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ABSTRACT

Aim: Diabetic neuropathy (DN) is one of the most common chronic complications of diabetes mellitus (DM). The
aim of this study was to investigate plasma spexin, visfatin and leptin levels of patients with Type 2 DM who
developed DN as a complication and patients who did not develop DN and to determine whether any significant
differences existed between the groups. Method: The study included 93 patients diagnosed with type 2 DM.
Electromyography (EMG) was performed as an electrophysiologic nerve conduction study. According to EMG
results, patients were divided into two groups: those with DN (n=55) and those without (n=38). Two tubes of
venous blood samples (5 ml each) were collected from each patient. HbAlc levels of patients were checked in the
first blood sample. According to HbAlc levels, the groups were divided into two subgroups as HbAlc between
6.5-8.4 and >8.5, and a total of four study groups were formed. The second blood sample was separated into
plasma, spexin, visfatin and leptin levels were determined by ELISA method. The results were compared between
the groups. Results: Of the participants with DN, 31 were female and 24 were male. Of those without DN, 29 were
female and 9 were male. DN patients had significantly higher glucose and HbAlc values than those without
(p<0.05). When lipid profiles were compared, although total cholesterol and triglyceride levels were high in both
groups, the difference was not statistically significant (p>0.05). There was no significant difference between groups
in terms of High Density Lipoprotein (HDL) levels. Low Density Lipoprotein (LDL) levels were higher in the non-
DN group, but not significantly (p>0.05). Body mass index (BMI), glucose, triglycerides, total cholesterol, HDL,
LDL, spexin, visfatin and leptin values of patients with and without DN with HbAlc levels between 6.5-8.4 did not
show statistically significant difference according to the diagnosis of neuropathy (p>0.05). Among patients with
HbAlc level >8.5, there was no statistically significant difference between BMI, glucose, triglyceride, HDL,
spexin, visfatin and leptin levels of patients with and without DN (p>0.05), whereas there was a statistically
significant difference between total cholesterol and LDL levels of the same group (p<0.05). LDL levels were
higher in patients with DN. When the correlation between spexin, visfatin, and leptin levels of patients with and
without DN was examined, a strong and statistically significant positive correlation was found between them
(p<0.01).Conclusion: Plasma levels of spexin, visfatin and leptin did not differ significantly between the groups of
patients with and without DN. However, a significant positive correlation was found between plasma spexin,
visfatin and leptin levels of the patients. This result suggests that plasma levels of spexin, visfatin and leptin act
together and may be clinically important.

Keywords: Diabetes Mellitus, Diabetic Neuropathy, Leptin, Spexin, Visfatin.
OZET

Amagc: Diyabetik néropati (DN), Diabetes Mellitus’un (DM) en sik goriilen kronik komplikasyonlarindan biridir.
Bu calismada, Tip 2 DM’li olup komplikasyon olarak DN gelisen hastalar ile DN gelismeyen hastalarin plazma
speksin, visfatin ve leptin degerlerinin incelenmesi ve gruplar arasinda farklilik olup olmadiginin arastirilmasi
amaclanmistir. Yontem: Calismaya Tip 2 DM tanisi almis olan 93 yetiskin hasta dahil edildi. Elektrofizyolojik
sinir ileti ¢alismasi olarak elektromiyografi (EMG) yapildi. EMG bulgularina gore hastalar DN olan (n = 55) ve
DN olmayanlar (n = 38) olarak iki gruba ayrildi. Her hastadan, biri 5 ml olacak sekilde iki tiip ven6z kan ornegi
alindi. Ik kan 6rneginde hastalarn HbAlc diizeyleri kontrol edildi. HbAlc diizeylerine gore gruplar kendi
aralarinda, HbAlc 6,5-8,4 arasi ve >8,5 olmak iizere iki alt gruba ayrilarak toplam dort ¢aligma grubu olusturuldu.
Diger kan 6rnegi plazmaya ayrildiktan sonra ELISA yontemi ile speksin, visfatin ve leptin diizeyleri belirlendi.
Sonuglar gruplar arasinda karsilastirildi.
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Bulgular: Katilimcilardan DN olanlarin 31°1 kadin, 24’ erkektir. DN olmayanlarin ise 29 kadin, 9’u erkektir. DN olan
hastalarin, olmayan hastalara gore glikoz ve HbA 1c¢ degerlerinin anlamli derecede daha yiiksek degerlere sahip oldugu
goriildii (p<0,05). Lipid profilleri karsilastirildiginda, her iki grupta da total kolesterol ve trigliserid seviyeleri yiiksek
olmasina ragmen, aralarindaki fark istatistiksel olarak anlamli degildi (p>0,05). Yiiksek Yogunluklu Lipoprotein (HDL)
diizeyleri acisindan gruplar arasinda net bir farklilik tespit edilemedi. Diisiik Yogunluklu Lipoprotein (LDL) seviyeleri
genel olarak DN olmayan grupta daha yiiksek bulundu ancak anlamli degildi (p>0,05). HbAlc diizeyleri 6,5-8,4 arasinda
yer alan DN olan ve olmayan hastalarin beden kitle indeksi (BK1), glikoz, trigliserid, total kolesterol, HDL, LDL,
speksin, visfatin ve leptin degerleri, néropati tanist alma durumuna gore istatistiksel olarak anlamli bir farklilik
gostermedi (p>0,05). HbAlc diizeyi >8,5 olan hastalardan, DN olan ve olmayanlarin BK1, glikoz, trigliserid, HDL,
speksin, visfatin ve leptin diizeyleri arasinda istatistiksel olarak anlaml bir fark bulunmazken (p>0.05), ayn1 gruptaki
hastalarin total kolesterol ve LDL diizeyleri arasinda istatistiksel olarak anlamli bir fark bulundu (p<0.05). LDL
diizeyleri DN olan hastalarda daha yiiksekti. DN olan ve olmayan hastalarin speksin, visfatin ve leptin diizeyleri
arasindaki korelasyon incelendiginde ise, aralarinda yiiksek pozitif ve anlaml bir iligki tespit edildi (p<0,01). Sonug:
Speksin, visfatin ve leptinin plazma diizeyleri, DN olan ve olmayan hasta gruplar arasinda anlamli farklilik
gostermemistir. Ancak, hastalarin plazma speksin, visfatin ve leptin diizeyleri arasinda anlamli diizeyde pozitif
korelasyon tespit edilmistir. Bu sonug, speksin, visfatin ve leptinin plazma diizeylerinin birlikte hareket ettigini ve klinik
olarak dnemli olabilecegini diisiindiirmektedir.

Anahtar Kelimeler: Diabetes Mellitus, Diyabetik Noropati, Leptin, Speksin, Visfatin.

Cite this article as: Ozkan Ibis A, Ozturan Ozer HE, Saricam G, Saricam O, Ergun A. Investigation of
Plasma Spexin, Visfatin and Leptin Levels in Patients with Diabetic Neuropathy. Medical Research Reports
2025; 8(2):78-91

INTRODUCTION

Diabetic neuropathy (DN) is one of the

most common  chronic  microvascular
complications of diabetes mellitus (DM). It has
a reported prevalence of approximately 50%
among individuals with DM. It primarily
targets unmyelinated and thinly myelinated
nerve fibers. In the early stages of the disease,
there are usually no symptoms, but there may
be nerve conduction slowing that can be
detected by electrophysiologic testing. In the
early stages (<5 vyears), it is possible to
evaluate the signs of small fiber neuropathy
electrophysiologically and detect some nerve
conduction abnormalities (1). The primary risk
factor for the development of diabetic
chronic

neuropathy s hyperglycemia.

However, this risk can be significantly reduced

through tight glycemic and metabolic control.
In the early stages of hyperglycemia,
functional disorders such as decreased sensory
nerve conduction velocity, motor nerve
conduction velocity and increased sensitivity
to pain (hyperalgesia), and painful response to
normal stimuli (allodynia) are observed in the
first months (2). It is known that with diabetic
nerve  damage; axonopathy increases,
myelination decreases, nerve degeneration and
hypoalgesia increase. Factors such as increased
polyol pathway activity due to hyperglycemia,
increased advanced glycation end products
(AGEs), activation of the protein kinase C
(PKC) pathway, increased flux through the
hexosamine pathway, oxidative stress and

decreased nerve growth factor levels are

© Copyright Medical Research Reports 2025;8(2):78-91
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among the main mechanisms thought to
contribute to DN development (3).

Spexin is a new neuropeptide hormone
14 amino acids long and affects many
physiological and pathophysiological
processes, identified by the Markov modeling
method in 2007 (4). Although the mechanism
of action of spexin is not fully known, it is
directly involved in the regulation of
adrenocortical cell proliferation, and it has
been proven that it is also secreted from the
pancreas (5). Spexin, which has a
prepropeptide structure, is encoded by the
C120RF39 gene. Although no specific
receptor for spexin has been identified to date,
it has been proven to be a natural ligand for
galanin receptor 2/3 (GALR2/3) (6). Galanin, a
classical neuropeptide, has effects on
numerous physiological processes, such as
regulating glucose homeostasis, accelerating
the alteration of GLUT4 to the membrane of
various insulin-sensitive cells and reducing
insulin resistance in peripheral tissues, osmotic
regulation and water intake, regeneration,
feeding, and energy homeostasis, pain, and
neuron renewal (7).

Visfatin is a 52 kDa cytokine identified
by Fukuhara et al. in 2005 (8). Visfatin, known
as pre-B cell colony enhancing factor (PBEF)
and identified as a growth factor for B
lymphocytes in previous years, is known to be
primarily produced by human visceral adipose
tissue and has insulin-mimicking effects.
Visfatin binds to insulin receptors without
competing with insulin and activates distinct
signaling pathways downstream of the insulin

receptor. In cell culture studies, visfatin

treatment has increased glucose uptake in
adipocytes and myocytes and inhibited hepatic
glucose production. Visfatin is found in low
concentrations in plasma and plays a
physiological role in lowering plasma glucose
9).

Leptin is a polypeptide hormone that is
mainly synthesized in adipose tissue. This
hormone plays a key role in the regulation of
on body fat mass, food intake, energy
metabolism and glucose homeostasis. Exerts
its metabolic functions through specific
receptors. There are 6 different receptor types
(LEPRa, LEPRb, LEPRc, LEPRd, LEPRe, and
LEPRT) consisting of short and long forms and
having different functions (10).

When the literature is examined,
several studies have examined in which spexin,
visfatin and leptin were examined separately in
both types of diabetes (Type 1 DM and Type 2
DM) and various complications, however, no
studies to date have simultaneously
investigated all three parameters. Therefore,
this study primarily aimed to examine the
plasma levels of spexin, leptin and visfatin in
patients with and without DN and to
investigate how changes in HbAlc levels cause
differences in the plasma values of these

parameters.

MATERIAL AND METHODS

This study received approval from
Bagkent University Medical and Health
Sciences Research Board and Non-

Interventional  Clinical Research  Ethics

Committee with the decision dated 20/04/2022

© Copyright Medical Research Reports 2025;8(2):78-91
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and numbered 22/90. All patients read and
signed informed consent forms before
inclusion in the study.

Between May 2022 and July 2023, 93
adult patients who applied to the internal
medicine outpatient clinics of Ankara
Pursaklar State Hospital, who were previously
diagnosed with Type 2 DM according to the
American Diabetes Association criteria and
who agreed to participate in the study were
included in this study. The inclusion criteria
were as follows: confirmed diagnosis of Type
2 DM, with a minimum of two years since DN
diagnosis, an HbA1C value of >6.5, and the
absence of other complications such as
retinopathy/nephropathy.

Personal information (height, weight,
gender, body mass index, etc.) and medical
history (history of diabetes, oral or insulin
treatment, etc.) of the patients who agreed to
participate in the study were recorded. Two
tubes of wvenous blood, 5 ml each, were
collected from the patients in the morning on
an empty stomach. HbAlc values of the
patients were determined with one of the blood
samples. According to HbAlc values, patients
were grouped as 6.5-8.4 and >8.5. The blood
samples in the other tube were separated into
plasma and stored at -20 oC until the analyses
were performed. After all samples were
collected, spexin, visfatin and leptin levels
were determined by ELISA method. Other
laboratory findings (glucose, LDL, HDL,
triglycerides, total cholesterol,) of each patient
were obtained from medical records. Body
mass index (BMI) was calculated according to

weight/height squared (kg/m2) ratio.

Electrophysiological evaluation was
performed in each patient to confirm the
diagnosis of DN. In order to better interpret
abnormalities in nerve conduction velocities,
patients with a diagnosis of DN of less than 2
years were excluded. Electromyography
(EMG) was performed according to the
protocol recommended by the American
Society of Electrodiagnostic Medicine. In
sensory  nerve examination, conduction
velocities of the median nerve in the upper
extremity and the sural nerve in the lower
extremity were analysed. In motor nerve
examination, conduction velocities of the
median nerve in the upper extremity and tibial
nerve in the lower extremity were examined.
After electrophysiological evaluation, patients
with DN were divided into two groups as those
with HbA1C values between 6.5-8.4 and those
with >8.5. Grouping was done by taking into
account patients with long duration of diabetes
and those who could not maintain good
glycemic control (11). Patients without DN
were grouped in the same way and a total of
four study groups were formed.

This study was approved by Baskent
University Institutional Review Board and
ethics Committee (Project no: KA22/202) and
supported by Baskent University Research

Fund.

Exclusion Criteria

Patients diagnosed with type 1 DM,
those diagnosed with DN less than 2 years ago,
those with HbAlc levels below 6.5%, and
those diagnosed with nephropathy or

retinopathy were excluded from the study.

© Copyright Medical Research Reports 2025;8(2):78-91
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Biochemical Analysis

Venous blood samples that were taken
from patients on an empty stomach in the
morning were centrifuged at 4.000 rpm for 10
minutes to separate plasma. The plasma
samples obtained were transferred to
Eppendorf tubes and stored at -20 °C until
analysis. In plasma samples, Spexin, visfatin,
and leptin levels were measured by ELISA
using Sun-Red Bio brand commercial kits. The
results were expressed as pg/ml for spexin and
ng/ml for visfatin and leptin.
Statistical Analysis

The patient data collected for the study
were analyzed using the IBM Statistical
Package for the Social Sciences (SPSS)
version 29.0 (IBM Corp., Armonk, NY)
package application. Descriptive statistics were
provided as mean and standard deviation for
continuous data and frequency and percentage
for categorical variables. For comparisons
between groups, the “Independent Samples T-
test” was used for two groups, and the
“Pearson Chi-Square Test” was used to
compare categorical variables. To compare
more than two independent groups, a one-way
analysis of variance (ANOVA) was applied. In
groups that did not show normal distribution,
in comparison to two independent groups, the
Mann-Whitney U-test was used, and in
comparison to two or more unrelated groups,
the Kruskal Wallis test was used. The
association  between  scale/sub-dimension
scores was examined with the Spearman
correlation coefficient. Statistical significance
was established when the p-value was less than
0.05.

The power of the study was calculated
in G*Power 3.1.9.7 package programme. The
effect size for Student's t test was calculated as
70 people with d=0.6818217+, which will
provide 80% test power at 95% confidence
level, and the effect size for Pearson
Correlation Test was calculated as 29
participants with p=0.5*, which will provide
80% test power at 95% confidence level. The
minimum total sample size required for all test
methods to be used in the study is 70 people.
Accordingly, the power of the study completed
with 93 participants was found to be 100% at
0.05 significance level.

RESULTS

Demographic and Clinical Features

A total of 93 patients with type 2 DM
were included. While 55 (59.1%) participants
had DN, 38 (40.9%) did not develop DN as a
complication. Of the participants with DN, 31
were female, 24 were male. Of those without
DN, 29 were female, and 9 were male. 41.82%
of the patients with DN received oral
medication, and 58.18% received insulin
treatment. Among patients with DN, 68.42%
received oral medications, while 31.58%
received insulin treatment. It was observed that
the rate of overweight and obese individuals in
the groups with and without DN drew
attention. Total cholesterol, triglyceride and
plasma glucose levels were high in both

groups. (Table 1).
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Table 1. Findings Related to Some Categorical Characteristics According to the Diagnosis of

Diabetic Neuropathy

Diabetic Neuropathy

Parameters (+) (n:55) (-) (n:38)
n % n %
Female 31 56.36 29 76.32
Gender
Male 24 43.64 9 23.68
o Oral 23 41.82 26 68.42
Oral / insulin Medication

Insulin 32 58.18 12 31.58
Normal 4 7.27 1 2.63
Overweight 20 36.36 13 34.21
BMI Obese 17 30.91 11 28.95
Morbid obese 14 25.45 13 34.21
Normal 3 5.45 1 2.63

Glucose (70-100 mg/dL) -
High 52 94.55 37 97.37
0-200 26 47.27 19 50.00

Total cholesterol (0-200 mg/dL)
over 200 29 52.73 19 50.00
) ) Between 0-150 23 41.82 16 42.11
Triglyceride (0-150 mg/dL),

Over 150 32 58.18 22 57.89
Low 9 16.36 4 10.53
HDL (40-60 mg/dL), Normal 33 60.00 23 60.53
High 13 23.64 11 28.95
Low 16 29.09 15 39.47
LDL (100-129 mg/dL), Normal 22 40.00 7 18.42
High 17 30.91 16 42.11

BMI: Body Mass index, HDL: High Density Lipoprotein, LDL: Low Density Lipoprotein

Comparison of Independent Variables those without DN (p<0.05). There was no
Patients with DN had significantly statistically significant difference between DN
higher HbAlc and glucose values compared to diagnosis status and BMI, Triglycerides, HDL,

LDL, Spexin, Visfatin and Leptin (Table 2).
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Table 2. Comparison of BMI, HbAlc, Glucose, Triglyceride, HDL, LDL, Spexin, Visfatin, and
Leptin Variables According to Diabetic Neuropathy Diagnosis Status

DN (+) DN (-)

Parameters (&zsai) (&ze?;i) Z statistics p-value
- 3234 2005 -0.078 0.938
AL 9.21 S o8 -2.780 0.005*
Glucose (mg/dL) 19213 151.76 2290 0.022*
Triglyceride (mg/dL) 2230 182.61 0.274 0.784
HDL (mg/dL) 52.07 5387 -0.618 0537
LDL (mg/dL) 13222 123.66 -0.043 0.966
Spexin (pg/m) 799.97 130,41 -0.461 0.645
Visfatin (ng/mi) 2l 25.61 0.063 0.950
11.84 1104 -0.332 0.740

Leptin (ng/ml)

DN: Diabetic Neuropathy, BMI: Body Mass Index, HDL: High Density Lipoprotein, LDL: Low Density

Lipoprotein *Significant at 0.05 level; Mann-Whitney U test

There was no statistically significant
difference in plasma spexin, visfatin, and leptin
values between patients with HbAlc levels
between 6.5-8.4% and those with or without
DN diagnosis (p>0.05). Similarly, BMI,
glucose, total cholesterol, triglycerides, HDL
and LDL wvalues showed no significant
difference between individuals with and
without DN diagnosis (Table 3).

In patients with HbAlc levels >8.5%,
there was a statistically significant difference
in total cholesterol and LDL levels between the
groups (p<0.05). On the other hand, when
BMI, Glucose, Triglycerides, HDL, LDL,
Spexin, Visfatin and Leptin variables of the
patients in the same group were compared,
there was no statistically significant difference
with DN diagnosis status (p>0.05) (Table 4).
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Table 3. Comparison of BMI, Glucose, Total Cholesterol, Triglyceride, HDL, LDL, Spexin,
Visfatin and Leptin Values of Patients with HbAlc Levels Between 6.5-8.4% According to

Diabetic Neuropathy Diagnosis Status

DN (+) DN (-)
Parameters (n=23) (n=26) Test statistics p-value
Mean Mean
BMI 30.83 32.10 -0.778 0.445°
135.61 -0.291
Glucose (mg/dL) 129.19 0.7712
Total Cholesterol (mg/dL) 191.83 218.92 -1.970 0.057°
Triglyceride (mg/dL) 160.52 177.85 -0.790 0.433°
HDL (mg/dL) 52.17 57.19 -1.490 0.143°
LDL (mg/dL) 108.13 126.73 -1.764 0.087°
934.07 -0.511
Spexin (pg/ml) 746.35 0.609°
Visfatin (ng/ml) 28.16 26.73 -0.461 0.645%
129 1183 0220 0.826°

Leptin (ng/ml)

DN: Diabetic Neuropathy, BMI: Body Mass index, HDL: High Density Lipoprotein, LDL: Low Density

Lipoprotein

2 Mann-Whitney U test; *significant at 0.05 level;

b: T-test for equality of means; *significant at 0.05 level.

BMI, glucose, triglyceride, total
cholesterol, LDL, HDL, Spexin, Visfatin and
Leptin levels in DN patients were compared
according to HbAlc levels. Triglyceride and
glucose levels were significantly higher in DN
patients with HbAlc levels >8.5% (p<0.05).
There was no statistically significant difference
in BMI, total cholesterol, LDL, HDL, spexin,
visfatin, and leptin levels between DN patients
with HbAlc levels of 6.5-8.4% and those with
HbAlc levels >8.5% (p>0.05).

When non-DN patients were grouped
according to HbAlc levels, leptin and total
cholesterol levels were higher in patients with
HbAlc >8.5% compared to those with HbAlc
levels of 6.5-8.4%, while HDL levels were
lower (p<0.05). There was no statistically
significant difference in BMI and triglyceride
levels. In addition, patients with HbAlc levels
>8.5% had higher plasma glucose levels
(p<0.05), and patients with HbAlc levels
between 6.5-8.4% had higher LDL and
visfatin levels (p<0.05).
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Table 4. Comparison of BMI, Glucose, Total Cholesterol, Triglyceride, HDL, LDL, Spexin,
Visfatin and Leptin Variables of Patients with HbAlc Level >8.5% According to the Diagnosis

of Diabetic Neuropathy

DN (+) DN (-)
Parameters (n=32) (n=12) Test statistics p-value
Mean Mean
BMI 3343 32.60 0.443 0.661°
Glucose (mg/dL) 232.75 200.75 1.740 0.090°
Total Cholesterol (mg/dL) 212.75 172.17 2.430 0.019°*
Triglyceride (mg/dL) 278.22 192.92 -1.146 0.252*
HDL (mg/dL) 52.00 46.67 -1.425 0.154°
LDL (mg/dL) 149.53 117.00 -2.150 0.0322*
Spexin (pg/ml) 703.58 695.87 -0.105 0.916°
-1.199
Visfatin (ng/ml) 26.36 23.18 0.230°
11.04 9.96 -1.212 0.225%

Leptin (ng/ml)

DN: Diabetic Neuropathy, BMI: Body Mass index, HDL: High Density Lipoprotein, LDL: Low Density Lipoprotein
2: Mann-Whitney U test; *significant at 0.05 level;; *: T-test for equality of means; *significant at 0.05 level.

Correlation

Although there was a weak negative

correlation between the plasma glucose values

of the patients and spexin levels, this

correlation was not significant. A high positive

and significant correlation was found between

spexin, visfatin, and leptin levels (p<0.01)

(Table 5).

Table 5: Correlation Analysis Between Spexin, Visfatin and Leptin and Other Independent

Variables
Glucose Total Triglyceride HDL LDL  Spexin Visfatin Leptin
Cholesterol
r -0,067 0,164 0,068 0,156 0,101 0,724 0.520
Spexin 5 (646 0,261 0,642 0,285 0,490 ' <0,001**  <0.001**
r 0,034 0,163 0,075 0,056 0,125 0,724 0.699
Visfatin -, 0817 0,262 0,608 0,703 0,391 <0,001** ' <0.001**
Leptin 0,026 0,149 0,177 0,049 0,048 0520 0,699
p 0,859 0,308 0,224 0,737 0,746 <0,001**  <0,001**

HDL: High Density Lipoprotein, LDL: Low Density Lipoprotein **Significant at 0.01 level; Spearman correlation analysis
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DISCUSSION

DN is one of the chronic complications
of DM. Hyperglycemia plays a crucial role in
the development of DN. A study conducted by
Chang et al. in 2024 showed that
hyperglycemia causes DN and blood glucose
levels are high in DN patients (12). In another
study, they showed that good glycemic control
can significantly reduce the risk of developing
DN and nerve conduction  velocity
abnormalities (13). In our study, it was striking
that glucose levels were high in both groups
(with and without DN). While this situation is
considered a general feature of Type 2 DM, it
was thought that adequate glycemic control
could not be achieved in the patients.

HbAlc (glycosylated hemoglobin),
among the diagnostic criteria for DM, shows
the average plasma glucose level in the last 3
months. High HbAlc values indicate that
patients have glycemic variability and
inadequate glycemic control. Many studies
have investigated the relationship between
HbAlc and DM. A study of 1,632 patients
with type 2 DM showed that high HbAlc
levels were significantly associated with the
presence of diabetic peripheral neuropathy
(DPN) (14). Another study found similar
results, showing that patients with DPN had
higher HbAlc values than those without DPN
(15). In our study, similar results were found in
the literature, and it was observed that those
diagnosed with DN had significantly higher
values for HbAlc variable than those who did

not. This finding suggests that high HbAlc

levels may be related to the development of
DN.

In our study, total cholesterol levels,
one of the lipid parameters of the patients,
were found to be high both in patients with and
without a diagnosis of DN, but did not differ
significantly based on the diagnosis of DN.
These results suggest that total cholesterol
levels do not play an important role in the
development of DN or do not make a
significant difference in this study sample.
Triglyceride levels were also high in both
groups, but no direct relationship with
neuropathy was observed. The HDL levels
were found to be similar between the groups.
Although LDL levels were generally higher in
the non-DN group, they were not associated
with the development of DN. Similar results
were found in a study by Su et al. and it was
found that there was no difference between
patients in terms of lipid profile and DN
diagnosis (15). Again, the same results were
obtained by Chang et al. showing that lipid
profiles such as plasma LDL, HDL, and TG

were similar between patients with and without

DPN (12).
Spexin reduces insulin resistance and
regulates glucose  homeostasis.  Studies

examining the relationship between DM and
spexin have shown that spexin levels are low
in both types of diabetes (Type 1 DM and
Type 2 DM) (16). In a study conducted by
Karaca et al. the levels of spexin were lower in
the type 1 DM group than in the healthy
control group (16). Similarly, Gu et al.
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discovered that spexin levels were significantly
lower in patients with T2 DM compared to
healthy controls and showed a negative
correlation with glucose values (17). Although
there are many studies in the literature
examining the relationship between diabetes
and spexin, studies examining the relationship
between DN and spexin are quite limited. A
study of 167 patients with type 2 DM found
that serum spexin levels were low in patients
with DPN and suggested that low serum spexin
levels were independently associated with the
presence of DPN and painful DPN (18). Again,
the same study suggested that spexin may have
a possible protective role in neuropathology
and pain-related pathogenesis in diabetes (18).
According to the results of another study with
an in vitro DN model investigating the effects
of spexin on the dorsal root ganglion, it was
suggested that spexin has an effect to increase
cell viability in dorsal root ganglion neurons
and may have the potential to be a new
therapeutic target in DN (19). In our study,
contrary to previous literature, no significant
difference was found between plasma spexin
levels of patients with DN and patients without
DN. When compared according to HbAlc
levels, the same results were obtained and it
was observed that there was no relationship
between the patients' HbAlc levels and spexin
levels. These results suggest that spexin has no
role in the development of DN.

Various  researches have  been
conducted investigating the relationship
between DN and visfatin levels and ideas have
been given about the possible relationships

between them. Biiyiikaydin et al. investigated

the relationship between serum visfatin and
other metabolic parameters in DNP and
showed that serum visfatin levels were
significantly higher in patients with DNP
compared to those without DNP and that there
is a potential link between high visfatin levels
and the presence of neuropathy in diabetic
patients (20). In a study conducted by
Mohammed et al. with a total of 120
participants, it was shown that the mean
Visfatin values of men and women with DPN
were higher than the control group and it was
suggested that Visfatin levels are a strong
indicator for early diagnosis of DN in both
men and women (21). In a study investigating
the effect of visfatin gene variations on late
diabetic complications, it was reported that
there was no difference between the variability
in the genotype distribution of different
variants of the visfatin gene and no statistically
significant correlation was found in any of the
late complications of T2 DM (22). In our
study, although plasma visfatin values were
found to be higher in patients with DN
compared to those without DN, these results
did not create a statistically significant
difference. When the visfatin values of the
patients were compared according to HbAlc
levels, no significant correlation was found
between HbAlc levels and visfatin values in
patients with DN, whereas visfatin values
decreased as HDbAlc levels increased in
patients without DN. While these findings
indicate that visfatin levels may not play a role
in the development of DN, contrary to previous

studies, it was determined that further research
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involving larger sample sizes is necessary due
to the small group size in this study.

Studies examining the relationship
between leptin and DN show varying results.
In a case-control study conducted in recent
years, leptin levels were measured in 205
diabetic patients with and without DPN and
leptin levels were found to be higher in
patients with DPN (23). In another study,
similar results were obtained during the
evaluation of leptin levels in microvascular
(diabetic
nephropathy, retinopathy, neuropathy), and it

complications of diabetes
was shown that leptin levels were significantly
higher in patients with DN than in those
without (22). However, there are also
conflicting data suggesting no association
between leptin and DN. In a study of 157 Type
2 DM patients, Sari et al. evaluated leptin
levels in  both  macrovascular  and
microvascular complications of diabetes. As a
result, they claimed that they found no
significant difference in plasma leptin levels
between diabetic patients with sensory or
autonomic neuropathy and those without these
complications (24). In our study, no difference
was found between the plasma leptin levels of
patients with and without DN. When the
difference between the groups according to
HbAlc levels was examined, a similar result
was reached in patients diagnosed with DN,
and it was seen that there was no difference in
the plasma leptin levels of patients with DN as
the HbAlc level changed. In patients without
DN, it was seen that as the HbAlc level

increased, the leptin level also increased. These

findings could suggest that leptin levels are not
a significant influence in the growth of DN.
Studies have examined plasma spexin,
visfatin, and leptin levels separately in DN
patients. However, no studies have reviewed
these three parameters in the same patient
group, and no correlation has been found
between them. Our study looked at the
association between spexin, visfatin, and leptin
and discovered a positive and substantial
relationship. The high positive and significant
relationship between visfatin and leptin levels
showed that leptin levels increased as visfatin
increased. A strong positive correlation was
found between spexin and visfatin levels, and
it was determined that these two variables
increased together. Leptin and spexin levels
were found to be significantly positively
correlated. This shows that spexin levels tend
to increase as leptin levels increase. These
results suggest that plasma spexin, visfatin, and
leptin levels may act together and could be

clinically important.

CONCLUSION

There was no significant difference
between the plasma levels of spexin, visfatin,
and leptin in patients with and without DN.
Furthermore, these plasma values did not
change significantly with fluctuations in
HbAlc levels. These findings suggest that
spexin, visfatin, and leptin do not play a
significant role in the development of DN.
However, it was observed that spexin, visfatin,
and leptin levels in plasma appear to act

together, which may have clinical significance.
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Limitations of The Study

The most important limitations of this study
were the small sample size and the lack of a
healthy control group.
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OZET

Amag: Ulkemizde fetal yapilarla ilgili gesitli nomogram calismalar1 yapilmustir. Ancak bu caligmalar, diger
iilkelerle kiyaslandiginda heniiz yeterince kapsamli degildir. Arastirmanin amaci, 18-38 haftalik gebelik siirecinde
humerus ve femurun ultrasonografi ile morfometrik incelemesini yaparak, fetiisiin biiyiime ve gelisimini
degerlendirmektir. Bu Ol¢timlerin iilkemizde yapilacak olan standartlastirma g¢alismalarina katki saglayacagi
diisiiniilmektedir. Yontem: Calismada, Eskisehir’de bir 6zel hastaneye basvuran ve son adet tarihi baz alinarak 18-
38 haftalik gebelik siirecinde olan 348 kadin lizerinde gergeklestirilmistir. Gebe kadinlarin fetiislerinde humerus ve
femur uzunluklart morfometrik olarak incelenmistir. Ultrasonografi yontemi ile yapilan dlgiimlerde, bas ¢evresi ve
diger fetal yapilarin degerlendirilmesi de gerceklestirilmistir. Bu 6lgiimler arasinda Femur Uzunlugu (Femur
Length, FL), Biparietal Cap (Biparietal Diameter, BPD), Bas Cevresi (Head Circumference, HC), Humerus
Uzunlugu (Humerus Length, HL) ve Karn Cevresi (Abdominal Circumference, AC) bulunmaktadir. Gebelik
haftalarina gore uzunluklar karsilastirilmustir. Bulgular: 18-38 haftalik gebelerin fetiislerine ait FL, BPD, HC, HL
ve AC olglimleri incelenmis ve trimesterlere gore karsilagtirilmistir. Yapilan analizlerde tiim parametreler agisindan
gruplar arasinda istatistiksel olarak anlamli farklar bulunmustur (p<0,05). Ancak bazi ardisik hafta gruplari
arasinda fark istatistiksel olarak anlamli bulunmamustir. Ozellikle 18—20 ile 21-23; 27-29 ile 30-32; 30-32 ile 33—
35; 30-32 ile 36-38 ve 33-35 ile 36-38 hafta gruplar1 arasinda FL, BPD, HC, HL ve AC agisindan anlamli fark
saptanmamustir (p>0,05). Bu bulgular, fetal biyometrik dl¢timlerin gebelik haftalarina bagl olarak anlamli sekilde
degistigini, ancak bu degisimlerin tiim hafta araliklarinda esit sekilde olmadigini gostermektedir. Sonug:
Ulkemizdeki nomogram galigmalari, diger iilkelerle karsilastirldiginda yetersiz kalmaktadir. Bu nedenle, fetal
femur ve humerus uzunluklarinin degerlendirilmesi igin farkli topluluklara ait nomogramlar kullanilmaktadir.
Gebeligin 18-38. haftalarinda fetiislere ait FL, BPD, HC, HL ve AC degerleri gruplara gére incelendiginde; gruplar
arasinda istatistiksel olarak anlamli farklar gostermistir. Bu ¢aligmanin, literatiire katkida bulunacagina inanilmakla
birlikte bu konuda toplumu temsil eden 6rneklemlerde daha kapsamli ¢aligsmalar yapilmasina ihtiyag vardir.

Anahtar Kelimeler: Femur, Fetiis, Humerus, Ultrasonografi
ABSTRACT

Aim: This research focused on the morphometric assessment of humerus and femur lengths in fetuses of pregnant
women between 18 and 38 weeks of gestation. The study cohort comprised 348 pregnant women. Ultrasonographic
evaluations were conducted to measure biparietal diameter (BPD), head circumference (HC), femur length (FL),
abdominal circumference (AC), and humerus length (HL). Although nomogram studies on fetal biometry exist in
our country, they are less comprehensive compared to global standards. The objective of this study was to perform
ultrasonographic morphometric analysis of fetal humerus and femur lengths during the 18-38-week gestational
period to monitor fetal growth and development. The findings are expected to support the development of
standardized reference data in our country. Method: This cross-sectional study was conducted on 348 pregnant
women between 18 and 38 weeks of gestation, who presented to a private hospital in Eskisehir, Tirkiye.
Gestational age was determined based on the last menstrual period. Fetal humerus and femur lengths were
evaluated morphometrically. Additional biometric measurements, including BPD, HC, FL, AC, and HL, were also
obtained using ultrasonography. Measurements were compared across gestational week groups.
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Results: Fetal FL, BPD, HC, HL, and AC measurements were evaluated across trimesters. Statistically
significant differences were observed among most gestational age groups for all parameters (p<0.05).
However, no significant differences were found between certain adjacent week groups: 18-20 vs. 21-23; 27—
29 vs. 30-32; 30-32 vs. 33-35; 30-32 vs. 36-38; and 33-35 vs. 36-38 weeks (p>0.05 for all parameters).
These findings indicate that while fetal biometric measurements generally increase with gestational age, this
progression is not uniform across all week intervals.

Conclusion: Nomogram studies conducted in Tirkiye are still limited in scope compared to those from other
countries, often necessitating the use of reference values derived from different populations. In this study, FL,
BPD, HC, HL, and AC values showed statistically significant differences across most gestational groups
between 18 and 38 weeks. While the results are expected to contribute to the existing literature, further large-
scale studies involving nationally representative samples are needed for more comprehensive standardization.
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GIRIS

Fetal donemde organ ve diger viicut
yapilar1 belirli bir gelisim siireci izler. Ust ve
alt ekstremiteler, gebelik haftalarina gore
gelisim gostermektedir. Gebeligin dordiincii
haftasinda ekstremite tomurcuklar1 olusur. Ust
ekstremite tomurcuklar1 genellikle 26-27.
giinlerde, alt ekstremite tomurcuklari ise birkag
giin sonra gorliniir hale gelir (1). Gebelik
takibinde, ultrasonografi (USG) ile fetiisiin
gelisimi izlenir. Bu yontem, gebeligin belirli
haftalarinda fetal anomalilerin tanisinda da
kullanilir.

Ekstremite Kemiklerinin Gelisimi

Embriyonik gelisim siireci, dollenme ve uterus
duvarma yapisma arasinda gegen zaman
dilimini igerir ve yaklagik 6 giin siirer (2). Ilk
olarak, 4. haftanin sonunda ekstremite
tomurcuklart ventrolateral tarafta goriilmeye
baslar. Fetal donem, 9. haftadan doguma kadar

olan siireci kapsar ve bu donemde organ ve

dokular farklilagarak islevsel hale gelir (2).
Dogum aninda, ekstremitelerin kemiklesmis
diyafizleri ve heniiz kikirdak olan epifiz
kisimlar1 vardir. Bu kikirdak bolgeler, biiylime
plagt (growth plate) olarak adlandirilir ve
kemik biiylimesine olanak tanir (3). Fetiisiin
gelisim  takibinde humerus ve femurun
uzunluklarinin takibi bu agidan énemlidir.
Humerus

Ust ekstremitenin en uzun kemigi olan
humerus, extremitas proximalis, corpus humeri
ve extremitas distalis olmak lizere li¢ boliimde
incelenir. Humerus'un proksimal bolgesi,
scapula ile eklem yapan caput humeri’ye
sahiptir. Caput humeri'nin altindaki dar
bolgeye collum anatomicum denir. Corpus
humeri’nin st kismi silindirik, alt kismi ise ¢
yiizlii prizma seklindedir. Alt ugta condylus
humeri, epicondylus lateralis ve medialis yer
alir (4,5) (Sekil 1).
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Sekil 1: Yetiskin ve fetiis humerusu

Humerus Uzunlugu (Humerus Length, HL)
Humerus, gebeligin yaklagik 10. haftasinda
USG ile goriintiilenebilir hale gelir. Kemigin
uzunlugu, diyafizin iki ucu arasindan o6lg¢iliir.
Cesitli calismalarda, HL ultrasonografik
Olcimiiniin, Biparietal Cap ve Femur
Uzunlugu gibi yaygm kullanilan ol¢limler
saglikli  olmadiginda, gestasyonel yasin
belirlenmesinde ve fetiisiin iskelet sisteminin
bliylime ve gelisiminin degerlendirilmesinde
kullanigh oldugu gosterilmistir. Ayrica, HL nin

normalden ne kadar sapma gosterdigi, yapisal

ve kromozomal anomalilerin tespitinde 6nemli
bir kriterdir (7).

Femur

Viicudun en uzun ve en giicli kemigi olan
femur, korpusu hemen hemen silindirik olup,
yukart dogru uzanan trochanter major ve
trochanter minor ¢ikintilariyla dikkat ceker.
Femur'un alt ucu genisleyerek condylus
lateralis ve condylus medialis adli iki biiyiik
yap1 olusturur. Bu yapilar, eklem kikirdag: ile
kaplidir ve diz eklemi ile baglanti saglar (6)
(Sekil 2).
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Sekil 2: Yetigkin ve fetiis femuru

Femur Uzunlugu (Femur Length, FL)

Tim uzun kemikler i¢in farklt nomogramlar
geligtirilmistir. Olgiim kolayligi ve
uzunlugunun  belirginligi  nedeniyle, FL
menstriiel yas tahmininde diger uzun
kemiklere gore daha yaygin kullanilmaktadir.
Ancak kemik gelisim bozukluklar1 durumunda
yas tahmini i¢in uygun degildir. Yapilan
arastirmalarin ¢ogunda, femurun erken gebelik
doneminde menstriiel yasin dogru tahmin
edilmesinde giivenilir bir 06lgiit oldugu

saptanmistir (7).

Ulkemizde fetal dénemde fetiisiin gelisimi ile
ilgili standartlar bilgisi yetersizdir.
Aragtirmanin amaci, 18-38 haftalik gebelik
doneminde humerus ve femurun ultrasonografi
ile morfometrik olarak incelenmesi ve fetiisiin

gelisiminin degerlendirilmesidir.

GEREC VE YONTEM

Bu c¢alisma, Eskisehir Osmangazi
Universitesi Klinik Arastirmalar Etik Kurulu

tarafindan 19  Subat 2015 tarihinde
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80558721/96 sayili karart ile onaylanmustir.
Aragtirmaya, 2015 yilinin Temmuz ayinda
Eskisehir Ozel Acibadem Hastane’nin kadin
dogum poliklinigine bagvuran 348 saglikli
gebe katilmistir.

Gebelik haftalar1, 18-20, 21-23, 24-26, 27-29,
30-32, 33-35 ve 36-38 seklinde toplam 7 farkli
araliga ayrildi. Bu araliklara gdre olusturulan
gruplardaki gebelerin bebeklerinin
biiyiikliikleri FL, Biparietal Cap (Biparietal
Diameter, BPD), Bas Cevresi (Head
Circumference, HC), HL ve Karin Cevresi
(Abdominal Circumference, AC) o6l¢iimleri
yapilarak  degerlendirildi. Bu  Ol¢limler
sonucunda her bir gruptaki gebe sayisi sirasiyla
su sekilde belirlendi: 1. grup (18-20 haftalik)
38 gebe, 2. grup (21-23 haftalik) 56 gebe, 3.
grup (24-26 haftalik) 88 gebe, 4. grup (27-29
haftalik) 52 gebe, 5. grup (30-32 haftalik) 52
gebe, 6. grup (33-35 haftalik) 34 gebe ve 7.
grup (36-38 haftalik) 28 gebe.

istatistiksel analiz

Bu c¢alismada elde edilen tiim veriler,

istatistiksel ~analizler igin yaygin olarak

kullanilan ~Statistical Package for Social
Science 21.0 (IBM SPSS Inc., Chicago, IL)
paket programi kullanilarak analiz edildi.
Siirekli nicel veriler n, ortalama ve standart
sapma olarak; nitel veriler ise n, medyan, Q1
ve Q3 yiizdelik degerler ile ifade edilmistir.
Caligma verileri normal dagilima uygunluk
acisindan Shapiro-Wilk testi test edilmistir.
Gruplar arast karsilagtirmalarda incelenen
degiskenlerin tiim gruplarda ayn1 anda normal
dagilim

gostermemesi

Kruskal-Wallis H  testi

nedeniyle
karsilagtirmalar
kullanilarak yapilmistir. Gruplar arast ikili
karsilagtirmalar ise Dunn’s Medyan Testi ile
gergeklestirilmistir. Olasilik degerleri p<0,05
oldugunda istatistiksel olarak anlamli kabul

edilmistir.

BULGULAR

Calisma  grubunu  olusturan  gebelerden
bagimsiz olgiimlerden olusan FL, BPD, HC,
HL ve AC degiskenlerine iliskin sonuclar

Tablol-5’de sunulmustur.

Tablo 1: Gebelik haftasina gore femur uzunlugu (FL) degerleri (mm)

Gruplar Grup1 Grup 2 Grup 3 Grup 4 Grup 5 Grup 6 Grup 7
Gebelik 18-20 21-23 24-26 27-29 30-32 33-35 36-38
Haftasi
N 38 56 88 52 52 34 28
Medyan 32,32 36,64 45,94 53,43 59,48 66,09 72,54
(Q1-Q3) (29,86-  (35,49-  (44,74-  (51,22-  (57,75-  (63,37-  (69,56-
33,64) 42,01) 47,78) 55,33) 62,26) 68,26) 74,72)
p p<0,001

*Karsilagtirma sonuglart istatistiksel olarak anlamli bulunmustur (p<0,05). Kruskal-Wallis H testine gore, FL

degiskeni agisindan en az bir grup digerlerinden farklidir (p<0,05).
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FL i¢in elde edilen degerler ve gruplar
arasi karsilastirmalar tablo halinde sunulmustur
(Tablo 1). Karsilagtirma sonuglar1 istatistiksel
olarak anlamli bulunmustur (p<0,05). FL
degiskeni acisindan en az bir grup
digerlerinden farklidir (p<0,05). 18-20/21-23,
27-29/30-32, 30-32/33-35, 30-32/36-38 ve 33-
35/36-38 gruplar1 arasinda istatistiksel olarak
anlamli fark bulunmamistir (p>0,05).

FL degiskeni agisindan farkli yas
gruplart arasinda istatistiksel olarak anlamli bir
farklilik oldugunu gdstermistir (p<0,05). Ikili
karsilastirmalarda ise; 18-20/21-23, 27-29/30-
32, 30-32/33-35, 30-32/36-38 ve 33-35/36-38
yas gruplari arasinda istatistiksel olarak
anlamlt bir fark bulunamamis, diger gruplar
arasinda ise anlamli farklhiliklar tespit

edilmistir. Bu sonuglar, femur uzunlugunun

yas ile farklilagtigimi ancak bu farklilasmanin
tiim yas gruplari arasinda homojen olmadigini
gostermektedir.

BPD i¢in elde edilen degerler ve
gruplar arast karsilagtirmalar tablo olarak
verilmistir (Tablo 2). Sonuglar istatistiksel
acidan anlamhidir (p<0,05). BPD degiskeni
acisindan en az bir grup digerlerinden farklidir
(p<0,05). 18-20/21-23, 27-29/30-32, 30-32/33-
35, 30-32/36-38 ve 33-35/36-38 gruplari
arasinda istatistiksel fark saptanmamistir
(p>0,05), diger gruplar arasinda anlamli fark
bulunmustur (p<0,05).

HC degerleri ve gruplar arasi
karsilagtirmalar tablo halinde sunulmustur
(Tablo 3).

Tablo 2: Gebelik haftasina gore biparietal cap (BPD) degerleri (mm)

Gruplar Grup 1l Grup 2 Grup 3 Grup4 Grup 5 Grup 6 Grup 7
Gebelik 18-20 21-23 24-26 27-29 30-32 33-35 36-38
Haftasi
N 38 56 88 52 52 34 28
Medyan 46,89 53,00 62,11 71,01 77,92 86,75 91,02
(Q1-Q3) (44,55- (50,31- (60,47- (69,11- (76,98- (84,23- (89,06-
48,39) 55,51) 63,81) 73,75) 80,51) 88,38) 94,19)
p p<0,001

*Sonuglar istatistiksel agidan anlamlidir (p<0,05). Kruskal-Wallis H testine gére BPD degiskeni acisindan en az

bir grup digerlerinden farklidir (p<0,05).
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Tablo 3: Gebelik haftasina gore bas ¢evresi (HC) degerleri (mm)

Gruplar Grupl Grup2 Grup3 Grup4 Grup5 Grupb Grup 7
Gebelik Haftas 18-20 21-23 24-26 27-29 30-32 33-35 36-38
N 38 56 52 52 34 28
Medyan (Q1-Q3) 177,65 195,58 232,54 264,5 287,29 311,50 325,96
(172,59- (188,19- (226,18- 1(258,13- (282,89- (305,15- (320,79-
179,86)  206,97) 241,38) 294,19) 294,19)  318,86) 333,55)
p p<0,001

*Sonuglar istatistiksel olarak anlamlidir (p<0,05). Kruskal-Wallis H testi sonuglarina gore, HC acisindan en az

bir grup digerlerinden farklidir (p<0,05).

Sonuglar istatistiksel olarak anlamlidir
(p<0,05). HC acisindan en az bir grup
digerlerinden farklidir (p<0,05). 18-20/21-23,
27-29/30-32, 30-32/33-35, 30-32/36-38 ve 33-
35/36-38 gruplar1 arasinda istatistiksel fark
saptanmamistir ~ (p>0,05), diger gruplar
arasinda anlamli fark bulunmustur (p<0,05).

HL i¢in elde edilen degerler ve gruplar

Sonuglar istatistiksel olarak anlamlidir
(p<0,05). HL degiskeni agisindan en az bir
grup digerlerinden farkhidir (p<0,05). 18-
20/21-23, 27-29/30-32, 30-32/33-35, 30-32/36-
38 ve 33-35/36-38 gruplar1  arasinda
istatistiksel fark bulunamamistir (p>0,05),
diger gruplar arasinda anlamli fark tespit

edilmistir (p<0,05).

arast karsilagtirmalar tablo seklinde AC igin elde edilen veriler ve gruplar
sunulmustur (Tablo 4). arast kargilagtirmalar tablo halinde
sunulmustur (Tablo 5).
Tablo 4: Gebelik haftasina gore humerus uzunlugu (HL) degerleri (mm)
Gruplar Grupl Grup?2 Grup 3 Grup 4 Grup5 Grup6 Grup7
Gebelik Haftasi 18-20 21-23 27-29 30-32 33-35 36-38
N 38 56 52 52 34 28
Medyan (Q1-Q3) 31,69 36,02 48,44 53,28 57,93 70,00

(29,27-  (33,60- (41,38-
44,53)

31,98)  37,90)

(46,96-  (51,30-  (56,44- (65,03
50,01) 5540)  59,82)  71,10)

p p<0,001

*Sonuglar istatistiksel olarak anlamlidir (p<0,05). Kruskal-Wallis H testi sonucuna gore, HL degiskeni agisindan

en az bir grup digerlerinden farklidir (p<0,05).
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Tablo 5: Gebelik haftasina gore karin ¢evresi (AC) degerleri (mm)

Gruplar Grupl Grup 2 Grup 3 Grup 4 Grup 5 Grup 6 Grup 7
Gebelik Haftas1 18-20 21-23 24-26 27-29 30-32 33-35 36-38
N 38 56 88 52 52 34 28
Medyan (Q1-Q3) 154,85 175,67 210,01 239,82 270,45 301,29 317,85
(150,23-  (170,24-  (204,76-  (233,44-  (262,45-  (290,67- (291,40-
160,32) 185,24)  216,95)  247,49) 278,88)  311,00) 339,79)
p p<0,001

*Sonuglar istatistiksel olarak anlamhidir (p<0,05). Kruskal-Wallis H testi sonuglarina gore, AC degiskeni
acisindan en az bir grup digerlerinden farklidir (p<0,05).

Sonuglar istatistiksel olarak anlamlidir
(p<0,05). AC degiskeni acisindan en az bir
grup digerlerinden farklidir (p<0,05). 18-
20/21-23, 27-29/30-32, 30-32/33-35, 30-32/36-
38 ve 33-35/36-38
istatistiksel fark saptanmamistir  (p>0,05),

gruplart  arasinda

diger gruplar arasinda ise anlamli fark tespit

calismada kullanilan parametrelere ek olarak,
fetal biiylime ve gelisimin
degerlendirilmesinde kullanilan diger
parametreler ve  farkli  etnik  kokenli
popiilasyonlarda bu parametrelerin gosterdigi
yapilan  ¢aligmalar,

degisimler  lizerine

caligmamizin sonuglarinin daha genis bir

edilmistir (p<0,05). perspektifte degerlendirilmesini saglayacaktir.
Mastrobattista vd. (10), HL ile
TARTISMA gestasyonel yas arasindaki iligkiyi etnik kdken

Calismada, fetiislerde humerus ve
femur uzunluklarinin Slgiilerek, fetal biiyiime
ve gelisimin degerlendirilmesinde kullanilan
biparietal ¢ap, kafatasi cevresi  gibi
parametrelerle olan iliskisi aragtirilmistir. Fetal
bliyime ve gelisimin degerlendirilmesinde
kullanilan parametreler, farkli c¢aligmalarda
farklilik gostermekle birlikte, literatiirde genel
olarak  kabul goren bir dizi Olglim
bulunmaktadir (8, 9). Bu parametrelerin, fetal
bliyime ve gelisimin farkli evrelerindeki
degisimleri ve gruplar arasi farkliliklan
belirlemek amaciyla kullanilmasi, literatiirde

yaygin olarak kabul goren bir yaklasimdir. Bu

acisindan  degerlendirerek,  farkli  etnik
gruplardaki fetiislerin biiyiime paternlerindeki
farkliliklart ortaya koymustur. Calismada,
Afro-Amerikali fetiislerin, beyaz ve Asyali
fetiislere gore daha hizli bir humerus biiytimesi
gosterdigi belirtilmistir. Bu bulgu, farkli etnik
kokenlerin fetal biliylime {lizerindeki etkilerini
vurgulamasi agisindan énemlidir.

Gestasyonel yas ile fetal parametreler
arasindaki iligki, Malas vd. (11) tarafindan
yapilan ¢alisgmada detayli bir sekilde
incelenmis ve anlamli bir korelasyon oldugu
belirtilmistir. Bizim ¢alismamizda elde edilen
bulgular da bu ¢alismanin sonuglariyla

paralellik gostermektedir.
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Tahmasebpour ve arkadaslart (12)
tarafindan yapilan ¢alismada, FL ve HL ile
gestasyonel yas arasindaki iligkinin, bu iki
uzunluk icin farkli oldugu belirtilmistir.
Yapilan istatistiksel analizler, en az bir
gestasyonel yas grubunun digerlerinden
anlamli sekilde farkli oldugunu gostermistir
(p<0,001).

Goyniimer ve  arkadaslarnt  (13)
tarafindan yapilan ¢aligmada, fetal humerus ve
femur uzunluklari arasinda giliglii  bir
korelasyon oldugu belirtilmigtir. Calismada
ayrica, 19. gebelik haftasina kadar humerus
uzunlugunun, femur uzunlugundan daha uzun
oldugu saptanmustir.

Bese ve arkadaglari (14) tarafindan
yapilan calismada, fetal uzunluk, biparietal cap
ve kafatasi arka boyu (CRL) Ol¢limlerinin,
ozellikle 7-12. gebelik haftalar1 arasinda

fetusun yasmi en dogru sekilde tahmin ettigi

belirtilmistir. Bizim c¢alismamizda ise, bu

parametrelerin  degerlendirilmesi 18-20.
gebelik haftasindan itibaren
gercgeklestirilmistir.

Lessoway vd. (15) tarafindan yapilan
calismada, fetal biiyiime parametreleri (BPD,
AC, HC, FL) gestasyonel yasa gore
degerlendirildiginde, bu parametreler arasinda
anlamhi bir farklilik saptanmamistir. Bizim
calismamizda, humerus uzunlugunu da
analizimize dahil ederek, farkli bir sonuca
ulastik. Gestasyonel yas gruplari arasinda en az
birinde humerus uzunlugu agisindan anlaml
bir farklilik gozlemledik.

Benson ve Doubilet (16) tarafindan
yapilan ¢aligmada, BPD, fetal uzunluk, HC ve

kafatas1 capi1 gibi fetal 6lglimler incelenmistir.

Calismada, BPD ve HC arasinda, FL ile
gestasyonel yas arasinda giiclii bir iliski oldugu
belirtilmigtir. Ancak, amnion sivist (AS)
Olciimii, diger parametrelere gore daha az
anlamli bulunmustur. Bizim ¢alismamizda ise,
HL da dahil edilerek yapilan analizlerde, tiim
parametreler i¢in gestasyonel yas ile anlamli
bir iligki tespit edilmistir.

Literatirde, Honarvar vd. (17)
tarafindan yapilan c¢aligmada, fetal agirlik ve
FL arasinda anlamli bir iliski bulunamadigi
bildirilmektedir. Bizim c¢alismamizda ise,
sadece FL incelendiginde, gestasyonel yas
gruplar1 arasinda istatistiksel olarak anlamli
farkliliklar tespit edilmistir. Ek olarak,
Exacoustos vd. (18) ve De Biasio vd. (19)
tarafindan yapilan calismalar da bizim
bulgularimizi desteklemektedir. Bu
caligmalarda da femur ve humerus uzunluklari
arasinda istatistiksel olarak anlamli bir iligki
oldugu (p<0,001) rapor edilmistir. Bu sonug,
femur ve humerus uzunluklarinin fetal
bliylimedeki Onemini ve aralarindaki giiglii
iligkiyi vurgulamaktadir.

Kalelioglu ve  arkadaslar1  (20)
tarafindan yapilan ¢alismada, 15-22. gebelik
haftalar1 arasinda humerus uzunlugunun
dogrusal bir artig gosterdigi ve BPD/HL nin ise
azaldig1 bildirilmistir. Bizim ¢alismamizda ise,
tim gebelik haftalarinda en az bir grupta
farkliliklar tespit edilerek, bu bulgunun
farklilik gosterdigi goriilmiistiir.

Hadlock ve ark. (21) ile Dilmen vd.
(22) tarafindan yapilan g¢aligmalarda, FL ile
gestasyonel yas arasinda giiclii bir korelasyon
oldugu belirtilmistir. Chitty ve Altman (23) ise,

hem femur hem de humerus uzunluklarinin
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gestasyonel yasla birlikte arttigin1 gostermistir.
Bizim  calismamiz da  bu  bulgulan
desteklemektedir.

Larciprete ve arkadaslart  (24),
gestasyonel yasa gore fetal biiylimeyi
degerlendirirken HL ve HC gibi parametreler
arasinda istatistiksel olarak anlamli bir farklilik
bulunamamigtir. Bizim ¢alismamizda ise, en az
bir = gestasyonel yas  grubunda  bu
parametrelerde farkliliklar tespit edilmistir.

Fetal uzunluk ve diger fetal o6lgiimler
arasindaki iligski, Ziylan (9) tarafindan da
incelenmis ve anlamli bir korelasyon oldugu
belirtilmigtir. Bu sonug, bizim ¢aligmamizdaki
bulgularla tutarhidir. Ek olarak, Carvalho ve
arkadaglar1  (25), bizim c¢alismamizda da
destekledigimiz gibi, HL ve FL gibi
parametrelerin fetal biiylime iizerinde 6nemli
bir etkisi oldugunu gostermistir.

Zelop ve arkadaglari (26) tarafindan
yapilan ¢alismada, farkl etnik gruplarda (Afro-
Amerikan, Hispanik, Asyali ve Beyaz) HL ve
BPD arasindaki iliski incelenmis ve her bir
grupta yiiksek diizeyde bir korelasyon oldugu
belirtilmistir. Elde edilen

katsayilar1 sirasiyla 0,81, 0,79, 0,78 ve 0,78

korelasyon

olarak rapor edilmistir. Bu sonug, etnik gruplar
arasinda HL ve BPD arasindaki iligskinin
oldukga gii¢lii oldugunu ve bu degiskenlerin
birbirini onemli ol¢giide acikladigini
gostermektedir.

Fukada ve arkadaslar1 (27) tarafindan
yapilan c¢alismada, FL ve HL gibi fetal
Olciimlerin gestasyonel yas ile istatistiksel

olarak anlamli bir sekilde arttig1 belirtilmistir.

SONUC

Gebelik muayenelerinde, ilk ve en
gebelik

belirlenmesidir. Son adet tarihinin bilinmedigi

onemli  adim yasimnin  dogru
ya da adet dongiisii diizensizlikleri yasandigi
durumlarda,  gestasyonel  yasin  dogru
saptanmasi zor olabilir. Bu gibi durumlarda
USG en gilivenilir yontem olarak kabul
edilmektedir. Tirkiye’de, fetiisiin biyometrik
Olciimleri i¢in iilkemize ait nomogramlar
lizerine caligmalar yapilmakla birlikte, bu
calismalar uluslararasi diizeyde yeterli degildir.
Ulkemizdeki nomogramlarm smirli  olmasi
nedeniyle, farkli toplumlara ait nomogramlar
kullanilmaktadir. Bu baglamda hem yerli hem
de yabanci yazindaki nomogramlara ek yapmig
oldugumuz bu c¢alisma ile 6zellikle femur ve
humerus uzunlugu Ol¢limleriyle literatiire

katkida bulunabilecegi kanaatindeyiz.

Finansal Destek: Yok

Cikar Catismasi: Bu calismada yazarlar ve
kurumlar arasinda ¢ikar ¢atigmasi yoktur.
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ABSTRACT

Aim: Violence against healthcare workers is an increasing occupational hazard worldwide, contributing to
burnout, migration, and reduced workforce retention. In Tiirkiye, the fear of violence among medical trainees
may be influencing their intention to work abroad and shaping their career trajectories. Methods: A cross-
sectional study was conducted among 474 5th- and 6th-year medical students using the Fear of Violence
Scale and a custom questionnaire exploring sociodemographic and occupational factors. Data were analysed
using non-parametric tests due to non-normal distribution. Results: The average fear of violence score was
42.87+£8.07. Students expressing higher anxiety about beginning their careers, who reported obstacles to
working in Tiirkiye, or who wished to practise abroad had significantly higher fear scores. 62.2% of students
indicated a desire to work internationally, and 56.3% reported they would not choose medical school again.
Fear of violence emerged as a strong correlate of both migration intent and occupational anxiety.
Conclusion: Fear of workplace violence significantly impacts medical students’ attitudes toward practising
in their home country. These findings reflect a broader challenge of healthcare worker retention and signal
the need for policy changes targeting workplace safety in clinical training environments.

Keywords: Healthcare Workers, Medical Students, Migration,Violence
OZET

Amag: Saglik calisanlarina yonelik siddet, tikenmislige, goce ve isgiiciiniin elde tutulmasinin azalmasina
katkida bulunan, diinya ¢apinda giderek artan bir mesleki tehlikedir. Tirkiye'de, tip stajyerleri arasindaki
siddet korkusu, yurt disinda calisma niyetlerini etkiliyor ve kariyer ydriingelerini sekillendiriyor olabilir.
Yontem: Siddet Korkusu Olcegi ve sosyodemografik ve mesleki faktorleri arastiran ozel bir anket
kullanilarak 474 5. ve 6. smnif tip 6grencisi arasinda kesitsel bir ¢aligma yiiriitilmistiir. Veriler normal
dagilim gostermedigi i¢in non-parametrik testler kullanilarak analiz edilmistir. Bulgular: Ortalama siddet
korkusu puani 42.87+8.07 idi. Meslege baslama kaygisi daha yiiksek olan, Tiirkiye'de ¢aligmasinin dniinde
engeller oldugunu belirten veya yurtdisinda ¢calismak isteyen dgrencilerin korku puanlari anlamli derecede
yiiksektir. Ogrencilerin %62,2'si uluslararas1 alanda calismak istedigini ve %56,3" tip fakiiltesini tekrar
tercih etmeyecegini belirtmistir. Siddet korkusu hem go6¢ niyeti hem de mesleki kaygi ile giiclii bir
korelasyon gdstermistir. Sonug: Isyerinde siddet korkusu, tip 6grencilerinin kendi iilkelerinde uygulama
yapmaya yonelik tutumlarini 6nemli dl¢lide etkilemektedir. Bu bulgular, saglik calisanlarini elde tutmaya
yonelik daha genis bir zorlugu yansitmakta ve klinik egitim ortamlarinda isyeri giivenligini hedefleyen
politika degisikliklerine duyulan ihtiyaca isaret etmektedir.

Anahtar Kelimeler: Saglik Calisanlari, Tip Ogrencileri, Gog, Siddet

Corresponding Author: Hasan Durmus Correspondence Adress: Erciyes University Department of Public
Health. 3800, Kayseri-Melikgazi, Tiirkiye. Mail: hasandurmus@erciyes.edu.tr Received: 21.05.2025;
Accepted: 17.06.2025.


https://orcid.org/0000-0001-5719-1475
https://orcid.org/0000-0002-1424-8037
https://orcid.org/0000-0001-7333-662X

Durmus H, Borlu A, Gun I. The Relationship Between Fear of Violence, Migration Intention, and
Occupational Anxiety Among Medical Students

Cite this article as: Durmus H, Borlu A, Gun I. The Relationship Between Blood Eosinophil Levels and
COVID-19 Mortality. Medical Research Reports 2025;8(2):104-114.

INTRODUCTION

Violence in healthcare remains a
significant issue in our country, mirroring
global trends (1). This encompasses a spectrum
of aggression ranging from verbal abuse, such
as shouting and insults, to physical
altercations, humiliation, threats, and in
extreme cases, even homicide (2). According
to the World Medical Association, violence in
healthcare is designated as a global emergency,
posing a significant threat to the integrity of
healthcare systems and profoundly impacting
the well-being of patients (3). The dimension
of violence stemming from sociocultural,
social, and institutional factors is increasingly
highlighted with the advent of social media, a
product of the communication age (4).
Individuals exposed to violence may
experience serious psychological traumas,
leading to ongoing fear and anxiety that
negatively impact their professional lives. In
some cases, this may result in career changes
due to the debilitating effects of conditions
such as depression and anxiety (5). According
to the findings of a systematic review
encompassing 253 studies with 331,554
individuals, the prevalence of exposure to any
form of violence among healthcare workers
was 61.9%. Specifically, they encountered
verbal violence at a rate of 57.6% and physical

violence at a rate of 24.4% (6).

In studies conducted within our
country, violence in healthcare exhibits various
dimensions and ranges between 46.7% and
100% (7, 8).

Violence in healthcare is more
prevalent compared to other sectors due to the
continuous nature of the service, its direct
involvement with individuals, and the fact that
individuals seeking healthcare may sometimes
be alcohol-addicted, have  personality
disorders, or exhibit agitation (9). Although
incidents of violence occur across all areas of
the healthcare sector, it is known to be more
frequent in psychiatry and emergency services,
particularly targeting nurses and doctors (10).

The exposure of medical students to
violent incidents, particularly during their
practical training and observations in hospital
environments, contributes to increased anxiety
as they begin their professional careers. In a
study assessing students' exposure to
workplace violence, this rate was found to be
74.3% (11). Recently, fear of violence in future
work life has become a prominent concern in
the health sector. Investigating healthcare
workers who altered their career plans and
initiated new searches prior to commencing
their professional lives due to fear of violence
may provide a more comprehensive
understanding of the professional outcomes

influenced by this fear (12).
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The objective of this study is to assess
the apprehension of violence among senior and
5th-grade

training across different domains, rendering

students undergoing  practical
services, and on the verge of entering their

professional  careers, particularly  within

hospital settings.

MATERIAL AND METHODS

This cross-sectional study involved
participants from X University Faculty of
Medicine. Specifically, students from the 5th
and 6th grades were selected for the study due
to their active involvement in internships, close
observation of the patient-physician
relationship, and imminent transition to
professional roles as physicians upon
graduation. In previous studies, it was
observed that 43% of medical faculty students
expressed fear of violence (11). Based on
sample calculations conducted using the
Epilnfo program, a sample size of 384 was
determined with a 95% confidence level, a 5%
margin of error, and a design effect of 1.
However, the study was completed with 474
participants. In the 2022-2023 academic year,
a total of 572 students were enrolled in the 5th
and 6th years. Among them, 22 were
international  students. As international
students were excluded from the study, 86.2%
of the target population was successfully
reached.

Questionnaire

The questionnaire prepared by the

researchers comprises two parts. The first part

includes questions related to sociodemographic

characteristics and aspects of the profession.
The second part incorporates the Fear of
Violence Scale, initially developed by Rogers
(1994), and validated for Turkish context
through studies conducted by Akbolat et al.
(13, 14). The scale comprises 10 questions
rated on a 5-point Likert scale, with scores
ranging from a minimum of 10 to a maximum
of 50. Higher scores indicate greater fear of
violence. The internal consistency coefficient
of the scale was determined to be 0.94. While
fear of violence was assessed using a
previously validated and reliable scale, no
standardized or validated instruments were
employed to measure migration tendency or
professional anxiety. Instead, participants’
levels of occupational anxiety were assessed
using a 5-point Likert-type item ranging from
“very low” to “very high.” Similarly, migration
tendency was evaluated through direct
questions formulated by the researchers. The
absence of established, psychometrically tested
tools for these constructs represents a
methodological limitation and should be
considered when interpreting the findings.
Statistical analysis

Statistical analysis was performed
using SPSS version 24.0. Due to the non-
normal distribution of the scale scores, non-
parametric tests were employed in the study.
Frequency tables were presented as numbers
and percentages. The Mann-Whitney U test was
utilized to compare paired groups, while the
Kruskal-Wallis test was employed to compare
groups of three. Post-hoc evaluation was
conducted for the results of the Kruskal-Wallis

test to determine the source of the difference.
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RESULTS

Table 1 displays the sociodemographic
characteristics of students in 5th and 6th
grades. As indicated, 55.1% of the students
were female. The majority resided with their
families, and 50.7% reported having an equal
balance between income and expenditure.

The responses of the students to
various questions about their professional

Table 1. General Characteristics of the Students

careers are presented in Table 2. While 29.3%
of the students stated that they did not want to
pursue any specialty education, 73.2% of them
indicated that there were circumstances that
could hinder their careers in our country. A
majority of 62.2% of the students expressed a
desire to practice their profession abroad.

Factors Number (n=474) Percent (%100)
Grade

5th grade 237 50.0
6th grade 237 50.0
Gender

Female 261 55.1
Male 213 44.9
Place of Residence

With Family 228 48.1
University Dormitory 32 6.8
Off-Campus Housing 194 40.9
Private Dormitory 20 4.2
Income status

Income Less Than Expenditure 111 23.4
Income and Expenditure Equal 240 50.7
Income More Than Expenditure 123 25.9
Health workers in the family

None 258 54.3
Physician 93 19.6
Other health worker 123 25.9
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Table 2. Students’ Perspectives on Their Professional Careers

Factors Number (n=474) Percent (%6100)
Specialty preference

Not considering specialization 139 29.3

Surgical departments 134 28.3

Internal partitions 137 28.9

Community- and socially oriented medical sciences 9 19

Undecided 55 11.6
Are there any career obstacles?

Yes 347 73.2

No 28 5.9

Undecided 99 20.9
Prefer to live abroad

Yes 338 73.3

No 62 131

Undecided 74 15.6
Desire to practice their profession abroad

Yes 295 62.2

No 84 17.7

Undecided 95 20.1
Requesting a change in the medical specialty exam

Yes 317 66.9

No 157 33.1
If you could go back in time, do choose medicine

Yes 207 43.7

No 267 56.3
Level of anxiety regarding commencing a profession

Low 24 51

Middle 111 23.4

High 339 71.5
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Inner contentment/feeling useful to others

Having job security

High social status

High financial return

Family/friends/environmental guidance

My own will/idea/interest

0,00%

46%

54,50%

45,80%

41,60%

48,80%

65,60%

10,00% 20,00% 30,00% 40,00% 50,00% 60,00% 70,00%

Figure 1. Reasons for Choosing Medical School (Multiple Options Selected)

Figure 1 illustrates the reasons behind
students' preference for medical school. The
most prevalent rationale for this choice is the
students' personal aspirations, ideals, and
interests, accounting for 65.6% of responses.

The mean fear of violence score
among students was 42.87+8.07, with a
median score of 45 (25th-75th percentile: 40-
50). Table 3 explores the relationship

between fear of violence and certain

characteristics. It reveals that individuals who
expressed a preference against choosing
medicine if given the chance to revisit the past,
those who reported heightened anxiety about
commencing their professional careers, those
aspiring to practice medicine abroad, and those
perceiving obstacles in attaining their desired
career within the country exhibited a higher

fear of violence.

Table 3. Comparison of Fear of Violence and Selected Characteristics of Students

Factors M (25th-75th) U, KW p
Gender
Female 46 (40 - 50)
25764 0.163
Male 44 (39 - 50)
Grade
5th grade 45 (40 - 50)
27955 0.930
6th grade 44 (39 - 50)
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If you could go back in time, do choose

medicine
Yes 41 (38 - 50)
22267 <0.001
No 47 (40 — 50)
Level of anxiety regarding commencing a
profession”
Low? 35(30-43)
Middle? 40 (34 -43) 74.97 <0.001
HighP 48 (40 — 50)
Desire to practice their profession abroad”
Yes? 48 (40 - 50)
NoP 40 (35 — 48) 38.44 <0.001
Undecided® 41 (38 - 49)
Prefer to live abroad”
Yes? 47 (40 - 50)
NoP 40 (32 — 48) 47.97 <0.001
Undecided® 40 (36 — 46)
Are there any career obstacles?”
Yes? 48 (40 — 50)
No® 40 (30 -41) 4431 <0.001
Undecided® 40 (35 - 46)

*Groups labeled with different letters are significantly different from each other.

M: Median, U: Mann Whitney-U, KW: Kruskal-Wallis

DISCUSSION

This study is deemed significant as it
delves into the prospective apprehensions of
medical students concerning the fear of
violence. In Tirkiye, 70.7% of medical
students contemplate seeking opportunities
abroad, with the majority expressing a desire
for permanent relocation (15). In our study, the
proportion of participants expressing a

preference to practice their profession within

their own country was 17.7% (Table 2).
Particularly in the assessment of fear of
violence, it was evident that individuals
aspiring to pursue their careers abroad
exhibited a significantly heightened level of
apprehension (Table 3). This finding may
reflect a potential association between the fear
of violence and students' inclination towards
migration; however, the cross-sectional nature
of the study precludes causal inferences.
Violence stemming from conflict or

workplace-related incidents constitutes one of
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the primary factors driving healthcare
professionals to seek opportunities abroad (16-
18). In this study, a greater inclination towards
practicing abroad was observed among
individuals with higher violence scores.
Although there is no armed conflict in the
country, the elevated perception of workplace
violence may be one of several factors
influencing the migration intentions of medical
students, resembling patterns observed during
periods of conflict in other contexts.

More than 15% of healthcare workers
globally are employed outside their countries
of origin. The migration of healthcare workers
is influenced by a multitude of political,
economic, and social factors (19). Indeed, our
study did not assess all these factors
comprehensively. However, it's worth noting
that there's limited literature examining the
relationship between violence and migration
intentions among healthcare professionals (20).
In this study, over half of the students who
voluntarily enrolled in medical school (Figure
1) expressed that they wouldn't opt for it again
if given the chance to go back. The significant
association between higher fear of violence
and this sentiment, as evidenced by Table 3,
this association suggests that fear of violence
may be related to students’ dissatisfaction with
their career choice; however, causality cannot
be established within the scope of this study.

In a particular study, it was observed
that the incidence of witnessing violence
against physicians was relatively low during
the initial three years of medical school.
However, as students progressed through their

grades, the frequency of such encounters

notably escalated (11). In another study
conducted in Tirkiye, it was noted that the
rates of experiencing or witnessing violence
escalated as students progressed through their
grades (5). In this study, making comparisons
with other grades is not feasible as only the
final two grades were included in the research.
Additionally, the absence of disparity between
the final two grades may be attributed to
differences in the timing of the research.

It was observed that female physicians
reported feeling less secure in their workplaces
regarding violence (2). There is also a study
indicating that there is no gender difference in
medical students' fear of exposure to violence
(11). In this study, although no significant
difference was observed between genders, fear
of exposure to violence was found to be higher
among females. This finding aligns with
existing literature and suggests that while there
may be no gender disparity during their student
years, females may experience increased fear
of violence as they transition into professional
practice.

In a study conducted in Africa, it was
reported that workload and occupational risks
influence the career aspirations of prospective
physicians (21). In the context of this study,
violence may be perceived as one of the factors
associated with negative career outlooks
among participants. Indeed, individuals who
believed that various factors could impede
their career trajectory exhibited higher scores
on measures of violence. Consequently, a
similar pattern emerged wherein individuals
with elevated violence scores were more

inclined to express reluctance in pursuing
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medical education if they could revisit their
past decisions.

In recent years, Tiirkiye has faced a
significant risk of physician migration abroad.
The number of physicians seeking to migrate
overseas has surged to 3000, signalling that
one in every 4 graduates opts to practice
abroad (15, 22). This scenario not only
adversely impacts the country's resources, both
economically and in terms of workforce, but
also directly affects the health status of the
population. A study estimated that the
additional deaths resulting from physician
migration in middle and low-income countries
led to an annual loss of 16 billion dollars (23).
The Turkish Parliament has been actively
addressing this issue by investigating the root
causes of physician migration and proposing
potential solutions (24). In this context, despite
certain economic measures implemented in
2023 to mitigate physician migration, the
number of physicians seeking to migrate
reached a record high in the same year (25).
Although global studies highlight economic
conditions as the primary driver of physician
migration. These findings indicate that, in
addition to economic concerns, the fear of
workplace violence may be among the factors
associated with migration intentions. Further
research is required to clarify the causal
pathways involved (26).

While the study's restriction to a single
medical faculty is acknowledged as a
limitation, it is important to note that this
institution caters to a substantial patient
population from surrounding provinces in

central Anatolia. Another limitation is that

participants have not yet assumed full
diagnostic and treatment responsibilities.
However, despite their pre-graduate status,
observing the dynamics of patient-physician
interactions and assessing levels of violence,
migration tendencies, and occupational anxiety
among aspiring physicians can provide
valuable insights for policymakers in future
planning. Additionally, the study
conceptualized violence solely in the context
of patient- or service-recipient—initiated
incidents. However, workplace violence may
also stem from within the healthcare setting
itself, including instances of mobbing
(psychological harassment) by colleagues or
superiors. This dimension was not addressed in
the current study and should be acknowledged
as a limitation.

In  conclusion, violence against
healthcare personnel adversely impacts the
perceptions of physician candidates toward
their  profession, prompting some to
contemplate seeking employment abroad upon

completion of their medical training.
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ABSTRACT

Aim: Postoperative bleeding is one of the most frequently encountered complications following coronary
artery bypass grafting (CABG). This study aims to investigate preoperative and intraoperative risk factors
affecting postoperative bleeding in CABG surgery. Methods: A total of 242 patients who underwent CABG
between March 2019 and January 2023 were retrospectively analyzed. Based on postoperative bleeding
volume, patients were classified into two groups: normal bleeding (Group N) and excessive bleeding (Group
B). The groups were compared in terms of demographic, clinical, and perioperative variables. Results:
Patients in Group B demonstrated significantly lower preoperative platelet counts (p=0.005), a lower
prevalence of COPD (p=0.01), and longer anesthesia durations (p=0.033). Logistic regression analysis
identified the absence of COPD (OR: 0.202; 95% CI: 0.054-0.759) and low platelet levels (OR: 0.995; 95%
Cl: 0.991-0.999) as independent predictors of excessive bleeding after CABG surgery. Conclusion: The
findings indicate that reduced preoperative platelet count and the absence of COPD are significant risk
factors for excessive bleeding following CABG. Moreover, these patients exhibited higher rates of
postoperative complications and mortality.

Keywords: Bleeding, Cardiac Surgery, Mortality, Postoperative Complications
OZET

Amag: Koroner arter bypass greftleme (CABG) cerrahisi sonrasinda karsilagilan en Onemli
komplikasyonlardan biri postoperatif kanamadir. Bu ¢alismanin amaci, CABG cerrahisi geciren hastalarda
postoperatif kanamay1 etkileyen preoperatif ve intraoperatif risk faktorlerini arastirmaktir. Yontem: Bu
calismada Mart 2019 ile Ocak 2023 tarihleri arasinda CABG cerrahisi uygulanan 242 hasta retrospektif
olarak degerlendirildi. Postoperatif donemde kanama miktarina gore hastalar normal kanama (Grup N) ve
asirt kanama olanlar (Grup B) seklinde iki gruba ayrildi. Gruplar demografik, klinik ve perioperatif
degiskenler acisindan karsilagtirildi. Bulgular: Grup B'deki hastalarda anlamli bir sekilde daha diisiik
preoperatif trombosit sayisi (p=0,005), daha diisik KOAH prevalansi (p=0,01) ve daha uzun anestezi siireleri
(p=0,033) oldugu saptandi. Lojistik regresyon analizi, KOAH 6ykiisii olmayisimi (OR: 0,202; %95 GA:
0,054-0,759) ve diisiik trombosit seviyelerini (OR: 0,995; %95 GA: 0,991-0,999) KABG ameliyatindan
sonra agirt kanama i¢in bagimsiz risk faktorleri olarak tanimladi. Sonu¢: Bu sonuglar, diisiik preoperatif
trombosit diizeyi ve KOAH &ykiisiiniin olmamasinin, CABG cerrahisi sonrasi agirt kanama igin bagimsiz risk
faktorleri oldugunu ortaya koymustur. Ayrica, asir1 kanamasi olan hastalarda postoperatif komplikasyonlarm
ve mortalitenin daha sik goriildiigii bulunmustur.

Anahtar Kelimeler: Kanama, Kardiyak Cerrahi, Mortalite, Postoperatif Komplikasyonlar
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INTRODUCTION

Coronary artery bypass grafting
(CABG) is a commonly applied surgical
approach in patients with advanced coronary
artery disease requiring revascularization. It is
nearly 400,000 CABG

procedures are carried out each year in the

estimated that

United States, reflecting its ongoing clinical
relevance (1). Although CABG surgery is a
major operation with low mortality rates
globally, it also brings about various
complication risks (1, 2).
Among the major postoperative
complications  following CABG surgery,
excessive remains

bleeding particularly

prevalent and clinically important.
Postoperative bleeding is more frequently
observed in cardiovascular surgical procedures
compared to other surgeries. Approximately
10% of patients undergoing cardiac surgery
experience severe or major blood loss (3).
Excessive postoperative bleeding can lead to
numerous issues such as increased use of blood
and blood products, higher morbidity and
mortality risk, increased need for reoperation,
and prolonged stays in intensive care units
(ICU) and hospitals (4-6).

understanding and managing the factors

Therefore,

affecting bleeding after CABG surgery is

critical in patient care.

Previous research has indicated that

numerous  elements, including  genetic

background, demographic  characteristics,
perioperative medication use, and procedural
factors such as surgical technique and duration,
can influence bleeding risk after CABG.
Additionally, the patient's overall health status,
particularly kidney and liver functions,
coagulation disorders, and preoperative blood
values are also important factors (7-9). Despite
this, the exact nature of the risk factors has not
yet been definitively determined.

This study aims to investigate
preoperative and intraoperative risk factors
affecting postoperative bleeding in CABG
surgery patients by analyzing our hospital's
data. As a secondary objective, the effects of
excessive bleeding on postoperative mortality,
morbidity, ICU, and hospital stay durations

will be examined.

MATERIAL AND METHODS

Study Design and Patient Selection

This  retrospective  cross-sectional
study included patients who underwent CABG
surgery at the Cardiovascular Surgery (CVS)
Department of Diyarbakir Gazi Yasargil TR

Hospital between March 2019 and January
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2023 and were monitored in the CVS ICU for
at least 24 hours postoperatively. Ethical
approval was obtained from the Diyarbakir
Gazi Yasargil TR Hospital Ethics Committee
(Date/No  27.01.2023/327). All procedures
followed the ethical standards set by the 2013
version of the Declaration of Helsinki.

Patients aged 18 and over who
underwent CABG surgery within the specified

Patients who underwent
cardiac surgery between
March 2019 and January 2023
n=507

dates were included in the study. Cardiac
surgeries performed off-pump, surgeries
performed for reasons other than CABG,
emergency operations, patients who died
intraoperatively or within the first 24 hours
postoperatively, and those with incomplete
data were excluded. The study flow diagram is

shown in Figure 1.

v

Patients included in the study
after excluding 265 patients
n=242

Patients with excessive bleeding

in the postoperative period
Group B (n=98)

Figure 1. Study flow diagram

\

Cases other than CABG (n=128)
Patients who died infraoperatively or
within 24 hours postoperatively (n=32)
Patients who underwent emergency
surgery or had incomplete data (n=105)

J

Patients with normal bleeding

in the postoperative period
Group N (n=144)
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Demographic, preoperative,
intraoperative, and postoperative data of the
included patients were obtained from patient
files and the hospital information system. Data
such as age, gender, body surface area (BSA),
chronic diseases (hypertension, diabetes

mellitus, chronic  obstructive  pulmonary
disease (COPD), kidney failure, etc.), type of
surgery (number of vessels operated on, and
whether valve repair was performed with
CABG), ejection fraction (EF), New York
Heart Association (NYHA) heart failure
classification (10), European System for
Cardiac Evaluation

(EuroSCORE) Il (11), preoperative laboratory

Operative Risk

values (hemoglobin, hematocrit, platelet,
prothrombin time), intraoperative tranexamic
acid (TXA) use, mean arterial pressure during
surgery, initial, pump start, and operation end
activated clotting time (ACT) values, cross-
clamp (CC) and cardiopulmonary bypass
(CPB) durations, surgery and anesthesia
durations,

intraoperative  urine  output,

ultrafiltration ~ application,  intraoperative
inotropic need and type of inotrope used,
intraoperative blood and blood product need,
hourly bleeding amounts from thoracic and
mediastinal tubes in the first 24 hours
postoperatively, total blood and blood product
need postoperatively, ICU and hospital stay
durations, and mortality were recorded.
Patients were categorized into two
groups according to the volume of thoracic and
mediastinal drainage and the quantity of
transfused blood products. A case was

classified as having excessive bleeding if it

met at least one of the following predefined
criteria:

*Bleeding amount from thoracic and
mediastinal tubes >200 mL/hour at any time

*Continuous bleeding >2 mlL/kg/hour
for 2 consecutive hours within the first 24
hours

*Total bleeding amount >1500 mL in
24 hours

*Class 3-4 according to the Universal
definition of perioperative bleeding in adult
cardiac surgery criteria (7,8,12)

Patients who did not meet any of the
specified criteria were assigned to the normal
bleeding group (Group N), while those
fulfilling at least one criterion were placed in
the excessive bleeding group (Group B). These
two cohorts were subsequently compared
based on their demographic, clinical, and
perioperative features to identify potential
factors influencing bleeding in patients
undergoing CABG.

Preoperative Evaluation and Intraoperative
Management

All patients  were evaluated
preoperatively by an anesthesia specialist in
the anesthesia clinic and on the ward the day
before surgery. Detailed verbal explanations
were given, and written informed consent was
secured from both patients and their legal
guardians or relatives.

After patients were taken to the
operating room, standard monitoring was
applied (electrocardiogram (ECG), pulse
oximeter (SpO2), and non-invasive blood

pressure). Sedoanalgesia was provided with
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midazolam (1-2 mg V) or midazolam (1-2 mg
IV) and fentanyl (1-2 pg/kg IV) based on
clinical status and vital signs. After
sedoanalgesia, radial artery cannulation was
performed for invasive blood pressure
monitoring. For anesthesia induction, propofol
(1-3 mg/kg 1V) as a general anesthetic,
fentanyl (1-2 pg/kg IV) as an analgesic, and
rocuronium (0,6-09 mg/kg V) as a
neuromuscular blocker were used. In critical
patients with low EF, induction was performed
with midazolam (0,1 mg/kg 1V) and fentanyl
(5 ng/kg 1V) instead of propofol. Patients were
intubated and connected to a mechanical
ventilator, and central venous catheterization
was performed via the right jugular vein.
Anesthesia maintenance was achieved with 2%
sevoflurane, 50% O2, and 50% air mixture.

Coronary artery bypass surgery and
cardiopulmonary bypass procedures were
performed according to clinical protocol and
the surgeon's preference. All interventions
during cardiopulmonary bypass were made
with the joint decision of the surgeon,
anesthesiologist, and perfusionist. After the
procedure, all patients were transferred to the
CVS ICU intubated and followed up
postoperatively.
Statistical Analysis

All statistical analyses were carried out
using SPSS software (v24.0, SPSS Inc.,
Chicago, IL, USA). Categorical data were
presented as counts and percentages, while
continuous variables were expressed as mean =+
standard deviation. The chi-square test or
Fisher's exact test was utilized for analyzing

categorical variables. To assess the distribution

of continuous variables, the Kolmogorov—
Smirnov test was performed. Based on the
distribution pattern, comparisons were made
using either the Student’s t-test for normally
distributed variables or the Mann—-Whitney U
test for data not conforming to normality.
Variables identified as significant in the
univariate analysis, along with those
previously recognized in the literature as
potential predictors of excessive bleeding,
were incorporated into the binary logistic
regression model (13). COPD, type of surgery
performed, EuroSCORE IlI, preoperative
platelet count, intraoperative use of TXA,
cross-clamp and cardiopulmonary bypass
durations, and surgery and anesthesia durations
were included in the analysis. The association
between excessive bleeding and exposure to
the risk factors was reported using the odds
ratio (OR) with a 95% confidence interval
(CD. In all comparisons, a p-value of <0.05

was considered significant.

RESULTS

A total of 242 patients who underwent
CABG between March 2019 and January 2023
and were monitored for a minimum of 24
hours in the cardiovascular surgery intensive
care unit were enrolled in the study. The mean
age of the study population was 61+£9.32 years,
with a predominance of male patients (192
males vs. 50 females). The incidence of
excessive  postoperative  bleeding  was
calculated as 40.4%. Among the patients with
excessive bleeding, the rate of those who

underwent revision surgery was 9.18% (9/98
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patients). Table 1 presents the demographic,
clinical, and preoperative characteristics of the
patient cohort included in the study.
Comparison of demographic, clinical,
and preoperative variables revealed that

patients in Group B had significantly lower

preoperative platelet counts (p=0.005), while a
history of COPD was more prevalent in Group
N (p=0.01) (Table 1). No other variables
showed statistically significant differences

between the two groups.

Table 1. Demographic, clinical, and preoperative characteristics of patients

All patients Group N Group B
(n=242) (n=144) (n=98) p

Mean+Std Mean£Std Mean+Std
Age (year) 61+9.32 60.5+9.24 61.6+£9.47 0.4"
Body space area (m?) 1.86+0.15 1.85+0.15 1.87+0.16 0.44"
Ejection fraction (%) 52.07+8.5 52.2+8.4 51.7+8.5 0.65
Euroscore |1 1.34+0.78 1.27+0.6 1.44+0.98 0.54
NYHA class 2/3/unknown (n) 51/29/162 32/20/92 19/9/70 0.4
Hemoglobin (g/dl) 14.04+1.65 14.03+1.71 14.04+1.56 0.73
Hematocrit (%) 42.7+4.82 42.7+4.9 42.8+4.73 0.97
Platelet (x 10%/uL) 257.7+£72.8 268.7+78.9 241.6+59.6 0.005
Prothrombin time (s) 12.1+1.47 12.2+1.28 12.06+1.72 0.12
Mean arterial pressure (mmHg) 101.4+17.8 102.4+18.1 100.01+17.2 0.3"
Sex Female/Male (n) 50/192 33/111 17/81 0.29
Comorbidity (n, %) 213 (88) 129 (51.7) 84 (39.4) 0.36
Diabetes 149 (61.6) 84 (56.4) 65 (43.6) 0.21
Hypertension 132 (54.5) 83 (62.9) 49 (37.1) 0.24
CKD 7(2.9) 5 (71.4) 2 (28.6) 0.7"
COPD 21 (8.7) 18 (85.7) 3(14.3) 0.01"

NYHA: New York Heart Association; CKD: Chronic kidney disease; COPD: Chronic obstructive pulmonary disease

*Student t test p value; **Fisher’s Exact p value
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Analysis of intraoperative variables
indicated that the majority of patients
underwent isolated CABG, whereas 13
individuals (5.4%) received concomitant valve
Although

cardiopulmonary bypass duration, surgical

surgery. cross-clamp  time,

time, and anesthesia time were all longer in

Group B, only the difference in anesthesia

Factors affecting excessive bleeding in
patients who underwent CABG were evaluated
using binary logistic regression. The results of
the binary logistic regression analysis are
shown in Table 3. The analysis found that
COPD (OR, 0.202; 95% CI, 0.054-0.759) and
preoperative platelet values (OR, 0.995; 95%
Cl, 0.991-0.999) were independent risk factors

duration reached statistical significance for excessive bleeding in patients who
(p=0.033). Details regarding other underwent CABG.

intraoperative characteristics are shown in

Table 2.

Table 2. Comparison of groups in terms of intraoperative characteristics

All patients Group N Group B
Characteristic (n=242) (n=144) (n=98) p
Mean+Std Mean+Std Mean+Std
Type of surgery (n, %)
CABG 222 (94.6) 139 (57.4) 90 (37.2) 011
CABG + valve surgery 13 (5.4) 5(3.5) 8(3.3)
CABG (n, %)
<2 vessel 78 (32.2) 47 (19.4) 31 (12.8) 0.86
>3 vessel 164 (67.8) 97 (40.1) 67 (27.7)
Tranexamic acid (n, %) 80 (33.1) 52 (21.5) 28 (11.6) 0.22
ACT before CPB (s) 129.8+25.09 130.3+24.8 129.2425.5 0.71
ACT during CPB (s) 616.84162.5  621.7+164.7  609.6£159.9 0.6
ACT after protamine (s) 119.4+16.1 119.1+15.7 119.7+16.8 0.3
Cross clemping time (min) 58.3+28.9 56.6+28.2 60.8+30.01 0.25
Cardiopulmonary bypass time (min) 95.8+38.2 92.2+34.3 101.05+43.07  0.17
Duration of surgery (min) 214.3+48.4 209.4+46.3 221.5+50.7 0.06
Duration of anesthesia (min) 242.74+47.05 237.3+45.6 250.74+48.2 0.033
Urine output (ml) 658.5+515.08 676.3+542.01  632.3+474.2  0.12
Inotrope (n, %) 170 (70.2) 96 (39.7) 74 (30.6) 0.14
Erythrocyte suspension (unit) 0.5+0.8 0.8+0.06 0.98+0.09 0.31
Fresh frozen plasma (unit) 1.5+0.9 0.91+0.07 0.89+0.09 0.12

CABG: Coronary artery bypass graft; ACT: Activated clootting time; CPB: Cardiopulmonary bypass

© Copyright Medical Research Reports 2025;8(2):115-126

121



Uzundere O, Bedir Sert B, Topalel S, Ozgun S, Kandemir S, Acil F, Yurekli Al. Evaluation of Factors

Affecting Bleeding in Coronary Artery Bypass Surgery

Table 3. Binary logistic regression model for excessive bleeding

95% C.1.for EXP(B)

Characteristic Exp (B)
Lower Upper

Chronic obstructive pulmonary disease 0.202 0.054 0.759 0.018
Type of surgery 1.366 0.250 7.448 0.719
Euroscore 11 1.257 0.825 1.916 0.287
Preoperatif platelet count 0.995 0.991 0.999 0.009
Tranexamic acid 0.877 0.451 1.705 0.698
Cross clemping time 0.981 0.956 1.006 0.143
Cardiopulmonary bypass time 1.015 0.996 1.035 0.116
Duration of surgery 0.983 0.953 1.014 0.281
Duration of anesthesia 1.021 0.989 1.054 0.197

Postoperative outcomes revealed that
24-hour bleeding volume in Group B was
nearly double that observed in Group N
(1057 mL vs. 542 mL, p<0.001). Additionally,
patients in Group B received significantly
higher amounts of erythrocyte suspension and
(p<0.001), and

fresh  frozen plasma

experienced greater rates of ICU complications
(p<0.001) and mortality (p=0.003). Despite
these differences, no statistically significant
variation was noted between the groups
regarding ICU or hospital length of stay (Table
4).

Table 4. Comparison of groups in terms of postoperative characteristics

All patients Group N Group B
Characteristic (n=242) (n=144) (n=98) p

Mean+Std Mean+Std Mean£Std
Postoperative 24-hour drainage (ml) 751.03+442.3 542.3£249.3 1057.6+484.6 <0.001
Erythrocyte suspension (unit) 2.0+1.6 1.4+1.02 2.84+2.02 <0.001
Fresh frozen plasma (unit) 2.9+1.7 2.42+1.02 3.79+£2.2 <0.001
ICU complication (n, %o) 72 (29.8) 26 (10.7) 46 (19) <0.001
Mortality (n, %) 9 (3.7) 1(0.4) 8 (3.3) 0.003
Length of stay in the ICU (day) 3.2+2.1 3.03+1.8 34424 0.061
Length of stay in the hospital (day) 9.6+5.1 9.8+5.5 9.4+4.4 0.7

ICU: Intensive care unit
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DISCUSSION

In this study investigating factors
associated  with  excessive  postoperative
bleeding in patients undergoing CABG, it was
observed that patients with excessive bleeding
had lower preoperative platelet counts and a
lower incidence of COPD. Both reduced
platelet levels and the absence of COPD were
identified as independent predictors of
excessive bleeding. Furthermore, these patients
required more blood and blood product
replacement and had higher rates of
complications and mortality.

When reviewing studies that have
investigated factors affecting bleeding after
coronary artery surgery, it has been indicated
that various factors can influence bleeding.
One such study by Biancari et al. in 2016
aimed to develop a scoring method to classify
the risk of severe bleeding in patients
undergoing CABG surgery based on initial risk
factors and antithrombotic therapy. The study
concluded that the use of anticoagulant and
antiplatelet agents in the preoperative period,
anemia, female gender, acute coronary
syndrome, kidney failure, and critical
preoperative condition were risk factors for
excessive bleeding (9). In another study,
Ozbayrak et al. analyzed data from their center
over two years and found the -early
postoperative bleeding rate after open cardiac
surgery to be 9.7%, identifying COPD,
preoperative
EuroSCORE, long CC and CPB durations as

parameters predicting excessive bleeding (12).

antiplatelet use, high

Rodrigues et al. examined 682 patients
requiring reoperation due to bleeding after
cardiac surgery and emphasized that a history
of kidney failure, prior anticoagulant use, high
intraoperative heart rate, and intraoperative
blood product need were factors associated
with reoperation due to bleeding in the
postoperative period (14). In their study
analyzing preoperative and operative factors
related to excessive bleeding in patients
undergoing CABG surgery, Bastopgu et al.
found that male gender, low body mass index
(BMI), low platelet values, and long CPB
duration were factors associated with bleeding
(4). Lopes et al. noted in their 2015 review that
many factors could affect excessive bleeding in
cardiac surgery (13). Following this review,
they prospectively examined 323 adult open
cardiac surgery patients and identified male
gender, BMI, preoperative platelet count, and
intraoperative heparin dose >312.5 mg without
subsequent platelet transfusion as factors
associated with bleeding (15).

The findings of this  study
demonstrated that the absence of COPD and
reduced  preoperative  platelet  counts
independently predicted the occurrence of
postoperative bleeding in patients undergoing
CABG. A review of previous literature also
confirms that low platelet levels have been
frequently associated with increased bleeding
risk in similar patient populations (4,6,15).
Previous studies have reported conflicting
results regarding the impact of COPD on
postoperative bleeding (12,16). While some

studies have associated COPD with increased
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bleeding due to chronic inflammation and
vascular fragility (12), our findings suggest a
lower prevalence of excessive bleeding in
patients with COPD. This may be attributed to
COPD-associated changes such as increased
platelet aggregation, elevated mean platelet
volume, and reactive thrombocytosis, which
may provide a protective effect against
bleeding (16). These physiopathological
mechanisms may help explain the unexpected
inverse relationship observed in our cohort.

As summarized in these studies,
various factors can influence postoperative
bleeding in patients undergoing CABG surgery
(4,9,12,13,15,17).
outcomes are likely influenced by multiple

Variations in  study

factors, with differences in patient populations
being among the most significant contributors.
While most studies included all cardiac surgery
patients, fewer studies focused solely on
patients undergoing isolated CABG surgery.
Additionally, the lack of international clear
criteria for defining excessive bleeding is
another significant reason for different results.
Dyke et al.'s 2014 study is noteworthy in this
context (8). In this study, the authors
categorized and classified postoperative
bleeding in cardiac surgery patients based on
the amount of drainage from chest tubes, the
amount of blood and blood products replaced,
and the presence of reexploration/tamponade,
aiming to contribute to international standards
for defining postoperative bleeding.

Significant increases in complications
and mortality risk are observed in patients
monitored in the ICU for excessive bleeding

following coronary artery bypass graft surgery

(18). During this period, various complications
can develop in addition to bleeding, including
myocardial infarction, cardiac arrhythmia,
stroke, wound infection, renal dysfunction,
prolonged mechanical ventilator support, and
death (17). As supported by the results of our
study, these complications are more frequently
observed in patients with excessive bleeding,
leading to a significant increase in morbidity
and mortality risk.

The primary limitation of this study
lies in its retrospective design and reliance on
data collected from a single institution. A
notable shortcoming that may have influenced
the study’s findings was the limited availability
of preoperative information regarding patients’
use of antiplatelet and anticoagulant agents.
Another limitation of this study is the absence
of thromboelastography (TEG) monitoring,
which could have provided a more detailed
assessment of coagulation status. However,
due to the retrospective design of the study and
the lack of routine TEG use in our institution
during the study period, this data could not be

included.

CONCLUSION

In conclusion, postoperative bleeding,
a common complication in patients undergoing
CABG surgery, can lead to decreased oxygen
delivery, increased need for blood product
replacement, and increased morbidity and
mortality. ldentifying risk factors during the
preoperative period and taking necessary
precautions for high-risk patients, ensuring

appropriate conditions before surgery, can
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reduce the amount of postoperative bleeding
and contribute to a decrease in postoperative
morbidity and  mortality.  Conducting
multicenter studies on this subject will
contribute to the establishment of clear criteria

for postoperative bleeding in CABG.
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OZET

Mononiikleer fagositik sistemin 6nemli elemanlar1 olan makrofajlar viicudun savunma mekanizmalarinin
stirdiiriilmesi i¢in onemlidirler. Giiclii fagositik aktiviteleri ve verimli antijen sunumlariyla taninan bu ¢ok
yonlii hiicreler, etkilerini bagigikligin Gtesine tagiyarak doku gelisimi, onarimi ve homeostazisinde onemli
roller oynarlar. Oldukc¢a heterojen bir grup olan makrofajlar, farkli dokularin 6zel ihtiyaglarina uyum
saglayarak cesitli organlarda farkl1 isimler alirlar. Iki ana fenotipe ayrilabilirler: klasik olarak aktive edilmis
(pro-inflamatuar) makrofajlar ve alternatif olarak aktive edilmis (anti-inflamatuar) makrofajlar. Makrofaj
polarizasyonunu kontrol ederek inflamatuar yanitlar1 diizenlemek makrofajlarla baglantili birgok hastaligin
engellenmesinde ve tedavisinde etkili olabilir. Bu derlemede makrofajlarin kdkenleri, mikroskobik ve
fonksiyonel 6zellikleri, tipleri, isaretleme yontemleri ve klinik 6nemleri ele alinmistir.

Anahtar kelimeler: Fenotip, inflamasyon, Makrofaj
ABSTRACT

Macrophages, key players of the mononuclear phagocytic system, are essential for maintaining the body’s
defense mechanisms. Renowned for their robust phagocytic activity and efficient antigen presentation, these
versatile cells extend their influence beyond immunity, playing pivotal roles in tissue development, repair,
and homeostasis. As a highly heterogeneous group, macrophages adapt to the specific needs of different
tissues, earning distinct names across various organs. They can polarize into two major phenotypes:
classically activated (pro-inflammatory) macrophages and alternatively activated (anti-inflammatory)
macrophages. Regulating inflammatory responses by controlling macrophage polarization may be effective
in preventing and treating many diseases associated with macrophages. In this review, the origins,
microscopic and functional properties, types, labeling methods and clinical importance of macrophages are
discussed.
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GIRIS

Makrofajlar, immiin sistemin 6nemli
hiicreleridir. Giliniimiizde monosit kokenli
makrofajlarin  varlhigi kabul edilmektedir.
Bunun yan1 sira erigkin dokularda varliklarini
devam ettiren embriyonik progenitor hiicreler
olan, vitelliis kesesi duvarindan ya da fetal
hiicreler  de

dokulardan  kaynaklanan

makrofajlarin Oonemli bir kaynagim
olusturmaktadir (1-3). Makrofajlar, Kklasik
olarak aktive edilmis (pro-inflamatuar) ve
alternatif —olarak aktive edilmis (anti-
inflamatuar) makrofajlar olmak tizere iki ana
fenotipe ayrilabilirler. Pro-inflamatuar
makrofajlarin  yiiksek fagositoz ve antijen
sunma kapasitesi vardir. Ayrica bu hiicreler
yiksek  oranda  pro-inflamatuar  sitokin
salgilarlar. Anti-inflamatuar makrofajlar ise
inflamasyonu azaltmay1 ve doku iyilesmesini
destekleyen cesitli anti-inflamatuar sitokinler
iiretirler. Makrofajlarla iligkili bircok hastaligin
onlenmesinde ve tedavisinde  makrofaj
polarizasyonunu kontrol ederek inflamatuar
yanitlar1 diizenlemek etkili olabilir (4-6). Bu
derlemede makrofajlart ¢esitli  yOnleriyle

aciklamak amaglanmigtir,
1. Makrofajlarin Kesfi

Yunanca ‘biiylik yiyiciler’ anlamina
gelen makrofajlar, ilk olarak 19. yiizyilda
Ukraynali Biyolog Elie Metchnikoff (1845-
1916) tarafindan mandalina agaci1 dikenlerinin
yerlestirildigi denizyildizi larvalarinda
tammmlanmistir (1, 7-9). Metchnikoff, bu
hiicreleri yabanci istilacilara kars1 stirekli

nébette  olan, konagin homeostazini ve

doku/organin yeniden sekillenmesini saglayan

vicudun ~ homeostatik  ajanlar1  olarak
degerlendirdi (7, 9). Bu oncli bilim insani
boyali drneklerde mikroskopik incelemelerle
tiberkiiloz graniilomlarmda ¢ok niikleuslu
makrofaj dev hicrelerini ve iglerinde
mikobakteriyumlar1 gozlemleyerek konakei-
konak iliskilerine dikkat c¢ekti (10). Onun
fagositoz hakkindaki bu gozlemleri
giiniimiizdeki hiicresel bagisiklik anlayisimizin
temelini olusturdu. Dokulardaki histiyositler
olan sabit makrofajlarin olaganiistii derecede
verimli temizleme islevleri, 20. yiizyilin ilk
yarisinda iyi bir sekilde anlasilmisti. 1960’I
yillarda van  Furth tiim  dokulardaki

makrofajlarin  dolasimdaki  eriskin  kan
monositlerinden kaynaklandigin1 6ne siirdii.
Bu goriis doku makrofajlarinin  dolagimdaki
monositlerden  bagimsiz  olduguna  dair
kanitlara ragmen son 40 yildir hakim goriis
olmustur (11). Giliniimiizde birgok yerlesik
doku makrofaj tipinin aslinda embriyonik
gelisim sirasinda olustugu,  kan monosit
girdisinden bagimsiz olarak yetiskinlige kadar
varliklarimi  siirdiirdiigli = gortisii kabul
edilmektedir (12-14). 1960'lardan sonraki on
yillar boyunca ozellikle Zanvil Cohn ve
arkadaslarinin 6nciiliik ettigi fare hiicre kiiltiirii
modellerinde makrofajlarin hiicre biyolojisinin
tanimlanmasinda 6nemli ilerlemeler kaydedildi
(15). Bu c¢alismalar, Palade, Porter ve
DeDuve'un 151k ve elektron mikroskobu
alanindaki gelismelerinden faydalandi,
morfolojik analizleri biyokimyasal analizlerle

iliskilendirdi (16).
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2. Makrofajlarin Kokeni

Son 50 yila kadar makrofajlarin damar
duvarin1 asarak dokulara gecen ve degisime
ugrayan monositler oldugu, dolayisiyla tek
kaynagin hemopoetik dokular oldugu kabul
gormekteydi. Kemik iligi onciilli monositler,
homeostaz ve inflamasyon sirasinda kan
dolagimindan bag dokularina gog ederler ve
cesitli etkenlere (pro-inflamatuar sitokinler,
bliylime faktorleri vb.) maruz kalmalari
sonucunda makrofaja olgunlagirlar (17, 18).
Gilinlimiizde de monosit kdkenli makrofajlarin
varligr kabul edilmektedir (3). Ancak son
yillarda yapilan c¢alismalar makrofajlarin
birden fazla kokene sahip olabilecegini
gostermektedir. Makrofajlarin = 6nemli  bir
kaynagr da eriskin dokularda varliklarini
devam  ettiren  embriyonik  progenitor
hiicrelerdir. Bu hiicreler vitelliis kesesi
duvarindan veya fetal dokulardan kaynaklanan
hiicrelerdir. Aslinda dokularda yer alan
makrofajlarin  kiiciik bir boliimii monosit
kaynakli iken, birgogu embriyonik
progenitorlerden kaynaklanmaktadir (1, 2).
Caligmalarda bazi farkli bolgelerde yerlesen
makrofaj  tiplerinin  kdkenlerinin  farkli
olabilecegi gosterilmistir. Mesela beyinde,
akcigerde ve dalakta yerlesen makrofajlarin
daha c¢ok embriyonik progenitorlerden,
bagirsaklarin ve derinin bag dokularinda
yerlesenlerin ise agirlikli olarak monositlerden
kaynaklandigini gosteren ¢aligmalar vardir (3).
Bobrek ve akciger gibi bazi dokularda
makrofajlarin kimerik bir kdkene sahip oldugu
yani hem kemik iliginden hem de vitellus

kesesinden tiiredigi  gosterilmistir.  Hatta

hematopoietik kok hiicreler olmadan bile,
vitellus kesesi Onciillerinin  deri, dalak,
pankreas, karaciger, beyin ve akciger gibi
dokularda yerlesik olan ana makrofaj
popiilasyonunu olusturabildigi de saptanmistir
(19). Ayrica makrofaj popiilasyonunun stabil
olmadigy, fizyolojik veya patolojik durumlarda
degisebildigi saptanmistir. Mesela kalpte
baghi  olarak

yaslanmaya embriyonik

progenitdrlerden kaynaklanan makrofaj
sayisinin azaldigi, kemik iligi kokenli makrofaj
sayisinin arttigi gosterilmistir (3). Embriyonik
kokenli makrofajlarin  Oncelikle dokunun
yeniden sekillenmesinde, yetigskin kaynakli
makrofajlarin ise oncelikle konak
savunmasinda etkili oldugu oOne siiriilmiistiir
(17, 19, 20). Farkli kaynaklardan gelen
makrofajlarin boliinerek kendilerini yenileme
giiclerinde de farkliliklar  saptanmustir.
Embriyonik kok hiicre kokenli makrofajlarin
boliinebildikleri,

monosit kaynakl

makrofajlarin  ise  boliinemedikleri  One
siriilmiistiir. Ancak kemiricilerde bu goriisle
uyumsuz c¢alisma sonuglart  vardir (3).
Giliniimiizde erigkin organizmada yer alan
makrofajlarin  kokeni, alt tipleri, yiizey
molekiilleri, bolinme ve fagositoz giicleri

hakkindaki ¢aligmalar yogun bir sekilde devam
etmektedir.

3. Makrofajlarin Mikroskobik ve
Fonksiyonel Ozellikleri

Makrofajlar, 10-30 pum g¢apinda
yuvarlak veya oval sekilli, genellikle kisa
uzantilara sahip hiicrelerdir. Diizensiz sekilli,
girintili ¢ikintili  bir niikleusa sahiptirler.

Organelden zengin hiicreler olup,
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sitoplazmalarinda bol mitokondiyon, lizozom,
yaygin graniiler ve agraniiler endoplazmik
retikulum ve genis bir Golgi kompleksi
icerirler (3, 21). Istk mikroskobu diizeyinde
vital boyama yontemleri kullanilarak spesifik
olarak isaretlenebilirler. Ancak cogunlukla
0zel boyama yontemlerine gerek olmaksizin
fagosite ettikleri materyalin renginden dolay1

bulunduklar1 alanlarda kendilerini hemen belli

ederler. Mesela sigara dumanindan
kaynaklanan  kahverengi-siyah  graniiller
alveoler makrofajlarin, ferrritinden

kaynaklanan kahverengi graniiller kanama
alanindaki makrofajlarin, kolay taninmasini
saglar  (Sekil 1). Elektron mikroskobu
diizeyinde ise sitoplazmalarinda yer alan ¢ok

sayidaki lizozomlar ve ylizeylerindeki kisa

uzantilar ile kolay taninirlar (Sekil 2).

Sekil 1. Pinealektomi sonrasi hasarlanmis meninks bolgesinde kahverengi graniiller iceren cok

sayida makrofaj goriiliiyor. Kanama alanmindaki eritrositleri fagosite edip ferritin iceren

graniillerle dolmuslardir. Hematoksilen-Eozin; X 100; (M. Esrefoglu’nun arsivinden alinmistir.)
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Sekil 2. Benzopren toksisitesinde sican akcigerinde alveoller icinde (toz hiicreleri)

sitoplazmalarinda c¢ok sayida lizozom (birkaci isaretlenmistir) bulunan, yiizeylerinde ince

sitoplazmik uzantilara sahip makrofajlar goriiliiyor. X 6.300; (M. Esrefoglu’nun arsivinden

alinmagstir).

Makrofajlar viicudun hemen hemen olarak farkli isimler alirlar. Makrofajlarin
tim dokularinda bulunan dogustan gelen farkli dokulardaki dagilimlart Sekil 3’te
immiin yetenekli hiicrelerdir. Bulunduklar Ozetlenmistir (3, 5, 18).
dokuya ve fonksiyonel ozelliklerine bagh

Histiyosit (Makrofaj)
Makrofaj Bag Dokulan (Matriks iginde) Alveoler makrofaj
Lenfoid organlar Akciger (Interalveolar septumda)
Kupffer Hiicresi Toz hiicresi
Karaciger (Perisiniizoidal E— Akciger (Alveol limeninde)
alanda)
Osteoklast Hofbauer hiicresi
Kemik (Howship lakunasinda) Plasenta (Villusun bag dokusunda)
Mikrogliya Plevral/Peritoneal makrofaj
Santral Sinir Sistemi (Gri ve beyaz = “— i Plevra/peritonda
cevherde)
Langerhans hiicresi / l \ Mezangium makrofajlar
Deri (Epidermisde) Bobrek
Sinoviyal hiicreler (tip A)
Eklemler/kikirdaklar

Sekil 3. Makrofajlarin farkh dokulardaki dagilimlari 6zetlenmistir. Bunlari ¢cogunun 6zel

isimlerle amldigina dikkat ediniz.
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Makrofajlarin ana gorevi i¢ ve dig
ortamdan gelen yabanci ve zararli antijenleri
fagosite ederek ortadan kaldirmaktir. Zararh
organizmalari, yaslanmis veya 6lmiis hiicreleri
fagositozla yok etmelerinin yami sira,
diizenleyici ve onarici fonksiyonlar1 sayesinde
viicuttaki degisikliklere yanit vererek doku
homeostazisinin korunmasint da desteklerler
(9, 22-24). Bu hiicreler T lenfositlere antijen
sunarak hiicre aracili immiin cevaplara énemli
katkilarda bulunurlar (25, 26). Aslinda
memelilerde dendritik hiicrelerin daha ¢ok
doku immun reaksiyonlarinin baglatilmasiyla,
doku makrofajlarinin ise daha ¢ok hemostaz ve
doku biitiinliiglinin korunmasiyla ilgilendigi
One surilmiistir (27). Mesela bakteriyel
enfeksiyonlar sirasinda makrofajlardan salinan
tiimor nekroz faktérii o (TNF-a), interlokin-6
(IL-6) ve interlokin-1p (IL-1B) gibi sitokinler
periferal insiilin rezistansini artirarak besin
stogunu azaltmaya calisirlar. Bu metabolik
adaptasyon bakteriyel ve viral ajanlara savasta
cok Onemlidir, c¢iinkii neredeyse tiim aktive
olmus immun hiicreler konakg1
savunmasindaki islevleri i¢in tercihen glikolizi
kullanirlar  (28). Makrofajlarin  beyaz yag
hiicrelerinde de insiilin direncinin gelismesine
katkida bulunmakla birlikte, genigleyen beyaz
yag dokusunda fazla besin maddesinin
depolanmasint  kolaylastirdigi ~ da  ileri
striilmistiir (29). Ayrica obezite sirasinda yag
dokusunda makrofaj oranmin %10-15ten
%40-45’e ¢iktig1 gosterilmistir (30). Yine son
yillarda karacigerin makrofajlar1 olan Kupffer
hiicrelerinin artan kalori alimi sirasinda
metabolik

hepatositlerin adaptasyonlarini

kolaylastirdigina dair kanitlar ortaya ¢ikmustir.

Obezite sirasinda, yag asitlerinin alimi, sentezi

ve oksidasyonu arasindaki  dengesizlik,
hepatositlerde lipit depolanmasinin artmasina
neden olmaktadir. Bu durum hepatik insiilin
direncinin gelisiminde anahtar bir faktordiir

(31).

Gelisimsel caligmalarda da
makrofajlarin doku biitlinliigiinii destekleyici
rollerinin olduguna dair sonuglar alinmstir.
Mesela koloni stimiile edici faktor 1 (Csfl)
null mutant farelerde pek ¢ok makrofaj
popiilasyonu bulunmadiginda osteopetroz gibi
cesitli gelisimsel anormalliklerin ortaya ¢iktig1
goriilmistir (32). Benzer sekilde Csfl null
mutant farelerde mikrogliya popiilasyonu
bulunmadiginda néron gelisiminde aksamaya
bagli olarak beyin yapisinda degisimler,
olfaktor traktusta ve hipotalamusta iireme
aksinda gelisim hatalar1 gozlenmistir (32, 33).
Gelisimsel c¢aligmalarda ayrica makrofaj
yoklugunda meme bezi, bobrek ve pankreas
gelisiminin aksadig1, dokularin yapilanmasinda
dallanmasinda

ve yapisal  elemanlarin

makrofajlara gereksinim duyuldugu
gosterilmistir (32, 34). Anjiyogenezde de
onemli rollerinin oldugu bilinen makrofajlar,
arka beyinde yeni damarlarin olusmasi i¢in
anjiyogenez sirasinda damar tabani ve ucunun
anastomozlagsmasini uyarirlar (35). Makrofajlar
eriskin organizmada da doku biitiinliigii igin
onemli hiicrelerdir. Mesela eritropoez sirasinda
niikleuslarini kaybetmek  lizere olan

eritroblastlarin cevresinde yogunlagan

makrofajlar, hiicrelerden disar1 atilacak olan
ortadan

niikleuslart fagosite ederek

kaldiracaklardir. Bu fonksiyonlarinin aksamasi
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eritropezi bozarak oliimciil sonuglar dogurur
(36).

4. Makrofaj Tipleri

Organizmada farkli dokularda yerlesen
ve farkli isimler alan makrofaj tiplerinin
bulundugundan yukarida bahsedilmisti. Bu
hiicreler i¢inde bulunduklar1 mikrog¢evrenin
sartlarina  uyum  gosterirler, yerlestikleri

organin  ihtiyaglarina  goére  davranirlar.
Makrofajlar ayrica hiicre ylizeyi belirteclerine,
iirettikleri spesifik faktorlere ve biyolojik
aktivitelerine dayali olarak, uyarimamis
makrofajlar (MO0), klasik olarak aktive edilmis
veya pro-inflamatuar makrofajlar (M1) ve
alternatif olarak aktive edilmis veya anti-
inflamatuar makrofajlar (M2) olmak tizere iig
gruba ayrilirlar. M2 makrofajlar da kendi
icinde alt gruplara ayrilirlar (Sekil 4) (4, 17,

18, 37, 38).

MO Makrofajlar: Heniiz uyarilmamis
makrofaj grubudur. Cesitli organ ve dokularda
bulunan, farkli isimlerle anilan bu makrofaj
grubunun (deride langerhans hiicresi, merkezi
sinir sisteminde mikroglia, akcigerde toz
hiicresi gibi) fagositoz, yara iyilesmesi ve doku
onarimi gibi iglevleri vardir. MO makrofajlar
lokal mikrogevreden kaynaklanan sitokinlerin
etkisiyle M1 ya da M2 makrofaj fenotiplerine
farklilagabilirler (6, 18).

M1 Makrofajlar: Klasik olarak

aktiflestirilmis  makrofaj grubudur. Pro-
inflamatuar makrofajlar olarak da bilinen bu
hiicrelerin yiiksek fagositoz ve antijen sunma
kapasitesi vardir. Yiiksek oranda pro-

inflamatuar sitokin sentezleyip salgilarlar

(18,22). M1 makrofajlar tarafindan tretilen
pro-inflamatuar sitokinlerin bazilar1 interlokin-
la (IL-1a), IL-1pB, IL-6, interl6kin-12 (IL-12),
interlokin-23 (1L-23), TNF-a ve
siklooksijenaz-2 (COX-2)’dir (6, 39, 40).
Makrofajlar1 M1 fenotipine doniistiiren yani
polarize eden faktdrlerden bazilart graniilosit-
makrofaj koloni stimiile eden faktér, TNF-a ve
interferon-y sitokinler veya
lipopolisakkaritlerdir. M1 makrofajlar enfekte
olmus hiicrelere karst giliclii  sitotoksik
aktiviteye sahiptirler. Bu giiclerinin yiiksek
olmasi yiiksek oranda pro-inflamatuar sitokin,
kemokinlerin  ve  COX-2 iiretmeleriyle
baglantilidir.  Ayrica nikotinamid adenin
dintikleotid ~ fosfat  oksidaz  sisteminin
aktivasyonu ve ardindan reaktif oksijen
tiirlerinin iiretilmesi yoluyla gerceklesir. Giiglii
anti-mikrobiyal ve anti-timoral aktiviteye
sahip olan bu makrofaj grubu inflamasyona ve
doku hasarina neden  olabilir, doku
rejenerasyonunu ve yara iyilesmesini bozabilir

(17, 18).

M2 Makrofajlar: Alternatif olarak
aktiflestirilmis makrofaj grubudur. Anti-
inflamatuar makrofajlar olarak da bilinen M2
makrofajlar, interlokin-4 (IL-4) ve interlokin-
13 (IL-13) gibi sitokinlerin etkisiyle polarize
olurlar, yani bu fenotipik karakteri kazanirlar.
Bu grup makrofajlar inflamasyonu azaltmaya
ve doku iyilesmesini desteklemeye yardimet
olan interlokin-10 (IL-10) ve doniistiiriici
biiytime faktorii-beta (TGF-B) gibi anti-
inflamatuar sitokinler iiretir. M2 makrofajlar,
spesifik fonksiyonlarina ve ylizey

belirteglerinin ifadelerine gore M2a, M2b, M2c¢c
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ve M2d olmak iizere kendi icinde 4 alt gruba
ayrilirlar (Sekil 4) (4-6, 39-42).

5. Makrofajlarin isaretleme Yontemleri

Daha once belirtildigi gibi makrofajlar
151k mikroskobu diizeyinde vital boyama
yontemleri (¢ini miirekkebi, metilen mavisi
vb.) kullanilarak

isaretlenebilirler. Ayrica ¢ok miktarda lizozom

spesifik olarak

iceriklerinden dolay1 asit fosfataz immiin
isaretleme yontemleri de kullanilabilir (3). Bu
hiicrelerin tiplendirilmesi icin
immunohistokimyasal yontemlerden
yararlanmak gerekir. Metabolik hastaliklarda
makrofajlarin taninmasi i¢in de hiicre yiizeyi
belirteglerinin

ekspresyonundaki  degisimi

saptamak 6nem tagir (40, 43).

Makrofajlar1 isaretlemek en yaygin
olarak kullanilan belirteglerden biri CD68’dir

Fenotipler

Stimiilasyon IL-4, IL-13

Sitokinler / Fibronektin,

Kemokinler Arginaz-1,

IL-10, TGF-B,

CCL17, CCL18,
CCL22, CCL24

Fonksiyonlar Antiinflamatuar,

yara iyilesmesi

TLR ligandlar, IL-18,
immiin kompleksler

IL-6, IL-10, TL-1,
TNF-a, CCL1

Th2 aktivasyonu,
immiinoregiilasyon

(43, 44). Bu glikoprotein ayn1 zamanda diger
mononiikleer fagositer seri hiicrelerde de ifade
edilir, ayrica mezenkimal kok hiicreler,
fibroblastlar, endotelyal hiicreler ve timor
hiicrelerinde de zayif bir ekspresyonu
goriilebilmektedir. Diger bir makrofaj isaretcisi
integrin reseptdr ailesinin o alt birimlerine ait
olan CD11b  proteinidir. Bu  protein
makrofajlar, graniilositler ve dogal oldiiriicii
hiicreler i¢in bir belirte¢ olup hiicre adezyonu,
gocli ve fagositozu ile iligkilidir (44-46). M1
ve M2 makrofaj tiplerini belirleyebilmek icin
spesifik bulunmaktadir. Ml
makrofaj belirteclerinin bazilart CD80 , CD86 ,

CD64 , CD1l6 ve CD32,

belirtegler

M2 makrofaj

belirteglerinin ~ bazilar1 ise CD163  ve

CD206’dir (5, 18, 39, 40).

TGF-, IL-10,
glukokortikoidler

TLR ligandlari, IL-6,
adenozin reseptor

ligandlar1
IL-10, TGF-B, CCL16, IL-10, VEGF, TGF-B
CCL18, CXCL13
immiinoregiilasyon, Anjiyogenez,
doku onarimi timor progresyonu

Sekil 4. M2 makrofajlarimin alt tiplerinin 6zellikleri 6zetlenmistir.
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6. Makrofajlarin Klinik Onemi

Dokular hasar gordiigiinde, monositler
dokulara gb¢ edip makrofajlara farklilagarak
pro-inflamatuar veya anti-inflamatuar fenotip
kazanirlar. Istilact organizmalarin
oldiiriilmesine  katkida bulunan oksidatif
stiregler de dahil olmak iizere anti-mikrobiyal
savunma mekanizmalarini aktive eden TNF-q,
interlokin-1 (IL-1) ve nitrik oksit dahil olmak
iizere cesitli inflamatuar aracilar salgilarlar
(38). Ayrica anti-mikrobiyal Tip 1 ve Tip 17 T
yardimec1  hiicrelerinin  farklilasmasint  ve
yayilmasini yonlendirerek inflamatuar yanitlar
genigleten 1L-12 ve IL-23' de diretirler (47).
Inflamatuar makrofaj yaniti hizli bir sekilde
kontrol edilmezse patojenik hale gelebilir ve
birgok kronik inflamatuar ve otoimmiin
hastalikta gorildigii gibi hastaligin
ilerlemesine katkida bulunabilir. Makrofajlar;
kanser, romatoid artrit, sistemik skleroz,
ateroskleroz, diyabet ve akciger hastaliklar
gibi ¢esitli hastaliklarin  patogenezinde rol

oynarlar (19, 43).

Kanserler: Timorlerde bol miktarda
makrofajlar bulunur (47). Baslangigta anti-
tiimdr tepkisinin bir pargasi oldugu diisiiniilen
makrofajlarin vakalarin biiylik ¢ogunlugunda
timoriin ~ baslatilmasini,  ilerlemesini  ve
metastazi  destekledigi gosterilmistir  (48).
Kanser ile inflamasyon arasindaki baglantida
onemli bir rol oynayan bu makrofajlarin pek
¢ogu M2 makrofaj olarak islev gorir (5, 17,
19). Aslinda makrofajlar kanserde iki ucu
keskin bir kili¢ gibi davranirlar. Kanserin
erken asamalarinda M1 makrofajlar timor
baskilayict1  bir  rol

oynarken, ilerleyen

asamalarda mikro gevre, makrofaj
polarizasyonunu indiikleyen sinyal molekiilleri
ve anti-inflamatuar aracilar (IL-4, IL-10 ve
TGF-B gibi) gibi cesitli faktorler bakimindan
zenginlestikce kademeli olarak M2 tip
(5,49). M2
makrofajlar ayrica vaskiiler endotelyal biiyiime

faktorii (VEGF) ve fibroblast biiylime faktorii

makrofajlara doniisiirler

salgilayarak da tiimor anjiyogenezinde ve
ilerlemesinde énemli bir rol oynar (5, 19).
Romatoid artrit: Romatoid artrit,
sinovyal  eklemleri  etkileyerek  eklem
disfonksiyonuna yol acan kronik inflamatuar
otoimmiin bir hastaliktir (50, 51). M1 fenotipli
makrofajlar  bu ilerlemesinde

etkilidir.

hastaligin
Romatoid  artrit  hastaligindan
muzdarip olan kisilerde M1 makrofajlarla
baglantili TNF-a, IL-1, IL-6, IL-12 ve IL-23
gibi ¢esitli pro-inflamatuar sitokinlerin seviyesi
yiiksektir. Bunun aksine 1L-10 ve TGF-§ gibi

sitokinler salgilayan M2 fenotipli makrofajlar

inflamasyonun gerilemesinde etkili
oyunculardir (5,40). Makrofaj
polarizasyonunda  hipoksi  indiiklenebilir

faktor-1a (HIF-1a) ve reaktif oksijen tiirleri
onemli faktorler olup, makrofajlarin M1
fenotipine donmesinde reaktif oksijen tiirleri,
M2 fenotipine donmesine HIF-1o etkili
bulunmustur (40, 51).

Ateroskleroz: Oncelikle biiyiik ve orta
captaki arterlerde aterosklerotik plaklarin
olusumu ile karakterize olan ateroskleroz,
makrofajlarin ~ polarizasyonuyla  yakindan
iliskili bir inflamatuar hastaliktir (17, 40). Bu
hastalikta monositler, oksitlenmis diisiik
dansiteli lipoproteinlerin  lokal birikimine

cevap olarak intima tabakasina girerek
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makrofaja farklilasirlar. Makrofajlar bir dizi
sipliriici  reseptdr araciligiyla, oksitlenmis
diisiik dansiteli lipoproteinleri tespit edip
fagosite ederek kopiik hiicrelerine doniisiirler
(52-55). Aterosklerozun basrol oyunculari
olduklar1 kabul edilen kopiikk hiicreleri
plaklardaki

immin sistem  hicrelerinin

cogunlugunu  olustururlar.  Aterosklerotik
plakta lezyonun erken evrelerinde M2
makrofajlar agirlikli  olarak  bulunurken;
lezyonlar ilerledikge M1 makrofajlar baskin
hale gelir. Bu yiizden makrofajlar ve onlarin
polarizasyon durumlari  bu hastaligin
tedavisinde Onemli terapdtik hedefler olarak
kabul edilirler (17, 52).

Sistemik skleroz: Sistemik skleroz,
ekstraselliiler ~ matriksin ~ asir1  birikimi
sonrasinda doku ve organlarin fibrozisi ile
karakterize otoimmiin bir hastaliktir (50, 56).
Makrofajlar sistemik skleroz patogenezindeki
immiin diizensizligin ana kaynagi olarak rol
oynar. Bu hastaliktaki fibrozisin olusumunda
ve ilerlemesinde etkili hiicrelerdir. Fibrozise
neden olan sitokinlerin ana kaynagi M2
fenotipindeki makrofajlardir (5, 57).

Akciger  hastaliklari:  Makrofajlar;
astim, akut akciger hasari, kronik obstriiktif
akciger hastaligi, kistik fibroz ve idiyopatik
pulmoner fibrozis gibi solunum patolojilerinde
akut veya kronik inflamatuar yanitlarin
gelisiminde ve ilerlemesinde rol oynar. Sigara
icmek alveolar makrofajlarda  fonksiyon
bozukluguna neden olarak hastaliklarin ilerme

riskini artirir. M1 fenotipli alveolar makrofajlar

pro-inflamatuar  sitokinlerin  salinmasiyla
siddetli akut solunum sendromu-koronaviriis-2
(SARS-CoV-2) viral

yayilmasinda etkili olurken, M2 fenotipli

enfeksiyonunun

alveolar makrofajlar ise tam tersine bu

yaytlmanin simirlandirilmasinda rol oynarlar

(58-60).

SONUC

Sonug olarak kemik iligi, embriyonik
vitelliis kesesi veya hepatik kokenli hiicreler
olan makrofajlar viicuttaki hemen hemen her
organin gelisimi ve islevi i¢in hayati éneme
sahiptir. Bu hiicreler doku mikro ¢evresine
baglh  olarak  farkli  sinyal yollarinin
aktivasyonuna yol agan ¢esitli uyaranlara yanit
vererek farkli fenotiplere polarize olabilirler.
M1 fenotipli makrofajlar pro-inflamatuar, M2
fenotipli makrofajlar ise anti-inflamatuar
ozelliktedir. Makrofaj polarizasyonu cesitli
hastaliklarin ~ olusumunda ve gelisiminde
onemlidir. Makrofaj polarizasyonunun kontrol
tedavisinde  etkili

edilmesi  hastaliklarin

olabilir.

Finansal Destek: Yazarlar, bu makalenin
aragtirilmasi ve/veya yazarligi igin herhangi bir

finansal destek almamustir.

Cikar Catismasi: Yazarlar arasinda herhangi
bir ¢ikar
bildirmektedir.

gatismasinin olmadigini

Etik Kurul Onayi: Bir derleme c¢alismasi

oldugundan etik kurul onayr gerekmemistir.
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