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Background: Type 2 diabetes mellitus (T2DM) is a progressive metabolic disease. Early detection of prediabetes is important to re-
duce the risk of T2DM. Some cytokines are known to be associated with T2DM. Therefore, we aimed to identify cytokines as novel 
biomarkers of glucose dysmetabolism.
Methods: The first stage of the study included 43 subjects (13 subjects with newly diagnosed T2DM, 13 with prediabetes, and 16 
with normoglycemia) for cytokine microarray analysis. Blood samples of the subjects were assessed for 310 cytokines to identify 
potential indicators of prediabetes. The second stage included 142 subjects (36 subjects with T2DM, 35 with prediabetes, and 71 
with normoglycemia) to validate the potential cytokines associated with prediabetes.
Results: We identified 41 cytokines that differed by 1.5-fold or more in at least one out of the three comparisons (normoglycemia vs. 
prediabetes, normoglycemia vs. T2DM, and prediabetes vs. T2DM) among 310 cytokines. Finally, we selected protein Z (PROZ) 
and validated this finding to determine its association with prediabetes. Plasma PROZ levels were found to be decreased in patients 
with prediabetes (1,490.32±367.19 pg/mL) and T2DM (1,583.34±465.43 pg/mL) compared to those in subjects with normoglyce-
mia (1,864.07±450.83 pg/mL) (P<0.001). There were significantly negative correlations between PROZ and fasting plasma glu-
cose (P=0.001) and hemoglobin A1c (P=0.010).
Conclusion: PROZ levels were associated with prediabetes and T2DM. We suggest that PROZ may be a promising biomarker for 
the early detection of prediabetes. Further large-scale studies are needed to evaluate the relationship and mechanism between PROZ 
and prediabetes and T2DM.
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INTRODUCTION

Prediabetes is an intermediate state in which plasma glucose 
levels are between those in normoglycemia and diabetes, and it 
is a high-risk precursor for type 2 diabetes mellitus (T2DM) [1]. 

Prediabetes includes the following conditions: impaired fasting 
glucose (IFG), impaired glucose tolerance (IGT), and hemoglo-
bin A1c (HbA1c) levels between 5.7% and 6.4% according to 
the American Diabetes Association (ADA) [2]. Prediabetes and 
T2DM are an increasing trend worldwide. The number of adults 
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suffering from IGT globally was 352 million in 2017, and this 
figure is expected to increase to 587 million by 2045 [3].

People with T2DM are at an increased risk of complications 
associated with diabetes, including macrovascular and micro-
vascular diseases [4]. These complications threaten the health of 
patients with T2DM and seriously degrade their quality of life. 
Prediabetes is also associated with a higher risk of vascular 
complications than normoglycemia [5]. Mechanisms proposed 
for vascular complications in prediabetes are related to insulin 
resistance, inflammation, oxidative stress, and prothrombotic 
conditions [5]. Lifestyle modification relatively reduces the risk 
of diabetes by 40% to 70% in people with prediabetes [6]. 
Therefore, it is important to detect prediabetes at an early stage 
and stop the progression of prediabetes to diabetes using accu-
rate diagnostic methods.

HbA1c is the most widely used marker for diagnosis of predi-
abetes along with fasting plasma glucose (FPG); however, it has 
some limitations. The sensitivity of HbA1c in people with predi-
abetes has been controversial [7,8], and it demonstrates inaccu-
rate results in special conditions, such as anemia and chronic al-
coholics [9]. FPG may differ in results due to dietary effects and 
duration of fasting. The oral glucose tolerance test conducted to 
diagnose IFG and IGT is not easy for patients in a clinical setting 
because this procedure is long and requires several blood tests.

There have been many attempts to find new diagnostic meth-
ods for prediabetes and T2DM. Previous studies have reported 
to evaluate the association between T2DM and cytokines [10]. 
Inflammatory cytokines are known to be associated with predia-
betes and new-onset T2DM [11,12]. The use of cytokines as 
biomarkers may be a novel method to supplement traditional 
tests for diagnosing prediabetes and T2DM. However, there are 
no known cytokines that can be used to evaluate the status of 
prediabetes and T2DM in a clinical setting. 

This study aimed to identify cytokines that could serve as po-
tential biomarkers of glucose dysmetabolism. We explored cy-
tokines associated with glycemic status and analyzed cytokine 
profiles in subjects with normoglycemia, prediabetes, and 
T2DM using cytokine microarray analysis. Finally, we selected 
and validated one cytokine, protein Z (PROZ), as a potential 
biomarker for prediabetes.

METHODS

Study cohorts for cytokine microarray analysis and 
validation
The study participants for cytokine microarray and validation 

were recruited between July 2014 and August 2019 from the 
Keimyung University Dongsan Hospital, Daegu, Korea. The 
study was approved by the Keimyung University Dongsan Hos-
pital Institutional Review Board, with the protocol numbers be-
ing: 2013-09-003, 2015-03-010, 2016-03-028, 2016-05-018, 
and 2018-05-058. All subjects voluntarily provided informed 
consent. Subjects were divided into groups of normoglycemia, 
prediabetes, and T2DM according to the ADA guidelines [2].

Sample preparation for cytokine microarray analysis
Blood samples were obtained from each patient using ethylene-
diaminetetraacetic acid tubes (Becton Drive, Franklin Lakes, 
NJ, USA). Plasma was isolated after centrifuging whole blood 
at 3,000 ×g for 3 minutes and stored at –80°C for further analy-
sis. Proteins were extracted from plasma using protein extrac-
tion buffer (Full Moon BioSystems, Sunnyvale, CA, USA). Af-
ter extraction, the protein solution was purified using a gel ma-
trix column that was included in the antibody array assay kit 
(Full Moon BioSystems). The column was vortex-mixed for 5 
seconds and hydrated for 60 minutes at room temperature. Fol-
lowing centrifugation at 750 ×g for 2 minutes, the column was 
placed into a collecting tube, and 100 µL of the protein sample 
was added followed by the same centrifugation condition. The 
concentration of the purified sample was measured using a 
Pierce BCA protein assay kit (Thermo Fisher Scientific, 
Waltham, MA, USA) using a NanoPhotometer (Implen, Mu-
nich, Germany), and its purity was confirmed using UV spec-
troscopy.

Cytokine microarray analysis
Each protein sample of 50 µL was brought up to a volume of 75 
µL using labeling buffer and treated with 3 µL of 10 µg/µL bio-
tin/dimethylformamide solution. The samples were incubated 
for 90 minutes with gentle shaking. Samples were then treated 
with 35 µL of stop reagent and incubated for 30 minutes while 
gently shaking. The antibody microarray slide (Full Moon Bio-
Systems) was incubated with 30 mL of blocking solution with 
shaking at 60 rpm for 30 minutes and washed with distilled wa-
ter. This step was repeated thrice. After rinsing, each labeled 
sample was mixed with 6 mL of coupling solution. Then, the 
blocked array slide was incubated in a coupling dish with the 
coupling mixture on a shaker for 2 hours at 60 rpm. After cou-
pling, the slide was soaked in 30 mL of washing solution in a 
Petri dish and washed six times on a shaker at 60 rpm for 5 min-
utes. The slides were rinsed with distilled water. The detection 
mixture was prepared by adding 30 µL of 0.5 mg/mL Cy3-
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streptavidin (GE Healthcare, Chalfont St. Giles, UK) to 30 mL 
of detection buffer. The coupled array slide was treated with the 
detection mixture in a Petri dish on a shaker at 60 rpm for 20 
minutes. After this step, the slide was washed six times with 30 
mL of washing solution with shaking at 60 rpm for 5 minutes. 
The slides were rinsed with distilled water. The whole experi-
mental procedure was carried out at room temperature. All solu-
tions used in this analysis without manufacturer specified were 
purchased from Full Moon BioSystems.

Cytokine microarray data acquisition and analysis 
Slide scanning was performed using the GenePix 4100A scan-
ner (Axon Instruments, Berkeley, CA, USA). The slides were 
fully dried and scanned within 24 to 48 hours at a resolution of 
10 µm using optimal laser power and photomultiplier tube. The 
obtained the scans were gridded and quantified using the Ge-
nePix 7.0 software (Axon Instruments). The numerical data 
were analyzed using the Genowiz 4.0 software (Ocimum Bio-
solutions, Indianapolis, IN, USA). After analysis, the data on 
protein information were annotated using the UniProt database 
(www.uniprot.org).

Bioinformatics analysis of cytokine microarray data
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway analyses were performed using the 
Database for Annotation, Visualization and Integrated Discov-
ery (DAVID) v6.8 [13,14]. Functional network analysis was 
conducted with cytokines that showed at least a 1.5-fold differ-
ence in patients with prediabetes compared to subjects with nor-
moglycemia, using the Search Tool for the Retrieval of Interact-
ing Genes/Proteins (STRING) database in Cytoscape [15], re-
quiring a minimum confidence score of 0.4.

Enzyme-linked immunosorbent assay 
The differential expression of cytokines in the plasma from pa-
tients with prediabetes and T2DM was confirmed using en-
zyme-linked immunosorbent assay (ELISA). PROZ levels were 
measured using the human PROZ Quantikine ELISA kit (My-
BioSource, San Diego, CA, USA) according to the manufactur-
er’s protocol.

Statistical analysis
All statistical analyses were performed using the SPSS version 
25.0 (IBM Co., Armonk, NY, USA). Cytokine microarray and 
ELISA data were expressed as mean±standard error of the 
mean obtained from two independent experiments. Statistically 

significant differences between groups were determined using 
the one-way analysis of variance (ANOVA) and Tukey’s post 
hoc test or two-tailed Student’s t test. Clinical parameters of the 
study groups were expressed as the mean±standard deviation 
and were analyzed using the chi-square test and one-way ANO-
VA. Correlations between PROZ and clinical parameters were 
analyzed using the Pearson correlation coefficient. A receiver 
operating characteristic (ROC) plot was drawn and area under 
the curve (AUC) was calculated using ‘pROC’ and ‘EPI’ pack-
ages of R version 4.0.3 (R Foundation for Statistical Comput-
ing, Vienna, Austria). Results were considered statistically sig-
nificant at P<0.05.

RESULTS

Identification of cytokines for normoglycemia, prediabetes, 
and T2DM
Supplemental Table S1 shows the baseline characteristics of 
subjects in the cytokine microarray analysis. There were no sig-
nificant differences in clinical parameters among normoglyce-
mia, prediabetes, and T2DM groups, except for those seen with 
FPG, HbA1c, homeostasis model assessment for insulin resis-
tance (HOMA-IR), sex, age, and creatinine levels. To identify 
cytokines differentially secreted in subjects with prediabetes 
and T2DM compared to those with normoglycemia, we collect-
ed blood samples from each group and analyzed respective cy-
tokine profiles using a cytokine microarray analysis. The ex-
pression patterns of the 41 cytokines that differed by 1.5-fold or 
more in at least one comparison between any two groups were 
shown in the heat map image (Fig. 1). We separately sorted out 
the numbers of up-regulated proteins and down-regulated pro-
teins by comparison between groups using Venn diagram (Sup-
plemental Fig. S1). We also plotted cytokines showing signifi-
cant changes in subjects with normoglycemia, prediabetes, and 
T2DM using principal component analysis (PCA) analysis. 
PCA indicates that T2DM group seems to be scattered; howev-
er, it showed distinguishable pattern of separated three groups 
which are normoglycemia, prediabetes and T2DM (Supplemen-
tal Fig. S2). Table 1 displays the representative cytokines that 
showed at least a 2-fold difference in each comparison between 
the two groups. We identified carbohydrate antigen (CA) 15-3 
and nerve growth factor (NGF)-β, whose expression levels were 
significantly decreased in the prediabetes group, but not in the 
T2DM group, when compared to the normoglycemia group. C-
reactive protein (CRP) and B lymphoid kinase levels were sig-
nificantly increased in both the prediabetes and T2DM groups 
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Table 1. List of Representative Cytokines Showing More than 2-Fold Change at Least Once in the Three Comparisons

Gene symbol List of cytokines
Fold change

P valuePrediabetes/
normoglycemia

T2DM/
prediabetes

T2DM/
normoglycemia

IGF2 IGF-II –2.303 1.166 –1.976 <0.001
IFNL2 IFN-lambda2 –5.722 1.198 –4.777 <0.001
IL15 IL-15 –1.965 –1.155 –2.269 <0.001
NGF NGF-β –3.751 3.888 1.037 0.007
BLK BLK 3.330 –1.416 2.352 0.003
PROZ PROZ –2.192 –1.124 –2.463 <0.001
AFP AFP –6.373 2.889 –2.206 <0.001
ADAM2 CA15-3 –4.385 4.739 1.081 0.001
PSG2 CEA –2.080 1.375 –1.512 <0.001
CRP CRP 1.593 2.379 3.789 0.025
FSHB FSH –2.126 –1.388 –2.952 <0.001
TG Thyroglobulin –2.474 2.103 –1.177 <0.001
STAT6 STAT6 –2.188 –1.312 –2.872 <0.001

T2DM, type 2 diabetes mellitus; IGF2, insulin-like growth factor 2; IFNL2, interferon lambda 2; IL, interleukin; NGF, nerve growth factor; BLK, BLK 
proto-oncogene; PROZ, protein Z; AFP, alpha-fetoprotein; ADAM2, ADAM metallopeptidase domain 2; CA15-3, carbohydrate antigen 15-3; PSG2, 
pregnancy specific beta-1-glycoprotein 2; CEA, carcinoembryonic antigen; CRP, C-reactive protein; FSHB, follicle stimulating hormone beta; TG, thy-
roglobulin; STAT6, signal transducer and activator of transcription 6.

Figure 1. Normoglycemia Prediabetes T2DM

-3 0 3
(Fold change)

IL1A
ARTN
CXCL13
CXCL6
CXCL3
IGFBP7
CCL18
DEFB1
CCL14
TIMP1
BLK
ADIPOQ
TNFRSF1B
LTA
IGFBP5
CXCL2
CDH1
NTF4
CRP
CTNNA1
MMP2
CCL19
IL15
PROZ
FSHB
STAT6
IL12A
IL13RA1
AFP
PSG2
IGF2
IFNL2
TG
IL1B
ADAM2
TNF
CCL13
IL11
CCL22
NGF
SELL

Fig. 1. Identification of cytokines associated with glucose dysmetabolism using antibody array profiling. The columns and rows in the heat-
map represent samples and gene symbol, respectively. In each row, the intensities were divided by the standard deviation after subtracting 
the mean intensity from them. Red and blue represent the increase and decrease in abundance, respectively. The color bar represents the gra-
dient of the auto scaled log2 intensities. T2DM, type 2 diabetes mellitus; IL, interleukin; ARTN, artemin; CXCL, C-X-C motif chemokine 
ligand; IGFBP, insulin like growth factor-binding protein; CCL, C-C motif chemokine ligand; DEFB1, defensin beta 1; TIMP1, TIMP me-
tallopepetidase inhibitor 1; BLK, BLK proto-oncogene; ADIPOQ, adiponectin, C1Q and collagen domain containing; TNFRSF1B, tumor 
necrosis factor receptor superfamily 1B; LTA, lymphotoxin alpha; CDH1, cadherin 1; NTF4, neurotrophin 4; CRP, C-reactive protein; 
CTNNA1, catenin alpha 1; MMP2, matrix metallopeptidase 2; PROZ, protein Z; FSHB, follicle stimulating hormone subunit beta; STAT6, 
signal transducer and activator of transcription 6; IL13RA1, interleukin 13 receptor subunit alpha 1; AFP, alpha-fetoprotein; PSG2, pregnan-
cy specific beta-1-glycoprotein 2; IGF2, insulin-like growth factor 2; IFNL2, interferon lambda 2; TG, thyroglobulin; ADAM2, ADAM me-
tallopeptidase domain 2; TNF, tumor necrosis factor; NGF, nerve growth factor; SELL, selectin L.
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compared with those in the normoglycemia group. In contrast, 
PROZ, interleukin (IL) 15, signal transducer and activator of 
transcription 6, insulin-like growth factor II, interferon-lambda 
2, thyroglobulin, alpha-fetoprotein (AFP), and carcinoembryon-
ic antigen (CEA) were significantly decreased in both the predi-
abetes and T2DM groups compared with those in the normogly-
cemia group.

Bioinformatic analysis 
We carried out a bioinformatic analysis to investigate the asso-
ciated biological activity of cytokines and screened 33 cytokines 
that differed by at least 1.5-fold in the prediabetes group com-
pared with the normoglycemia group (Supplemental Table S2). 
We determined the predicted enriched biological processes and 
pathways associated with these 33 cytokines using DAVID, the 
results of which are presented in Supplemental Fig. S3. We used 
STRING to identify the protein–protein interactions (PPIs) for 

the 33 cytokines. It revealed strong enrichment of biological 
processes such as immune response, inflammatory response, 
and cell proliferation regulation (Fig. 2). However, PROZ, folli-
cle stimulating hormone, CEA, and CA15-3 were not involved 
in these biological processes.

Validation of PROZ as a potential biomarker for 
prediabetes and T2DM
In order to find a promising biomarker for prediabetes from the 
listed cytokines, we decided to validate PROZ. We selected 
PROZ because its expression showed a marked decrease in pa-
tients with prediabetes compared to those with normoglycemia 
(Fig. 3A), and it has not been identified as a factor associated 
with diabetes in any previous study. We performed ELISA on 
the samples from all the groups to determine PROZ levels. Ta-
ble 2 shows the baseline characteristics of the subjects of the 
different groups that underwent validation. Through a validation 

Figure 2. 
Inflammatory response

Immune response

Regulation of cell proliferation
Text mining
Co-expression
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Fig. 2. Functional network analysis showing at least 1.5-fold change between normoglycemia and prediabetes. Proteins with well-defined 
relevant functions have been grouped (orange circle=immune response; red circle=regulation of cell proliferation; purple 
circle=inflammatory response). Green line=text mining (listing the proteins that are frequently mentioned together), black line=co-expres-
sion of proteins, blue line=pathway database, light purple line=protein homology. The network was generated using the Search Tool for the 
Retrieval of Interacting Genes/Proteins (STRING) database in Cytoscape. ADAM2, ADAM metallopeptidase domain 2; ADIPOQ, adipo-
nectin, C1Q and collagen domain containing; AFP, alpha-fetoprotein; ARTN, artemin; BLK, BLK proto-oncogene; CCL, C-C motif chemo-
kine ligand; CDH1, cadherin 1; CRP, C-reactive protein; CXCL, C-X-C motif chemokine ligand; DEFB1, defensin beta 1; FSHB, follicle 
stimulating hormone subunit beta; IFNL2, interferon lambda 2; IGF2, insulin-like growth factor 2; IGFBP7, insulin like growth factor-bind-
ing protein 7; IL, interleukin; IL13RA1, interleukin 13 receptor subunit alpha 1; TIMP1, TIMP metallopepetidase inhibitor 1; NGF, nerve 
growth factor; PROZ, protein Z; PSG2, pregnancy specific beta-1-glycoprotein 2; SELL, selectin L; STAT6, signal transducer and activator 
of transcription 6; TG, thyroglobulin; TNF, tumor necrosis factor. 
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study, the average plasma levels of PROZ in 35 subjects with 
prediabetes and 36 subjects with T2DM were determined and 
compared with those in the 71 subjects with normoglycemia. 
Plasma PROZ levels were decreased in subjects with prediabe-
tes (1,490.32±367.19 pg/mL) and T2DM (1,583.34±465.43 
pg/mL) compared to those in subjects with normoglycemia 
(1,864.07±450.83 pg/mL) (P<0.001) (Fig. 3B).

Correlation analysis between PROZ and clinical parameters
The correlations between PROZ and the other clinical parame-
ters are shown in Table 3. There were significant negative corre-
lations between PROZ and FPG (Pearson R=–0.284, Pearson 
P=0.001) as well as between PROZ and HbA1c (Pearson R=  
–0.216, Pearson P=0.010). PROZ had negative correlations 
with insulin and HOMA-IR, whereas it had a positive correla-
tion with homeostasis model assessment of β-cell function 
(HOMA-β); however, these were not statistically significant. 
Other parameters did not show a significant correlation with 
PROZ.

ROC curve of PROZ 
Fig. 4 shows the ROC curves of PROZ levels for prediabetes 
and T2DM compared with those in normoglycemia. The AUC 
of PROZ between prediabetes and normoglycemia was 0.751 
(0.650 to 0.852), sensitivity was 62.9%, and specificity was 
80.3%. The AUC of PROZ between T2DM and normoglycemia 

was 0.686 (0.572 to 0.800), sensitivity was 50.0%, and specific-
ity was 84.5%.

DISCCUSION

In this study, we extensively profiled cytokines using cytokine 
microarray analysis and identified 41 cytokines that differed by 
1.5-fold or more in at least one of the three group comparisons, 
out of 310 cytokines. From the differentially expressed cyto-
kines, we finally selected PROZ and demonstrated that its levels 
significantly decreased in both prediabetes and T2DM groups 
as compared to that of the normoglycemia group. To the best of 
our knowledge, this is the first study to investigate the associa-
tion between PROZ and prediabetes and T2DM.

PROZ is a vitamin K-dependent glycoprotein that is made in 
the liver and secreted into the plasma [16]. PROZ inhibits blood 
coagulation by forming complexes with the PROZ-dependent 
protease inhibitor to directly inhibit activated factor X at the 
phospholipid surface [17,18]. Previous clinical studies have re-
ported the role of PROZ in patients with coronary disease [19], 
ischemic stroke [20], and deep vein thrombosis [21]. These 
studies reported that low PROZ levels were related with in-
creased risk of cardio-cerebrovascular disease and thrombosis. 
However, there have been no report on the association between 
PROZ and glucose dysmetabolism. Our bioinformatic analysis 
showed that PROZ levels were associated with glycemic status 
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without involvement in regulation of inflammatory response 
[22-24], immune response [25], and cell proliferation response 
[26] pathways, although these response pathways have been 
known to play important roles in prediabetes and T2DM [22-
26]. Additionally, PROZ was not associated with HOMA-IR 
and HOMA-β in our analysis. Studies indicate that people with 
prediabetes and T2DM compared to healthy people have a 
higher risk of vascular complications [4,5]. On the basis of pre-
vious studies of PROZ [17-21], we supposed that changes in 

PROZ levels could be related to vascular complications in pre-
diabetes and T2DM. Further studies are needed to elucidate the 
role of PROZ in prediabetes, which may reveal the hidden 
mechanisms of T2DM. 

Our data showed that the sensitivity of PROZ for prediabetes 
(62.9%) was relatively high as compared to that of HbA1c. Guo 
et al. [7] reported that HbA1c used for diagnosis of prediabetes 
demonstrated a low AUC (0.67) and low sensitivity (35.4%) in 
patients with IFG and/or IGT. Lipska et al. [8] showed that the 

Table 2. Baseline Characteristics of Subjects for Validation of PROZ 

Characteristic Normoglycemia (n=71) Prediabetes (n=35) T2DM (n=36) P value

Sex, male/female 59/12 29/6 30/6 0.999

Hypertension 9 6 10 0.152

Dyslipidemia 0 3 19 <0.001

CVD 0 2 6 0.001

Smoking 9 4 11 0.040

Alcohol 40 18 13 0.139

Age, yr 55.7±11.0 57.5±12.5 59.1±10.2 0.309

Height, cm 167.04±7.67 166.40±9.09 165.14±7.71 0.519

Weight, kg 62.96±7.01 64.15±8.20 63.90±8.14 0.702

BMI, kg/m² 22.69±1.48 23.22±1.24 23.30±1.80 0.079

Waist, cm 79.86±6.42 82.75±5.18 86.60±6.81 <0.001

SBP, mm Hg 122.31±13.46 120.74±11.38 126.78±17.81 0.242

DBP, mm Hg 78.41±9.18 73.09±8.51 75.83±12.71 0.017

WBC, 10³/μL 5.76±0.98a 6.38±1.56 6.71±1.60 0.003

Hb, g/dL 14.44±1.30b 14.37±1.12 14.68±1.86 0.691

AST, U/L 22.54±6.26 23.11±7.07 25.44±8.46 0.131

ALT, U/L 18.32±8.19 22.03±8.96 25.83±11.78 0.001

Creatinine, mg/dL 0.89±0.15 0.90±0.14 0.83±0.18 0.093

TG, mg/dL 138.31±99.00 139.85±96.98 178.90±102.10 0.116

HDL, mg/dL 51.03±14.01 53.78±12.43 44.77±10.19 0.010

LDL, mg/dL 109.69±25.21 113.74±31.17 113.37±50.06 0.766

HbA1c, % 5.29±0.20 5.93±0.20 7.29±1.49 <0.001

FPG, mg/dL 86.77±6.01 107.89±7.39 136.83±43.09 <0.001

Insulin, μIU/mL 2.09±1.37 5.45±3.48 7.75±5.68 <0.001

HOMA-IR 0.45±0.30 1.45±0.91 2.54±1.64 <0.001

HOMA-β 32.62±23.30 44.57±30.99 52.08±65.20 0.050

PROZ, pg/mL 1,864.07±450.83 1,490.32±367.19 1,583.34±465.43 <0.001

Values are expressed as number or mean±standard deviation. The definitions of smoking and alcohol are numbers of currently smoking and drinking in 
each group.
PROZ, protein Z; T2DM, type 2 diabetes mellitus; CVD, cardiovascular disease; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic 
blood pressure; WBC, white blood cell; Hb, hemoglobin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; TG, triglyceride; HDL, high-
density lipoprotein; LDL, low-density lipoprotein; HbA1c, hemoglobin A1c; FPG, fasting plasma glucose; HOMA-IR, homeostatic model assessment 
for insulin resistance; HOMA-β, homeostasis model assessment of β-cell function.
a,bWe analyzed WBC levels of 60 subjects with normoglycemia and Hb levels of 70 subjects with normoglycemia except for the missing data.
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sensitivity of HbA1c compared with FPG was 47.0% in older 
adults. High sensitivity of PROZ for detecting prediabetes may 
be able to compensate for the limitations of HbA1c. So, it is 
needed to confirm sensitivity and specificity of PROZ for de-
tecting prediabetes in large-scale population study.

Previous studies have characterized various cytokines in pa-
tients with prediabetes or T2DM. IL-6 and CRP levels were ele-
vated in patients with prediabetes and T2DM [12,27]. In our 
study, CRP levels were increased in subjects with prediabetes 

and T2DM compared to its levels in subjects with normoglyce-
mia; however, IL-6 levels were not significantly different be-
tween the study groups. We found that NGF-β was significantly 
lower in subjects with prediabetes, but not in those with T2DM, 
than in subjects with normoglycemia. NGF-β is one of neuro-
trophins [28], and regulates the expression of angiogenic factors 
and angiogenesis [29,30]. NGF-β levels were higher in subjects 
with diabetic retinopathy than those with T2DM [31]. However, 
NGF-β levels did not significantly vary in our study. AFP, a 
marker used in the screening and diagnosis of hepatocellular 
carcinoma [32], is known to be associated with diabetes. Mater-
nal serum AFP levels are significantly decreased in pregnant 
women with diabetes [33]. In our study, AFP levels were also 
significantly lower in subjects with prediabetes and T2DM than 
in those with normoglycemia. These contrasting results regard-
ing some cytokines could be attributable to the relatively small 
sample size of our study. Further studies with larger sample siz-
es are warranted to investigate cytokines as biomarkers of glu-
cose intolerance.

Our study is the first to evaluate the association between 
PROZ and prediabetes and T2DM. PROZ may be a promising 

Figure 4. 
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Fig. 4. Receiver operating characteristic (ROC) curves of protein Z (PROZ). (A) The ROC curves of PROZ levels for prediabetes and type 
2 diabetes mellitus (T2DM) compared with those in normoglycemia. (B) The area under the curve, sensitivity, specificity and cutoff value of 
PROZ for prediabetes and T2DM compared with those in normoglycemia. AUC, area under the curve; CI, confidence interval.  

A B

Normolycemia vs. Prediabetes Normoglycemia vs. T2DM

AUC (95% CI) 0.751 (0.650–0.852) 0.686 (0.572–0.800)

Sensitivity, % 62.9 50.0

Specificity, % 80.3 84.5

Cutoff value (pg/mL) 1,484 1,404

Table 3. Correlation between PROZ and Clinical Parameters

Variable Pearson R Pearson P

FPG –0.284 0.001

HbA1c –0.216 0.010

Insulin –0.054 0.521

HOMA-IR –0.129 0.127

HOMA-β 0.103 0.223

PROZ, protein Z; FPG, fasting plasma glucose; HbA1c, hemoglobin 
A1c; HOMA-IR, homeostatic model assessment for insulin resistance; 
HOMA-β, homeostasis model assessment of β-cell function.
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biomarker to compensate for the limitations of the existing tests. 
However, this study has some limitations. First, the groups were 
relatively small. Second, this was a cross-sectional study. A lon-
gitudinal study involving observation of a group of pre-deter-
mined healthy controls proceeding to prediabetes or T2DM 
would have allowed a better interpretation of the research pur-
pose. Third, we did not include coagulation parameters and high 
sensitivity CPR and did not analyze the relationship between 
PROZ levels and these parameters, depending on differential 
glycemic status. Lastly, we were unable to find a protein that in-
teracts with PROZ in PPI network. Applying larger protein pool 
for PPI network using in-depth characterization of quantitative 
liquid chromatography-mass spectrometry proteomics may help 
to reveal the interaction of PROZ with other proteins.

Our study identified a potential cytokine, PROZ, that is relat-
ed to prediabetes and could act as a promising biomarker of glu-
cose dysmetabolism. The association between PROZ and predi-
abetes and T2DM may also reveal other mechanisms related to 
glucose dysmetabolism. Further large studies are needed to 
evaluate the potential of PROZ for detecting prediabetes.
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