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Summary 

Background: Fractalkine (FKN) is an inflammatory cytokine
that has been shown with increased serum levels in diabet-
ic patients and is considered to contribute to the adipose
tissue inflammation by supporting monocyte adhesion to
adipocytes which has an important role in the pathogenesis
of type 2 diabetes mellitus (T2DM). Our aim was to evalu-
ate the effects of glucose ingestion on the serum fractal -
kine levels in healthy subjects with normal glucose toler-
ance (NGT) and newly diagnosed T2DM patients.
Methods: A total of 67 patients were included in this study,
and they were divided into NGT (n=34) and T2DM
(n=33) groups according to their oral glucose tolerance
test (OGTT) results. The serum FKN and C-reactive protein
(CRP) levels were measured at 0 and 120 minutes during
an OGTT following overnight fasting. 
Results: The 0-minute (basal) and 120-minute OGTT FKN
levels were found to be significantly higher in the T2DM
group when compared to the NGT group (p=0.012 and
p=0.001, respectively). However, no significant differences
were observed in terms of the changes in the basal and
120-minute OGTT FKN levels in the T2DM and NGT
groups (p=0.433 and p=0.06, respectively). A significant
positive correlation was observed between the 120-minute
OGTT FKN and glucose levels in the study group consist-
ing of all of the patients (r=0.331, p=0.006).

Kratak sadr`aj

Uvod: Fraktalkin (FKN) jeste inflamatorni citokin otkriven u
povi{enim serumskim nivoima kod obolelih od dijabetesa i
za koji se smatra da doprinosi inflamaciji adipoznog tkiva
tako {to podsti~e adheziju monocita za adipocite {to ima
va`nu ulogu u patogenezi dijabetes melitusa tipa 2 (T2DM).
Na{ cilj bio je procena efe kata unosa glukoze na nivo
serumskog FKN-a kod zdravih ispitanika sa normalnom
tolerancijom glukoze (NGT) i pa cijenata sa T2DM.
Metode: Ukupno 67 pacijenata je obuhva}eno u ovoj stu-
diji i podeljeni su na NGT (n = 34) i T2DM (n = 33) grupe
u skladu sa rezultatima oralnog testa tolerancije glukoze
(OGTT). Nivoi serumskog FKN-a i C-reaktivnog proteina
(CRP) mereni su na 0 i 120 minuta tokom OGTT-a nakon
no}nog posta.
Rezultati: Utvr|eno je da su 0-minutni (bazalni) i 120-mi -
nutni nivoi OGTT FKN-a znatno vi{i u T2DM grupi u odno-
su na NGT grupu (p = 0,012 i p = 0,001). Me|u tim, nisu
zabele`ene zna~ajne razlike u pogledu promena u bazal-
nom i 120-minutnom nivou OGTT FKN-a u T2DM i NGT
grupama (p = 0,433 i p = 0,06). Zna~ajna pozitivna kore-
lacija je utvr|ena izme|u 120-minutnog OGTT FKN-a i
nivoa glukoze u studijskoj grupi koja se sastoji od svih paci-
jenata (r = 0,331, p = 0,006).

List of abbreviations: FKN, fractalkine; NGT, normal glucose
tolerance.
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Introduction

Several studies have demonstrated that chronic
low-grade inflammation plays an important role in the
pathogenesis of type 2 diabetes mellitus (T2DM) (1–
5). The only described member of the CX3C chemo -
 kines family is fractalkine (FKN). The only known re -
cep tor of FKN (CX3CR1) is a G-protein coupled
receptor and it is mainly expressed by monocytes, nat-
ural killer and T cells (6). FKN is known to have a pro-
motive effect on both chemotaxis and adhesion during
the inflammatory state and due to these characte ristics,
it is regarded as responsible for the migration of leuko-
cytes to the tissue (7). T2DM is closely associated with
adipose tissue inflammation. Monocyte accumulation
in the adipose tissue first leads to local cytokine produc-
tion and subsequent systemic inflammation and insulin
resistance (8). The dual feature of FKN on leukocyte
chemotaxis and adhesion mechanisms is considered to
be a pathogenetic factor leading to T2DM and early-
term adipo cyte dysfunction (9). Recent research has
focused on assessing the contribution of fractalkine
(FKN), a newly described inflammatory cytokine, in the
pathogenesis of T2DM. An increase in the serum FKN
levels has been demonstrated in T2DM patients (10,
11). 

Previous studies have shown that acute hyper-
glycemia or food intake can cause an increase in the
inflammatory cytokines (12, 13). However, the effects
of glucose ingestion on the serum FKN levels has not
been evaluated before. Therefore, our aim was to
evaluate the effects of glucose ingestion on the serum
FKN levels in healthy subjects with normal glucose
tolerance (NGT) and patients with T2DM.

Materials and Methods

Sixty-seven patients, who were asymptomatic
but had a risk factor for T2DM development and
therefore underwent an oral glucose tolerance test
(OGTT), were included in the study. According to the
OGTT results, the patients were divided into the
newly diagnosed T2DM and NGT groups. Those
patients with a history of diabetes mellitus, any malig-
nant or inflammatory disease, and not in the age
range of 18–65 years old were excluded. Each sub-
ject provided informed written consent, and the

research protocols were approved by the ethical com-
mittee of our institution in accordance with the
Helsinki Declaration. The age, gender, comorbid dis-
ease information, systolic and diastolic blood pres-
sures, height, body weight, and body mass index
(BMI) measurements of each of the participating
patients were recorded.

Seventy-five grams of glucose were administered
orally between 08:00 am and 09:00 am after over -
night fasting. Blood samples were taken at 0 and 120
minutes during the OGTT for the glucose, FKN, and
C-reactive protein (CRP) measurements. The blood
samples taken at 0 minutes were used to test the
triglyceride (TG), total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), and low-density
lipoprotein cholesterol (LDL-C) levels. The criteria pro-
posed by the American Diabetes Association (ADA)
were used for the diagnoses of NGT and T2DM (14).

The plasma glucose was measured via the hex-
okinase method (Architect; Abbott Diagnostics, Lake
Forest, IL, USA). The TG, TC, HDL-C, and LDL-C
concentrations were assayed using enzymatic meth-
ods, while the serum FKN levels were analyzed using
an enzyme-linked immunosorbent assay (ELISA) with
a Rayto-2600 Microplate Reader (India) and Quant -
ikine ELISA kit (R&D Systems, USA) in accordance
with the manufacturers’ instructions. The serum CRP
level was assayed with an Architect c8000 (Abbott
Diagnostics, Lake Forest, IL, USA) using the immuno-
turbidimetric method.

SPSS Statistics for Windows version 20.0 (IBM
Corp., Armonk, NY, USA) was used for the statistical
analysis of the data. The mean comparison of two
groups was carried out using the Student's t-test for
the parametric data, and the median comparison of
two groups was carried out using the Mann-Whitney
U test for the nonparametric data. The paired
Student’s t test was used to compare the 0 and 120-
minute OGTT FKN and CRP levels. The normally dis-
tributed data were expressed as the mean ± standard
deviation, while the non-normally distributed data
were expressed as the median (minimum-maximum).
The correlation analysis of the FKN and CRP levels
with the other parameters was carried out using a
Spear man correlation test. A p value <0.005 was
considered to be significant.

Conclusions: In this study, basal and post-glycemic load
FKN levels were found to be higher in newly diagnosed
T2DM patients than those with NGT; however, there was
no additional change in FKN levels by glycemic load.

Keywords: fractalkine, inflammation, oral glucose toler-
ance test, type 2 diabetes mellitus

Zaklju~ak: Prema na{em saznanju, efekti unosa glukoze na
nivo serumskog FKN-a su prvi put procenjeni u ovoj studiji.
U ovoj studiji, bazalni nivoi FKN-a i nivoi posle optere}enja
glukozom bili su vi{i kod pacijenata sa novodijagnostikova-
nim T2DM nego sa NGT, ali nije bilo dodatnih promena
nivoa FKN-a u odnosu na optere}enje glukozom.

Klju~ne re~i: fraktalkin, upala, oralni test tolerancije
glukoze, dijabetes mellitus tip 2
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Results

The 67 patients included in this study were
divided into newly diagnosed T2DM (n=33) and
NGT (n=34) groups according to their OGTT results.
BMI, systolic and diastolic blood pressure and TG
levels were significantly higher in the T2DM group
and HDL levels were significantly higher in the NGT
group (Table I). 

The 0-minute (basal) OGTT FKN level was sig-
nificantly higher in the T2DM group when compared
to the NGT group (p=0.012). In addition, the 120-
minute OGTT FKN level was also significantly higher
in the T2DM group when compared to the NGT
group (p=0.001). Although the baseline CRP levels
were high in the T2DM group, no significant differ-

ence was observed in the NGT group (p=0.125).
The 120-minute OGTT CRP level was significantly
higher in the T2DM group than in the NGT group
(p=0.001) (Table II).

No significant differences were observed in
terms of the changes in the basal and 120-minute
OGTT FKN levels in the T2DM and NGT groups
(p=0.433 and p=0.06, respectively). In addition,
there were no significant differences in terms of
the changes in the basal and 120-minute OGTT CRP
levels in the T2DM and NGT groups (p=0.205 and
p=0.06, respectively) (Table II).

A significant positive correlation was observed
between the 120-minute OGTT FKN and glucose
levels in the study group consisting of all of the
patients (r=0.331, p=0.006) (Figure I).

Table I Demographic features and laboratory results of groups.

Table II Fractalkine, glucose and CRP results of groups.

BMI: Body mass index, NGT: Normal glucose tolerance, T2DM: Type 2 diabetes mellitus, CRP: C-reactive protein

NGT: Normal glucose tolerance, T2DM: Type 2 diabetes mellitus, CRP: C-reactive protein

Parameter T2DM NGT p

Number (male/female) 33 (16/17) 34 (16/18) 0.900

Age (yr) 50.0 ± 10.2 48.4 ± 9.4 0.503

BMI (kg/m2) 27.99 ± 2.31 25.37 ± 3.05 <0.001

Systolic blood pressure (mmHg) 122 ± 8 117 ± 8 0.010

Diastolic blood pressure (mmHg) 73 ± 6 68 ± 7 0.001

Triglyceride (mmol/L) 2.22 ± 1.13 1.35 ± 0.81 0.001

Total cholesterol (mmol/L) 5.50 ± 0.83 5.01 ± 1.10 0.047

LDL cholesterol (mmol/L) 3.34 ± 0.74 3.03 ± 0.94 0.145

HDL cholesterol (mmol/L) 1.13 ± 0.25 1.34 ± 0.35 0.008

0-minute glucose (mmol/L) 6.05 ± 0.89 5.03 ± 0.34 <0.001

120-minute glucose (mmol/L) 14.6 ± 5.52 5.60 ± 1.12 <0.001

0-minute fractalkine (ng/mL) 0.37 ± 0.03 0.26 ± 0.25 0.012

120-minute fractalkine (ng/mL) 0.37 ± 0.03 0.23 ± 0.22 0.001

0-minute CRP (ng/mL) 3.79 ± 1.28 3.20 ± 1.80 0.125

120-minute CRP (ng/mL) 4.29 ± 1.13 2.93±1.79 <0.001

Parameter T2DM NGT p

0-minute glucose (mmol/L) 6.05 ± 0.89 5.03 ± 0.34 <0.001

120-minute glucose (mmol/L) 14.6 ± 5.52 5.60 ± 1.12 <0.001

0-minute fractalkine (ng/mL) 0.374 ± 0.33 0.26 ± 0.25 0.012

120-minute fractalkine (ng/mL) 0.367 ± 0.34 0.23 ± 0.22 0.001

0-minute CRP (ng/mL) 3.79 ± 1.28 3.20 ± 1.80 0.125

120-minute CRP (ng/mL) 4.29 ± 1.13 2.93±1.79 <0.001



Discussion 

Progressive b cell dysfunction is a condition
occurring during the natural course of T2DM, but the
detailed mechanism of this condition has not yet been
elucidated. However, increased evidence points
toward the chronic low-grade inflammation caused by
proinflammatory cytokines and chemokines (1–5). As
a chemoattractant and adhesion factor, FKN directs
the recruitment of inflammatory cells in the inflam-
mation area, such as expanding white adipose tissue
in obesity and T2DM. FKN has been reported to be
associated with monocyte adhesion to adipocytes,
while the FKN expression in adipocytes and stromal
vascular cells has been associated with insulin resist-
ance and T2DM (11). In T2DM patients, the serum
FKN levels were demonstrated to increase (11, 12).
Moreover, a relationship has been shown between an
FKN receptor (CX3CR1) polymorphism and obesity
and T2DM (11, 15); however, the data obtained from
animal studies are contradictory. The CX3CR1 gene
knockout in obese mice fed a high-fat diet was shown
not to improve adipose tissue inflammation or periph-
eral insulin resistance (16). Recently, in another study
conducted by Lee et al. (17), the b cells of mice with
another strain of CX3CR1 gene knockout were
demonstrated to have defective insulin secretion, and
they developed hyperglycemia with a high-fat diet. In
the same study, an increase in the insulin release and
an improvement in glucose tolerance were reported
with the in vivo administration of FKN (17). The
results of these studies indicate that there are still
unexplained points regarding the relationship
between glucose metabolism and FKN. 

Previous in vitro studies have reported that the
IL-6 and TNF-a expression of blood cells increased in

media including high glucose, and that the intake of
glucose or elevated blood glucose were associated
with an acute inflammatory response, oxidative stress,
and inflammation at the cellular and molecular levels
(12, 18–21). In addition, glucose was shown to in -
crease the production of reactive oxygen species from
the leucocytes as well as NF-kB binding to transcrip-
tion targets, resulting in an increase in the levels of
the systemic cytokines (such as ICAM-1, IL-6, and
TNF-a) (13, 22–24). In a study conducted by Hofso
et al. (25), independent of obesity and the glucose
tolerance status, there was suppression of the osteo-
protegerin level with the OGTT, and a temporary
increase was observed in the visfatin level. In another
study conducted recently by Choi et al. (26), in which
the levels of 16 different cytokines were assessed,
independent of the glucose tolerance status, a sig -
nificant reduction was reported in the leptin, retinol
binding protein-4, CRP, osteopontin, angiogenin,
macro  phage-derived chemokine, and macrophage
colony stimulating factor levels with the OGTT,
where as a significant increase was noted in the IL-6,
IL-8, and monocyte chemoattractant protein-3 levels.
The results of these studies suggest that a glucose
intake causes an inflammatory response, and that the
relationship between a glucose intake and the in -
flammatory cytokine levels is governed by complex
mechanisms.

The fasting FKN levels were significantly higher
in the T2DM patients when compared to the NGT
group in our study, which was similar to previous stud-
ies. To our knowledge, the effect of glucose ingestion
on FKN levels was investigated for the first time in this
study. In our results, no significant change was
observed in the post-OGTT FKN levels in either the
T2DM or NGT groups. However, while examining the
group including all of the patients, a significantly posi-
tive correlation was detected in the 120-minute OGTT
glucose and FKN levels. These results suggest that
there may be a relationship between the glucose and
FKN levels, but the results of this cross-sectional study
are not adequate for elucidating the complex relation-
ship between glucose metabolism and FKN, and there
is a need for studies with broad participation. 

Different results have been reported regarding
the effects of a glucose intake on the CRP levels.
Some studies have reported an increase in the CRP
levels with a glucose intake (12), while others have
reported that glucose does not have any effects on
the CRP levels (25, 27). Interestingly, the CRP levels
were shown to decrease in response to hyperinsuline-
mia in the healthy subjects in the study presented
recently by Ruotsalainen et al. (28). The same study
reported no decrease in the CRP levels in response to
hyperinsulinemia in patients with insulin resistance
and a parental T2DM history (28). This condition
may be attributed to the anti-inflammatory effect of
hyperinsulinemia. In our study, although not statisti-
cally significant, the increase in the CRP levels of the
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Figure 1 Correlation between 120-minute OGTT FKN and
glucose levels.
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T2DM patients with a glucose intake might have
occurred due to the decreased insulin response, while
the decrease in the NGT patients might have
occurred due to an adequate insulin response. As a
result of this, the CRP levels of the T2DM group after
a glucose intake might have been found to be signif-
icantly higher.

This study has a number of limitations. First of
all, conducting this research with small patient groups
weakens our statistical findings. Secondly, establish-
ing a cause–effect relationship was not possible due
to the cross-sectional design of our study. Thirdly, we
presented the short-term effects of a glucose intake
on the FKN levels, which may not reflect the situation
in patients with T2DM who are exposed to elevated
glucose levels for long periods of time. 

In conclusion, in this study, basal and post-
glycemic load FKN levels were found to be higher in
newly diagnosed T2DM patients than those with NGT
however, there was no additional change at FKN lev-
els by glycemic load. Overall, the results of this study
may be important in terms of providing basic knowl-
edge for further studies.
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