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Summary

Background: Adipocytokines, along with macrophages
infiltrating adipose tissue, contribute to chronic low-grade
inflammation, which leads to insulin resistance and type 2
diabetes. Understanding insulin resistance in non-diabetic
individuals and its cellular mechanisms is key for develo-
ping effective treatments and improving current protocols.
This study aimed to investigate the levels of Retinol Binding
Protein 4 (RBP4), Lipocalin-2, and high-sensitivity C-reac-
tive protein (hsCRP) in individuals with impaired fasting
glucose (IFG), impaired glucose tolerance (IGT), and type
2 diabetes mellitus (T2DM).

Methods: This prospective case-control study included indi-
viduals with IFG, IGT, and newly diagnosed T2DM. Routine
laboratory tests, including fasting blood glucose, insulin,
HbAlc, and lipid profiles, were collected and analysed.
RBP4, Lipocalin-2, and hsCRP levels were measured using
the ELISA method.

Results: Significant differences were found in fasting blood
glucose, insulin, triglycerides, total cholesterol, and
HOMA-IR values among the study groups. hsCRP levels
were significantly elevated in the IGT and T2DM groups
compared to controls, while RBP4 and Lipocalin-2 levels
showed no significant differences. A positive correlation
was observed between hsCRP and HbAlc in the IFG
group, as well as between hsCRP and Lipocalin-2 in the
T2DM group.

Address for correspondence:

Osman Oguz
American Hospital, Medical Biochemistry, Istanbul, Turkey
e-mail: osmanoguzz@gmail.com

Kratak sadrzZaj

Uvod: Adipocitokini, zajedno sa makrofazima koji infiltri-
raju masno tkivo, doprinose hroni¢noj upali niskog stepe-
na, sto dovodi do insulinske rezistencije i dijabetesa tipa 2.
Razumevanje insulinske rezistencije kod osoba bez dija-
betesa i njenih ¢elijskih mehanizama je kljuéno za razvoj
efikasnih terapija i poboljsanje postojeé¢ih protokola. Ova
studija je imala za cilj da ispita nivoe proteina vezanog za
retinol 4 (RBP4), lipokalina-2 i visokosenzitivhog C-reak-
tivnog proteina (hsCRP) kod osoba sa poremeéenom
glikemijom nataste (IFG), poremeéenom tolerancijom na
glukozu (IGT) i dijabetesom tipa 2 (T2DM).

Metode: Ova prospektivna studija slucaja i kontrole je
ukljucila ispitanike sa IFG, IGT i novodijagnostifikovanim
T2DM. Prikupljeni su i analizirani rutinski laboratorijski
parametri, uklju€ujuéi glikemiju nataste, insulin, HbAlc i
lipidni profil. Nivoi RBP4, lipokalina-2 i hsCRP odredeni su
ELISA metodom.

Rezultati: Utvrdene su znacajne razlike u nivoima glukoze
nataste, insulina, triglicerida, ukupnog holesterola i
HOMA-IR medu ispitivanim grupama. Nivoi hsCRP-a su bili
znaajno poviseni kod ispitanika sa IGT i T2DM u pore-
denju sa kontrolnom grupom, dok RBP4 i lipokalin-2 nisu
pokazali znacajne razlike. UocCena je pozitivna korelacija
izmedu hsCRP-a i HbAlc u IFG grupi, kao i izmedu hsCRP-
a i lipokalina-2 u T2DM grupi.


mailto:osmanoguzz@gmail.com

1068 Ornek Diker et al.: Inflammatory biomarkers in prediabetes

Conclusions: This study demonstrates that hsCRP and
Lipocalin-2 are associated with early glucose metabolism
abnormalities and may serve as markers for insulin resis-
tance and inflammation in prediabetes and T2DM. Future
research is needed to clarify the roles of these biomarkers
and their potential as therapeutic targets in diabetes pre-
vention and treatment.

Keywords: type 2 diabetes mellitus (T2DM), impaired
fasting glucose (IFG), impaired glucose tolerance (IGT),
retinol-binding protein 4 (RBP4), lipocalin-2 (LCN2), high
sensitivity c-reactive protein (hsCRP), inflammation, insulin
resistance, adipocytokines

Introduction

Diabetes Mellitus (DM) is a metabolic disease
that causes disruptions in carbohydrate, protein and
fat metabolism due to insulin deficiency or ineffici-
ency. Type 2 DM (T2DM) constitutes more than 90%
of all diabetes cases. According to International
Diabetes Federation (IDF) data, 10.5% of the adult
population between the ages of 20-79 years have
DM (1). While 3 in 4 adults with DM live in low- and
middle-income countries. On the other hand, impai-
red glucose tolerance (IGT) and impaired fasting glu-
cose (IFG), which are transition states between nor-
mal glycaemia and DM, are significant risk factors for
the progression to DM, whereas IGT is also an inde-
pendent risk factor for cardiovascular complications

).

The global rise in obesity and related diseases
has increased the interest in adipose tissue, which
functions as both a metabolic and endocrine organ.
Current research indicates that adipose tissue is not
only a lipid storage site but also key for energy home-
ostasis, endocrine regulation, metabolic functions,
and inflammatory processes (3, 4). Adipocytes secre-
te various bioactive proteins known as adipocytokines,
which are vital for maintaining energy balance and
are potential targets for obesity treatment and asso-
ciated conditions. Adipocytokines from adipocytes
and macrophages infiltrating adipose tissue contribu-
te to a low-grade chronic inflammatory state, leading
to insulin resistance and type 2 DM (5). Identifying
insulin resistance in non-diabetic individuals and
understanding its cellular mechanisms will aid in
developing effective treatments and optimising exis-
ting protocols.

Inflammation is an organism's response to exo-
genous foreign substances or endogenous pathologi-
cal disorders. Inflammation is known to increase sig-
nificantly in T2DM and plays a vital role in the
development of vascular complications of diabetes
(6). However, it is not yet understood whether these
mechanisms are a cause or a result of the natural
course of T2DM.

Retinol-binding protein 4 (RBP4) is a member of
the lipocalin family and the main transport protein for
retinol (vitamin A) in the bloodstream, with the hig-

ZakljuCak: Ova studija pokazuje da su hsCRP i lipokalin-2
povezani sa ranim poremecajima metabolizma glukoze i
mogu da posluze kao markeri insulinske rezistencije i upale
kod predijabetesa i T2DM. Potrebna su buduca istrazivanja
kako bi se razjasnila uloga ovih biomarkera i njihov poten-
cijal kao terapijskih ciljeva u prevenciji i leCenju dijabetesa.

Kljucne reci: dijabetes tipa 2 (T2DM), poremecena
glikemija nataste (IFG), poremecena tolerancija na glukozu
(IGT), protein vezan za retinol 4 (RBP4), lipokalin-2
(LCN2), visokosenzitivni C-reaktivni protein (hsCRP),
upala, insulinska rezistencija, adipocitokini

hest expression in the liver. It plays a crucial role in
retinoid homeostasis by binding to retinol for its mobi-
lisation from the liver. Beyond its role in vitamin A
transport, RBP4 has been linked to insulin resistance
since 2005, when research showed increased RBP4
levels in insulin-resistant mouse models and decrea-
sed susceptibility to insulin resistance in RBP4-defici-
ent mice (7, 8). Overexpression or injection of RBP4
caused glucose intolerance and insulin resistance,
suggesting RBP4 acts as an adipokine connecting
obesity with insulin resistance (9). Elevated RBP4
levels in humans correlate with increased adipose
RBP4 mRNA, intra-abdominal fat, and decreased
insulin sensitivity. In obesity and T2DM, RBP4 is ele-
vated in adipose tissue, contributing to systemic insu-
lin resistance and inflammation through Toll-like
receptor-4 (TLR4) (10). This w»sterile inflammation«
indicates that RBP4 may play a causative role in
endothelial and vascular inflammation, potentially
contributing to cardiovascular disease and diabetic
microvascular complications.

Lipocalin-2 (LCN2), also known as neutrophil
gelatinase-associated lipocalin (NGAL), siderocalin,
and 24p3, is a multifunctional protein that is involved
in various physiological and pathological processes. It
has been reported to deliver iron to cells, leading to
intracellular iron overload, oxidative stress, cellular
degeneration, and increased levels of advanced
glycation end-product (AGE) receptors. LCN2 also
activates metalloproteinase-9 (MMP-9) by forming a
stable complex with it (11). Recent clinical studies
have shown a strong link between LCN2 expression
and the risk of impaired glucose metabolism.
Additionally, elevated LCN2 levels have been associa-
ted with diabetic complications such as retinopathy
and nephropathy (12, 13).

C-reactive protein (CRP) is produced in the liver
in response to an acute inflammatory stimulus and is
linked to metabolic syndrome and coronary artery
disease. CRP inhibits endothelial nitric oxide produc-
tion and promotes monocyte recruitment into athero-
matous plaques, causing plaque instability (14). High
sensitivity CRP (hsCRP) is a sensitive form of CRP
detectable between 0.01 mg/L to 10 mg/L. Evidence
suggests that hsCRP levels above 2 mg/L indicate
residual inflammatory risk (15). Elevated hsCRP is
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associated with increased cardiovascular events in
T2DM patients and the development of disease in
non-diabetic individuals, indicating a higher risk
across all levels of metabolic syndrome (16).

Hence, this study aimed to measure RBP4,
LCN2 and hsCRP levels in individuals with IFG, IGT,
and newly diagnosed T2DM and to examine their
relationship with insulin resistance and inflammation.

Materials and Methods

This was a prospective case-control study con-
ducted in one of the largest training and research
hospitals in a European metropolitan city. This study
was approved by the Ethics Committee of Istanbul
Training and Research Hospital Clinical Research
(Date: 2009/12/25, No: 23003), and informed con-
sent was obtained from all participants. The study was
conducted in accordance with the Declaration of
Helsinki.

The internal medicine physicians from the hos-
pital's outpatient clinics recruited patients. Among
those who applied to the physician, individuals with
fasting blood glucose (FBG) levels between 100-125
mg/dL who had not been diagnosed with diabetes
and had not started medical treatment were directed
to the Clinical Biochemistry Laboratory for oral gluco-
se tolerance testing (OGTT) according to the 2003
ADA criteria (17).

OGTT was performed with 75 g of glucose solu-
tion dissolved in 300 mL of water after 10-12 hours
of overnight fasting. At the end of the 2-hour waiting
period, a blood sample was obtained.

IGT was defined as having normal fasting plas-
ma glucose and plasma glucose levels of 140-199
mg/dL following the OGTT procedure. IFG was defi-
ned as having fasting plasma glucose of 100-125
mg/dL and normal 2-hr post-OGTT plasma glucose
levels.

Exclusion criteria included conditions affecting
the endocrine system, kidney and liver disease, acute
infections, and medications that may potentially
affect insulin secretion and sensitivity. Among the
patients who were willing to participate, those under
the age of 31 and over the age of 63 were also exc-
luded.

Patients were stratified into three groups - IFG,
IGT, and T2DM - according to the 2003 ADA criteria,
based on FBG and 2-hour plasma glucose levels post-
OGTT. A control cohort comprised 20 individuals
exhibiting FBG levels below 100 mg/dL without other
clinical conditions.

Patient demographics, body mass index (BMI),
and waist-to-hip ratio of participants were collected
and recorded.
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Venous blood samples were collected into clot-
activated and K-EDTA anticoagulant-containing tubes
and centrifugated within one hour following the col-
lection. Routine biochemistry tests, including FBG,
insulin, HbAlc, and lipid profile, were analysed on
the same day of withdrawal. Samples for the study
variables were stored at -80 °C for 4-6 weeks until the
day of analysis.

Serum RBP4 (AssayPro, MO, USA), LCN2
(Quantikine, MN, USA), and hsCRP (CALBIOTECH,
El Cajon, CA, USA) levels were determined by the
ELISA (Enzyme-Linked Immunosorbent Assay) met-
hod based on the sandwich model.

RBP4 and LCN2 levels were expressed in
ng/mL, whereas hsCRP levels were expressed in
mg/L.

Statistical analysis

UNISTAT version 5.1 (Unistat Ltd, Highgate
London, UK) was used for statistical analysis. The nor-
mality of the data was assessed using the
Kolmogorov-Smirnov test. The Kruskal-Wallis test was
used for intergroup comparisons of parameters that
did not show normal distribution, and the Dunn test
was used for paired comparisons. One-way ANOVA
test for intergroup comparisons of normally distribu-
ted parameters; the Tukey test was used for pairwise
comparison of groups with equal variances, and the
Tamhane test was used for pairwise comparison of
groups with unequal variances. Spearman correlation
test was used in correlation analyses. A p-value of
<0.05 was considered statistically significant.

Results

The general characteristics and routine labora-
tory parameters of the study groups are presented in
Table I.

FBG, insulin, triglyceride, total cholesterol, and
HOMA-IR values were significantly different in all gro-
ups compared to the control group. HbAlc levels did
not differ significantly between the IFG and control
groups. FPG and HbA1c levels were significantly hig-
her in the T2DM group compared to the IFG, IGT,
and control groups. HbAlc levels were significantly
higher in the IGT group compared to the IFG group.
HOMA-IR levels were also significantly higher in the
T2DM group compared to the IFG group.

The age and waist-to-hip ratio did not differ
among the groups, whereas BMI levels were signifi-
cantly higher in the IGT and T2DM groups than in the
controls.

Table 1l shows the distribution of study variables
among the groups. hsCRP levels were significantly
higher in the IGT and T2DM groups compared to the
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Table | comparison of clinical data.

Control Group IFG Group IGT Group DM Group
Variables (n=20) (n=20) (n=20) (n=20)
X+SD x*SD x+SD x£SD
Age (yil) 49.5+6.1 49.1+5.3 49.25+7.6 51.9+3.7
Fasting glucose (mg/dL) 87.1+7.6 109.8+6.0a 109.9+8.1a 139.1+22.3dbc
Insulin (pU/mL) 7.0x2.4 10.9+5.4d 12.6+4.7a 15.1+8.4e
BMI (kg/m2) 24.6+2.9 27.8+3.9 30.9+4.3a 30.9+5.4a
Waist-to-hip ratio 0.87+0.08 0.88+0.09 0.89+0.09 0.91+0.1
Triglycerides (mg/dL) 107.2+83.9 160.3+110e 194.2+165.5e 195.3+63.4a
Total Cholesterol (mg/dL) 168.5+17.6 206.4+40.4e 213.7+35.4a 214.6+35.3e
HbAlc (%) 5.4+0.3 5.6+0.2 5.9+0.3af 6.9+0.9abg
HOMA-IR 1.51+0.5 2.94+1.4e 3.42+1.28a 5.19+3.01af
a: Statistically significant difference compared to the healthy control group (p<0.001)
b: Statistically significantdifference compared to the IFG group (p<0.001)
c: Statistically significantdifference compared tothe IGT group (p<0.001)
d: Statistically significantdifference compared to the healthy control group (p<0.05)
e: Statistically significantdifference compared to the healthy control group (p<0.01)
f: Statistically significantdifference compared tothe IFG group: (p<0.05)
g: Statistically significant difference compared to the IGT group: (p<0.01)
Table Il The distribution of study variables between the groups.
Control Group IFG Group IGT Group DM Group
Variables (n=20) (n=20) (n=20) (n=20)
Xx+SD Xx+SD Xx+SD Xx+SD
hsCRP (mg/L) 0.09+0.17 0.41+0.63 0.57+0.7* 0.52+1.17**
RBP4 (ng/mL) 72.87+13.17 64.5+12.27 70.23+17.58 65.48+23.48
Lipocalin-2 (ng/mL) 3.27+0.95 3.96+1.64 3.94+1.73 3.92+1.81

*: Statistically significant difference compared to the healthy control group (p<0.01)
**: Statistically significant difference compared to the healthy control group (p<0.01)

control group. RBP4 and LCN2 levels did not show a
difference between the groups.

The correlation analysis revealed significant cor-
relations between hsCRP and waist-to-hip ratio
(r=0.51 p<0.05), hsCRP and HbAlc (r=0.58
p<0.05), and serum RBP4 and LCN2 (r=0.65
p<0.05) in the IFG group. There was a positive cor-
relation between serum hsCRP and lipocalin-2 levels
in the T2DM group (r=0.47 p<0.05). The control
group showed a positive correlation between serum
RBP4 and HbAlc levels (r=0.55 p=0.01).

Discussion

Disruptions at the receptor and post-receptor
levels are the most frequently encountered factors
during insulin resistance development. Human studi-
es investigating the relationship between various adi-
pokines and insulin resistance have yielded conflicting
results. These discrepancies may be attributed to dif-
ferences in methodology, the recruitment of hetero-
geneous groups, and individual responses to inflam-
matory mediators and complex metabolic pathways,
which are still being studied.

In this study, we analysed serum levels of RBP4,
LCN2 and hsCRP in patients diagnosed with IFG, IGT
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and T2DM and a control group and their relations-
hips with other variables of insulin resistance, car-
bohydrate metabolism and homeostasis.

Inflammation and inflammatory markers, such
as CRP have been implicated in the development of
insulin resistance, glucose intolerance, and T2DM.
However, it remains unclear whether the relationship
between T2DM and inflammatory markers is due to
increased adipose tissue and obesity or is a phase in
the disease pathogenesis.

Research indicates that oxidative stress from
poor glycemic control leads to low-grade systemic
inflammation in type 2 diabetics, with inflammatory
markers decreasing when glycemic control is achie-
ved (18). Additionally, advanced glycosylation pro-
ducts, which are by-products of hyperglycemia, and
even glucose itself, can increase the production of
inflammatory cytokines like IL-6 and CRP (19).

In our study, we observed significantly higher
levels of hsCRP in the diabetic group compared to the
control group. Similarly, the IGT group also exhibited
considerably elevated hsCRP levels relative to the
control group, supporting the notion that CRP is a
crucial factor in the pathogenesis of T2DM.
Additionally, a statistically significant positive correla-
tion was found between hsCRP and HbA1C values in
the IFG group. Among the three groups in our study,
IFG represents the mildest form of glucose dysregula-
tion, suggesting that inflammatory processes begin as
soon as hyperglycemia begins.

Extensive epidemiological studies have shown
that elevated levels of RBP4 are present in individuals
with prediabetes and T2DM, with these levels being
positively correlated with adipose tissue mass, meta-
bolic disturbances, and cardiovascular disease (20,
21). Additionally, a gain-of-function polymorphism in
the RBP4 gene promoter region, which increases
RBP4 expression in adipose tissue, is associated with
an 80% increased risk of developing T2DM (22). In
insulin resistance, the expression of glucose transpor-
ter 4 (GLUT4) is down-regulated in adipocytes, lea-
ding to impaired insulin-stimulated glucose transport
and worsening glucose intolerance. The genetic
knockout of GLUT4 in mice adipocytes also results in
increased serum RBP4 levels (23).

In our study, we aimed to determine whether
serum RBP4 levels correlate with the magnitude of
insulin resistance. However, no significant difference
was found between the control and study groups.
Interestingly, serum RBP4 levels were correlated with
LCN2 levels in the IFG group. Combined with the
positive correlation between hsCRP and HbAlc, this
suggests that the relationships between these media-
tors may be independent of insulin resistance levels,
with metabolic consequences emerging early prior to
the progression to diabetes.
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Huang et al. also reported that RBP4 could
impair pancreatic b-cell function, potentially contribu-
ting to the onset and development of T2DM (24).
Studies have reported that treatment with pioglitazo-
ne and rosiglitazone significantly decreases serum
RBP4 levels. Additionally, insulin-resistant obese mice
can be treated with a synthetic retinoid-based RBP4
antagonist, such as fenretinide, which reduces serum
RBP4 levels and improves insulin sensitivity (25).
Therefore, novel medications targeting impaired
beta-cell function in individuals with IFG may help
prevent the progression to IGT and, subsequently,
T2DM.

Al-Absi et al. demonstrated that plasma LCN2
levels were not affected by diabetes, suggesting that
observed changes in T2DM patients may be due to
obesity rather than the diabetic state (26).
Furthermore, the correlation between RBP4 levels
and BMI, as well as the waist-to-hip ratio, is more pro-
nounced in individuals with obesity. The mean BMI of
individuals analysed in this study is lower than in pre-
vious reports, supporting this evidence.

Mahfouz et al. (27) suggested that RBP4 could
be a valuable marker for monitoring the development
and progression of diabetic nephropathy. Akbay et al.
(28) found that while serum RBP4 concentrations
were similar in DM patients and control subjects,
levels were significantly higher in T2DM patients with
micro- and macroalbuminuria compared to those
with normal albuminuria. This elevation may result
from the filtration and reabsorption of RBP4 in the
glomeruli and proximal tubules. Park et al. (29) also
observed that higher circulating RBP4 levels were
associated with increased urinary RBP4 levels.
Additionally, Li et al. (30) reported that each 1 mg/mL
increase in RBP4 was associated with a 5% increase
in the risk of diabetic retinopathy (DR), suggesting
that elevated RBP4 levels are linked to Dr in T2DM
patients. Lowering RBP4 could thus be a potential
treatment strategy for these complications. However,
in our study, we did not categorise T2DM patients
based on the presence of diabetic complications,
which might have affected our results. Comparing uri-
nary levels of these biomarkers could also provide a
better understanding of their roles in different stages
of insulin resistance and T2DM.

In our study, we observed a positive correlation
between serum hsCRP and LCN2 levels in the T2DM
group. LCN2 exhibits a dual role in metabolic disor-
ders, with studies suggesting different functions for
the molecule during inflammation. Despite its proin-
flammatory nature, LCN2 can also act as an anti-
inflammatory agent by modulating PPARg activity
and inhibiting NF-« B activity. Molecular studies repor-
ted that lipocalin-2 may contribute to the develop-
ment of atherosclerosis by inducing inflammation.
Additionally, clinical and experimental evidence has
demonstrated the association between LCN2 levels
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and microvascular complications of diabetes, inclu-
ding diabetic neuropathy. Given the complex nature
of diabetes, inflammation, atherosclerosis, and adipo-
se tissue accumulation, along with the interplay
among various adipocytokines secreted by white and
brown adipose tissue, conventional single-stage mea-
surements of these molecules may yield conflicting
results. High-throughput proteomic and microarray
approaches are necessary to identify and characterise
the biomolecules involved in the development and
progression of DM and its related complications at
different stages of the condition.

Our study has several limitations that should be
acknowledged and considered. Firstly, the sample
size is relatively small, and we did not conduct serial
measurements of circulating and urinary levels of bio-
markers. Additionally, we did not categorise the
T2DM group based on the presence of complicati-
ons, duration of diabetes, or insulin intake. The use of
exogenous insulin may have influenced insulin levels
and, subsequently, HOMA-IR values. Secondly, gene-
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