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Evaluation of lymphoma patients after hematopoetic

stem cell transplantation in terms of early period

cardiotoxicity development

Sedat Çelikçi1 , Vildan Özkocaman2 , Fatih Yaman3 , Fahir Özkalemkaş2

1Department of Internal Medicine, Bursa Kestel State Hospital, Bursa, Turkey; 2Department of Hematology, Bursa Uludağ University
School of Medicine, Bursa, Turkey; 3Department of Hematology, Eskişehir Osmangazi University School of Medicine, Eskişehir, Turkey

ABSTRACT
Objectives: Autologous hematopoietic stem cell transplant (AHSCT) following high-dose chemotherapy in
recurrent lymphomas has become the standard treatment. However, this method leads to various toxic side
effects, including cardiotoxicity. This study aims to determine the factors that may cause post-transplant
cardiotoxicity. 
Methods: A total of 35 patients older than 18 years old, diagnosed with recurrent lymphoma, who underwent
AHSCT at the Uludağ University Hematology Department, were included in the study. The patients were
evaluated in two groups, with and without cardiotoxicity after AHSCT. We separated the frequency of
cardiotoxicity that developed during hospitalization after transplantation and patients who developed and did
not develop cardiotoxicity. We compare some parameters including gender, age, lymphoma type, stage, cardiac
risk factors before transplantation, the number of chemotherapy cycles and the use of rituximab before the
transplantation, radiotherapy before transplantation, Karnofsky performance scale, the amount of Dimethyl
sulfoxide among these patients. Also, we evaluated patients with echocardiopraphy before transplantation and
measured left ventricle ejection fraction (LVEF). We use CTCAE V 4.0 system for evaluating cardiotoxicity
level from Grade I to Grade V. 
Results: Nine patients developed cardiac events. One patient developed Grade V MI and died despite treatment.
Other eight toxicities developed Grade III-IV and returned by treatment. In terms of risk factors, LVEF of the
group with cardiotoxicity was found to be significantly low (p < 0.05). There is no statistical difference between
the two groups with other parameters. 
Conclusions: Cardiotoxicity is a frequent complication of autologous stem cell transplantation. A detailed pre-
transplantation evaluation of all patents in terms of cardiac functions is essential to reduce cardiac morbidity.
Therefore, patients should be evaluated cardiologically before transplantation and closely monitored for post-
transplantation cardiac side effects. Some studies show that enalapril and carvedilol may be beneficial to prevent
from cardiotoxicity. Although not in our routine, if approved by larger studies, it may be necessary to use agents
such as enalapril and carvedilol in prophylaxis in reduce cardiotoxicity.
Keywords: stem cell transplantation, cardiotoxicity, lymphoma, chemotherapy
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Lymphomas are heterogeneous groups of hemato-
logical malignancies. Lymphomas result from

various differentiation stages of lymphocytes and
show different immunological and clinical manifesta-
tions. They constitute 3-4% of all cancers seen world-
wide [1]. Despite the high treatment success rate, there
is significant resistance to treatment or recurrence.
Generally, autologous hematopoietic stem cell trans-
plantation (AHSCT) following high-dose chemother-
apy is the standard treatment regimen in all patients
with recurrent lymphoma [2]. This treatment process
can cause various toxic effects, including cardiotoxi-
city. Congestive heart failure or pericarditis at a late
stage is the causes of morbidity and mortality due to
radiotherapy or treatment regimens involving car-
diotoxic chemotherapeutic agents [3, 4]. Acute cardiac
toxicities after AHSCT include cyclophosphamide-in-
duced acute cardiomyopathy or hemorrhagic peri-
carditis, acute myocarditis, and bradycardia associated
with dimethyl sulfoxide (DMSO) used to protect pro-
genitor cells, cyclophosphamide regimens [4-6]. 
      The most frequently used chemotherapy regimen
in AHSCT lymphoma is the BEAM (melphalan, cyto-
sine arabinoside, etoposide, carmustine) protocol.
Drug toxicities are briefly mentioned in various arti-
cles and each of these drugs are used for the treatment
of different patient groups with other protocols. How-
ever, there are not enough publications evaluating the
frequency of cardiotoxicity development (incidence,
risk factors, cardiac toxicity results) clinically in pa-
tients with recurrent lymphoma with autologous
hematopoietic stem cell transplantation using the
BEAM protocol. This study aims to determine the fac-
tors that may cause post-transplant cardiotoxicity. 

METHODS

A total of 35 patients older than 18 years old, diag-
nosed with recurrent lymphoma under AHSCT at the
Bone Marrow Transplant Unit of Uludağ University
School of Medicine, Hematology Department, be-
tween January 2009 and October 2015 were included
in the study. The data of the patients were retrospec-
tively analyzed for the research protocol. 
      We planned to screen some factors associated with
cardiac risk through the automation system of the hos-
pital. These factors include cardiac risk factors (hy-

pertension, diabetes mellitus, hypercholesterolemia,
obesity, family history of cardiovascular disease,
smoking) pre-transplant echocardiography, electrocar-
diography (ECG), blood tests (Creatine kinase, Crea-
tine kinase kinase-mb, troponin-I) [6]. 
      Cardiotoxicites were evaluated according to the
Common Terminology Criteria for Adverse Events
Version 4.0 system and toxicities were classified in
severity from grade I to grade V. Grade I is asympto-
matic, grade II does not require urgent treatment,
grade III is symptomatic, grade IV represents life-
threatening case, grade V is death of all patients [7]. 
      We designed this study to evaluate cardiotoxicity
in early period after transplantation (during hospital-
ization). The patients were separated into two groups;
the ones who developed cardiotoxicity after AHSCT
and those who did not. Each group was compared in
terms of some factors including gender, age, diagnosis,
lymphoma, pre-transplant cardiac risk factors,
chemotherapy cycles, using of rituximab, radiotherapy
before transplantation, the karnofsky performance
scale [8], the amount of DMSO, and the left ventricu-
lar ejection fraction (LVEF) values. 
      We use the BEAM (BCNU 300 mg/m2, etoposide
800 mg/m2, ARA-C, 1600 mg/m2, melphalan 140
mg/m2) protocol as a standard chemotherapy regimen
for patients with recurrent lymphoma [9]. 
      DMSO is used in transplantation because it is a
cryoprotective agent. We compared DMSO cassette
numbers to see if there was a relationship with post-
transplant cardiotoxicity. 
      Our study was approved by the Ethics Committee
of Uludağ University Non-Interventional Clinical
Studies on 16.02.2016 with the decision number 2016-
3/7.

Statistical Analysis 
      Statistical Package for the Social Science
(SPSS13.0) program was used for statistical analysis
of the data. The data were investigated using visual
(histograms, probability plots) and analytical methods
(Kolmogorov-Smirnov/Shapiro–Wilk’s tests) to deter-
mine their normal distribution. Differences between
groups were evaluated using Student’s t-test for para-
metric data and the Mann-Whitney U-test for non-
parametric data. Relationships between categorical
variables were analyzed using a chi-squared test. Data
were expressed as frequency and percentage, mean
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and standard deviation, median, minimum and maxi-
mum values. It was considered statistically significant
when the p value was less than 0.05.

RESULTS

The characteristics of the patients were presented in

Table 1. There were 35 patients, 19 of whom (54%)
were male and 16 of whom (46%) were female. The
median age of the patients was 46, the youngest pa-
tient was 22 while the oldest was 65. 
      Nine (26%) of the patients developed cardiotoxi-
city after transplantation. Post-transplant cardiotoxic-
ities are summarized in Table 2. 
      We divided the patients into two groups: those
who developed cardiotoxicity after transplantation (n
= 9) and those who did not (n = 26). The group which
didn’t experience cardiac events is named control
group. We found that the median age was 52 in the
group with cardiotoxicity and 46.5 in the control
group. There was no statistically significant difference
in terms of age factor between the two groups (p =
0.661). When we analyzed the two groups in terms of
gender distribution, there were 2 males, 7 females in
the group of cardiotoxicity and 17 males and 9 females
in the control group. No significant difference was
found between the two groups in terms of gender (p =
0.050), either. When two groups were examined with
respect to diagnosis, there were 6 NHL, 3 HL in the
group of cardiotoxicity, 17 NHL and 9 HL in the con-
trol group. There was also no significant difference be-
tween the two groups related to the diagnosis of the
disease (p = 1.000). 
      When lymphoma stages were evaluated as stage
I, II, III, IV, a statistically significant difference was
found between the group of cardiotoxicity and the con-
trol group (p = 0.047). It was determined that 5 (56%)
of the patients who developed cardiotoxicity had stage
IV lymphoma and 4 (44%) of them had stage II lym-
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phoma. However, in terms of stage IV lymphoma, no
significant difference was found concerning the devel-
opment of cardiotoxicity in advanced stage patients
compared to stage I-II-III lymphoma patients (p =
0.103). When examined in terms of cardiovascular co-
morbidities before transplantation, there was no sig-
nificant difference in both groups. In the group of
cardiotoxicity, comorbid disease was detected in only
1 (11%) patient, while in the control group, 11 (42%)
patients had cardiac comorbid disease before trans-
plantation. It was observed that pre-transplant using
of rituximab in chemotherapy protocols did not make
a statistically significant difference in both groups (p
= 0.700). There were 6 (67%) patients in group of car-
diotoxicity and 14 (54%) patients in the control group
related to use of rituximab in pre-transplantation pe-
riod. It was found that the number of chemotherapy
cycles before transplantation did not make a statisti-
cally significant difference between the two groups (p
= 0.590). Also there wasn’t a significant difference be-

tween the two groups related to pre-transplant radio-
therapy (p = 0.635). Two (22%) patients in the car-
diotoxic group and 4 (15%) patients in the control
group received pre-transplant radiotherapy. 
      It was observed that Karnofsky performance score
(KPS) of the patients before AHSCT did not make a
significant difference in the two groups (p = 0.083). It
was determined that 1 (11%) of the patients had 100
KPS, 7 (78%) of them had KPS 90 1 (11%) of them
had KPS 80 in the group of cardiotoxicity. 
      When the LVEF values calculated during the rou-
tine echocardiography performed before transplanta-
tion were compared, a significant difference was
found between the two groups (p = 0.039). In the
group of cardiotoxicity, the median LVEF value was
60, minimum 58 and maximum 65, while the median
SVEF value was 65, minimum 56 and maximum 74
in the control group. When both groups were evalu-
ated in terms of duration of hospitalization, there was
no significant difference among them (p = 0.810). In

4     The European Research Journal   Volume 9   Issue 1   January 2023

!

!"#$%& 7(& 89"$:"*+2,& 2;& 4"*+%,*0& <+*.& $=>4.2>"&<.2& 5%9%$24%5& -"/5+2*26+-+*=& ";*%/&?@AB!& +,&

*%/>0&2;&/+0C&;"-*2/0!

! =+,12:7:B2?27*!

)"!#!M.!

=:"7,:9!

)"!#!RS.!

"!#$%&'!

&'(!)*(+,-./!0(12+"!),+"'(.! '%!$%=&#"(! "#R'!$%%&#'(! ER##-!

T+9(UD(0+9(! %SA! -AS.! VWV%V!

CI;UI;! #S=! -AS.! -REEE!

G7+'(! ! ! VWVXY!

>?*6,!@! E!$ET(! -!$"T(! !

>?*6,!@@! "!$""T(! F!$=-T(! !

>?*6,!@@@! E!$ET(! --!$"%T(! !

>?*6,!@B! '!$'#T(! #!$%=T(! !

=:0:,A2127*! -!$--T(! --$"%T(! ER-%-!

N27@B20+A!@-2"'! #!$#AT(! -"!$'"T(! ERAEE!

C@0A(,!:D!?<(0:7<(,+8*!?*?9(! --!$#&-=(! --!$"&-'(! ER'.E!

5,(67,+"-89+"7!,+12:7<(,+8*! %!$%%T(! "!$-'T(! ER#='!

E+,":D-F*!8(,D:,0+"?(!-?+9(! ! ! EREF=!

-EE! -!$--T(! -E!$=FR'T(! !

.E! A!$AFT(! -#!$#-R'T(! !

FE! -!$--T(! E!$ET(! !

;ZQ[!)4./!0(12+"!),+"'(.! #E!$'F&#'(! #'!$'#&A"(! VWV$M!

5(,2:1!:D!<:-827+92J+72:"!)1+*-./!0(12+"!),+"'(.! =E!$--&=F(! %AR'!$%-&'=(! ERF-E!

C@0A(,!:D!?+--(77(-!OTG\/!0(12+"!),+"'(.! =!$-&#(! %!$-&F(! ER="%!

!



Eur Res J 2023:9(1):1-7 Çelikçi et al

the group of cardiotoxicity, the median period of hos-
pitalization is 30 days, at least 11 and at most 38 days.
The median duration of hospitalization was found to
be 27.5 days in the control group, with a minimum of
21 days and a maximum of 53 days. The number of
cassettes infused during the transplant we used to in-
directly measure toxicity of DMSO did not make a
significant difference in either group (p = 0.342). The
median value of the number of cassettes in the group
with cardiotoxicity was found to be 3, minimum 1 and
maximum 6. Considering the control group, the me-
dian value of the number of cassettes in this group was
found to be 2, minimum 1 and maximum 8 cassettes. 
      Evaluation of patients with lymphoma who devel-
oped cardiotoxicity after AHSCT in terms of risk fac-
tors is summarized in Table 3.

DISCUSSION

AHSCT is used all over the world for recurrent lym-
phomas after the implementation of the standard
chemotherapy and radiotherapy regimens [10]. Al-
though this group of patients, whose number is in-
creasing day by day, can develop a wide range of
events especially early cardiac events may be an im-
portant cause of mortality and morbidity. It also re-
quires urgent intervention [11]. In this single-center
study, we tried to determine the characteristics, inci-
dence, and risk factors of cardiotoxicities that occur in
the post-transplant hospitalization process of the pa-
tients diagnosed with lymphoma. 
      When we review the literature on the frequency of
cardiac events developing after transplantation, in the
study of the first 100-day post-transplant study involv-
ing 2821 patients, published by Murdych and Weis-
dorf [12] in 2001, 26 (0.9%) patients developed major
cardiac events and 13 were found to be mortal. In a
study in which 249 patients with transplantation with
NHL were evaluated retrospectively, 30 (13%) pa-
tients developed supraventricular tachycardia [13].
Also, it was mentioned in this study that patients with
lymphoma developed more cardiac events after autol-
ogous transplantation than allogeneic transplantation.
The cardiac event ratio of patients with allogeneic
transplantation is 0.9% after transplantation. On the
other hand, patients with autologous transplantation
have higher risks of cardiac complications in compar-

ison with allogeneic transplantation. Therefore, pa-
tients with lymphoma under autologous transplanta-
tion are very important in terms of cardiac events
among patients with transplantation. 
      The cardiac events we observed during our study
were frequently caused by rhythm disorders. MI was
detected in only one patient. Especially the most fre-
quently observed rhythm disorder appeared to be AF.
In the study conducted by Hidalgo et al. [13], AF was
found to be 91% among the supraventricular tach-
yarrhythmias. No patient developed heart failure in the
early period. There are studies indicating that car-
diotoxicity is observed as heart failure especially in
the late period after transplantation [11, 14]. 
      When we defined the patients as stage I-II-III-IV,
we observed that there was a difference among these
groups in terms of post-transplant cardiac event devel-
opment. When we performed subgroup analysis, it
was observed that patients in the group who developed
cardiac events had stage II (44%) and stage IV (56%)
diseases. In our study, as the disease stage increased,
cardiotoxicity did not increase. Such a result may have
derived from the fact that the number of patients in the
cardiotoxicity group is relatively small. 
      The existence of diseases that cause comorbidities
before the transplant (diabetes mellitus, hypertension,
obesity, and hyperlipidemia) has been shown as a risk
factor for the development of post-transplant car-
diotoxicity in various studies [14, 15]. In our study, it
was found statistically that the presence of pre-trans-
plant comorbidity did not make a difference regarding
post-transplant cardiac event development [p = 0.112].
If patients are selected correctly before transplantation,
they may have chronical disease while they do not
have complication about these diseases, patients
would have lower risks of cardiac events after trans-
plantation. 
      With the introduction of high doses of cyclophos-
phamide since the discovery of anthracyclines, there
are hundreds of studies related to their cardiotoxic ef-
fects [16]. Because the intensity of chemotherapy ex-
posed will increase as the number of cycles increases,
we thought that this situation may have an effect on
the development of cardiac events after transplanta-
tion. In our analysis, we found that the number of cy-
cles was similar in both groups. When we examine the
cardiac effects of cyclophosphamide and anthracy-
clines, it is observed that they cause congestive heart
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failure by causing heart muscle damage in the long
term [17]. The reason for the absence of any difference
between the two groups in our study may be the fact
that we examine the early effects after transplantation.
There are some publications showing that a difference
is detected when long-term follow-ups are made [16,
17]. 
      It can be estimated that patients with low pre-
transplant performance may develop more cardiac
events after transplant. In our study, 1 patient with
KPS was 80, and the others consisted of 90 and 100
patients. In our study, there was no difference between
these groups. According to the results of our study, it
can be thought that patients with a KPS of 80 and
above are safe in terms of cardiac effects in the early
post-transplant period. 
      Many studies using cardiotoxic chemotherapy
agents have found that post-procedure cardiac events
are common in patients with low LVEF before the pro-
cedure. For this reason, it is recommended to evaluate
patients with ECO routinely to assess the cardiac func-
tions of the patients before the transplant, since it is a
routine cardiology consultation and noninvasive
method and is often an affordable, cost effective
method [18]. For this purpose, although various pa-
rameters are used in echocardiography, LVEF is often
calculated. We also prefer patients with LVEF > 50 for
transplantation in our department. When we evaluated
the patients in this study in this respect, the median
LVEF value of the ejection fraction in the group with
cardiotoxicity was calculated as 60. LVEF value in the
control group was 65 and there was a statistically sig-
nificant difference between the two groups. In a pro-
gressive study evaluating patients with lymphoma
who used BEAM and CBV chemotherapy regimens
as a transplant preparation regimen 2-point decrease
in LVEF values was found in the post-transplant pa-
tients compared to before the transplant [18]. In this
study, we achieved a result that supports the results of
many progressive and retrospective studies done on
this subject worldwide. These results emphasize the
importance of evaluation with echocardiography in the
evaluation of patients before transplantation [18-20].
Thus, we eliminate one of the risk factors of a cardiac
event likely to develop after transplantation. 
      DMSO related arythmias can be fatal. One of our
patients developed bradycardia during infusion.
Therefore, close cardiac monitoring during the trans-

plant and especially in patients who are at risk in post-
transplant period would be useful for the early detec-
tion of cardiac events. 
      Some studies investigating some anthracycline
based chemotherapy protocols have concluded that
prophylactic carvedilol and enalapril reduce the devel-
opment of anthracycline-induced cardiotoxicity [21,
22]. Although there is no such practice in our routine,
it is beneficial to carry out broader prospective studies. 

Limitations 
      Restrictive factors of our study; the number of pa-
tients included in the study and the number of patients
developing cardiotoxicity are small. 

CONCLUSION

As a result, the risk factors of the patients should be
determined in the pre-transplant period. Their cardio-
logical examination and echocardiographic assess-
ment should be made, and appropriate patients should
be directed to the transplant. If cardiac complaints de-
velop after transplantation, we should behave energet-
ically and start treatment immediately after the
diagnosis by performing ECG, echocardiography, car-
diac marker examinations, so that we can reduce the
mortality and morbidity that may develop. Although
it is not in our routine, it may be beneficial to use
agents such as enalapril and carvedilol in prophylaxis
on the condition that it is approved by larger studies. 
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The effect of IL-17 blockage on the neutrophil to
lymphocyte ratio in patients with axial
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ABSTRACT
Objectives: This study aims to evaluate the neutrophil to lymphocyte ratio (NLR) and platelet to lymphocyte
ratio (PLR) in patients with axial spondyloarthritis receiving different biologic treatments. 
Methods: The study included 33 axial spondyloarthritis patients (20 males, 13 females) receiving anti-TNF
or secukinumab therapy. Patients’ age, disease duration, ongoing therapy duration, serum C-reactive protein
(CRP) and erythrocyte sedimentation rate (ESR), neutrophil, lymphocyte and platelet counts, Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI) scores, NLR, and PLR were recorded retrospectively. 
Results: The patients' mean age was 44 years, and the disease's mean duration was 121.55 months. Fourteen
(42.4%) patients were receiving secukinumab, 57.6% of the patients were receiving anti-TNF agents. The
male/female ratio was 6/8 in the secukinumab group and 14/5 in the anti-TNF group. The ongoing therapy
duration was 8 ± 5.1 months for the secukinumab group and 27 ± 27.6 months for the anti-TNF group. Only
NLR was significantly higher in the secukinumab group, and there was no other statistical difference between
groups. There was no correlation between NLR, PLR, and CRP, ESR, BASDAI. 
Conclusions: The results of our study show that only NLR is significantly higher in the secukinumab group
compared to the anti-TNF group. Hence NLR may be a useful and sensitive parameter in terms of monitoring
disease activity.
Keywords: .Axial spondyloarthritis, neutrophil to lymphocyte ratio, platelet to lymphocyte ratio, secukinumab
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Spondyloarthritis (SpA) is a term used to describe
a group of chronic rheumatological diseases such

as ankylosing spondylitis (AS), psoriatic arthritis, re-
active arthritis, and so on. It is classified clinically as
peripheral SpA and axial SpA. Axial SpA is charac-
terized by inflammatory back pain, sacroiliitis,
spondylitis, and limited spinal motion [1]. There is no
standard laboratory test defined to be used in the di-

agnosis or follow-up of this disease group. Erythrocyte
sedimentation rate (ESR) and C-reactive protein
(CRP), indicators of inflammation, and Bath Ankylos-
ing Spondylitis Disease Activity Index (BASDAI), an
indicator of the clinical activity of the disease, are used
in follow-ups. Serum ESR and CRP levels are usually
increased in SpA, especially in cases with peripheral
joint involvement. Both tests have low sensitivity and
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specificity and do not reflect the disease process ulti-
mately. Elevation of either one of them is observed in
only 50% of patients with AS. BASDAI, which is rou-
tinely used, is only a reflection of the disease activity
assessment, does not include the physician's disease
evaluation, and is not a direct indicator of inflamma-
tion [2]. It is known that there are changes in the
amount and composition of circulating blood cells in
systemic inflammation. In studies based on this
knowledge, it has been suggested that neutrophil-lym-
phocyte ratio (NLR) and platelet lymphocyte ratio
(PLR) increase in many rheumatologic diseases with
inflammation and can be used as a marker of the in-
flammatory process [3, 4]. They were also shown as
increased in most of the studies on AS [5-13]. A survey
of patients with AS who received anti-tumor necrotiz-
ing factor (Anti-TNF) treatment concluded that NLR
could be a useful marker for monitoring response to
treatment [12]. Another study on AS found that NLR
was lower in anti-TNF therapy patients than those fol-
lowed-up with non-steroidal anti-inflammatory drugs
[13]. It is known that interleukin-17 (IL-17) has syn-
ergistic effects with TNF-α and IL-1 on cytokine in-
duction and tissue destruction. However, it has shown
that it can act independently [14]. Therefore, secuk-
inumab, an IL-17 inhibitor, may have different effects
on inflammation and its markers than TNF inhibitors.
There is no study evaluating the impact of various bi-
ological treatments on the NLR in the literature. Our
research aims to compare the two groups' hematolog-
ical parameters receiving different biological therapies
in patients with axial SpA. 

METHODS

Thirty-three patients (20 males, 13 females) classified
as axial SpA within the scope of the 2009 ASAS (As-
sessment of Spondyloarthritis International Society)
diagnostic criteria [15] were included in the study.
Those with kidney disease, liver disease, and hemato-
logical disease were excluded. Age, gender, duration
of illness, duration of treatment, serum CRP and ESR
levels of last control visits, neutrophil, lymphocyte,
and thrombocyte count, BASDAI scores (data on at
least three months of biological therapy) were retro-
spectively recorded from the patients' electronic med-

ical records. NLR and PLR values were calculated.
Recorded laboratory results and clinical evaluations
belonged to the same day. BASDAI assesses the pa-
tient's neck-back-waist-hip pain, pain and swelling in
peripheral joints, and sensitivity levels with palpation
at enthesis points. It is an index that evaluates the du-
ration and level of morning stiffness with seven ques-
tions. The result is obtained by adding the mean value
of the last two questions to the first five questions' total
value. The score ranges from 0 to 10. Its validity and
reliability in Turkish have been demonstrated [16]. 
      This study was approved by Haydarpaşa Numune
Research and Training Hospital Ethics Committee (ap-
proval code: HNHAH-KAEK 2021/26).  

Statistical Analysis 
      Data were analyzed with the IBM SPSS Statistics
22 (IBM SPSS, Turkey) program. Whether the data
was normally distributed was evaluated using the
Shapiro Wilk test. Descriptive statistics were pre-
sented as mean (standard deviation) and median (min-
max) or percentage and frequency. Chi-square test,
Fischer Exact Test were used for qualitative variables,
and the Mann-Whitney U test was used for quantita-
tive variables in comparison of data between groups.
Spearman Correlation test was used to analyze
whether there was a correlation between the data. Sta-
tistical significance was accepted as p < 0.05.

RESULTS

The patients' mean age was 44 years (range: 23-67
years), and the mean disease duration was 121.55
months (range: 7-408 months). Serum ESR levels
were recorded as 15.2 ± 13.6 mm/h, and CRP levels
as 0.79 ± 0.9 mg/dl. Of the 33 patients included in the
study, 42.4% (n = 14) were on secukinumab therapy,
while 57.6% (n = 19) were on anti-TNF agents. There
were no patients on synthetic disease-modifying drug
therapy in both groups, but the patients temporarily
took non-steroidal anti-inflammatory drugs during pe-
riods of activation. The male/female ratio was 6/8 in
the secukinumab group and 14/5 in the anti-TNF
group. There was no statistically significant difference
between the two groups in terms of age, gender, or dis-
ease duration. 31.6% of the patients in the anti-TNF
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group had used another anti-TNF drug before. The du-
ration of treatment was 27 ± 27.6 months (range: 3-72
months) in the anti-TNF group. 71.4% (n = 10) of the
patients receiving secukinumab had used at least one
anti-TNF drug (n = 8) before, usually more than one.
The duration of treatment was 8 ± 5.1 months (range:
3-19 months) in the secukinumab group. The duration
of treatment in the secukinumab group was signifi-
cantly shorter than in the anti-TNF group (p = 0.001).
Only the NLR value was statistically significantly
higher in the secukinumab group (Table 1). There was
no correlation between NLR or PLR with CRP, ESR,
or BASDAI values (Table 2). 

DISCUSSION

In our study, NLR was higher in patients receiving se-
cukinumab than those on anti-TNF therapy. In con-
trast, there was no significant difference between the
two groups in ESR, CRP, BASDAI, and PLR. 
      ESR, CRP, and BASDAI parameters are widely
used in follow-ups of patients with axial SpA for eval-
uating the response to treatment. In recent studies, it
has been suggested that NLR and PLR can be used as
easily accessible inflammation markers. These two
values, which can be easily calculated as a result of
hemogram studies, and are frequently applied in the
routine, have been associated with systemic diseases
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such as malignancies, diabetes mellitus, and coronary
artery disease [17-19]. In a study related to rheumato-
logical conditions, NLR was significantly increased in
polymyalgia rheumatica, polymyositis/dermatomyosi-
tis, systemic lupus erythematosus, rheumatoid arthri-
tis, mixed connective tissue disease, primary sjögren's
syndrome, osteoarthritis, and systemic sclerosis com-
pared to the healthy population. It has been empha-
sized that PLR is higher in systemic lupus
erythematosus and rheumatoid arthritis than in healthy
individuals [3, 4]. NLR and PLR are generally higher
in patients with AS. [5, 6, 8-13]. There are much fewer
studies on axial SpA in this area [1, 7]. One showed
that both NLR and PLR increased in patients with
axial SpA than healthy controls [1]. On the other, only
patients with axial SpA were evaluated, and there was
no relationship between disease activity and NLR or
PLR [7]. Since there was no healthy control group in
our study and the patients were not grouped according
to their disease activity levels, no conclusion could be
reached on this issue. 
      The correlation analysis results in the studies men-
tioned above are also highly controversial. Correlation
between NLR and PLR with laboratory parameters
(ESR and CRP) was shown in most studies [1, 8, 9,
11, 12]. But the relationship with the clinical evalua-
tion results (BASDAI, hand finger-to-ground distance,
occiput-wall distance, modified Schober test) was not
so common [1, 7, 11, 13]. In our study, there was no
correlation between NLR or PLR with clinical or lab-
oratory evaluations. We think that this result is related
to the small number of patients included in the study
and the fact that most of the patients included in the
study were in remission. 

      Few studies investigate the relationship between
NLR and treatment in AS in the literature. But there
was no research on PLR. A survey carried out in 35
patients with AS evaluated the anti-TNF therapy ef-
fectiveness with BASDAI, ESR, CRP, and NLR on
3rd months; there was an improvement in all parame-
ters with treatment [12]. In another study, BASDAI,
ESR, CRP, NLR values were found to be higher in pa-
tients with AS receiving only non-steroidal anti-in-
flammatory drugs (n = 72) compared to the group
receiving anti-TNF treatment (n = 24) [13]. In our
study, among the parameters evaluated in patients with
axial SpA, only the NLR was significantly higher in
the secukinumab group. BASDAI, CRP, and PLR val-
ues were also higher in the secukinumab group, but
the difference was not statistically significant. The
probable reason for the difference between the two
groups is that the secukinumab group consisted of rel-
atively active patients who could not achieve remis-
sion even though they used at least one, and usually
more anti-TNF drugs. The anti-TNF group consisted
of patients whose medical treatment and clinical status
have been stable for a long time. However, consider-
ing that the only difference between the two groups is
related to NLR, these results can be interpreted as
NLR may be a useful and sensitive parameter for dis-
ease activity monitoring. We think that further data on
much more cases are needed to speculate about the re-
lationship of NLR with the pathway affected by the
treatment. 

Limitations 
      Our study's limitations are the small sample size,
the absence of a control group, or the fact that the pa-
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tients were not grouped according to the disease acti-
vation criteria.

CONCLUSION

NLR may be a candidate parameter to be used for dis-
ease activity monitoring. In order to understand its ef-
fectiveness in evaluating the response to treatment,
there is a need for studies in which comparisons are
made in homogenized groups with larger numbers of
patients, including the control group. Prospective stud-
ies would make valuable contributions in this area.
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Could uric acid to high-density lipoprotein cholesterol

ratio be used to predict late-stage saphenous vein graft

disease after coronary artery bypass graft surgery?
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ABSTRACT
Objectives: Various vascular grafts are used in coronary artery bypass graft (CABG) surgeries, however, the
most commonly used one is the saphenous vein graft (SVG). Various studies conducted on this topic have
found a relationship between uric acid to HDL-C (UHR) and cardiovascular diseases. In this current study, we
aimed to investigate the predictive importance of UHR value in predicting long-term SVG disease in patients
who underwent CABG surgery.
Methods: Patients who had a history of CABG surgery at least one year prior, had stable angina pectoris, and
underwent coronary angiography between January 01, 2016 and January 01, 2020, were included in the study
retrospectively. Patients with open saphenous veins were defined as Group 1, and patients who had 50% or
more stenosis in at least one SVG after coronary angiography, were defined as Group 2.
Results: The median age of the 204 patients included in Group 1 and 292 patients in Group 2 were 65 (38-77)
years and 66 (45-79) years, respectively (p = 0.251). The two groups were similar in terms of gender,
hypertension, chronic obstructive pulmonary disease rates, history of cerebrovascular events, ejection fraction,
body mass index, and current medical treatments. In univariate analysis, SVG disease was found to significantly
correlate with diabeter mellitus (odds ratio [OR]: 1.644, 95% confidence interval [CI]: 1.190-1.985, p = 0.008),
current smoking (OR: 0.875, 95% CI: 0.669-0.940, p = 0.030), number of patients with target artery diameter
< 1.5 mm (OR: 1.945, 95% CI: 1.221-2.398, p < 0.001), age of SVG (OR: 2.960, 95% CI: 1.980-4.168, p <
0.001), uric acid (OR: 1.241, 95% CI: 1.078-1.592, p = 0.004), triglyceride (OR: 0.780, 95% CI: 0.569-0.935,
p = 0.044)  and UHR (OR: 1.894, 95% CI: 1.384-2.896, p < 0.001).
Conclusions: In this study, we showed that we can predict saphenous vein graft occlusion with serum UHR
value.
Keywords: Coronary artery bypass graft, inflammation, cholesterol, saphenous vein, occlusion
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Today, coronary artery bypass graft (CABG) sur-
gery is an indispensable treatment method for

some patient groups despite advances in endovascular
technology. Various vascular grafts are used in these
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surgeries, however, the most commonly used one is
the saphenous vein graft (SVG) [1]. Although SVGs
are widely preferred by surgeons due to their ease of
preparation and practicality, patency difficulties do
arise. About half of these vessels can be occluded in
the 10th year after CABG operations. Surgical prob-
lems play a role in early occlusion but the main occlu-
sion mechanism after the first year is atherosclerotic
processes that begin with intimal hyperplasia. Inflam-
mation also plays an important role in these processes
[2, 3]. 
      It has been shown that high uric acid blood levels
decrease nitric oxide release and are associated with
diseases such as endothelial dysfunction, atheroscle-
rosis, and hypertension [4]. On the contrary, high-den-
sity lipoprotein cholesterol (HDL-C) is known for its
anti-inflammatory and vasorelaxant properties and has
protective properties from atherosclerosis [5]. It has
been shown that there is a relationship between coro-
nary artery plaque load and HDL-C [6]. Various stud-
ies conducted on this topic have found a relationship
between uric acid to HDL-C (UHR) and metabolic
syndrome and atherosclerotic diseases [7, 8]. 
      The purpose of the current study was to look at the
predictive importance of UHR value in predicting
long-term SVG disease in patients who underwent
CABG surgery.

METHODS

Patients who had a history of CABG surgery at least
one year prior had stable angina pectoris and under-
went coronary angiography between January 01, 2016,
and January 01, 2020, were included in the study ret-
rospectively. The information on the patients was ob-
tained from the data system of the coronary
angiography unit and the hospital data recording sys-
tem. Demographic data of the patients and hemogram
(white blood cell, platelet, hematocrit, etc.) and bio-
chemical parameters [urea, creatinine, low-density
lipoprotein-cholesterol (LDL-C), HDL-C collected at
the time of admission were recorded. Patients with the
acute coronary syndrome, heart failure, severe heart
valve disease, malignancy, renal failure (creatinine >
1.5 mg/dL), gout disease, familial hyperlipidemia, and
autoimmune disease, were all excluded from the study.
Following the application of the exclusion criteria, 496

patients were included in the study. 
      Following a study of baseline clinical demo-
graphic variables, the following were identified:
Chronic obstructive pulmonary disease was defined as
having a post-bronchodilator forced expiratory vol-
ume in 1 second/forced vital capacity of less than
70%. Use of at least one antihypertensive medication
and/or arterial blood pressure greater than 140/90
mmHg were considered to be symptoms of hyperten-
sion. Diabetes mellitus was defined as the use of an-
tidiabetic medications, and fasting blood glucose
levels over 126 mg/dL or 200 mg/dL while being ex-
amined regularly. Finally, a neurological disability that
has existed for at least 24 hours was considered a sign
of a preoperative cerebrovascular event. 
      All coronary angiographies were performed after
obtaining informed consent from the patients and were
performed using the Judkin method via the femoral,
radial, or brachial arteries. Selective images of all
grafts were obtained with appropriate catheters. If the
SVG did not display selectively, aortography was per-
formed. All saphenous vein grafts were evaluated in
at least two view planes. As a result of the evaluations
made by two experienced cardiologists, patients with
50% or more stenosis in at least one SVG were de-
fined as the SVG disease group. The patients were di-
vided into 2 groups according to the presence of
saphenous vein disease. Patients with open saphenous
veins were defined as Group 1, and patients who had
50% or more stenosis in at least one SVG after coro-
nary angiography, were defined as Group 2. 
      The blood parameters of all patients were evalu-
ated from blood samples taken from peripheral venous
vascular structures during hospitalization. These eval-
uations were performed by blood counts in EDTA-
coated tubes. An automatic analyzer was used for the
measurement of hematological parameters. Biochem-
ical parameters were calculated using a molecular an-
alyzer. In the measurements made, the UHR value was
calculated as follows: UHR= Uric acid (mg/dL) /
HDL- C (mg/dL).

Statistical Analysis 
      The Statistical Package for the Social Sciences
was used to examine statistical data (IBM SPSS Sta-
tistic Inc. version 21.0, Chicago, IL). Nominal vari-
ables were expressed as frequency and percentage,
whereas continuous and ordinal variables were ex-
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pressed as mean standard deviation or median (mini-
mum-maximum). Data distribution was determined
using the Shapiro-Wilk and Kolmogorov-Smirnov
tests for normalcy. When comparing two groups of
continuous variables with a normal distribution, the
Student's t-test was used. When there was no normal
distribution for the continuous variables, the Mann-
Whitney U test was used to compare the two groups.
For nominal variables, the Chi-square test was em-
ployed to compare two groups. Binary logistic regres-
sion analysis was used to evaluate the predictors of
SVG disease. For all tests, a p value of < .05 was ac-
cepted as statistically significant. The area under the
curve (AUC) for UHR was computed using a receiver-
operating characteristic (ROC) curve for the prediction
of SVG disease.

RESULTS

The median age of the 204 patients included in Group
1 and 292 patients in Group 2 were 65 (38-77) years
and 66 (45-79) years, respectively (p = 0.251). The
two groups were similar in terms of gender, hyperten-
sion, chronic obstructive pulmonary disease rates, his-
tory of cerebrovascular events, ejection fraction, body
mass index, and current medical treatments (Table 1).
The rates of diabetes mellitus, current smoking rates,
and number of patients with target diameter artery <
1.5 mm were higher in Group 2 (p = 0.007, p = 0.024,
and p < 0.001 respectively). The age of SVGs was sig-
nificantly higher in Group 2 (p < 0.001) (Table 1). 
      Table 2 lists the patient's entrance laboratory re-
sults. White blood cell, hematocrit, platelet, creatinine,
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urea, albumin, LDL-C, and HDL-C values did not sig-
nificantly differ across the groups. Triglyceride levels,
uric acid levels, and UHR levels were all significantly
higher in Group 2 (p = 0.042, p = 0.002, and p < 0.001,
respectively). 
      To determine the variables influencing SVG dis-

ease-occurring CABG surgeries, logistic regression
analysis was carried out (Table 3). In univariate analy-
sis, SVG disease was found to significantly correlate
with diabetes mellitus (odds ratio [OR]: 1.644, 95%
confidence interval [CI]: 1.190-1.985, p = 0.008), cur-
rent smoking (OR: 0.875, 95% CI: 0.669-0.940, p =
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0.030), number of patients with target artery diameter
< 1.5 mm (OR: 1.945, 95% CI: 1.221-2.398, p <
0.001), age of SVG (OR: 2.960, 95% CI: 1.980-4.168,
p < 0.001), uric acid (OR: 1.241, 95% CI: 1.078-1.592,
p = 0.004), triglyceride (OR: 0.780, 95% CI: 0.569-
0.935, p = 0.044)  and UHR (OR: 1.894, 95% CI:
1.384-2.896, p < 0.001). In multivariate analysis, dia-
betes mellitus (OR: 1.120, 95% CI: 1.070-1.436, p =
0.035), target artery diameter 1.5 mm (OR: 1.344,
95% CI: 1.110-1.742, p = 0.012), age of SVG (OR:
1.910, 95% CI: 1.375-2.364, p < 0.001) and UHR
(OR: 1.290, 95% CI: 1.060-1.897, p = 0.008) were de-
termined as independent predictors for SVG disease
development. 
      ROC curve analysis revealed that the cutoff value
for UHR was 0.19 (AUC: 0.790, 95% CI: 0.751-0.829,
p < 0.001, sensitivity of 75.2% and specificity of
69.4%) (Fig. 1).

DISCUSSION

The incidence of coronary artery disease (CAD),
which occupies a prominent place among atheroscle-
rotic cardiovascular diseases, is increasing day by day.
CABG surgery is one of the most important treatment
methods of CAD and although the most important

graft used in CABG operations is the left internal tho-
racic artery, SVG is also valuable because of its vari-
ous advantages. A variety of blood parameters have
been investigated in the literature to predict late (after
one year) saphenous vein disease [9]. In this study, we
are the first to reveal in the literature that serum UHR
is associated with late SVG disease. In our multivari-
ate analysis, in addition to known risk factors such as
coronary artery structure and diabetes mellitus, we de-
tected UHR as an independent predictor of SVG dis-
ease development. 
      Purine metabolism produces uric acid (UA),
which is linked to poor metabolic health [10]. Uric
acid penetrates the cell membrane, causing oxidation
and inflammation. It also reduces nitric oxide release
in the endothelium and inhibits cell proliferation and
migration. In addition to these, aside from direct dam-
age to vascular smooth muscle structures, the expres-
sion of proinflammatory cytokines also triggers the
development of atherosclerosis [7]. 
      In a recent study that included 15,843 (73.90%
male) participants, a significant correlation was found
between high UA values and carotid intima-media
thickness [11]. In another recent study that included
369 people, a significant relationship was found be-
tween high UA values and metabolic syndrome [12].
In a study in which 814,804 (415,779 males and
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Fig. 1. ROC (Receiver operation characteristic) curve and AUC (Area under the curve) for admission uric acid to high-
density lipoprotein cholesterol ratio for predicting saphenous vein graft disease. (Cut-off: 0.19, AUC: 0.790, 95% CI:
0.751- 0.829, p < 0.001, sensitivity of 75.2% and specificity of 69.4%). 
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399,025 females) volunteers were included, a linear
relationship was revealed between serum UA values
and atrial fibrillation [13]. In a study conducted by
Tavil et al. [14], the relationship between serum UA
levels and SVG disease was investigated in 192 pa-
tients, followed for an average of 5.6 years after
CABG operation. At the conclusion of the study, a sig-
nificant correlation was found between high serum UA
values and SVG disease [14].  In our study, serum UA
values were significantly higher in our patient group
with SVG disease. 
      HDL-C is known for its protective effects from
atherosclerosis. It has a composite structure consisting
of lipid composites of different sizes. HDL-C has anti-
inflammatory, anti-diabetic and antithrombotic effects
along with cholesterol-mobilizing effects in tissues
[15]. In a study conducted on these effects, it was
shown that every 16 mg/dL increase in HDL-C levels
leads to a decrease in CAD rates (OR of 0.95, 95% CI:
0.85-1.06) and diabetes mellitus rates (OR of 0.83
95% CI: 0.76-0.90) [16]. CAD was found in 60% of
individuals with low HDL-C levels in cohort studies
[17]. In a multicenter study by Jerzevski et al. [18],
including 113 patients who underwent CABG and
were evaluated at 12 months, the relationship between
HDL-C and SVG disease was investigated. In their
study, the HDL-C cut-off value was determined as 40
mg/dL, and low HDL-C values were shown to be
mostly associated with SVG occlusion and increased
intimal hyperplasia [18]. 
      Considering this information available regarding
uric acid and HDL-C, UHR values emerge as an im-
portant cardiovascular risk indicator. In a study con-
ducted on the general population, UHR values were
found to be significantly higher in patients with non-
alcoholic fatty liver disease, compared to the control
group [19]. In another study, the prognostic signifi-
cance of UHR values in peritoneal dialysis patients
was investigated. In their study, in which 1953 patients
were included and followed up for an average of 61.3
months, high UHR values were found to be associated
with cardiovascular and all-cause mortality [20]. In a
retrospective cross-sectional cohort study conducted
in the cardiovascular field, the effect of UHR values
on hypertension control was investigated in 535 hy-
pertension patients. Here, UHR values were signifi-
cantly correlated with systolic (r = 0.33, p < 0.001)
and diastolic (r = 0.28, p < 0.001) blood pressure. In

addition, UHR value has been shown as an independ-
ent predictor of poor blood pressure control, and it has
been determined that a unit increase in UHR value af-
fects poor blood pressure control 7.3 times (p < 0.001,
95% CI: 3.9-13.63) [21]. In our study, high UHR val-
ues were also shown as an independent predictor of
SVG disease. 
      After CABG surgery, SVGs can become occluded
for several reasons. The cause of SVG disease occur-
ring in the first month is thrombosis, and intimal hy-
perplasia for up to one year, followed by
atherosclerosis [22]. In our study, at least 1 year had
passed after CABG surgeries for all patients. There-
fore, it is inevitable that atherosclerotic risk factors
play a role in the development of the disease. Lipid-
lowering therapies and antiplatelet therapy algorithms
used by patients may play a role in the development
of SVG disease. It has been shown that medical treat-
ment strategies may affect the development of SVG
disease [2, 23]. In our study, there was no significant
difference between the postoperative medical treat-
ments applied between the groups. 
      The age of the SVG and the coronary vascular
structure and the diameter of the target vessel by-
passed, are other important factors that may affect the
development of SVG disease [24]. In a retrospective
study by Bayam et al. [25] including 398 patients,
SVG age was shown as an independent predictor of
SVGD development (OR:1.18, 95% CI: 1.02-1.35, p
= 0.020). In another recent study [26], the severity of
coronary artery disease, calculated by the SYNTAX
score, was shown as an independent predictor of SVG
disease (OR: 0.978, 95% CI: 0.957-0.999, p = 0.045).
And in a study in which SVGs were prepared with the
no-touch technique in all patients, a target vessel di-
ameter of less than 1.5 mm was shown as an independ-
ent predictor of SVG disease [26].

Limitations 
      There are some limitations in our study. Primarily,
our study was a single-center retrospective study,
therefore the number of patients was limited. In addi-
tion, only the diameter was taken as a variable for the
coronary artery structure before CABG in our study
group. It should be noted that the general disease status
of the vessel, apart from the diameter, may also affect
the development of SVG disease. In addition, a de-
tailed lesion analysis of all saphenous veins could not
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be performed. There is a need for multicenter prospec-
tive studies in which these analyzes are also carried
out.

CONCLUSION

Although CABG surgeries constitute the prominent
treatment option for atherosclerotic heart diseases, the
atherosclerotic process continues as long as the pa-
tients are alive. Beyond the first year following CABG
surgeries, atherosclerosis plays a leading role in the
development of SVG disease. Therefore, clinical fol-
low-up of these patients is particularly imperative. In
this study, we showed that we can predict saphenous
vein graft occlusion with serum UHR values; to the
best of our knowledge, this is the first time this was
done in the literature. 
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ABSTRACT
Objectives: Although radiation therapy has been used for more than a hundred years, its definitive mechanism
of action is not known. Many studies indicate that radiation induces free radicals which damage DNA. However,
irradiation should also affect the collagen connective tissue matrix. This database analysis aims to determine
the extent of DNA versus collagen perception in scientific papers. 
Methods: Journals indexed in PubMed were searched on March 3, 2021, using the medical keywords "cancer",
"radiation therapy", "radiation therapy AND damage," radiation therapy AND mechanism AND damage,
"radiation therapy AND clinical". The number of items found for each search was proportioned in terms of
“DNA versus collagen” and the ratio was accepted as the perception shift coefficient. 
Results: Results were tested with the p-value analysis to calculate the difference between the two proportions
in both search items. Based on the main rule under the assumption that “all cells have DNA and all cells live
in the collagen matrix”. In the p1-p2 analysis of the data, a significant (p < 0.001) difference was obtained for
all dichotomy scans. 
Conclusions: This data analysis supports the argument that both cancer and radiation therapy perception is
DNA-based rather than collagen, since the synthesis and degradation process of very slow; it is not possible
to observe it in short-term studies. The effects of irradiation should be further analyzed in this manner for
purpose of collagen matrix interaction.
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Radiation therapy is one of the main modalities in
cancer treatment. Ionizing radiation had been

used in the treatment of many diseases, even shortly
after the discovery of its biological effects [1]. The
first successful radiotherapy trials were performed in
head and neck cancers, where surgical treatment was
not possible, followed by other malignancies [2].
Based on the observations of the radiation tolerance

of normal tissues, it was noticed that dividing the dose
into fractions over time (fractionation) increased nor-
mal tissue tolerance, without a negative effect on
tumor control, therefore, the concept of fractionated
radiation therapy was emerged [3]. 
      Although the general biological principles of radi-
ation therapy had rapid progress, the mechanism of ac-
tion continues to be a subject of debate even today.
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According to the radiobiological observations, the
cells that divide faster have been affected than those
that divide slowly; thus it has been generally accepted
that the biological effect is related to the cell division
rate [4, 5]. After the discovery that the genetic infor-
mation is encoded in the DNA molecule, a consensus
appeared that the control of cell division is related to
DNA. This point of view led to the conclusion that the
biological effects of radiation are directly related to
DNA damage which is still valid today. According to
this idea “radiation can cause single or double-strand
breaks in DNA, resulting in fatal mutations or pro-
grammed cell death” [6]. 
      However, in an intact organism, all cells are lo-
cated in an extracellular matrix where the main com-
ponent is collagen and the control of cell division is
regulated by external stimuli. Although DNA encodes
a complex synthesis process, it is structurally a simple
molecule, that situation orientated the research toward
DNA and facilitates DNA-based explanations for ra-
diation effects. In contrast, the turnover of the collagen
matrix is very slow and complex even to observe or
explore. While cancer cells can be investigated under
in vitro conditions, the collagen matrix production-de-
struction cycle is out of research scope due to its slow
turnover and methodological limitations [7-9]. 
      All these reasons have led to the establishment of
a DNA-focused mainstream explanation of the biolog-
ical mechanism of action for ionizing radiation. Thus
the probable interaction of radiation with collagen
seems to be overlooked. In contrast, it is not easy to
determine how much an alternative second explana-
tion overlaps the main explanation. One of the valid
methods that can be applied for this purpose is the
screening of associated medical subjects in this field
and the testing of whether the difference between the
matches is statistically significant, the approach is gen-
erally called fuzzification [10]. In this method, first,
the main heading (nominator) is searched on the data-
base and then their association (dichotomy) with the
subheadings is researched. This approach produces
numerical output for related subjects and they can be
further analyzed. 
      Today, information technology enables access to
large databases of peer-review scientific articles. The
basic logic in this method is that the concepts studied
are in the same system, but not directly related to each
other. The result observed and the detected value in

any data analysis is the sum of the actual, coincidental,
and false results (bias). Although everything can be
associated with another concept in living systems,
choosing the right keywords will narrow the possibil-
ity of error. This study is a database analysis per-
formed to determine the bias of “DNA versus
collagen” perception based on cancer and radiation
therapy research. 

METHODS

The database of the United States National Library of
Medicine encodes scientific publications with key-
words Medical Subject Headings (MeSH) defined as
medical titles [11]. This database structure gives a nu-
merical value if any MeSH is used as a nominator.
When a second MeSH keyword for dichotomy is
added to the search (fuzzification), the numerical val-
ues obtained indicate the association of the nominator
with the second concept. The ratio of the numerical
result given by the same nominator with the two sub-
concepts obtained by dichotomy will determine the di-
rection of research perception [12]. 
      To evaluate the scientific perception of cancer ret-
rospectively, the PubMed database was searched on
March 3, 2021, using the medical keywords "cancer",
"radiation therapy", "radiation therapy AND damage,"
radiation therapy AND mechanism AND damage, "ra-
diation therapy AND clinical". In the second phase,
the association of these key terms was searched by cre-
ating a dichotomy by adding "DNA" or "collagen"
MeSH for each item. In order to test whether the
"AND" logic shows a collocation relationship within
the MeSH search results, a separate search was carried
out by replacing the words used. It was observed that
the obtained article order and numerical values com-
pletely overlapped, thus it was confirmed that the
PubMed database was not affected by the keyword
ranking. 
      The numerical sizes of the numerical numbers ob-
tained with keywords were accepted as the "correla-
tion value". No exclusion criteria were used in
screening. Since the database contains a large number
of articles, it was not possible to evaluate all the re-
sults, and samples were selected by considering the
random numbers table. The accessed results with each
search MeSH or combinations were randomly re-
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viewed with 50 articles and the possibility of biases
was refused. Later, the search was expanded by in-
creasing the number of words that occur together;
herewith the bias that the results contain search words
together due to a random error was excluded. 
      The results obtained by each search nominator ei-
ther with its DNA or collagen subtitles were rated to
each other; the number obtained was called the per-
ception shift ratio. Although the database search found
a narrower set of results with each different option
(DNA versus collagen) added to the nominator, the
value of the perception shift coefficient remained in
favor of DNA versus collagen. 

Statistical Analysis 
      When interpreting a confidence interval that com-
pares two population proportions, one should always
be sure to use the words of the problem and to phrase
the interpretation in terms of how much larger (or
smaller) the first ratio compared to the second one.
This procedure is valid because both samples were
taken randomly and independently. So it is common
to compare two independent groups with respect to the
presence or absence of a dichotomous characteristic
or attribute. When the outcome is dichotomous, the
analysis involves comparing the proportions of suc-
cesses between the two groups. 
      There are several ways of comparing proportions
in two independent groups. One can compute a pro-
portion difference, which is computed by taking the

difference in proportions between comparison groups
and is similar to the estimate of the difference in
means for a continuous outcome. Generally the refer-
ence group (e.g. radiation therapy) is considered in the
denominator of the ratio. The dichotomy ratio is a
good measure of the strength of an effect (ie. DNA
versus collagen) and therefore indicates a reason at-
tributed. When the outcome of interest is relatively un-
common (e.g., < 10%), a dichotomy ratio has a good
predictive value, confidence interval estimates for the
dichotomous difference [13]. 
      In this study the results obtained were tested with
the p1-p2 analysis to calculate the difference between
the two proportions in both search items. Based on the
main rule under the assumption that “all cells have
DNA and all cells live in the collagen matrix” the H0
hypothesis has been created for significance; H0: p1-
p2 = 0 and H1: p1-p2 ≠ 0 as exclusion criteria. The
numerical results were statistically analyzed for the
fact of the H0 > H1 condition, p < 0.01 was considered
significant. [14, 15]. 
      SPSS was used in the calculations made during the
study (to compare the effect of independent variables
on dependent variables).

RESULTS

In the articles including "cancer", "radiation therapy",
"radiation therapy AND damage," radiation therapy
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AND mechanism AND damage, "radiation therapy
AND clinical", the association with DNA was found
higher than associating with collagen. Of a total of
4,569,302 articles with the MeSH cancer, 407,585 in-
clude DNA, whereas collagen was included in 30,087.
If the search MeSH "radiation therapy" was used as
nominator, 496,547 results were obtained, which re-
sulted in 20487 articles when using "DNA"; and 2,846
using "collagen" for dichotomy respectively. Accord-
ing to these results dichotomy rate in the database fa-
vors DNA compared to collagen 7.2 to 30.4 times for

all search MeSH items (Table 1). The detailed ana-
lyzes of the results in Table 1 are shown in Figs. 1, 2,
3 and 4. 
      In evaluating the significance of the difference be-
tween the groups compared in studies, the issue that
is almost always taken into consideration is whether
it is statistically significant. In other words, the p-value
is less than 0.05. In our study, the p - value was statis-
tically significant. However, since the p-value is af-
fected by the sample size, the results were tested with
the effect size factor to show that this significance was
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not accidental. 
      The effect size shows how much of the total vari-
ance in the dependent variable is explained by the in-
dependent variable or factor. The most widely used
one in calculating the effect size is the calculation de-
veloped by Cohen (d). As a general recommendation,
Cohen says that if the d value is less than 0.2, the effect
size can be defined as weak, if 0.5 is medium, and if
it is greater than 0.8, it can be defined as strong [16].
The data of the Cohen’s d test, the results of which we
tested, are given in Table 2. 
      When the effect size results were examined, it was
confirmed that there were remarkable results greater
than 0.8 and the p-value was not random. 
Statistical evaluation of the data with p1-p2 analysis
was found to be significantly different (p < 0.001) for

all dichotomy results, thus ruling out the H0 hypothe-
sis and confirming the H1 hypothesis. The results
show that within the PubMed database the search
terms "cancer", "radiation therapy", "radiation therapy
AND damage," radiation therapy AND mechanism
AND damage”, and "radiation therapy AND clinical"
have a very close association with DNA than associ-
ating them with collagen.

DISCUSSION

Today, information technology enables the search and
analysis of large databases with relevant keywords.
Based on this study, PubMed offers the opportunity to
access millions of peer-review scientific articles online
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[17, 18]. Since the PubMed database is very large, if
valid keywords are plotted, it can be explored how
much a concept had been associated with other related
items (dichotomy). This database does not contain du-
plications; all journals within its scope feature peer-
review and therefore allow objective data analysis. 
      The dichotomy subjects in this study are DNA and
collagen, the reference groups used before the di-
chotomy are completely different, so it is not possible
to interpret the results with bias. On the other hand,
the fact that the database is very large, creates homog-
enization within itself. It can be argued that the jour-
nals published in different fields may also be the cause
of bias, but selecting the keywords used in the search
from the MeSH scope limits the bias possibility. One
can use the p1-p2 hypothesis in statistical evaluation
in the analysis of large databases. The PubMed, which
covers knowledge of more than a century, supports the
hypothesis that scientific opinion held DNA signifi-
cantly more responsible than collagen in explaining
cancer, radiation therapy, and its mechanism of action. 
The etiology of cancer is still unknown today. Cancer
disease can be detected also in archaeological records
[19]. However, it is generally accepted that cancer has
increased in all countries of the world especially in the
last decades [20-22]. Hundred years ago it was under-
stood that the cell nucleus plays an ad hoc role in cell
division, and it was proven in the second half of the
last century that DNA encodes genetic information.
This situation has attracted the attention through the
genetic characteristics of diseases and put the microen-
vironment in which the cell is located to be ignored.
All the environmental factors, which are claimed to
play a role in cancer development, have been associ-
ated with DNA damage. This approach, which can
also be called the Zeitgeist effect, lead to huge

progress that enable DNA analysis with automatic de-
vices in a short time and reinforced the shift of per-
ception of cancer etiopathogenesis and treatment to
the DNA-centric [23, 24]. However, even though the
cell division is encoded in DNA, the stimulus that will
initiate the division comes from the intercellular area,
especially through extracellular matrix components,
rather than DNA [25]. In contrast to DNA, the inter-
cellular field is characterized by dynamics that cannot
be easily investigated, and the slow turnovers do not
allow observation. 
      Studies on the biological effects of radiation ther-
apy on collagen are extremely limited. Although it has
been known for a long period that radiation interacts
with collagen, it has not been possible to test the effect
in vivo. Even though early research indicated that ra-
diation cause collagen damage, the Zeitgeist effect
shifted the perception to DNA. Moreover, technical
facilities limited the studies on interactions of radia-
tion with the extracellular matrix, especially collagen
[26, 27]. 
      In contrast, current clinical experience confirms
that radiation affects connective tissue (unlike DNA)
in long term. Fibrosis occurring after radiation therapy
is permanent even in conventional therapeutic doses;
causing functional defects in the heart, bladder, or rec-
tum [28-30]. Moreover, the lens, which is very sensi-
tive to irradiation, is acellular and contains only cells
in the boundary of the capsule, but loses its light trans-
mittance even in very low doses [31].

CONCLUSION

This study confirmed that cancer, radiation therapy,
damage, and mechanisms of action have been attrib-
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uted to DNA significantly more than collagen, the
main intercellular matrix component, in which the cell
is located. Although the data in the literature are very
limited, it is clear that collagen and extracellular ma-
trix constitute a new and productive field for exploring
the effects of radiation. Future studies could be very
beneficial if objected to connective tissue instead of a
DNA-based perception. 
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ABSTRACT
Objectives: Electrical appliances are source of radiofrequency radiation (RFR). The effects of RFR on the
organism are not fully understood. Endoplasmic reticulum (ER) stress is appeared by the accumulation of
misfolded proteins in ER lumen. The aim of this study was to investigate the effects of 900 and 2100 MHz
RFR exposure on the ER stress pathway in rat thymus. 
Methods: Rats were divided into six groups: 1 week (w) and 10 w Sham rats were kept in plexiglass tubes for
2 hours/day without RFR, experiment groups were created as 1-w (acute) and 10 w (chronic) rats which exposed
to 900 and 2100 MHz RFR for 2 h/day. There were 20 male Wistar rats in each group. Immunohistochemistry
stainings were performed GRP78, CHOP, Cleaved (Clv.) Caspase 3 and Caspase 12. 
Results: Expressions of GRP78 and Clv. Caspase3 in RFR groups is significantly higher than sham groups (p
< 0.001). In 900 MHZ-1 w rats, high levels of GRP78 expressions were at the cytoplasm of epithelial reticular
cells. In other groups, GRP78 expressions were seen also at thymocytes. Expressions of CHOP in RFR rats
were higher than sham rats (2100 MHz /Sham for 10 w; p < 0.001, 900 MHz /Sham for 10 w; p = 0.004, 900
MHz /Sham for 1 w; p = 0.003). Localization of CHOP expressions was at the nucleus membrane and
cytoplasm. The expression of Caspase 12 in RFR rats was higher than sham rats (900 MHz /Sham for 1 w; p
= 0.006, other groups; p < 0.001). 
Conclusions: This study demonstrates RFR exposure could increase levels of ER stress pathway proteins and
could cause apoptosis.
Keywords: Radiofrequency radiation, thymus, endoplasmic reticulum stress, apoptosis
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The thymus is a primary lymphoid organ located
behind the sternum, in the superior mediastinum.

The thymus has an important role in the selection and
maturation of T lymphocytes. 
      Endoplasmic reticulum (ER) is the biggest or-

ganelle in the cell. ER's essential functions are lipid
synthesis, protein folding, and synthesis, Ca++ home-
ostasis, detoxification. Hypoxia, cancer, reactive oxi-
dants, low Ca++ levels, and many other conditions can
disrupt these functions [1]. Thus, unfolded, and dys-
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functional proteins accumulate in the ER and cause
ER stress. ER stress initiates Unfolded Protein Re-
sponse (UPR) [1, 2]. UPR tries to solve this ER stress
problem in various ways. For instance, to increase ER
protein turnover, to activate up-regulation of chaper-
ons, etc... If the cell can not overcome ER stress, UPR
initiates cell death programs [2]. 
      UPR is controlled by three transmembrane sen-
sors: PERK (protein kinase RNA-like endoplasmic
reticulum kinase), IRE-1 (Inositol regulating enzyme-
1) and ATF-6 (Activating Transcription Factor-6).
Sensors detect unfolded proteins and activate the other
steps [1, 2]. In normal conditions, a chaperon and cal-
cium-binding protein; 78-kDa glucose-regulated pro-
tein (GRP78, or the other name Binding
immunoglobulin protein-BiP) stabilizes the inactive
state of sensors. But unfolded proteins send away
GRP78, so UPR sensors become free and active [3]. 
      Active PERK inhibits protein synthesis by phos-
phorylating eIF2α. PERK induces translation of some
proteins, the most researched one is activating tran-
scription factor 4(ATF4). ATF4 induces chaperon syn-
thesis, antioxidant synthesis, C/EBP homologous
protein (CHOP) synthesis, and autophagy genes.
CHOP regulates BCL-2 family genes which are re-
sponsible for apoptosis. CHOP also induces proapop-
totic genes and reduces antiapoptotic genes [1, 4].
PERK pathway also plays role in mitochondrial pro-
survival signaling, mitochondrial autophagy, and
mTOR-P3IK-Akt pathway [4]. 
IRE1 is an endoribonuclease localized in the ER mem-
brane. If ER stress is present, IRE1 splice x-box bind-
ing 1 protein (XBP1) mRNA. XBP-1 induces UPR
genes. Persistent IRE1 activation could trigger apop-

tosis via tumor necrosis factor receptor-associated fac-
tor (TRAF2) [5]. ATF6 induces XBP1 synthesis and
chaperon synthesis like GRP78. Also, ATF6 induces
genes that play a role in the degradation of misfolded
proteins [6]. 
      RFR is a power caused by the energy of electrical
charges. It was classified by European Committee
(Table1) [7]. As seen in the table mobile phones,
tablets, electrical appliances, and others are radiofre-
quency radiation (RFR) sources. We are exposed to
RFR intensely these days. Therefore, it is important to
understand how RFR affects the organism. Some re-
searchers have investigated RFR's effects on the thy-
mus. In research published in 2011, it was
demonstrated that 900MHz RFR increases superoxide
dismutase (SOD) levels, glutathione peroxidase (GPx)
activity, and decreases glutathione levels in rat thymus
[8]. Hanci et al. [9] reported that exposure to 900 MHz
RFR caused an increase in malondialdehyde (MDA)-
an oxidative stress marker- and decreased glutathione
levels in prenatal rat thymus. Also, it was reported that
RFR could lead to pathological changes in prenatal rat
thymus [9]. Another research showed 900 MHz RFR
causes an increase in MDA levels and induces
histopathological changes at mature rat thymus [10,
11]. Misa-Agustino et al. [12]. have applied 2.45 GHz
(0-1-1.5-12-Watt power) RFR to rats. In this study
heat shock protein (HSP) 90 decreased in only 12 W
exposed animals and there were no differences in
HSP70 levels. In exposed rats, glucocorticoid recep-
tors presented more than control groups. 
      As shown in the studies, exposure to RFR could
induce oxidative stress and make changes at thymus
histopathology. There is no study about RFR's effects
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on ER stress in the thymus. We investigate in this
study that 900 and 2100 MHz RFR whether could
cause ER stress in rat thymus.

METHODS

Animals and Study Design 
This study was conducted on 120 male Wistar rats
aged 3 months and weighing 250-300 gr. All animals
were kept in a controlled environment with the artifi-
cial light-dark cycle of 12 h lights on and 12 h lights
off and received food and tap water ad libitum. There
were 4 animals in every cage. Sham rats were housed
in separate rooms under the same conditions for an
equal time. All experimenters were blind to animal ex-
perimental group memberships during the data collec-
tion and analysis. The animals were randomly divided
into 6 groups like below.

Groups:
      1. Sham 1w (acute)
      2. Sham 10w (chronic)
      3. Exposure to 900 MHz RFR for 1w (acute)
      4. Exposure to 900 MHz RFR for 10w (chronic)
      5. Exposure to 2100 MHz RFR for 1w (acute)
      6. Exposure to 2100 MHz RFR for 10w (chronic)

Ethical Approval 
      Ethical approval for this work was obtained from
Akdeniz University Local Committee on Animal Re-
search Ethics (2013.05.01). All experimental protocols

conducted on rats were performed under the standards
established by the Institutional Animal Care and Use
Committee of Akdeniz University.

Radio Frequency Radiation Exposure 
      The radio frequency (RF) values used in this study
are the frequencies (900 and 2100 MHz) used in mo-
bile phone communication. An RF generator (GSM
Simulator; Everest Company, Adapazari, Turkey),
which produces 900 and 2100 MHz RF radiations,
was used to represent exposures of global systems for
mobile communications (GSM). In the 900 MHz RFR
experiment the carrier frequency was 900 MHz, the
modulation frequency was 217 Hz, the pulse width
was 0.577 msec, and the power range of the generator
was 0-10 W. Besides in the 2100 MHz RFR experi-
ment, the carrier frequency was 2100 MHz, the mod-
ulation frequency and the pulse width were the same
as 900 MHz and the power range of the generator was
0-2 W. 
      The animals were placed in plexiglass tubes with
holes where one single rat could fit, breathe comfort-
ably, and not increase the body temperature. Rats in
plexiglass tubes were placed radially at equal distances
(in 900 and 2100 MHz experiments rats’ noses were
at 3.5 and 10 cm distances from the antenna, respec-
tively) around the antenna (Fig.1). The applied
carousel setup procedure of the present study was by
the setup procedure of the other studies in the literature
[13-15]. The tubes restrained the movement of the rats
to such an extent as to follow for well-defined expo-
sure conditions, yet without immobilizing them. RFR
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application was held in a shielded room to prevent the
rats from the effects of other electrical sources. For the
used frequencies, the source output powers were se-
lected by considering the power values emitted by the
mobile phones (the output powers adjusted to 5 W (for
900 MHz) and 1.5 W (for 2100 MHz) during the ex-
posure). During the experiment in the ‘signal on’ po-
sition, the measured electric-field strengths over the
rat’s heads were 35.5 and 35.2 V/m for 900 and 2100
MHz frequencies, respectively. 
      Group 3 rats were exposed to 900 MHz RFR 2
hours/day, 5 days/week for 1 week, and group 4 rats
were exposed to the same frequency RFR 2 hours/day,
5 days/week for 10 weeks. Group 5 rats were exposed
to 2100 MHz RFR for the same duration as group 3
and group 6 rats were exposed to 2100 MHz RFR for
the same duration as group 4. Sham rats were kept
under the same conditions and durations while the
RFR generator was turned off for 1 week and 10
weeks. 
      Electric field strengths were measured by
EMR300 (Narda, Germany) with a suitable probe in
the experiments. The electric field background level
was between 0.02 and 0.2 V/m in the shielded room.
Also background magnetic fields were measured be-
tween 0.01 and 0.03 µT by Hioki 3470 Magnetic Field
Hitester (Hioki E. E. Corp., Japan) with an appropriate
probe. 
      Dosimetry simulations were carried out using a fi-
nite integration technique (FIT) based commercial
software, CST Microwave Studio (3D EXPERI-
ENCE®, Dassault Systemes, Hamburg). The FIT was
introduced by Weiland [16]. Although the gridding can
be applied as a finite difference time domain (FDTD)
method, the FIT uses the integral form of Maxwell’s
equations [17]. In the present study, the rat model used
in simulations has consisted of voxels with a resolu-
tion of 1.827×1.827×2.015 mm3. The interaction be-
tween the incident electromagnetic wave and the
biological tissue are explained by electrical properties
that can be obtained by the dielectric properties of the
interested tissue [18, 19]. In this study, each tissue of
the simulated rats has its electrical properties at the op-
erating frequencies. The average whole-body SAR
values at 900 and 2100 MHz were 1.159 and 0.16
W/kg, respectively. Besides the SAR values for the
thymus at 900 and 2100 MHz were on the average of
1.134 and 0.086 W/kg, respectively. Before and after

all experimental sessions, the body temperatures of
rats were monitored by rectal measurements. The RFR
exposure did not lead to any rectal temperature raise.

Tissue Sample Obtaining and Processing
      Thymus tissues were fixed by 10% formaldehyde
solution. Tissues were processed through graded alco-
hols and xylene, then embedded in paraffin. Sections
were cut 5-7 µm using a rotary microtome (Leica,
Nussloch, Germany) and taken on Superfrost slides. 

Immunohistochemistry
Prepared sections were stained immunohistochemi-
cally for GRP78, CHOP, Caspase 12, and Clv. Cas-
pase3 proteins. Protein localization and levels of
expressions were evaluated. 
      Thymus tissue samples were deparaffinized in xy-
lene and dehydrated in ethanol series. Slides were
boiled at 665 W microwave and waited 25 minutes at
microwave's warm position, then kept at room tem-
perature (RT) for 20 minutes in Tris-EDTA solution(ph
= 9.0). They were incubated in 3% hydrogen peroxide
(Sigma Aldrich18312), made with methanol, to block
endogen peroxidase activity and washed with phos-
phate-buffer-saline (PBS). Then nonspecific binding
sites were blocked with UV Blocking Solution (#TA-
125-UB; Thermo Scientific/Lab Vision). Primary an-
tibodies, prepared with an antibody diluent solution,
were incubated for one night at +4oC GRP78 1/400
(ab21685; Abcam), CHOP :1/50 (ab11419; Abcam),
Caspase 12 1/50 (ab62463; Abcam), and Clv. Cas-
pase3 1/50 (9664; Cell Signaling) . After washing, sec-
ondary antibodies were incubated for 45 minutes at
RT. They have washed again and incubated with strep-
tavidin (TS-125-HR; Thermo Scientific/Lab Vision)
for 30 minutes at RT. After washing, antibodies were
identified with DAB(8050S; Cell Signalling) and then
again washed. After Mayer’s hematoxylin
staining(Merck) and dehydration, mounting was done
with Entellan (#1.07961.0100; Merck). The im-
munolocalization of the ER stress proteins was exam-
ined with bright-field microscopy (Zeiss). We have
analyzed expression levels of proteins by using ImageJ
software. 

Statistical Analysis 
      Immunohistochemical stainings were analyzed by
using Image J. The data were evaluated by using
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Sigma Stat 3.5 One Way ANOVA/post hoc Tukey test.
Values with p < 0.05 were considered statistically sig-
nificant. The results were presented as mean ± SEM.

RESULTS

GRP78, an important protein of the UPR, increased in
900MHz-1 w relative to the Sham-1 w. But this in-
crease was just in the cytoplasm of epithelial reticular
cells. This increase was both at epithelial reticular cells
and thymocytes in the 900MHz-10 w, 2100MHz-1 w,

and 10 w groups (Fig. 2). Exposure to RFR can induce
ER stress in thymocytes which have an important role
in the immune system. Additionally, exposure duration
of RFR and frequency of RFR can change this effect
(Fig. 3). 
      If cells cannot handle ER stress, CHOP levels will
increase, and CHOP induces proapoptotic genes and
by the way apoptosis. In 10-w groups, an increase of
CHOP expression was observed, and this increase was
in the nuclear membrane and cytoplasm. Caspase12
showed a significant increase depending on RFR ex-
posure and frequency levels. CHOP and Caspase12
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Fig. 2. Hematoxylin staining for all groups and immunohistochemistry staining for GRP78, CHOP, Clv.
Caspase3 and Caspase12,10× and 40×, bar 50µm.
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Fig. 3. ImageJ analyze for the immunohistrochemistry staining GRP78. 900 MHz 10 w vs. Sham 1 w,
900 MHz 10 w vs. Sham 10 w, 900 MHz 10 w vs. 900 MHz 1 w, 900 MHz 10 w vs. 2100 1 w, 2100 MHz
10 h vs. Sham 1 w, 2100 MHz 10 h vs. Sham 10 w, 2100 MHz 10 w vs. 900 MHz 1 w, 2100 MHz 10 w vs.
2100 1 w, 2100 1 w vs. Sham 1 w, 2100 MHz 1 w vs. Sham 10 w, 900 MHz 1 w vs. Sham 1 w and 900 MHz
1 w vs. Sham 10 w (p < 0.001).
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Fig. 4. ImageJ analyze for the immunohistrochemistry staining CHOP. 10 w vs. Sham 1 w, 2100 MHz 10
w vs. Sham 10 w, 2100 MHz 10 w vs. 900 MHz 1w, 900 Mhz 10 w vs. Sham 1 w and 2100 MHz 1w vs.
Sham 1 w (p < 0.001), 900 MHz 10 w vs. Sham 10 w (p = 0.004), 900 MHz 10 w vs. 900 MHz 1 w (p =
0.008), 900 MHz 10 w vs. 2100 MHz 1 w (p = 0.999), 2100 MHz 1 w vs. Sham 10 w (p = 0.01), 2100 MHz
1 w vs. 900 MHz 1 w ( p= 0.02), 900 MHz 1 w vs. Sham 1 w (p = 0.003), Sham 10 w vs. Sham 1 w (p =
0.007). 
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levels were also high in sham groups, but the increases
in RFR groups were significantly higher (Figs 2, 4 and
5). 
      Clv. Caspase 3 levels were higher in RFR groups
than sham groups. But the change of frequency did not
affect meaningfully Clv. Caspase 3 levels. Interest-
ingly, the expression of Clv. Caspase 3 in 1w RFR
groups were higher than 10w RFR groups (Fig. 6).
These three markers were observed in epithelial retic-
ular cells and thymocytes (Fig. 2).

DISCUSSION

With the developing technology, RFR has become an
important part of human life. Unfortunately, the effects
of RFR on ER stress and apoptosis have not been clar-
ified yet. There are too many studies about the effects
of RFR, in different frequency levels, on the organism.
We will discuss here only the studies about exposure
to 900 MHz and 1950-2450  MHz RFR. We have in-
vestigated the effects of RFR on ER stress and apop-
tosis in rat thymus in our study. 
      As known oxidative stress is a possible trigger of
ER stress and apoptosis. There are many studies on

different tissues about this subject. In a study on the
sciatic nerve of adolescent rats, 900MHz RFR in-
creased MDA, SOD, and catalase (CAT) levels and
also, induced apoptosis [11]. 1950 MHz RFR exposure
for 48h, not 12 or 24 h, could induce apoptosis on rat
astrocytes according to Liu et al. [20]. In another
study, no difference was detected between 900 MHz
0 h and 24 h groups of rats [21]. As can be seen, ex-
posure duration is important for the effects of RFR.
There are also several studies in the urogenital system.
There are studies for male or female rats, prenatal or
natal exposure, different exposure durations, and fre-
quencies. These studies [22-33] demonstrated that
RFR could induce oxidative stress and apoptosis in
testis and kidney tissues.  Further in another study, 900
MHz RFR increased oxidative stress in the ovary [34].
In different studies on the prenatal and adolescent rats,
exposure to 900 MHz RFR caused oxidative stress
[35, 36]. Exposure to 2450 MHz RFR caused oxida-
tive stress to the heart, but there was no difference in
the blood tissue [37]. 
      As for the immune system, studies on the liver
suggested that RFR could induce oxidative stress and
decrease antioxidant levels in the rat liver [38-40].
Ohtani et al. [41]. exposed the rats to 2.14GHz RFR
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Fig. 5. ImageJ analyze for the immunohistrochemistry staining Caspase 12. 2100 MHz 10 w vs. Sham 1
w, 2100 MHz 10 w vs. Sham 10 w, 2100 MHz 10 w vs. 900 MHz 1 w, 900 MHz 10 w vs. Sham 1 w, 900
MHz 10 w vs. Sham 10 w, 900 MHz 10 w vs. 900 MHz 1 w, 2100 MHz 1 w vs. Sham 1 w and 2100 MHz
1 w vs. Sham 10 w (p < 0.001), 2100 MHz 1 w vs. 900 MHz 1 w (p = 0.001), 900 MHz 1 w vs. Sham 1 w
(p = 0.006), 900 MHz 1 w vs. Sham 10 w (p = 0.009).
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for 9 weeks which was included in utero, lactation, and
juvenile period. They presented IL4-IL5 and IL23a
genes in the thymus and just IL5 gene in spleen up-
regulated. But there was no effect on the growth of T
cells [38, 41]. In another study, rats were exposed to
900 MHz RFR during the prenatal period. In this study
increased MDA levels, decreased GSH levels, and not
changed SOD levels were found in the exposed thy-
mus. Also for the spleen, increased MDA and GSH,
but decreased SOD levels were found [9]. For the natal
exposure in the thymus, researchers found high MDA
levels in exposed groups (900MHz) [10]. Exposure to
900 MHz RFR in mature or immature rats causes in-
creased SOD levels, decreased CAT-GPx activity, and
GSH levels in all lymphoid organs according to Aydin
et al. [8]. Misa-Agustino et al. [12]. applied 2.45 GHz
(0-1-1.5-12-Watt power) RFR to rats and studied on
thymuses. In this study heat shock protein (HSP)90
decreased in only 12W exposed animals and there
were no differences in HSP70 levels. Also, in exposed
rats, glucocorticoid receptors presented more than
control groups [12]. 
      In the mentioned studies, researchers used 900
MHz or 1950-2100-2450 MHz RFR like our study.
The exposure durations and frequencies were different
in these studies and findings could be different due to

this. As shown, exposure to 900-2100 MHz RFR, pre-
natal or natal, can cause oxidative stress and apoptosis
in different tissues. But in some studies, it was found
that there is no specific effect of RFR [21, 38, 39]. In
our study, rats were exposed to RFR at least 1w
(2h/day). Caspase12 and Clv. Caspase3 were evalu-
ated for apoptosis, GRP78 and CHOP were evaluated
for the oxidative stress relevant to ER stress. Exposure
to 900-2100 MHz RFR for 1 w or 10 w increased
CHOP and GRP78 expressions in the thymus (for
CHOP: 2100/Sham 10 w; p < 0.001, 900/Sham 10 w;
p = 0.004, 900/Sham 1 w; p = 0.003 and for GRP78;
p < 0.001). Also, these exposures increased Clv. Cas-
pase 3 and Caspase 12 expressions (Caspase 12: 900
MHz 1 w/Sham 1 w; p = 0.006, 900 MHz 10 w/Sham
10 w, p = 0.01, 2100 Mhz/Sham; p < 0.001 and cl Cas-
pase 3; p < 0.001). 

CONCLUSION

We demonstrated that exposure to RFR -acute or
chronic, 900 MHz or 2100 MHz- causes ER stress and
apoptotic markers in rat thymus.  These findings are
compatible with the literature. The effects of RFR on
the thymic cells of rats, one important part of the im-
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Fig. 6. ImageJ analyze for the immunohistrochemistry staining Clv. Caspase 3. 2100 MHz 1 w vs. Sham
1 w, 2100 MHz 1 w vs. Sham 10 w, 900 MHz 1 w vs. Sham 1 w, 900 Mhz 1 w vs. Sham 10 w, 2100 MHz
10 w vs. Sham 1 w, 2100 MHz 10 w vs. Sham 10 w, 900 MHz 10 w vs. Sham 1 w and 900 MHz 10 w vs.
Sham 10 w (p < 0.001).
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mune system, suggest that RFR may cause various
pathological diseases and weaken our immunity via
cell death. 
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ABSTRACT
Objectives: The performances of the Welch test, the Alexander-Govern test, the Brown-Forsythe test and the

James Second-Order test, which are among the parametric alternatives of one-way analysis of variance and

included in the literature, to protect the Type-I error probability determined at the beginning of the trial at a

nominal level, were compared with the F test. 

Methods: Performance of the tests to protect Type-I error; in cases where the variances are homogeneous and

heterogeneous, the sample sizes are balanced and unbalanced, the distribution of the data is in accordance with

the normal distribution and the log-normal distribution, how it is affected by the change in the number of

groups to be compared has been examined on simulation scenarios. 

Results: The Welch test, the Alexander-Govern test and the James Second-Order test were not affected by the

distribution and performed well in situations where variances were heterogeneous. The Brown-Forsythe test

was not affected by the distribution, it performed well when the variance was homogeneous and the sample

size in the groups to be compared was not equal. 

Conclusions: The Welch test, the Alexander-Govern test and the James Second-Order test are the tests that

can be recommended as an alternative to the F test. 
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Data analysis methods that will be allied to the data

obtained from research with at least interval

scale; variance varies according to sample size, distri-

bution of data, and the number of groups to be com-

pared. One of the most critical steps of statistical data

analysis is to decide whether the test procedure to be

used to analyze the data will be a parametric or non-

parametric test. Parametric tests are statistical methods

that require data to be measured on an interval or ratio

scale, which can be applied due to certain assump-

tions. Non-parametric test procedures are alternatively

preferred when the necessary assumptions are not met

for performing parametric tests. 

      One-way analysis of variance (ANOVA) or F-test,

which is a parametric test, is used to compare the mean

of more than two populations and is one of the most

frequently used and most important statistical methods

for this purpose [1]. The assumptions for the F test in-

clude that the data is normally distributed, the sample

variances are equal, and the samples are independent

[2]. 

      Pearson [3], Glass et al. [4], and Wilcox [5] exam-
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ined the effect of the normality assumption violation

on the Type-I error. Wilcox [5] concluded that samples

that do not conform to normal distribution have some

impact on the Type-I error rate, but the effect is mini-

mal if the variances are homogeneous. Glass et al. [4]

reported similar results to Wilcox [5] in their studies

if the variances were homogeneous. In his study, Bun-

ing [6] examined the performances of the Kruskal-

Wallis test, the normal score test and the Welch test,

which he included as an alternative to the F test and

the F test, in terms of Type-I error and power. He eval-

uated the performances of the tests under various sim-

ulation scenarios in terms of whether the variances are

homogeneous or not in equal and unequal sample sizes

if the data show normal distribution or not. In his

study, Moder [2] stated that the location parameters of

the groups should be investigated in detail when there

are unbalanced sample sizes. 

      In our study, we compared the performances of the

Welch test, the Alexander-Govern test, the Brown-

Forsythe test, the James Second-Order test, which are

among the parametric alternatives of the F test, to pro-

tect Type-I error under various simulation scenarios.
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METHODS

In our study, the Welch test, the Alexander-Govern

test, the Brown-Forsythe test, the James Second-Order

test in terms of maintaining the probability of Type-I

error determined at the beginning of the experiment

were compared with the F test. Simulation scenarios

run under the R program [7]. 

      The performance of the tests was evaluated as a

result of comparisons between three, five, and eight

groups for simulation scenarios involving balanced/

non-balanced sample sizes (Table 1), normal distribu-

tion or log-normal distribution, homogenous or het-

erogeneous variances (Table 2). In addition to the

specified simulation conditions, observation combina-

tions are also included, where the number of units

varies excessively among the group with higher vari-

ance is assigned a lower number of observations, and

the group with a lower variance is assigned a higher

number of observations and inverse matching between

variance and sample size. 

      In comparisons made to determine Type-I error,

group means were taken equally. The Type-I error

probabilities for each of the simulation scenarios were

obtained after the numbers of H0 hypotheses were de-

termined, which were rejected at the end of 50000 rep-

etitions. In our study, the evaluation criterion proposed

by Peterson [8] was adopted and it was concluded that

the performance of the tests with a probability of the

Type-I error between 4.49% and 5.49% was sufficient

to maintain Type-I error. 

      Table 2 shows the variance rates of the groups that

are suitable for normal distribution and the scale pa-

rameter values of the groups that are suitable for log-

normal distribution. 

The F Test

      One-way analysis of variance (ANOVA) or F-test

is used to compare the mean of more than two popu-

lations. It is one of the most important and frequently

used methods of applied statistics [1]. The null hypoth-

esis H0: µ1=µ2=…=µk versus alternative H1: at least

one µi (i= 1, 2, . . ., k) is different. The F test statistic, 

In Equation, k is the number of groups, N is the total

number of observations, Xij is the jth observation (j =

1, 2, . . ., ni) in the ith group (i = 1, 2, . . . , k)  , N = Σ ni,

.. is the overall mean, is the sample mean for the

ith group. The F is more powerful if the assumptions

of normality and variance homogeneity hold. The null

hypothesis, H: µ1=µ2=…=µk, should then be rejected

at the α level of significance when F ≥ F1-α;k-1,N-k.

The Welch Test 

      The Welch test is a robust test against the violation

of the assumption of variance homogeneity, which is

considered as an alternative to the F test [9]. The null

hypothesis H0:µ1=µ2=…=µk versus alternative H1: at

least one µi (i= 1, 2, . . ., k) is different. The formula

for the Welch test is 

where

      The null hypothesis should then be rejected at the

α level of significance when FW > Fα;k-1, f.

The Alexander Govern Test 

      The Alexander-Govern (AG) test is another alter-

native to the F test developed by Alexander and Gov-

ern [10]. This test is used when the sample sizes in the

groups are not equal. It is a parametric test that can be

used instead of the F test if the data conform to normal

distribution. To calculate the test statistic, the t statistic

is first calculated for each group. 

      where

      Calculated t values are converted to the standard

normal distribution Z using the normalization ap-
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proach [11].

      where

      The null hypothesis H0:µ1=µ2=…=µk versus alter-

native H1: at least one µi (i= 1, 2, . . ., k) is different.

The test statistic is calculated as [10], 

      The null hypothesis should then be rejected at the

α level of significance when AG > 

The James Second-Order Test 

      The James Second-Order (JSO) test, developed by

James [12] as an alternative to the F test, is a robust

test against violating the assumption of variance ho-

mogeneity. To calculate the test statistic, the t statistic

is first calculated for each group.

      where

      The null hypothesis H0: µ1=µ2=…=µk versus alter-

native H1: at least one µi (i= 1, 2, . . ., k) is different.

The test statistic (J) is calculated as [9],

      The null hypothesis should then be rejected at the

α level of significance when J > CVα. The test statistic,

J, is compared to a critical value, CVα, where

      with C denoting the 1 − α quantile of a d i s -

tribution and with

      The JSO test was accepted as the best option for

both data with normal distribution, heterogeneous

variance [10], and situations that do show the non-nor-

mal distribution and heterogeneous variance [13]. The

disadvantage of this method is the complexity of the

computation of critical values [14].

The Brown-Forsythe Test 

      One of the parametric alternatives to the F test is

the Brown-Forsythe test. It is a robust test if the sam-

ple size is small, the population heterogeneous vari-

ance, and the normality assumption is provided. The

null hypothesis H0: µ1=µ2=…=µk versus alternative

H1: at least one µi (i= 1, 2, . . ., k) is different. The test

statistic is calculated as [15],

      The null hypothesis, H0: µ1=µ2=…=µk , should

then be rejected at the α level of significance when F

> Fα;k-1, f.

      BF statistic has an approximately F distribution

with k-1 and f degrees of freedom, where f is obtained

with

      Ci used in calculating degrees of freedom f is cal-

culated with the Satterthwaite [16] approach.
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RESULTS

In this study, the tests were compared with the help of

simulation scenarios in terms of the Type-I error pro-

tection. Simulation scenarios were performed under

the R program [7]. 

Comparisons in which sample size is balanced, the

group variances are homogeneous, and the data fol-

low to the normal distribution

      Considering all simulation scenarios given in

Table 3, it was observed that the F test and the JSO

test were able to maintain the Type-I error level (α =

0.05) determined at the beginning. When Supplemen-

tary Table 1 is examined, it has been observed that the

AG test can maintain the Type-I error level initially

determined. The F test is the test that shows the most

successful performance in estimating the Type-I error

level determined at the beginning, according to the al-

ternative parametric tests (Supplementary Table 2). 

Comparisons in which the sample size is not balanced,

the group variances are homogeneous, and the data

follow to the normal distribution 

      The F test and the BF test are the tests that show

the most successful performance in estimating the

Type-I error level determined at the beginning. The F

test tended to maintain the Type-I error in all simula-

tion scenarios given in the tables. The BF test esti-

mated the Type-I error level as deviant only in a

simulation scenario (Supplementary Table 3, Supple-

mentary Table 4, and upplementary Table 5). The F

test was also not affected by excessive differences of

sample size in groups and tended to maintain the Type-

I error level initially determined in all simulation sce-

narios according to the Peterson criterion

(Supplementary Table 6, Supplementary Table 7, and

Supplementary Table 8).

Comparisons in which the sample size is balanced,

group variances are heterogeneous, but the data fol-

low to the normal distribution 

      As expected, when the simulation scenarios were

examined according to the Peterson criterion, the F

test was highly affected by distortion in-group vari-

ance and failed to maintain the Type-I error at a nom-

inal level and gave highly deviant results. When the

simulation scenarios given in Supplementary Table 9,

Supplementary Table 10, and Supplementary Table 11

are examined, it is seen that the AG test is the best al-

ternative to the F test. Among the other tests included

in the study, the alternatives of the F test after the AG

test in this trial can be seen as the Welch test and the

JSO test. 

Comparisons in which the sample size is not balanced,

group variances are heterogeneous, but the data fol-

low to the normal distribution 

      When the combinations of observations in which

the sample size in the groups are not equal are exam-

ined (Supplementary Table 12, Supplementary Table

13, and Supplementary Table 14), it is seen that the

AG test and Welch tests are the best alternative of the

F test respectively. Although the performance of the

JSO test is negatively affected by the increase in the

number of groups compared, it can be seen as an al-

ternative test after the AG test and the Welch test.

When the simulation scenarios (Supplementary Table

15, Supplementary Table 16, and Supplementary Table

17) are examined, it has been seen that the tests in-

cluded in the study generally give deviated results in

terms of protecting the Type-I error, and their perform-

ance was not found sufficient. When the simulation

scenarios in which the assumption of homogeneity of

variances were not met, a lower number of observa-

tions was assigned to the group with high variance,

and a higher number of observations was assigned to

the group with a low variance (Supplementary Table

18, Supplementary Table 19, and Supplementary Table

20), it was seen that the Welch, the AG test and the

JSO test were alternatives to the F test. 

Comparisons in which the sample size is balanced,

group variances are homogeneous, and the data fol-

low to log-normal distribution 

      As expected, the F test is the test that shows the

most successful performance to estimate the level of

Type-I error determined at the beginning when con-

sidering the parametric alternatives available. The JSO

test tends to preserve the Type-Ⅰ error in all simulation
scenarios in three group comparisons. The AG test
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tends to preserve the Type-I error in all simulation sce-

narios in five group comparisons (Supplementary

Table 21, Supplementary Table 22, and Supplementary

Table 23). 

Comparisons in which the sample size is not balanced,

group variances are homogeneous, and the data fol-

low to log-normal distribution 

      When the simulation scenarios are examined, the

F test and the BF test are the tests that show the most

successful performance in estimating the Type-I error

level determined at the beginning (Supplementary

Table 24, Supplementary Table 25, and Supplementary

Table 26). The F test tended to maintain the Type-I

error in all simulation scenarios given in the tables.

The BF test has given biased estimates in only two

simulation scenarios in three group comparisons, in

only one simulation scenario in five group compar-

isons. It tends to preserve Type-I error in all simulation

scenarios for eight groups. It was observed that the

other tests included in the study were negatively af-

fected by the imbalance of the number of units in the

groups, and their performance in maintaining the

Type-I error level determined at the beginning was not

considered sufficient. When the simulation scenarios

involving observation combinations in which the sam-

ple size in the groups differ excessively (Supplemen-

tary Table 27, Supplementary Table 28, and

Supplementary Table 29), it was observed that the

Welch test, the AG test, the BF test, the JSO test were

affected by the extreme differences in the sample size. 

Comparisons in which the sample size is balanced,

group variances are heterogeneous, and the data fol-

low to log-normal distribution

      The F test was highly affected by the deterioration

of group variances and failed to maintain the Type-I

error at the nominal level. Considering the perform-

ances determined according to Peterson criteria, it was

seen that the AG test is the best alternative of the F

test. Among the other tests included in the study, the

alternatives of the F test in these simulation scenarios

after the AG test can be accepted as the JSO test and

the Welch test (Supplementary Table 30, Supplemen-

tary Table 31, and Supplementary Table 32). 

Comparisons in which the sample size is not balanced,

group variances are heterogeneous, and the data fol-

low to log-normal distribution 

      When the simulation scenarios (Supplementary

Table 33, Supplementary Table 34, and Supplementary

Table 35) are examined, as expected, the F test was

highly affected by the deterioration in group variances

and failed to protect the Type-I error at the nominal

level. Among the other tests included in the study, the

alternatives of the F test in these simulation scenarios

after the AG test can be accepted as the JSO test and

the Welch test. When the simulation scenarios (Sup-

plementary Table 36, Supplementary Table 37, and

Supplementary Table 38) are examined, it has been

seen that the tests included in the study generally give

deviated results in terms of protecting the Type-I error,

and their performance was not found sufficient. When

the simulation scenarios (Supplementary Table 39,

Supplementary Table 40, and Supplementary Table 41)

are examined, the alternatives of the F test in these

simulation scenarios after the AG test can be accepted

as the JSO test and the Welch test respectively. 

DISCUSSION

The F test is the test that shows the most successful

performance as expected in cases where the conform-

ity to the normal distribution and the homogeneity of

the variances are provided. When the simulation sce-

narios where the assumption of homogeneity of vari-

ances are not met, as expected, the F test was highly

affected by the deterioration in group variances and

failed to maintain the Type-I error at the nominal level

(α = 0.05). The results of our study reach similar re-

sults to the studies conducted by Buning [6] and

Moder [2]. It is the test that shows the most successful

performance compared to other alternative tests in

cases where the data conform to the log-normal dis-

tribution, and the variances are homogeneous. Blanca

et al. [17], Clinch and Keselman [18], Gamage and

Weerahandi [19], Lantz [20] and Schmider et al. [21]

reported that the F test tends to protect the Type-I error

in cases where the assumption of conformity to the

normal distribution is violated. It was observed that

the effect of violation of the homogeneity of variances

on the performance of the F test was more than the vi-

olation of the assumption of conformity to normal dis-

tribution. Bishop and Dudewicz [22], Blanca et al.

[17], Brown and Forsythe [23], Buning [6], Debeuck-
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elaer [24], Lee and Ahn [25], Li et al. [26], Lu and

Mathew [27], Markowski [28], Keselman et al. [29],

Tomarken and Serlin [30] concluded that the F test is

highly affected by the deterioration in group variances. 

      In this study, the Welch test, the AG test and the

JSO test were not affected by the distribution of the

data, and in cases where the variances were not homo-

geneous, they tend to protect the Type-I error. Penfield

[31], Lix et al. [32] and Hartung et al. [33] found that

the Welch test is not affected by the distribution of data

and performs better in simulation scenarios where

variances are heterogeneous. Bishop and Dudewicz

[22], Brown and Forsythe [23], Buning [6], DeBeuck-

elaer [24], Keselman et al. [29], Markowski [28],

Rafinetti [34], Tomarken and Serlin [30], Wilcox et al.

[35] similar results in their work; They found that the

Welch test performed better in cases where both as-

sumptions were not provided. In their studies, Alexan-

der and Govern [10], Myers [36], Oshima and Algina

[13] concluded that the performance of the AG test

was sufficient in terms of protecting Type-I error in

cases where the data conformed to normal distribution,

but the variance was not homogeneous. They stated

that in cases where the assumption of conformity to

normal distribution and homogeneity of variances is

not realized, the sample size should be considered in

order to use the AG test. Alexander and Govern [10]

and Myers [36] stated that the JSO test is a good al-

ternative to the F test when the distribution of the data

is symmetrical and the assumption of homogeneity of

variances is not met. Oshima and Algina [13] and

Wilcox [37] found that the JSO test performed better

in cases where both assumptions were not provided. 

      It has been concluded that the BF test shows an

adequate performance in cases where the data show

normal and log-normal distribution, the assumption of

homogeneity of the variances is met, and the sample

size in the groups to be compared are not equal. De-

Beuckelaer [24], found that the BF test gives better re-

sults than the F test when one or both of the

assumptions of normality and variance homogeneity

cannot be achieved. Gamage and Weerahandi [19],

Roth [38], Steel et al. [39], when group variances were

not homogeneous, Wilcox et al. [35], stated that in

cases where groups with large variances have small

sample sizes, Oshima and Algina [13] stated that in

cases where the homogeneity and normality assump-

tion of variances cannot be achieved, the BF test can

be used to make comparisons between groups.

CONCLUSION

As a result as stated in the literature, it was determined

that the F test tends to maintain its robustness in case

of violation of the normal distribution, however, it is

more affected by the violation of the homogeneity as-

sumption of variances. The Welch, the AG test and the

JSO test are tests that can be recommended as an al-

ternative to the F test because they are less affected by

the sample size in the groups, the distribution of the

data or the number of groups to be compared, if the

homogeneity of the variances is neglected. 
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ABSTRACT
Objectives: Definitive diagnosis is essential for the medical and surgical management of pediatric patients
with ventriculoperitoneal (VP) shunt. In patients with a VP shunt, abdominal complications have been well
described, among which abdominal pseudo cysts are uncommon. In this report, we present our experience in
terms of the multi-disciplinary management of intra-abdominal cystic lesions associated with the VP shunt
procedure.
Methods: From 2016 to 2021, 245 VP shunt procedures were performed in our institution. Intra-abdominal
cystic lesions were recorded as intra-abdominal complications (abdominal pseudocyst, intestinal subserosal
bowel cyst, and scrotal cyst) in 3 patients. For these patients we retrospectively collected data on medical
history, complaints, diagnosis, treatment procedure, and postoperative results. The study was performed on 2
male and 1 female patients. The average patient age was 11.6 months (5 months to 1.5 years). The most common
complaint was that of abdominal distention with ileus symptoms. The average time of admission after the
catheterization of VP shunt was 1 month; laparotomy was performed for 2 patients in whom treatment was
needed for high ligation. 
Results: A VP shunt operation is followed by abdominal complications in about 5%-47% of all cases. These
complications are manifested as ileus symptoms, such as vomiting, abdominal distension, and abdominal pain
with intestinal obstruction. 
Conclusions: In pediatric patients with VP shunts, a shunt catheter-induced abdominal cystic formation should
always be considered a complication. Management of these cystic lesions requires the use of a multi-
disciplinary approach with neurosurgery and pediatric surgery for treatment.
Keywords: Intra-abdominal cyst, ventriculoperitoneal shunt, hydrocephalus
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Placement of a ventriculoperitoneal (VP) shunt
often includes complications and is the most com-

monly applied treatment for hydrocephalus. Shunt
complications are noted in 45%–59% of all patients
undergoing VP shunting [1]. The most frequently ob-
served complications are mechanical failure, dysfunc-
tion, and infection [2]. Mechanical complications are

malposition, blockage, and fracture of the shunt [2].
Infection is the most common complication, compris-
ing 8-12% of all shunt complications. It occurs mostly
within the first 6 months [2]. Other complications may
also be present, including overdrainage, under-
drainage, subdural hematoma, hemorrhage, obstruc-
tion, displacement, and abdominal complications [2].
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The peritoneum is the most common site for the place-
ment of a VP shunt catheter. Complications include
obstruction, peritoneal pseudocysts, ascites, bowel
perforations, disconnection, infection and hernias [3].
Although these complications are rarely observed in
patients (0.25%-10%), their symptoms and clinical
manifestations (seizures, vomiting, abdominal pain,
fewer and ileus) are very serious [3]. Under these con-
ditions, a multi-disciplinary approach is required for
managing the complications. As the management of
intra-abdominal lesions for children is in the purview
of the pediatric surgery department, with regard to the
benefits in pediatric patients, the treatment protocol
should be co-administrated by the neurosurgery and

the pediatric surgery departments. The present study
aims to critically discuss the management of intra-ab-
dominal VP shunt complications in the context of the
literature.

METHODS

For our research, approval was obtained from Bursa
Yüksek İhtisas Training and Research Hospital, Clin-
ical Research and Ethics Committee. (Decision num-
ber: 2011-KAEK-25 2021/02-20). During the period
from 2016 to 2021, 247 patients underwent VP shunt
catheterization at our institution (Fig. 1). Among these,
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Fig. 1. During the period from 2016 to 2021, ventriculoperitoneal shunt catheterization at our institution.
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37 had a shunt infection, 60 had a shunt dysfunction,
4 had overdrainage, 5 had an abdominal migration of
the catheter, 2 had an extrusion of the shunt through
the anus, 3 had intra-abdominal adhesions, and 3 had
an intra-abdominal cystic lesion (abdominal pseudo-
cyst, subserosal bowel cyst and scrotal cyst) related to
a VP shunt catheterization and were evaluated (Table
1). This descriptive study is based on the retrospective
analysis of 3 patients who were treated at the depart-
ment of neurology and pediatric surgery at the Bursa
Health Sciences University (Figs. 2, 3 and 4). The re-
quired data were obtained from the electronic database
of our institution. Information regarding the patients
such as clinical features, diagnostic methods, surgical
approaches and postoperative results was recorded.
The intra-abdominal cysts were treated with both la-
parotomy and neurosurgical interventions. All the

samples were subjected to histopathological examina-
tion. 
      Of these 3 cases, the first one was a 5-month-old
female, the second one was a 1.5-year-old boy and the
third case was a 1-year-old boy. These cases presented
again with abdominal symptoms (2 cases after 1
month and 1 case after 2 months of the last revision
of the shunt). 1 case presented with abdominal disten-
tion, vomiting, loss of appetite, and an inability to pass
gas and stool, 1 case presented with abdominal disten-
sion, vomiting and constipation, and the last one
showed tenderness in the right lower abdominal quad-
rant. 
      Radiologically, the first case control magnetic res-
onance imaging showed an abdominal cystic lesion
extending from the subhepatic area to the right in-
guinal region, sized 10 × 5 × 10 cm. Her abdominal
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Fig. 2. (a) Preoperative view showed swelling along the shunt, (b) The MRI planning indicate intra-abdominal cystic lesion,
(c) Laparatomy performed by median insicion and (d and e) VP shunt catheter, placed subserosal cystic lesion.
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radiography also confirmed ileus (Fig. 2b). In the sec-
ond case, X-ray and computed tomography (CT)
demonstrated a cystic mass in the abdominal cavity,
measuring about 10 × 5 × 5 cm in size (Figs. 3a and
3b). In the third case, on X-ray, the size of the cyst was
found to be 1 × 1.5 cm toward the shunt line to the
scrotal area (Fig. 4a).
      Regarding surgical intervention, in the first two
cases of abdominal cyst, laparotomy and excision of
the cyst and adhesiolysis were performed, then the
shunt was repositioned in the right inguinal space
(Figs. 2c, 2d and 2e) (Figs. 3c, 3d, 3e, 3f and 3g). In
all 3 cases, a right inguinal incision was performed to
approach the cystic lesion for hernia repair and high

ligation procedure was performed for the cystic hernia
sac; the left upper quadrant of the peritoneum was cho-
sen for placing the new shunt catheter with laparotomy
(Figs. 4b, 4c, 4d and 4e). There was no problem in the
2-year follow-up for all 3 cases.

RESULTS

A total of 3 intra-abdominal cystic formation repairs
were performed in 247 patients. The patient age
ranged from 5 months to 1.5 years (median, 11.6
month). One neurosurgeon and 1 pediatric surgeon in-
dividually performed all the procedures. All the cases
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insicion and large pseudocyst seen, (d) cyst aspiration and (e, f, and g) cyst excision and adesiolysis performed. 
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were complicated with bowel obstruction. The patients
presented with increased intracranial pressure, abdom-
inal distention and ileus symptoms. All the patients
initial evaluation was performed with abdominal X-
ray. After ileus was detected, cystic lesions were first
determined by ultrasound. CT was performed on 1 pa-
tient to assess an identified cystic mass and make a
treatment decision. A unilateral high inguinal approach
was used on 1 patient, and laparotomy was performed
on 2 patients for cystic lesion treatment. The
histopathological evaluation revealed a mesothelial
cyst in 2 patients and a simple cyst in 1 patient. 

DISCUSSION

In our clinic, a VP shunt is commonly used for hydro-
cephalic patients who are ineligible for a third ven-
triculostomy. VP shunts’ complications are common
in pediatric and adult patients with a reported inci-
dence rate of 45% and 59%, respectively [1]. The
complication rate seen in our cases was 46%. Several
predisposing factors, including infection, multiple
shunt revisions, obstruction or dislodgement and a
peritoneal foreign body reaction have been suggested;
however, the pathophysiology remains unclear [4]. 
The most common intra-abdominal complications
with VP shunt are infection, malfunction, disconnec-
tion and catheter migration. Infection is the most com-
mon complication, comprising 8-12% of all shunt
complications. It occurs mostly within the first 6
months [2]. Infection was observed in 37 of our 247
cases (this includes cases of shunt infection referred
from other institutions). The most common agent was
Staphylococcus epidermidis, which is consistent with

the literature. 
      In addition, complications related to equipment
failure, such as extraperitoneal retraction of the shunt
catheter, subcutaneous collection of CSF and peri-
toneal pseudocyst formation, are noted in patients with
VP shunt [5, 6]. Intestinal perforation, CSF ascites, in-
guinal hernia and intestinal volvulus are rare compli-
cations that are associated with a high morbidity rate
[5]. Of our 247 cases, 147 shunts were inserted in the
neonatal period and 100 in the post-neonatal period.
In 13 (5.2%) of 247 cases, abdominal complications
that required the intervention of pediatric surgery de-
veloped, and no additional complications developed
after the intervention. Of 247 cases, 5 had an abdom-
inal migration of the catheter (in cases of subduroperi-
toneal shunt), 2 had extrusion of the shunt through the
anus, 3 had intra-abdominal adhesions, and 3 had an
intra-abdominal cystic lesion. The rate of intra-abdom-
inal complications, that recovered with the combined
effort of neurosurgery and pediatric surgery, was 5%.
      An abdominal pseudo cyst is an uncommon man-
ifestation of VP shunt catheterization [6]. Causes of
VP shunt-related intestinal obstruction vary from in-
testinal perforation to mechanical obstruction caused
by the mass effect of the cystic structure. Intestinal
volvulus is the most common cause in the pediatric
population with a VP shunt, a mechanical obstruction
due to the twisting of the shunt catheter is the second
most common cause. In some cases, obstruction oc-
curs when a loop of the shunt catheter is tightened
around a bowel loop during removal [7-9]. Peritoneal
CSF pseudo cysts are a rare but significant complica-
tion of VP shunt surgery, with a reported incidence rate
ranging from 10% to 0.25% [3]. Based on the data of
our patients, the annual incidence rate of pseudocysts
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is 1.21%. 
      Dabdoub et al. [10] reported that 295 of their 393
patients presented with abdominal pseudocysts related
to the VP shunt procedure. Further, 33% of these pa-
tients were < 10 year-old, and the recurrence ratio of
pseudocyst formation due to VP shunt was 19.8%. In
our patients, no recurrence was observed at the 2-year
follow-up.
      In abdominal pseudocyst formation, the time till
the occurrence of complications and symptoms ranges
from 3 weeks to 5 years [5]. However, as per some
case reports on pseudocyst formation of CSF, the
pseudocyst developed between 5 days to 25 months
after the VP shunt procedure. The average duration be-
tween VP shunt operation and abdominopelvic CT
was 11 months (range, 1 week to 115 months) and the
average number of VP shunt procedures was 1.4
(range, 1-6) [5]. The period till the development of the
pseudocyst was 1 month in 2 of our patients and 2
months in the third patient. 
      CSF pseudocysts have a variable appearance and
may impair CSF absorption [11]. Bowel obstruction
is a rare complication. Larger CSF pseudocysts tend
to be noninfectious, while smaller cysts or multilocu-
lated cysts may cause an infection [11]. Pathi et al.
[12] reported no significant relationship between
pseudocyst size and infection. As per Ersahin et al.
[13], Staphylococcus epidermidis may be present in
pseudocysts that develop in the first year. Our patients
had no infective process, and they each had a single
cyst. 
      From a clinical perspective, concerning patients
with a VP shunt, pediatric patients mainly present with
symptoms of elevated intracranial pressure, such as a
headache and nausea, while adults predominantly ex-
hibit local abdominal symptoms [14]. Clinical symp-
toms are similar to those in acute abdomen, such as
abdominal pain with/without a palpable mass, abdom-
inal distension with/without tenderness, nausea and/or
vomiting. In addition, decreased appetites, constipa-
tion, fever, and signs of shunt malfunction, such as
lethargy and headache may be present [6]. In keeping
with previous findings, our patients exhibited the
symptoms of abdominal distention; vomiting; appetite
loss and ileus symptoms, such as the inability to pass
gas and stool. 
      A diagnosis of intra-abdominal shunt complication
is based on clinical findings and imaging diagnostic

studies (abdominal radiography, US and CT). Abdom-
inal radiographs help rule out other causes of acute ab-
domen and enable a decision regarding the continuity
of the catheter tube. Although the results of these
modalities may be normal, ileus should be considered
in the differential diagnosis [15]. 
      Although abdominal radiography is a first-line ra-
diological tool that is useful for evaluating patients
with a VP shunt, US is important for the initial diag-
nosis of abdominal CSF pseudocyst [6]. US easily re-
veals cystic lesions in terms of the distances,
localization and surrounding tissues. US may also help
detect the distal end of the VP shunt catheter, in a sim-
ilar way to radiography [15-17]. 
      CT is the best noninvasive imaging method that
enables the treatment decision procedure of APC by
visualizing complete abdominal anatomy [18]. Thus,
it provides diagnostic information about pseudocyst
localization and may help identify the type of cystic
lesion [6, 18]. In the present study, the initial evalua-
tion for all the patients was performed using abdomi-
nal radiography and US. Thereafter, all cystic
structures were confirmed on abdominal CT because
of the treatment procedure. 
      As stated by Hamid et al., patients with intra-ab-
dominal cysts after VP shunt catheterization should be
managed individually [14]. The treatment options in-
clude percutaneous drainage and both surgical ap-
proaches, laparotomy and laparoscopy [3]. 
      Percutaneous drainage of the cyst initially resolves
the obstruction; however, this involves a high recur-
rence risk [3]. In particular, in patients with ileus, an
urgent surgical procedure must be initially considered
for both VP shunt removal and cyst excision. In gen-
eral practice, it is not uncommon to encounter an
abundance of adhesions between cystic formation and
abdominal viscera and/or between the viscera them-
selves due to VP shunt catheterization. Thus, in most
cases, the laparoscopic approach described by Kim et
al. [19] for the management of a CSF pseudocyst is
not routinely preferred, and depends on the experience
of the surgeon and adhesions. 
      Considering visceral damage or perforation during
adhesiolysis, laparotomy is safer than laparoscopy. La-
parotomy provides either repositioning or exterioriza-
tion of a VP shunt catheter simultaneously during
operation and adhesiolysis can be performed with
minimal damage [14]. Thus, cyst excision was per-

54   The European Research Journal   Volume 9   Issue 1   January 2023



Eur Res J 2023;9(1):49-56 Başaran Gündoğdu and Özçakır

formed using laparotomy in our cases. In addition, the
shunts of all of our patients were repositioned in the
peritoneal cavity with ease during laparotomy.
      The authors believe that these complications are
attributable to the fact that peritoneal catheters are
longer than needed; however, previous literature
shows contradictory findings. To our knowledge, this
is the first study to demonstrate that the use of 90-cm-
long peritoneal catheters in neonates and infants is safe
and effective. It does not increase the incidence of ab-
dominal complications and prevents the need for re-
vision for insufficient length of the peritoneal catheter
[20]. 
      The cysts of CSF are surrounded by a wall of non-
epithelial tissue, such as intestinal serosa, peritoneum,
or intra-abdominal organ surfaces [14]. Histopatho-
logical evidence demonstrates the presence of in-
flamed serosal lining, fibrous tissue, inflammatory
cells and granulomatous tissue consisting of fibrob-
lasts and collagen with inflammatory cells [14]. Our
histopathological results were consistent with previous
findings in the literature.

CONCLUSION

Abdominal cysts are rare complications of VP shunt.
In 5 years, 3 of our 247 patients developed abdominal
complications, including an abdominal pseudocyst,
subserosal bowel cyst and a scrotal cyst. There was no
relevant infection. Abdominal complications should
always be considered when a patient with a VP shunt
presents with abdominal symptoms.
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Postdischarge pain, fatigue severity and quality of life

in COVID-19 survivors 
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ABSTRACT
Objectives: Fatigue and pain symptoms were common complaints among post-COVID-19 patients, and these
lead to impaired quality of life (QoL). We aimed to evaluate severity of pain and fatigue 3 months after disease
onset in discharged COVID-19 patients. 
Methods: Patients were contacted by phone at their third month following disease onset. Demographic data
of the patients such as weight, height, body mass index (BMI), gender, smoking history, comorbidities, length
of hospitalization, duration of stay in the intensive care unit, were recorded. The patients' pain and fatigue
severities were evaluated by visual analog scale (VAS). QoL was questioned with the EuroQol Group
Association five-domain, three-level questionnaire (EQ-5D-3L). 
Results: A total of 392 participants enrolled into the study. At admission, 94.6% of the participants had fatigue
and 73.7% of them had pain. A high proportion of them still reported fatigue (55.1%) and pain (41.3%) at third
month. The mean value of pain-VAS score was 5.37 ± 3.85, and it was 7.58 ± 2.82 for fatigue-VAS at admission.
VAS scores of pain and fatigue at third month were 1.44 ± 2.11 and 2.04 ± 2.40 respectively. While 66.6% of
the patients reported moderate-severe pain at disease onset, the rate was 18.1% at the third month. And also
almost half had severe pain at admission (48%), it was 2.8% at third month. At disease onset 89.6% of the
patients reported moderate-severe fatigue (severe:48%). Aproximately one third of them had moderate-severe
fatigue (27.9%) at third month (severe: 5.1%). The mean value of EQ-VAS score was 26.76 ± 20.26 at
admission, and it was 78.84 ± 16.15 at third month. Statistically significant differences were recorded between
the disease onset and third month in terms of pain-VAS fatigue-VAS, and EQ-VAS scores (p < 0.001). Female
gender, ICU admission, long duration of hospitalization, older age, higher BMI scores, multiple comorbidities,
fatigue and pain severity were related to the decrease in QoL scores. 
Conclusions: Hospitalized COVID-19 survivors need ongoing support for pain, fatigue complaints and
impaired QoL after discharge. The factors that cause poor QoL should be taken into account during post-
COVID-19 follow up. 
Keywords: COVID-19, pain, fatigue, visual analog scale (VAS) , quality of life, EQ-5D-3L
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Coronavirus disease 2019 (COVID-19) which has
become a worldwide pandemic, affects people in

different ways, including asymptomatic infection,

mild respiratory illness and severe pneumonia with
acute respiratory failure and even death [1, 2]. Some
patients do not show a rapid recovery after COVID-
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19 treatment and their symptoms may persist up
months, if the symptoms persist beyond 12 weeks, it
is called post-COVID-19 syndrome [3]. Highly het-
erogeneous clinical manifestations were found in post-
COVID-19 syndrome, such as fatigue, pain, hair loss,
dyspne cough, memory loss, sleep disorder, anxiety
etc. [2, 4-7]. Fatigue and pain symptoms were com-
mon complaints among post covid patients [7, 8].
However, it is not known to what extent fatigue and
pain intensity continue. We aimed to assess severity
of pain, severity of fatigue and quality of life (QoL)
of hospitalized COVID-19 patients 3 months after dis-
ease onset. 

METHODS

Study Design and Participants 
This was a single-center, cross-sectional study carried
out in a tertiary hospital in İstanbul, Turkey during
February 15, 2021 to May 15, 2021. 
      The study protocol was approved by the Ethics
Committee of University of Health Sciences Turkey,
Prof. Dr. Cemil Tascioglu City Hospital, Istanbul,
Turkey (No. 2021/21). It was performed by the prin-
ciples stated in the Declaration of Helsinki. 
      A total of 1921 patients hospitalized with the di-
agnosis of COVID-19 (positive COVID-19 PCR test,
or presence of COVID-19 based on clinical and radi-
ological criteria) between 15 November 2020 and 15
February 2021 were recruited from the hospital’s data-
base. Patients that were death, older than 65 years and
younger than 18 years, prisoners and foreign nation-
alities were excluded. A total of 392 of the remaining
894 eligible patients were contacted at 3rd month fol-
lowing disease onset. Trained physicians called the pa-
tients by phone, explained the aims of the study, and
asked patients to answer the questionnaire. Informed
consent was given verbally over the phone and
recorded by the investigators. 
      Demographic data of the patients such as weight,
height, body mass index (BMI), gender, smoking his-
tory, comorbidities, length of hospitalization, duration
of stay in the intensive care unit (ICU), were recorded
either from their files or by phone visit. The World
Health Organization (WHO) classification criteria
were used for BMI classification. The patients' pain
and fatigue severity and QoL at the time of the phone

call and at the hospital admission were questioned.
Pain and fatigue severities were evaluated by visual
analog scale (VAS). QoL was questioned with the Eu-
roQol Group Association five-domain, three-level
questionnaire (EQ-5D-3L). 

EQ-5D-3L 
      OoL was assessed using the EQ-5D-3L, which
consists of two sections: the descriptive system and
the VAS. The descriptive system assesses five do-
mains: mobility, self-care, usual activities, pain/dis-
comfort, and anxiety/depression. The participant
describes the severity levels of each dimension in a
categorical scale without arithmetic properties from 1
to 3, where 1 indicates no problem, 2 indicates some
problem and 3 indicates extreme problem. The second
part includes the VAS in which respondents evaluate
their current health status between 0 (worst imaginable
health) and 100 (best imaginable health) [9]. 

VAS
      Patients score their pain or fatigue on a pain scale
with 0 representing ‘no pain or no fatigue’ and 10 rep-
resenting ‘most severe pain possible or most severe
fatigue possible [10].

Statistical Analysis 
      Statistical analyses were performed using IBM
SPSS Statistics version 25 (SPSS Inc., Chicago, IL,
USA). Categorical data were presented as numbers
and percentages, while continuous data were reported
as means ± SD. Kolmogorov-Smirnov and Shapiro-
Wilk tests were used to examine the normal distribu-
tion, data were normally distributed so means for
continuous variables were compared using unpaired
or paired t-tests. Wilcoxon test was used for categori-
cal data. Also, Spearman’s correlation was used to find
the correlation between symptoms’ score in acute and
post COVID-19 stages. The results were evaluated bi-
laterally at 95% confidence interval, significance level
at p < 0.05 and p < 0.01.

RESULTS

A total of 392 participants completed the survey by
telephone call. Of the patients, 50% were male and
50% were female. The mean age was 51.27 ± 11.13
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years, the mean BMI was 30.11 ± 5.30 kg/m2, and
most of them were overweighted (41.8%). 73.5% were
non-smokers. Most of the patients had at least one co-
morbidy (66.8 %). There were no comorbidity in
33.2% of the patients. 
      Among 392 patients, 6.4% of them had required
intensive care treatment at some point throughout hos-
pital stay. The median length of hospital stay was

10.36 ± 6.71 days, although it ranged from 1 to 50
days. The characteristics of the study population are
summarized in Table 1. 

Pain and Fatigue Severity
      At the time of the survey (90 days post-disease
onset), participants were asked to describe current pain
and fatigue severity by VAS and to recall pain and fa-
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tigue severity at disease onset (Table 2). 
      At admission, 94.6% of the participants had fa-
tigue and 73.7% of them had pain. A high proportion
of individuals still reported fatigue (55.1%) and pain
(41.3%) at the time of the questionnaire. The mean
value of pain VAS score was 5.37 ± 3.85 for pain, and
7.58 ± 2.,82 for fatigue VAS at admission. 3 months
after COVID-19 onset the VAS scores of pain and fa-
tigue was 1.44 ± 2.11, 2.04 ± 2.40 respectively. A sta-
tistically significant decrease was found both in pain
and fatigue VAS scores at 3rd month of COVID-19
according to disase onset (p < 0.001). VAS scores of
pain and fatigue of the patients at hospital admission
and 3 months after disease onset were shown in Fig.
1. 

Quality of Life 
      The mean value of EQ-VAS score was 26.76 ±
20.26 at admission, and it was 78.84 ±16.15 3 months
after COVID-19 onset. The EQ-5D index score was
0.346 ± 0.318 at admission, and it was 0.86 ± 0.193 at
3rd month. A statistically significant improvement was
found both in EQ-VAS and EQ-5D index scores at 3rd
month of COVID-19 according to disase onset (p <
0.001). Although the QOL of the patients according to
EQ-5D-3L were better at third month, 25.5% had still
pain and discomfort complaints and 15.8 % felt anx-
ious and depressed, 21.7% had problems with mobility
(Table 2). 

      Demographic and clinical variables can affect
pain, fatigue and QoL. So we examined the relation
between the parameters. A statistically significant re-
lationship was found between female gender and 3rd
month pain VAS (p = 0.033), fatigue VAS (p = 0.018),
EQ-VAS (p = 0.002). ICU admission and longer inpa-
tient day affected 3rd month VAS pain, VAS fatigue,
EQ-VAS scores negatively (p < 0.05) (Table 3). Ac-
cording to the correlation analysis, a statistically sig-
nificant relationship was found between EQ-VAS at
3rd month and female gender, older age, higher BMI
scores, having multiple comorbidities, ICU admission,
and length of hospital stay, fatigue VAS and pain VAS
(Table 3). Fatigue-VAS had a correlation with female
gender, older age, higher BMI, having multiple comor-
bidities, length of ICU stay, and length of hospital stay.
Pain-VAS had a correlation with female gender, ICU
admission, and length of hospital stay

DISCUSSION

Post-COVID-19 syndrome is a debilitating problem
for those who recovered from COVID-19. Highly het-
erogeneous clinical manifestations were found in post-
COVID-19 syndrome [2, 4-7]. Aproximately 64% -
76% of the patients reported persistence of at least 1
symptom for > 12 weeks [2, 11]. At post acute period
(> 4 weeks) the rate of persistant symptomps was 87%
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[7, 8, 11]. 
      Musculoskeletal pain was one of the most reported
complaint in acute infection (70% - 89.5%) [7, 8, 12,
13]. As a persistant symptom post covid pain was
found in a range of 27-61% [5-8, 14, 15]. We found
41.3% pain symptom at the time of the questionnaire,

while it was 73.7% at disease onset. We also measured
the severity of pain with the VAS scale both at acute
period and at the 3rd month. While 66.6% of the pa-
tients reported moderate to severe pain at disease
onset, the rate was 18.1% at the third month. And also
almost half had severe pain at the onset of the disease
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(48%), it was 2.8% at third month. 
      In a study using only the initial VAS scores it was
found that 68% of patients had severe myalgia com-
plaints at disease onset [12]. Murat et al. [12] found
that 96.2% of the patients had moderate pain symptom
according to VAS during acute period. 
      Since there was no pain severity measurement at
third month, we investigated EQ-5D results. Pain/dis-
comfort problems were reported in a range of 39.5-
81.1%, with 4.5-12.4% of severe problems at third
month [11, 16]. At sixth month after COVID-19 33-
48.4% of the patients had still pain/discomfort prob-
lems (8.8% with severe problems) [17, 18]. 
      We also assesed the corelation of pain with demo-
graphic and clinical parameters. According to our re-
sults female gender presented higher frequencies of
pain in agreement with previous studies [5]. In addi-
tion to this we found that ICU requirement, and longer
length of hospital stay caused more pain complaints.
According to ED-5Q results Halpin et al. found wors-
ened pain/discomfort ratio 14.7% among wards pa-
tient, 28.1% among ICU patients [196]. On the other
hand an association was found between higher BMI
and myalgia [5]. However we couldn’t confirm this
association. 
      Post-COVID fatigue has been found to be the
most frequent symptom either at acute or post-COVID
period [2, 4-8, 12-15, 20] and also our prevalence of
fatigue in the acute period was 94.6%. In previous
studies initial fatigue symptom range was 80 - 85% [7,
8, 12, 13] and as a persistant symptom the range was
55-85% [2, 4-6, 14, 15, 20]. 
      Tuzun et al. [13] evaluated fatigue with Chalder
Fatigue Score CFS at the acute period and found
85.3% of the patients had severe mean fatigue VAS
scores, but they didn’t have postcovid period results.
Townsend et al. [21] also examined the prevalence of
fatigue with CFS at 10 weeks after initial COVID-19
symptoms. Half of the patients met the criteria for fa-
tigue with half of them reporting severe fatigue, but
they didn’t have acute period results. Sykes et al. [5]
found extreme fatigue 39.6% at forth month after post-
discharge. 
      We didn’t use a specific fatigue scale but accord-
ing to VAS scores 55% of our patients reported fatigue
at 3rd month. Aproximately one third of them had
moderate-severe fatigue (27.9% including severe of
5.1%). At disease onset 89.6% of the patients reported

moderate-severe fatigue (severe: 48%). 
      We examined corelation of fatigue with demo-
graphic and clinical parameters. According to our re-
sults fatigue-VAS had an assosiation with female
gender, older age, higher BMI, having multiple comor-
bidities, ICU recuirement, and longer length of hospi-
tal stay. Unlike our results Townsend et al. [21] didn’t
find a relation with fatigue and ICU or ward admis-
sion. On the other hand Halpin et al. [19] investigated
hospitalized patients and found that ICU group were
more likely to report fatigue than wards group (72%
vs 60.3%). Similar to our results Sykes et al. [5] also
found that female gender and higher BMI was associ-
ated with fatigue. 
      There are different results according to hospital-
ization or evaluation time after disease onset. There
had been still persistant pain and fatigue complaints
with higher rates than ours 4 months after disease
onset [2, 5, 14] persistent symptoms such as pain and
fatigue often lead to impaired quality of life [7, 14,
15]. 
      The EQ-5D data showed that patients had worse
QoL at disease onset and the impaired QoL lasts on
months after discharge [11, 15, 16]. Restriction of
daily activities was found at 84.9% of patients at dis-
ease onset [7]. Among our patients 76.3% of them re-
ported problems with usual activities and 69.9% with
self care at disease onset. 
      Studies showed that 23.2-67% of the patients re-
ported poorer QoL at post covid period [6, 8, 17, 18].
Restriction of daily activities (57%) was the most fre-
quently seen [7]. Shah et al. [11] found that 79.5% of
patients had problems with usual activities at third
month (severe: 26.3%). Among our patients 12.7% of
them reported problems with usual activities and
10.2% with self care at third month. 
      Todt et al. [16] found pain/discomfort and anxi-
ety/depression as the most affected domains at third
month after discharge. According to our results pain-
discomfort domain was the most affected (25.5% of
the patients had problems). Unlike their results we
found that 21.7% of the patients had mobility prob-
lems. Perhaps it was because of ongoing dyspne com-
plaints, it would be better if we had asked persistant
dyspne symptom. 
      In our study 15.8 % of the patients felt anxious and
depressed at third month. But the rates in previous
studies were higher than ours (24-53%) [2, 7, 19]. Six
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months after symptom onset, Anxiety or depression
was reported among one forth of patients [2]. In addi-
tion to these psychological distress was also higher in
ICU discharged patients. (46.9% in ICU group and
23.5% in ward group) [19]. 
      Similar to our results Garrigues et al. [4] found
that post-discharge mean EQ-VAS was 70.3% and
mean EQ-5D index was 0.86, there were no difference
between ICU and ward patients. Female gender, being
hospitalized, ICU requirement, longer length of hos-
pital stay and comorbidity presence were associated
with decreased QoL scores in agreement with previous
studies [11, 16, 22]. In addition to these findings we
also found that older age, higher BMI scores, fatigue
and pain severities caused decrease in QoL scores. Un-
like our results Tabooda found male sex was associ-
ated with poor QoL [18]. 
      Sixth months after disease EQ-5D scores worse
than ours was also detected. The results according to
EQ-5D questionaire were as follows: 33-56% of the
patients had problems with mobility, 35-37% with
usual activities, 13-17% with self-care, 33-48% with
pain/discomfort and 26-46% with anxiety/depression
[17, 18]. Perhaps it was because of older patients or
ICU discharged patients that included into these stud-
ies. 

Limitations 
      A limitation of the present study is that it was a
phone survey because of pandemic conditions. An-
other limitation is that it included only hospitalized pa-
tients and the number of ICU patients that we had
reached was very low. Our results were based on pa-
tients' self-reported data. Also we could assess anxi-
ety/depression and sleep with a disease spesific
questionaire since these exacerbate fatigue and impact
QoL negatively. Regardless, our results show either
pain or fatigue lasts long periods of time altough the
treatment is over.

CONCLUSION

Post-COVID-19 syndrome is a debilitating problem.
Pain and fatigue were the most common post-COVID-
19 syndromes. Our findings are in agreement with
other previous studies, different from others we eval-
uated the severity of pain and fatigue. Half of the pa-

tients had severe fatigue and pain symptoms at
COVID-19 onset. Despite the end of the treatment, it
was determined that moderate-to-severe pain and fa-
tigue complaints continued at 3rd month in some pa-
tients, and these worsened QoL. Patients which were
female, older or overweighted, who had multiple co-
morbidities, who required ICU or stayed at hospital
for a long time had higher fatigue severity and poor
QoL. These findings may be important for planning
the ongoing support for these patients. The factors that
cause poor QoL should be taken into account during
post-COVID-19 follow up.
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ABSTRACT
Objectives: Age-related liquefaction of vitreous humor may result in posterior vitreous detachment, retinal
tear, and detachment. The purpose of this study is to determine the normative values of age-related changes in
the vitreous in the normal population using different MRI sequences. 
Methods: A total of 180 eyes of 90 healthy cases were enrolled in this retrospective study. Patients were divided
into nine groups according to age, and each group was of equal size with 10 patients(5 male and 5 female).
The T1, T2, standardized T1, standardized T2 signals and ADC values determined for each vitreous humor of
each eye. MRI parameters of the vitreous were compared within and between age groups. 
Results: No difference was detected within the decadic age groups for mean T1W for the right and left (p =
0.912 and p = 0.903, respectively), T2W for the right and left (p = 0.966 and p = 0.983, respectively),
standardized T2W for the right and left (p = 0.915 and p = 0.899, respectively), and ADC for right and left
values (p = 0.622 and p = 0.524, respectively). A significant difference was found between decadic age groups
in terms of the standardized T1W values for right and left (p < 0.001 and p < 0.001, respectively). Standardized
T1W values of vitreous fluid show a moderate degree of correlation with age for the right (r = 0.514, p < 0.001)
and left eyes (r = 0.534, p < 0.001). 
Conclusions: This study provides comprehensive normative data on the different MRI signal properties of the
human vitreous and its change with age. Using MRI, especially with standardized T1 measurements, age-
related changes in the vitreous humor can be revealed non-invasively.
Keywords: Aging, eye, diffusion-weighted imaging, MRI, vitreous humor
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The vitreous makes up 80% of the globe and is the
largest structure of the eye. Essentially, it consists

of water, collagen, and hyaluronic acid groups and it
is in a homogeneous gelous form during childhood.
Deterioration of this gel structure and resulting inho-
mogeneity is termed liquefaction and this condition
increases with increasing age. Albeit the mechanism

of liquefaction is not known precisely, increased
amounts of collagen and increased collagen bond ratio
are considered among potential factors [1, 2]. 
      Age-related liquefaction of vitreous humor is clin-
ically important as it may result in posterior vitreous
detachment, retinal tear and detachment. Therefore,
assessment of the vitreous can provide early diagnosis
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and treatment of pathologies in the vitreous and adja-
cent structures [3]. The vitreous can be evaluated using
invasive techniques such as vitrectomy or vitreous
fluid sampling, but aside from being invasive, this in-
volves several risks such as hemorrhage, retinal rup-
ture and detachment [4]. Magnetic Resonance Imaging
(MRI), allows protein and water content to be evalu-
ated noninvasively. Increased protein and decreased
water percentage, which occurs especially with aging,
can be shown as an increase in signal on T1 (spin-lat-
tice interaction) weighted sequences on MRI [5]. 
      The objective of this study is to reveal the norma-
tive values of age-related changes in the vitreous in
the normal population on different MRI sequences and
to explore its correlation with age. 

METHODS

Patient Selection

This retrospective study was approved by the local
Ethics Committee (Decision no: 09.2020.1072). Pa-
tients who underwent brain MRI between January 1,
2020, and November 1, 2020 and demonstrated no ab-
normality on imaging formed our study population.
Patients with any history of neurological or ophthal-
mological disease that might impact cerebrospinal
fluid (CSF) or vitreous humor and those with a history
of malignancy and chronic disease were excluded
from the study. MRI examinations which contained ar-
tifacts or were non-diagnostic were also excluded from
the study. From this population, 90 patients were ran-
domly selected according to their age. Patients were
divided into 9 age groups based on the decade of their
age, each consisting of 10 individuals (groups 1-9, re-
spectively). Equal gender distribution was achieved,

with 5 females and 5 males in each group. 

Equipment and MRI Examination 

      All images were obtained on 1.5 T MRI devices
(Ingenia; Philips Healthcare, Cleveland, Ohio). Rou-
tine brain sequences were acquired using 8 and 16-
channel head coils. In the examinations, T1-weighted
(T1W), T2-weighted (T2W), Diffusion-weighted im-
ages (DWI) and Apparent Diffusion Coefficient
(ADC) maps were obtained (SE T1 axial, TR/TE
324/9, FA: 90, slice thickness 5.5 mm, gap 1.6 mm;
TSE T2 axial, TR/TE 3790/89, slice thickness 5.5 mm,
gap 1.6 mm). The b0 and b1000 values were used for
diffusion imaging (SE FS DWI axial, TR/TE 3230/85,
FA: 90, slice thickness 5 mm, gap 1 mm). 

Image Interpretation 

      The brain MRI images were transmitted to the
workstation and picture archiving and communication
system (Infinitt PACS; Infinitt Healthcare, Seoul,
South Korea). Images were evaluated by a radiologist
with 5 years of experience, blinded to the patient in-
formation. The axial T1W and T2W sequences and
ADC maps where the globe was seen at its largest di-
ameter were chosen for evaluation. Measurements
were performed by drawing the largest oval or round
“region of interest” (ROI) possible in the vitreous,
without extending beyond the globe. Three measure-
ments were taken for each image sequence and for
each orbit and the mean signal value was recorded.
The minimum, maximum, median values and standard
deviations of each measurement were recorded. In
order to normalize differences between individuals
due to local magnetic inhomogeneities, standardized
T1W and T2W values were computed separately for
the right and left by proportioning the vitreous T1W,
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Fig. 1. An example of measurement of T2 values of vitreous and cerebrospinal fluid in axial sections.



Eur Res J 2023;9(1):66-72 Kuzan et al

T2W signal values to the values of the CSF at the level
of the ipsilateral lateral ventricular frontal horn (Fig.
1). 

Statistical Analysis 

      Whether the data conformed to the normal distri-
bution was analyzed via the Kolmogorov–Smirnov
test. Data not showing normal distribution were ana-
lyzed with the Pearson correlation test, and r coeffi-
cients and p values were calculated. The regression
coefficient was calculated by conducting regression
analysis between age and vitreous values, and the re-
gression equation was established. Vitreous humor
values between decades were compared with the
ANOVA test and post hoc analysis was made. The re-
sults were considered statistically significant at p <
0.05. SPSS 17.0 (IBM Inc., Armonk, NY, USA) was

used for the statistical analysis.

RESULTS

A total of 90 patients, 45 male, and 45 female, aged
between 0 months and 87 years were included in the
study. Each of the 9 decadic age groups consisted of 5
males and 5 females. The mean age of all patients was
43.6 ± 25.5 years. 
      The mean T1W value of the vitreous fluid was
measured as 149.9 ± 55.1 in the right eye and 146.9 ±
52.1 in the left eye, and no difference was detected be-
tween the decadic age groups in terms of the mean
T1W values for the right and left (p = 0.912 and p =
0.903, respectively). Likewise, the mean T2W value
of the vitreous fluid was measured as 839.9 ± 349.1 in
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the right eye and 836.7 ± 358.7 in the left eye, and no
difference was determined between the decadic age
groups regarding the mean T2W values for the right
and left (p = 0.966 and p = 0.983, respectively). 
      Standardized T1W values of vitreous fluid ob-
tained by dividing T1W values of vitreous fluid by
CSF T1W values are presented in Table 1 for all pa-
tients according to decadic age groups.  Standardized
mean T1W values of vitreous fluid were measured as
0.913 ± 0.226 in the right eye and 0.887 ± 0.213 in the
left eye, and a significant difference was determined
between decadic age groups in terms of the standard-

ized T1W values for right and left (p < 0.001 and p <
0.001, respectively). Post hoc analysis of mean stan-
dardized T1W values revealed that group 9 (81-90
years) values were significantly different for both eyes
from all age groups except group 8 (71-80 years) (p <
0.05) (Fig. 2). The mean standardized T1W values ob-
served in group 8 (71-80 years) were found to be dif-
ferent from group 1 for both eyes (p < 0.05). 
      The standardized mean T2W values of the vitreous
were measured as 0.842 ± 0.179 in the right eye and
0.828 ± 0.157 in the left eye, and no difference was
determined between the decadic age groups regarding
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!Fig. 2. Box-line plot of standardized T1 values of vitreous humor according to decades for right (a) and left (b) eyes. 
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the standardized T2W values for the right and left (p
= 0.915 and p = 0.899, respectively). 
      Mean ADC values of vitreous were found to be
3304.6 ± 266.9 mm2/s for the right eye, and 3321.7 ±
272.2 mm2/s for the left eye, and no significant differ-
ence was found between decadic age groups in terms
of ADC value for right and left (p = 0.622 and p =
0.524, respectively). 
      Standardized T1W values of vitreous fluid demon-
strated moderate correlation with age for both the right
(r = 0.514, p < 0.01) and left eyes (r = 0.534, p < 0.01).
Other measurements did not correlate with age (Table
2). Linear regression models, showed that every one
year increase in age corresponded to an increase of
0.0045 units in standardized T1 value of vitreous for
the right and left eyes (CI: 0.632 to 0.796; p < 0.001
and CI: 0.617 to 0.768; p < 0.001, respectively ) (Fig.
3).

DISCUSSION

In this study, normative values of age-related changes
in the vitreous in the normal population were calcu-
lated for different MRI sequences, and standardized
T1W values were found to be correlated with age. 
      This age dependent change in the vitreous can be
explained by ongoing liquefaction with aging [6]. The
first theory regarding the gelous structure of the vitre-
ous, was put forward by Duke-Elder and is widely ac-
cepted today. According to the theory, 'the structure of
the vitreous consists of loose and sensitive filaments
surrounded by liquid' [7]. Subsequently, in the 17th-

18th centuries, different morphological and histological
characteristics of the vitreous were described by Alve-
olar theory, Lamellar theory, Radial sector theory, and
Fibrilar theories [8]. Accordingly, it was suggested that
the vitreous was homogeneous in volunteers under 30
years of age, while macroscopic fibers were located
centrally in the middle-aged group. With aging, thick-
ening of the fibers and development of tortuosity has
been observed, and a decrease in vitreous volume and
collapse have been described with the surrounding of
the fibers by the vitreous [9]. Balazs et al. [10] re-
ported that the fibrils degenerated and liquid lacunae
formed around them in the 80-90 age group, and that
half of the vitreous was liquid. Likewise, in our study,
standardized T1W values increasing with growing age
also support this reorganization in the fibrillar struc-
ture. 
      Collagen is a key component in the fibrillar vitre-
ous structure and with aging, the collagen component
on the fibril surface decreases. Collagen fibrils, which
break up and form small fragments due to age-related
liquefaction, form aggregates to preserve the non-liq-
uefacted gelatinous vitreous structure [11]. Hyaluronic
acid is another key ingredient in the vitreous and con-
tributes to its viscosity. The decrease of hyaluronic
acid and proteoglycans with aging leads to liquefac-
tion, which could be associated with an increase in
standardized T1 values, as in our study [12]. 
      In addition to conventional and modern histolog-
ical examinations, microscopic and ophthalmoscopic
examinations are also used in the evaluation of the vit-
reous [13]. MRI, however, allows non-invasive exam-
ination of the entire the globe structure, the vitreous,
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as well as the extra-orbital area. Currently, 1.5 T and
3 T devices can be used for orbital imaging, and image
resolution improves with 3 T MRI due to its stronger
magnetic field. However, as the magnet power in-
creases, the sensitivity to magnetic inhomogeneity
also increases and it becomes more susceptible to pos-
sible artifacts. Orbit is a region where MRI artifacts
are frequently seen because of the air-filled paranasal
sinuses and bone structure around it.  As a conse-
quence of this, distortion due to magnetic susceptibil-
ity artifact is more common in images obtained on 3T
devices. Although this situation sometimes reduces the
detectability of lesions, artifacts that may occur can be
prevented with the use of appropriate coils and extrac-
tion techniques [14]. Lesions can be identified in se-
quences such as T1W, T2W, and DWI, and
pathological contrast enhancement can be demon-
strated in the lesion after intravenous contrast agent
(IVCM) administration [15]. Since it does not require
ionizing radiation, it can be used in different age
groups, and signal changes due to aging can be evalu-
ated using MRI. Revealing these changes with MRI
could allow early diagnosis and treatment. 
      In MR examinations, the vitreous signal was is
seen as hyperintense in T2W examinations due to its
high (98%) water content, while it is hypointense in
T1W examinations compared to the extraocular mus-
cles [15]. The studies in the literature on age-related
changes in the vitreous are limited. In the study con-
ducted by Kupeli et al. [16] on aging and changes in
the vitreous, a positive correlation was found between
the increasing age and ADC values after the third
decade, whereas no significant difference was found
between ADC values in the first three decades, showed
a significant difference. In the study by Meral et al.
[17], a significant difference was reported between pe-
diatric and adult groups regarding ADC values.How-
ever, there was no regular increase in ADC values with
age. Similarly, no significant correlation was found be-
tween ADC values and decadic age groups in our
study. This situation can be explained by vitreous het-
erogeneity and disorganized diffusion environment as
a result of liquefaction occurring with aging. 
      In the literature, there is no detailed information
on T1W and T2W MRI signal changes that occur in
the vitreous with aging. In our study, an increasing
trend was observed in the standardized T1W values of
decadic age groups, and a moderate positive correla-

tion was determined between standardized T1W val-
ues and age. This can be explained by the structural
change of protein groups in the vitreous with aging
and the relative increase due to the decreasing amount
of free water. On the other hand, no significant differ-
ence was found between decadic age groups in terms
of T2W signals. The lacunae that form due to lique-
faction over time might not sufficiently alter the al-
ready high T2W signal of the healthy vitreous. 

Limitations 

      The limitations of the study include the relatively
small number of patients included in the study and the
inability to calculate interobserver compliance due to
the evaluation of imaging by a single radiologist. Fur-
thermore, the images were obtained from a 1.5T scan-
ner and results might vary or additional correlations
might be found on higher field strength scanners. 

CONCLUSION

In conclusion, our study provides comprehensive nor-
mative data on the different MRI signal properties of
the human vitreous and its change with age. Aging-re-
lated changes in the vitreous can be non-invasively as-
sessed by MRI, particularly with standardized T1W
values. MRI could provide an opportunity for earlier
diagnosis and treatment of the pathological conditions
of the vitreous. The information obtained from our
study could serve as a basis for further studies aimed
specifically at identifying vitreous MRI signal prop-
erties. 
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ABSTRACT
Objectives: To investigate whether sarcopenia had an effect on in-hospital mortality independent from other

demographic characteristics in patients with Coronavirus disease 2019 (COVID-19), and to determine a reliable

cut-off value for sarcopenia if there is such a relationship. 

Methods: A total of 302 patients with COVID-19 were included in the study. Sarcopenia was assessed by

indexed skeletal muscle mass at T12 vertebrae level (T12-SMI) on initial chest computed tomography (CT).

A receiver operating characteristic (ROC) curve analysis was performed to detect a cut-off value of T12-SMI

for mortality prediction. Then, sarcopenia was diagnosed by this value. Multivariable logistic regression

analysis was used to detect independent variables for mortality. 

Results: Patients were separated into groups; 26 (8.6%) patients in the mortality group and 276 (91.4%) patients

in the no-mortality group. In ROC analysis, cut-off values of 34.06 cm²/m² (sensitivity: 70%, specificity: 77%)

in males and 29.36 cm²/m² (sensitivity: 67%, specificity: 69%) in females for T12-SMI were computed for

mortality prediction. There were 110 (36.4%) patients with sarcopenia. Sarcopenia was more frequent in the

mortality group than the no-mortality group (73.1% vs 33%, p < 0.001). In multivariate analysis age, previous

cardiovascular and respiratory disease, and sarcopenia were independently associated with mortality in COVID-

19 patients. 

Conclusions: A cut-off value of 34.06 cm²/m² in males and 29.36 cm²/m² in females for T12-SMI can be used

to diagnose sarcopenia in patients with COVID-19. Sarcopenia is clearly associated with mortality in these

patients. 
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Coronavirus disease 2019 (COVID-19) caused by

a novel severe acute respiratory syndrome coro-

navirus 2 (SARS-Cov-2) has led to a worldwide out-

break [1]. Until today, millions of people have been

infected with the disease and still tens of thousands of

people continue to caught the disease every day. Its

clinical course varies from patient to patient and from

asymptomatic situation to severe respiratory collapse
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and even death. Health care services in many countries

have faced serious difficulties in responding to heavy

patient burdens. Therefore, anticipating the people

who have increased mortality rate is especially crucial

to form an individual treatment plan and to manage

healthcare resources efficiently. Some baseline demo-

graphic features such as older age, diabetes mellitus

(DM), cardiovascular disease (CVD), chronic obstruc-

tive pulmonary disease (COPD) as well as laboratory

parameters including elevated D-dimer have already

been recognized as major determinants of worse prog-

nosis in patients with COVID-19 [2-4]. 

      Sarcopenia is diagnosed by the presence of low

muscle quantity or quality, low muscle strength, and

impaired physical performance [5]. It is known that

sarcopenia is associated with impaired immune resist-

ance and susceptibility to infectious diseases such as

pneumonia [6, 7]. In addition, sarcopenia is associated

with heart and respiratory diseases, DM, renal disease

and increases the risk of hospitalization, and death [8-

12]. These clinical problems are also firmly related

with poor prognosis in patients with COVID-19 [2-4]. 

In the literature, there are a few studies with conflict-

ing results regarding the impact of sarcopenia on ad-

verse outcomes in patients with COVID-19 [13-15].

Moreover, there are no standardized values for the

evaluation of sarcopenia in this population. Therefore,

we had two purposes in this study; first, to investigate

whether sarcopenia had an effect on in-hospital mor-

tality independent from other demographic character-

istics, and second, to determine a reliable cut-off value

for sarcopenia if there is such a relationship. 

METHODS

Patient Selection 

Study population consisted of consecutive adult pa-

tients who applied to the COVID-19 outpatient clinic

between December 1, 2020 and December 30, 2020

and were diagnosed with COVID-19 by reverse tran-

scription-polymerase chain reaction (RT-PCR) test.

Patients who underwent unenhanced chest computed

tomography (CT) examination were included in the

study but those with no or inadequate CT imaging

were excluded from the study. In addition, those with

no follow-up data for intensive care unit (ICU) admis-

sion, intubation, and mortality were also excluded

from the study. Hypertension (HT), DM, CVD (coro-

nary heart disease or heart failure), and COPD were

diagnosed by the presence of the previous history

and/or drug use. 

      The study was conducted in accordance with the

guidelines in the Declaration of Helsinki. The study

protocol was approved by our Local Research Ethics

Committee and written informed consent was obtained

for all of the participants. (the report number: 2011-

KAEK-25 2020/11-11 of University of Health Sci-

ences, Bursa Yüksek Ihtisas Training and Research

Hospital Ethics Committee). 

Clinical Examination

      Patients were classified into four groups according

to their clinical symptoms, signs, and chest imaging

manifestations as being mild, moderate, severe, or crit-

ical COVID-19 cases: 

      1. Mild cases: mild or minimal clinical symp-

toms, no sign of pneumonia on chest imaging 

      2. Moderate cases: fever and respiratory symp-

toms, pneumonia on chest imaging 

      3. Severe cases: severe respiratory distress and/or

increased respiratory rate ≥ 30 breaths/min and/or de-

creased oxygen saturation (SpO2) on room air with ≤

93 % and/or arterial partial pressure of oxygen (PaO2)/

fraction of inspired oxygen (FiO2) ≦ 300 mmHg 
      4. Critical cases: respiratory failure and requiring

mechanical ventilation and/or septic shock and/or

other organ failure requiring ICU admission [16]. 

Assessment of Sarcopenia and Chest Computed

Tomography Imaging 

      Computed tomography (CT) and magnetic reso-

nance imaging (MRI) are accepted as gold standard

methods to evaluate muscle quantity and quality [17].

Sarcopenia was assessed by chest CT obtained during

the routine initial evaluation of patients with COVID-

19. Chest CT images were acquired using a 64 slice

multi-detector CT scanner (Somatom Sensation,

Siemens, Germany). Initially, cross-sectional area

(CSA, in cm2) of all skeletal muscles at the level of

the twelfth vertebrae (T12) were measured by using

OsiriX Lite software (version 7.0.2, Pixmeo SARL,

Bernex, Switzerland). The Hounsfield Units (HU) of

-29 to +150 were used to isolate the skeletal muscle.

Thus, the exact skeletal muscle area (T12-SMA, cm2)

was calculated based on HU, excluding vasculature
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and fat infiltration (Fig. 1). Then, CSA measurements

were normalized to patient size by dividing CSA with

height in square meters to provide the skeletal muscle

index (T12- SMI; cm2 /m2) [13, 14]. 

Study Endpoints 

      The main endpoint of the study was in-hospital

mortality caused by COVID-19. The study population

was separated into two groups as mortality (+) and

mortality (-). In addition, the presence of ICU admis-

sion and intubation were determined second line end-

points of the study. Lastly, we created a combined

end-point including mortality, ICU admission, and in-

tubation. 

Statistical Analysis 

      Continuous variables were expressed as mean ±

standard deviation and categorical variables were ex-

pressed as numbers and percentages. Normal distribu-

tion of continuous variables was evaluated by using

the Kolmogorov-Smirnov test and histogram. Contin-

uous variables were analyzed by independent-sample

t-test or Mann-Whitney U test according to normal

distribution. Chi-square and Fisher's exact tests were

used for categorical variables. Receiver operating

characteristic (ROC) curve analysis was performed to

detect a cut-off value for sarcopenia diagnosis. Then,

multivariable logistic regression analysis was used to

detect independent demographic variables for mortal-

ity. Intra- and inter-observer variability was computed

for reproducibility of T12-SMA by predefined Bland-

Altman method [18, 19]. A p-value of less than 0.05

was considered statistically significant. All statistical

analyses were carried out by the SPSS 21 statistical

software (SPSS Inc., Chicago, Illinois, USA). 

RESULTS

A total of 302 patients were included in the study.

There were 26 patients in the mortality group (8.6%)

and 276 patients in the no-mortality group (91.4%).

The baseline demographic and laboratory parameters

of the study population were demonstrated in Table 1.

DM, HT, CVD, and COPD were more frequent in the

mortality group than the no-mortality group. T12-

SMA, T12-SMI, age, C-reactive protein (CRP), white

blood cell (WBC), and creatinine were higher but

SpO2 was lower in the mortality group than the no-

mortality group. Intra- and inter-observer variability

were assessed for T12-SMA and were found 4.9% and

6.8%, respectively. 

      In ROC analysis, cutt of values of 34.06 cm2/m2

(AUC = 0.758, p = 0.002, sensitivity 70%, specificity

77%) in males and 29.36 cm2/m2 (AUC = 0.772, p =

0.001,sensitivity 67%, specificity 69%) in females

were detected for T12-SMI in association with mor-

tality (Figs. 2 and 3). Then, patients with sarcopenia

were determined in accordance with this cut-off value.

Fifty (34.2%) of males and 60 (38.5%) of females had

sarcopenia in the study population. Sarcopenia was

more frequent in the mortality group than the no-mor-

tality group (73.1% vs 33%, p < 0.001). Demographic

features and end-points of patients with- and without

sarcopenia were presented in Table 2. The patients

with sarcopenia had more severe COVID-19 disease

than those without sarcopenia. Hospitalization (53.6%

vs 31.8%, p < 0.001), ICU admission (20.9% vs 7.3%,

p = 0.001), intubation (18.2% vs 5.2%, p < 0.001) and

combined end-point (21.8% vs 7.3%, p < 0.001) as

well as mortality (17.3 vs 3.6%, p < 0.001) were more

frequent in patients with sarcopenia than those with-

out. 
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Fig. 1. T12-SMA measurement on chest CT image at the T12

vertebra level. Red zone indicating the crosssectional skeletal

muscle area identified using a threshold of -29 to + 150 HU

(T12-SMA 79.23 cm2, T12-SMI 30.07 cm2/m2). 
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      The results of the univariate and multivariate

analysis were shown in Table 3. In univariate analysis,

age, DM, HT, COPD, CVD, and sarcopenia were as-

sociated with mortality. In multivariate analysis, age

(OR: 1.051, 95% CI: 1.010-1.093, p = 0.014), COPD

(OR: 5.731, 95% CI: 1.683-19.522, p = 0.005), CVD

(OR: 5.246, 95% CI: 1.796-15.318, p = 0.002) and sar-

copenia (OR: 6.091, 95% CI: 1.945-19.078, p = 0.002)

were independently associated with mortality in pa-

tients with COVID-19.
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Fig. 2. ROC analysis for cut-off value of T12-SMI in male pa-

tients. AUC: 0.758, p = 0.002. Sensitivity 70%, spesicifity 77%

for 34.06 cm2/m2 of T12SMI. 

!

!
Fig. 3. ROC analysis for cut-off value of T12-SMI in female

patients. AU: 0.772, p = 0.001. Sensitivity 67%, spesicifity

69% for 29.36 cm2/m2 of T12SMI. 
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DISCUSSION

In this study, we stated that sarcopenia is more fre-

quent in patients with COVID-19 who died and it is

independently associated with mortality in this popu-

lation. In addition, sarcopenic COVID-19 patients had

more severe disease and increased rate of hospitaliza-

tion, ICU admission, and intubation than those without

sarcopenia. 

      COVID-19 pandemic has led to millions of cases

and death around the world. The clinical picture during

COVID-19 disease is very variable that changes

asymptomatic situation to life-threatening respiratory

collapse because of pulmonary involvement. More-

over, the clinical course can show very sudden

changes. Unfortunately, there is no effective and spe-

cific treatment method to quickly control the disease.

Because of these factors, the patients were usually fol-

lowed up in the hospital especially during the inital

time of the pandemic. This pushed health care systems

to their limits in many countries. Therefore, identify-

ing individuals at high risk of poor prognosis has be-

come crucial in managing health system resources

effectively. Some demographic features such as older

age, DM, CVD, COPD were quickly reported as

worse prognosis indicators in patients with COVID-

19 [2-4]. However, we still need to expand our knowl-

edge about risk factors that have a negative effect on

mortality because the COVID-19 pandemic is still

continuing and health systems in some countries are

facing serious challenges to compensate patient bur-

den. 

      Sarcopenia is a relatively novel issue that reflects

the presence of low muscle quantity or quality, low

muscle strength, and low physical performance [5]. It

is not only a part of musculoskeletal system disease

but also is closely connected with other organ system

disorders. Additionally, clinical evidence has shown

that sarcopenic patients have impaired immune re-

sponses to infectious diseases [6]. These patients have

a higher incidence of community-acquired pneumonia

and nosocomial infection, and increased risk of infec-

tious complications and poor prognosis [7, 20-22].

Some mechanisms were proposed to reveal the rela-

tionship between sarcopenia and susceptibility to in-

fections and immune compromise.  Skeletal mucle is

currently considered as an organ breeding several

solvable components (myokines) such as Interleukine

(IL)-15 and IL-7 affording autocrine and paracrine re-

actions [23]. Beside promoting muscle regeneration

and physiology, myokines also regulate immune reac-

tions. For example, IL-15 promptes the reproduction

and activity of natural killer (NK) cells and CD8+ (cy-

totoxic) T lymphocytes, also triggers stimulation and

scavenging function of neutrophils [24, 25]. Likewise

IL-7 is secreted from skeletal muscle cells and it pro-

vides the development and maintenance of immature

lymphocytes [26]. Since NK cells and lymphocytes

yield crucial protection against viral agents, the defi-

cient of IL-15 and IL-7 expression might bring inef-

fective immunity for viral infections and

SARS-CoV-2. 

      In addition, inflammation may play another piv-

otal role in the relationship between sarcopenia and

negative results of COVID-19. It is known that sar-

copenia is associated with chronic inflammation de-

tected by increased blood level of CRP, Tumor

Necrosis factor-α, and IL-6 [27]. Similarly, it is obvi-

ous that COVID-19 is caused by a hyperinflammatory

response induced by SARS-CoV-2. In this study, both

CRP and ferritin were higher in patients with sarcope-

nia than those without. Therefore, we thought that sar-

copenia-related chronic inflammation may have a role

in the development of adverse results in patients with

COVID-19. 

      There are a few studies that investigated the rela-

tionship between sarcopenia and adverse end-points

of COVID-19 [13-15]. Kim et al. [13] investigated

prognostic effects of sarcopenia in patients with

COVID-19 patients. They asserted that sarcopenia as-

sessed by chest CT at T12 level was an independent

predictor for delayed hospital discharge but not for

mortality.  Moctezuma-Velázquez et al. [14] also stud-
ied the relationship between sarcopenia and negative

outcomes in patients with COVID-19. They reported

that sarcopenia was not related to in-hospital mortality,

need for intubation, and ICU admission. However,

they diagnosed sarcopenia by using a predefined cut-

off value which was established for patients with aor-

tic valve stenosis. We thought that this led to a

generalizability bias that affected their results. In other

research, Feng et al. [15] evaluated the effects of sar-

copenia detected by paraspinal muscle measurement

on chest CT on composite end-point including death,

ICU admission, and intubation in patients with

COVID-19. They used median values of paraspinal
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muscle index and density to assess sarcopenia and

found its robust association with composite end-point

including death, ICU admission, and intubation [15]. 

Our study has some differences from previous ones.

First, we aimed to assess the prognostic effects of sar-

copenia in association with only demographic features

that can offer a simple and objective prognostic tool

during this patients’ initial clinical evaluation. Second,

we computed a cut-off value for T12-SMI to diagnose

sarcopenia in this population, specifically. There was

no spesific cut-off value for patients with COVID-19

in the literature. And, every study used a different

value (ie. median value or smallest quarter of T12-

SMI) to evaluate the presence of sarcopenia that led

to uncertainty. Thus, according to our results, we

thought that this study may present a simple prognos-

tic parameter for these patients’ initial triage. 

Limitations 

      This study has some limitations. First, this was not

a randomized study. However, it should be accepted

that a randomized study of COVID-19 in the case of

the pandemic has some ethical issues. Therefore, we

had to do this research observationally. Second, in the

multivariable model, we used only demographic pa-

rameters as well as sarcopenia. However, we initially

intended to seek the prognostic effect of sarcopenia as

an imaging-based demographic feature and intended

to evaluate a possible effect of sarcopenia on mortality

as a demographic feature. Third, we could not assess

the possible long term-effect of sarcopenia on mortal-

ity, because we did not have a long-term follow-up

after hospital discharge. Therefore, further studies are

needed to investigate this issue.

CONCLUSION

Sarcopenia is independently associated with mortality

in patients with COVID-19. Hospitalization, ICU ad-

mission, and intubation encounter frequently in pa-

tients with COVID-19 who have sarcopenia. A cut-off

value of 34.06 cm2/m2 in males and 29.36 cm2/m2 in

females for T12-SMI can be used to diagnose sarcope-

nia in this population. 
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ABSTRACT
Objectives: The main purpose of the study is to determine the frequency of stroke in patients who applied to
the disability board. The secondary aim of the study is to determine the factors affecting disability rates in
patients who applied to the disability board due to stroke.
Methods: Patients over the age of 18 who applied to the physical nedicine and rehabilitation outpatient clinic
for disability assessment were included in the study. Disability board files of all patients were scanned
retrospectively and the information obtained was recorded. 
Results: It was found that 9.1% of patients who were evaluated for disability and were found to have any level
of disability experienced disability due to stroke. A statistically significant relationship was found between
stroke-related disability score and advanced age, female gender, and the presence of aphasia and dementia in
the patients (p < 0.05). However, no statistically significant relationship was found between the type of stroke,
the affected side and the stroke-related disability scores (p > 0.05). 
Conclusions: Stroke patients constitute a remarkable part of disability assessment. When evaluating stroke
patients in terms of their disability, comorbid diseases and demographic characteristics of the patients should
also be taken into consideration.
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Disabled individual; it refers to the individual who
is affected by the attitudes and environmental

conditions that restrict his full and effective participa-
tion in society on equal terms with other individuals
due to the loss of his physical, mental, spiritual and
sensory abilities at various levels. If the disability is;
these are the ratings and classifications that determine
the disability of the individual due to tissue, organ
and/or function and psychiatry diagnosis and related
loss of reasoning ability, based on international meth-
ods. Disability status assessment; it covers the evalu-
ation of disease severity, organ or function loss with
the aim of determining disability [1]. It is important
that disability is evaluated in a standard way according

to these ratings, so that disabled people can benefit
from the rights provided by social support systems. 
      Stroke is defined as the sudden loss of brain func-
tions as a result of cessation of blood flow to the brain
[2]. Stroke is one of the most common causes of death
worldwide and a leading cause of permanent and ac-
quired disability in adults [3]. Every year, 15 million
people worldwide have a stroke, resulting in 5 million
deaths and permanent disability in 5 million [4]. A re-
view noted that stroke, listed as the most common
cause of disability, ranks second after arthritis and
back pain in its impact on functional limitations [5].
In another study, stroke was associated with the high-
est disability-adjusted life expectancy loss of all dis-
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eases in China, with more than 2 million new cases
per year [6]. Studies on stroke-related disability rates
and associated risk factors in our country are limited.
The rate of severe disability was found to be 57% in
stroke patients who applied to the health board for dis-
ability assessment, and severe disability was associ-
ated with right-sided involvement, advanced age,
dementia, and aphasia [7]. In another study, disability
was found in 145 (4.2%) people out of 3443 selected
by stratified sampling method in Kayseri province,
and disability was found to be more common espe-
cially in women [8]. 
      The main purpose of the study is to determine the
frequency of stroke in patients who applied to the dis-
ability board. The secondary aim of the study is to de-
termine the factors affecting disability rates in patients
who applied to the disability board due to stroke.

METHODS

The study was carried out retrospectively and cross-

sectionally in the physical medicine and rehabilitation
outpatient clinic of Bursa Uludağ University. In this
context, the medical records of 620 patients who ap-
plied to the outpatient clinic for disability status eval-
uation between November 15, 2019 and November 15,
2020 were retrospectively reviewed. Patients younger
than 18 years of age were not included in the study be-
cause they did not comply with the regulations on dis-
ability assessment for adults. Apart from this, patients
who applied for disability assessment but were not
found to be disabled and patients whose disability
board files could not be accessed were excluded from
the study. When the patients were classified, those
who had a stroke due to causes other than vascular
stroke were considered to be admitted due to non-
stroke causes. Among the disabled patients, the pro-
portion of patients who applied to us for disability
assessment due to stroke was determined. In addition,
patients who applied for stroke were grouped sepa-
rately and the factors affecting the disability rates of
these patients were tried to be determined. The study
was conducted in accordance with the principles of the
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declaration of Helsinki, with the approval of Bursa
Uludağ University School of Medicine Clinical Re-
search Ethics Committee (decision no: 2020-21/13,
date: 25/11/2020). 

Statistical Analysis 
      Analysis of the study was performed using SPSS
(IBM Corp. Released 2012. IBM SPSS Statistics for
Windows, Version 21.0. Armonk, NY: IBM Corp.) sta-
tistical analysis program. Conformity of continuous
variables to normal distribution was examined with
the Shapiro Wilk test, and the Mann Whitney U test
was used for comparisons between groups according
to the test result. In addition, Spearman correlation
analysis was performed to evaluate the relationship be-
tween numerical data. Descriptive statistics are given
as unit number (n), percentage (%) and median (min-
imum-maximum). Statistical significance was taken
as 0.05 in the analysis.

RESULTS

Medical records of 620 patients over the age of 18 who
applied to the disability board and were evaluated in
the outpatient clinic were reviewed retrospectively.
503 of these patients were included in the study. The
patients who were not included in the study were ex-
cluded because the disability board files could not be
reached in the system or the disability was not de-
tected. Stroke-related disability was detected in 46 pa-
tients. The flow chart of the study is given in Fig. 1.
The status of stroke patients among the disabled pa-
tients is given in Table 1. A strong positive correlation
was found between stroke-related disability score and
age (p < 0.001, r = 0.676) (Table 2). In addition, a sta-
tistically significant relationship was found between
stroke-related disability score and female gender, de-
mentia and aphasia coexistence (p < 0.05) (Table 3).

However, there was no statistically significant rela-
tionship between stroke-related disability score and
the affected side and type of stroke (p > 0.05) (Table
3). 

DISCUSSION

Stroke is one of the leading causes of disability asso-
ciated with a neurological disease. Yang et al. [9]
found the long-term disability rate after stroke to be
45%. Bensenor et al. [10] found the prevalence of
post-stroke disability to be 29.5% in men and 21.5%
in women. In the study of Teh et al. [11], it was deter-
mined that the dependence of elderly individuals who
had a stroke in Singapore to another individual in-
creased due to stroke. Another study, it was found that
the Rankin Disability scores of 67.6% of stroke pa-
tients were negatively affected [12]. In general, we can
say that stroke causes significant disability. We did not
look at the prevalence of stroke-related disability in
our study. We aimed to review the status of patients
with stroke-related disability among other disabling
musculoskeletal diseases. 9.1% of the patients in-
cluded in the study were experiencing disability due
to stroke. This situation showed a considerable rate
among the disability status applications. 
      In the study of Türkel et al. [13], at the end of the
6-month follow-up of stroke patients under 65 years
of age, a significant functional improvement was ob-
served in most of the patients. We know that functional
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recovery is more common especially in the early
stages after stroke. From this point of view, the eval-
uation period of the patients will affect the level of dis-
ability. In our study, we did not evaluate stroke patients
in terms of disability in the acute phase, where the con-
dition of the patients can change rapidly and we cannot
make a clear decision in terms of disability. The dis-
ability status assessment of the patients we evaluated
was made at least 3 months after the event date. 
      In the study of Martin et al. [14], female gender
was associated with increased disability in atrial fib-
rillation-related stroke. Kes et al. [15] found that ad-
vanced age and female gender were associated with
increased disability at discharge in stroke patients. Be-
cause stroke pathology varies depending on sex [16],
disability may vary after stroke. In our study, stroke-
related disability scores were found to be statistically
significantly higher in female patients than in male pa-
tients (p < 0.05). Since the patients we included in the
study were selected only among the patients who ap-
plied to the disability board, they could not fully re-
flect the stroke patients in the community. Therefore,
we cannot make a definitive judgment between sex
and stroke-related disability. 

      In the study of Oyewole et al. [17], post-stroke
disability status increased with advanced age. Lee et
al. [18] found that recurrent stroke was associated with
advanced age. Based on this, it was concluded that re-
current stroke is associated with increased disability
in individuals, and disability due to stroke increases
with advanced age [18]. Farzadfard et al. [19] found
in their study that advanced age was associated with
increased disability. In our study, stroke-related dis-
ability scores increased significantly with increasing
age (p < 0.001). In the correlation analysis, a strong
positive correlation was found between age and dis-
ability scores (r = 0.676). In this respect, we can say
that our results are compatible with the literature. 
      In one study, no significant difference was found
between the affected extremity in stroke and the qual-
ity of life of patients [20]. Oyewole et al. [17] found
that right dominant extremity involvement was asso-
ciated with worse disability status. In our study, al-
though the disability scores were higher in the
right-sided affected patients, no statistically significant
relationship was found between the affected side and
disability scores (p > 0.05). In fact, this situation is
contradictory considering that the dominant extremity
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is the right side in most of the population. Normally,
patients affected by the dominant side are expected to
score higher in the upper extremity according to dis-
ability legislation. Since the upper and lower extremity
disability scores of most of the patients we evaluated
were not written separately, whether the side involved
between the upper extremities was effective or not
could not be compared. Therefore, we cannot reach a
clear conclusion on this issue. 
      In one study, the presence of aphasia was associ-
ated with poor functional outcomes in stroke patients
[21]. Flowers et al. [22] found that patients with apha-
sia 28 days after stroke had more disability. In another
study, it was stated that the coexistence of stroke and
dementia was associated with an increase in disability
status [23]. In our study, we thought that disability in
stroke patients may be related to comorbidities. Of the
stroke patients included in our study, 41.3% had apha-
sia and 21.7% had dementia. Stroke-related disability
scores of patients with both aphasia and dementia were
found to be statistically significantly higher (p <
0.001). 
      Rehabilitation is widely used to reduce disability
and improve functional status in stroke patients [24].
In a systematic review, it was concluded that home-
based rehabilitation program is effective in reducing
disability in stroke and other diseases that cause phys-
ical disability [25]. In our retrospective analysis, we
could not determine whether most of the patients re-
ceived rehabilitation in the disability status reports.
Therefore, we cannot comment on the relationship be-
tween disability and rehabilitation. 
      In a study, 56% of patients with ischemic stroke
and 49% of patients with hemorrhagic stroke were
found to be severely disabled at discharge [26]. In an-
other study, patients with hemorrhagic stroke were
found to have lower quality of life and mobility scale
scores than patients with ischemic stroke [27]. Another
study found a strong association between hemorrhagic
stroke and worse lower extremity function [28]. In
general, ischemic stroke is more common, but hemor-
rhagic stroke is thought to be responsible for more
deaths and disability-adjusted life-year losses [29]. In
our study, it was concluded that the type of stroke did
not have a statistically significant relationship with the
disability scores of the patients (p > 0.05). The reason
why our study differs from the literature may be due
to the fact that the patients who applied to the disabil-

ity board did not show all stroke patients in the com-
munity homogeneously. 

Limitations 
      There have been some limitations in our study.
First of all, the study was a retrospective study. In ad-
dition, since the patients we evaluated were selected
only from among the patients who applied to the dis-
ability board of our hospital, we do not reflect all the
stroke patients in the society homogeneously, and
therefore we cannot form a general judgment. Finally,
the evaluation of the patients only in terms of the
pathology constituting the disability rate prevented us
from looking at the event from a broad perspective.

CONCLUSION

In conclusion, stroke patients constitute a significant
portion of disability status assessment. When evaluat-
ing stroke patients in terms of disability, comorbidities
and demographic characteristics of patients should
also be taken into account.
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ABSTRACT
Objectives: Walnut (Juglans regia L.) kernel septum (or septa) (WKS), a traditional nutraceutical material in
China, has not been explored in detail. In this study, antimicrobial activity, total phenolic content (TPC) and
antioxidant-oxidant status of WKS was investigated in case it may be clinically important in the management
of various complications. 
Methods: The WKS was extracted with ethanol in a Soxhlet device. TPC of WKS was analysed by using
Folin-Ciocalteu’s method. Antioxidant activity was obtained by using Rel Assay Diagnostics kits. The
antimicrobial activity of WKS was evaluated against two Gram-positive (Staphylococcus aureus, Bacillus
subtilis), one Gram-negative bacteria (Escherichia coli) and one fungus (Candida albicans) strains using the
agar diffusion method.
Results: The TPC of WKS was found to be 119.42 ± 2.39 mg GAE/gDW. It was determined that total
antioxidant status (TAS), total oxidant status (TOS) and oxidative stress index (OSI) values were 7.542 ± 0.389
mmol/L, 3.718 ± 0.287 µmol/L and 0.049 ± 0.001, respectively. WKS selectively inhibited the growth of Gram-
positive bacteria and fungus, while S. aureus was the most susceptible one with 16 mm of inhibition zone.
Gram-negative bacteria was resistant to the extract.
Conclusions: As far as we know, this paper is the first work that demonstrates the antioxidant-oxidant status
of WKS by using the method described above, and moreover there are no scientific reports which have
examined WKS in such a multidisciplinary experimental design. This study strongly supports the reported
traditional use of WKS. Results indicated that WKS can be used as a pharmacological natural agent due to its
high antioxidant and antimicrobial activities. 
Keywords: Juglans regia L, walnut kernel septum, antioxidant, total phenolic content, antimicrobial activity
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Herbal drugs are the oldest type of health service
known by humankind. Medicinal plants have

been used by all cultures throughout the history [1]. It
is demonstrated in several studies that aromatic and
medicinal plants are the source of many molecules
with antioxidant and antimicrobial characteristics
which can protect the body against both cellular oxi-

dation reactions and pathogens. Thus, characterization
of different parts of different types of plants is impor-
tant in order to show their antioxidant and antimicro-
bial potentials [2]. 
      In cases where reactive oxygen species (RES) are
excessively produced or antioxidant mechanisms are
insufficient, the failure of the balance between oxi-
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dant-antioxidant systems is defined as oxidative stress,
and this condition has a significant role in the
etiopathogenesis of many diseases [3]. Triggering fac-
tors caused by the modern lifestyle such as processed
food, exposure to several chemicals, lack of exercise
makes oxidative stress inevitable [4]. Weakening of
antioxidant protection mechanisms that play an active
role in decreasing the oxidative stress effects is a con-
dition which increases tendency of body cells and tis-
sues to develop diseases. Therefore, to continue
having sufficient antioxidant levels without having ex-
cess dose are necessary to prevent many numbers of
diseases and to take them under control [5]. 
      It is known that phytochemicals such as phenolic
compounds in plants decrease the risk of degenerative
diseases by inhibiting the oxidation of macromole-
cules or decreasing the oxidative stress [6]. Bioactive
materials including phenolic compounds have a large
number of chemical functions and structures. It has
been reported that bioactive components have a po-
tential effect on health and particularly they have ben-
eficial effects on prevention or delay of chronical
diseases. However, complex, controlled, and long-
term studies which would demonstrate these effects
are still required [7]. 
      On the other hand, increasing antibiotic resistance
in bacteria is one of the main reasons of failure in fight
with infectious diseases. Especially for an important
number of immunosuppressed patients, infections are
the most important reason of mortality and morbidity
[8]. The rapid emergence of multidrug-resistant bac-
teria results in a constant requirement for novel an-
timicrobial components [9]. 
      To date, walnut is accepted as a natural functional
food due to its nutritious content and medical benefits
[10]. Many previous pharmacological studies have
shown that different parts of Juglans regia L. have nu-
tritious, cardiovascular, antidepressant, antisedative,
antimicrobial, antioxidant, anticancerous, antidiabetic,
antiinflammatory, antiparasitic, immunological, anal-
gesic, gastrointestinal, endocrinal, and several other
pharmacological effects [1]. Use of walnuts and wal-
nut trees has a long history. Therefore, green husk, ker-
nel, shell, or other parts such as flowers or leaves of
walnut have always drawn attention and not only
found place in conventional medicinal systems but
they are also used in pharmaceutical and beauty indus-
tries [11-13]. 

      The woody tissue, that divides the walnut fruit into
two parts from inside called as ‘Walnut Kernel Sep-
tum’ (WKS) is a by-product which has been included
in traditional medical literature and has been used in
diseases such as diabetes, insomnia, diarrhea, renal
diseases and reproductive disorders. However, it has
not gained the reputation it deserves as there are very
few numbers of scientific studies about it [14]. 
      This study focuses on this part of the walnut which
is treated as a waste and has only limited usage area.
The aim of this study is to evaluate the total phenolic
content, antioxidant, and antimicrobial capacity of
ethanolic WKS extract with a multidisciplinary exper-
imental design. 

METHODS

Chemicals 
All chemicals/reagents used in this study were pur-
chased from Sigma (Sigma Aldrich Chemie GmbH,
Schnelldorf, Germany) and Merck (Darmstadt, Ger-
many). All reagents and solvents used were of analyt-
ical grade. Water used in all analyses was ultra-pure
produced by a Milli-Q system (Millipore, Bedford,
MA, USA). Total oxidant status (TOS) and total an-
tioxidant status (TAS levels) were determined by using
Rel Assay Diagnostic kit RL009 and RL010, respec-
tively. 

Plant Material and Extraction Procedure 
      Walnuts (Juglans regia L.), which is naturally
grown in Kaman district of Kırşehir province, were
supplied commercially. The WKS of dried walnuts
which separates the two kernel pieces were removed.
The shadow-dried plant materials were chopped, just
prior to pulverization with the help of a blender (War-
ing 8011 EB). WKSs (10 g) were extracted by a Soxh-
let device (BUCHI Extraction System Model B811)
with 100 mL ethanol (EtOH-%95, v/v, Merck) at 60°C
for 8 hours. The extracts were filtered using Whatman
filter paper (No:1) and then concentrated under vac-
uum at 40°C using a Rotary evaporator (Heidolph Hei-
Vap Rotary Evaporator). Obtained ethanolic WKS
extract was stored in a freezer at -20°C for further
tests. 

Biological Materials 
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      Based on their pathogenic importance, the follow-
ing test micro-organisms were selected for the antimi-
crobial activity assay; Staphylococcus aureus ATCC
29213 and Bacillus subtilis ATCC 6633 as gram-pos-
itive bacteria; Escherichia coli ATCC 25922 as gram-
negative bacteria and Candida albicans ATCC 90028
as fungus. All standard bacterial and fungal strains
were obtained from Department of Medical Microbi-
ology, Ahi Evran University, Kırşehir. 

Quantitative Determination of TPC 
      Total phenolic content (TPC) of ethanolic WKS
extract was determined by using the Folin-Ciocalteu
(FC) method with minor modifications [15]. The prin-
ciple of the method is based on the separation of a phe-
nolic proton in alkaline medium and formation of a
phenolate anion capable of reducing the FC reagent. 
      The prepared ethanolic WKS extract was diluted
100 times with Milli-Q water. 1 mL of the diluted sam-
ple was mixed with 1 mL of five times diluted FC
reagent, prepared freshly before use. The reaction
medium was kept at room temperature for 3 min. The
mixture was then mixed with 3 mL of sodium carbon-
ate (Na2CO3) solution (12.5%) and 15 mL of Milli-Q
water. The solution was vortexed for 1 min and kept
at 25 °C for 90 min. The absorbance value was ob-
tained at 760 nm by using a spectrophotometer
(Thermo Scienteilfic-Evolution 60S UV-Visible). Cal-
ibration curve used for quantification was obtained by
using different concentrations of gallic acid. Gallic
acid was used to obtain the standard curve (linear
range 10-70 μg/mL with R2 = 0.9991). The concentra-
tions of phenolic compounds in all samples were ex-
pressed as micrograms of gallic acid equivalents per
gram dry weight [μg of GAE/gDW]. 

Measurements of TOS 
      The measurement is based on the principle that the
oxidants in the sample oxidize the ferrous ion-ortho-
dianicidine complex to ferric ion and the ferric ion
forms a blue-green complex with the chromogen in an
acidic environment [16]. The colour intensity of the
complex, which is proportional to the total amount of
oxidant present in the sample, is measured spectropho-
tometrically at 530 nm wavelength. Hydrogen perox-
ide (H2O2) solution is used as a standard in the
calibration of the method and the results are expressed
as µmol H2O2 equiv/L. The assay was carried out as

follows: 500 μl of Reagent 1 was mixed with 75 µl
ethanolic WKE and OD1 (optical density) values were
obtained at 530 nm 25 μL Reagent 2 was added to the
mixture. OD2 values were obtained at 530 nm after 5
min incubation at 37°C. The TOS value was calculated
by using the formula given in the kit prospectus. 

Measurements of TAS 
      The principle of the measurement is based on the
reduction of dark blue-green 2,2'-azinobis 3-ethyl ben-
zothiazoline-6-sulphonate radical to colourless ABTS
(2,2′-azino-bis-3-ethylbenzthiazoline-6-sulphonic
acid) form by the antioxidants in the sample [17]. The
degree of ABTS reduction, which depends on the
amount and capacity of antioxidants, is determined by
the change in absorbance caused by the colour differ-
ence at 660 nm wavelength in the spectrophotometer.
The method is calibrated with a stable antioxidant
standard solution called "Trolox", which is widely
used as a traditional standard for TAS measurement
assays. The assay results are expressed in mmol
Trolox equiv/L. 
      The assay was carried out as follows: 500 μl of
Reagent 1 was mixed with 30 µl ethanolic WKE and
OD1 values were obtained at 660 nm 75 μL Reagent
2 was added to the mixture. OD2 values were obtained
at 660 nm after 5 min incubation at 37°C. The TAS
value was calculated using the formula given in the kit
prospectus. 

Measurements of OSI 
      The percentage ratio of TOS to TAS gave the ox-
idative stress index (OSI), an indicator of the degree
of oxidative stress. In order to perform the calculation,
the unit of TAS, mmol Trolox equivalent/L, was
changed to µmol Trolox equivalent/L. The OSI value
was calculated according to the following formula
[17]: 
      OSI = [(TOS, µmol H2O2 equivalent/L) / (TAS,
µmol Trolox equivalent/L) × 100]

Determination of Antimicrobial Activity 
      Antimicrobial effects of ethanolic WKS extract
were tested using the agar well method [18]. Bacteria
was grown in Nutrient-Broth Agar (NBA) medium
which was kept at 37°C overnight. Suspensions were
prepared from these bacteria the next day according
to 0.5 McFarland (a final inoculum of 1.5 × 108
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CFU/mL) turbidity value. 100 µl of 0.5 McFarland
bacterial suspension prepared in turbidity was added
into 5 ml soft agar (0.5% agar) and poured onto the
Müller-Hinton Agar (MHA) medium prepared in petri
dishes. Wells were opened with the help of a 6 mm di-
ameter glass pipette on the media that were left to dry
for a while. Two wells were drilled in NBA medium
where microorganisms were spread. 25 µl of ethanolic
WKS extract was pipetted into one, while ethanol, the
solvent of the extraction process, was pipetted into the
other as a negative control. Ethanolic WKS extract and
pure ethanol were sterilized by passing them through
membrane filters with 0.22 μm pore diameter before
use. On the other hand, Tetracycline (30 mg), Peni-
cillin G (10 U), Sulbactam (10 mcg) + Ampicillin (10
mcg), Gentamicin (10 mcg), Rifampin (5 mcg), Te-
icoplanin (30 mcg), Ciprofloxacin (5 mcg),
Chloromphenical Sterile discs containing (30 mg)
were also carefully placed in MHA media and used as
positive control. Antimicrobial activity was deter-
mined by measuring the zone diameters formed after
24 hours of incubation at 35 oC. After the incubation
process, the inhibition zones were measured. The re-
sults were given as mean value of three independent
measurements. The antibacterial activity was meas-
ured in terms of the diameter (mm) of clear zone of
growth inhibition. The sensitivity was evaluated ac-
cording to the National Committee for Clinical Labo-
ratory Standards (NCCLS) [NCCLS, 1998] and the
antimicrobial activity of the WKS was evaluated. 

Statistical Analysis 
      All samples were analysed in triplicate (n = 3) and
the results were expressed as mean ± SD (Standard
Deviation). 

RESULTS
TPC
In this study, phenolic concentration in ethanolic ex-
tract of WKS was measured and TPC of WKS was

found as 119.42 ± 2.39 mg (GAE)/gDW. Experiments
are made in 3 parallels. 

Antioxidant Activity
      In this study, antioxidant, and oxidant potentials
of WKS has been determined and the oxidative stress
index, which demonstrates how much the available an-
tioxidant compounds can suppress the oxidant com-
pounds, has been calculated. It was found that endogen
antioxidant capacity produced by WKS was 7.542 ±
0.389 mmol/L, while oxidant compound  level that is
obtained due to environmental effects and metabolic
activities was determined to be 3.718 ± 0.287 µmol/L.
It was determined that the OSI, which shows the per-
centage of oxidant compounds that are tolerated by en-
dogen antioxidant compounds was 0.049 ± 0.001
(Table 1). In the antibiogram test E. coli and C. albi-
cans have been found to be resistant to the antibiotics;
Ampicillin/Sulbactam, Rifampin, and Penicillin, while
most effected by Ciprofloxacin and less effected by
Chloramphenicol. S. aereus, has been effected by all
antibiotics except Ampicillin/Sulbactam and has pro-
vided large inhibition diameters. B. subtilis; has shown
resistance to the antibiotics; Rifampin, Penicillin and
Teicoplanin, while most effected by Ciprofloxacin and
least effected by Ampicillin/Sulbactam (Fig. 1). So, it
has been demonstrated by the inhibition zone diame-
ters formed that the antibiotics are efficient against
many of the selected microorganisms. 

Antimicrobial Activity 
      In this study, the antimicrobial potential of WKS
has been investigated on two Gram-positive (S. au-
reus, B. subtilis), one Gram-negative (E. coli) bacteria,
and C. albicans, an opportunistic yeast that can be-
come pathogenic when our immune system is com-
promised. Ethanol, the extract solvent, was used as
negative control, while Tetracycline (30 mg), Peni-
cillin G (10 U), Sulbactam (10 mcg) + Ampicillin (10
mcg), Gentamicin (10 mcg), Rifampin (5 mcg), Te-
icoplanin (30 mcg), Ciprofloxacin (5 mcg), Chloram-
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phenicol (30 mg) were used as positive control (Fig.
1). 
      In the antibiogram test E. coli and C. albicans
have been found to be resistant to the antibiotics;
Ampicillin/Sulbactam, Rifampin, and Penicillin, while
most effected by Ciprofloxacin and less effected by
Chloramphenicol. S. aereus, has been effected by all
antibiotics except Ampicillin/Sulbactam and has pro-
vided large inhibition diameters. B. subtilis; has shown
resistance to the antibiotics; Rifampin, Penicillin and
Teicoplanin, while most effected by Ciprofloxacin and
least effected by Ampicillin/Sulbactam (Fig. 1). So, it
has been demonstrated by the inhibition zone diame-
ters formed that the antibiotics are efficient against
many of the selected microorganisms.
      According to our findings, the results indicate that
WKS ethanolic extract had antimicrobial effects
against S. aereus (16 mm), B. subtilis (15 mm), and C.
albicans (14 mm) with varying extent, but did not
have any inhibitory effect on E. coli (12 mm) in terms
of antimicrobial activity. The diameter of inhibition
zone is shown in Table 2. 

DISCUSSION

Due to their strong antioxidant characteristics and sig-
nificant effects on preventing several diseases related
with oxidative stress, herbal polyphenols are increas-
ingly drawing attention. In the last few years, identi-
fication of phenolic compounds has been an important
field in the researches about health and medicine. Phe-
nolic compounds are the most found secondary
metabolites of plants and have a wide distribution
among plant tissues. Therefore, there are several stud-
ies in which different parts of plants are examined
[19]. 
      In a recent study by Hu et al. [20] in which phe-

nolic composition and nutritious characteristics of
WKS was investigated, TPC of WKS has been re-
ported as 73.66 ± 0.73 g/100 gDW. In another study
conducted by Liu et al. [21], polyphenol profile of
WKS was aimed to be identified and it was deter-
mined that there were 75 individual phenolic com-
pounds. Also, TPC of WKS has been expressed in
terms of 122.78 ± 2.55 mg GAE/gDW. In an experi-
mental study conducted by Ghiravani et al. [22] in
2016 on diabetic rats, polyphenol content of WKS
ethanol extract has been found as 21.64 ± 1.44 mg
GAE/gDW. 
      Also, Regueiro et al. [23] has reported mean total
polyphenol content of different walnut extracts as
2.464 ± 22 mg GAE/100 g and highlighted that the re-
sults have varied between 1.576 and 2.499 mg
GAE/100 g and this was consistent with other studies
[24, 25]. In a comprehensive review article by Jahan-
ban-Esfahalan et al. [26] , methanolic extract of wal-
nut leaves were compared with aqueous extract (27.92
± 1.40 mg); and it was stated that methanolic extract
has demonstrated the maximum polyphenol content
(94.39 ± 5.63 mg GAE/g extract). In another study
conducted by Akbari et al. [27], phenolic compounds
of different parts such as walnut hull, shell, pellicle
(brown skin), and kernel have been investigated. TPC
for hull, shell, skin and kernel were reported as fol-
lows, respectively: 24.68 ± 4.28mg GAE/g, 18.04 ±
4.20 mg GAE/g, 52.05 ± 1.27 mg GAE/g and 1.45 ±
0.12 mg GAE/g. In another study conducted by
Popovici [28], ethanol extracts of walnut leaves, shell
and WKS were investigated in respect of their total
phenol content. In that article, total phenol content of
WKS has been found significantly more than that of
both leaves and shell extracts. Solvent extractions are
the most convenient procedures to prepare extracts of
plant materials due to their ease of use, efficiency, and
large applicability. However, many methods such as
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microwave, ultrasound supported extractions have
been developed in recent years. Rusu et al. [29] have
found total phenol content of WKS as 67.03 ± 9.76 mg
GAE/gDW by Ultra-Turrax extraction method and
31.27 ± 5.24 mg GAE/gDW by maceration method.
Taken together, different extraction methods, different
types and parts of plants, use of different solvents have
made it more difficult to compare the results of these
studies; however, it can be easily distinguished that
WKS is a rich source of phenolic compounds and yet,
it has more phenolic content than other different parts
of walnut. 
      It is reported that oxidative stress is related with
development of many metabolic and chronical disor-
ders. Within this context, antioxidants are referred as
valuable molecules as they prevent the damage due to
oxidative stress in defense mechanisms [30]. It is also
reported that in case of antioxidant insufficiency, ex-
ogen antioxidant supplement (food/preparation) for
the organism can also prevent formation of oxidative
stress [31]. Therefore, it is especially important to
evaluate antioxidants present in biological materials
and food in respect of quantity and activity. Kusano
and Ferrari [32] have not only highlighted that TAS
measurement can be a reliable biomarker which can
be used in diagnosis and prognosis of several patho-
physiological conditions, but also have stated that to
prevent initiation and development of diseases, to ex-
ecute nutritional interventions including anti-aging
strategies, it can also be used in determination of an-
tioxidant-rich food. 
      The exploration of new antioxidant sources in na-
ture can be possible by determining the antioxidant ca-
pacity of different parts of plants. Yet, these parts of
plants might have significant medical potential even

if they do not have nutritional features [33]. Currently,
many total antioxidant capacity tests such as FRAP
(Ferric Reducing-Antioxidant Power) [34], ORAC
(Oxygen Radical Absorbance Capacity) [35], TEAC
(Trolox Equivalent Antioxidant Capacity) [36] are
widely used in the analysis of biological tissues and/or
food materials [32]. In this study, a different automated
method was used which directly measures the total an-
tioxidant capacity colorimetrically, which is far less
affected by the presence of uric acid, as reported by
Erel et al. [17]. The most important advantage of this
method is that it has not measured only a single com-
pound's antioxidant capacity, but it has measured the
total antioxidant capacity of all antioxidants in the bi-
ological sample [37]. So, known or unknown, any type
of antioxidant interactions including possible additive
effects have been evaluated as a whole. 
      No reference values could have been found as
there were not found any study in literature which de-
termines the antioxidant potential of WKS by the
method we use. However, with the method reported
by Erel, by different studies conducted on different
plant types, TAS; TOS; OSI values of Thymbra spi-
cata [38], Gundelia tournefortii [39], Rumex crispus
[40] have been reported as 8.399, 6.831, 6.758; 6.530,
3.712, 5.802; 0.078, 0.054, and 0.086, respectively.
When compared with these studies, TAS value of
WKS was higher than that of G. tournefortii and R.
crispus, and lower than that of T. spicata, which have
been evaluated as having antioxidant properties. It is
considered that these differences are due to the poten-
tial of the plants to produce compounds with antioxi-
dant characteristics. In this regard, it can be said that
WKS has a significant antioxidant potential. 
      In a review study where different extracts of dif-
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ferent walnut parts such as kernel, skin, shell, husk
have been examined comparatively in respect of an-
tioxidant features, results obtained by DPPH (2.2.-
Diphenyl-1-picrihydrazile), FRAP and ORAC
methods have been reported [26]. In another study in
which antioxidant activity of walnut male flowers was
investigated, IC50 values were reported for DPPH and
ABTS as 75.17 ± 4.43 μg/ml and 63.40 ± 5.73 μg/ml,
respectively, while FRAP value was reported as 54.35
± 3.12 μmol/L FeSO4/mg ethanolic extract [41]. It is
understood that different parts of walnut might have
different antioxidant potentials. 
      The only study that has been found in literature
about the antioxidant activity of WKS has been the
study of Rusu et al. in which ABTS, DPPH and FRAP
methods were used. According to this study, antioxi-
dant activity was reported as 174,28 ± 8,22 mg trolox
equivalent (TE)/g DW WKS by ABTS method, while
255,89 and 400,97 mg TE/g WKS extract by DPPH
and FRAP methods; WKS was evaluated as having
good antiradical effects [29]. 
      Wang et al. [42] have reported that WKS has
formed anti-inflammatory activity by inhibiting nitric
oxide production and claimed that this activity has
been due to the presence of gallic acid, ethyl gallate
and (+)-dehydrovomifoliol. Meng et al. [43] have also
reported that semi-maximal inhibitor concentration of
WKS extract (IC50) has been 1.06 mg/mL, and this
was far less than that is for polysaccharide obtained
from potato peel (11.57 mg/mL) and more than that of
ascorbic acid (0.077 mg/mL). 
      Although it is not possible to compare these values
as antioxidant activity is expressed in different ways,
different methods are applied and results are given in
different units, in general all of them has demonstrated
that WKS has high antioxidant activity. It is claimed
that highly phenolic compounds can be responsible
from high antioxidant activity of WKS [44]. 
      Pharmacological agents already in use modulate
oxidative stress [45]. WKS is also considered to have
high antioxidant potential and can be recommended
as a natural antioxidant agent. 
      Nowadays, the emergence of antibiotic-resistant
strains and the presence of various side effects are
problems to be solved in the fight against infectious
diseases. Limited options for preventing or treating
bacterial/fungal infections have led medical science to

nature, to discover new and different antimicrobial
agents [46]. 
      In this study the results indicate that fungal/bacte-
rial species have different sensitivities towards WKS
extract. It can be said that WKS is more effective on
gram (+) bacteria compared to gram (-) bacteria. There
are other studies which have reported that plant ex-
tracts are more effective on gram (+) bacteria [47]. It
is claimed that this is caused by the lipopolysaccharide
layer outside the cell wall of gram (-) bacteria which
makes them more resistant [48]. 
      Many numbers of herbal extracts with antimicro-
bial characteristics have been reported [49]. But, there
are limited number of studies whose subject area is an-
timicrobial characteristics of WKS. Similar to our
study, in a recent study, it was reported that WKS has
shown varying degrees of antibacterial effects on
Gram-positive bacteria (S. aureus, Staphylococcus
epidermidis, Enterecoccus faecalis and Enterecoccus
faecium) (with MIC (minimum inhibitory concentra-
tion) ranging from 8.59 to 275 µg/ml); while Gram-
negative (E. coli, Klepsiella pneumoniae,
Pseudomonas aeruginosa and Proteus mirabilis)
strains have shown very low sensitivity (with MIC
values of 275 μg/ml). In the same study in which an-
timicrobial activity of WKS has been determined by
using Ciprofloxacin which is a wide-spectrum antibi-
otic, it was also reported that administration of WKS
in highest doses (275 ug/ml) have affected the growth
of Gram-positive and Gram-negative bacteria strains
most of which are resistant to Ciprofloxacin [50]. In
another study conducted by Rusu et al. [51], it was re-
ported that WKS has shown MIC (minimum inhibition
concentration) levels between 0.012-3.12 mg/mL;
WKS antimicrobial activity was measured against
Gram-positive (S. aureus) and Gram-negative (E. coli,
P. aeruginosa, Salmonella enteritidis) bacteria and two
fungi (C. albicans and C. parapsilosis), and the lowest
effect was found against E. coli. Different than our
study, in two experimental studies conducted by Meng
et al. [43], the water soluble polysaccharide fraction
isolated from WKS has been found to show significant
antibacterial activity against two Gram-negative bac-
teria strains (E. coli and P. aeruginosa) and also
against two Gram-positive strains (S. aureus and Lis-
teria monocytogenes) depending on the dosage (0.2-
1.2 mg/mL). 
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      The results presented above clearly prove that this
part of the plant is a promising source of new antimi-
crobial agents.

Limitations 
      This study was carried out on crude WKS extract.
The elucidation of metabolic pathways, metabolic reg-
ulations, or the biosynthesis and roles of macromole-
cules are still in obscurity. More in-depth studies are
needed in the future to clarify the molecular mecha-
nisms responsible for the antioxidant and antimicro-
bial effect of WKS. 

CONCLUSION

In our study, it was aimed to get more information
about WKS which is a by-product with a limited use
at present. In sum, the results from our study showed
that WKS has a high phenolic content, and remarkable
antioxidant and antimicrobial activity. Nevertheless,
clinical studies are also required in order to investigate
other possible pharmacological activities, safety, and
efficacy of WKS.

Authors’ Contribution
      Study Conception: EAÖD, EK; Study Design:
EAÖD, EK; Supervision: EAÖD, EK; Funding:
EAÖD, EK; Materials: EAÖD, EK; Data Collection
and/or Processing: EAÖD; Statistical Analysis and/or
Data Interpretation: EAÖD; Literature Review:
EAÖD; Manuscript Preparation: EAÖD and Critical
Review: EAÖD, EK.

Conflict of interest 
      The authors disclosed no conflict of interest during
the preparation or publication of this manuscript. 

Financing 
      The authors disclosed that they did not receive any
grant during conduction or writing of this study. 

Acknowledgements
      I am grateful to Selma Çetinçift Doğan for provid-
ing checking/correction services by examining this
document with great care in terms of word choice,
style and consistency, as well as grammar, spelling and
punctuation.

REFERENCES

1. Al-Snafi AE. Chemical constituents, nutritional, pharmcolog-
ical and therapeutic importance of Juglans regia-A review. IOSR
J Pharm 2018;8:1-21.
2. Wojdyło A, Oszmıańskı J, Czemerys R. Antioxidant activity
and phenolic compounds in 32 selected herbs. Food Chem
2007;105:940-9.
3. Amira AM. Oxidative stress and disease: an updated review.
Res J Immunol 2010;3:129-45.
4. Sharifi-Rad M, Anil Kumar NV, Zucca P, Varoni EM, Dini L,
Panzarini E, et al. Lifestyle, oxidative stress, and antioxidants:
back and forth in the pathophysiology of chronic diseases. Front
Physiol 2020;11:694.
5. Kusano C, Ferrari B. Total antioxidant capacity: a biomarker
in biomedical and nutritional studies. J Cell Mol Biol 2008;7:1-
15.
6. Silva BM, Andrade PB, Valentao P, Ferreres F, Seabra RM,
Ferreira MA. Quince (Cydonia oblonga Miller) fruit (pulp, peel,
and seed) and jam: antioxidant activity. J Agric Food Chem
2004;52:4705-12.
7. Barut Uyar B, Sürücüoğlu MS. [Biologically active compo-
nents in foods]. Bes Diy Derg 2010;38:69-76. [Article in Turk-
ish]
8. Taşova Y. İmmunosupresif hastalarda gelişen infeksiyonlar:
sık rastlanan gram-pozitif kok enfeksiyonları. Güneş Kitabevi.
Türkiye: Ankara; 2003: pp. 27-43..
9. Deshpande RR, Kale AA, Ruikar AD, Panvalkar RS, Kulkarni
AA, Deshpande NR et al. Antimicrobial activity of different ex-
tract of Juglans regia L. against oral microflora. Int J Pharm
Pharm Sci 2011;3:200-1.
10. Bouabdallah I, Bouali I, Martínez-Force E, Albouchi A, Perez
Camino MDC, Boukhchina S. Composition of fatty acids, tria-
cylglycerols and polar compounds of different walnut varieties
(Juglans regia L.) from Tunisia. Nat Prod Res 2014;28:1826-33.
11. Beiki T, Najafpour GD, Hosseini M. Evaluation of antimi-
crobial and dyeing properties of walnut (Juglans regia L.) green
husk extract for cosmetics. Color Technol 2018;134:71-81.
12. Ebrahimi S, Jamei R, Nojoomi F, Zamanian Z. Persian walnut
composition and its ımportance in human. Health Int J Enteric
Pathog 2017;6:3-9.
13. Pereira JA, Oliveira I, Sousa A, Valentão P, Andrade PB, Fer-
reira ICFR et al. Walnut (Juglans regia L.) leaves: phenolic com-
pounds, antibacterial activity and antioxidant potential of
different cultivars. Food Chem Toxicol 2007;45:2287-95.
14. RBN Prasad. Encyclopaedia of food sciences and nutrition.
In: Walnuts and pecans. 2nd ed. Academic Press, USA: London;
2003: pp. 6071-9.
15. Singleton VL, Rossi JA. Colorimetry of total phenolics with
phosphomolybdic-phosphotungstic acid reagents. Am J Enol
Vitic 1965;16:144-58.
16. Erel O. A new automated colorimetric method for measuring
total oxidant status. Clin Biochem 2005;38:1103-11.
17. Erel O. A novel automated direct measurement method for
total antioxidant capacity using a new generation, more stable
ABTS radical cation. Clin Biochem 2004;37:277-85.
18. Holder IA, Boyce ST. Agar well diffusion assay testing of

94   The European Research Journal   Volume 9   Issue 1   January 2023



Eur Res J 2023;9(1):87-96 Özşahin Delibaş and Kıray

bacterial susceptibility to various antimicrobials in concentrations
non-toxic for human cells in culture. Burns 1994;20:426-9.
19. Dai J, Mumper RJ. Plant phenolics: extraction, analysis and
their antioxidant and anticancer properties. Molecules
2010;1:7313-52.
20. Hu Q, Liu J, Li J, Liu H, Dong N, Geng YY, et al. Phenolic
composition and nutritional attributes of diaphragma juglandis
fructus and shell of walnut (Juglans regia L.). Food Sci Biotech-
nol 2020;29:187-96.
21. Liu P, Li L, Song L, Sun X, Yan S, Huang W. Characterisation
of phenolics in fruit septum of Juglans regia Linn. by ultra per-
formance liquid chromatography coupled with Orbitrap mass
spectrometer. Food Chem 2019;286:669-77.
22. Ghiravani Z, Hosseini M, Mehdi M, Taheri H. Evaluation of
hypoglycemic and hypolipidemic effects of internal septum of
walnut fruit in alloxan-induced diabetic rats. Afr J Tradit Com-
plement Altern Med 2016;13:94-100.
23. Regueiro J, Sánchez-González C, Vallverdú-Queralt A,
Simal-Gándara J, Lamuela-Raventós R, Izquierdo-Pulido M.
Comprehensive identification of walnut polyphenols by liquid
chromatography coupled to linear ion trap-Orbitrap mass spec-
trometry. Food Chem 2014;152:340-8.
24. Abe LT, Lajolo FM, Genovese MI. Comparison of phenol
content and antioxidant capacity of nuts. Cienc Tecnol Aliment
2010;30:254-25.
25. Vinson JA, Cai Y. Nuts, especially walnuts, have both antiox-
idant quantity and efficacy and exhibit significant potential health
benefits. Food Funct 2012;3:134-40.
26. Jahanban-Esfahlan A, Ostadrahimi A, Tabibiazar M,
Amarowicz R. A comparative review on the extraction, antioxi-
dant content and antioxidant potential of different parts of walnut
(Juglans regia L.) fruit and tree. Molecules 2019;24:2133.
27. Akbari V, Jamei R, Heidari R, Esfahlan AJ. Antiradical ac-
tivity of different parts of Walnut (Juglans regia L.) fruit as a
function of genotype. Food Chem 2012;135: 2404-10.
28. Popovici C. Soxhlet extraction and characterisation of natural
compounds from walnut (Juglans regia L.) by-products. Ukr
Food J 2013;2:328-36.
29. Rusu ME, Gheldiu AM, Mocan A, Moldovan C, Popa DS,
Tomuta I, et al. Process optimization for improved phenolic com-
pounds recovery from walnut (Juglans regia L.) Septum: phyto-
chemical profile and biological activities. Molecules
2018;23:2814.
30. Aminjan HH, Abtahi SR, Hazrati E, Chamanara M, Jalili M,
Paknejad B. Targeting of oxidative stress and inflammation
through ROS/NF-kappaB pathway in phosphine-induced hepa-
totoxicity mitigation. Life Sci 2019;232:116607.
31. Prior RL, Cao G. In vivo total antioxidant capacity: compar-
ison of different analytical methods. Free Radic Biol Med
1999;27:1173-81.
32. Kusano C, Ferrari B. Total antioxidant capacity: a biomarker
in biomedical and nutritional studies. J Cell Mol Biol 2008;7:1-
15.
33. Chibane LB, Degraeve P, Ferhout H, Bouajila J, Oulahal N.
Plant antimicrobial polyphenols as potential natural food preser-
vatives. J Sci Food Agric 2019;99:1457-74.
34. Ustundag Y, Huysal K, Kahvecioglu S, Demirci H, Yavuz S,

Sambel M, et al. Establishing reference values and evaluation of
an in-house ferric reducing antioxidant power (FRAP) colorimet-
ric assay in microplates. Eur Res J 2016;2:126-31.
35. Cao G, Booth SL, Sadowski JA, Prior RL. Increases in human
plasma antioxidant capacity after consumption of controlled diets
high in fruit and vegetables. Am J Clin Nutr 1998;68:1081-7.
36. Miller NJ, Rice-Evans C, Davies MJ, Gopinathan V, Milner
A. A novel method for measuring antioxidant capacity and its ap-
plication to monitoring the antioxidant status in premature
neonates. Clin Sci 1993;84:407-12. 
37. MacDonald-Wıcks LK, Wood LG, Garg ML. Methodology
for the determination of biological antioxidant capacity in vitro:
a review. J Sci Food Agric 2006;86:2046-56.
38. Mohammed FS, Şabik AE, Sevindik E, Pehlivan M, Sevindik
M. Determination of antioxidant and oxidant potentials of thym-
bra spicata collected from Duhok-Iraq. Turkish J Agric Food Sci
Technol 2020;8:1171-3.
39. Saraç H, Demirbaş A, Durna S, Ata M. [Evaluation of nutri-
ents and biological activities of kenger (Gundellia tournefortii
L.) seeds cultivated in Sivas province]. Turkish J Agric Food Sci
Technol 2019;7:52-8. [Article in Turkish] 
40. Durna Daştan S, Durukan H, Demirbaş A, Dönmez E. [Bioac-
tivity and therapeutic properties of evelik (Rumex crispus), a nat-
urally growing and edible plant in Sivas province]. Turkish J
Agric Food Sci Technol 2019;7:67-71. [Article in Turkish] 
41. Muzaffer U, Paul VI. Phytochemical analysis, in vitro antiox-
idant and antimicrobial activities of male flower of Juglans regia
L. Int J Food Prop 2018;21:345-56.
42. Wang D, Mu Y, Dong H, Yan H, Hao C, Wang X, et al. Chem-
ical constituents of the ethyl acetate extract from diaphragma jug-
landis fructus and their inhibitory activity on nitric oxide
production in vitro. Molecules 2017;23:72.
43. Meng Q, Li Y, Xiao T, Zhang L, Xu D. Antioxidant and anti-
bacterial activities of polysaccharides isolated and purified from
Diaphragma juglandis fructus. Int J Biol Macromol
2017;105:431-7.
44. Ghiravani Z, Hassanzadeh-Taheri M, Hassanzadeh-Taheri M,
Hosseini M. Internal septum of walnut kernel: a neglected func-
tional food. Res J Pharmacogn 2020;7:81-92.
45. Li H, Horke S, Förstermann U. Oxidative stress in vascular
disease and its pharmacological prevention. Trends Pharmacol
Sci 2013;34:313-9.
46. Okunade AL, Elvin-Lewis MPF, Lewis WH. Natural antimy-
cobacterial metabolites: current status. Phytochemistry
2004;65:1017-32.
47. Zoral FB, Turgay Ö. [A research on total phenolic content,
antioxidant activity and antimicrobial effects of various food
wastes]. KSÜ Doğa Bilim Derg 2014;17:24-33. [Article in Turk-
ish] 
48. Kavak DD, Altiok E, Bayraktar O, Ülkü S. Pistacia tere-
binthus extract: as a potential antioxidant, antimicrobial and pos-
sible β-glucuronidase inhibitor. J Mol Catal B Enzym
2010;64:167-71.
49. Acquaviva R, D’Angeli F, Malfa GA, Ronsisvalle S, Garozzo
A, Stivala A, et al. Antibacterial and anti-biofilm activities of wal-
nut pellicle extract (Juglans regia L.) against coagulase-negative
staphylococci. Nat Prod Res 2021;35:2076-81.

The European Research Journal   Volume 9   Issue 1   January 2023 95



Eur Res J 2023;9(1):87-96 Antioxidant and antimicrobial activities of walnut (Juglans regia L.) kernel septum

50. Genovese C, Cambria MT, D’Angeli F, Addamo AP, Malfa
GA, Siracusa L, et al. The double effect of walnut septum extract
(Juglans regia L.) counteracts A172 glioblastoma cell survival
and bacterial growth. Int J Oncol 2020;57:1129-44.

51. Rusu ME, Fizesan I, Pop A, Mocan A, Gheldiu AM, Babota
M, et al. Walnut (Juglans regia L.) septum: assessment of bioac-
tive molecules and in vitro biological effects. Molecules
2020;25:2187.

96   The European Research Journal   Volume 9   Issue 1   January 2023

This is an open access article distributed under the terms of Creative Common
Attribution-NonCommercial-NoDerivatives 4.0 International License.

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/


The most common persistent symptoms in patients

with COVID-19 who were evaluated in the Internal

Medicine polyclinic

Zeynep Koç , Seydahmet Akın

Department of Internal Medicine, Kartal Dr. Lütfi Kırdar City Hospital, İstanbul, Turkey;

ABSTRACT
Objectives: To identify continuing symptoms of individuals in the post-COVID period. To begin with our
study was planned to research the most common persistent symptoms in the post-COVID period, and
additionally to research whether or not there were differences between the most frequent initial symptoms in
the 1st, 2nd and 3rd waves of the pandemic. 
Methods: Cases attending the internal medicine clinic infected with COVID-19 who were minimum 120 days
past the infection were included in the study. The study was shaped by responses of cases to open-ended
questions.
Results: From a total of 2,802 clinical attendances, 1,005 cases were included in the study. Of cases, 9.3%
required clinical monitoring and 1.7% required intensive care during infection. The mean number of persistent
symptoms was 1.38, with the most common persistent symptoms being 11.2% fatigue/tiredness, 6.1% shortness
of breath, and 4.6% back and low back pain. Mean number of initial symptoms was 1.63, with the most common
initial symptoms being 21.2% fatigue, 19.4% fever and 19.1% headache. Persistent chest pain was most
common among those infected in the 1st wave, while there were no other significant differences observed
between pandemic waves.
Conclusions: The most common persistent symptoms were consistent with the general literature data; however,
our condition of minimum 120 days past infection allowed a range of symptoms to ameliorate. Our results are
more realistic in this way. A range of rare persistent symptoms emerging in our results were not encountered
in the literature, while our study is unique as there is no other study comparing pandemic periods. 
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The first case of the coronavirus disease 2019
(COVID-19) pandemic linked to severe acute res-

piratory syndrome coronavirus 2 (SARS-CoV-2) was
recorded in Wuhan city in China in December 2019
and it spread rapidly around the world since this first
case [1]. The mortality rate for SARS-CoV-2 is 2%,
while this novel coronavirus generally is associated

with mild and/or severe respiratory tract disease [2].
The term Long COVID or post-COVID describes the
situation characterized by continuation of symptoms
for at least 12 weeks after initial infection. This situa-
tion forms an observation problem and may last sev-
eral months. Symptoms and clinical findings are very
diverse and include cardiovascular system symptoms
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leading to consideration of multiple organ/system in-
volvement. The most commonly observed symptoms
are fatigue, shortness of breath, muscle pain,
headache, memory loss and concentration disorders.
Patients frequently report loss of psychological and
physiological performance in this period [3]. Our
study was planned to research the frequency of
COVID-19 infection among patients attending the in-
ternal medicine clinic in our hospital, initial symp-
toms, persistent symptoms if any and whether there
were differences between the 1st, 2nd and 3rd waves of
the pandemic. 

METHODS

This cohort study questioned whether patients attend-
ing the internal medicine clinic for any reason had
been infected with COVID-19. Cases aged 18 and
over at the time of infection were included in the study.
Cases with minimum 120 days since infection and
with SARS-CoV-2 infection confirmed by PCR who
provided consent were included in the study. Cases
were asked open-ended questions. Patients were asked
about age, sex, body mass index, additional diseases
and comorbidities, the wave of the pandemic when
they were infected, clinical and/or intensive care unit
admission and if so, number of days of hospitalization,
features and duration of initial symptoms during the
disease period, persistent symptoms in the post-
COVID period in spite of 120 days passing since re-
covery from acute infection, vaccination status,
whether they were infected with COVID-19 more than

once, smoking habit and detection of any SARS-CoV-
2 variant apart from the common strain during the in-
fection period. Patients with clinical/intensive care
monitoring were included in the study if they were
monitored by the clinic/intensive care in our hospital.
The wave of the pandemic when cases were infected
was identified as 1st, 2nd or 3rd and we planned to re-
search whether there were differences in initial com-
plaints, unresolved complaints and descriptive
findings between the pandemic waves. The 1st wave
was defined as the period from March 2020 when the
first case was identified in Turkey to June 2020, the
2nd wave was September 2020 to January 2021 and
the 3rd wave was March 2021 to September 2021. In-
dividuals under the age of 18 years, not infected with
COVID-19, infected within the last 120 days and who
did not provide consent were not included in the study. 
Ethics committee approval was obtained (decision
no:2021/514/207/5)

Statistical Analysis 

      For statistical analyses, the Number Cruncher Sta-
tistical System (NCSS) 2007 (Kaysville, Utah, USA)
program was used. When assessing study data, de-
scriptive statistical methods (mean, standard deviation,
median, frequency, percentage, minimum, maximum)
were used. Fit of quantitative data to normal distribu-
tion was tested with the Shapiro-Wilk test and graph-
ical investigations. Comparison between more than
two groups of quantitative data with normal distribu-
tion used the one-way analysis of variance. Compari-
son of more than two groups of quantitative data
without normal distribution used the Kruskal-Wallis
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test. Comparison of qualitative data used the Fisher-
Freeman-Halton exact test. Statistical significance was
accepted as p < 0.05.

RESULTS

From July 2021 to October 2021, 2802 patients attend-
ing the internal medicine clinic were randomly asked
whether they had been infected with COVID-19 and
1005 cases (35%) who abided by the criteria were in-
cluded in the study (Fig. 1). 
      The total of 1005 cases, 60.2% (n = 605) were
women and 39.8% (n = 400) were men. The ages of
those participating in the research varied from 18 to
95 years, with mean age determined as 41.94 ± 14.78
years. Mean BMI of participants was identified as
27.64 ± 5.91 kg/m2. Of cases, 17.3% (n = 174)
smoked. At least one comorbid disease was identified
in 35.9% (n = 361) of cases. When comorbid diseases
are investigated, 14.7% (n = 148) had hypertension,
12.3% (n = 124) had diabetes mellitus, 3.8% (n = 38)

had coronary artery disease/chronic obstructive pul-
monary disease  and 0.9% (n = 9) had other diseases
(Table 1). 
Among the cases, 9.3% (n = 93) were admitted to hos-
pital. Hospitalization varied from 1 to 22 days, with
mean hospitalization duration determined to be 8.32
± 4.58 days. Of the cases, 1.7% (  17) required inten-
sive care admission. It appeared that 39.8% (n = 400)
of cases had received at least 1 vaccination. Of cases,
98.3% (n = 988) were infected with COVID-19 once,
1.6% (n = 16) were infected twice  and 0.1% (n = 1)
were infected three times. Among the cases, 2.6%
(n=26) had different variants observed. Total disease
duration varied from 0 to 36 days, with mean duration
10.55 ± 9.10 days (Table 2). 
      Of cases, 92.1% (n = 926) had at least one initial
symptom. When initial symptoms are investigated,
21.2% (n = 213) of cases had fatigue, 19.4% (n = 195)
had fever, 19.1% (n = 192) had headache, and 15.9%
(n = 160) had cough. Among cases, 9.8% (n = 98) had
joint pain, 9.7% (n = 97) had low back/back pain,
8.6% (n = 86) had sore throat, 8% (n = 80) had muscle
pain, and 5.9% (n = 59) had loss of taste and smell. Of
cases, 5% (n = 50) had shortness of breath, 3.6% (n =
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36) had nausea/vomiting, 3.6% (n = 36) had shiver-
ing/shaking, 3.2% (n = 32) had nasal rhinitis/blockage,
2.6% (n = 26) had bone pain  and 1.5% (n = 15) had
chest pain or stabbing chest pain. Among cases, 1.4%
(n = 14) had leg pain, 1.4% (n = 14) had diarrhea,
1.4% (n = 14) had loss of appetite and 6.3% (n = 63)
had other complaints. The other 7.9% of cases were
asymptomatic and were identified as positive due to
contact and/or coincidental testing. While cases en-
countered 1 to 5 initial complaints, the mean number
of symptoms was identified as 1.63 ± 0.75 (Table 3). 
      At least one persistent symptom was observed in
41.7% (n = 419) of cases. When unresolved com-
plaints are investigated, 11.2% (n = 113) of cases had
fatigue/tiredness, 4.6% (n = 46) had back/low back
pain, 6.1% (n = 61) had shortness of breath, 2.9% (n
= 29) had loss of taste and smell, 2.9% (n = 29) had
cough, 2.9% (n = 29) had joint pain, 2.8% (n = 28) had
headache, 2.6% (n = 26) had forgetfulness, 1.7% (n =
17) had chest pain, 1.6% (n = 16) had leg pain, 1.1%
(n = 11) had palpitations, 0.7% (n = 7) had muscle pain
and 9.7% (n = 97) had other complaints (Fig. 2 and 3). 
      Cases were identified to have between 1 and 4 un-
resolved complaints, with the mean number of persist-
ent symptoms calculated as 1.38 ± 0.65. There were
no statistically significant differences between the
groups according to sex, age, height, weight, BMI,
smoking status and presence of comorbid diseases (p
> 0.05) (Table 4). 
      There was a statistically significant difference be-
tween groups according to vaccination status and
COVID infection times (p = 0.001 and p < 0.01, re-
spectively). Among those who were vaccinated, the
rate with COVID infection during the 2nd wave was
higher than the rate with COVID infection during the
3rd wave. There were no statistically significant dif-
ferences between hospitalization and intensive care
admission status, admission durations and total disease
duration according to group (p > 0.05) (Table 5). 
      There were no statistically significant differences
between initial symptoms of cases according to group
(p > 0.05) (Table 6). According to the groups, there
was a statistically significant difference between rates
of chest pain among unresolved complaints of cases
(p = 0.015 and p < 0.05, respectively). Those who
were infected during the 1st wave had higher incidence
of chest pain among unresolved complaints compared
to those infected in the 2nd and 3rd waves. There was
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no statistically significant difference in incidence of
unresolved complaints and other unresolved complaint
types among cases according to groups (p > 0.05)
(Table 7).

DISCUSSION

In the literature, the most frequent symptoms during
the post-COVID-19 period are reported to be cough,
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fever, dyspnea, musculo-skeletal system symptoms
(myalgia, joint pain, fatigue), gastrointestinal symp-
toms and anosmia/dysgeusia [4]. A study of 143 pa-
tients in Italy by Carfi et al. [5] assessed cases for
minimum 60 days after recovery from COVID-19 in-
fection. Only 12.6% of cases did not have any symp-
tom related to COVID-19, while 32% had 1 or 2
symptoms and 55% had 3 or more symptoms. No pa-
tient had any fever or acute disease finding or symp-
tom. Cases described fatigue/weakness (53.1%),
shortness of breath (43.4%), joint pain (27.3%) and
chest pain (21.7%). After discharge, 87% of patients
were identified to have minimum 1 symptom [5]. In
our study assessing a total of 1005 cases, the most
common persistent symptoms were parallel to those
reported most frequently in studies by Carfi et al. [5],
Mandal et al. [6], Halpin et al. [7], Huang et al. [10],

Peterson et al. [11], and Karaaslan et al. [12], with
11.2% reporting fatigue/tiredness. A study by Mandal
et al. [6] of 384 cases in the United Kingdom showed
general improvement during early follow-up of symp-
tom burden in subjects recovering from COVID-19
after hospitalization. During the post-COVID period,
53% had permanent shortness of breath, 34% had per-
manent cough, 69% reported permanent tiredness and
15% of patients reported depression [6]. Halpin et al.
[7] assessed 100 cases in the post-COVID period with
68 followed by the clinic and 32 in intensive care and
investigated the effect of symptoms continuing after
discharge and on daily life in the post-COVID period.
New fatigue linked to the disease was the most fre-
quently reported symptom among 72% of participants
in the ICU group and 60% of those in the ward group.
The next most common symptoms were shortness of
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breath (65.6% ICU group, 42.6% ward group) and
psychological problems (46.9% ICU group and 23.5%
ward group) [7]. A prospective cohort study of 131
COVID-19 patients after discharge from a clinic in
Wuhan by Wang et al. [8] showed that 86% of patients
had no symptoms 3 to 4 weeks after discharge, while
only 1.5% were identified to have dyspnea. Tenforde
et al. [9] performed a telephone survey of sympto-
matic COVID-19 patients not admitted to hospital and
identified 35% had not returned to their normal health
level and had permanent symptoms like fatigue, cough
and headache. A study by Huang et al. [10] investigat-
ing a total of 1655 post-COVID cases found the most
frequent symptoms were fatigue or muscle weakness
affecting 63% and sleep difficulties affecting 26%. A
study by Peterson et al. [11] of 180 participants with-
out clinical follow-up reported that 53.1% still had at
least one symptom mean 125 days after the onset of
symptoms. Of participants, 33.3% were identified to
have one or two symptoms and 19.4% had three or
more symptoms. The most common permanent symp-
toms were fatigue, loss of taste and smell and arthral-
gia [11]. During the post-COVID period, Karaaslan et
al. [12] showed that 31% had fatigue, 18% had joint

pain and 15% had myalgia, while other COVID-19
symptoms included 25.3% shortness of breath and
20% hair loss in their study. Kayaaslan et al. [13]
showed fatigue/tiring easily, myalgia and weight loss
were the most frequently seen permanent symptoms
(generally 29.3%) while respiratory symptoms had
2nd-highest frequency (25.4%). 
      In our study, the most frequent persistent symp-
toms were fatigue, shortness of breath, back and low
back pain, loss of taste/smell, cough, joint pain,
headache, forgetfulness, chest pain, leg pain, palpita-
tions and muscle pain. With varying rates and rank-
ings, tiredness-fatigue, shortness of breath and cough
were the most frequent post-COVID persistent symp-
toms as supported in studies by Mandal et al. [6],
Halpin et al. [7], Wang et al. [8], Tenforde et al. [9],
Huang et al. [10], and Peterson et al. [11]. The first of
these studies by Carfi et al. [5] overlaps in general
with the most frequent persistent symptoms in studies
from all around the world. In Turkey, Karaaslan et al.
[12] and Kayaaslan et al. [13] reported the most fre-
quent symptom was fatigue. No study contradicting
these studies was encountered. We identified that
58.3% of cases did not have any symptom, while
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41.7% had at least one persistent symptom. As our
study included adequate numbers of cases with at least
120 days since recovery from viremia, we identified
lower rates of tiredness-fatigue, shortness of breath
and cough symptoms compared to the literature. At the
same time, we observed that more than half of cases
had full symptomatic recovery by benchmarking this
duration. Previous studies are generally observed to
keep the post-COVID duration shorter. As our study
data belong to a longer period, we believe they reflect
objective outcomes related to the post-COVID
process. 
      In our study, different to the general literature, the
3rd most common persistent symptom was back and
low back pain. Similarly, forgetfulness (2.6%) was en-
countered with higher frequency in our study. Cases
rarely mentioned (< 0.5%) diarrhea, sweating, aggres-
sion, nasal blockage, loss of appetite, pollacuria, in-
somnia, numbness of distal extremities, edema of the
legs, non-healing oral aphthous, feeling of pressure in
head and chest, epigastric pain, regurgitation, vertigo,
effort dyspnea, hair loss, toothache, hallucinations, fa-
cial pain, dry throat, miliaria skin rash, itching, night
sweats, breast pain, atopia, ear pain, muscle cramps,
confusion, nasal rhinitis, burning eyes, hypoglycemia
attacks, hoarseness, and oily skin among persistent
symptoms. 
      In our study, one COVID-19 case with rheumatoid
arthritis diagnosis reported an acute attack after
viremia, while a case with restless leg syndrome re-
ported increased severity and frequency of symptoms
after viremia. There is no literature data related to
these two clinical situations. 
      Additionally, there were patients with newly-di-
agnosed DM, HT, pulmonary embolism, panic attack,
asthma and Hashimoto disease in the post-COVID pe-
riod. There are studies related to development of panic
disorder [14], Hashimoto thyroiditis [15] and pul-
monary embolism [16] in the post-COVID period, but
there is inadequate literature data related to DM, HT
and asthma newly developing in this period. We think
patients with new DM diagnosis in the post-COVID
period may be the effect of steroids administered dur-
ing the disease period. 
      Of our cases, 35.9% had at least one comorbid dis-
ease. The most frequent chronic diseases were HT
(14.7%), DM (12.3%) and COPD-coronary artery dis-
ease (3.8%). There are studies reporting that the pres-

ence of chronic disease and multiple morbidities re-
duces quality of life [17]. The most common comor-
bidities in the literature were observed to be
hypertension (15.8%), cardiovascular and cerebrovas-
cular situations (11.7%) and diabetes mellitus (9.4%)
[18-20]. A meta-analysis including 61 studies empha-
sized that there was strong epidemiological evidence
for the association of comorbidities with COVID-19
severity and prognosis [21]. 
      While 4% of cases were infected with SARS-
CoV-2 during the 1st wave, 44.3% during the 2nd wave
and 51.7% during the 3rd wave, statistical differences
were not observed between the sex, age, height,
weight, BMI values, smoking habits and presence of
comorbidities between the pandemic periods for our
cases. The rates of those vaccinated who were infected
with COVID in the 2nd wave was higher than during
the 3rd wave (p < 0.01). We believe this situation is due
to the increase in awareness about the pandemic over
time and the better adoption of general hygiene rules
related to COVID-19 in society. 
      There were no statistically significant differences
between the hospitalization and intensive care admis-
sion status, admission durations, total disease duration,
initial complaints and persistent complaints of cases
according to pandemic period. 
      Only the incidence of chest pain was observed to
be statistically high for those infected with SARS-
CoV-2 during the first wave. The different treatment
protocols in the period of the first wave, the lack of
vaccines, progression of the process and accumulation
of literature data changed the treatment protocols over
time. Linked to all these factors, cases infected during
the 1st wave are thought to have developed pneumonia
more. However, there is no literature data found to
support our hypothesis. 
      The most common initial symptoms stated in the
literature [22] were fever and cough at 71.5%, while
in our study, fatigue (21.2%), fever (19.4%) and
headache (19.1%) were observed to be proportionally
different from the general literature. 

Limitations 

      Our study assessed the post-COVID period and
could not access sufficient data about strains in the
COVID-19 period. We could have gained information
about variants apart from the common strain in line
with patient declarations. When assessing strains,
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cases with PCR kit use, severe clinical findings and
assessed in health organizations may have been exam-
ined. At the same time, cases with chest pain, short-
ness of breath and respiratory distress were not
assessed with radiological images/ECHO in line with
the design and scope of our study. Both situations
comprise limitations in terms of our study.

CONCLUSION

In the literature there are articles in parallel to our
study, though our study differs from others both in
terms of the emerging results and the post-COVID
findings that were not reported in other studies. For
the first time, our study included persistent symptoms
and findings. Strong aspects of our study are that par-
ticipants were not asked closed and directive questions
about persistent findings and that cases were not di-
rected toward certain answers. The minimum 120 days
since disease ensured a more objective assessment of
the post-COVID process. In the literature, there is no
article comparing the COVID-19 period and the 1st,
2nd and 3rd waves. This situation is the strongest aspect
of our study. Our study included all patients infected
with COVID-19 without regard to follow-up in inten-
sive care/ward or without being admitted. Strong as-
pects of our study are that patients with clinical
follow-up were monitored with very similar treatment
protocols, access to results and disease progression for
all cases in the information-communication system in
our hospital, and assessment during the post-COVID
period by the same pandemic experts in our hospital’s
clinics. The clinician group in our hospital worked in
the internal medicine specialist ward, intensive care,
clinic and emergency service since the start of the pan-
demic, employed primarily during the COVID-19
pandemic. The internal medicine clinics are the health
branch most frequently attended due to symptoms
linked to COVID in the post-COVID period. The re-
sults of our study are important in terms of reflecting
clinical practices in internal medicine. 
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The role of frailty score in early surgical treatment of
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ABSTRACT
Objectives: The average life expectancy is increasing all over the world, and as a result, the number of elderly
patients is increasing. Acute cholecystitis is one of the most common diseases requiring emergency surgical
treatment in the elderly. In the literature, it has been reported that in the treatment of elderly patients with acute
cholecystitis, physicians do not fully comply with the current literature recommendations due to some concerns
and do not apply surgical treatment in the early period. The concept of frailty, which has come to the fore in
geriatric assessment today, provides objective information about the general health status of  the patient. In
our study, the role of frailty assessment in the decision made regarding the early surgery in elderly patients
with acute cholecystitis treated in our hospital was investigated. 
Methods: In our study, the clinical features, comorbidities, American Society of Anesthesiologists (ASA)
scores, Canadian Study of Health and Aging (CSHA) frailty scale, treatment modalities and prognosis of
patients over the age of 65 who were treated with the diagnosis of acute cholecystitis between January 2018
and January 2021 were evaluated retrospectively.
Results: Of the 182 patients included in the study, 24 (13.2%) were found to be frail. It was observed that the
mean age and multi-morbidity were higher in the frail group (p < 0.001). It was observed that the mean C-
reactive protein and leukocyte values, which are inflammatory mediators, increased in both groups, both fragile
and non-fragile, and complicated cholecystitis accompanied by cholangitis or pancreatitis was observed in a
total of 64 (35.16%) patients. There were 57 (31.3%) patients using anticoagulant or antiaggregant agents. The
patients were most frequently treated with medical treatment (n = 108; 59.3%), the other treatment methods
were early surgery ( (n = 46; 25.3%), endoscopic retrograde cholangiopancreatography (n = 22; 12.1%) and
percutaneous cholecystostomy (n = 11; 6.0%). Surgical treatment was more common in ASA I and II patients,
and percutaneous cholecystostomy was more common in frail patients (p < 0.001). There were 20 (14.70%)
patients who were re-admitted to the hospital and 6 (3.29%) patients ended up with mortality. No statistical
relationship could be demonstrated between these conditions and frailty (p > 0.05). 
Conclusions: In the treatment of the elderly cholecystitis patients, early surgical treatment is the most favorable
treatment method in order to reduce re-admission and prevent possible complications. However, we think that
a detailed geriatric evaluation should be made in a multidisciplinary manner for the decision making regarding
the of surgical treatment of elderly patients, and frailty evaluation should also be made in this context. 
Keywords: Acute cholecystitis, early surgical treatment, frailty, elderly
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The risk of developing gallstones increases with
age, and its prevalence increases to around 20%

over the age of 65 [1]. Acute cholecystitis due to
cholelithiasis is one of the most common surgical
emergencies in the elderly population. As in young pa-
tients, the recommended treatment for acute cholecys-
titis in the elderly patients is laparoscopic
cholecystectomy in the early period [1, 2]. However,
in clinical practice, it has been observed that the deci-
sion to operate on elderly patients is more conservative
than younger patients [3]. In the surgical decision re-
garding elderly patients with acute cholecystitis, pres-
ence of comorbidities, anticoagulants drug usage and
a high American Society of Anesthesiologists (ASA)
score bring up alternative treatment options [4]. 
      The chronological age limit of 65 used for the
evaluation of elderly patients does not reflect the bio-
logical status of each patient. One of the commonly
used variables to evaluate the general health status of
the geriatric patient group is frailty [5]. Frailty refers
to a state in which the person is generally vulnerable,
accompanied by a decrease in the general health sta-
tus, physical activity energy and cognitive skill re-
serves [6]. 
      In our study, the usability of the Canadian Study
of Health and Aging (CSHA) frailty scale was inves-
tigated in the surgical treatment of elderly patients
with acute calculous cholecystitis who were hospital-
ized in our hospital. 

METHODS

In our study, patients over the age of 65 who were hos-

pitalized in the general surgery service for acute cal-
culous cholecystitis between January 2018 and Janu-
ary 2021 were evaluated. The diagnosis of acute
cholecystitis was made according to the ultrasound
and computed tomography imaging results of the pa-
tients, as well as the laboratory and physical examina-
tion findings. Patients with acalculous cholecystitis
and chronic cholecystitis were not included in the
study. 
      Patients' age, gender, presence of comorbid dis-
ease, use of anticoagulants, C-reactive protein (CRP)
and leukocyte values, ASA classification value, frailty
score value, concurrent cholangitis or pancreatitis,
type of cholecystitis treatment, presence of re-admis-
sion to the hospital within 30 days with similar com-
plaints and mortality were evaluated retrospectively
by accessing the patients’ file data. 
      CSHA frailty scale was used to assess the frailty
of the patients. In this scoring system, patients are
classified from 1 to 7. Patients with CSHA class 1 are
very fit, class 2 are well, class 3 are well, with treated
comorbid disease, class 4 are apparently vulnerable,
class 5 are mildly frail, class 6 are moderately frail,
and class 7 are severely frail (Table 1). In our study,
patients were evaluated in two groups; patients in
CSHA category 1-4 as non-fragile and those in cate-
gory 5-7 as fragile based on the guidelines. 
      Anesthesia preoperative evaluation forms are used
for ASA classification. Patient anamnesis form and nu-
tritional risk screening (NRS) form, patient fall risk
assesment form, decubitus wound screening form file
data records were evaluated for CSHA score evalua-
tion. 
      Consent was obtained with the decision numbered
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2021/72 of the scientific research ethics committee of
Sancaktepe Şehit Prof. Dr. İlhan Varank Training and
Research Hospital.

Statistical Analysis 
      Study data were analyzed with SPSS 21.0. Skew-
ness and Kurtosis (normal distribution of data) values,
normal distribution curve and Levene (equality of
variances) test results were examined whether the data
met the prerequisites of parametric tests. T-test and de-
viation of data from normal distribution in independ-
ent groups based on comparison of mean and variance
between low and high-risk groups according to ASA
scores and surgical treatment, percutaneous translumi-
nal coronary angioplasty (PTCA), medical treatment
variables, and also frail and non-frail groups according
to frailty scale results and surgical treatment, PTCA,
medical treatment variables. In case the data deviated
from the normal distribution, comparisons were made
with non-parametric Mann Whitney U and Kruskal
Wallis tests. P < 0.05 was accepted for statistical sig-
nificance.

RESULTS

A total of 182 patients over 65 with acute calculous
cholecystitis, whose file data could be accessed retro-
spectively within the specified period of time, were in-
cluded in the study. The number of female patients was
110 (60.4%) and the number of male patients was 72
(39.6%). The mean age of female and male patients
was similar (74.53 ± 7.08 years and 74.93 ± 6.21

years, respectively). 
      When the distribution of the patients according to
the CSHA frailty scores was evaluated, it was seen that
the patients were most frequently (n = 135, 74.17%)
in CSHA classes 1, 2 and 3, which were not consid-
ered as frail, and a total of 24 (13.2%) patients were
in the frail group (Table 2). 
      When patients were sub-grouped as frail and non-
frail, the mean age was 84.71 ± 5.09 years in the group
considered frail, while this value was 73.16 ± 5.55
years in the non-fragile group (p < 0.001). The number
of patients with more than two additional diseases in
the frail group was 9 (4.9%)  and 12 (6.6%) in the non-
frail group. Similar to the mean age distribution, multi-
morbidity was statistically higher in the frail patient
group (p < 0.001) (Table 3). 
      The mean CRP value was 16.18 ± 7.53 mg/dLin
the frail group, and 12.10 ± 10.96 mg/dL in the non-
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frail group. The mean leukocyte value was 14054.58
± 6523.78 × cells/mm3 in the frail group, and 11465.11
± 5227.04 × cells/mm3 in the non-frail group. There
was no significant difference between the groups in
terms of mean CRP and leukocyte values (p = 0.081
and p = 0.030, respectively) (Table 3). 
      In total, 57 (31.3%) patients were using anticoag-
ulant or antiaggregant agents. There was no significant
difference between the frail and non-frail groups in
terms of gender distribution and use of anticoagulants
(p = 0.825 and p = 0.034, respectively) (Table 3). 

      It was observed that there were 39 patients in the
octogenarian (over the age of 80) group. 20 patients
had concomitant cholangitis or pancreatitis diagnoses
and regarded as complicated cholecystitis. There were
44 patients with complicated cholecystitis in the 65-
80 age group (p = 0.017) (Table 4). 
      It was observed that medical treatment was the
most common (n = 108; 59.3%) treatment option and
surgery was planned in elective conditions for this
group. The number of patients who underwent emer-
gency surgical treatment in the early period was 46
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(25.3%). The number of patients who underwent per-
cutaneous cholecystostomy was 11 (6.0%) and the
number of patients who underwent endoscopic retro-
grade cholangiopancreatography (ERCP) was 22
(12.1%) (Tables 5 and 6). 
      When the treatment modalities applied to the pa-
tients were divided into subgroups according to their
ASA scores and state of frailty, emergency surgical
treatment was applied more frequently for patients
with ASA I-II compared to ASA III-IV patients (p <
0.001) and percutaneous cholecystostomy was per-
formed more frequently for frail patients compared to
non-frail patients (p < 0.001) (Tables 5 and 6). 
      It was observed that 20 (14.70%) patients who
were not operated, were admitted to the hospital again
within 30 days due to similar complaints. It was ob-
served that re-admissions to 125 the hospital were not
associated with the ASA scores and frailty score (p =
0.876 and p = 0.251, respectively) (Tables 7 and 8). 
A total of 6 (3.29%) patients included in the study
ended up with mortality. When the relationships be-
tween mortality and ASA and frailty scores were eval-
uated, no significant difference was found (p = 0.361
and p = 0.180, respectively) (Tables 7 and 8).

DISCUSSION

Cholelithiasis is a very common disease in the society.
As the prevalence of cholelithiasis increases with age,
gallbladder stones are detected in 20% of men and
35% of women by the seventh decade [7]. In our pa-
tient group, acute cholecystitis was more common in
female patients. Complications related to cholelithiasis
are the most common cause in the elderly patient
group referring to the emergency services due to acute
abdomen [8]. 
      It has been reported that the risk of morbidity and
mortality is higher in the elderly patients compared to
the young adult patients. The incidence of patients

with complicated cholecystitis accompanied by gan-
grenous cholecystitis, cholangitis or pancreatitis is
higher the in elderly [9-11]. 
      In our study, when evaluated numerically, compli-
cated cholecystitis was frequently encountered in the
elderly patients. It has been observed that this risk may
be higher in older ages. Today, early surgical treatment
is recommended for both young and elderly patients
who are admitted to the hospital due to biliary pancre-
atitis and cholecystitis attacks [1]. It has been shown
that there is an increase in the frequency of re-admis-
sions to the hospital with similar complaints and mor-
bidity in patients who did not undergo surgical
treatment [12, 13]. Laparoscopic cholecystectomy
usually does not cause severe endocrine, metabolic,
and inflammatory responses in patients because it is a
minimally invasive surgery. However, studies have
shown that there is a significant increase in inflamma-
tory markers in the postoperative period in the elderly
patients after cholecystectomy [9]. When the chole-
cystitis patients in our study group are evaluated, it is
seen that the mean CRP and leukocyte values, which
help to show the inflammation in the body, are higher
at the time of admission, more higher in frail
patients. Due to comorbidities and general health
problems in the elderly patients, the patients in this
group become more sensitive to acute stresses and
traumas [14, 15]. It has been reported that the risk of
mortality increases significantly in the perioperative
period in the elderly patients, even in low-risk surgical
procedures, when compared with the younger patient
group. It has been reported that the risk of mortality
increases dramatically in every decade over the age of
50, and can reach values as high as 40-50%, although
it varies according to the diagnosis and surgical pro-
cedure for those over 80 [14]. 
      When the literature data is evaluated, it is seen that
the recommendations specified in the Tokyo guideline
are not followed in the surgical treatment of the elderly
cholecystitis patients even in the developed countries
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[3]. It is thought that cholecystectomy rates are low in
the elderly patients due to difficulties in diagnosis, co-
morbidities, and increased perioperative morbidity and
mortality risks in the elderly patients. In a study con-
ducted even in the developed European countries such
as the United Kingdom, Scotland and Sweden, the
rates of patients who underwent surgical treatment in
the early period ranged from 20% to 62% [3]. 
      In the study of Mclsaac et al. [16], it was reported
that 15% of the 65-69 age group patients who under-
went cholecystectomy in emergency conditions and
up to 40% of the patients over the age of 80 had a de-
crease in their ability to do their daily activities and an
increased risk of being dependent on other people in
the postoperative period. 
      In the study of Lupinacci et al. [13] on 81 chole-
cystitis patients over 80, they compared the surgical
treatment on emergency conditions with semi-elective
conditions. As a result, they reported that need for in-
tensive care, days of hospitalization and complication
rates were higher in the group that underwent emer-
gency surgery. They showed that length of hospital
stay of the patients was prolonged, and the mortality
risk increased up to 32% in the emergency surgery
group. At the end of the study, they recommended that
more studies should be conducted for the decision
making and timing of surgery in patients with acute
cholecystitis [13]. 
      In our study, medical treatment in acute phase and
surgery in elective conditions was the most frequently
preferred treatment method in the elderly patients with
cholecystitis. 
      Trust et al. [3] suggested to apply non-surgical
treatment methods in the acute period for patients who
use anticoagulant or antiaggregants such as aspirin and
clopidogrel, or who have uncontrolled comorbidities
and later on surgical treatment in elective conditions
[3]. Similarly, Elixhauster et al. [17] reported in their
study that profit and loss should be evaluated for pa-
tients who use anticoagulant or antiaggregant agents
and have comorbidities when making a surgical deci-
sion. 
      The high number of patients using anticoagulants
in our study was one of the factors that distracted us
from the decision to apply surgical treatment in the
early period. 
      In the WSES and SICG 2017 guidelines, in which
many studies have been rewieved, it has been reported

that it is more difficult to decide between surgery,
medical treatment or percutaneous cholecystostomy
for the treatment of elderly patients with acute chole-
cystitis compared to younger patients. In elderly pa-
tients with acute cholecystitis, it has been
recommended to use scores that determine surgical
risk and fraility in making the decision for laparo-
scopic cholecystectomy in the early period [1].
      The effect of the ASA score, which determines the
surgical risk of the patient, was evaluated for the sur-
gical treatment method and timing of surgery in eld-
erly cholecystitis patients. Accordingly, it has been
shown that there is an increased risk of complications
and mortality after cholecystectomy in patients with a
high number of additional diseases and a high ASA
score. It was emphasized that the post-operative inten-
sive care unit need of these patients were increased
[18, 19]. 
      It has been reported that percutaneous cholecys-
tostomy is an effective temporary treatment that can
be applied before the final surgical treatment for
cholecystitis patients with ASA 3 and above [20].
However, percutaneous cholecystostomy was not rec-
ommended as the gold standard treatment due to high
mortality rates, prolonged hospitalization, and high
rate of re-admissions to the hospital [21].
      Frailty refers to the clinical sensitivity of the per-
son as a result of the loss of physiological systems
with aging [6]. Geriatric studies have shown that
frailty is superior to chronological age in assessing the
patient. In fact, it has been reported that frailty of the
patient is more effective in predicting perioperative
morbidity and mortality than the assessment made
with the ASA score alone [22]. Some scoring systems
have been developed to objectively define frailty.
However, some of the defined scoring systems are dif-
ficult to use in daily clinical practice. CSHA scoring
system is a widely used method due to its ease of use
and high accuracy in determining mortality risk [6]. 
      Goeteyn et al. [23], reported that mortality risks
of frail patients after emergency surgery were signifi-
cantly increased compared to the non-frail patient
group. For the frail patient group, mortality rates in-
crease up to one third within 1 year after the emer-
gency surgical procedure. The fact that most of the
deaths occur in the early postoperative period draws
attention to the stress factor that surgery creates on the
patient [23]. Similarly, Khan et al. [5], in their study
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on 326 elderly surgical patients, reported that frailty
has an effect on the prognosis of patients and that
frailty should be taken into consideration when mak-
ing an emergency surgical procedure. Studies have
shown that frailty score is an independent marker for
postoperative complications, length of hospital stay,
and mortality risk in the elderly patients after surgical
procedures [24, 25]. 
      In our patient group, it is seen that the ASA score
and CSHA fraility score are effective in planning the
treatment choice of the elderly cholecystitis patients.
In our study, it has been shown that these evaluation
methods are especially effective in making the deci-
sion on performing surgery and percutaneous chole-
cystostomy in the early period. 
      When all patients are evaluated, our mortality rate
is not high. However, the high rate of re-admission of
patients to the hospital within 30 days is high. It can
be attributed to the low rate of patients who underwent
surgery in the early period. 

Limitations
      One of the limiting factors of our study is that, the
time interval of our study coincides with Covid 19
pandemic. The increase in the occupancy rate of in-
tensive care beds due to Covid disease has been one
of the factors that distracted us from the decision on
early surgical treatment of the elderly patients who
may need intensive care after surgery. When the treat-
ment option applied to our patients is evaluated, our
early surgical treatment rate is less than the literature
recommendations. As another limitation of our study,
we can say that the number of our patients is low in
the frail and octogenarian patient groups. Therefore,
we could not show statistically significant difference
when evaluating the distribution of patients with co-
morbid diseases and complicated cholecystitis. We
think that a prospective multicenter study conducted
on more patients under favorable conditions after the
pandemic, will yield clearer results.

CONCLUSION

Today, with the increase in the number of elderly pa-
tients, the number of emergency surgical treatment is
also increasing for elderly patients. In the treatment of
acute cholecystitis, early surgical treatment is much

recommended for elderly patients as young patients.
However, conditions such as additional diseases, use
of anticoagulant agents, poor general condition and the
need for intensive care unit in the elderly patients af-
fect the surgical decision of surgeons. We think that
multidisciplinary geriatric evaluation is necessary
when deciding surgical intervention in the elderly pa-
tients and it is beneficial to include frailty in the eval-
uation.
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ABSTRACT
Objectives: To determine the chronic complications of diabetes mellitus (DM) in patients with prediabetes,
and to compare prediabetics with normoglycemic group participants in terms of the presence of the
complications of DM. 
Methods: An observational study was conducted between December 2018 to April 2019. The patients aged
18-65 years were recruited from an internal medicine outpatient clinic of a tertiary care hospital. A total of 106
prediabetic patients and 54 normoglycemic subjects were included to the study. OGTT-0th, OGTT-2nd and
HbA1c levels, lipid parameters, blood pressure, the homeostasis model assessment of insulin resistan (HOMA-
IR), body mass index (BMI) were estimated. Nephropathy (urine protein/urine creatinine ratio, serum creatinine
[sCre], Chronic Kidney Disease Epidemiology Collaboration [CKD-EPI] equation-- creatinine clearance),
retinopathy by dilated fundus examination and neuropathy (10-g monofilament testing and
electroneuromyography [ENMG]) were assessed. 
Results: Age, gender, BMI, HOMA-IR, smoking status, lipid parameters, systolic blood pressure were similar
in both groups. The values of oral glucose tolerance test (OGTT)-0th, OGTT-2nd and glycated hemoglobin
(HbA1c) were higher in prediabetics. Although not statistically significant, proteinuria was slightly more
occurred in the prediabetics than the controls. sCre was significantly higher, and CKD-EPI equation was
significantly lower in prediabetics than in controls (p = 0.012, p = 0.001, respectively). We did not detected
diabetic retinopathy in any participants. Neuropathy was slightly more occured in prediabetics, but it was not
significantly different (p = 0.309). There were no correlation between sCre, CKD-EPI, proteinuria and age,
BMI, HOMA-IR, OGTT-0th, OGTT-2nd, and HbA1c. 
Conclusions: Managing the prediabetes by early diagnosis is very meaningful in terms of prevention from
DM and its complications. So, prediabetes may be a window of opportunity for diabetes associated morbidity.
Keywords: Complications, nephropathy, neuropathy, prediabetes, retinopathy
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Prediabetes (PD) is explained as an intermediate
condition with plasma glucose levels ranging be-

tween normoglycemia and diabetes mellitus (DM) [1].
PD is classified as isolated impaired fasting glucose
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(IFG) (a fasting plasma glucose value of 100 to 125
mg/dL) or impaired glucose tolerance (IGT) (a 2-hour
plasma glucose value of 140 to 199 mg/dL) in the 75-
gram oral glucose tolerance test (OGTT). Glycated he-
moglobin (HbA1c) level of 5.7% to 6.4% is also
considered to be PD [1, 2]. 
      The complications of PD and DM, which has rap-
idly increasing prevalence in many countries such as
USA [2] and Turkey [3], are a major public health
problem. These complications contain microvasculary
(retinopathy, nephropathy and neuropathy) and
macrovasculary complications (cardiovascular events,
cerebrovascular disease and peripheral artery disease).
As a result of complications of DM; hemodialysis, car-
diac interventions, eye exams, various interventional
procedures and surgical operations are being per-
formed, that leads to an increase in economic costs,
hospitalizations and mortality [4, 5]. In addition, qual-
ity of life and labor conditions are also severely af-
fected [6]. Although these complications are relatively
less in PD than DM, they can be seen even in the pre-
diabetic stage of hyperglycemia [7, 8]. It is shown in
many studies that PD was associated with cardiovas-
cular events and mortality, but there are only a few
studies that determining microvasculary complications
in prediabetic patients compared to the normal popu-
lation [9-11]. 
      In our study, we aimed to determine the chronic
complications of DM in prediabetic patients, and to
compare prediabetics with normoglycemic control
group participants in terms of the presence of the dia-
betic complications.

METHODS

Participants 

A cross-sectional study was conducted between De-
cember 2018 - April 2019. Fasting plasma glucose
(FPG) and HbA1c levels were determined for all par-
ticipants who admitted to recruit voluntary healthy
subjects in the tertiary hospital’s internal medicine out-
patient clinic for routine health control. Glucose values
of OGTT-0th and OGTT-2nd were conducted for all par-
ticipants without diagnosed diabetes. Then, people
whom had blood glucose levels in prediabetic range,
or normal range were included to the study, consecu-
tively. PD was defined as 0-hour plasma glucose value

(OGTT-0th) of 100-125 mg/dL (IFG) and/or 2-hour
plasma glucose value (OGTT-2nd) of 140 mg/dL to 199
mg/dL (IGT) (1). HbA1c value of 5.7% to 6.4% was
also considered to be PD [1]. 
      A total of 160 participants (106 prediabetic and 54
control group participant), 18-65 years old, were en-
rolled to the study. Exclusion criteria were as follows:
renal failure, proteinuria, recent urinary tract infection
(UTI), corticosteroids use, and endocrinological dis-
orders (diabetes mellitus, thyroid function disorders,
cushing disease, acromegaly). Also, the patients did
not have any announcement or educational programs
including diet restriction or regular exercise. 

Health Indicators 

      Height and weight were measured and body mass
index (BMI) calculated as weight in kilograms divided
by height in meters squared. BMI was categorized as
normal (BMI < 30 kg/m2), and obese (BMI: 30 kg/m2

and above) [12]. 

Measurement of Laboratory Parameters 

      A fasting venous blood sample was collected after
an overnight fast of at least 12-h for biochemical in-
vestigations and samples were processed at the hospi-
tal laboratory on the same day. Fasting plasma insulin
(FPI) and glucose, serum blood urea nitrogen (BUN),
serum creatinine (sCre), plasma and urine protein were
estimated using a Roche Cobas 8000 immunoassay
analyzer (Roche Diagnostics, USA). Plasma glucose
values at 0th and 2nd hours were conducted by OGTT,
and HbA1c levels were measured for all participants.
HbA1c were estimated using an Adams A1c HA-
8180V automatic analyzer (Arkray Diagnostics,
USA). All assays were performed with specific kits
and calibrators supplied by the manufacturers. While
evaluating the status of complications, laboratory an-
alyzes of the participants were also made on the same
day. 

Insulin Resistance (IR) 

      Twelve-hour fasting blood samples were obtained
for FPI and FPG determinations in order to calculate
the homeostasis model assessment of insulin resist-
ance (HOMA-IR). It was defined by the formula [13]:
HOMA-IR = FPI (mU/L) × FPG (mmol/L)/22.5. If the
result is ≥ 2.5, it indicates the presence of insulin re-
sistance. The higher the score, the greater the insulin
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resistance is measured. 

Nephropathy Assessment 

      A random spot urine sample was collected as part
of each routine clinical assessment. Proteinuria is
measured by “urine protein/urine creatinine ratio
(PCR)”. Creatinine clearance was evaluated using the
Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equation [14]. 

Ophthalmic Assessment 

      All patients with hyperglycemia received a com-
prehensive ophthalmic assessment consisting of auto-
refractometer measurement, visual acuity assessment
with Snellen, slit-lamp biomicroscopy, stereoscopic
fundus examination measurements. Mydriatic eye
drops to dilate the pupils are administered before reti-
nal examinations. A combination of 0.5% tropicamide
and 2.5% phenylephrine was used to dilate the pupil.
Patients with microaneurysms, retinal hemorrhage,
macular edema, hard exudates, soft exudates, intrareti-
nal microvascular abnormalities, neovascularization,
vitreous hemorrhage who have one or more of find-
ings were classified as diabetic retinopathy after di-
lated fundus examination by an ophthalmologist (ES)
who was blinded to the paticipants’ clinical data. The
screening protocol was performed in accordance with
the guideline recommendation [15]. 

Neuropathy Assessment 

      Symptoms and signs of neuropathy were assessed
in all patients by a neurologist (MFG) who were
blinded to the participants’ clinical data. All patients
were performed 10-g monofilament testing to identify
feet at risk for neuropathy. Assessment for distal sym-
metric polyneuropathy were included a careful history
and assessment of either temperature or pinprick sen-
sation (small-fiber function). The screening protocol
was performed in accordance with the guideline rec-
ommendation [15]. Patients who had suspicion of neu-
ropathy referred to neurology department for
electroneuromyography (ENMG). In all patients, neu-
rophysiological studies were done using standard pro-
cedures by a neurologist (MFG) by using Nihon
Kohden Neuropack MEB-9200 (4-channel amplifier).
Measurements were performed at temperatures of 33-
34 °C. The criteria suggested by the American Acad-
emy of Neurology and the American Academy of

Physical Medicine and Rehabilitation were used in
order to entrapment neuropathy and polyneuropathy
[16]. Participants who had clinically neuropathy, and
verified with electrodianostical test, determinated as
neuropathy. 

Macrovasulary Complications 

      Information about the diseases of the patients was
obtained by anamnesis. Cardiovascular disease (CVD)
was asked to the participants. It was accepted that
there was no cardiovascular disease complication in
patients with normal electrocardiogram and coronary
angiography findings. 

Ethical Issues 

      The patient's written informed constent to publish
the clinical informations and materials was obtained.
Ethical approval for the study is received from Erciyes
University Ethical Committee. This trial was per-
formed in accordance with the Declaration of Helsinki
and Good Clinical Practice. 

Statistical Analysis 

      A power analysis program, G*Power version
3.0.10 software (Heinrich-Heine Universität Düssel-
dorf, Düsseldorf, Germany), The values of CKD-EPI
were taken into consideration for the post-hoc power
analysis. The effect size of CKD-EPI values was
0.492. The study power was calculated as 0.90 for α =
0.05 with a sample size of 54 in the control group and
of 106 in the study group. Statistical analyses were
performed using the SPSS software version 22.0 (IBM
Corp., Armonk, NY, USA). Number of cases and per-
centages were used for categorical variables. Categor-
ical data were analyzed by Chi-square or Fisher’s
exact test, where appropriate. Shapiro-Wilks test and
histograms were used to determine whether continu-
ous variables were normally distributed. Normally dis-
tributed variables were presented as means and
standard deviations (SD), non-normally distributed
variables were presented as medians and interquartile
ranges (IQR). Two independent groups of parametric
variables were compared using Student t test. For non-
parametric variables Mann-Whitney U test was ad-
ministered. Relationship between non-parametric
variables were analyzed by Spearman correlation tests
and relationship between parametric variables were
analyzed by Pearson correlation tests. A p value of <
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0.05 was considered to indicate statistically significant
differences.

RESULTS

A total of 106 prediabetic patients and 54 control
group participants, 18-65 years aged, were recruited

to the study, consecutively. In prediabetic group, 54
(50.9 %) patients had IFG, 15 (14.2%) patients had
IGT, 32 (30.2%) patients had both IFG and IGT and 5
(4.7%) patients had only isolated elevated HbA1c. 
      Age, gender, BMI and the presence of obesity,
HOMA-IR and the presence of insulin resistance, sys-
tolic blood pressure, presence of hypertension and
ACE-i/ARB user, lipid profile were similar in both
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groups. OGTT-0th, OGTT-2nd and HbA1c were signif-
icantly higher in the prediabetics than in the normo-
glycemic participants. 
      Although proteinuria levels were similar (p =
0.298), sCre was significantly higher, and CKD-EPI-
-creatinine clearance was significantly lower in predi-
abetic group than in the control group (respectively; p
= 0.012, p = 0.001). 
      Neuropathy was more occurred in PD group, but
it was not significantly important (p = 0.309). Twenty
(19.4%) prediabetic patients, and 8 (15.7%) control
group participants had neuropathy. All neuropathic
participants had entrapment neuropathy (median
nerve), but in PD group two patients had also polyneu-
ropathy (PNP). One of them had axonal PNP in lower
extremities and the other one had sensory-motor mixt
type PNP. Nobody had retinopathy in both groups. 
      In prediabetic group, three patients had CVD. In
control group, participants had not any macrovascu-
lary complications. The comparison of prediabetic and
control groups’ data were summarized in Table 1. 
      Correlation analyses between sCre, CKD-EPI,
proteinuria and age, BMI, HOMA-IR, OGTT-0th,
OGTT 2nd, HbA1c were performed (Table 2). There
were no significant relationship between parameters
(r or rho < 0.250), except CKD-EPI and age, that was
a negative good correlation (r: -0.511, p < 0.001). 

DISCUSSION

In this study, the frequency of microvasculary and
macrovasculary complications in prediabetic patients
were determined, and when compared to the control
group participants who had the similar age, gender,
BMI and IR, similar frequency of microvasculary
complications were found. 
      Impaired glucose metabolism has a significant
role in atherosclerosis. Previous studies show that in-

creased plasma glucose level is a risk factor for CVD
(cardiovascular death, myocardial infarction, stroke
and peripheral artery disease) regardless of the pres-
ence of diabetes [9, 10, 17]. In our study, we deter-
mined three prediabetic patients with CVD. There was
no CAD in the normoglycemics. Although our data in
terms of macrovascular complications seemed to be
incompatible with the literature [1, 3, 15], all of the
prediabetic patients whom recruited to the study were
newly diagnosed patients because of the study design.
It is a new data for the literature that the lower fre-
quency of macrovasculary complications in newly di-
agnosed prediabetic patients. This outcome also
suggests that the earlier the prediabetes is diagnosed,
the less complication and the economic burden can be
prevented. 
      Diabetic nephropathy is the leading cause of renal
failure and is responsible for morbidity and mortality
in diabetes. Proteinuria is a marker of kidney injury,
serving as a screening test as well as a means of as-
sessing the degree of nephropathy and risk for cardio-
vascular events and death in both the diabetic and the
non-diabetic population [18, 19]. Lots of studies have
shown that the prevalence of microalbuminuria in pa-
tients with prediabetes was higher than normo-
glycemics [20, 21]. It was also reported that
prediabetes is a significant risk factor for proteinuria
compared to people with completely normal glucose
levels in a population-based study conducted with
228778 subjects [22]. Proteinuria is associated with
the presence of hypertension, and it is known that pro-
teinuria can be prevented by using angiotensin-con-
verting enzyme inhibitor (ACEi) or angiotensin
receptor blocker (ARB) [23]. Whereas there were
twenty-two patients (21%) with hypertension in pre-
diabetic subjects, in control group eight participants
(15.1%) had hypertension in our study, and that dif-
ference between groups were not statistically signifi-
cant. While there were eighteen (17.3%) participants
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using ACEi or ARB in prediabetics, there were four
(7.5%) participants using ACEi or ARB in control
group. Again the difference between groups were not
statistically significant. Thus, direct effect of predia-
betes on proteinuria could observed. Although it was
not statistically significant, proteinuria was a little
more occured in the prediabetic patients than in the
control subjects in our study. Insulin resistance has the
main role in the pathophysiology of PD [24]. IR may
also be one of the pathological links between predia-
betes and renal dysfunction, as reflected by proteinuria
[25, 26]. In our study, similar frequency of IR and sim-
ilar values of HOMA-IR may be the reason of similar
proteinuria levels in the prediabetics and control sub-
jects. 
      Although PD was known to be a risk factor for de-
velopment of proteinuria, it was shown to have no ef-
fect on CKD-EPI in a cross-sectional study with
228.778 Japanese whom aged ≥ 20 years [22]. Several
previous population-based studies with 4 to 8 years of
follow-up reported that PD did not decrease or in-
crease CKD-EPI [27-29]. More recently, Kawata et al.
[30] and Melsom et al. [31] were obtained unusual re-
sults in their studies. CKD-EPI values of prediabetic
patients were higher than control group, so they inter-
preted it as a risk for development of glomerular hy-
perfiltration related to PD. But in our study, PD has a
statistically significant worsening effect on the value
of CKD-EPI (p = 0.001). To clarify the impact of PD
on CKD-EPI, further studies with more patients are
needed. In correlation analyses, there were no signif-
icant relationship between sCre, CKD-EPI, proteinuria
and BMI, HOMA-IR, OGTT-0th, OGTT 2nd, HbA1c.
These outcomes may be associated to study protocol.
Because all the patients were newly diagnosed. As ex-
pected, only age and CKD-EPI had a negative good
correlation. 
      Some authors described narrowing of arterioles
lumen, reducing of blood flow in retinal vessels, venu-
lary dilatation and chronic inflammation in PD and
early DM without signs of retinopathy [32, 33]. But
we did not detected diabetic retinopathy findings in
any participants. This result of our study might depend
on our evaluation of retinopathy by screening instead
of advanced technological methods (laser dopler,
adaptive optics, optical coherence tomography, etc.). 
      Though the epidemiological link between neu-
ropathy and PD is controversial, common thought is

that the frequency of neuropathy increases in patients
with PD. One case-control study has been shown that
a neuropathy incidence is 2% in both prediabetics and
normoglycemics, but small fiber neuropathy was not
evaluated in that study [34]. In a study, an age-adjusted
prevalence of neuropathy of 11.2% in patients with PD
and 3.9% in normoglycemic subjects was found [33]. 
The MONICA/KORA study demonstrated that neu-
ropathy was more common in PD compared to nor-
moglycemics [35]. Although not statistically
significant, in our study, neuropathy was slightly more
occured in the prediabetic group than the control one.
Two third of the patients were obese. As the control
group received a similar ratio of obese patients as the
prediabetic group, the median nerve entrapment neu-
ropathy in the control group was higher than the inci-
dence in the normal population [36, 37]. Further
studies evaluating CTS are needed in more prediabetic
patients without obesity. 

Limitations 

      One of the limitations of our study is that we did
not measure the excretion of albumin. Although the
proteinuria evaluation in the spot urine sample is more
accurate than the use of a dipstick test, a timed 24-hour
urine collection or/and albumin:creatinine ratio might
be more precise in measuring proteinuria and diabetic
nephropathy. Although the number of patients in-
cluded in the study is more than the number of studies
in the literature, another limitation is the small number
of patients. Because PD is a common condition in the
community. And, there is a need for longitudinal stud-
ies with a very large population to obtain clear data.
Also, the nature of this study is a cross-sectional ob-
servational study. Prospective studies are needed for
better detection of complications in patients with pre-
diabetes. 

CONCLUSION

Managing the PD by early diagnosis is very meaning-
ful in terms of prevention from DM and its complica-
tions. Prediabetes may be a window of opportunity for
diabetes associated morbidity and mortality. Further
analysis on large cohort of patients would be helpful
to understand the potential of PD. 
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ABSTRACT
Objectives: This study aims to compare tattooed and non-tattooed individuals in terms of their attitude toward
cosmetic surgery in multiple motivational sources. Also, the differences across groups are examined by use of
three different body image coping strategies
Methods: Participants were 108 tattooed and 202 non tattooed individuals. Respondents were 267 females
and 43 males from Turkey in a private university. Their age ranged between 18 to 29, and the mean age is 21. 
Results: The analysis indicated that tattooed individuals had a more positive attitude toward any cosmetic
surgery application. Also, there is a difference in appearance fixation coping strategy between two groups.
Tattooed individuals preferred to use appearance fixation to cope with their body image. However, the effect
size of this difference was negligible to small. 
Conclusions: These results suggest that tattooed and non- tattooed individuals differ remarkably in cosmetic
surgery attitude. Having tattoos has an effect on cosmetic surgery motivational sources. Tattooed individuals
are more motivated and look positive toward cosmetic surgery interventions than non-tattooed individuals.
Also, tattooed individuals use more appearance fixation coping strategy. 
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Body image is a concept that expresses individuals'
perceptions and attitudes towards their own bod-

ies and an important domain of interpersonal function-
ality [1]. Individuals' satisfaction with their body
manifests a sign of positive body image whereas neg-
ative body image relies on dissatisfaction from their
body image [2]. Individuals with a positive body
image value, appreciate and love their body and there-
fore avoid potentially harmful and permanent proce-

dures [3]. Therefore, positive body image is expected
to decrease the interest in aesthetic surgery. 
      Body-oriented interventions and body modifica-
tions are one of the most common ways for individuals
to express themselves, create identity and the self.
Body modifications; tattoos, piercings, stamping the
body, cutting the body, is a term used to cover a wide
variety of practices such as implant placement, and
even actions such as dieting are included in this con-
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cept [4]. Transforming or modifying the body in the
desired way is a common practice in all cultures. One
of the most common interventions to make changes
on the body is to get a tattoo. 
      Tattoos, which are one of the body ornaments and
modifications, differ from temporary body ornaments
[5] with their permanence and become a part of the in-
dividual's personality that needs to be understood. His-
torically, getting a tattoo has been associated with
people experiencing difficulties, traumas, or great vic-
tories, but the way tattoos are perceived has changed
over time [6]. While tattoos were once more common
among outgroups, tattoos are now preferred by all lev-
els of socioeconomic or different cultural groups [5,
7]. Although tattooing has become widespread in a
wide range of groups, academic interest in the psy-
chosocial aspects of tattooing has remained rather lim-
ited [8]. 
      According to Le Breton [9], a tattoo is like a screen
on which an imagined identity is projected. With sym-
bols, shapes, forms, letters embroidered on the body
people's predisposition to a certain type of music, lit-
erature, and life culture is revealed. Atkinson stated
that tattoos are “indicating a contextual and negotiated
identity” [10]. Tattoos are thought to represent both a
powerful form of nonverbal communication [11] and
symbolic communication [12]. Tattoos are also de-
fined as individuals' attempts to establish control over
their own bodies [13]. 
      Although studies on tattoos and their psychologi-
cal effects have increased rapidly in recent years, [14]
discovered the lack of this literature on the relationship
between body image and tattoos. The study found that
both women and men reported significant reductions
in body dissatisfaction and concerns about their ap-
pearance immediately after getting a tattoo [15]. In ad-
dition, participants in this study reported significant
improvements in body appreciation three weeks after
getting a tattoo. These results have been interpreted as
tattoos can create a more positive effect in the short
term to correct the body perception of individuals. The
positive change in body perception can be thought of
as individuals using tattoos as a way of coping with
their body images. Additionally, It is thought that mak-
ing permanent changes to the body may increase their
willingness to accept cosmetic surgery. Based on the
studies supporting that tattooing positively affects
body image, it is thought that getting a tattoo may be

related to a strategy that individuals prefer to use in
coping with body dissatisfaction. In this line, the cur-
rent study compares tattooed and non-tattooed indi-
viduals in terms of their attitude toward cosmetic
surgery in multiple motivational sources and preferred
body image coping strategies. 
      Individuals develop various cognitive and behav-
ioral strategies to adapt to or cope with thoughts, feel-
ings and situations that cause stress in body image
[16]. When individuals are exposed to stressful stimuli
or events related to body image, individuals use three
coping strategies [17]. Firstly, the avoidance coping
strategy is defined as an attempt to avoid threats to
one's body image, thoughts and feelings [18]. For ex-
ample, individuals who use this strategy avoid looking
at themselves in the mirror or confronting themselves.
Secondly, appearance fixing coping strategy can be
seen as an effort to change the person's appearance by
hiding or correcting a perceived physical defect. Peo-
ple who use this strategy can spend a lot of time
changing and correcting something about their appear-
ance. Third, and finally, a positive rational acceptance
strategy involves mental and behavioral activities that
emphasize accepting one's bodily experience. For ex-
ample, someone might change their focus by remind-
ing themselves that they have other important qualities
as well. 
      Cosmetic surgery describes procedures applied to
change the visible shape of the body without any dis-
ease, injury, deformation or hereditary condition that
can be a factor in improving quality of life [19]. Since
the main purpose of aesthetic interventions is to cor-
rect a patient's defects, it is optional and includes in-
terventions that are not medically necessary  [20].
There are a wide variety of applications and tech-
niques for this purpose. One of the most frequently re-
searched and correlated psychological variables in
cosmetic surgery is low body satisfaction [21]. Indi-
viduals who have low levels of body satisfaction, more
likely show interest in cosmetic surgery operations
[19]. Similarly, getting a tattoo is one of the processes
in which individuals make permanent changes in their
bodies without any necessity. Therefore, there could
be e several different motivators behind getting a tat-
too. People getting a tattoo and cosmetic surgery may
have similar tendencies to make lasting changes and
interventions to the body. 
      Body image coping strategies might affect the peo-
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ple's view of aesthetic interventions. The study
showed that fixation appearance coping strategy pos-
itively correlated with surgical aesthetic intervention
[22]. It would be valuable to understand the individu-
als’ motivation and body image coping strategy behind
the decisions before making permanent changes in
their body. In this study, it was aimed to compare atti-
tudes toward cosmetic surgery and body coping strate-
gies between the tattooed and non-tattooed
individuals. 

METHODS

Personal Information Questionnaire

This form includes demographic questions such as
gender, age, education, as well as participants were
asked to indicate whether or not they were tattooed. 

Acceptance of Cosmetic Surgery Scale (ACSS) 

      Henderson-King’s [23] 15 item scale was used to
measure individuals' acceptance of cosmetic surgery
in general, and also underlying motivational reasons
for having it done. It consists of three factors; intrap-
ersonal, social and consider. The personal factor in-
cludes the personal evaluations of individuals about
their appearance; social factor interests the opinions
affirming aesthetic surgery regarding the individuals'
feeling better in their social relationships and social
environments are evaluated. Participants responded to
each item on a scale from 1 (disagree strongly) to 7
(agree strongly). High scores indicate a more positive
attitude towards cosmetic surgery. In the original
study, it was reported that Cronbach Alpha coefficients
ranged between .84 and .92. The Turkish validity and
reliability study of this scale was conducted by Karaca
et al. [24] and the total internal consistency coefficient
was found to be Cronbach's alpha .92. Also, for inter-
personal is  .81 for, for social .86 , and for thoughts
.90  Cronbach's alpha coefficient was reported. The
Cronbach's alpha coefficient for this study is  .93 for
total score, .91 for intrapersonal; .84 for social; .90 for
consider factor. 

Body Image Coping Strategies Inventory (BICSI)

      Body Image Coping Strategies Scale was devel-
oped to measure how individuals manage their body
image threats or difficulties by Cash et al. [18]. It con-

sists of 29 items and three body-image coping factors
as positive rational acceptance, appearance fixing, and
avoidance. Cronbach's alpha coefficient ranged  be-
tween.74 and .91.of the factors. In the Turkish version
validity and reliability study was carried out by Doğan
et al. [25]. The three factor structure confirmed and
reliability of the factors ranged .81 and .84. Cronbach's
alpha coefficient for positive logical acceptance factor
is .86, appearance fixation is .90, and avoidance is .83. 

Participants

      Respondents (n = 310) were 267 females (86.1%)
and 43 males (13.9%) studying in the associate, un-
dergraduate and master programs of the faculty of hu-
manities and social sciences and arts and sciences of
Doğuş University in Istanbul. Their age ranged from
18 to 29, and the mean age in this sample was 21. Par-
ticipants were reached by a convenience sampling
method. The questionnaire form was sent to 500 peo-
ple in total, but 310 of these people participated in the
study. The rate of participation in the research is 62%.
The majority of participants were undergraduate stu-
dents (73%), the rest of associate degree (24%), and
master students (3%). The tattooed and non-tattooed
groups compared in the sample of the study are equiv-
alent in demographic terms such as age and educa-
tional status. Inclusion criteria for the study was being
willing and motivated to participate in the study, being
between 18-25 ages, continuing education in the edu-
cational institutions where the study was conducted.
Exclusion criteria were determined for this study as
having a p congenital physical anomaly, having un-
dergone plastic surgery due to trauma or illness, hav-
ing undergone or are considering cosmetic surgery
simultaneously for functional and health purposes,
having severe medical illness (e.g., cerebral palsy),
persons with psychiatric disorders that may affect their
ability to make decisions (e.g., psychotic disorders,
bipolar disorder, body dysmorphic disorder, eating dis-
orders). Exclusion criteria were chosen among com-
mon causes and related factors known to increase the
tendency to cosmetic surgery. Demographic charac-
teristics of the participants were presented in Table 1. 

Procedure 

      Participants were informed of the purpose of the
research and voluntary nature of their participation via
online form. The study was complied with the decla-
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ration of Helsinki. Answering all the questions in the
study on average 20 minutes lasted. Ethical permission
to conduct the study was granted by the Doğuş Uni-
versity Ethics Committee (Decision No: E-42435178-
050.06.04 ). Data collection process lasted two
months,  from March to April 2021.

Statistical Analysis 

      Data were analyzed by using SPSS 22.0 statistics
programme, an independent t-test and multivariate
analysis of variance analyses was conducted to test hy-
potheses. 

RESULTS

Tattoo status 
Overall, 108 (34.8 %) respondents reported having tat-
toos and 202 (65.3 %) people reported that they had
no tattoos in the total sample of 310. 

Preliminary between-group comparisons 

      We first examined differences in key demograph-
ics between tattooed and non-tattooed individuals. An
independent t-test showed that there is no significant
differences in age  t (308) = 1.62, p = .107, sex  t (308)
= -.68, p = 0.50, between tattooed and non-tattooed in-
dividuals.

Between-group comparison
      Multivariate analysis of variance (MANOVA) test
was conducted to compare body image coping strate-
gies and attitudes toward cosmetic surgery in tattooed
and non-tattooed individuals. The three subdimensions
of body image coping strategy and three motivational
factors of cosmetic surgery acceptance of were entered
as dependent variables, being tattooed versus non-tat-
tooed was entered as the independent variable. First
of all, the assumptions of MANOVA analysis, normal
distribution, collinearity and homogeneity of variances
were examined [26]. The normality analysis showed
that skewness and kurtosis values ranged between -2
+2 values, so data were distributed normally [27]. The
result of Levene’s test revealed that dependent vari-
ables are equal between tattoo and non-tattoo groups,
p-values greater than 0.05. Also, results of Box’s M
test showed covariance matrices are equal, p > 0.05.
Thus, data has met all of the assumptions. 
      The results of analysis showed that the omnibus
MANOVA effect was significant, F(7,302) = 4.02, p
< 0.0001; Wilk's λ = 0.96, , ηp 2 = 0.09. Descriptive
statistics, along with the results of the univariate
ANOVA are reported in Table 2.
      As seen, results of the analysis indicated that tat-
tooed individuals (mean: 35.25 ± 7.53) compared to
non-tattooed individuals (mean: 33.36 ± 7.91), t (308)
= 2.03, p = 0.04) showed high scores on appearance
fixing body coping strategy. Although the difference
between the group means was relatively small, these
results suggest that having tattoos increases usage of
appearance fixing body coping strategy. As predicted,
the result of the analysis showed that there are no sig-
nificant differences in positive rational acceptance,  t
(308)= -.03, p = 0.97. and avoid strategies, t (308) =
1.79, p = 0.09 between tattooed and non-tattooed in-
dividuals. 
Cosmetic surgery acceptance scores showed a signif-
icant difference between two groups. Specifically, tat-
tooed individuals (mean: 28.64 ± 9.69) have
significantly higher scores in intrapersonal sub-dimen-

127 The European Research Journal   Volume 9   Issue 1   January 2023

!"#$%&'(&)%*+,-"./01&1/"-"12%-032013!

! "#$%&$'(

)!!

*!

+$',$#!! ! !

"#$%!! &'! (&!

)%*#$%!! +,-! .,!

-.#/0.1!20.0&2! ! !

/012$%!! '3,! 4.5-!

"#660%7!! &! (5'!

3,&(.0/4'!1$5$1!! ! !

899:;0#<%!7%26%%! 4! +'54!!

=17%626#7>#<%! -&! -'5+!

"#9<%6!! ++-! +54!

6$7.#08$'0! ! !

?9@;A:$:2@!! (&&! &,5B!

CA0$7!7%D%$:E*%1<! ,+! +3!

F1<%60:6!#6;A0<%;<>6%! B+! (,G-!

H1201%%6012! +3! ,GB!

I#1J012!#17!K01#1;%! (B! &G.!

?A@90:<A%6#E@! (3! 'G+!

L><60<0:1!#17!70%<%<0;9! -! +G'!

!



Eur Res J 2023;9(1):124-130 Kuş and Tan

sion than non tattooed individuals (mean: 24.14 ±
9.59), t (308) = 3.92, p < 0.01. Similarly, for consider
sub-dimension of cosmetic surgery acceptance
showed significantly higher scores tattooed individu-
als (mean: 22.53 ± 8.39) than on non-tattooed individ-
uals (mean: 17.73 ± 9.20), t (308) = 4.51, p < 0.01.
Tattooed individuals (mean: 12.44  ± 6.49) have sig-
nificantly higher scores on social sub-dimension than
non-tattooed individuals  (mean: 10.78 ± 7,05), t (308)
= 2.03, p = 0.04. These findings revealed that having
tattoos has an effect on cosmetic surgery motivational
sources. Tattooed individuals are more motivated and
look positive toward cosmetic surgery interventions
than non-tattooed individuals. 

DISCUSSION

The purpose of the study was to compare tattooed and
non-tattooed individuals in terms of their attitude to-
ward cosmetic surgery in multiple motivational
sources. Also, the differences across groups are exam-
ined by use of three different body image coping
strategies which are appearance fixing, positive ra-
tional acceptance, and avoidance. The results showed
that tattooed individuals use significantly higher ap-
pearance fixing body coping strategy than with non-
tattooed. Appearance fixing body coping style reduces

intrusive or unwanted ideas toward the body through
aesthetic surgery [28]. Tattooing is classified as a type
of appearance-related risky behaviors that contain po-
tential health risks that people do to improve their ap-
pearance [29]. Earlier findings were consistent with
these results, in a study of conducted by Italian ado-
lescent girls showed that interest in tattoos and pierc-
ings are associated with greater interest in cosmetic
surgery [30]. These findings may indicate that tattooed
individuals are more prone to body-oriented changes
to create desired self with permanent body changes
like tattoos. Similarly, Armstrong et al. [28] found that
getting tattoos is a way to make an impression on oth-
ers and draw attention to specific areas of their body.
The positive rational acceptance strategy was found to
be associated with a more positive body image, a
higher quality of life and self-esteem, and it was found
that individuals using these strategies were less likely
to define themselves according to their physical ap-
pearance [31]. Also, Pajor et al. [32] found no differ-
ences in self-esteem and life satisfaction between
people with body modifications and those without
such modifications. In line with all, these current find-
ings support nonsignificant relationships between two
groups in terms of positive rational acceptance strat-
egy. On the contrary, earlier studies revealed the pos-
itive correlation between the number of body
modifications and negative attitudes towards one's
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own body [33], in this study two groups were not dif-
ferentiated. Discrepancy in previous findings can be
explained by methodological differences. As a last, the
difference between two groups based on avoidance
strategy is not significant. It can be thought that people
with tattoos do not experience stress to cause avoid-
ance in the current situation. Furthermore,  another
study showed that tattooed individuals have a positive
effect on their body perceptions in the medium and
long term [15], it supports our findings. The motiva-
tional sources to cosmetic surgery differs across two
groups. People with tattoos are affected more by in-
trapersonal and consider reasons to accept permanent
changes in their body. These motivators can be directly
related to self-oriented benefits and improve self re-
gard, general well being by making those lasting
changes. Current analysis revealed that social factor
which measures whether an individual would prefer
cosmetic surgery for social reasons is relatively small
effect size. This result may be interpreted as self-ori-
ented evaluation is more important for tattooed indi-
viduals rather than others’ evaluations and thoughts.
The sample of this study consists of young adults. It
is defined as a period in which individuals in this age
period focus on themselves and self-oriented beliefs
[34]. These findings can be explained by the charac-
teristics of young adulthood. 

Limitations 

      The fact that the sample of the study consisted of
university students and a female-dominated sample
limits the generalizability of the results. It may be rec-
ommended for future studies to test the same study in
different age groups and in samples with equal gender
distribution. Also, the effect sizes of between-group
differences were small in some cases. Although these
results are consistent with previous studies, it may also
stem from inequality of numbers of people with tattoos
and non-tattos. For future studies, examination of both
quantity and quality of tattoos are also suggested. An-
other limitation of the study is that the participants
were evaluated with self-report scales whether they
had any psychiatric diagnosis or not. The fact that the
psychometric characteristics of the participants before
or after tattooing were not measured is also one of the
limitations of the study due to the nature of this study.
Despite the stated limitations, the current study pro-
vides a significant contribution to our understanding

of the psychological dimensions that explain the mo-
tivation to get tattoos, and its relation to body image
coping strategies, and preference for aesthetic inter-
ventions. 

CONCLUSION

The findings of the study showed that tattooed indi-
viduals use more appearance fixing style to cope with
their body image than non tattooed individuals. Also,
tattooed and non- tattooed individuals differ signifi-
cantly in attitudes toward cosmetic surgery. Tattooed
individuals are more accepting of cosmetic surgery
and look more positively to making permanent
changes in their body than non-tattooed individuals. 

Authors’ Contribution 
Study Conception: YK, ET; Study Design: ET, YK;
Supervision: YK, ET; Funding: ET, YK; Materials:
YK, ET; Data Collection and/or Processing: ET; Sta-
tistical Analysis and/or Data Interpretation: YK, Lit-
erature Review: ET, YK; Manuscript Preparation: ET,
YK and Critical Review: ET, YK. 

Informed consent 
      Informed consent was presented to each individual
before participating in the study. All of them declared
voluntary participation.

Conflict of interest 
      The authors disclosed no conflict of interest during
the preparation or publication of this manuscript. 

Financing 
      The authors disclosed that they did not receive any
grant during conduction or writing of this study.

REFERENCES

1. Sarwer DB, LaRossa D, Bartlett SP, Low, DW, Bucky LP,
Whitaker LA. Body image concerns of breast augmentation pa-
tients. Plast Reconstr Surg 2003;112:83-90.
2. Webb JB, Wood-Barcalow NL, Tylka TL. Assessing positive
body image: contemporary approaches and future directions.
Body Image 2015;14:130-45.
3. Gillen MM, Markey CH. Body image, weight management be-
havior, and women’s interest in cosmetic surgery. Psychol Health
Med 2021;26:621-30.

129 The European Research Journal   Volume 9   Issue 1   January 2023



Eur Res J 2023;9(1):124-130 Kuş and Tan

4. Featherstone M. Body modification: an introduction. Body Soc
1999;5:1-13.
5. DeMello M. Bodies of Inscription: A Cultural History of the
Modern Tattoo Community. Duke University Press 2000.
6. Tokdemir Özüdoğru I, Varol TE. [Aesthetic Perception of
today and returning to Excuded: tattoo art example]. İDİL
2020;75:1761-8. [Article in Turkish]
7. Forbes GB. College students with tattoos and piercings: mo-
tives, family experiences, personality factors, and perception by
others. Psychol Rep 2001;89:774-96.
8. Swami V. Marked for life? A prospective study of tattoos on
appearance anxiety and dissatisfaction, perceptions of unique-
ness, and self-esteem. Body Image 2011;8:237-44.
9. Le Breton D. Signes d’identité. Tatouages, piercings et autres
marquescorporelles. Paris: Métailié 2000.
10. Atkinson M. Tattooing and civilizing processes: body modi-
fication as self-control. Can Rev Soc 2004;41:125-46.
11. Kosut M. Tattoo narratives: the intersection of the body, self-
identity, and society. Visual Soc 2000;15:79-100.
12. Wymann C. Tattoo: a multifaceted medium of communica-
tion. MedieKultur 2010;49:41-54.
13. Fisher JA. Tattooing the body, marking culture. Body Soc
2002;8:91-107.
14.  Swami V. Body art: tattooing and piercing. in: Cash, T.F.
(ed.) Encyclopedia of body image and human appearance. Oxford
Elsevier. 2012: pp. 58-65.
15. Swami V. Marked for life? A prospective study of tattoos on
appearance anxiety and dissatisfaction, perceptions of unique-
ness, and self-esteem. Body Image 2001;8:237-44.
16. Cash TF, Pruzinsky T. Body image: a handbook of theory, re-
search, and clinical practice. New York Guilford; 2002.
17. Cash TF, Theriault J, Annis NM. Body image in an interper-
sonal context: adult attachment, fear of intimacy and social anx-
iety. J Soc Clin Psychol 2004;23:89-103.
18. Cash TF, Santos, MT, ve Fleming Williams E. Coping with
body-image threats and challenges: validation of the Body Image
Coping Strategies Inventory. J Psychosom Res 2005;58:191-9.
19. Farshidfar Z, Dastjerdi R, Shahabizadeh F. Acceptance of cos-
metic surgery: body image, self esteem and conformity. Procedia
Soc Behav Sci 2013;84:238-42.
20. Barone M, Cogliandro A, Di Stefano N, Tambone V, Per-
sichetti, P. A systematic review of patient-reported outcome
measures after rhinoplasty. Eur Arch Otorhinolaryngol
2016;274:1807-11.

21. Swami V. Body appreciation, media influence, and weight
status predict consideration of cosmetic surgery among female
undergraduates. Body Image 2009;6:315-7.
22. Callaghan GM, Lopez A, Wong L, Northcross J,  Anderson,
K R. Predicting consideration of cosmetic surgery in a college
population: a continuum of body image disturbance and the im-
portance of coping strategies. Body Image 2011;8:267-74.
23. Henderson-King D, Henderson-King, E. Acceptance of cos-
metic surgery: scale development and validation. Body Image
2005;2:137-49.
24. Karaca S, Karakoç A, Onan N,  Kadıoğlu H. [Validity and re-
liability of the Turkish version of the acceptance of cosmetic sur-
gery scale (ACSS)]. J Psy Nurs 2017;8:17-22. [Article in
Turkish] 
25. Doğan T, Sapmaz F, Totan T. [Adaptation of the body image
coping strategies inventory to Turkish: a validity and reliability
study]. Anadolu Psikiyatri Derg 2011;12:121-9. [Article in Turk-
ish] 
26. Pallant J. SPSS survival manual: A step by step guide to data
analysis using IBM SPSS. (7th edition). London: Routledge
2020.
27. George D, Mallery P. SPSS for Windows step by step: A sim-
ple guide and reference. 11.0 update (4. baskı.). Boston: Allyn &
Bacon 2003.
28. Armstrong ML, Roberts AE, Owen DC, Koch JR. Toward
building acomposite of college student influences with body art.
Issues Compr Pediatr Nurs 2004;27:277-95.
29. Gillen MM, Markey CN. Beauty and the burn: tanning and
other appearance altering attitudes and behaviors. Psychol Health
Med 2017;22:1271-7.
30. Biolcati R, Ghigi R, Mameli C, Passini S. What can I do with
my body? Boys and girls facing body dissatisfaction. Int J Ado-
lesc Youth 2017;22:283-95.
31. Smith-Jackson T, Reel JJ, Thackeray R. Coping with “bad
body image days”: strategies from first-year young adult college
women. Body Image 2011;8:335-42.
32. Pajor AJ, Broniarczyk-Dyła, G, Świtalska J. Satisfaction with
life, self-esteem and evaluation of mental health in people with
tattoos or piercings. Psychiatri Pol 2015;49:559-73.
33. Carroll L, Anderson R. Body piercing, tattooing, self-esteem,
and body investment in adolescent girls. Adolescence
2002;37:627-37.
34. Arnett JJ. Emerging adulthood: a theory of development from
the late teens through the twenties. Am Psychol 2000;55:469-80.

This is an open access article distributed under the terms of Creative Common
Attribution-NonCommercial-NoDerivatives 4.0 International License.

The European Research Journal   Volume 9   Issue 1   January 2023 130

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/


The effects of gold nanoparticles with different surface

coatings and sizes on biochemical parameters in mice

İlyas Özçiçek1, 2 , Çağrı Çakıcı3 , Neşe Ayşit1, 2 , Ümit Can Erim4

1Department of Medical Biology, Istanbul Medipol University School of Medicine, Istanbul, Turkey; 2Health Science and Technologies
Research Institute (SABITA), Istanbul Medipol University, Istanbul, Turkey; 3Department of Medical Biochemistry, Istanbul Medipol
University School of Medicine, Istanbul, Turkey; 4Department of Analytical Chemistry, Istanbul Medipol University School of Pharmacy,
Istanbul, Turkey

ABSTRACT
Objectives: Gold nanoparticles are very popular metallic nanomaterials and they have a wide spectrum of
biomedical applications. This study was aimed to the production of stable and monodisperse polyethyleneimine
(PEI) and polyethylene glycol (PEG) coated gold nanoparticles (AuNP20 and AuNP50), investigation of their
in vivo biochemical effects in the BALB/c mice.
Methods: Gold nanoparticles were synthesized and their surfaces were modified by PEI and PEG. All the
necessary physicochemical characterizations were performed. After the single high dose i.v. injection (5 mg
Au/kg animal weight) of the AuNP groups, their in vivo biochemical effects were evaluated multiparametrically
in the mice on day 14.
Results: Highly monodisperse and stable AuNPs were synthesized successfully. Significant changes in the
biochemical hemogram parameters were observed depending on the surface coatings of the AuNPs. PEI and
PEG surface coatings increased biocompatibility. No excessive oxidative stress response was observed in all
the gold nanoparticle groups.
Conclusions: It has been concluded that the surface chemistry of the particles is a more decisive parameter
than the size in terms of in vivo biochemical toxicity. The surface functionalization, stability and
biocompatibility of the AuNPs are important parameters for the potential biomedical applications of gold
nanoparticles in future studies.
Keywords: Gold nanoparticle, hemogram, nanotoxicity, oxidative stress, PEI/PEG surface coatings
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Due to their unique chemical and physical proper-
ties, gold nanoparticles (AuNPs) have a wide

range of applications in the biomedical field [1]. With
the development of more innovative and effective
nanomaterial designs, AuNPs have been widely pre-
ferred in biomedical research recently, with applica-
tions that include antibacterial studies [2], biosensors
[3], detection systems [4], imaging [5], DNA/RNA de-
livery [6, 7], drug delivery [8], photothermal therapy

[9] and targeted therapy [10]. The synthesis method,
surface coating, size of the nanomaterials, duration
and concentration of the exposure play a decisive role
on the toxicity of the nanoparticles [11]. 
      In some in vitro studies in the literature, it has been
shown that gold nanoparticles without surface func-
tionalization were clustered in larger endosomes in the
cells by forming aggregates. It has also been reported
that generally smaller particles cause more cellular
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toxic effects. It has been reported that PEG-coated
gold nanoparticles including small ones, do not cause
cellular toxic effects. In addition, it has been shown
that particles are localized to smaller endosomes, re-
duced aggregation and increased cellular particle up-
take, thanks to the PEG coating. In the literature, it has
been evaluated that PEI surface coating improves cel-
lular nanoparticle uptake, stability and biocompatibil-
ity. Under controlled synthesis conditions, a thin layer
of low molecular weight PEI surface coating increases
the stability of the particles and provides a positive
charge [12-19]. 
      Previous in vivo studies have been conducted to
evaluate the toxicity and biochemical effects of differ-
ent gold nanoparticles. It has been demonstrated that
the PEG coated various gold nanoparticles increase
the stabilization and circulation time in the blood and
reduce toxicity [20]. Researchers have shown that
smaller nanoparticles lead to more toxic effects and
excessive oxidative stress production [21]. Further in
vivo studies are needed to determine the biochemical
effects of the various gold nanoparticles and their role
in nanotoxicity. 
      This study was aimed to the production of stable
and monodisperse polyethyleneimine (PEI, positively
charged) and polyethylene glycol (PEG, slightly neg-
atively charged) coated gold nanoparticles (AuNP20
and AuNP50), investigation of their in vivo biochem-
ical effects in the BALB/c mice. Thus, in addition to
conventionally synthesized citrate stabilized gold
nanoparticles, AuNP variations with different surface
chemistries and charges were obtained. In addition,
considering the two different AuNP sizes, biochemical
effects of various physicochemical parameters of the
particles were evaluated apart from the literature.

METHODS

Gold Nanoparticles Synthesis, Surface Functional-
ization and Characterization 
      As a first stage, gold seed nanoparticles (AuNP20)
were synthesized and used in the synthesis of gold
nanoparticles with average size (AuNP50) in the fol-
lowing stages. Seed AuNPs were produced by modi-
fying the Turkevich synthesis method [22]. Briefly,
after 100 ml, 0.25 mM chloroauric acid (H[AuCl4])
solution (Sigma-Aldrich) was prepared, the trisodium

citrate dihydrate (reducing agent, Sigma-Aldrich) so-
lution was added at a concentration of 0.033% by in-
creasing the rotational speed of the boiling solution.
After the prepared seed AuNP solution was cooled, it
was centrifuged (Thermo-Scientific, MicroCL 21R) at
7,000 g for 30 min. Then, it was dispersed in deionized
water. AuNPs of 50 nm size were synthesized by the
seeding-growth method [23]. 100 ml of 0.25 mM
chloroauric acid solution was prepared again, then 2.4
ml of seed AuNPs were added to the solution and
mixed at medium rotational speed. Trisodium citrate
was added at a concentration of 0.15 mM, and 1 ml of
25 mM hydroquinone (Sigma-Aldrich) solution was
added and mixed for 10 min. In the next step, the syn-
thesized AuNPs of 50 nm size were centrifuged at
7000 g for 30 min and then dispersed in deionized
water. 
      For the purpose of PEI coating of all the AuNPs,
2% PEI (Mw: 10000-25000, Sigma-Aldrich) stock so-
lution was prepared and it was added to the AuNPs so-
lution at 0.005% final concentration and mixed for 1
h [17]. After the PEI coating, all the AuNPs solutions
were centrifuged at 7000 g for 30 min and then dis-
persed in deionized water. For the purpose of PEG
coating of all the AuNPs, 0.15 mM PEG-SH (Mw:
5000, Nanocs) solution was prepared and 100 μl of the
solution was added to each ml of the synthesized
AuNPs solution and mixed for 1 h. After the PEG
coating, all the AuNPs solutions were centrifuged at
7000 g for 30 min and then dispersed in deionized
water [18]. 
      Inductively coupled plasma mass spectrometry
(ICP-MS) measurements were applied (Perkin Elmer
ICP-MS, Nexion 300X) to precisely quantify the
amount of the gold (Au) in all the synthesized AuNPs
solutions. For subsequent in vivo studies, all the
AuNPs solutions were standardized to contain gold
(Au) at 500 μg ml-1 concentrations. All the synthesized
AuNPs were characterized regarding size and zeta po-
tential using a zeta-sizer (Zetasizer Ultra-Malvern).
Scanning electron microscope (SEM) images were
taken (SEM-Zeiss Geminisem 500). The shifts in sur-
face plasmon resonance (SPR) spectrum was deter-
mined by UV-visible spectrophotometer (Shimadzu
UV-1800). 
      Fourier Transform Infrared Spectra analysis were
carried out with Pelkin Elmer Spectrum Two equipped
with ATR apparatus within the spectral region of
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4000-400 cm-1 wave number at room temperature.
Samples were scanned 4 times at a resolution of 2 cm-

1 to get average spectra. To obtain FTIR spectra of
samples, two drops of solution located on the crystal
and the solvent were evaporated to eliminate solvent
peaks from the spectra of the samples. FTIR spectra
of AuNP20, AuNP23-PEI, AuNP24-PEG, AuNP50,
AuNP56-PEI and AuNP57-PEG were obtained and an-
alyzed. 

Animals 
      A total of 21 male adult BALB/c mice were used
for all the in vivo biochemical analysis. All the animal
procedures were performed by virtue of Istanbul
Medipol University Institutional Animal Care and Use
Committee (IMU-HADYEK, Approval date/number:
May 18, 2017 / 21). For the biochemical analysis, all
the AuNP groups were dissolved in sterile PBS (250
μl) and injected as a single high dose (5 mg Au/kg an-
imal weight) from the tail vein of the mice. All the
mice were allowed free access to drinking water and
diet. The cages were located in temperature-controlled
normal room conditions and a light:dark period of 12
h. 

Biochemical Analysis 
      The effects of various AuNPs groups on the
changes in selected biochemical parameters (includ-
ing; hemogram values, creatinine, alanine aminotrans-
ferase-ALT, aspartate aminotransferase-AST, total
antioxidant capacity-TAC, total oxidant status-TOS)
in mice were investigated. For this purpose, blood
samples were collected via cardiac puncture which is
considered a euthanasia procedure and should be per-
formed only after ensuring that the animal was under
deep anesthesia, from the mice 14 days post injection.
Serum and plasma samples were obtained quickly by
centrifugation at 3000 rpm for 10 min. Creatinin levels
were measured with Jaffe method, and also ALT/AST
parametres were measured with colorimetric method
by the fully automatic analyzer (ROCHE module
Cobas 6000), and the kits were procured by ROCHE.
Hemogram values were analyzed with flow cytometry
method by using hematology analyzer system (SYS-
MEX XN 1000). 
      The TAC and TOS values were measured colori-
metrically in the mice serums using the methods de-
veloped by Erel [24, 25]. The principle of TAC

measurement is briefly as follows: ABTS [2,2′-azino-
bis (3-ethylbenzothiazoline-6-sulfonic acid)] (Sigma-
Aldrich) reagent is made radical with hydrogen
peroxide by keeping the pH of the environment con-
stant in the presence of acetate buffer (Sigma-Aldrich)
solution. Following the addition of serum, antioxidants
in the serum neutralize the existing ABTS radicals. As
a result, the solution’s color becomes lighter and the
absorbance is measured at 658 nm. The principle of
TOS measurement is briefly as follows: Fe2SO4

(Sigma-Aldrich) dissolves in water and releases Fe2+

ions. The oxidants in the serum enable Fe2+ to be oxi-
dized to Fe3+. The X-orange reagent (Sigma-Aldrich)
used gives a colored complex with Fe3+. The ab-
sorbance is measured at 658 nm. After TAC and TOS
values are obtained, oxidative stress index (OSI) is cal-
culated using the formula (TOS) / (TAC × 10). 

Statistical Analysis 
      All the measurement and analysis results were
given in tables. The numerical results represented the
average values of three replicate measurements. Only
the measurement results in the confidence interval of
the device were used. No additional statistical ap-
proaches were used for differences between groups.
Due to the large number of measured parameters, dif-
ferences between the groups were discussed in the
text.

RESULTS

Characterization of the AuNPs 
      The main characteristic properties of the synthe-
sized gold nanoparticle groups are shown in Table 1.
Seed gold nanoparticles (AuNP20) were synthesized
by the modified Turkevich method and were used in
the synthesis of nanoparticles with the medium size
(AuNP50). 
      The gold nanoparticle size increased depending on
the PEI and PEG surface functionalizations. Addition-
ally, the polydispersity index (PDI) values remained
below 0.2, showing highly monodisperse level. The
changes in UV-visible peaks for seed and medium
sized AuNRs occurred depending on the surface coat-
ings. After the PEI coating, there was a significant pos-
itive increase in the zeta potentials. On the other hand,
after the PEG coating, the zeta potential values re-
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Fig. 1. SEM images of synthesized gold nanoparticles. (A) AuNP20. (B) AuNP23-PEI. (C) AuNP24-PEG. (D) AuNP50. (E)
AuNP56-PEI. and (F) AuNP57-PEG. AuNP = gold nanoparticles, PEI = polyethyleneimine, PEG = polyethylene glycol.
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mained as negative (Table 1). According to the SEM
images shown in Fig. 1, it is seen that highly monodis-
perse and stable gold nanoparticles have been synthe-
sized. Again, the size measurements were also verified
based on the SEM images. The PEI and PEG surface
coatings are clearly visible, especially for the medium
sized AuNPs (Figs. 1E and 1F). As shown in Figs. 1B
and 1E, when AuNP was covered with PEI molecules,
FTIR spectra of AuNP23-PEI and AuNP56-PEI yielded
similar bands as PEI. The C-H stretching bands and
N-H bending bands were observed at 1116 cm-1 and at
1574 cm-1 respectively which are similar to the posi-
tions observed with PEI. The peak at 3276 cm-1 and
the shoulder at 3344 cm-1 are N-H stretching bands.
The characteristic C-H stretching band is located at
2813 cm-1 [26]. The similar bands as PEG were
shown in Figs. 1C and 1F. PEG, AuNP24-PEG and
AuNP57-PEG spectrum peaks observed at 2883 cm-1

and 2971 cm-1 represent -CH2 and -CH3 asymmetrical
vibrations respectively, whereas the peaks at 1115 cm-
1 show -OH asymmetrical vibrations (Fig. 2) [27]. 

The Effects of the AuNPs on the Various Biochemical
Parameters
      The effects of different AuNP groups on the
changes in the selected biochemical parameters in the
mice were investigated on day 14 after a single i.v. in-
jection (5 mg Au/kg animal weight) of the gold
nanoparticle groups (Table 2). All the biochemical in-
vestigations were carried out using AuNP groups at a
considerably higher dose than the literature. Signifi-

cant changes in the biochemical parameters were ob-
served depending on the surface coatings of the gold
nanoparticles. Up to two-fold increases in the leuko-
cyte percentages were observed compared to the con-
trol group with no AuNPs exposure. Additionally, PEI
and PEG surface coatings slightly reduced this exces-
sive increase. When the hemogram data were evalu-
ated in terms of other standart parameters, generally
the values were observed closer to the control group
in the AuNP-PEI and AuNP-PEG groups. 
      According to the results of creatinine analysis ap-
plied to investigate kidney function, it was observed
that the values increased up to two times compared to
the control group. Nevertheless, it was evaluated that
the values especially in PEI coated AuNP groups were
closer to the control group. The liver, which is the
organ where nanomaterial accumulates the most, is
also very important in terms of nanotoxicity evalua-
tions. The measured ALT and AST values were similar
to the results of the cretain analysis. Additional surface
coatings of the AuNPs (especially in the PEI groups)
significantly reduced the excessive rise of these val-
ues. The ALT and AST levels excessively increased in
direct relation to liver dysfunctions in the AuNP20 and
AuNP50 groups. The TAC, TOS and OSI values meas-
ured as a result of these two values were generally
considered to be close to each other. No excessive ox-
idative stress response was observed in all the gold
nanoparticle groups. Again, TAC and TOS values in
the surface functionalized AuNP groups were closer
to the control group. Generally, in terms of all the bio-
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chemical data, the PEI coating was evaluated to be
more advantageous than the PEG coating. 

DISCUSSION

Two different sizes of gold nanoparticles (AuNP20 and
AuNP50) were successfully synthesized by the modi-
fied Turkevich method and seeding-growth method.
Highly stable and monodisperse AuNPs were ob-
tained. PEI and PEG surface coatings of the AuNPs
made the nanostructures more stable, additionally pre-
vented the aggregation of the particles. The particle
sizes increased depending on the PEI and PEG surface
modifications. Especially, after the PEI coating, there
was a significant positive increase in the zeta poten-
tials. Gold nanoparticles have a strong binding affinity
to chemical groups such as; amine, thiol and disulfide.
In this approach, nanoparticles can be easily physi-
cally modified with various polymers or biomolecules
without the need for covalent bonds [28, 29]. In the

protocol we followed, the PEI coating was carried out
as a thin layer after synthesis under highly controlled
conditions. In the PEG coating, polymer containing
thiol group was used and an increased chemical sta-
bility was successfully achieved again. Positively
charged nanoparticles could easily interact electrosta-
tically with negatively charged molecules such as
DNA and RNA directly. As this situation may facilitate
DNA or RNA transfer, this is a great advantage for po-
tential nanotherapeutic areas such as gene delivery,
gene silencing and other molecular therapies [30-33]. 
      Foreign molecules in the bloodstream are recog-
nized by reticuloendothelial system (RES) elements
through the opsonization process. The foreign sub-
stances are then transported to the liver and spleen by
coating with antibodies for inactivation process [34].
After the intestinal nanomaterial absorption, signifi-
cant accumulation occurs in the liver and spleen, fol-
lowed by the kidneys and circulatory system [35]. As
a result of i.v. injection of the AuNPs to mice with a
single high dose (5 mg Au/kg animal weight) through
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the tail vein, the various biochemical effects of particle
groups were investigated on day 14. When the bio-
chemical blood analysis data were evaluated, signifi-
cant changes were observed depending on the surface
coatings of the gold nanoparticles. Generally, in the
AuNP-PEI and AuNP-PEG groups, the biochemical
values were observed closer to the control group. PEI
and PEG surface coatings increased biocompatibility.
No excessive oxidative stress response was observed
in all the AuNP groups. It has been evaluated that the
surface chemistry of the particles is a more decisive
parameter than the size over the biochemical toxicity
in our study. Unlike our results, Lopez-Chaves et al.
demonstrated that smaller particles lead to more toxic
effects after the I.P. injection of the AuNPs of different
diameters (10, 30 and 60 nm in sizes) to Wistar rats
[36]. 
      In terms of all the biochemical data in our study,
the PEI functionalization was considered to be more
advantageous than the PEG coating. In a study using
glutathione coated AuNPs of 1.2 nm in diameter as an
alternative to PEG coating, the researchers have
demonstrated a low toxicity and immune response
over the 4-weeks after the subcutaneous administra-
tion to the BALBc/cAnNHsd mice [37]. 
      In the literature, it is seen that similar results were
obtained in some studies using gold nanorods
(AuNRs). After intratumoral injection of PEG-func-
tionalized gold nanorods in cats and dogs, the re-
searchers showed that the surface-modified
nanostructures did not adversely affect biochemical
blood parameters, kidney and liver functions within
one-month period [38]. In another study evaluating the
in vivo effects of PEG coated AuNRs functionalized
with RGD and GLF, it was interestingly shown that
PEG coated nanostructures increased ALT levels more
than CTAB stabilized ones [39]. 
      In a gold nanoparticle study, the in vivo toxic ef-
fects of CALNN pentapeptide coated AuNPs of 20 nm
in diameter have been evaluated in a long period of 28
days. As a result of administration of a single dose (0.7
mg Au/kg of body weight) intravenously of the AuNPs
to the rats, Fraga et al. showed that the ratio of red
blood cells and hemoglobin/hematocrit levels de-
creased significantly. They evaluated the other he-
mogram values as normal [40]. Based on all these
results; the surface coating, size, stability and biocom-
patibility of the AuNPs are important parameters for

the potential biomedical applications of gold nanopar-
ticles in future studies. 

Limitations 
      The limitation of this study was that the biochem-
ical analyses were carried out for only one day (day
14) due to the insufficient number of animals. If the
measurement days could be determined for short and
long time period, time dependent effects of the
nanoparticles could be investigated as well.

CONCLUSION

In summary, we have performed a multiparametric
study to understand the biochemical effects of the gold
nanoparticles with different surface coatings and sizes
in the mice. It has been concluded that the surface
chemistry of the particles is more decisive parameter
than the size in terms of in vivo toxicity. PEI and PEG
surface coatings increased biocompatibility. No exces-
sive oxidative stress response was observed in all the
AuNP groups. Generally, it has been evaluated that
PEI surface functionalization is more advantageous
than PEG coating for potential in vivo applications.
The surface modification, stability and biocompatibil-
ity of the AuNPs are important parameters for the bio-
medical applications of gold nanoparticles in future
studies.
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ABSTRACT
Objectives: This study aimed to investigate the relationship between psychological violence, psychological
maltreatment, and depression, anxiety among Turkish immigrant women living in Germany during the COVID-
19 pandemic. 
Methods: The Profile of Psychological Abuse of Women, Psychological Maltreatment of Women Inventory,
Generalized Anxiety Disorder-7 (GAD-7) Scale, and The Patient Health Questionnaire-9 (PHQ-9) were
delivered to participants. 
Results: Our results showed that participants who had been exposed to psychological abuse and domestic
violence reported having higher depression and anxiety scores. Furthermore, participants with low income and
married to spouses with no formal education or only primary school graduates were reported to have higher
depression, anxiety, domestic abuse, and psychological maltreatment scores during the COVID-19 outbreak.
Conclusions: Our findings demonstrated that Turkish immigrant women who had experienced psychological
abuse and domestic violence by their partners during the pandemic were reported to have higher depression
and anxiety.
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COVID-19, which emerged at the end of 2019 in
the city of Wuhan, quickly spread to many coun-

tries and gained a global dimension. Thus, the World
Health Organization declared this epidemic as a pan-
demic on March 11, 2020. As a result, all living areas
such as social and working life, education, as well as
our daily life habits were affected all over the world.
While the pandemic caused a global crisis in the macro
plan due to its threatening nature, problems occurred
on the family and individual basis in the micro plan as
well [1]. The pandemic continues to affect individuals’
not only leisure activities and hobbies but also their
core problem solving skills in the dynamics of mar-

riage, family, friendship, and work. Tension among
couples increased and started to have a devastating ef-
fect. In this process, factors such as education level,
income status, and unemployment pose a risk to rela-
tionships. As it was reported in a study which was
aimed to investigate the quality of life (QoL) among
married people during the COVID-19 pandemic, em-
ployed participants stated higher QoL scores than un-
employed; higher educated participants stated higher
QoL than those with lower education; respondents
with higher income reported higher QoL than those
with lower income [2]. External factors caused by
COVID-19, such as changes in daily routines, de-
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crease in social relations, finding a balance between
intertwined roles, reduce the quality of couples' rela-
tionships. 
      Studies have shown that increased domestic vio-
lence and psychological abuse against women during
COVID-19 have become a risk that threatens family
relationships. The most common but hidden form of
violence against women is domestic violence. As a re-
sult of the social isolation measures and quarantine
practices brought by the COVID-19 pandemic, reports
of domestic violence against women have increased
[3]. Women have been subjected to greater surveil-
lance and coercive control, especially by their partners
during the pandemic. The cause of domestic violence
and psychological abuse is related to various factors
such as the uncertain nature of the pandemic, eco-
nomic stress, and increased exposure to abuse [4]. 
According to a study prepared by the United Nations,
Germany, the United Kingdom, France, Cyprus, the
United States, Canada, and Singapore, it was stated
that there was an increase in reports of domestic vio-
lence [5]. In addition, a study conducted by Prof.
Steinert from the Technical University of Munich and
Dr. Ebert from the RWI – Leibniz Institute for Eco-
nomic Research scientifically proved an increase in
domestic violence and psychological abuse in German
society. The research was conducted through an online
survey, in which 3,800 women aged 16-65 reported
violent crimes they encountered in their homes. The
findings illustrated that approximately 2.2% of partic-
ipants could not go out without their husband's per-
mission, 3% were subjected to physical violence and
3.6% to sexual violence and 3.8% were threatened by
their partners. Prof. Steinert and Dr. Ebert's report
showed that victims of domestic violence experienced
not only physical violence but also sexual and emo-
tional violence during the pandemic [6]. 
      According to the findings of a literature review of
longitudinal studies conducted in Western European
countries, unemployment, and low socioeconomic sta-
tus were associated with symptoms of depression and
anxiety [7]. As a result of the recent outbreak the eco-
nomic, mental, and emotional difficulties caused in-
creased stress, depression, and anxiety disorders,
which adversely affected social relationships and mar-
riages at a high level. Depression, somatic complaints,
and anxiety were more common in women even be-
fore the pandemic [8]. Immigrant women were men-

tally more vulnerable to the COVID-19 pandemic as
they stay at home for a long time due to the recent reg-
ulations and try to meet the care needs of family mem-
bers. Research showed that women suffered more
emotional and life distress than men during COVID-
19 and according to a report published by German In-
stitute for Economic Research, immigrant women
laborers were more likely to be affected by socio-eco-
nomic difficulties [9, 10]. It was reported that depres-
sion was the most prevalent negative mental health
consequence of domestic violence as well [11]. 
      Studies highlighted that domestic violence and
psychological abuse were serious issues against not
only the native German female population but also im-
migrant women during the COVID-19 pandemic in
Germany. An increase in workloads at home, tradi-
tional gender roles and time spent at home with a part-
ner due to social isolation during the pandemic might
be considered possible reasons for domestic violence
and psychological abuse against immigrant women.
The findings of another study carried out by the Fed-
eral Ministry for Family, Senior Citizens, Women and
Young People in Germany, which sampled native Ger-
man women and immigrant women from Turkey,
showed that 9% of women living in Germany reported
that they experienced several forms of abuse and mis-
use; 45% was in the domestic setting [12]. Therefore,
it is necessary to address the factors that may increase
domestic violence against immigrant women during
the pandemic process. It was highlighted by previous
research that the COVID-19 pandemic had an un-
precedented impact on Turkish immigrants in Ger-
many. Unemployed respondents and participants with
low education levels were reported to worry more dur-
ing the pandemic [13]. In addition, social support
plays a significant role in the mental conditions of
Turkish immigrants. Individuals, who received more
family and friend support, showed better coping strate-
gies for different problems [14]. Employees’ working
hours were cut by some employers as a response to the
current pandemic. 17% of the population, particularly
immigrants, in Germany had reduced working hours
as of April 2020 and people with low education levels
and income had a higher percentage of “short-time
work” [15]. 
      Considering the previous studies, our research
aimed to investigate the relationship between domestic
abuse, psychological maltreatment and depression,
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and anxiety among Turkish immigrant women living
in Germany during the COVID-19 pandemic. Further-
more, their mental health conditions and the sociode-
mographic data of the participants and their impact
were analyzed. 
      The study was designed based on the following
hypothesis:
      H1: There is a positive relationship between do-
mestic abuse, psychological maltreatment, and anxiety
scores of the participants.
      H2: There is a positive relationship between do-
mestic abuse, psychological maltreatment, and depres-
sion scores of participants.
      H3: There is a positive relationship between do-
mestic abuse, anxiety, depression scores, and the part-
ners’ education level.

METHODS

Study Design and Population 

One hundred ninety-two female participants were re-
cruited among patients who were first- and second-
generation immigrants treated at the Neuro
Psychiatrisches Zentrum Riem (NPZR) living in Mu-
nich, Germany. The data was collected between De-
cember 2021 and March 2022. The NPZR is
specialized in transcultural psychotherapy and offers
neurological, psychiatric, and psychotherapeutic ther-
apies as well as the treatment of psychosomatic dis-
eases in ten different languages. Applied
culture-specific therapies consist of mother tongue
therapies for Turkish patients, and the knowledge
about several migration-specific topics such as dis-
crimination, fear of cultural assimilation, different
concepts of sickness and healing, and different ways
to express the disease, e.g., psychosomatic reactions
to mental problems. 

Procedure and Ethics 

      The Ethics Committee of the Bavarian State Med-
ical Association has confirmed that no additional eth-
ical approval is required. An informed consent form
was signed by all participants of the study. The partic-
ipants had the opportunity to ask further questions and
seek clarification about any aspect of the research be-
fore taking part in it. 

Data Collection Tools 

      “Profile of Psychological Abuse of Women”,
“Psychological Maltreatment of Women Inventory
(PMWI)-Short Form”, “Generalized Anxiety Disor-
der-7 (GAD-7) Scale” and “Patient Health Question-
naire-9 (PHQ-9)” were distributed to collect the data. 

Sociodemographic Form

      The sociodemographic form consists of sociode-
mographic questions including age, income, marital
status, education status of both participants and their
partners, and employment status of participants and
their partners. 

Profile of Psychological Abuse of Women Scale 

      The Profile of Psychological Abuse of Women
was developed by Sackett and Saunders [16], to meas-
ure psychological abuse and show the relationship of
different forms of abuse to self-esteem and depression.
The scale contains 21 items and responses are rated
on a Likert scale. Four types of abuse were derived
from factor analysis: ridiculing of traits (e.g., "He
mocks the traits you like or value most in yourself"),
criticizing behavior (e.g., "He mocks the traits you like
or value most in yourself"), ignoring (e.g., "He ignores
that you need help when you are sick, tired or over-
worked"), and jealous control (e.g., "He gets angry or
upset when you want to be with others instead of with
him"). Each subscale had sufficient internal reliability.
Scales were related to outcome variables in expected
ways, supporting their validity. The validity and reli-
ability of the Turkish version of the scale was per-
formed and approved by Boyacioglu [17]. In the
current research, Cronbach's α for the Profile of Psy-
chological Abuse of Women Scale was 0.94, demon-
strating very good internal reliability. 

Psychological Maltreatment of Women Inventory

      Psychological Maltreatment of Women Inventory
was developed by Tolman and measures the psycho-
logical violence of women by their male partners [18].
The scale includes 18 questions. The assessment was
performed between 1-5 points Scale from 1 (never) to
5 (very often). Furthermore, not applicable option with
a score value of 0 was added for some relationships
and participants such as items related to childcare.
Cronbach's alpha of the Psychological Maltreatment
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of Women Inventory was between 0.93. In the current
study, Cronbach's α for the scale was 0.94, demonstrat-
ing good internal reliability. The validity and reliabil-
ity of the Turkish version of the scale was performed
and approved by Cem-Ersoy [19]. 

Generalized Anxiety Disorder-7 (GAD-7) Scale 

      GAD-7 Scale was developed by Spitzer to deter-
mine anxiety levels of participants [20]. The scale is
not only used for screening generalized anxiety but
also, panic disorder and social anxiety disorder. The
high scores obtained from the individuals show the
severity of the anxiety. The following cut-off scores
determine the level of anxiety: 5, 10, and 15 were de-
termined for mild, moderate, and severe anxiety re-
spectively. The scale includes 7 items and is a measure
of 4 Likert types between 0–3. The scale was adapted
to the Turkish language by Konkan [21]. The internal
consistency of the Turkish version of the scale was
0.85. In the current study, Cronbach's α for the Gener-
alized Anxiety Disorder-7 (GAD-7) Scale was 0.88,
demonstrating very good internal reliability. 

The Patient Health Questionnaire-9 (PHQ-9) 

      PHQ-9 was designed to diagnose the severity of
depression by asking for 9 diagnosis criteria included
in DSM-IV. It was developed by Kroenke [22] and the
Turkish reliability study was performed by Sari [23].
The scale contains 9 questions, and each item was as-
sessed between 0 (not at all) and 3 (nearly every day).
Scores between 1-4 are evaluated as minimal, 5-9
mild, 10-14 moderate, 15-19 moderately severe, and
20-27 severe depression. The Turkish version of the
scale was found to be reliable (Cronbach's α 0.842).
In the current study, Cronbach's α for the PHQ-9 Scale
was 0.90, demonstrating very good internal reliability. 

Statistical Analysis 

      Statistical Package for the Social Sciences (SPSS)
was performed for data analysis. First of all, the kur-
tosis and skewness coefficients were analyzed to de-
termine the conformity of the scores to the normal
distribution. The data showed a normal distribution ac-
cording to the Kolmogorov-Smirnov (K-S) test.
Therefore, the correlation between the scale scores
was conducted with the Pearson correlation test. Para-
metric test techniques were used in the study due to
the normal distribution of the scores. The t-test and

analysis of variance (ANOVA) were used to analyze
the differences in scale scores according to the vari-
ables. While the t-test was used in the analysis of de-
mographic variables with two groups, the ANOVA
was used in the analysis of the variables with k (k >
2) groups.

RESULTS

Description of the Sample 

Sociodemographic of participants were demonstrated
in Table 1. Among the sample of participants, 138
(71.9%) were married, 24 (12.15%) were divorced, 11
(5.7%) were widowed, 12 (6.3%) were living with a
partner and 7 (3.6%) were single. Most participants (n
= 59; 30.7%) were primary school graduates, followed
by high school graduates (n = 38; 19.8%), secondary
school (n = 34;17.7%), and university graduates (n =
39; 16.6%). Only 10.4% of the participants (n = 20)
had a master's or PhD degree and 5.7% (n = 11) were
illiterate. While the rate of employed participants was
49.0% (n = 94), the percentage of unemployed partic-
ipants was 51.0% (n = 98). 66.1% (n = 127) had aver-
age income status. 

Investigating the Relationship Between Scale Scores

      Correlation between scale scores is represented in
Table 2. To investigate the relationship between the
scale scores, the Pearson correlation test was carried
out. The findings demonstrated that there was a posi-
tive and moderate correlation between Profile of Psy-
chological Abuse of Women Scale scores and the
Generalized Anxiety Disorder Scale (r = 0.533) as well
as Patient Health Questionnaire scores (r = 0.532). Ac-
cording to the results participants who had encoun-
tered psychological abuse were reported to have
higher depression and anxiety scores. In addition,
there was a moderate and positive correlation between
the Psychological Maltreatment of Women Inventory
and the Generalized Anxiety Disorder Scale (r =
0.519) as well as Patient Health Questionnaire scores
(r = 0.487). The findings showed that participants who
had experienced psychological violence by their part-
ners were reported to have higher depression and anx-
iety scores. Furthermore, there was a strong and
positive correlation (r = 0.852) between Profile of Psy-
chological Abuse of Women Scale scores and the Psy-
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chological Maltreatment of Women Inventory. Gener-
alized Anxiety Disorder Scale scores and The Patient
Health Questionnaire were positively correlated as
well (r = 0.803). 

Analysis of Scale Scores in terms of Monthly Income 

      Table 3 shows the analysis of scale scores in terms
of monthly income. The ANOVA test was conducted
to investigate the relationship between scale scores
and the income levels of participants. The findings
showed that there was a significant relationship be-
tween psychological resilience scale scores and
monthly income of participants (p < 0.05). According
to the findings, anxiety, and depression scores were

higher among participants with low-income levels.
There was also a statistically significant difference be-
tween different monthly income groups and Profile of
Psychological Abuse of Women Scale scores (p <
0.05). The findings show that psychological abuse was
higher among participants with low income. (p <
0.05). 

Analysis of Scale Scores in terms of Partner’s Educa-

tion Level 

      Analysis of scale scores in terms of partner’s ed-
ucation level in Table 4. There was a significant rela-
tionship between Profile of Psychological Abuse of
Women Scale, Generalized Anxiety Disorder Scale,
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Patient Health Questionnaire, Psychological Maltreat-
ment of Women Inventory, and education level of the
participants’ partners (p < 0.05). The findings illus-
trated that depression, anxiety, domestic abuse, and
psychological violence scores were higher among par-

ticipants whose partner was either illiterate or had a
primary school degree. 

Analysis of Scale Scores in terms of Partner’s Job Loss

During the Pandemic 
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      The findings showed that there was a statistically
significant relationship between Profile of Psycholog-
ical Abuse of Women Scale, Generalized Anxiety Dis-
order Scale, Patient Health Questionnaire,
Psychological Maltreatment of Women Inventory, and
job loss status during the pandemic (p < 0.05). Accord-

ing to the results, depression, anxiety, domestic abuse,
and psychological violence scores were higher among
participants whose partner had lost his job during the
pandemic. Table 5 illustrates the analysis of scale
scores in terms of partner’s job loss during the pan-
demic. 
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DISCUSSION

According to the latest reports and studies domestic
violence against women has increased in Germany
during the pandemic outbreak. However, there is not
much research conducted about the problems of im-
migrant women, especially of Turkish origin in Ger-
many. We aimed to investigate whether Turkish
immigrant women suffered from psychological abuse
and domestic violence as well. Furthermore, the pur-
pose of the current study was to investigate the rela-
tionship between psychological abuse, psychological
maltreatment, and depression, anxiety among Turkish
immigrant women living in Munich, Germany during
the COVID-19 pandemic. Furthermore, the relation-
ship between socio-demographics of the participants
and mental health conditions was analyzed. 
      According to the results of previous research, par-
ticipants stated incidents of physical conflict and emo-
tional abuse during the COVID-19 outbreak [6]. In
addition, another study conducted even before the pan-
demic revealed that Turkish immigrant women living
in Germany reported that almost half of the partici-
pants experienced physical or psychological violence
from their husbands [24]. Psychological violence can
turn into physical violence over time. Accordingly, the
increase in the time spent at home with a partner dur-
ing the pandemic may show many negative outcomes.
In accordance with previous studies, participants in
our study reported psychological abuse and domestic
violence as well. 
      When the types of violence against women are
discussed, even though physical violence is considered
first, it is also very important to mention the psycho-
logical and emotional violence against women. It was
reported in several previous studies that women who
encountered psychological violence more frequently
experienced mental health problems as well. For in-
stance, several mental disorders including depression,
anxiety, and panic attacks occurred among those who
were affected by psychological abuse or psychological
maltreatment [25, 26]. Furthermore, in another study
conducted among a Turkish population by Kıvrak et
al. [27] with women who had been exposed to psy-
chological violence and women who had not been ex-
posed to violence, it was observed that the depression
scores of the group exposed to psychological violence
were much higher than the other group. Our findings

were in line with the previous findings reporting that
Turkish immigrant women who had experienced psy-
chological abuse or domestic violence by their part-
ners during the pandemic were reported to have higher
depression. In addition to previous studies, women's
anxiety levels are higher than men. It was stated that
anxiety is mostly low in perceived social support from
the family and higher in those who experience psy-
chological violence [28]. Our study conducted in Ger-
many showed similar results with researchers in
Turkey. Our participants who suffered from psycho-
logical abuse and domestic violence reported higher
anxiety scores. 
      There are some common factors affecting women
being exposed to economic, psychological, and phys-
ical violence including the education and income level
of both women and their spouses, employment of the
spouses [29-30]. Our findings demonstrated that there
was a statistically significant difference between the
scales used in our study and variables such as the ed-
ucation level of the spouses and income level of par-
ticipants who encountered psychological violence or
abuse. Participants married to spouses with no formal
education or primary school graduates were reported
to have higher depression, anxiety, psychological
abuse, and domestic violence during the COVID-19
outbreak in Germany. In addition, Turkish women,
whose spouses lost their jobs during the COVID-19
outbreak, reported higher depression, anxiety, psycho-
logical abuse, and domestic violence scores as well. 

Limitations 

      Our research has some limitations that should be
mentioned. First, the sample is restricted to Munich
and the surrounding area in Germany. This character-
istic of the sample clearly limits generalization of our
findings. Second, another research is needed for the
special conditions of domestic violence in immigrant
communities such as discrimination, insufficient pro-
ficiency of German language skills to ask for help in
precarious situations. Third, the reality of women with
a migration background in Germany in terms of gen-
der roles might be still different from the situation of
German women. Without falling into the trap of trying
to explain everything with different cultures and reli-
gions and customs and virtues we should investigate
the migration status of women. Their economic and
social status were addressed in this study and can be
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compared with their level of integration, discrimina-
tion, and legal status.

CONCLUSION

Our findings demonstrated that Turkish immigrant
women who had experienced psychological abuse and
domestic violence by their partners during the pan-
demic were reported to have higher depression and
anxiety. Participants married to spouses with no for-
mal education or primary school graduates were re-
ported to have higher depression, anxiety,
psychological abuse, and domestic violence scores
during the COVID-19 outbreak.
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Interpolation sural flaps in acute traumatic defects
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ABSTRACT
Objectives: Distal lower leg wounds, regardless of cause, and acute trauma wounds, regardless of site, are
difficult. Reconstruction of both situations are much more challenging. Interpolation sural flap is a good
alternative for this type of reconstruction.
Methods: Fourteen interpolation sural flap were harvested to reconstruct for distal leg region wounds due to
acute trauma. Ten male and four female patients aged from 10 to 59 years old were included this study.
Results: All flaps survived. No venous congestion and total flap necrosis was seen. There were 4 complications,
and all of them were corrected with short interventions. After second stage, no complication was seen.
Conclusions: Interpolation sural flap modification has many advantages including reliability, no venous
congestion, immediate reconstruction without a surgical team. However, it is a-two staged reconstruction and
its donor site scarring can be serious.
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Distal lower leg wounds are difficult to reconstruct
with local flaps due to the small amount of soft

tissue being available. If the wound cause is acute
trauma the tissue around the zone of injury has uncer-
tain fate, whether it is viable or not. Edema is another
serious problem associated with the acute trauma
zone. The application of free flaps is a good choice for
this area; however, teamwork and operational prepa-
ration are needed. Sural flaps are a good and fre-
quently used approach for heel reconstruction, around
the ankle and the distal lower leg. Sural flaps have a
good axial blood supply, but partial or total necrosis
related to venous congestion have complicated their
use. Unfortunately, the distal tip of the flap, which is
the area that is needed the most, is often the part that
fails [1]. 

      In this study we investigated the use of interpola-
tion sural flaps for acute trauma patients, and we ana-
lyzed the outcomes and complications associated with
this flap in the selected injury type.

METHODS

Between 2019 and 2022 ten males and four females
patients underwent interpolation sural flap surgery to
reconstruct the ankle and foot region with orthopedic
surgeons immediately or within a week following
trauma. 
      Surgical procedures were performed under spinal
or general anesthesia. The patients were placed in the
supine, prone, or lateral decubitus positions. All flaps
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were raised sub-facially and included the skin, soft tis-
sue, sural nerve, sural artery, and lesser saphenous
vein. We did not ligate small saphenous vein. The sural
nerve was located at the center of the flap course. The
flap width was designed to be at least 4 to 8 cm. The
main peroneal perforator located about 5 cm above the
lateral malleolus was checked with handheld Doppler
ultrasound. However, the perforator was not dissected
and the base of the flap with an intact skin was at the
perforator level. Sutures were placed few and far be-
tween each other, as the flap would have had a natural
edema process. The donor site of the flap was prima-
rily sutured or skin-grafted. At the second stage, we
found the skin bridge between the donor site and the
reconstructed area with the help of a forceps (Fig. 1).
Division was made and the sural nerve was sutured

proximally and distally at the flap margins. The raw
surfaces of the flap margins were then sutured loosely
on the skin. 

RESULTS

Mean age was 47 years. Nine patients had medial
malleolus defect. Mean interval period between first
and second stages was 7 weeks. All flaps survived and
no total flap necrosis were observed; no venous con-
gestion was observed either (Fig. 2). Only four of the
patients had complications. Three of them needed an
additional short time revisional operation under local
anesthesia. These operations were flap readvancement
and scar revision. The remaining patient had exposure
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Fig. 1. a) Interpolation sural flap b) At the second stage, the flap can be divided with the help of a forceps. c) Raw surface
was sutured.

!

!

! !

Fig. 2. a) The demarcation of the injury zone was clear at the end of a week b) An interpolation sural flap was inset on the
exposed bone c) After 3 weeks, the interpolation sural flap was divided.
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of the Achilles tendon in donor site, and was recon-
structed during division, the second stage of the inter-
polation flap procedure (Fig. 3). A summary of the
patients is shown in Table 1. 
      For the first stage of the operation, all patients
were advised to limit their mobility for a 7-day period.
Postoperatively, the extremity remained elevated for
a 7-day period as well. The planned second stage was

at 3 weeks postoperatively, unless there was a compli-
cation or orthopedic surgery or the patient’s compli-
ance. For the second stage of the operation there were
no limitations regarding mobilization and extremity
elevation. No patient needed any custom shoes or flap
debulking surgeries, and we did not see any compli-
cations after this stage.
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Fig. 3. a) The black arrow is indicated the exposed Achilles tendon b) The remnant of the interpolation sural flap was trans-
posed to the iatrogenic defect when the flap was divided at the second stage. 
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DISCUSSION

Since 1981 there have been many studies on the
anatomical basis of the sural flap [2-7]. Several mod-
ifications of this flap have also been reported in the
literature, including interpolation, propeller, free, and
turnover types [1, 8-11]. The main purpose of these
modifications is the viability of the flap itself, aesthetic
improvements in appearance, and the ability of the pa-
tient to wear their own shoes. 
      According to a systematic review, propeller flaps
in lower extremities have 1.1% total flap necrosis,
11.3% partial flap necrosis, and 25.8% total compli-
cations [12]. On the other hand, interpolation sural
flaps are reported in the literature to have fewer com-
plications [1, 13]. In our study we also had very low
complication rate, and total flap necrosis did not occur.
All the complications we saw were related with
hematomas, postoperative edema of the flap, and in-
compliance with the suggested positioning of the leg.
Thus, in our experience, if tension and edema were
minimized the flap survived. 
      Although sural flaps as a reverse flow have axial
pattern and reliable perfusion, impaired venous out-
flow can be the most significant difficulty associated
with this flap [14, 15]. Veins are compressible struc-
tures. We therefore designed the flap with supplying
dermal circulation without cutting the skin base. Fol-
lowing this approach we did not face complications
associated with venous congestion. 
In one patient, we saw exposure of the Achilles tendon
in the donor site ten days after the first stage of the in-
terpolation sural flap procedure, which should had
been covered by the flap. In that case we waited for
the second stage, and we transposed the remnant of
the interpolation flap after division. 
      Although a 2-stage reconstruction procedure is a
limitation associated with this flap, secondary debulk-
ing surgeries are usually needed after free flap recon-
struction of the lower extremities. [16, 17]. In the
second stage of the interpolation sural flap procedure
we also made the debulking of the flap, and reshaped
the flap as well as possible. 
      The interval period between the first and second
stage of the interpolation sural flap procedure varied
in our study. Many studies have suggested that this
time ranges between 3 weeks to 20 months [18-20].

In our study we preferred the interval between the first
and second stage operation to be at least 3 weeks only
in healthy, non-complicated patients. Generally, this
interval depended on complications, orthopedic sur-
gery, and on the patient’s compliance with the treat-
ment. 
      Selecting the right donor site for lower extremity
reconstruction is associated with many uncertainties.
Although the treatment of choice is often a free flap
harvesting, there are some questions including the lat-
erality of the lower extremity and duplex ultrasound
result [21, 22]. On the other hand, sural flaps have sev-
eral advantages compared to free flaps: constant vas-
cular anatomy, and the same skin features with the
defect. However, the donor site of the interpolation
sural flaps is usually grafted skin and the aesthetic ap-
pearance of the leg may not be as good. For this rea-
son, the patients’ concerns about the donor site should
be considered preoperatively.

CONCLUSION

Interpolation sural flap is a reliable, versatile, and
quick solution for patients with acute trauma. Al-
though this technique requires a 2-stage procedure, the
second stage is simple and not associated with com-
plications. Finally, the patients’ expectation and con-
cerns about the donor site should be reviewed
preoperatively.
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Clinical and radiological results of posterior ankle

endoscopy treatment for the flexor hallusis longus

tenosynovitis and os trigonum syndrome

Murat Saylık

Department of Orthopaedics and Traumatology, İstinye University, VM Medical Park Bursa Hospital, Bursa, Turkey

ABSTRACT
Objectives: This study investigated the effect of two portal posterior ankle arthroscopy (PAA) procedures
using American Orthopaedic Foot and Ankle Society (AOFAS) and Visual Analog Scale (VAS) scores for the
treatment of patients with ankle pain associated with Os trigonum (OT) and Flexor hallusis longus (FHL)
tenosynovitis. The effect of PAA treatment on the degree and localization of effusion around the FHL tendon
was also investigated.
Methods: Between March 2016 and August 2021, 41 patients who underwent PAA with the diagnosis of OT
and stenosing FHL tenosynovitis, whose arthroscopy video records could be reviewed retrospectively, and
who had at least 1 year of follow-up results were included in the study. Patients in the pediatric age group,
diabetes patients, patients with inflammatory disease, and those with subtalar and tibiotalar osteoarthritis were
excluded from the study. Preoperative and postoperative physical examinations, lateral radiography of the
pressing foot, MRI, and the VAS and AOFAS scores were evaluated. In the statistical analysis, data were
statistically analyzed using SPSS 19.0 (SPSS, Chicago, Illinois, USA). p < 0.05 was accepted as statistically
significant. 
Results: The mean age was 35.6 years (range: 19-55), among which the mean age of the women was 36.2
years (range: 24-48), and the mean age of the men was 35.2 years (range: 19-55). The mean follow-up was 34
months (range: 14-62). The AOFAS value increased from 38.61 ± 7.176 preoperatively to 89.83 ± 6.34 at the
postoperative follow-up, and the difference was statistically significant (p < 0.001). Five patients fully regained
their normal function (AOFAS score = 100 points). The VAS value increased from 90 ± 5.916 preoperatively
to 18.682 ± 7.688 at the last postoperative follow-up, and the difference was statistically significant (p < 0.001).
Pre-PAA FHL tenosynovitis was seen only in zone 1 in 26 patients, zones 1 and 2 in 14 patients, and in zones
1, 2, and 3 in two patients. There was no significant decrease in effusion in the magnetic resonance imaging
(MRI) at 1 month after the PAA (p = 0.117). A significant decrease in effusion was observed in the MRI taken
at the last control (p < 0.001).
Conclusions: In the treatment of patients with ankle pain associated with OT and FHL tenosynovitis, the two-
portal PAA treatment was observed to be an effective method that resulted in significant improvement in the
AOFAS and VAS scores.
Keywords:Ankle, arthroscopy, flexor hallusis longus, os trigonum 
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The two-portal endoscopic approach to the back of
the foot was first described by van Dijk et al. [1].

It has been reported that posterior ankle arthroscopy
(PAA) can be used in the treatment of os trigonum
syndrome (OTS), flexor hallucis longus (FHL)
tenosynovitis, bone and soft tissue impingements, free
osteochondritis, and talus osteochondral lesions
(TOL). In addition, PAA is an important option for the
treatment of synovitis, tenosynovitis, subtalar joint
pathologies, hypertrophic posterior talar process,
Haglund deformity, and Achilles tendon pathologies
[2, 3]. 
      At the level of the ankle, the FHL tendon passes
through the flexor retinaculum adjacent to the medial
aspect of the talar process posteromedial to the talus
and inferior to the sustentaculum tali via a fibrous tun-
nel. In the presence of OT, the FHL tendon sheath is
compressed and narrowed, and stenosing tenosynovi-
tis develops [1]. The effusion seen in the magnetic res-
onance imaging (MRI) around the FHL often develops
due to stenosing tenosynovitis developing in the fibro-
osseous tunnel region [4]. 
      The OT is the most common accessory bone of the
foot. It is posterolateral to the talus, triangular or oval,
usually single-parted, and approximately 1 cm in size.
While it is often asymptomatic, symptoms may be
seen in persistent posterior ankle pain and posterior
impingement syndrome known as OTS [5, 6]. 
      OTS with stenosing FHL tenosynovitis is one rea-
son for posterior ankle impingement syndrome. A ra-
diological diagnosis of OT in the absence of any
complaint has no clinical significance. However, in
patients with OT compression and FHL tenosynovitis,

PAA is required in the presence of such symptoms as
pain, swelling, joint stiffness, locking, instability, and
a feeling of insecurity in the posterior and inner part
of the ankle, despite conservative treatment for more
than 3 months [7]. 
      This study investigated the effect of two portal
PAA procedures on the American Orthopaedic Foot
and Ankle Society (AOFAS) and Visual Analog Scale
(VAS) scores in the treatment of patients with ankle
pain associated with OT and FHL tenosynovitis. The
effect of PAA treatment on the degree and localization
of effusion around the FHL tendon was also investi-
gated.

METHODS

A retrospective evaluation was conducted on 62 pa-
tients who received PAA for effusion due to OT and
stenosing FHL tenosynovitis between March 2016 and
August 2021 and whose arthroscopy video records
could be retrospectively reviewed. Forty-one of these
patients who had at least 1 year of follow-ups and
complete records were included in the study. Diabetic
patients, patients with systemic inflammatory diseases,
and those with talotibial and subtalar joint osteoarthri-
tis were excluded. No neurovascular deficits were ob-
served. Consent was obtained from the patients
included in the study. 
      OT was diagnosed with a lateral radiograph of the
foot taken in a standing position (Fig. 1A). In addition
to the standing lateral radiograph, a lateral radiograph
taken with the ankle in plantar flexion (Fig. 1B)
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Fig. 1. (A) OT (white arrow) image on the lateral radiograph of the pressing foot. (B) Posterior compression (black arrow

image) image on the lateral radiograph taken while the foot is in plantar flexion. 
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showed OT posterior impingement syndrome. 
A physical examination, lateral radiography, computed
tomography (CT), and MRI (Figs. 2A, 2B, 2C) were
used for the diagnosis of OT and FHL tenosynovitis.
Pre-operative and post-operative evaluations were per-
formed by a physical examination, lateral radiography,
MRI, VAS, and AOFAS. Clinical and radiologic re-
sults at the pre-operative and final follow-ups were
compared. 
      Pain posterolateral to the ankle and a positive im-
pingement test on the physical examination were typ-
ical findings for OT. Pain and swelling in the medial
aspect of the ankle were seen in all patients with FHL
tenosynovitis. There was local tenderness, crackling
on palpation, and a mobile nodule in the medial aspect
of the ankle in the localization corresponding to the
fibro-osseous tunnel entrance of the FHL. Frequent
ankle sprains and a feeling of emptiness in OT were
the most common complaints of the patients. In FHL
tenosynovitis, the pain increased with thumb dorsi-
flexion. 
      If accessory OT was suspected, a further evalua-
tion was carried out with a 3D ankle CT or MRI. The
degree and localization of FHL tenosynovitis before
PAA were determined using an MRI. The three-zone
differentiation described by Lui et al. [8] for FHL
tenosynovitis was used. Zone 1 is located between the
tendon–muscle belly junctional zone and sustentacu-
lum tali, zone 2 is between the sustentaculum tali and
the Henry nodule of the foot sole, and zone 3 is at the
distal end of the Henry nodule until the endpoint of
the phalanx of FHL. The localization and level of FHL
tenosynovitis were evaluated through an MRI after
PAA. The presence of effusion was divided into three

groups (Moderate-Mild-None). 
      Conservative treatment included soft heel support,
ice application, nonsteroidal anti-inflammatory drugs,
restriction of hyperflexion, and physiotherapy. PAA
was performed in patients who did not respond to con-
servative treatment for more than four months. 
      The clinical status of the ankle-hindfoot was eval-
uated using the AOFAS Ankle-Hindfoot Assessment
System, first published in Foot and Ankle International
in 1994. According to this scale, pain contributes 40
points (none, mild-occasional, moderate-daily, severe-
almost always), function (activity limitations, need for
support, maximum walking distance-blocks, walking
surfaces, gait abnormality, loss of flexion-extension
motion, hindfoot inversion-eversion motion) con-
tributes 50 points, and degree of ankle and hindfoot
varus-valgus and foot–ankle alignment contributes 10
points. Lower point scores indicate a poor result. 
The VAS score was divided into three groups accord-
ing to the pain scale of the World Health Organization.
A score of less than three was considered mild pain,
three to six was mild-moderate pain, and more than
six constituted moderate-severe pain. 

Surgical Technique 

      All PAAs in this study were performed in a single
center by the same surgeon who was experienced in
ankle arthroscopy. General or spinal anesthesia was
used. A tourniquet was applied to the proximal thigh
while the patient was in the supine position, and then
the patient was moved to the prone position. The foot
was moved outward from the operating table to per-
form plantar flexion and dorsiflexion, and the ankle
was elevated with the support of a green sterile drape.
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Fig. 2. (A) OT (white arrow) image on ankle sagittal MR section. (B) Degree and localization of effusion (white arrow) due

to FHL tenosynovitis on sagittal MR section of the foot. (C) Degree and localization of effusion (white arrow) due to FHL

tenosynovitis on axial MR section of the foot.
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The two portal techniques described by Van Dijk [1]
were applied. The lateral portal was opened lateral to
the Achilles tendon at the malleolar junction line.
Great care was taken to avoid damage to the small
saphenous vein and nerve. The medial portal was
opened at the same level as the lateral portal and me-
dial to the Achilles tendon. The lateral portal served
as the visualization portal, while the medial portal
served as the process portal. A synovectomy was per-
formed through these portals in the safe area between
the posterior region of the tibiotalar and subtalar joint
and the Achilles tendon without damaging the neu-
rovascular structures. The subtalar joint was imaged
first. By moving slightly upward and medially from
the joint, the OT and FHL tendons were visible behind
the talus. Since this vascular nerve bundle passes in
front of the FHL tendon, crossing in front of it was
avoided. The OT was loosened from the surrounding
tissues (posterior talofibular ligament, flexor retinac-
ulum, posterior talocalcaneal ligament) with a shaver
and the released OT (Fig. 3A) was removed from the
joint with a grasping punch. The OT was removed as

a single 12-20 mm piece. If the OT was whole with
the talus, it was excised using a bone bur (Fig. 3B).
Stiffness and impingement in the tendon sheath, sim-
ilar to de Quervain's tenosynovitis, which developed
in FHL, was resolved by separating the flexor retinac-
ulum from the posterior talar process using arthro-
scopic cutting scissors and a shaver. Surrounding
adhesions were also loosened with a shaver. Aspiration
was performed along the FHL tendon. The hallux was
flexed and dorsiflexed, and it was observed that the
FHL tendon moved easily in the sheath. The arthro-
scopic intervention was terminated by placing a skin
suture on the portals. A compressive bandage was ap-
plied around the foot and ankle. On the first evening
post-surgery, the area was compressed with support to
the maximum pain threshold the patient could tolerate.
After the second week, controlled compression with-
out support was applied. After the first month, patients
were permitted to resume light daily activities. The
second month allowed for a return to active life, and
the third month allowed for light sports. There were
no intraoperative complications. Post-operatively, pa-
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Fig. 3. (A) Separation of the OT (polygon) from the posterior talofibular ligament, flexor retinaculum, posterior talocalcaneal

ligament by Sheaver. (B) Excision of OT with bone sheaver and position with FHL after synovectomy.
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Fig. 4. (A) FHL effusion grade and localization (white arrow) in the ankle sagittal MR section after PAA. (B) FHL effusion

degree and localization (white arrow) on ankle axial MR section after PAA. (C) Excision of the OT on the lateral radiograph

of the pressing foot at the last follow-up after PAA (white arrow).
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tients were evaluated with sagittal-axial MRI (Figs.
4A and 4B) and lateral radiograph (Fig. 4C) 

Statistical Analysis 

      Data were statistically analyzed using the SPSS
19.0 (SPSS, Chicago, Illinois, USA) program. Pre-
and post-operative AOFAS midfoot scores and VAS
scores were analyzed by paired t-test. Pearson corre-
lation coefficient was used to analyze whether signif-
icant correlation exists between the parameters.
Two-tailed hypothesis was considered in the analyses,
and the significant differences were accepted if p value
was < 0.05.

RESULTS

A retrospective evaluation was conducted on 41 pa-
tients who underwent PAA for OT and FHL tenosyn-
ovitis between March 2016 and August 2021. The
mean patient age was 35.6 years (range: 19-55), with
the mean female age being 36.2 years (range: 24-48)
and the mean male age being 35.2 years (range: 19-
55). The mean follow-up period was 34 months
(range: 14-62). A table indicating the scores of the de-
mographic characteristics of the patients was made
(Table 1). 
      The AOFAS value pre-PAA increased from 61.5
± 11.7 to 90.4 ± 9.35 at the final follow-up, with this
difference being statistically significant (p < 0.001).
Five patients completely regained normal function (an
AOFAS score of 100 points). 
      The pre-operative VAS value of 88.5 ± 7.3 in-
creased to 43.5 ± 5.2 at the final follow-up, with this
difference also being statistically significant (p <

0.001). 
      There was a significant difference between preop-
erative VAS and postoperative VAS (p < 0.001), and
there was a significant difference between preopera-
tive AOFAS and postoperative AOFAS (p < 0.001). 
      Pearson correlation test was performed which
showed the relationship of all parameters with each
other (Table 2). There is no significant difference be-
tween age and scores, but the degree of FHL involve-
ment (p = 0.019), and the number of traumas (p =
0.031) increase significantly as age increase. 
      The degree of preoperative FHL involvement has
no efffect on the results, but as the degree of postop-
erative FHL involvement increases, the postoperative
VAS score alsıo increases (p = 0.017). 
      The higher the preoperative AOFAS score, the
lower the preoperative VAS (p = 0.011), and the higher
the postoperative AOFAS score, the lower the postop-
erative VAS score (p = 0.000). 
      It was obserwed that the preoperative AOFAS
score did not affect the postoperative AOFAS score (p
= 0.091), and the preoperative VAS score did not affect
the postoperative VAS score (p = 0.787) as well. 
      Prior to PAA, FHL tenosynovitis was observed in
zone 1 in 26 patients, in zones 1 and 2 in 14 patients,
and in zones 1, 2, and 3 in two patients. In the final
follow-up MRI, there was a significant decrease in ef-
fusion (p < 0.001). 
      Post-PAA complications included superficial in-
fections treated with oral anti-biotherapy in two pa-
tients, stiffness requiring physiotherapy in three
patients, mild plantar paresthesia in one patient, and
sural nerve paresthesia in two patients. There was no
evidence of deep infection, persistent pain, dysesthe-
sia, or major complications requiring re-operation. No
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patients were subjected to revision. 
      There were seven patients with pes planovalgus
and three with plantar fasciitis. For plantar fasciitis, a
local lidocaine and corticosteroid injection was admin-
istered intraoperatively; no surgery was performed.
Patients with pes planovalgus were fitted with special
insoles.

DISCUSSION

In this study, FHL tenosynovectomy and OT resection
provided significant improvement in the AOFAS and

VAS values of PAA for patients with OT and FHL
tenosynovitis and ankle pain. 
      Plantar flexion of the first metatarsophalangeal
joint and the first finger interphalangeal joint is the pri-
mary function of the FHL tendon. Its secondary func-
tion is to support the subtalar joint and thumb joints
and restrict passive dorsiflexion of the first metatar-
sophalangeal joint [4, 9]. When the ankle is exces-
sively plantar flexed, angular incompatibility occurs
between the FHL and fibro-osseous tunnel. The FHL
tendon can be subjected to abnormal stress during an
ankle sprain in excessive plantar flexion, and tenosyn-
ovitis may develop [4]. The fact that all patients except
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for eight had a history of ankle sprain in our study sup-
ports this result. 
      Effusion due to FHL tenosynovitis can be seen
along the tendon trace, but tenosynovitis was most re-
ported at the level of the fibro-osseous tunnel located
posterior to the medial malleolus [10]. In the present
study, effusion was most seen in zone 1 between the
proximal FHL tendon (behind the medial malleolus)
and the sustentaculum tali. 
      OTS can be diagnosed clinically and radiologi-
cally. The initial evaluation method to observe OT is
a lateral weight-bearing foot radiography. Further-
more, in a sagittal proton density MRI, OT bone mar-
row edema and signal changes can be observed, and
bone scintigraphy of the involved area will demon-
strate an increase in activity [11]. In addition to a lat-
eral weight-bearing foot radiography, an impingement
between the posterior malleolus and Os trigonum may
be observed in a lateral plantar flexion foot radiogra-
phy [12]. For OT diagnosis in the present research, lat-
eral weight-bearing foot radiography, lateral foot
radiography in flexion, and MRI methods were uti-
lized. 
      The most common cause of posterior ankle im-
pingement is OT syndrome, accompanied by stenosing
FHL tenosynovitis. Conservative therapy is recom-
mended as the primary method for this syndrome.
However, patients should be informed that conserva-
tive therapy is time-intensive and that symptoms may
not be fully alleviated [13, 14]. Conservative therapy
has been shown to produce better results in patients
who do not actively exercise [15], with another study
reporting that conservative therapy methods can pro-
duce successful results in approximately 60% of OT
syndrome patients [16]. In the present study, without
making a distinction between those who exercised and
those who did not, PAA was applied to patients for
whom successful results could not be achieved despite
receiving conservative therapy. Conservative therapy
was chosen as the initial treatment option. No results
regarding the number of patients receiving conserva-
tive therapy who did not require surgery are available
from the present research, as this was outside of the
scope of this study. 
      Previous research has reported that for some pa-
tients who did not respond to conservative therapy,
open or arthroscopic FHL tenolysis and OT excision
can be used [15, 17]. These options have come to the

forefront as arthroscopic approaches have become fa-
vored and because they result in less scar formation,
less postoperative pain, a decrease in general morbid-
ity, and allow for the early return to daily activities.
Treatment with PAA has been reported to be the gold
standard in the treatment of posterior impingement
syndrome, OT, and FHL tenosynovitis due to benefits
such as detailed imaging of the ankle posterior, faster
recovery, return to sports, low morbidity, and less post-
operative pain [18, 19]. However, difficulties related
to the application of FHL tenolysis and OT excision
include the length of learning required for ankle
arthroscopy, particularly PAA, and the proximity of
the portals to neurovascular structures. 
      In treatments of massive effusion occurring due to
FHL tenosynovitis in patients undergoing extensive
synovectomy via open surgery, there have been reports
that effusion relapsed in both the proximal and distal
of the fibro-osseous tunnel [20]. Patient satisfaction
was 80% for PAA and 85%–92% for open surgery in
a study comparing PAA and open tenosynovectomy
treatments for FHL tenosynovitis. While the recovery
time to return to average activities for open surgery
was reported to be 12–25 weeks, the recovery time for
PAA was 6–8 weeks. However, no statistical signifi-
cance was reported between these results [21]. Since
the present study had limited experience treating FHL
tenosynovitis and OT with open surgery, no results re-
lated to this difference could be reported. 
      Previous research has shown that after PAA was
used to treat stenosing FHL tenosynovitis, good or ex-
cellent results were reported in 70% of patients, and
81% returned to their pre-surgery activity levels [10].
Other research has reported that AOFAS scores in-
creased to 83.2 from 48.7 in patients who underwent
tenolysis and a synovectomy for stenosing FHL
tenosynovitis [18]. In the present study, the AOFAS
scores for 22 patients (55%) were 90 or higher after
PAA. 
      One study observed OT in 50 of 59 patients who
underwent PAA for posterior ankle impingement syn-
drome, a large posterior talar eminence in 14 patients,
and FHL tenosynovitis in eight patients. The mid-
phase results of the PAA treatment were reported to be
good, and the rate of return to sports was high [22]. In
another study, in which PAA was commmonly used to
treat OT syndrome, there was a significant improve-
ment after arthroscopy [23]. In their study, Morelli et
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al. [24] reported that after a mean 38.9-month follow-
up in PAA and OT excision, the mean AOFAS score
increased from 67.8 pre-surgery to 96 post-surgery.
Again, in a similar study, it was reported that the mean
AOFAS score increased from 43 to 87 in the last fol-
low-up [25]. In the present study, the outcomes of pa-
tients who received PAA for both OT and stenosing
FHL tenosynovitis were evaluated. 
      Successful outcomes were reported in studies
where OT and FHL tenosynovitis occurred concur-
rently and were treated with PAA. PAA has been re-
ported to be an effective and safe method in the
surgical treatment of both OT and stenosing FHL
tenosynovitis [10, 26]. In another study, it was re-
ported that PAA should be the accepted standard in the
treatment of pathologies related to the feet due to the
low complication rate and faster recovery time [27]. 
In one study, in the 1-year follow-up of patients whose
OT excision and massive effusion around FHL were
treated with synovectomy and whose tendon sheath
excision was treated with PAA, massive effusion did
not reoccur [4]. In the present study, the amount of ef-
fusion detected through the MRI before PAA was re-
duced by at least one degree, and in six patients, it
completely disappeared. 
      Ribbans et al. [28] reported 3.7% nerve damage
and 0.96% wound site complications after PAA. The
present research observed a superficial infection in
two patients, stiffness requiring physiotherapy in three
patients, mild plantar paresthesia in one patient, and
sural nerve paresthesia in two patients. 

Limitations 

      The main advantage of this study is the fact that it
is one of the few that combined OT and stenosing FHL
tenosynovitis, along with the outcomes of treating
both pathologies with PAA. However, this study did
have some limitations. Since the study was retrospec-
tive, there were some natural deficiencies. Further-
more, there were no results comparing conservative
therapy and surgery results. A final limitation is that
the pediatric age group was not included, and thus,
there were no results for this age group. 

CONCLUSION

In the treatment of patients with ankle pain associated

with OT and FHL tenosynovitis, two-portal PAA treat-
ment was observed to be an effective method that re-
sulted in significant improvement in the AOFAS and
VAS scores. No significant relationship was observed
between effusion localization and degree and VAS and
AOFAS scores after PAA. The treatment of OT and
stenosing FHL tenosynovitis with PAA is considered
a safe method due to the low complication rates. 
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ABSTRACT
Objectives: Testicular tumors are the most common malign tumor in men aged 15-35 years. Early diagnosis
and treatment is crucial in testicular cancer because if detected at an early stage, testicular cancer can be
completely cured. Because of this reason increase in awareness and regular testicular self-examination (TSE)
is recommended in the early diagnosis of testicular cancer. This study aimed to investigate the knowledge,
attitude and behaviors of students about testicular cancer and testicular self-examination.
Methods: This descriptive and cross-sectional study was conducted in Health care vocational schools of 2
different universities between November 2018 and January 2019. Data were obtained by a self-applied
questionnaire comprised of four sections.
Results: One hundred and six (37.7%) participants could not answer any question correctly. While 65.8% (n
= 185) of the participants stated that they had heard of testicular cancer, the rate of those who heard about TSE
was 17.8% (n = 50). Only 5.7% (n = 16) of the participants reported performing TSE. Binary logistic regression
analysis was shown that the following factors increase men’s intention to perform TSE: Students’ academic
unit [OR = 4.36, 95% CI: 1.37-13.88], age [OR = 0.2; 95% CI: 0.008-0.72], city [OR = 0.64; 95% CI: 1.15-
1.49], those who have heard of TC before [OR = 0.71, 95% CI: 0.016-0.917], received information about TC
[OR = 0.001, 95% CI: 0.015-0.309], and those who have heard of TSE before [OR = 0.01; 95% CI: 0.001-
0.079]. 
Conclusions: One-third of the university students had never heard of testicular cancer, and TSE was not
sufficiently practiced. There is a lack of information on this issue. It was thought that organizing training
programs on the subject would raise awareness and save lives by early diagnosis.
Keywords: Testicular neoplasms, testicular cancer, cancer screening, testiculer self-examination, knowledge,
behaviours 
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Testicular tumors are the most common malignant
tumor in men aged 15-35 years [1]. The probabil-

ity of developing testicular tumors is 0.2% throughout
the entire life [2]. Testicular cancer (TC) comprises 1-

1.5% of male neoplasms, constitutes 13-23% of male
urogenital system tumors, and 3-6 cases develop each
year for every 100,000 men in Western societies [3].
In Turkey, 4.7% of all cancers originate from the re-
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productive system, while TC makes 1.3% of male neo-
plasms [4, 5]. 
      A history of cryptorchidism or undescended testis,
Klinefelter's syndrome, the presence of testicular tu-
mors among first-degree relatives (sibling, father) in
the family history, the presence of testicular tumors or
testicular intraepithelial neoplasia (TIN) in the con-
tralateral testicle and infertility were reported as the
epidemiological risk factors of in the development of
testicular tumors [6, 7].
      Although testicular cancer is a relatively rare
tumor, it has a very important place in urological on-
cology because it forms a curable cancer model [8].
Because of this feature, early diagnosis and treatment
is crucial in testicular cancer. When detected at an
early stage, testicular cancer can be completely cured.
The 5-year survival rate with early diagnosis is 99%
[9, 10].
      In the literature, it was emphasized that young men
should increase their knowledge and awareness of tes-
ticular cancer for early diagnosis [11]. Despite the in-
crease in its incidence, many studies have confirmed
that young men do not know about the prevalence of
this tumor in their age group, and seldom perform tes-
ticular self-examination (TSE) [12-14]. In a study con-
ducted with 7,304 university students across Europe,
only 3% of the respondents reported having regular
monthly TSE [15]. Routine TSE should be conducted
by the person at least once a month and regularly in
the shower or after the shower in front of a mirror. It
has advantages such as being easy to learn and apply,
safe and economical, not requiring special equipment,
not being invasive, and not taking much time. Addi-
tionally, when the TSE is performed regularly every
month, the person gets familiar with the testis tissue,
and thus, can promptly recognize any changes [16].
Since testicular cancer is treatable if detected at an
early stage, and TSE is applicable, easy, and effective
for early diagnosis, testicular cancer should be ex-
plained to all males, especially the group with risk fac-
tors, and testicular self-examination should be
performed by all males.
      Because testicular cancers threaten males, espe-
cially in the 15-35 age groups, researches targeted es-
pecially this group, mentioning that further
information is required in this area. Based on the lack
of sufficient research on this topic in Turkey, we aimed
to determine the knowledge, attitudes, and behaviors

of the university students about TC and TSE, to deter-
mine the frequency of performing TSE, and to inves-
tigate the affecting factors.

METHODS

Participants

This descriptive and cross-sectional study was con-
ducted in Elazığ and Diyarbakır cities between No-
vember 2018 and January 2019. The population of our
study consisted of male students attending the voca-
tional school of health services at Fırat University in
Elazığ and Dicle University in Diyarbakır. In the
2018-2019 academic years, all 1st and 2nd -year male
students enrolled in the Vocational Schools of Health
Services (VSHS) were included in this study. We
aimed to include the whole population without sam-
pling. The target population attending both universities
was 330 (160 from Fırat University, 170 from Dicle
University). A total of 281 (85%) students volunteered
to fill out the study questionnaires and gave written
consent. Criteria for inclusion were “being a student
in one of the mentioned VSHS’s,” “male sex,” and
“age above 18,” while participants with a history of
testicular cancer were excluded.

Ethical Clearance and Permissions

      This study was approved by the local ethics com-
mittee of Fırat University Non-Invasive Research
Ethics Committee (Date: 17.05.2018, IRB number:
09/17). Also, permissions were obtained from the di-
rectorates of Fırat University and Dicle University Vo-
cational Schools of Health Services.

Data Collection 

      The questionnaires used in the research were ap-
plied to the students in the two universities by re-
searchers. Questionnaire forms were distributed to
students and they were asked to fill out. A researcher
was kept ready to answer the questions of the partici-
pants. In order to reach the whole universe, we went
to both universities 3 times.
      A 10-item questionnaire was prepared to deter-
mine the sociodemographic characteristics of the par-
ticipants. To measure the knowledge about testicular
cancer, a multiple-choice testicular cancer knowledge
test about the most common symptom of testicular
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cancer, the most common age group affected, the
probability of recovery, and risk factors were prepared.
Information about testicular cancer and TSE charac-
teristics were collected through a 10-item question-
naire, which was prepared after a literature search.
Participants' awareness and attitudes about TSE were
examined with a seven-item questionnaire of the
yes/no response type. In the awareness and attitudes
survey of the participants about TSE, ‘yes’ responses
reflected positive attitudes and behaviors, while the
‘no’ answers were evaluated as negative attitudes and
behaviors. The attitude questionnaire crohbach alpha
score was 0.735. Four or more positive responses were
categorized as ‘sufficient’, while three or fewer scores
were regarded as “inadequate.”

Statistical Analysis 

      Data were analyzed using the SPSS 22.0 SPSS
(SPSS Inc., Chicago, IL, USA,) package program. De-
scriptive data were presented as percentages, means,
and standard deviations. Awareness and attitudes sur-
vey reliability was calculated with the Kuder-Richard-
son 20 formula. The reliability coefficient calculated
in this way was also stated as a measure of the internal
consistency of the test. The Chi-square test was used
to examine the relationships between categorical vari-
ables. Statistical significance was accepted as p < 0.05.
The relationship between the number of correct an-
swers given to the testis cancer knowledge test and the
number of positive behaviors was evaluated by the
Spearmen correlation analysis. Multivariate logistic
regression analysis was applied to statistically signif-
icant variables (P < 0.05). TSE application status (Per-
forming TSE: 0, Not performing TSE: 1) was
compared with risk factors. Odds ratio (OR) and 95%
confidence intervals (CI) were calculated for each cat-
egorical variable.

RESULTS

Mean age of the 281 participants was 22 (3.7) years
old. Of the students, 59.4% (n = 167) were from Fırat
University in Elazığ and 40.6% (n = 114) from Dicle
University in Diyarbakır. The proportion of first and
second grade students was 57.3% (n = 161) and 42.7%
(n = 120), respectively. 6.4% of the participants were
married. 76.9% (n = 216) of the students attended for-

mal education, while 23.1% (n = 65) were receiving
evening education. The smoking rate was 44.5%, and
no participant had a known history of cancer.
      The level of knowledge about testicular cancer
was measured with four multiple-choice questions.
One hundred and six (37.7%) participants could not
answer any question correctly. The number of correct
answers in the knowledge test is presented in Table 1.
      While 65.8% (n = 185) of the participants stated
that they had heard of testicular cancer, the rate of
those who heard about TSE was 17.8% (n = 50). Only
5.7% (n = 16) of the participants reported performing
TSE. Characteristics of the participants on testicular
cancer and TSE are given in Table 2.
      Of the participants, 59.1% (n = 166) were aware
of the importance of TSE for their health. Only 20.3%
(n = 57) of the respondents stated that they knew how
to perform TSE. Fifty-two percent (n = 146) of the
participants said that they would do regular TSE if re-
minded by somebody (Table 3).
      The rate of hearing TC was higher among the par-
ticipants who declared that they had been informed
about TC before (p < 0.001) and were informed by
health personnel (p < 0.001) . The rate of hearing TSE
(p = 0.003) and the rate of getting information about
TSE (p = 0.013) were higher in those who had heard
of TC before. TSE practice rate was higher in those
who heard TC before (p = 0.021). TSE awareness and
positive attitude scores (p < 0.001) were found to be
higher in those who had heard of TC before (Table 4).
The final binary logistic regression model demon-
strated that the following factors have an independent
influence on whether students undertake TSE. Stu-
dents aged 22 years and above (OR = 0.24; 95% CI:
0.08-0.72; p = 0.006), second-year students (OR =
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1.37; 95% CI: 1.37-13.88; p = 0.007), students of
Elazig Firat University (OR = 0.64; 95% CI: 1.15-
1.49; p < 0.001), those who had heard about TC (OR
= 0.71; 95% CI:0.02-0.92; p = 0.015), those who re-
ceived information about TC (OR = 0.001; 95% CI:
0.02-0.31; p < 0.001), and those who had heard and
got information on TSE (OR = 0.01; 95% CI: 0.001-
0.079; p < 0.001) higher rate of TSE compared to the
other students (Table 5). 

DISCUSSION

The majority (65.8%) of the participants stated that
they had previously heard of testicular cancer. As to
other studies from Turkey, proportions of 80% and
44% of students from the vocational school of health
services had heard about testicular cancer [17, 18]. In
a school of education from Turkey, the same propor-
tion was reported as 57.6% [19]. In a study from
Ethiopia, 66.8% of the respondents in a vocational
school had heard about TC [20]. We found comparable
results with studies using similar populations. On the
other hand, studies conducted in risk groups but in the
general population, have reported knowing TC as
10.4% in France and 26.4% in Nigeria [21, 22]. Al-
though the rate of hearing about TC among the studied
students was higher compared to the general popula-
tion, it is parallel to the individuals in a similar popu-
lation. Even though the rate of hearing is higher than
the normal population, the students were considered
not at the desired level. 
      The sociodemographic factors had no statistically
significant relationship with testicular cancer aware-

ness. In a similar study, Ward et al. [23] studied the ef-
fects of sociodemographic characteristics of the par-
ticipants on hearing testicular cancer and reported that
except college graduation, the sociodemographic fac-
tors were not related to the hearing of TC. In a study
conducted on vocational high school students, Pour et

al. [17] found that education on testicular cancer was
the most important factor in raising awareness. Higher
rates of awareness among participants who received
information about TC suggest that education is a cru-
cial factor in this issue. It has been thought that re-
search about testicular cancer awareness and the
effects of education on testicular cancer awareness
will unveil the effects of education.
      When we look at the situation in the early diagno-
sis of testicular cancer and the state of TSE awareness,
only 17.8% of the participants reported that they had
heard of TSE; 14.6% of them had previously received
information about TSE, and as a result, only 5.7% re-
ported that they performed TSE. The study of Pour et

al. [17] reported the STE hearing proportion as 27.6%,
education on TSE as 9.4%, and TSE performance as
10.6% among Turkish vocational school of health
services’ students. Ramim et al. [24] from Iran found
the rate of getting information about TSE as 5% and
TSE practice rate as 7.9%. As to studies conducted
among the general public, the proportion of practicing
TSE was reported as 1.0% in Nigeria [22], 17.4% in
Poland [25], and 3.3% in Turkey [18]. Our findings
are similar to the literature. Besides, the results are
similar in both the health-related populations and the
general population, suggesting insufficient TSE
awareness and practice. 
      When we examined factors affecting the TSE
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practice, it was seen that being aged 22 years and
above, studying in the second class, being at Elazığ
vocational school of health services, having previously
heard of TC, and having received some information
on TC were statistically significant factors affecting
TSE practice. In the literature, factors affecting the
TSE practice were examined in two studies, which re-
ported that father’s education, family history of cancer,
TC and TSE awareness, having a high level of knowl-
edge, and being under TC risk were more likely to
practice TSE [23, 25]. TSE practices of the vocational
school of health services students were investigated in
Iran, which revealed that the rates of practicing TSE
were increasing with the school year and knowledge
and experience on TSE [24]. Two studies from Turkey
have indicated a lack of knowledge on TSE and neg-
ligence as the reasons for not practicing TSE [17, 18],
while Farrow's study identified lack of knowledge as
the primary reason for not practicing TSE [26]. In our

study, the participants stated that they did not know
how to perform TSE as the most common reason for
not applying TSE. Our findings were similar to the lit-
erature. When considering factors affecting TSE prac-
tice as well as barriers to perform TSE, lack of
knowledge and awareness emerged as the two funda-
mental reasons.
      Based on the data we have obtained, and hypoth-
esizing that the most important factor affecting TSE
was knowledge, a multivariate logistic regression
analysis was applied to the factors that significantly
affected TSE practice. As a result of the logistic re-
gression analysis, the ratio of applying TSE was 4.3
times higher in the second-class students compared to
the first class. It is possible that the knowledge level
of the participants was increasing with advancing
school class, thus, leading to higher TSE practice. In
a similar study conducted in Iran, the acquaintance and
knowledge with TC were increasing as the study years
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progressed [24]. Also, in a study conducted among
medical students in Nigeria, a comparison was made
before and after training on TC and TSE, and it was
revealed that the knowledge levels and TSE practices
increased [27]. Our results are conforming to the lit-
erature. To support our hypothesis, a correlation analy-
sis was done between the TC knowledge and the
positive attitude scores, which showed a significant
positive relationship. Supported by the literature, we
considered that the level of TC and TSE knowledge
was one of the most crucial factors affecting TSE prac-
tice and early diagnosis.

Limitations 

      Although our research has been conducted in two
different centers, it is not representative of the general
population. Besides, the study data relied on self-re-
port. The information on TC education could be re-
trieved by reviewing the school curricula. Thus, the
difference between the schools could not be elabo-
rated. Future studies should investigate the effects of
educational status and educational content on TC and
TSE.

CONCLUSION

As a conclusion, our study revealed that the knowl-
edge and awareness of TC and TSE are insufficient
even in the health team of the future, and the rates of
practicing TSE are much lower. The aim of manage-
ment of testicular cancer is to prevent delayed diag-
nosis and to make an early diagnosis. The aim of
testicular cancer management is to prevent delayed di-
agnosis and to make an early diagnosis; this goal can
be achieved with education programs that will increase
cancer awareness among young people. This study
demonstrated that the implementation of TSE is still
not sufficient by men. The obtained data �suggest that
the main reasons for not practicing TSE are lack of
knowledge and awareness. Since half of the partici-
pants were ready to apply TSE if reminded to do so,
and students with higher knowledge and awareness
were practicing considerably more TSE, we consid-
ered that programs targeting to increase knowledge
and awareness of men would attract the attention of
the people and contribute to increasing the early diag-
nosis of TC. As men aged 15-35 can be easily reached

at the school and during their military services, these
two activities can be an opportunity to implement ed-
ucational activities. Another suggestion is that family
physicians provide counseling on health education and
testicular cancer to their patients at risk during peri-
odic examinations.
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ABSTRACT
Objectives: Paragangliomas and pheochromocytomas are rare tumors originating in chromaffin cells which
are predominantly located in adrenal glands. This tumor is generally bilateral and much more rarely seen in
pediatric patients. Sustained or paroxysmal hypertension is the most frequent sign of paragangliomas
/pheochromocytoma. Here, we present a 15-year-old patient diagnosed with the complaint of blurred vision. 
Keywords: Extraadrenal gland neoplasms, paraganglioma, pheochromocytoma, hypertension, childhood 

e-ISSN: 2149-3189

The European Research Journal 2023;9(1):173-177

DOI: 10.18621/eurj.1022302

Case Report

Child Health and Diseases

Address for correspondence: İsa Yılmaz, MD., Selçuk University School of Medicine, Department of Pediatric Nephrology, Konya, Turkey. E-mail:
drisayilmaz@hotmail.com, Phone: +90 505 928 23 46, Fax: +90 332 237 60 25

©Copyright © 2023 by Prusa Medical Publishing
Available at http://dergipark.org.tr/eurj

Received: November 11, 2021; Accepted: February 21, 2022; Published Online: August 5, 2022

How to cite this article: Yılmaz İ, Özcan Sıkı F, Öztürk M, Buğrul F, Çelik ZE, Arslan Ş. Paraganglioma admitting with stage 4 hypertensive retinopathy.
Eur Res J 2023;9(1):173-177. DOI: 10.18621/eurj.1022302

Paragangliomas and pheochromocytomas
(PGL/PHEO) are rare neuroendocrine tumors pro-

ducing catecholamines and other neuropeptides [1].
Pheochromocytomas originate mainly from the adre-
nal medulla; however, they usually secrete cate-
cholamines. Most of those that are called PGLs, which
originate from the extra-adrenal gland, are nonfunc-
tional [2]. The incidence of PGL/PHEO is estimated
to be 0.3 cases per million on an annual scale, and
about 20 percent of cases are diagnosed during child-
hood [3]. Contrary to adults, pediatric patients may
present with atypical findings such as psychiatric dis-
orders and orthostatic hypotension, aside from the
classical triad (e.g episodic headaches, sweating, and
tachycardia), and are therefore likely to be misleading
[4]. Here, we present a 15-year-old patient diagnosed
with PGL who presented with the complaint of blurred
vision.

CASE PRESENTATION

A 15-year-old male patient was admitted with short-
term palpitations after effort for the last year and
blurred vision in the left eye for one month. In his
physical examination, blood pressure was 170/100
mmHg, heart rate was 140 per min, and other exami-
nation findings were normal. Except for the high renin
levels (4.75 ng/mL/h) in laboratory tests, other results
were normal. There were signs of stage 4 hypertensive
retinopathy in the eye examination. Abdominal ultra-
sonography revealed a 47×46×58 mm hypo-isoechoic
solid mass in the para-aortic area, adjacent to the left
kidney lower pole (Fig. 1). The normetanephrine level
that was measured in the 24-hour urine for the diag-
nosis of the mass was as high as 15322.43 µg/day. In
the echocardiography of the patient that was evaluated
by pediatric cardiology, it was found that he had left
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ventricular hypertrophy. The patient was initiated with
nifedipine and enalapril for hypertension control. 
      Contrast-enhanced abdominal magnetic resonance
imaging (MRI) revealed a mass lesion with homoge-
neous enhancement and smooth borders, adjacent to
the lower pole of the left kidney, and the widest ante-
rior-posterior diameter was 40 mm, the widest medi-
olateral diameter was 50 mm, and the widest
craniocaudal length was 60 mm (Fig. 2). Oncological
positron emission tomography (PET) scan (whole-
body scan) showed a mass lesion that had dotatate in
the left lower quadrant of the abdomen, adjacent to the
kidney inferior area. The antihypertensive treatment
was adjusted before the surgery as doxazosin and
carvedilol. The patient, whose blood pressure meas-
urements were examined, was operated on by the pe-
diatric surgeon, after which blood pressure
measurements were normal and antihypertensive treat-
ment was not needed. Pathological examination of the
mass revealed that it was compatible with PGL (Fig.
3).

DISCUSSION

Among hypertensive children, the incidence of surgi-
cally-confirmed catecholamine-secreting PGL/PHEO
ranges between 0.8% and 1.7% [5]. However, it was
reported in the case series that persistent or paroxys-
mal hypertension is the most common manifestation
of PGL/ PHEO in children at a rate of 60-90% [6]. 
      Our patient presented with hypertension that
caused end-organ damage. Urinary metanephrine ex-
cretion, which was examined for the etiology, was el-
evated. Currently, the diagnostic test for PGL/ PHEO
should reveal 87.5% and 99.7% specificity in a 24-
hour urinary metanephrine and catecholamine excre-
tion four-fold higher than the reference range [6, 7].
The tumor should be located with radiographic and
nuclear imaging such as abdominal computerized to-
mography (CT) or MRI and 'iodine 131-metaiodoben-
zylguanidine scintigraphy after the biochemical
diagnosis is made. Due to the predominant intra-ab-
dominal location of PGL/PHEO, abdominal and
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Fig. 1. Hypo-isoechoic solid mass image of 47×46×58 mm in the paraaortic area, adjacent to the left kidney lower pole in ab-
dominal ultrasonography.
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Fig. 2. In contrast-enhanced abdominal magnetic resonance imaging, a well-circumscribed mass lesion with homogeneous
contrast, adjacent to the left kidney lower pole, has the widest anterior-posterior diameter 40 mm, the widest mediolateral
diameter 50 mm, and the widest craniocaudal length 60 mm. 
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pelvic CT/MRI are the first-choice imaging modalities
[8]. Magnetic resonance imaging is recommended for
(pregnant women, aged below 25 with metastatic
PGL) with a contraindication of radiation exposure.
Especially in patients with PGL, anatomical imaging
is insufficient and further evaluation is required. Fur-
ther assessment of localization may require functional
investigation with scintigraphy (e.g.i. nuclear medi-
cine modalities) or PET canning [9]. Functional im-
aging is recommended for the baseline evaluation of
patients with large-size PHEOs or PGLs because it is
associated with the risk of metastatic disease. There-
fore, PET CT imaging was performed because the
mass of our patient was located in the extra-adrenal
gland. 
      Paraganglioma /pheochromocytoma is sympto-
matic in almost half of patients. These symptoms are
typically paroxysmal [10]. We considered that our pa-
tient had longer hypertensive periods as he was admit-
ted with stage 4 hypertensive retinopathy. However,
echocardiography of our patient also revealed left ven-
tricular hypertrophy that was secondary to hyperten-
sion. However, in the literature, patients with
myocardiopathy secondary to catecholamine dis-
charge were described in patients with pheochromo-

cytoma, as was reported in the cases of Molaei et al.
[11]. 
      The mean age of diagnosis in children is 11-13
years. It is known that most of the cases are detected
in males. In this age group, PGL/ PHEO tend to be bi-
lateral, extra-adrenal, and benign [12]. The findings of
our patient were compatible with the literature data
since the tumor was in a 15-year-old male and was lo-
calized in the extra-adrenal area. 
      Surgery is the gold treatment for the treatment of
PGL/ PHEO. However, as benign and non-functional
tumors < 4-6 cm may rarely transform into malignant
or become hormonally active, such tumors must be
followed up with appropriate radiological imaging and
hormonal evaluation. The purpose of surgery is com-
plete resection. Pham et al. showed that survival was
significantly increased in patients with radical resec-
tions that had macro and microscopic negative mar-
gins [13]. Medical treatment must be initiated 7-10
days before the surgery in PGL/PHEO cases to check
hypertension as well as correct catecholamine-induced
extracellular fluid volume contraction. Basically,
alpha-adrenoreceptor blockers are used to control
blood pressure; and phenoxybenzamine, which is a
long-acting, irreversible, non-specific alpha-adrener-
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Fig. 3. Pathological examination. (A) Nests formed by tumor cells with oval, round, uniform nuclei and granular cytoplasm
(HE×200), (B) Immunohistochemical synaptophysin positivity in tumor cells (×200), (C) Immunohistochemical CD56 posi-
tivity in tumor cells (×200), (D) Immunohistochemical S100 positivity in sustentacular cells surrounding tumor cells (×200). 
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gic antagonist, is the usual choice. Selective alpha-1-
antagonists (e.g. prazosin, doxazocin or terazosin) can
be used instead of phenoxybenzamine. Both phenoxy-
benzamine and doxazosin can effectively control pe-
rioperative blood pressure and prevent hemodynamic
instability in patients of PGL. However, more often,
beta adrenergic antagonist (e.g. metaprolol) or com-
bined alpha and beta adrenergic antagonist (e.g.
carvedilol, labetalol) are added to the treatment to con-
trol reflex tachycardia [14]. We applied premedication
to our patient by using doxazosin and carvedilol. It is
necessary during the surgery to avoid stimuli and
drugs which may cause catecholamine release and to
provide hemodynamic stabilization in anesthesia. Our
patient, who had normal blood pressure after the sur-
gery, did not require medication. 
      The surgical approach was adequate because our
patient presented with a unilateral and single mass,
and it was found that the pathology result was benign.
There are controversial data on the malignant potential
of PGL/PHEO in children between 3% and 47%. De-
spite this, overall 5-year survival is better in children
than in adults in reported malignancy cases [11].
Long-term clinical and biochemical follow-up should
be performed in all PGL/PHEO cases regarding in-
creased recurrence and metastasis risk.

CONCLUSION

Paragangliomas and pheochromocytomas is one of the
rare and important causes of secondary hypertension
in pediatric patients. As the symptoms may have atyp-
ical progression in children, it may appear for the first
time with end-organ damage. Even if there is no fam-
ily history, it must be considered in hypertension cases
that have an aggressive progression. 
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