrolled male 

subjects aged from 20–40 years and with BMI <30 kg/m2.
The exclusion criteria were as follows: 1) a history of major 

medical or neurological disorder; 2) previous head trauma 
with loss of consciousness; 3) a diagnosis of substance-relat-
ed disorders; 4) a history of heavy tobacco use or heavy alco-
hol consumption; and 5) cigarette smoking or alcohol drink-
ing in the most recent three months. Tobacco use and alcohol 
consumption were not allowed during the study period.

The study procedures were approved by the Institutional 
Review Board for the Protection of Human Subjects at the Tri-
Service General Hospital, a medical teaching hospital within 
the National Defense Medical Center in Taiwan (TSGH IRB 
No. 2-103-05-096). Written informed consent was obtained 
in accordance with the National Health and Medical Re-
search Council guidelines. All participants fully understood 
the study protocol and all details involved. They were free to 
withdraw their consent at any time.

Cytokine measurement
Venous blood samples were obtained by venipuncture in 

the morning between 8:00 and 9:00 AM in fasting status. For 
the preparation of plasma samples, 10 mL of peripheral blood 
was drawn into an EDTA-containing Vacutainer Tube and im-
mediately centrifuged to separate the plasma (1,000×g at 4°C 
for 10 min). The samples were then placed into NUNC-
cryovial tubes and stored at -84°C. For BMIT assays, thawed 
aliquots were gently vortexed and then centrifuged at 13,200 
rpm for 10 min at 4°C immediately prior to testing. Repeated 
sampling from healthy controls was performed 14 days later.

The multiplex magnetic bead-based antibody 17-pex panel 
(Bio-Plex® by Bio-Plex ProTM, Catalog #M5000031YV) was 
used to analyze samples according to the manufacturer’s in-
structions on BMIT analyzers (Bio-Plex 200, Genmall Biotech-
nology Co., LTD., Taipei, Taiwan). The surveyed cytokines 
were: IL-1β, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12, IL-
13, IL-17, Granulocyte Colony Stimulating Factor (G-CSF), 
Granulocyte/Macrophage Colony Stimulating Factor (GM-
CSF), IFN-γ, monocyte chemoattractant protein 1 (MCP-1), 
macrophage inflammatory protein 1-beta (MIP-1β), and 
TNF-α. Several cytokines are classified as chemokines, in-
cluding CC chemokines [CCL2 (MCP-1), CCL4 (MIP-1β), 
and CXCL8 (IL-8)]. Standard curves were created from du-
plicate values and all samples were analyzed as single deter-
minations. The coefficient of variation was below 10% for in-
tra-assay and below 15% for inter-assay.

Statistical analysis
BAP was drawn, which can quantify agreement in test-re-

test design. Bias was calculated as the mean of test-retest change 
values, which is the average test-retest difference. Significant 
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bias was considered to exist if the 95% confidence interval (CI) 
of bias did not include the value of zero or if the Wilcoxon 
signed-rank test reached significance. 95% LOA for each 
test-retest difference was calculated as bias ±1.96×the stan-
dard deviation (SD) of the paired difference. Agreement be-
tween repeated measurements made on the same subject de-
pends only on the within-subject SD. The range of the upper 
and lower LOA reflected how far apart the repeated mea-
surements differences were likely to be for most individuals. 
95% CIs of upper and lower LOA were calculated by taking 
each limit plus or minus the product of 1.96 and standard error.22 
CoR referred to as the smallest real difference was calculated 
as 1.96 × √2 × within-subject SD, which can quantify repeat-
ability and reproducibility. ICC was calculated from the pro-
portion of total variability due to between-subject variability. 
Rosner’s interpretation of ICC was applied: ICC <0.40 indi-
cates poor reliability, ICC between 0.40 and 0.75 reflects fair 
to good reliability, and ICC ≥0.75 reflects strong reliability.22 
An ICC of at least 0.55 has been recognized as meaningful 
and worth further consideration.23

Group differences in demographic characteristics were an-
alyzed by Mann-Whitney U tests. Data on cytokines were 
transformed using the natural logarithms for general linear 
regression analysis. BMI and age were analyzed as covariates 

for the general linear regression model. Differences between 
test-retest measurements in cytokines were examined by the 
Wilcoxon signed-rank test. 

All statistical tests were considered significant if the p value 
<0.05 (two-tailed). All analyses were performed using the 
Statistical Package for the Social Sciences software for Win-
dows Ver. 19.0 (IBM Corp., Armonk, NY, USA) and Med-
Calc Statistical Software version 18 (MedCalc Software bvba, 
Ostend, Belgium; http://www.medcalc.org; 2018).

RESULTS

Bias with 95% CI
Table 1 displays the baseline and post-test levels of cyto-

kines and bias with 95% CI in healthy controls. The result of 
repeated measurements by Wilcoxon signed-rank test deter-
mined that IL-1β, IL-7, and IL-12 were significantly varied 
over time, with the greatest difference for IL-1β (p<0.01). Af-
ter a 14-day interval, most cytokines did not show significant 
bias; however, IL-1β, IL-12, and TNF-α had significant bias, 
as their 95% CI did not contain the value of zero. The bias was 
-1.18 to -0.27 pg/mL for IL-1β, -15.52 to -0.87 pg/mL for IL-
12, and -6.79 to -0.29 pg/mL for TNF-α. 

Table 1. Bias, 95% limits of agreement, repeatability coefficient, and intraclass correlation coefficient for 14-day repeated cytokine level (pg/mL) 
measurements in 20 healthy controls

Cytokines Baseline Re-test p* Bias 95% CI of bias Upper LOA Lower LOA CoR with 95% CI ICC Outlier
IL-1β 2.08±1.08 1.35±0.95 <0.01 -0.73 -1.18–-0.27 1.19 -2.64 2.35 (1.79–3.39) 0.54 2
IL-2 6.72±9.30 5.70±6.92 0.45 -1.02 -3.27–1.24 8.43 -10.46 9.42 (7.21–13.61) 0.83 2
IL-4 3.60±1.64 3.08±1.38 0.31 -0.52 -1.32–0.29 2.87 -3.9 3.45 (2.64–4.98) 0.35 1
IL-5 4.31±2.09 3.44±1.40 0.06 -0.87 -1.77–0.03 2.9 -4.64 4.05 (3.10–5.85) 0.41 1
IL-6 10.28±5.15 8.45±4.58 0.28 -1.83 -4.42–0.77 9.03 -12.68 11.17 (8.54–16.13) 0.36 0
IL-7 11.28±15.77 6.13±2.18 0.02 -5.15 -12.48–2.19 25.56 -35.85 31.58 (24.16–45.61) 0.03 1
IL-8 15.17±5.63 12.88±5.78 0.13 -2.30 -5.09–0.5 9.41 -14 12.26 (9.38–17.71) 0.45 0
IL-10 22.32±13.27 17.88±10.67 0.12 -4.43 -9.75–0.88 17.84 -26.7 23.38 (17.89–33.76) 0.55 1
IL-12 30.82±17.53 22.62±13.87 0.02 -8.2 -15.52–-0.87 22.49 -38.88 33.95 (25.97–49.02) 0.19 0
IL-13 2.31±1.37 2.09±1.39 0.11 -0.21 -0.62–0.2 1.5 -1.93 1.72 (1.32–2.49) 0.8 1
IL-17 16.44±12.75 13.73±13.33 0.25 -2.71 -7.54–2.13 17.55 -22.96 20.44 (15.64–29.52) 0.69 1
G-CSF 25.92±9.87 23.12±10.77 0.25 -2.8 -7.64–2.03 17.47 -23.07 20.51 (15.69–29.61) 0.5 0
GM-CSF NA NA NA NA NA NA NA NA NA NA
IFN-γ 242.42±112.24 227.65±113.89 0.60 -14.77 -67.72–38.18 206.97 -236.52 218.06 (166.83–314.9) 0.5 0
MCP-1 13.29±3.93 12.94±2.98 0.84 -0.36 -2.15–1.44 7.16 -7.88 7.36 (5.63–10.63) 0.4 1
MIP-1β 40.49±9.37 40.76±12.66 0.81 0.26 -3.76–4.29 17.13 -16.6 16.44 (12.58–23.75) 0.7 1
TNF-α 13.24±7.75 9.7±5.61 0.05 -3.54 -6.79–-0.29 10.08 -17.16 14.98 (11.46–21.62) 0.47 2
*test-retest differences were examined by Wilcoxon signed-rank test; outlier was defined as paired samples value exceeding range of CoR and 
95% LOA; and cytokines with bold text indicate significant changes in re-test measurement or 95% CI of bias across zero. CoR: coefficient of 
repeatability, ICC: intraclass correlation coefficient, IL: interleukin, G-CSF: granulocyte colony-stimulating factor, GM-CSF: granulocyte-
macrophage colony-stimulating factor, IFN-γ: interferon gamma, LOA: limit of agreement, MCP-1: monocyte chemotactic protein 1, MIP: 
macrophage inflammatory protein, TNF-α: tumor necrosis factor alpha
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Reliability and agreement
The data of 95% LOA, CoR, and ICC are shown in Table 1. 

The upper LOA indicates the most likely maximum increase 
in value on post-test measurement, and the lower LOA shows 
decrease in value. Considering the ICC, IL2, and IL-13 showed 
excellent reproducibility (ICC≥0.75); IL-10, IL-17, and MIP-
1β exhibited good reproducibility (ICC>0.55); IL-4, IL-6, IL-
7, and IL-12 had poor reproducibility (ICC<0.40). The number 
of outliers is shown in the last column of the table. An outlier 
is a value exceeding the range of CoR and 95% LOA. Figure 1 

illustrates the result of BAP. In each plot, bias and variance are 
taken into account with respect to the mean value of cyto-
kines which correspond to the vertical line. A total of 14 outli-
ers were noted (14/320=4.37%). The proportion of all cyto-
kines within 95% LOA was 95.63%. Figure 2 illustrates the 
cytokines that reached between-group significance and did not 
have significant bias. Patients with schizophrenia revealed dis-
similar cytokine expression compared to healthy controls; how-
ever, overlapping intervals were evident for IL-4 and IL-13 
(Supplementary Figure 1 in the online-only Data Supplement).

Figure 1. Bland-Altman plots for repeat measurements of multiplex cytokine assay in 20 healthy controls. The Bland-Altman plots represent 
the difference of repeated measurements of cytokine levels against the average value for each pair of measurements. The solid line is the 
mean difference; a mean difference of zero means no change in cytokine levels after a 14-day interval. The two dotted lines represent the 
95% limits of agreement, and the four dashed lines are the 95% confidence intervals for the upper and lower limits of agreement. IL: inter-
leukin, G-CSF: granulocyte colony-stimulating factor, IFN-γ: interferon gamma, MCP-1: monocyte chemotactic protein 1, MIP: macrophage 
inflammatory protein, TNF-α: tumor necrosis factor alpha.

3
2
1
0

-1
-2
-3
-4

Average
0 1 2 3 4

Bi
as

IL-1β

15
10

5
0

-5
-10
-15
-20

Average

0 5 10 15 20

Bi
as

IL-6

400
300
200
100

0
-100
-200
-300
-400

Average

0 100 200 300 400 500

Bi
as

IFN-γ
15
10

5
0

-5
-10
-15

Average

0 5 10 15 20

Bi
as

MCP-1
30
20
10

0
-10
-20
-30

Average

0 20 40 60 80

Bi
as

MCP-1b
20
10

0
-10
-20
-30

Average

0 10 20 30

Bi
as

TNF-α

40
30
20
10

0
-10
-20
-30
-40
-50
-60

Average
0 20 40 60

Bi
as

IL-12

3
2
1
0

-1
-2
-3

Average
0 2 4 6 8

Bi
as

IL-13

35
25
15

5
-5

-15
-25
-35

Average
0 20 40 60

Bi
as

IL-17

30
20
10

0
-10
-20
-30
-40

Average
0 10 20 30 40 50

Bi
as

G-CSF

6
4
2
0

-2
-4
-6

Average
0 2 4 6 8

Bi
as

IL-4
6
4
2
0

-2
-4
-6
-8

Average
0 2 4 6 8

Bi
as

IL-5
15
10

5
0

-5
-10
-15

Average

0 10 20 30 40

Bi
as

IL-2

50
30
10

-10
-30
-50
-70

Average

0 10 20 30 40 50

Bi
as

IL-7
20

10

0

-10

-20

Average

0 5 10 15 20 25

Bi
as

IL-8
30
20
10

0
-10
-20
-30
-40

Average

0 10 20 30 40 50

Bi
as

IL-10



TC Yeh et al. 

   www.psychiatryinvestigation.org  611

Demographic data and baseline levels of cytokines
Table 2 shows the demographic characteristics and base-

line levels of cytokines. Compared with healthy controls, pa-
tients with schizophrenia were significantly older, and their 
BMI was significantly larger. Of the 17 cytokines, most data 
on GM-CSF were under the lower limit of detection and were 
excluded from the final analysis. The dispersion of cytokine lev-
els was large for patients with schizophrenia and healthy con-
trols. For example, in healthy controls, the mean of IL-7 was 
11.28 pg/mL, while its SD was 15.77 pg/mL; in patients with 
schizophrenia, the mean of TNF-α was 50.16 pg/mL, while 
its SD was 101 pg/mL. Considering between-group differ-
ences, patients with schizophrenia had significantly higher 
levels of IL-5, IL-13, and TNF-α, and significantly lower lev-
els of IL-4, IL-12, and IFN-γ.

DISCUSSION

This study showed that by using BMIT for cytokine mea-
surement, the within-subject cytokine variation was large, mak-
ing the test-retest reliability suboptimal by testing ICC. When 
using BAPs with 95% LOA, most cytokines had acceptable 
test-retest reliability; only 4.37% of cytokine data were con-
sidered outliers, and only three cytokines showed significant 
bias. Although most cytokine expression in patients with schizo-
phrenia was distinct from that of healthy controls (Supplemen-
tary Figure 1 in the online-only Data Supplement), the large 
within-subject and between-group variation in cytokine lev-
els led to only four cytokines showing optimal test-retest reli-
ability and reaching between-group differences.

A previous study used ICC to examine the test-retest reli-
ability of BMIT in measuring cytokine levels in healthy indi-

viduals and patients with major depression. However, the au-
thors found that the levels of cytokines varied differently in 
health participants during a 30-week interval,24 implying sub-
optimal test-retest reliability of BMIT. Importantly, ICC is the 
fraction of the total variance attributed to between-subject vari-
ability.16,17 Assuming that there are no systematic biases, ICC is 
affected primarily by heterogeneity of subjects.22,25 However, 
if within-subject variability is comparable to or even larger than 
between-subject variability, the degree defined by the ICC 
becomes meaningless. In other words, if the normal range of 
cytokine levels varies significantly on repeated measurements 
in the same individual, ICC is not an appropriate indicator of 
between-subject differences, as the within-subject variance 
may be larger than the between-subject variance. By using BAPs 
to assess the test-retest reliability of BMIT, a large proportion 
of cytokine data were still within 95% LOA without signifi-
cant bias. This means that future research using a larger sam-
ple size can help reframe representative levels for each cyto-
kine, and the results of BMIT for cytokine measurement can 

Table 2. Demographic data and baseline levels of cytokines and 
chemokines in patients with schizophrenia and healthy controls

Schizophrenia 
(N=20)

Healthy controls 
(N=20)

p*

Age 46.60±8.88 28.05±3.59 <0.01
BMI 25.49±4.33 23.11±1.76 0.01
IL-1β 3.02±3.18 2.08±1.08 0.15
IL-2 3.77±3.87 6.72±9.3 0.67
IL-4 1.69±0.63 3.60±1.64 <0.03
IL-5 9.96±3.59 4.31±2.09 <0.01
IL-6 8.61±5.48 10.28±5.15 0.69
IL-7 7.17±3.12 11.28±15.77 0.87
IL-8 8.58±3.97 15.17±5.63 0.05
IL-10 10.27±7.91 22.32±13.27 0.10
IL-12 8.95±5.43 30.82±17.53 <0.01
IL-13 13.10±11.26 2.31±1.37 <0.01
IL-17 18.83±14.01 16.44±12.75 0.43
G-CSF 23.88±13.31 25.92±9.87 0.54
IFN-γ 75.30±52.66 242.42±112.24 <0.01
MCP-1 17.21±10.85 13.29±3.93 0.62
MIP-1β 31.46±15.5 40.49±9.37 0.19
TNF-α 50.16±101 13.24±7.75 0.01
*age and BMI were analyzed by Mann-Whitney U tests; cytokines 
(pg/mL) were transformed using the natural logarithms and ana-
lyzed by a general linear model with covariates of age and BMI. 
BMI: body mass index, IL: interleukin, G-CSF: granulocyte colo-
ny-stimulating factor, GM-CSF: granulocyte-macrophage colony-
stimulating factor, IFN-γ: interferon gamma, MCP-1: monocyte 
chemotactic protein 1, MIP: macrophage inflammatory protein, 
TNF-α: tumor necrosis factor alpha

Figure 2. Comparisons of baseline cytokines between patients 
with schizophrenia and healthy controls. Forest plot shows the 
cross-sectional cytokine levels (mean with standard deviation). 
The Y-axis represents different cytokines. The X-axis represents 
concentration of cytokines (pg/mL). Solid dots represent data 
from schizophrenia; hollow dots represent data from healthy con-
trols. HC: healthy controls, IL: interleukin, IFN-γ: interferon gam-
ma, SCH: schizophrenia.
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determine reliable biomarkers for exploring the link between 
psychiatric disorders and the inflammatory process.

Our findings support optimal test-retest reliability for sev-
eral cytokines assayed by BMIT, including IL-2, IL-4, IL-5, 
IL-6, IL-7, IL-8, IL-10, IL-13, IL-17, G-CSF, GM-CSF, IFN-γ, 
MCP-1, and MIP-1β. For these cytokines, the lines of equali-
ty (zero) were within 95% CI of bias, implying reliable agree-
ment over a 14-day test-retest interval. However, the difference 
of retest on IL-7 needs to be emphasized, as the CoR was rel-
atively large (31.58, 95% CI: 24.16 to 45.61 pg/mL), and the 
Wilcoxon signed-rank test reached significance. On the other 
hand, IL-1β and IL-12 appeared to have larger intraindividu-
al variation than those of other cytokines, as both cytokines 
showed significant cytokine changes on retest and significant 
bias on BAPs. This means that the results from cross-section-
al studies assessing the levels of IL-1β, IL-7, and IL-12 may 
be unreliable. Previous studies compared the immunoassay re-
sults between an enzyme-linked immunosorbent assays (ELI-
SA) and BMIT for cytokine measurements, revealing robust 
correlations for IL-1β, IL-7, and IL-12;26,27 however, whether 
these cytokines could reach optimal test-retest reliability re-
mains unknown. The results from our study suggest that even 
in healthy controls, these cytokines may respond to the ex-
ternal environment in a very sensitive way, resulting in large 
intraindividual variation in cytokine levels.24,26

The ICC for IL-4 (0.35), IL-6 (0.36), and IL-7 (0.03) in our 
study showed discrepancy from those of a previous study in 
which ICC was larger than 0.90 over a 30-day interval.24 By def-
inition, ICC represents interindividual variability relative to 
total variability. Because the within-subject variation in cyto-
kine levels was large in healthy controls, the lower ICCs in 
our study suggest that within-subject variability may be larg-
er than between-subject variability, constituting a small ratio of 
between-subject variability over total variability. BAPs with 
95% LOA can help address how far apart the true repeated 
measurement differences were likely to be on BMIT for cyto-
kine measurements. For example, the ICC was 0.35 for IL-4, 
indicating poor differentiating ability. Using BAPs with 95% 
LOA, the upper LOA was 2.87 pg/mL and the lower LOA 
was -3.9 pg/mL. This means that the changes in IL-4 levels on 
retest measurement ranged from -3.9 to 2.87 pg/mL. The val-
ue of CoR was 3.45 pg/mL for IL-4, which also represented 
the measurement error or the smallest possible change on re-
peated measurements by BMIT.

In the current study, patients with schizophrenia had sig-
nificantly higher levels of IL-5 and IL-13, and significantly 
lower levels of IL-4 and IFN-γ, which appeared not to sup-
port the schizophrenia theory of T helper (Th)2 shifting (IL-
4, IL-5, and IL-13,) and blunted Th1 (IL-2, IL-12, INF-γ, and 
TNF-α). A meta-analysis reported significant decrease in IFN-γ 

levels in a chronic schizophrenia subgroup with a large effect 
size (Hedge’s=-1.07), which was consistent with our findings.28 
However, another study found that IFN-γ levels did not change 
with clinical severity, and suggested that INF-γ is a trait mark-
er that continually increased expression in the disease course.8 
IL-5 and IL-13, as ant-inflammatory cytokines produced by 
Th2 cells, were inclined to increase in our study. On the other 
hand, in our study, IL-4 was lower; however, Goldsmith et al. 28 
and O’Brien et al.29 have found IL-4 to be associated with 
acute schizophrenia episodes. The discrepancy between our 
study and the previous meta-analyses can be explained by the 
heterogeneity of the included studies in the meta-analyses. 
For example, the inclusion criteria did not distinguish studies 
which collected serum samples from plasma. However, plas-
ma levels of cytokine measurements have been reported to 
be higher than the serum levels.24,30-32 Moreover, these studies 
did not address limitations of the standard assays, such as the 
multiplex system or ELISA based system, and previous evi-
dence has revealed discordant results between these methods 
which may result in substantial heterogeneity while conduct-
ing meta-analysis.28,33

A strength in our study is that we have confirmed the test-re-
test agreement for numerous important cytokines on BMIT us-
ing plasma samples, which can assist further research in ex-
ploring these cytokine biomarkers or performing meta-analytical 
work. However, our findings should be interpreted carefully 
with consideration of the following limitations. First, our sam-
ple size was small, so the 95% LOA and 95% CI of bias were 
wide. For example, in the levels of IFN-γ, the Wilcoxon signed-
rank test did not show significant difference on the repeated 
measurement and the BAP did not determine a significant 
bias; however, the CoR of IFN-γ was 218.06 pg/mL, with 95% 
CI ranging from 166.83 to 314.90 pg/mL. Another limitation 
is that we did not stratify the patient groups by clinical features 
or treatments due to the small sample size. A previous meta-
analysis has analyzed the cytokine differences by subgroup-
ing into first-episode psychosis and medicated patients to 
eliminate the effects of psychotropics.8 Third, a small sample size 
may increase within-subject variation in cytokine expression. 
Fourth, although we found agreement on cytokine measure-
ments by BMIT, the participants in our study were homoge-
nous in nature. A larger study can stratify different patient 
groups by clinical features or treatments and analyze sub-
grouping BAP with 95% LOA, which can provide deeper in-
sight into cytokine variation and define their reference range.

In conclusion, this study provides evidence that BMIT has 
good reproducibility and test-retest reliability on cytokine mea-
surements. Patients with schizophrenia demonstrated aber-
rant cytokine expression compared to healthy individuals, and 
their inflammatory profiles can be distinguished by selecting 
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reliable cytokines. Currently, the use of cytokines as potential 
disease markers is still limited. Knowledge of the stability of 
plasma cytokines levels based on BMIT will help researchers 
to better delineate inflammatory profiles between different 
populations.
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The online-only Data Supplement is available with this ar-
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Supplementary Figure 1. Distribution of baseline cytokines of patients with schizophrenia and healthy controls.
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