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The Relationship Between Liver Fibrosis and Golgi Protein 73 in
Patients with Chronic Hepatitis B

Kronik Hepatit B'li Hastalarda Karaciger Fibrozisi ve Golgi Protein 73 Arasindaki Iliski

@ Cemil INCI', @ Hatice TERZI2, @ Halef Okan DOGAN3, ® Seyma Nur YILDIZ4, @ Abdulkerim YILMAZ5

TAtatiirk University Research Hospital, Clinic of Internal Medicine and Geriatrics, Erzurum, Tirkiye
2Sjvas Cumhuriyet University Faculty of Medicine, Department of Hematology, Sivas, Tiirkiye
3Sivas Cumhuriyet University Faculty of Medicine, Department of Biochemistry, Sivas, Tiirkiye
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ABSTRACT

Aim: This study aimed to determine the relationship between the degree of liver fibrosis and serum Golgi protein 73 (sGP73) concentration in
patients with chronic hepatitis B (HBV) infection.

Materials and Methods: A total of 124 (78 HBV-positive, 40 healthy) individuals were included in the study. The participants were classified as
negative healthy individuals (Group 1); HBV surface antigen-positive, HBV DNA <2000 IU/mL, chronic HBV-infected patients without liver biopsy
(Group 2); and individuals with HBV DNA >2000 IU/mL and liver biopsy (Group 3). Group 3 was divided into subgroups as those with fibrosis lower
than stage 2 (F1) and those with fibrosis of stage 2 or higher (F2). When regrouped according to the hepatic activity index (HAI), Group 1 and 2
remained the same, while Group 3 was divided into patients with an HAI below 6 (A1) and those with HAI of 6 or higher (A2).

Results: sGP73 concentrations were 11.40+7.05 ng/mL in Group 1, 16.78+6.01 ng/mL in Group 2, 43.23+10.99 ng/mL in subgroup F1, and
48.75+10.93 ng/mL in subgroup F2. These values were significantly higher in F1 and F2 compared to Groups 1 and 2 (p<0.05), with no statistical
difference between F1 and F2. When the mean sGP73 concentrations of Group 1, Group 2, subgroup A1 (43.42+11.15 ng/mL), and subgroup A2
(46.74+11.11 ng/mL) were compared, there was no significant difference between A2 and A1 (p>0.05), while the differences between the other
groups were statistically significant (p<0.05).

Conclusion: A relationship was observed between sGP73 and liver damage in patients with HBV. Although sGP73 concentration was associated with
the presence of fibrosis, the relationship between sGP73 and degree of fibrosis was weakly positive and non-significant.

Keywords: GP73, hepatitis B virus, fibrosis
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Amag: Calismamizda kronik hepatit B (HBV) tanili bireylerde karaciger fibrozisi derecesiyle serum Golgi protein 73 (sGP73) seviyeleri arasindaki
iliskinin belirlenmesi amacland.

Gereg ve Yontem: Calismaya 124 (78 HBV pozitif, 40 saglikli) birey dahil edildi. Hastalar karaciger biyopsisi varligi ve biyopside fibrozis derecesine
gore gruplara ayrildi. Saglikli bireyler (Grup 1), HBV yiizey antijen pozitif, HBV-DNA <2000 iu/mL, biyopsi yapilmayan kronik HBV enfeksiyonlu
bireyler (Grup 2), HBV-DNA 22000 IU/mL olup biyopsi yapilan bireyler (Grup 3) olarak siniflandiriidi. Grup 3 kendi iginde fibrozis evresi 2'nin
altinda olan bireyler (F1), fibrozis evresi 2 ve iizeri olan bireyler (F2) olarak ayrildi. Bu gruplama hepatik aktivite indeksi (HAI) skoruna gore tekrar
yapildiginda Grup 1 ve 2 degismezken Grup 3 HAI derecesi 6'nin altinda olan bireyler G1, HAl derecesi 6 ve iizeri olan bireyler G2 olarak tanimlandi.

Bulgular: Grup 1 (11,40+7,05 ng/mL), Grup 2 (16,78+6,01 ng/mL), F1 (43,23+10,99 ng/mL) ve F2 (48,75+10,93 ng/mL) sGP73 diizeyleri agisindan
karsilastirildiginda F2 ile F1 arasindaki fark istatistiksel agcidan anlamsiz bulunurken (p>0,05) diger gruplar arasindaki farklilik istatistiksel olarak
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anlamli bulundu (p<0,05). Grup 1, Grup 2, G1 (43,42+11,15 ng/mL) ve G2 (46,74+11,11 ng/mL)'nin ortalama sGP73 diizeyleri karsilastirildiginda G2
ile G1 arasindaki fark istatistiksel acidan anlamsiz bulunurken (p>0,05) diger gruplar arasindaki farklilik istatistiksel olarak anlamh bulundu (p<0,05).

Sonuc: sGP73 ile HBV pozitif hastalarin karaciger hasari arasinda iliski vardir. Fibrozis varhigr ile sGP73 diizeyi iliskili olmakla birlikte fibrozis
derecesindeki artis ile SGP73 diizeyi arasindaki iliski pozitif yonlii, zayif ve istatistiksel acidan anlamsiz bir iligkidir.

Anahtar Kelimeler: GP73, hepatit B viriisi, fibrozis

INTRODUCTION

Hepatitis is characterized by inflammation and necrosis of
the liver. Hepatitis caused by hepatitis B virus (HBV) infection
is a global public health issue'. It is generally accepted that
early diagnosis of cirrhosis and elimination of its cause
can halt liver damage, increase the chances of successful
transplantation, and reduce mortality. Liver biopsy is the
gold standard in the diagnosis of cirrhosis**. Golgi protein
73 (GP73), which was discovered by Kladney et al.® in 2000, is
a transmembrane glycoprotein expressed by biliary epithelial
cells of the liver and normally found in the cis-Golgi
complex®. Previous studies have shown significant increases
in serum GP73 (sGP73) levels with both viral and non-viral
liver diseases’. There are also studies showing that sGP73
levels are associated with disease stage in alcoholic liver
disease and chronic hepatitis®. We conducted the present
study to determine the relationship between the degree of
fibrosis and sGP73 levels in patients positive for HBV surface
antigen (HBsAg).

MATERIALS AND METHOD

Our study was conducted in accordance with the principles
of the Declaration of Helsinki at Sivas Cumhuriyet University
Faculty of Medicine between April and October 2018. Written
informed consent was obtained from all participants. Ethical
approval was obtained from the Ethics Committee of Sivas
Cumbhuriyet University Faculty of Medicine (decision no:
2018-01/04, date: 09.01.2018). The study was supported by
Cumhuriyet University Scientific Research Projects Unit.

Patient Selection

A total of 124 individuals (78 HBV-positive, 46 HBV-negative)
who were over the age of 18 years and had not received any
antiviral treatment were included in the study. Subjects with any
viral infection other than HBV [e.g., Human Immunodeficiency
virus (HIV) or hepatitis D virus were excluded.

The participants were divided into groups according to the
Ishak scoring system as HBsAg-negative healthy individuals
(Group 1); HBsAg-positive, HBV DNA <2000 IU/mL, chronic
HBV-infected individuals without biopsy (Group 2); and HBV
DNA >2000 IU/mL, biopsied individuals (Group 3). Group 3
was divided into subgroups as those with fibrosis lower than
stage 2 (F1) and stage 2 or higher (F2). When the classification
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was reassessed according to the hepatic activity index (HAI),
Groups 1 and 2 remained the same, while Group 3 patients
were divided into those with HAI below 6 (A1) and HAI 6 or
higher (A2). Figure 1A, Figure 1B shows the algorithm for the
classification of the study subjects.

Variables

Age, sex, HAI, fibrosis score, alanine transaminase (ALT),
aspartate transaminase (AST), total bilirubin, direct bilirubin,
albumin, platelet (PLT) count, international normalized ratio,
serum HBV DNA levels, AST to PLT ratio index (APRI), fibrosis index
based on 4 factors (FIB-4), and sGP73 concentrations were
compared among the groups.

APRI = [AST x (upper limit of normal) / PLT (10°/L)] x 100
FIB-4 = [Age (years) x AST (IU/L)] / [PLT (10°/L) x vALT (1U/L)]

Measurement of sGP73

Routine biochemical tests, HBV DNA, and sGP73 were analyzed
from venous blood samples taken after at least 12 hours of
fasting for all subjects and before the initiation of medical
treatment in patients with HBV. sGP73 was measured using
a SunRed ELISA kit as per the manufacturer's instructions.
Briefly, a standard solution series (concentrations of 48, 24,
12, 6, and 3 ng/mL) was prepared, and 50 pL of each standard
and 40 pL of each study sample were placed into the wells of
ELISA plates. Each well was added 10 uL of anti-GP73 antibody,
followed by 50 uL of streptavidin-horseradish peroxidase. The
plate was incubated at 37 °C for 60 minutes, then washed
5 times with a washing solution. Next, 50 uL of chromogen
solution A and 50 pL of chromogen solution B were added
and the plates were incubated at 37 °C for 10 minutes. After
adding 50 pL of stop solution, absorbance values were read at
450 nm.

Statistical Analysis

The IBM SPSS Statistics version 22.0 (IBM Corp.) program was
used to analyze the data. The data were evaluated for normal
distribution with the Kolmogorov-Smirnov test. Comparisons
of more than two independent groups were made using
ANOVA with Tukey's post-hoc test for variables showing
normal distribution and using the Kruskal-Wallis test with
post-hoc Mann-Whitney U test for variables not showing a
normal distribution. ROC curve analysis was performed to
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determine the discriminative power of sGP73. Qualitative data
were tested using chi-square tests. Differences with p<0.05
were considered statistically significant.

RESULTS

There were no significant differences among the groups in
terms of demographic characteristics (Table 1). ALT values

HBsAg

Negative

Nositive

HBV DNA

Group 1 22000 1U/ml
healthy individuals <2000 1U/ml
n=46

Fibrosis score

Group 2

b3
carriers without biopsy <2 2
n=38

Group 3 Group 3
Subgroup F1 Subgroup F2
n=29 n=11

Figure 1A. The algoritm of groups according to fibrosis score

HBsAg: Hepatitis B surface antigen, HBV: Hepatitis B, HAI: Hepatic
activity index

were significantly higher in F2 than in all other groups and in
F1 compared to Group 1 (p<0.05). The F2 subgroup also had
significantly higher AST and APRI values and lower PLT count
than the other groups (p<0.05). There was also a significant
difference in the comparison of FIB-4, with higher values
in F2 than in all other groups (p<0.05). No other significant
differences were detected among the groups (Table 2).

HBsAg
Positive
Negative
HBV DNA
Group 1 22000 1U/ml
healthy individuals <2000 10/l
n=46 m
HAIl score
Group 2 <6 26
carriers without biopsy
n=38
Group 3 Group 3
Subgroup A1 Subgroup A2
n=24 n=16

Figure 1B. The algoritm of groups according to HAI scoring
HBsAg: Hepatitis B surface antigen, HBV: Hepatitis B, HAI: Hepatic

activity index

Table 1. Subject demographics

Patients (n) Gender (F/M) Age (years) (mean + SD)
HBV DNA level
Group 1 46 28/18 47.65+10.75
Group 2 40 18/22 46.30+£13.11
Group 3 38 20/18 45.63+13.81
p-value 0.338 0.751
Fibrosis stage
Group 1 46 28/18 47.65+10.75
Group 2 38 17/21 45.29+12.65
F1 29 17/12 42.62+12.87
F2 1 4[7 57.18+12.23
p-value 0.287 0.007
HAI grade
Group 1 46 28/18 47.65+10.75
Group 2 38 17/21 45.29+12.65
G1 24 13/1 42.58+12.78
G2 16 8/8 52.69+14.34
p-value 0.525 0.068
F1 group: Fibrosis stage <2, F2 group: Fibrosis stage >2, G1 group: HAI score <6, G2 group: HAI score >6, SD: Standard deviation, HAI: Hepatic activity index, F: Female, M:
Male, HBV: Hepatitis B
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The mean sGP73 values were 11.40+7.05 ng/mL in Group 1,
16.92+5.93 ng/mL in Group 2, and 46.08+9.66 ng/mL in
Group 3 (p<0.05). sGP73 concentration increased significantly
between Group 1 and Group 2 and between Group 2 and
Group 3 (Table 3).

When further examined by subgroup, the mean sGP73 values
were 43.23+10.99 ng/mL in F1 and 48.75+10.93 ng/mL in F2.
Although there was no statistical difference between F1 and F2
(p>0.05), all other pairwise comparisons indicated significant
higher values in F1 and F2 than in the other groups (p<0.05).
The median sGP73 values for Group 1, Group 2, F1, and F2
were 8.59 ng/mL, 16.76 ng/mL, 42.40 ng/mL, and 49.38 ng/mL,
respectively. Again, F1 and F2 showed no statistical difference
between themselves but had higher values than the other
groups (Table 3 and Figure 2A).

When analyzed according to hepatic activity, the mean sGP73
values were 43.42+11.15 ng/mL for patients in subgroup A1
and 46.74+11.11 ng/mL for those in subgroup A2. The mean
sGP73 values did not differ between A1 and A2 (p>0.05) but
were significantly higher in AT and A2 compared to the other
groups (p<0.05). The median sGP73 values for Group 1, Group
2, A1 and A2 were 8.59 ng/mL, 16.76 ng/mL, 43.32 ng/mL, and

45.12 ng/mL, respectively. Although there was no significant
difference between A2 and A1, there was a difference in favor
of A2 between their medians (Table 3 and Figure 2B).

ROC analysis to evaluate the discriminative power of sGP73
concentration for fibrosis yielded an area under the curve (AUC)
of 0.906 [95% confidence interval (Cl): 0.851-0.961; p=0.001]
for F1 (fibrosis stage <2). A 27.21 ng/mL cut-off value had 93.1%
sensitivity and 88.4% specificity in distinguishing these patients
from healthy individuals (Figure 3A). For F2 (fibrosis stage >2),
the AUC was 0.916 (95% Cl: 0.858-0.970; p=0.001) and a 37.90
ng/mL cut-off value had 90.9% sensitivity and 80.5% specificity
in distinguishing from healthy individuals. (Figure 3B).

DISCUSSION

Liver fibrosis usually has an insidious onset in which most
associated comorbidities and mortality manifest after cirrhosis
is evident. Early diagnosis and elimination of the causes of
cirrhosis may help to halt liver damage, increase successful
transplantation rates, and decrease mortality**. Previous studies
have suggested a relationship between sGP73 concentrations
and liver disease’®. In this study, we aimed to characterize the
relationship between sGP73 and degree of fibrosis in HBsAg-
positive patients.

Table 2. Biochemical findings relative to fibrosis stage

Group 1 Group 2 Group 3 (F1) Group 3 (F2) p-value
ALT (U/L) 15.02 20.87 33.03 75.36 p<0.05"
AST (U/L) 16.63 18.26 26.03 54.64 p<0.05’
PLT (10%/pL) 243.78 252.50 242.24 182.91 p<0.05"
APRI 0.17 0.18 0.29 0.83 p<0.05"
FIB-4 0.90 0.79 0.85 2.25 p<0.05"

stage <2 and >2, respectively

FIB-4: Fibrosis index based on 4 factors, SD: Standard deviation, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, PLT: Platelet, APRI: AST to PLT ratio index, F1
group: Fibrosis stage <2, F2 group: Fibrosis stage >2, *p-value represents comparison between group F2 with all other groups, F1 and F2 are subgroups of Group 3 with fibrosis

Table 3. Mean and median sGP73 levels of all groups

sGP73 (ng/mL) (mean + SD) sGP73 median (ng/mL) p-value
Group 3 46.08+9.66 44.89
HBV DNA Group 2 16.92+5.93 16.76 p<0.05’
Group 1 11.40+7.05 8.59
F2 group 48.75+10.93 49.38
Anehe F1 group 43.23+10.99 42.40 p<0.05
Group 2 16.92+5.93 16.76
Group 1 11.40+7.05 8.59
G2 group 46.74+£11.11 45.12
G1 group 43.42+11.15 43.32 N
Grade p<0.05
Group 2 16.92+5.93 16.76
Group 1 11.4047.05 8.59

SD: Standard deviation, HAI: Hepatic activity index, sGP73: Golgi protein 73, F1 group: Fibrosis stage <2, F2 group: Fibrosis stage =2, G1 group: HAI score <6, G2 group: HAI
score >6, HBV: Hepatitis B. *P-value represents comparison between pairwise groups (except F2-F1 and G2-G1 comparisons)
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Qiao et al.® reported a positive correlation between sGP73
concentration and HBV DNA copy number in their HBV DNA-
positive group (r=0.25, p<0.01). In addition, HBV DNA-positive
patients had significantly higher sGP73 concentrations than
HBV DNA-negative patients (p<0.0001). Wei et al.”® also
reported significantly higher sGP73 levels in chronic HBV
patients compared to the healthy population (p<0.0001). Our
results are consistent with these findings. Liu et al." reported
a significant but very weak correlation between quantitative
HBV DNA and sGP73 concentrations. In their study, sGP73
concentrations were significantly higher in patients with liver
fibrosis compared to healthy individuals, hepatitis B e antigen
(HBeAg)-positive chronic HBV patients, and HBeAg-negative

Mean sGP73 (ng/mL)

T T
Group3-F2 Group3—F1 Growp 2 Growp 1

Figure 2A. Distribution of sGP73 according to fibrosis stage
sGP73: Golgi protein 73

50

30

20

Mean sGP73 (ng/mL)

10

T T
Group 3 - A1 Group 2 Growp 1
Group

Group 3~ A2

Figure 2B. Distribution of sGP73 according to HAI scoring
sGP73: Golgi protein 73, HAI: Hepatic activity index

chronic HBV patients (p<0.001 for all)". Consistent with
their findings, we observed a significant difference in sGP73
concentrations when the groups were stratified according
to HBV DNA levels (p<0.001), and patients with fibrosis had
significantly higher sGP73 concentrations compared to Groups
1 and 2 (p=0.001).

Yao et al.” also reported that chronic HBV patients showed
higher mean sGP73 concentrations compared to the healthy
control group. Similarly, we found that the HBV-positive groups

ROC Curve
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Figure 3A. ROC curve for group with fibrosis score lower
than 2 (group F1)
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Figure 3B. ROC curve for group with fibrosis score higher
than or equal to 2 (group F2)
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had significantly higher sGP73 concentrations compared to
controls. This result supports the view that sGP73 may be used
as a biomarker of liver damage in individuals who contracted
and carry HBV. Although sGP73 has also been proposed as a
prognostic factor in predicting fibrosis, we observed no increase
in sGP73 in relation to the degree of fibrosis, as opposed to the
study by Yao et al.”?, Xu et al.”® reported a positive correlation
between sGP73 concentration and severity of liver disease in
chronic HBV patients. They determined that sGP73 significantly
increased with higher hepatic necroinflammatory degree and
fibrosis grade. SGP73 concentrations were also positively
correlated with ALT (r=0.48, p=0.001) and AST (r=0.51, p<0.001)
in chronic HBV patients™. Our study showed that patients in
the F1 and F2 subgroups, who all underwent liver biopsy, had
significantly higher sGP73 concentrations compared to Groups
1 and 2 (p=0.001). This is in line with the findings of Xu et al.™
related to chronic HBV patients and HBV carriers. However, our
results did not support the relationship between sGP73 and
more severe fibrosis, as no significant difference was detected
between F1 and F2. Similarly, Xu et al.” reported no significant
difference between the grade 3 and 4 fibrosis groups in their
study. The increasing trend in median sGP73 towards the F2
subgroup leads us to believe that with a larger series, this
difference may gain statistical significance.

Wei et al.™ reported statistically significant differences
in sGP73, AST, and PLT values between patients with and
without overt fibrosis. In contrast, we did not observe a
significant difference in sGP73 levels between the A1 (with
overt inflammation) and A2 (without overt inflammation)
subgroups. We believe that this may be due to a lower
number of patients in our series, and also due to the fact that
serum samples were taken from some patients during follow-
up after liver biopsy. In our study, sGP73 concentrations
significantly differed according to the presence of fibrosis,
but not according to the degree of fibrosis (p>0.05). Although
this contradicts Wei et al.”, a comparison of median values
showed that sGP73 tended to increase in F2, which concurs
with their finding. Moreover, F2 had significantly higher AST
and ALT values compared to the other groups, while there
were no other differences. We believe that the reason for this
difference is that Wei et al."* did not include patients with
ALT value =2 times the upper limit of normal in their study.
In our study, the mean ALT and AST levels increased from
Group 1 towards F2, and the mean PLT count was found to be
below normal for F2 and normal in other groups (p=0.003).
Our results for AST and PLT count are similar to the findings
reported by Wei et al.’%, Cao et al.” reported the predictive
performance of sGP73 concentration to be high for overt
fibrosis (AUC: 0.75, 95% Cl: 0.70-0.79), severe fibrosis (AUC:
0.76, 95% Cl: 0.71-0.81), and HBV-related cirrhosis (AUC:
0.75, 95% Cl: 0.65-0.78). They also reported that the AUC for
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sGP73 in diagnosing overt fibrosis was similar to elastography
and significantly higher than APRI and FIB-4, although this
superiority was lower for severe fibrosis and lost for cirrhosis.
Every 1 ng/mL increase in sGP73 level was associated with
an odds ratio of 1.012 (95% Cl: 1.005-1.019) for significant
fibrosis in all patients or an odds ratio of 1.025 (95% Cl:
1.014-1.036) in patients with chronic HBV infection'. Our
study showed sGP73 to be independently associated with
overt fibrosis. Cao et al.’® also reported in another study that
sGP73 was an independent predictor of fibrosis (odds ratio:
1.02, 95% Cl: 1.01-1.03, per 1 ng/mL increase; p<0.001) and
was not affected by HBV DNA load. In our study, when the
sGP73 cut-off value was set at 37.9 ng/mlL, the AUC was
0.916 for the F2 subgroup (95% Cl: 0.858-0.97, p=0.001). This
cut-off value had 90.9% sensitivity and 80.5% specificity in
differentiating patients with stage >2 fibrosis from healthy
controls. Although sGP73 concentrations were statistically
significant in determining the presence of fibrosis, their
relationship with fibrosis degree was inconclusive because
of the lack of a statistical difference between the F1 and
F2 subgroups. Due to the nature of the biopsy method,
our insight into the status of the whole liver is inductive.
Therefore, performing elastography in the groups may help
clarify the relationship between the degree of fibrosis and
sGP73 concentration, as in the study by Cao et al.'® A novel
study design incorporating elastography could yield more
conclusive results in a less invasive fashion compared to liver
biopsy.

Study Limitations

The main limitations of our study are the relatively low number
of patients and the fact that for some patients, serum samples
were obtained during follow-up instead of concurrently with
the liver biopsy.

CONCLUSION

Our study has shown that sGP73 concentration is a viable
indicator for determining the presence of inflammation and
fibrosis in chronic HBV patients. These results support the
hypothesis that sGP73 may be used as a valuable biomarker
to predict liver damage in patients exposed to HBV. However,
we were unable to corroborate the relationship between
increasing sGP73 and degree of fibrosis.
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ABSTRACT

Aim: The aim of this study is to present the results of stone analysis and metabolic evaluation in Tekirdag province, determine the demographic and
personal characteristics and relationships of patients with these, and reveal their effects on metaphylaxis.

Materials and Methods: The data of 312 patients with urinary system stone disease (USD), who applied to our clinic between August 2018 and
January 2021, were analyzed. Stone analysis was performed on these patients using the spectroscopic method. The metabolic evaluation was
performed in 24-hour urine and plasma simultaneously on 156 patients with high risk. Age, gender, body mass index, stone localization, stone
density (HU), volumes, and 24-hour urine and serum plasma of the patients were evaluated.

Results: The USD was found predominantly in males, in multiple locations in the urinary system, frequently as a single stone, with sterile urine
culture. The most frequently detected stone type was calcium oxalate; the least common type of stone was xanthine. The highest mean HU was in
calcium oxalate stones, and the lowest was in uric acid + ammonium urate stones. As the calcium content increased, the HU of the stone increased.
Hypercalciuria was the most common abnormality in urine, while hyperuricemia was the most common and hypercalcemia the least common
abnormality in plasma. Potassium citrate was used most frequently for metaphylaxis. The rate of potassium citrate metaphylaxis in appropriate
patients was 43.3%, and the recurrence rate in these patients was 20%.

Conclusion: Metabolic evaluation and stone analysis provide valuable data about USD patients. Urologists should evaluate and apply them more
frequently, as these data may minimize stone-related interventions via metaphylaxis.

Keywords: Stone analysis, metabolic evaluation, metaphylaxis

0z
Amac: Bu calismanin amaci, Tekirdag ilindeki riner sistem tas hastalig (USTH) hastalarinin tas analizi ve metabolik degerlendirme sonuclarin
sunmak, hastalarin demografik ve kisisel 6zelliklerini ve bunlarla iliskilerini belirlemek ve metafilaksi Gzerindeki etkilerini ortaya koymaktir.

Gereg ve Yontem: Agustos 2018 ile Ocak 2021 tarihleri arasinda klinigimize basvuran USTH olan 312 hastanin verileri analiz edildi. Bu hastalarda
spektroskopik yontem kullanilarak tas analizi yapildi. Tas acisindan yiiksek riskli 156 hastada metabolik degerlendirme, es zamanli olarak 24 saatlik
idrar ile analizi ve serumda yapildi. Hastalarin yasi, cinsiyeti, viicut kitle indeksi, tas lokalizasyonu, yogunluklari (HU), hacimleri ve 24 saatlik idrar ve
serum parametreleri degerlendirildi.

Bulgular: USTH cogunlukla erkeklerde, iiriner sistemde birden fazla yerde, siklikla tek, steril idrar kiiltiiriiyle bulundu; en sik tespit edilen tas cinsi
kalsiyum oksalatti; en az goriilen tas tiirii ise ksantindi. En yliksek ortalama HU kalsiyum oksalat taslarinda, en diisiik ortalama HU ise {rik asit
+ amonyum Urat taslarindaydi. Kalsiyum icerigi arttikca tasin dansitesinin de arttigi tespit edildi. Hiperkalsitiri idrarda en sik goriilen metabolik
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parametreydi; plazmada ise en sik hiperlirisemi ve en az hiperkalsemi gozlenmistir. Metafilaksi icin en sik potasyum sitrat kullaniimistir. Uygun
hastalarda potasyum sitrat metafilaksisi orani %43,3, bu hastalarda tas niiksl orani ise %20'dir.

Sonug: Metabolik degerlendirme ve tas analizi, USTH hastalari hakkinda degerli veriler saglar. Urologlar bunlari daha sik degerlendirmeli ve
uygulamahdir. Clinkii bu veriler metafilaksi yoluyla tasla iliskili ek girisimleri en aza indirebilir.

Anahtar Kelimeler: Tas analizi, metabolik degerlendirme, metaflaksi

INTRODUCTION

Urinary system stone disease (USD) is the third most common
medical issue in urology, following urinary tract infections and
prostate pathologies'. It is a prevalent urological disorder with
a variable incidence of 1% to 20% worldwide?®. It is also a
common disease in Tiirkiye, with a prevalence rate of 11.10%"
The treatment strategies for USD changed significantly with
the technological developments in endourology. Extracorporeal
shockwave lithotripsy, percutaneous nephrolithotomy, and
retrograde intrarenal surgery are the most commonly used
treatment methods, accompanied by a diverse range of available
equipment due to technological developments®. On the other
hand, USD is a chronic disease with high recurrence rates ranging
between 21% and 59% within 5 years of the period®. Nearly
half of the patients need multiple interventions. For this reason,
preventing the stone recurrence is as vital as treating the existing
stone.

To prevent the recurrence, determining the stone composition
is important and essential’. Stone analysis can be performed by
X-ray diffraction or infrared spectroscopy, whereas chemical
analysis is ineffective®?. After determining the type of stone, a
metabolic evaluation using 24-hour urine and routine plasma
biochemical parameters will help reveal the etiology of stone
formation and identify any predisposing factors. Metabolic
evaluation is strongly recommended in many guidelines
for high-risk stone formers®. Unless these procedures
are performed, USD treatment will be half-finished and
incomplete. Metaphylaxis, and in appropriate patients based
on the metabolic evaluation results, can prevent re-stone
formation and reduce the need for re-operation, intervention,
or stone-related hospitalization.

The first aim of our study was to document the single-center
results of stone analysis and metabolic evaluations of patients
who were treated for USD. The second aim was to determine
the necessity of stone analysis and metabolic evaluation of
patients for possible metaphylaxis.

MATERIALS AND METHODS

Approval was obtained from the Non-Interventional Clinical
Research Ethics Committee of Tekirdag Namik Kemal University
(decision no: 2020.79.04.03, date: 30.04.2020). the patients
who had surgery for USD between August 2018 and January
2021 were retrospectively included in the study. A written
informed consent was obtained from participants (for the
ones under the age of 18 years, a written informed consent
was obtained from their parents/legal guardians/next of kin)

to participate in the study. All procedures performed in this
study were in accordance with the ethical standards of the
institutional andfor national research committee and with
the 1964 Helsinki Declaration and its later amendments or
comparable ethical standards.

All patients were given written informed consent before the
surgery. Although the study was designed retrospectively, the
data used were obtained prospectively. The stone fragments
were received during the surgeries, and the stone analysis was
performed using infrared spectrometry (JASCO Ft/IR-4600
Fourier Transform Infrared Spectrometer, Japan). The patients
for whom we could not obtain stone fragments were excluded
from the study.

Stone types were classified into ten main types. According
to these classifications, stones containing calcium, stones of
a single type, and stones that combine more than one stone
component were also noted as the subgroups. Patients' clinical
and demographic properties, such as age, gender, body mass
index, stone localization, stone density (HU), and stone volume,
were noted. Non-contrast abdominopelvic tomography (NCCT)
was used to evaluate the stone-related variables. Stone
volumes were calculated with 3-dimensional diameters using
the ellipsoid volume formula (axial diameter x coronal diameter
x sagittal diameter x 0.167 x m) (mm?)™. For multiple stones,
the total stone volume was calculated by the addition of each
stone's volume. The clinical and demographic properties of
patients were compared according to the stone types.

A NCCT was performed at the end of the first month of the
surgery, and stone-free status was evaluated. Fragments
smaller than 3mm were considered significant for stone-free
status. A metabolic evaluation was performed on patients, who
were stone-free and who were categorized as a high-risk group
according to the European Association of (EAU) guidelines'.

None of the patients had a JJ stent during metabolic
evaluation. The patients were asked to collect their 24-hour
urine in special plastic containers. A container containing
10 mL of 6 mmol of hydrochloric acid and a second clear
container was used for the first and second 24-hour urine
collection, respectively. There were no dietary restrictions for
the patients when they collected the urine. Twenty-four-hour
urine phosphorus, calcium, creatinine, magnesium, potassium,
sodium, uric acid, cystine, and citrate were evaluated, and
the serum parameters such as uric acid, sodium, citrate,
potassium, parathormone, oxalate, magnesium, creatinine,
chlorine, calcium, and phosphorus were tested at the same
time. In addition, the results of stone analysis and metabolic
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evaluation also analyzed whether metaphylaxis was applied
for pathological conditions or necessary situations.

Statistical Analysis

The statistical analysis of the variables was performed by
SPSS 25.0 (IBM, Armonk, NY, USA) software. Frequency and
percentage were used for categorical variables, while the mean
and standard deviation were used for continuous variables.
Normality tests were performed using the Kolmogorov-
Smirnov and Shapiro-Wilk tests to compare the quantitative
data of the groups. Parametric data were evaluated using
the Student's t-test, and non-parametric data were assessed
using the Mann-Whitney U test. The chi-square test was
used to compare the data of age groups, and odds ratios
were used to determine risk. The results were evaluated with
a 95% confidence interval, with a p<0.05 value considered
statistically significant.

Table 1. Patient demographics and stone parameters of the

patients with stone analysis

Variable Value

52.0+15.9
(minimum: 3, maximum: 85)

Age (mean + SD)

Gender (n, %)

Male
Female

185 (59.3%)
127 (40.7%)

BMI (kg/m?) (mean + SD)

27.5+4.1
(minimum: 16.9, maximum: 44.1)

Stone location (n, %)
Bladder

Distal ureter
Mid-ureter

Proximal ureter
Renal pelvis

Middle calyx

Lower calyx

Upper calyx

Multiple location

10 (3.2%)
49 (15.7%)
26 (8.3%)
51 (16.3%)
53 (17.0%)
8 (2.6%)
18 (5.8%)
7 (2.2%)
90 (28.8%)

Side (n, %)
Right

Left
Bladder

139 (44.6%)
162 (51.9%)
11 (3.5%)

Stone number (n, %)
Single
Multiple

241 (77.2%)
71 (22.8%)

HU (mean + SD)

1012.2+315.1

Stone volume (mm?) (mean + SD)

1605.0+3445.1

Preoperative urine culture (n, %)
Negative
Positive

254 (81.4%)
58 (18.6%)

SD: Standard deviation, BMI: Body mass index, HU: Stone density
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RESULTS

A total of 312 patients with stone analyses were included in
the study. Metabolic evaluation was performed in 156 of these
patients because they met the criteria for high risk USD. The
clinical and demographic properties of the patients with stone
analyses are given in Table 1.

Most patients in the study population had a pure stone
composition, forming 81.1%, whereas 59 (18.9%) patients had
the mixed type of stone composition. The most common stone
type in the pure stone group was calcium oxalate (78.6%),
whereas the combination of calcium oxalate and struvite (38.9%)
was the most common stone type in the mixed stone composition
group. The second most common stone compositions were uric
acid (9.5%) and calcium oxalate + uric acid (18.6%) in pure and
mixed stone composition groups. The compositions of both pure
and mixed stones are given in (Figure 1).

Stone types were divided into two classes according to their
content: those containing (n=249) and those not containing
calcium (n=63). It was determined that the HU of stones
containing calcium was statistically significantly higher
(p=0.034), and their volumes were smaller (p=0.004) (Table 2).

Similarly, in the distribution to be made according to stone types
between 600 and 1200 HU according to HU, 61.5% of stones
with HU less than 600 contain calcium, while this rate increases
to 91.50% in increasing HU levels and stones with HU greater
than 1200. Conversely, the rate of stones without calcium
decreases from 38.50% to 8.50% as HU increases (Figure 2).

Atotal of 156 high-risk patients for stone formation underwent
metabolic evaluation. Eighty patients had hypercalciuria (>80

18.91%

0.96%
0.96% poes

7.37%

7.69%

= Uric Acid

= Calcium Oxalate = Carbonate Apatite (Infection)

Cystine = Brushite (Calcium Phosphate) = Xanthine

= Mix Stone Composition

Figure 1. Stone types and their distributions (The percentages
in the table are given according to the total of pure or mixed

types
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mg/day), 74 patients had hyperoxaluria (>40 mg/day), 79
patients had hyperuricosuria (>600 mg/day), 58 patients had
hypocitraturia (<320 mg/day) (Figure 3).

When we analyze the metabolic evaluation results according
to stone types, we see that calcium oxalate stones are the most
common stones in patients with hypercalciuria, hyperoxaluria,
hyperuricosuria, and hypocitraturia (Table 3).

In calcium-containing stones, the hypercalciuria rate was found
to be 52.5%, the hyperoxaluria rate was found to be 49.2%,
the hyperuricosuria rate was found to be 50.9%, and the
hypocitraturia rate was found to be 45.2%, while these rates
were found to be 47%, 42.9%, 50%, and 40.7% for non-calcium
stones, respectively. No statistically significant relationship was
found between calcium-containing and non-calcium stones and
elevated calcium, oxalate, uric acid, or decreased citrate in urine.
(p=0.577, p=0.511, p=0.928 and p=0.678). It was concluded that
hypercalciuria increased calcium stone formation by 1.24 times,
hyperoxaluria by 1.29 times, and hyperuricosuria by 1.038
(Table 4).

Hypercalcemia rate was found to be 8.2%, hyperuricemia
rate was found to be 36.1%, and hyperparathyroidism rate
was found to be 19.7% in calcium-containing stones. These
rates were 5.9%, 44.1%, and 20.6% for non-calcium stones,
respectively. No statistically significant relationship was found
in comparing calcium-containing and non-calcium stones
with serum levels of calcium, uric acid, and parathyroid
hormone (p=0.735; p=0.472; p=0.140). It was concluded that
hypercalcemia increased calcium stone formation by 1.514
times (Table 4).

Based on metabolic evaluations, the metaphylaxis application
rate was 43.3% for 135 patients and potassium citrate was
mostly preferred for metaphylaxis. In hypocitraturia and
hyperuricosuria in calcium oxalate stones and for specific uric
acid stones, potassium citrate was used as metaphylaxis.

DISCUSSION

USD is one of the most common diseases worldwide. Prevalence
rates vary widely, ranging from 2-200%. The recurrence rate can
be as high as 50%!. In this disease, the most critical parameter

Table 2. Comparison of stones containing calcium with stones without calcium content

Stones with calcium Stones without calcium component
component (n=249) (n=63) FRELE

Age (mean + SD) 49.70+15.2 52.79+1.81 0.345
Gender (n, %)
Male 153 (61.45%) 32 (50.79%) 0125
Female 96 (38.55%) 31 (49.21%) ’
Stone location (n, %)
Bladder 6 (2.419%) 4 (6.35%)
Distal ureter 44 (17.67%) 5 (7.94%)
Mid-ureter 22 (8.84%) 4 (6.35%)
Proximal ureter 45 (18.07%) 6 (9.52%)
Renal pelvis 37 (14.86%) 16 (25.4%)
Middle calyx 5 (2.01%) 3 (4.76%) 0.162
Lower calyx 14 (5.62%) 4 (6.35%) ’
Upper calyx 6 (2.419%) 1 (1.59%)
Multiple location 70 (28.11%) 20 (31.75%)
Side (n, %)
Right 116 (46.59%) 23 (36.51%)
Left 127 (51.0%) 35 (55.5600) 0.073
Bladder 6 (2.41%) 5 (7.94%)
Stone number (n, %)
Single 191 (76.71%) 50 (79.4%) 0.654
Multiple 58 (23.29%) 13 (20.6%) ’
BMI (kg/m?) (mean + SD) 27.55+4.05 27.8+4.8 0.897
HU (mean + SD) 1020.2+305.0 822.2+306.8 0.034
Stone volume (mm?) (mean + SD) 1258.5+932.9 3000.9+4754.6 0.004
Preoperative urine culture (n, %)
Negative 201 (80.720%) 53 (84.1%)

L 0.536
Positive 48 (19.28%) 10 (15.9%)

SD: Standard deviation, BMI: Body mass index, HU: Stone density
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to reduce the patient's recurrence is to make the patient
stone-free. As crucial as stone surgery, it is to analyze the
stone obtained from the person and to determine metabolic
disorders that may cause stone formation. Determining
preventable factors and including them in treatment protocols
can guide the person to the relevant departments in terms of
additional diseases, if any. In this respect, stone analysis and an
appropriate metabolic evaluation are among the steps to take
in this direction.

1500

g‘m -

Stones without calcium content

100.00%
90.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
0.00%
<600

Figure 2. HU distribution of stones with/without calcium
content

Stones containing calcium

600-800 800-1000 1000-1200 >1200

m Stones with calcium  m Stones not containing calcium

HU: Stone density

60%

51.3% 50.6%

50% 47.4%
40% 37.2%
30%
20%
10%
0%
Hypercalciuria Hyp ia

Hyperuricosuria

=

Hypocitraturia

Figure 3. Metabolic analysis results of the patients
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Our study found more male patients with USD than female
patients, with a ratio of 1.45:1. In the literature, USD is a
male-dominant disease, and the male/female ratio is 1.7-1.5-
1.3:13' In the stone analysis results in Tekirdag province, the
most frequently detected stone type was calcium oxalate, and
the least frequent was xanthine stone. In a study by Giiner
and Seker' based on 1304 stones in the Northern Marmara
region, it was reported that calcium oxalate stones were
the most common stone type at a rate of 64.34%, followed
by uric acid stones at 6.8% and cystine stones at 2.10,
respectively. The study by Karabacak et al.'® based on all of
Tiirkiye emphasized that calcium oxalate content was more
frequently encountered in the Marmara region than in other
geographical regions. However, it is mentioned in the literature
that genetic differences, bacterial colonization in the urinary
system, environmental factors, and nutritional habits may
cause differences in the distribution of stone types between
cities and even within the same city".

Many studies have attempted to reveal the relationship between
stone type and density. While these studies have shown that
the density of stones with high calcium content is higher
than other components, their HU also varies across studies.
In our study, the density of stones with calcium content was
statistically significantly higher than those without calcium.
According to the study by Ogawa et al.'®, the mean HU value
of calcium stones was reported as 1151+308, cystine stones
as 677+64, and struvite stones as 569+63. Again, in an article
by Motley et al.”®, the mean HU value of calcium stones was
determined as 440+262, the mean HU value of uric acid stones
as 270+134, the mean HU value of struvite stones as 401+198,
and the mean HU value of cystine stone patients as 248+0.
However, it has been discussed that the very low HU values in
this study may be due to the helical computed tomography
(CT) used. The reason for the differences in HU measurements
in these studies is the differences in the imaging methods used
in the measurement and the variability in the measurement
point of the stone. The use of radiological imaging methods in
stone analysis is also one of the notable issues in the literature.
The types of stones in patients were tried to be determined
with direct radiographs?, and new measurement methods were
developed with the introduction of CT in the 1970s. This new
method measured the mean attenuation level in preoperative
helical CT imaging of the stones, and its ratio to the stone
volume was used?'.

In the study conducted by Gudeloglu et al.??, comparing pure
stone types with combined stones, it was determined that the
pure stone type rate was 53.7% in 24,768 patients. In Tiirkiye,
it was emphasized that it was more common than combined
stones and statistically significantly higher in women than
men. In our study conducted in Tekirdag, the pure stone rate
was significantly higher (81.1%); no statistically significant
difference was observed based on gender, but only a statistically
significant difference was observed between urine cultures. In
this direction, it can be concluded that our province does not
reflect the whole country, Tiirkiye, for these parameters.
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Table 3. Distribution of urine metabolic analysis according to stone types

Stone type (n, %) Ic-lzalyltéiel:‘ria EZ:Ieurria I::/i[c)z:uria Eizfz:)turia I::lezz:nia :Il!/i':::rmia e
(n=80) (n=74) (n=70) (n=58) (n=12) | (n=59) =t =)
Calcium oxalate 54 (67.5%) | 46 (62.2%) 49 (70.0%) | 44 (75.9%) | 9 (75.0%) | 33 (55.9%) | 19 (61.3%)
Uric acid 4 (0.5%) 7 (9.5%) 8 (11.4%) 5 (8.6%) 0 (0%) 6 (10.2%) 2 (6.5%)
Carbonate apatite (infection) 10 (12.5%) | 3 (4.1%) 4 (5.7%) 2 (3.4%) 2 (16.7%) | 4 (6.8%) 4 (12.9%)
Cystine 1 (1.25%) 1 (1.4%) 1 (1.4%) 3 (5.2%) 0 (0%) 2 (3.4%) 0 (0%)
Xanthine 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Calcium oxalate + struvite 4 (5.0%) 5 (6.8%) 1 (1.4%) 0 (0%) 0 (0%) 3 (5.1%) 2 (6.5%)
Calcium oxalate + uric acid 1 (1.25%) 3 (4.1%) 1 (1.4%) 2 (3.4%) 1(8.3%) |5 (8.5%) 1 (3.2%)
Calcium oxalate + carbonate apatite | 5 (6.25%) 5 (6.8%) 4 (5.7%) 1 (1.7%) 0 (0%) 3 (5.1%) 2 (6.5%)
Brushite (calcium phosphate) 1 (1.25%) 0 (0%) 1 (1.4%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Uric acid + ammonium urate 0 (0%) 4 (5.4%) 1 (1.4%) 1 (1.7%) 0 (0%) 3 (5.1%) 1 (3.2%)

Table 4. Relationship between calcium-containing/non-calcium-containing stones and serum and urine metabolites

Stones with calcium Stones without calcium

compone_:nt and _ compo_nent and metabolic pevalucl oddsiratio

metabolic analysis analysis

(n=122) (n=34)
Hypercalciuria (n=80) 64 (52.5%) 16 (47.0%) 0.577 1.241 (95% Cl: 0.580-2.658)
Hyperoxaluria (n=74) 59 (48.4%) 15 (44.1%) 0.511 1.290 (95% Cl: 0.604-2.755)
Hyperuricosuria (n=70) 55 (45.1%) 15 (44.1%) 0.928 1.038 (95% Cl: 0.462-2.330)
Hypocitraturia (n=58) 47 (38.5%) 11 (32.4%) 0.678 0.834 (95% Cl: 0.353-1.969)
Hypercalcemia (n=12) 10 (8.2%) 2 (5.9%) 0.735 1.514 (95% Cl: 0.316-7.257)
Hyperuricemia (n=59) 44 (36.1%) 15 (44.1%) 0.472 0.753 (95% Cl: 0.348-1.631)
Hyperparathyroidism (n=31) 24 (19.7%) 7 (20.6%) 0.140 0.439 (95% Cl: 0.153-1.253)

Cl: Confidence interval

Stone analysis and subsequent metabolic evaluation in USD are
strongly recommended in the literature, including European and
American guidelines". Unfortunately, very few urologists in our
country use these methods. In a study conducted in Tekirdag
province in 2017 with 32 urologists, it was found that 65.5%
of urologists did not perform metabolic evaluation in children
and 34.5% in adults, 20.7% did not perform stone analysis, and
44.8% had stone analysis in 1-25% of their patients®. When the
reasons for this were asked, it was concluded that almost half
of the physicians did not have the opportunity to do this, and
17.2% did not have time for metabolic evaluation. As these
results show, urologists do not give sufficient importance to
other advanced evaluations as much as surgical treatment of
the stone. Again, in a Tuirkiye-based study by Gudeloglu et al.?,
the number of stone analyses performed annually was only
1152 in 2006, while this number increased over the years and
was recorded as 2698 in 2018. However, even these numbers
are pretty low. There is no metabolic evaluation data in this
study. Metabolic evaluation was performed in our center, and
24-hour urine analysis was performed on 50% of the patients
included in our study. The most important reason for this low
rate is that many of our patients did not comply with the
patient selection criteria in the EAU guidelines. This guideline

recommends metabolic evaluation only for patients at high
risk for stone formation®. Another reason that reduces this
rate is the presence of postoperative residual stones or double
J stents in patients who undergo surgery. From the patient's
perspective, the biggest reason for this low number is the
difficulty in collecting two consecutive days of 24-hour urine,
which is necessary for this measurement, according to patient
feedback.

In the study of Kuo et al.Z, it was determined that hypercalciuria
was positively correlated with the number of stones formed,
which is thought to be related to Randall plaques in idiopathic
calcium stone formers. In our study, hypercalciuria was detected
in more than half of the stone formers, and the mean urine
calcium level was calculated as 249.6 mg/day (upper limit 200
mg/day). Again, a statistically significant result was obtained:
calcium oxalate-containing stones were formed in 80% of
hypercalciuria patients. Hypercalciuria was detected in 25.7%
of those who formed calcium oxalate stones, and this rate was
reported as 30-60% in the literature**?*. Coe et al.?® stated that
one of the critical factors affecting calcium stone formation
was hyperoxaluria. Our study determined the hyperoxaluria
rate as 47.7%, and the mean urine oxalate level was 43.6 mg/
day (upper limit 40 mg/day). 79.7% of those with hyperoxaluria
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had calcium stones, and 23.7% of those with calcium stones
had hyperoxaluria. Again, this rate is reported as 26-67% in
the literature**?®. In the studies conducted by Pak* and Levy
et al.?® in 1995, hypocitraturia was detected in up to 10% of
those who formed calcium stones and was reported in 20-600%
of all stone formers. In our study, the rate of hypocitraturia in
patients who underwent metabolic evaluation was determined
as 44.3%, and the average citrate level was 497.2 mg/day
(upper limit 320 mg/day). Hypocitraturia was seen in 18.9%
of those with calcium stones, and this rate was reported as
5-29% in the studies??®, In the study by Huynh et al.%, in
non-Western countries, the rate of hyperoxaluria was reported
as 36%, hypercalciuria as 29%, hyperuricosuria as 20%, and
hypocitraturia as 1% in individuals with recurrent stone
formation.

In the literature, USD is emphasized as one of the obvious
symptoms of hyperparathyroidism. Bilezikian et al.*® reported
that this association was less than 20% in their study. In another
study, half of the patients with primary hyperparathyroidism
were asymptomatic, and 44% had kidney stones®. In other
words, hyperparathyroidism is seen in 5% of patients with
stones®.

Potassium citrate dramatically reduces the recurrence of
kidney stones, especially uric acid stones, by alkalinizing
urine and enhancing citrate excretion. Urine alkalinization
and increased citrate excretion inhibit uric acid stone
formation by sustaining a higher urine pH, reducing uric acid
crystallization®:. Potassium citrate chelates calcium in the
urine, inhibiting the development of calcium oxalate calculi.
It is especially efficacious in individuals with hypocitraturia, a
disorder marked by diminished citrate levels in the urine®. In
the long-term 1-year follow-up of our patient population who
received metaphylaxis, the stone recurrence rate was found
to be 20%, and these patients were spared from morbidity
thanks to the data obtained from stone analysis and metabolic
evaluation. In a study by Ettinger et al.*, when administered
potassium-magnesium citrate, the treatment group exhibited
an 85% decrease in stone recurrence over a three-year
period compared to a placebo. In another study?®, potassium
citrate treatment decreased the stone recurrence rate to 0%
in patients who were stone-free after SWL, in contrast to a
28.5% recurrence rate in untreated individuals. These data
show us the significance of metabolic evaluations to initiate
metaphylaxis.

Although there are regional differences in the formation of
different stone types, genetic and environmental factors also
have important roles in these differences. There is indicative
evidence for a susceptibility gene next to the VDR locus,
which may be associated with idiopathic hypercalciuria
and calcium nephrolithiasis®’. Polymorphisms in the CaSR
gene are linked to differences in urine calcium excretion
and the production of stones, especially in normocitraturic
individuals®. Other genes that control calcium and
phosphate reabsorption, including CLDN14, which is linked
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to hypercalciuric individuals, have been found via genome-
wide association studies. Calcium stones has been associated
with genetic variations that impact the metabolism of
calcium and vitamin D, such as those in the CYP24A1 locus,
which alter the concentration of calcium in the blood and
the excretion of calcium in the urine®. Additionally, research
conducted in a Sardinian community discovered potential
loci associated with uric acid stones on chromosomes
10921-g22 and 20q13.1-13.3%. Serum uric acid levels and
stone formation are impacted by certain genetic variants,
and the insulin-like signaling system has been linked to uric
acid metabolism*'.

Study Limitations

The main limitation of our study is the retrospective evaluation
of the data and the inclusion of the population at only one
province. In addition, despite being an endemic region for
stones, the low number of stone analyses, especially metabolic
evaluation, is another study limitation.

CONCLUSION

Metabolic evaluation and stone analysis should be more
common in clinical practices and given the necessary
importance by urologists. With these data obtained, patients’
stone recurrences and re-intervention needs can be reduced
and low morbidity can be achieved via metaphylaxis.
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Optic Nerve Head Parameters, Retinal Nerve Fiber Layer
and Executive Functions in Children with Attention Deficit
Hyperactivity Disorder

Dikkat Eksikligi Hiperaktivite Bozuklugu Olan Gocuklarda Optik Sinir Basi Parametreleri,
Retina Sinir Lifi Tabakas! ve Yonetici islevler
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ABSTRACT

Aim: This study aimed to evaluate the relationship between executive functions and optic nerve head parameters (the disc area, the neuroretinal
rim volume and cup-to-disc ratio) and peripapillary retinal nerve fiber layer (pRNFL) in medication-free school-age children diagnosed with (ADHD).

Materials and Methods: Thirty children aged 8-12 years, who were diagnosed with ADHD, and thirty healthy children without psychiatric disorders
were included in the study. Parents of all participants filled out the Sociodemographic Data Form, the Behavior Rating Inventory of Executive
Function (BRIEF) Parent form, and the Conners Parent Rating scale. All children underwent a comprehensive eye examination. Optic nerve head
parameters and pRNFL were measured using optical coherence tomography.

Results: The BRIEF subscale, which evaluates executive functions, showed a significant difference between children diagnosed with ADHD and the
control group (p<0.05). In the left eye, the nasal pRNFL region thickness, the disc area and neuroretinal rim volume width were found to differ
between the groups (p<0.05). Both optic nerve rim volume and disc area were negatively correlated with BRIEF subscales, including initiation,
working memory, organization, monitoring, metacognitive index, and global executive index scores. However, no relationship was found between
pRNFL thickness (nasal) in the left eye and the BRIEF subscales.

Conclusion: This novel study has shown a potential relationship between optic nerve head parameters and executive functions in children diagnosed
with ADHD. Further studies using performance-based tests and neuroimaging devices (functional magnetic resonance imaging) are needed to
examine the relationship of optic nerve head parameters with executive functions in ADHD.

Keywords: Optic nerve head parameters, retinal nerve fiber layer, executive functions, ADHD
0z
Amagc: Calismamizda, dikkat eksikligi hiperaktivite bozuklugu (DEHB) tanisi almis, ila¢ kullanmayan okul ¢agindaki cocuklarda ydnetici islevler ile

optik sinir basi parametreleri (optik disk alani, nororetinal rim hacmi ve cukurluk disk orani) ve peripapiller retina sinir lifi tabakasi kalinligi (pRNFL)
arasindaki iliskinin degerlendirmesi amaclanmstir.

Gereg ve Yontem: Calismamiza DEHB tanisi alan, 8-12 yas arasi otuz cocuk ile herhangi bir hastaligi (g6z, psikiyatri, metabolik ve_diger) olmayan
ve ila¢ tedavisi almayan otuz saghkli cocuk dahil edilmistir. Tim katimcilarin ebeveynleri, Sosyodemografik Veri Formu, Yonetici Islevlere Yénelik
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Davranis Degerlendirme Envanteri (YIDDE) Ebeveyn formu ve Conners Ebeveyn Degerlendirme dlgegini doldurmustur. Tiim cocuklara kapsamli bir
g6z muayenesi yapildi ve optik koherens tomografi kullanilarak optik sinir basi parametreleri ve pRNFL 6l¢ildii.

Bulgular: Ydnetici islevleri degerlendiren YIDDE alt 6lcedi, DEHB tanisi alan cocuklarda anlamli fark bulundu (p<0,05). Her iki grup arasinda sol
gozde, nazal pRNFL bélge kalinligi, optik disk alani ve nororetinal rim hacmi istatistiksel farklilik gosterdi (p<0,05). Ayrica, optik sinir néroretinal rim
hacmi ve optik disk alani ile baslatma, calisma bellegi, organizasyon, izleme, metakognitif indeks ve genel yonetici indeks gibi YIDDE alt 6lcekleri
arasinda negatif yonli bir iliski saptandi.

Sonug: Bu calisma, DEHB tanisi almis cocuklarda optik sinir basi parametreleri ile yonetici islevler arasinda potansiyel bir iliski olabilecegini
gostermistir. Optik sinir basi parametrelerinin DEHB'deki yonetici islevlerle iliskisini incelemek icin performansa dayali testler ve nérogériintiileme

cihazlari (fonksiyonel manyetik rezonans goriintiileme) ile yapilan daha fazla calismaya ihtiyag vardir.

Anahtar Kelimeler: Optik sinir basi parametreleri, retina sinir lif tabakasi, yénetici islevier, DEHB

INTRODUCTION

Attention deficit hyperactivity disorder (ADHD) is a
neurodevelopmental disorder characterized by the symptoms
of inattention, hyperactivity, and impulsivity that are not
developmentally appropriate and negatively affect psychosocial
functioning’. As the most common psychiatric disorder of
childhood, the prevalence of ADHD worldwide varies between
1.7% and 17.8%, with recent epidemiological studies reporting
a median prevalence of 4% in children and adolescents® In
a study conducted in Turkiye by Ercan et al.’, the prevalence
of ADHD was found to be 12.7%. Executive functions (EFs)
encompass a range of cognitive skills necessary for the
purposeful planning and execution of thoughts and behaviors,
including directing attention, inhibiting inappropriate stimuli
(inhibition), maintaining active information, and ensuring the
transition among information®. Working memory, inhibition,
and cognitive flexibility are core components of EFs® In the
existing literature, numerous studies have utilized different
neuropsychological tests to asses EFs in children with ADHD*.
Meta-analyses have consistently found weaker EF skills in
children diagnosed with ADHD, including deficits in inhibition,
sustained attention, working memory, and cognitive flexibility*.

The retina originates from the cerebral cortexand embryological
prosencephalon, containing unmyelinated axons and glial
cells®. Due to these factors, it is believed that changes in
the structure and function of the brain may be reflected in
the retina®. Optical coherence tomography (OCT) is a non-
invasive and non-contact imaging technique that provides
cross-sectional images of retinal tissue®. OCT enables the
measurement of peripapillary retinal nerve fiber layer (pRNFL),
ganglion cell layer (GCL), and macular thickness, which can be
used to monitor and assess treatment response in ophthalmic
diseases such as glaucoma and macular disorders’. In recent
years, studies have examined pRNFL, GCL, and macular thickness
in certain psychiatric disorders such as bipolar disorder, ADHD®
" and autism spectrum disorder (ASD)'?, and have revealed
differences. Additionally, OCT has been reported to detect
chronic axonal degeneration and structural abnormalities in
the central nervous system',

In neuroimaging studies on the etiology of ADHD, it has been
observed that cases diagnosed with ADHD have atypical brain
structure. In these cases, a decrease in total brain volume has
been reported in the prefrontal cortex (PFC), basal ganglia,
cerebellum, and parietotemporal areas'. However, in a meta-
analysis study evaluating studies examining the retinal features
(pPRNFL and GCL) of cases diagnosed with ADHD, it was found
that there was a decrease in global peripapillary RNFL thickness
and thinning in the GCL layer™. Additionally, literature has
shown a negative correlation between frontal and parietal
cortical thickness and EFs in childhood and adolescence
(healthy individuals)'®'®. Although the relationship between
cortical thickness and EFs is not clear, it has been suggested
that this difference between childhood and adulthood may
be related to central nervous system maturation’. When
the literature is examined, it is seen that many studies, in
which EFs such as response inhibition, working memory and
visuospatial perception were evaluated with functional brain
imaging techniques, have reported increased activation in the
dorsolateral PFC and parietal cortex™. In a study conducted
with 1485 healthy volunteers, evaluating the relationship
between RNFL thickness and cognitive functions, it was shown
that RNFL thickness was significantly higher in people with
better neuropsychological test scores'.

This study aimed to evaluate the relationship between EFs
and optic nerve head (ONH) parameters (the disc area, the
neuroretinal rim volume and cup-to-disc ratio) and pRNFL in
medication-free school-age children diagnosed with ADHD.

MATERIALS AND METHOD

Sample

Our study included 30 children aged 8-12 years, diagnosed
with ADHD according to DSM-V-TR, who sought treatment
at the child and adolescent psychiatry outpatient clinic.
Additionally, 30 healthy children without any psychiatric
disorders were recruited. Additionally, individuals with any
acute or chronic diseases related to neurology, genetics,
endocrinology, infection, or the cardiovascular system
were excluded. Additionally, those with known eye diseases
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(especially glaucoma and ocular hypertension) and those
using medication, except for +2 spherical refractive error, were
also excluded. Participants whose parents did not consent
to participate were also not included in the study. The study
received approval from Erzurum Regional Training and Research
Hospital Ethics Committee (decision no: 2022/13-140, date:
05.09.2022). Prior to the study, written and verbal informed
consent was obtained from the parents of all participants.

Procedure

Parents of all participants were asked to fill out a
Sociodemographic Data form, the Behavior Rating Inventory
of Executive Function Parent (BRIEF) form, and the Conners'
Parent Rating Scale (CPRS) Short Form. A detailed eye
examination was conducted on all 60 children participating
in the study to exclude ophthalmological pathologies. Each
participant underwent measurements of refractive errors using
an autorefractometer, determination of best-corrected visual
acuity with a Snellen chart, intraocular pressure measurement
using Goldmann applanation tonometry, and a detailed
ophthalmic examination including slit-lamp biomicroscopy and
dilated fundus examination. Subsequently, non-invasive OCT
measurements of both eyes were performed using the RTvue
device (Optovue, CA, USA). Based on the study by Pitkanen et
al.?%, only measurements of pRNFL thickness (superior, inferior,
nasal, and temporal region thickness) and ONH parameters
(the disc area, the neuroretinal rim volume, and cup-to-disc
ratio) of the left eye were included in the evaluation for each
participant.

Data Collection Tools

Sociodemographic Data Form: This form, prepared by the
researchers, was designed and implemented to collect
information about participants and family members (age,
gender, delivery time, delivery type, developmental milestones
(walking, talking, toilet training), family structure, and
settlement).

Hollingshead-Redlich Scale: The Hollingshead-Redlich scale
evaluates socioeconomic status (SES) by considering parental
education and occupation. It categorizes SES into five levels,
with the highest-achieving parent determining the score.
Levels 1 and 2 denote high SES, Level 3 corresponds to middle
SES, and Levels 4 and 5 indicate low SES?.

Conners' Parent Rating Scale Short Form: The Conners' rating
scale is the most widely used behavior rating scale to assess
the characteristics of ADHD in children and adolescents with
sub-scales for inattention, hyperactivity, and oppositional
behavior. The scale has been adapted into Turkish by Kaner et
al.?? Parents were asked to rate their children’s behaviors on
a four-point Likert scale for each item. The scale is scored as
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never (0), rarely (1), often (2), and always (3)?2. In our study, the
ADHD index calculated from the scale utilized the Inattention
and Hyperactivity subscales. The obtained high scores indicate
the severity of ADHD symptoms.

Behavior Rating Inventory of Executive Function Parent Form:
BRIEF was developed to assess EFs, problem-solving skills,
and adaptive behaviors in children. This scale is filled out by
an individual familiar with the child (parent, teacher) based
on the child's behavior and attitudes over the last 6 months.
The scale consists of a total of 86 items, and 8 subscale and 3
index scores related to a person's EFs can be calculated. The
obtained high scores indicate weak executive skills. The Turkish
standardization of the scale was conducted by Batan et al.2.
The description of BRIEF Subscales is as follows?*:

Inhibition: The capacity to regulate impulses and halt one's
behavior at appropriate moments.

Shifting: The ability to transition flexibly between different
situations, tasks, perspectives, or aspects of a problem.

Emotional Control: The skill of managing and regulating
emotional responses.

Initiate: The ability to independently begin tasks or activities
and generate ideas.

Working Memory: The capacity to hold and manipulate
information in mind to complete tasks or respond appropriately.

Planning/Organizing: The ability to anticipate future events,
set goals, create structured steps in advance, execute tasks
systematically, and effectively communicate key ideas.

Organization of Materials: The ability to manage task-related
demands while considering both present and future situational
requirements.

Monitoring: The capacity to oversee work, assess performance,
and track both one's own and others' efforts.

Behavioral Regulation Index (BRI): A composite score derived
from the inhibition, shifting, and emotional control subscales.

Metacognition Index (MCI): A total score encompassing the
initiate, working memory, planning/organizing, organization
of materials, and monitoring subscales.

Global Executive Composite Index: Calculated as the sum of
the BRI and MClI scores.

OCT Measurement and Device Specifications: Measurements
were made using the RTvue device (Optovue, CA, USA)
employing a non-invasive technique that provides
tomographic sections of tissues at the micron level by
measuring the reflection, delay time, and intensity of
infrared light at approximately 840 nm wavelength sent to
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tissues and reflected from different tissues. A detailed eye
examination was conducted for each participant to exclude
ophthalmological pathologies. During measurement,
low-quality scans were rejected. All image qualities
were controlled using the signal strength index (SSI).
Only scans with SSI >50 were included in the study. For
RNFL thickness measurements, a three-dimensional (3D)
disc and a 4 mm diameter ONH map were used. pRNFL
thickness measurements were obtained along 13 circular
B-scans manually positioned over the optic disc to create
a peripapillary RNFL thickness map. The pRNFL thickness
measurement was calculated as the difference in distance
between the inner limiting membrane and the outer edge
of the inner plexiform layer within a circle with a diameter
of 3.45 mm. The ONH scan provides a 3D view and is created
using 12 radial B-scans with a fixed length of 3.7 mm for
ONH shape analysis. In each scan series, average pRNFL
thickness, quadrant pRNFL thickness (superior, inferior,
temporal, and nasal), and optic disk volume and cup-disk
areas with the cup-to-disk ratio were analyzed. Data were
recorded with information about race, age, and gender. The
device's recorded normative database outputs show color-
coded normal distribution percentages among individuals
of the same age. The lower 1% of normal measurements
is shown in red, the lower 5% in yellow, the upper 5%
in white, and the remaining 90% in green. Results were
analyzed based on this information®.

Statistical Analysis

The statistical analysis was performed using SPSS 23.0 statistical
software package. Descriptive statistics of the evaluation results
were presented as numbers and percentages for categorical
variables and as mean, standard deviation, minimum, and
maximum for numerical variables. The Kolmogorov-Smirnov
test was used to assess the normal distribution conditions
of the data. When the normal distribution condition was
met for comparing numerical variables among three or more
independent groups, the ANOVA test was used; otherwise, the
Kruskal-Wallis test was used; otherwise, the Kruskal-Wallis
test was used; otherwise, the Kruskal-Wallis Variance analysis
was used. The Bonferroni test from post-hoc test statistics was
employed to determine the source of significant differences
among more than two groups. Spearman'’s rank correlation
coefficient was used to analyze the relationship between
numerical variables in two groups. The chi-square test was
employed to analyze the differences in the proportions
of categorical variables between independent groups. A
significance level of p<0.05 was accepted for statistical
significance.

RESULTS

A total of 60 children aged between 8 and 12 vyears
participated in the study. The groups were comparable in terms
of age, gender, years of education, and SES (p>0.05) (Table 1).
Significant differences were observed in the BRIEF subscale,

Table 1. Sociodemographic characteristics of the participants, RNFL thicknesses, and ONH parameters

Children with ADHD Controls
p-value
(mean + SD) (mean + SD)

Age (years) 9.63+1.93 9.23 +1.35 0.68"
Gender (boy/girl) 22/8 16/14 0.108
Education (year) 437+1.75 4.85+ 2.71 0.887
Hollingshead-Redich scale (mean + SD) 3.47+1.22 3.76 + 1.1 0.197°
CPRS
Inattention 9.842.7 1.4+1.3 <0.001"
Hyperactivity 10.3+7.22 1.16.4+1.2 <0.001"
ADHD index 14.7+3.13 3.06+1.8 <0.001"
pRNFL
pRNFL superior (um) L 121.3249.90 125.41+17.29 0.285
pRNFL inferior (um) L 122.93+11.52 125.67+13.41 0.424"
pRNFL temporal (um) L 75.25+8.92 77.9+11.03 0.427"
pRNFL nasal (um) L 71.82+6.41 75.59+7.07 0.043°
Optic nerve head parameters
Optic disc area (mm?) L 2.04+0.50 2.27+0.36 0.048
Optic neuroretinal rim volume (mm?) L 1.51+0.31 1.84+0.39 0.001"
Optic cup-to-disc ratio L 0.24+0.16 0.19+0.11 0.245"

ADHD: Attention deficit hyperactivity disorder, p: Probability of significance, p<0.05, um: Micrometers (data in the table presented in units of), pRNFL: Peripapillary retinal
nerve fiber layer, L: Left eye, SD: Standard deviation, CPRS: Conners' parent rating scale, ‘Kruskal-Wallis, "ANOVA, ONH: Optic nerve head
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which assesses EFs, between children diagnosed with ADHD
and the control group (p<0.05) (Table 2). When examining
pRNFL and ONH parameters between the groups, differences
were observed in the pRNFL nasal region thickness in the left
eye (p=0.043), the disc area belonging to the ONH (p=0.048),
and the neuroretinal rim volume (p=0.01) (Table 1). Both optic
neuroretinal rim volume and disc area showed a negative
correlation with the sub-scores of the BRIEF scale, including
initiation, working memory, plan/organize, organization
of materials, monitoring, metacognitive index, and global
executive composite index scores (Table 3). However, there was
no relationship found between the pRNFL thickness (nasal) in
the left eye and BRIEF subscales. Additionally, the ADHD index
score calculated from the CPRS scale exhibited a negative
correlation with both optic neuroretinal rim volume and optic
disc area (Table 3).

DISCUSSION

In recent years, studies investigating RNFL and optic nerve
parameters using OCT in psychiatric disorders have started to
increase. In the study, children diagnosed with ADHD exhibited
significant differences in pRNFL nasal region thickness, optic
disc area, and neuroretinal rim volume compared to the
control group. Additionally, optic disc area and neuroretinal
rim volume were found to be associated with BRIEF subscales
in the ADHD group.

In the study, it was observed that both the optic disc area and the
neuroretinal rim volume were thinner in the ADHD-diagnosed
group (p<0.05). Furthermore, these parameters of the left eye's
ONH were found to be associated with both EFs, including
initiation, working memory, plan/organize, organization
of materials, monitoring, metacognition index and global

executive composite scores, and also the ADHD index score. In
other words, it was found that children diagnosed with ADHD
who had a larger optic disc area and neuroretinal rim volume
exhibited stronger EFs skills and less severe ADHD symptoms.
Studies in the literature that examine the relationship between
ocular findings and cognitive impairment have reported
controversial results. In a cohort study, Pitkdnen et al.?° found
that individuals with a larger optic disc area had a higher level
of education, completed the Humphrey 24-2 perimetric test
(HFA) in a less time, but performed worse on the grade point
average (GPA) test. In the same study, greater neuroretinal
volume was detected to be associated with higher GPA, shorter
HFA completion time, and fewer errors in the paired associates
learning test. Similarly, in the Beijing Eye Study, the average age
of the population was 56.2+10.6 years, and it was emphasized
that optic disc head size was associated with education level
and perimetric test duration time. The author noted that
education level was significantly associated with increasing
disc size and shorter perimetric test duration?’. Another study
found that a larger optic cup-to-disc ratio in females was
independently associated with poorer cognitive abilities?®. The
data obtained in our study are consistent with the findings of
Pitkanen et al.?® and Jonas et al.?. This interpretation suggests
that an increase in both optic disc size and neuroretinal rim
volume may be associated with stronger EFs skills and fewer
symptoms in children diagnosed with ADHD. Since existing
studies in the literature have primarily been conducted on
adult populations, there is a need for more OCT studies with
larger sample sizes in children with ADHD, assessing EF skills
using diverse methodologies.

ADHD has been linked to dysfunctions in somatomotor
and visual networks, alongside impairments in higher-level

Table 2. Comparison of behavior rating inventory of executive function, of children with ADHD and controls

Children with ADHD Controls

(mean + SD) (mean + SD) el
BRIEF
Inhibition 24.40+14.15 16.43+7.6 0.009
Shifting 15.6+4.17 13.6+1.74 0.005
Emotional control 21.52+5.08 16.35+4.23 <0.001°
Initiate 15.83+3.04 11.85+3.30 <0.001"
Working memory 24.35+3.40 17.08+4.68 <0.001°
Plan/organize 33.09+7.53 21.69+6.57 <0.001"
Organization of materials 16.39+4.35 11.73+3.36 <0.001"
Monitoring 18.35+3.71 12.23+3.69 <0.001°
Behavioral Regulation index 73.26+14.76 52.12+11.38 <0.001"
Metacognition index 91.61+15.30 62.85+16.90 <0.001
Global executive composite 164.87+27.19 114.96+26.91 <0.001"
p: Probability of significance, p<0.05, ADHD: Attention deficit hyperactivity disorder, BRIEF: Behavior Rating Inventory of Executive Function, SD: Standard deviation,
‘Independent sample t test
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Table 3. Correlation between properties of ONH, pRNFL (nasal) and the BRIEF scale

L optic neuroretinal rim volume

L optic disc area

L optic pRNFL nasal (um) L

BRIEF
Inhibition p=0.588 r=-0.075 p=0.010 r=-0.344" p=0.041 r=-0.276
Shifting p=0.072 r=-0.271 p=0.028 r=-0.328" p=0.827 r=-0.034

Emotional control

p=0.242 r=-0.178

p=0.133 r=-0.228

p=0.371 r=-0.137

Initiation

p=0.003 r=-0.436""

p<0.001 r=-0.543""

p= 0.327 r=-0.149

Working memory

p=0.005 r=-0.415""

p=0.005 r=-0.408""

p=0.129 r=-0.230

Plan/organize

p=0.01 r=-0.378"

p=0.013 r=-0.366"

p=0.264 r=-0.170

Organization of materials

p<0.001 r=-0.478""

p<0.001 r=-0.500""

p=0.125 r=-0.232

Monitoring

p=0.02 r=-0.442**

p=0.003 r=-0.443""

p=0.094 r=-0.253

Behavioral Regulation index

p=0.24 r=-0.336

p=0.016 r=-0.358*

p=0.122 r=-0.234

Metacognition index

p=0.003 r=-0.435"

p=0.002 r=-0.445"

p=0.165 r=-0.211

Global executive composite

p=0.005 r=-0.409**

p=0.004 r=-0.425""

p=0.128 r=-0.230

CPRS

Inattention p=0.003 r=-0.428"" p=0.016 r=-0.350* p=0.297 r=-0.157
Hyperactivity p=0.011 r=-0.370* p=0.102 r=-0.241 p=0.576 r=-0.085
ADHD index p=0.001 r=-0.459"* p=0.009 r=-0.376"" p=0.220 r=-0.184

ADHD: Attention deficit hyperactivity disorder, CPRS: Conners' Parent Rating scale, pRNFL: Peripapillary retinal nerve fiber layer, L: Left eye, SD: Standard deviation, ONH: Optic
nerve head, p: Probability of significance, p<0.05, BRIEF: Behavior Rating Inventory of Executive Function Parent

cognitive and behavioral functions. Neurotransmitters such
as dopamine, glutamate, and GABA play a crucial role not
only in retinal function but also in post-ocular structures like
the thalamus and visual cortex?®. Research has shown that
ADHD is associated with decreased GABA levels and increased
glutamate levelsin the PFC and striatum, alongside disruptions
in dopaminergic signaling?”. Dopamine is known to support
retinal function in multiple ways, whereas glutamate, when
present in excess, acts as a neurotoxin that damages retinal
GCL. Notably, studies have found a significant reduction in
RNFL thickness in parkinson's disease, where dopamine levels
are diminished?. Similarly, retinal layer thinning has been
observed in adults with restless legs syndrome, a condition
frequently comorbid with ADHD and sharing overlapping
pathophysiological mechanisms with parkinson's disease?.
Some studies indicate that pRNFL thickness does not show
a significant difference in children diagnosed with ADHD
compared to the control group®**°, while others have observed
thinning in pRNFL nasal quadrant thickness in individuals
with ADHD®?'. In a study on ASD, the author interpreted the
differences in pRNFL thinning in children diagnosed with ASD
as an indicator of atypical brain development'. In our study,
consistent with the findings of Hergiiner et al.® and Kaymak
et al.¥', asignificant reduction in the nasal quadrant thickness
of pRNFL was observed in children diagnosed with ADHD
(p<0.05). However, no significant association was observed
between this difference and the ADHD index score. When
evaluating pRNFL and ONH findings together, this difference
in ONH structure may be attributed to variations in axonal
volume, deficiencies in dopaminergic function, or structural

abnormalities in glial cells among children with ADHD.
However, to better elucidate the underlying mechanisms of
these alterations, further studies with larger sample sizes
incorporating neuroimaging techniques and biochemical
markers related to dopamine function are warranted.

In recent years, studies conducted on adult samples have
found a relationship between pRNFL thickness and cognitive
function'?2. Additionally, one of these studies has emphasized
that macular GCL thickness is more strongly linked to
cognitive functions than pRNFL thickness®. This relationship
observed in the healthy population has also been evaluated
in neurodegenerative diseases such as parkinson's disease and
multiple sclerosis®*?*. Thinning in pRNFL inferior quadrant
thickness has been specifically associated with cognitive
impairment in parkinson's patients®>. In multiple sclerosis
patients, changes in both pRNFL and GCL inner plexiform layer
may be associated with cognitive impairment, suggesting a
connection to neurodegeneration®*. Another study investigated
the relationship between EF skills, also known as advanced
cognitive skills, and pRNFL in adults diagnosed with ADHD,
like our study, and found no relationship between pRNFL and
EFs®'. The varied results in studies investigating the relationship
between pRNFL and cognitive function in the literature may
arise from differences in the scales used in the studies, the
variability in age groups and the differences in the etiology of
neurodegenerative diseases and neurodevelopmental disorders.
To investigate the relationship between pRNFL and cognitive
function, studies with larger samples in a similar age group
within neurodevelopmental disorders are needed.
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Study Limitations

The present study has some limitations. One is its small sample
size. The other is that the scale used to assess EFs in our study
relies on parental feedback. Further studies with large samples
are needed using performance-based tests and neuroimaging
devices such as functional magnetic resonance imaging.

CONCLUSION

In conclusion, our study is important as the first investigation
of EFs and OCT parameters in school-age children diagnosed
with ADHD. In school-age children with ADHD in our study,
ONH parameters, specifically were found to be smaller and
associated with poorer EF skills. On the other hand, pRNFL
was only found to be thinner in the nasal quadrant in children
with ADHD, and no relationship was found with EF skills. In
the etiopathogenesis of ADHD, which is a neurodevelopmental
disorder, changes in optic nerve parameters such as optic
disc area and neuroretinal rim volume rather than pRNFL
may suggest the indicators of atypical brain development.
Therefore, we hope that our study will provide clinicians with a
different perspective and serve as a guide in this regard.
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ABSTRACT

Aim: Pancreatic cancer (PC) is one of the most aggressive cancers, with a 5-year survival rate of less than 50% in resectable stages. The aim of this
study was to determine the survival effect of adjuvant chemoradiotherapy (CRT) in resected PC.

Materials and Methods: We retrospectively analyzed 156 patients with resected PC, who received adjuvant chemotherapy with/without CRT. The
Cox regression and Kaplan-Meier analyses were used to determine the factors related to survival rate. Subgroup analyses were performed according
to clinical characteristics.

Results: The number of patients with lymph node metastases was statistically significantly higher in patients receiving CRT (p=0.007). No effect
of CRT on both disease-free survival (DFS) and overall survival was detected (p>0.05). Subgroup analysis of DFS showed that adjuvant CRT was
associated with poor prognosis in patients with in patients with in patients with low Eastern Collaborative Oncology Group performance scores
(p=0.043), low T-stage (p=0.024), or low De-Ritis ratio (p=0.030). Subgroup analysis indicated that the overall survival benefit of adjuvant CRT was
more significant in patients without diabetes mellitus (p=0.040), low serum carbohydrate antigen 19-9 levels (p=0.047), or low hemoglobin values
(p=0.046).

Conclusion: Our study has shown that the survival benefits of adding CRT to adjuvant chemotherapy in operated PC patients are limited. Patients
who will receive CRT must be carefully selected according to their clinicopathological characteristics.

Keywords: Pancreatic cancer, adjuvant therapy, chemoradiotherapy, radiotherapy, survival
0z
Amag: Pankreas kanseri (PK), rezeke edilebilir evrelerde 5 yillik sagkalim orani %50'den az olan en agresif kanserlerden biridir. Bu calismanin amaci

rezeke edilmis PK'de adjuvan kemoradyoterapinin (CRT) sagkalim etkisini belirlemektir.

Gerec ve Yontem: Opere edilmis PK'li ve adjuvan kemoterapi alan 156 hastayi retrospektif olarak analiz ettik. Sagkalim oraniyla iliskili faktorleri
belirlemek icin Cox regresyon ve Kaplan-Meier analizleri kullanildi. Alt grup analizleri klinik 6zelliklere g&re yapildi.

Bulgular: Lenf nodu metastazi olan hasta sayisi, CRT alan hastalarda istatistiksel olarak anlamli derecede daha yiiksekti (p=0,007). CRT'nin hem
hastaliksiz sagkalim (DFS) hem de genel sagkalim {izerinde bir etkisi saptanmadi (p>0,05). DFS'nin alt grup analizi, adjuvan CRT'nin distik Dogu
isbirligi Onkoloji Grubu performans skorlari (p=0,043) veya diisiik T-evresi (p=0,024) veya diisiik De-ritis orani (p=0,030) olan hastalarda kétii
prognozla iliskili oldugunu gosterdi. Alt grup analizi, adjuvan CRT'nin genel sagkalim faydasinin non-diabetes mellitus (p=0,040) veya diisiik serum

Address for Correspondence: Eyyiip CAVDAR MD, Dr. ismail Fehmi Cumalioglu City Hospital, Clinic of Medical Oncology, Tekirdag, Tiirkiye
E-mail: eyyupcavdar@hotmail.com ORCID ID: orcid.org/0000-0001-5885-3047
Received: 13.02.2025 Accepted: 10.03.2025 Publication Date: 23.06.2025

Cite this article as: Cavdar E, Karaboyun K, iriagac Y, Sakin A, Beyaz Y, Avei O. Survival impact of adjuvant chemoradiotherapy in resected pancreatic cancer.
Nam Kem Med J. 2025;13(2):116-124

©Copyright 2025 by Tekirdag Namik Kemal University /| Namik Kemal Medical Journal is published by Galenos Publishing House. @@@@
Licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-NC-ND) International License. AT

116


https://orcid.org/0000-0001-5885-3047
https://orcid.org/0000-0002-1783-8075
https://orcid.org/0000-0001-7411-1705
https://orcid.org/0000-0003-2538-8569
https://orcid.org/0000-0001-9328-5460
https://orcid.org/0000-0003-3773-6620

Nam Kem Med J 2025;13(2):116-124

CAVDAR et al. Adjuvant Chemoradiotherapy in Resected Pancreatic Cancer

karbohidrat antijeni 19-9 seviyeleri (p=0,047) veya diisiik hemoglobin degerleri (p=0,046) olan hastalarda daha anlamli oldugunu gésterdi.

Sonug: Calismamiz, ameliyat edilen PK hastalarinda adjuvan kemoterapiye CRT eklemenin sagkalim faydalarinin sinirli oldugunu gésterdi. CRT

alacak hastalar klinikopatolojik 6zelliklerine gore dikkatlice segilmelidir.

Anahtar Kelimeler: Pankreas kanseri, adjuvan tedavi, kemoradyoterapi, radyoterapi, sagkalim

INTRODUCTION

Pancreatic cancer (PC) is the twelfth most common cancer in
the world and one of the leading causes of cancer deaths. PC
exhibits a lethal disease course and is expected to become the
second most common cause of cancer-related deaths in the
next decades despite improved treatment strategies'. While
its overall survival (OS) is 2.6%, it is responsible for 4.7% of
cancer-related deaths, and the expected 5-year OS in the
advanced stage is 3%?>. In the operable stages, that is to have
been potentially curable, the 5-year survival is less than 50%,
even if they have received all planned treatments?.

Surgery, chemotherapy, and radiotherapy (RT) (with/without
chemotherapy) are substantial treatment options in the early
or locally advanced stages of PC. The benefit of adjuvant
chemotherapy after surgery in localized patients is clear and
there is no controversy in this setting on guidelines*®. Contrary
to strong recommendations for chemotherapy, the importance
of RT is unclear. In the light of studies and guidelines in the
literature, RT is either included as a poor recommendation next
to chemotherapy or is not recommended*’®. In addition, it is
unclear whether RT provides a survival benefit or is a poor
prognostic factor for survival.

In this study, we investigated the effect of adjuvant
chemoradiotherapy (CRT) on survival by performing a
comprehensive prognostic factor analysis in operated PC
patients receiving adjuvant chemotherapy. In this way, we
aimed to identify the patient populations that could benefit
from adjuvant RT and to determine the most appropriate
prognostic factors to guide cancer treatment professionals in
clinical practice.

MATERIALS AND METHODS
Study Population

This study was planned as a multicenter-retrospective study
and conducted in accordance with the Declaration of Helsinki.
Approval from the Non-Interventional Clinical Research Ethics
Committee of Tekirdag Namik Kemal University (TNKU) Faculty
of Medicine (decision no: 2022.159.09.06, date: 27.09.2022).
Data were collected from participating medical oncology
clinics. Patients aged >18 years who underwent surgery for
PC and received adjuvant chemotherapy between March

2016 and June 2022 were included. Patients with metastatic
disease, concomitant or previous malignancy, positive margins,
having received neoadjuvant therapy, or patients who did not
complete the planned adjuvant chemotherapy were excluded
from the study.

All patients who received RT were given treatment as CRT
(with capecitabine/5-fluorouracil). As a RT protocol in the
included centers, patients generally receive RT (3-dimensional
conformal RT or intensity-modulated RT) for 5 days a week
(28 fractions) for approximately 5.5 weeks within 7-21 days
after the completion of chemotherapy. During RT, patients
receive either capecitabine twice a day for 5 days a week
or 5-fluorouracil continuously for 5.5 weeks or until RT is
completed.

Data Collection

Three centers with oncology expertise were included in
the study. Patients’ demographics, clinicopathologic data,
and serum laboratory parameters measured prior to initial
chemotherapy were documented. Prognostic nutritional index
(PNI1), neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte
ratio (PLR), and De Ritis (aspartate transaminase-to-alanine
transaminase ratio) were measured and recorded from
laboratory data. The calculation formula for the globulin was
total protein-serum albumin, and that for PNI was 10 x serum
albumin (g/dL) + 0.005 x lymphocyte count (per mm3).

Statistical Analysis

Statistical analyses were performed using SPSS Statistic
software 24 (SPSS Inc., Chicago, Ill). The ROC curve and
area under the curve were used as optimal cut-off values
for laboratory parameters and indices, but the optimal cut-
off could not be determined. Therefore, median values were
accepted as cut-off values. For the analysis of categorical
variables, the chi-square test or Fisher's exact test were utilized.
These cut-offs were used to differentiate the two groups as
“low" and "high." Firstly, univariate and multivariate analyses
of factors affecting OS and Progression-free Survival were
performed with Cox Proportional Hazards Model. Secondly,
two separate groups were formed with and without CRT, and
potential prognostic factors were investigated by subgroup
analysis using univariate Cox analysis. Hazard ratio (HR) was
reported with the corresponding 95% confidence intervals (Cl)
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(95% CI). Thirdly, the factors that were found to be statistically
significant in the subgroup analysis were compared with the
Kaplan Meier and Log-Rank tests. The OS was calculated as the
time from randomization to all-cause death or the last follow-
up date used for censoring. Disease-free survival (DFS) was
considered as time to relapse or all-cause death, whichever
came first. Statistical significance was accepted as p<0.05.

RESULTS

Patient Characteristics

A total of 1128 patients were examined. Eight hundred forty-
nine patients were found to be in the metastatic stage, and
123 patients had no laboratory data before the first treatment.
These patients were excluded, and the study was completed
with 156 patients. The median age was 62 years (range: 35-82
years). One hundred (64.1%) of the patients were male. Of all
study patients, 114 (73.1%) relapsed and 104 (66.7%) died of
cancer-related causes. The median follow-up time among all
studies was 73.0 months (range: 63.7-82.3). The median DFS
was 20.6 months (95% Cl: 16.6-24.6) in all patients, 17 months
(95% Cl: 13.2-20.9) in those receiving adjuvant CRT and 23.3
months (95% Cl: 18.9-27.7) in those not receiving CRT. The
median OS was 80 months (95% Cl: 70.5-89.5) in all patients,
101.3 months (95% Cl: 56.4-146.2) in those receiving CRT and
77.5 months (95% Cl: 65.3-89.7) in those not receiving CRT.

Demographic and clinicopathologic characteristics of patients
who received CRT and those who did not receive RT were
similar. The number of patients with lymph node metastases
was statistically significantly higher in patients who received
only CRT (p= 0.007). The general characteristics and laboratory
data of the patients, compared according to the CRT groups,
are shown in Table 1.

Survival Analysis

For survival analysis, the median values of 2.92 for
carcinoembryonic antigen, 39.94 for carbohydrate antigen
19-9 (CA 19-9) 12.1 for hemoglobin, 0.75 for total bilirubin,
2.63 for NLR, 155.12 for PLR, 1.09 for De-Ritis, and 48.9 for
PNI were accepted as cut-off. In the Cox regression analysis,
low body mass index (HR=1.50, 95% Cl: 1.0-2.23, p=0.047),
higher T-stage (HR=1.55, 95% Cl: 1.06-2.27, p=0. 026), lymph
node metastasis (HR=1.67, 95% Cl: 1.13-2.47, p=0.010) and
higher De-ritis (HR=1.50, 95% Cl: 1.03-2.17, p=0.032) were
associated with lower DFS. Diabetes mellitus (DM) (HR=2.24,
95% Cl: 1.22-4.12, p=0.009), tumor localization outside the
pancreatic head (HR=1.91, 95% Cl: 1.08-3.37, p=0.026) and
high CA 19-9 level (HR=1.99, 95% Cl: 1.09-3.64, p=0.025)
were found to be poorly prognostic for OS. Adjuvant CRT had
No survival effect for both DFS and OS (p=0.490, p=0.090,
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respectively) (Table 2). In established multivariate models,
lymph node status (HR=1.67, 95% Cl: 1.13-2.47, p=0.010) for
DFS and DM (HR=3.06, 95% Cl: 1.61-5.81, p=0.001) and tumor
localization (HR=2.37, 95% Cl: 1.31-4.30, p=0.004) for OS
were found to be independent prognostic factors.

Association of Adjuvant CRT with Survival, Subgroup
Analysis

Subgroup analyses were performed to identify groups that
could benefit or suffer from CRT. No subgroup that adjuvant
CRT contributed positively to DFS was found. Adjuvant CRT
was associated with worse survival in good ECOG performance
status (HR=1.65, 95% Cl: 1.02-2.69, p=0.043), low pathologic
T (pT) (HR=2.05, 95% Cl: 1.10-3.82, p=0.024) and low De-
ritis ratio (HR=1.85, 95% Cl: 1.06-3.24, p=0.030) (Table 3).
Survival curves were made by the Kaplan-Meier analysis. The
corresponding mDFS values according to ECOG performance
scores and pT stage were 17.0 (95% Cl: 12.3-21.8) versus 29.2
months (95% Cl: 18.0-40.5) (log rank p=0.040), 17.0 months
(95% Cl: 7.7-26.3) versus 52.8 months (95% Cl: 23.4-82.2)
(log rank p=0.021), and 16.8 (95% Cl: 12.4-21.2) versus 23.5
months (95% Cl: 16.2-30.8) (log rank p=0.046), respectively,
with significant difference (Figure 1).

The Cox regression analysis found that adjuvant CRT also did
not provide survival for OS. In subgroup analysis, CRT provided
longer OS in those with non-DM (HR=0.46, 95% Cl: 0.22-0.97,
p=0.040), low CA 19-9 levels before treatment (HR=0.42, 95%
Cl: 0.18-0.99, p=0.047) and low hemoglobin values (HR=0.35,
95% Cl: 0.13-0.98, p=0.046) (Table 3). Survival curves were
made by the Kaplan-Meier analysis. The corresponding mOS
values according to without-DM, low CA 19-9, and low
hemoglobin values were 139 (95% Cl: 48.4-229.7) versus 80
months (95% Cl: 75.6-84.5) (log rank p=0.045), 139 months
(95% Cl: 97.9-180.2) versus 80.1 months (95% Cl: 66.4-94.8)
(log rank p=0.042), and 101.3 (95% Cl: 58.3-144.3) versus 69.9
months (95% Cl: 54.8-85) (log rank p=0.037), respectively,
with significant difference (Figure 1).

DISCUSSION

In this study, we addressed the relationship between adjuvant
CRT and survival in PC patients who underwent surgery
and received adjuvant chemotherapy. Our study found that
adjuvant CRT had no impact on both DFS and OS. In subgroup
analyses, CRT was associated with worse survival times with
good ECOG performance, low pT stage and low De-ritis rate.
CRT was associated with longer OS times in without-DM,
low CA 19-9 values and low hemoglobin values. Significant
survival benefits have been achieved in operable PC with
adjuvant chemotherapy®'™®. However, chemotherapy alone does
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not provide the desired contribution to survival, indicating EORTC-3 study with a similar design revealed that CRT was
the need for new treatment methods. Among the studies not superior to the observation arm™'?. A large patient
on adjuvant CRT, although the Gastrointestinal Tumor Study analysis conducted by 2013 reported that chemotherapy
Group study conducted in 1974 was superior to RT alone, the followed by CRT was not favorable in prolonging survival.

Table 1. Demographic and clinicopathological features of patients regarding chemoradiotherapy and chemotherapy alone

Total Non-CRT CRT

n (%) n (%) n (%) p-value
Clinicopathological characteristics 156 (100) 101 (64.7) 55 (35.3)
Age (year)
<65 96 (61.5) 60 (62.5) 36 (37.5)
>65 60 (38.5) 41 (68.3) 19 (31.7) 048
ECOG-PS
<2 95 (60.9) 56 (58.9) 39 (41.1)
>2 61 (29.1) 45 (73.8) 16 (26.2) 0.059
BMI
<25 110 (70.5) 69 (62.7) 41 (37.3) 0.415
>25 46 (29.5) 32 (69.6) 14 (30.4)
Sex
Male 101 (64.7) 69 (38.3) 32 (31.7) 0.206
Female 55 (35.3) 32 (58.2) 23 (41.8)
Smoking history
Yes 97 (62.2) 58 (59.8) 39 (40.2) 0.097
No 59 (37.8) 43 (72.9) 16 (27.1)
Alcohol history
Yes 30(19.2) 23 (76.7) 7 (23.3)
No 126 (80.8) 78 (61.9) 48 (38.1) 0.128
DM history
Yes 53 (34) 36 (67.9) 17 (32.1) 0.551
No 103 (66) 65 (63.1) 38 (36.9)
Primary site
Head 102 (65.4) 63 (61.8) 39 (38.2) 0.284
Other 54 (34.5) 38 (70.4) 16 (29.6)
pT
<3 64 (41) 43 (67.2) 21 (32.8)
>3 92 (59) 58 (63) 34 (37) 0.59%
Lymph node status
Negative 59 (37.8) 46 (78) 13 (22)
Positive 97 (62.2) 55 (56.7) 42 (43.3) 0:007
Histologic type
Ductal adeno 143 (91.7) 91 (63.6) 52 (36.4) 0.545
Others 13 (8.3) 10 (76.9) 3(23.1)
Histologic grade
Grade 1-2 133 (85.3) 85 (63.6) 48 (36.4) 0.600
Grade 3 23 (14.7) 16 (69.6) 7 (30.4)
Chemotherapy regimes
_Gemcitabine based 97 (62.2) 60 (61.9) 37 (38.1) 0333
Irinotekanlifirinotekansiz oksaliplatin 59 (37.8) 41 (69.5) 18 (30.5)
CRT: Chemoradiotherapy, ECOG-PS: Eastern Cooperative Oncology Group Performance Status, DM: Diabetes mellitus, pT: Pathologic T, BMI: Body mass index
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Table 2. Univariate analyses of factors for disease-free survival and overall survival

DFS (0
eicoRatielonied) Category HR (95% Cl) p HR (95% Cl) p-value
Characteristics
Age (year) <65/>65 1.14 (0.78-1.68) 0.497 1.15 (0.65-2.03) 0.635
Gender Female/male 0.97 (0.66-1.41) 0.845 0.94 (0.53-1.68) 0.839
BMI <25/>25 1.50 (1.0-2.23) 0.047 1.71 (0.89-3.31) 0.110
ECOG 0-1/22 1.38 (0.95-2.01) 0.090 1.30 (0.72-2.35) 0.382
Smoking history No/Yes 0.99 (0.68-1.45) 0.977 1.03 (0.58-1.84) 0.910
Alcohol history No/Yes 1.07 (0.66-1.74) 0.778 1.36 (0.67-2.75) 0.393
DM history No/Yes 1.07 (0.73-1.59) 0.724 2.24 (1.22-4.12) 0.009
Primary site Head/Others 0.72 (0.48-1.07) 0.107 1.91 (1.08-3.37) 0.026
pT stage <3/>3 1.55 (1.06-2.27) 0.026 0.78 (0.45-1.36) 0.387
Lymph node status Negative/Positive 1.67 (1.13-2.47) 0.010 1.69 (0.93-3.07) 0.085
Histologic type Ductal Adeno/Others 0.78 (0.40-1.55) 0.479 1.11 (0.47-2.65) 0.810
Histologic grade 1/2-3 1.33 (0.83-2.14) 0.236 1.08 (0.55-2.14) 0.822
Chemotherapy regimes Gemcitabine/Oxaliplatin 1.03 (0.69-1.55) 0.880 0.66 (0.36-1.21) 0.179
CRT No/Yes 1.15 (0.78-1.68) 0.490 0.60 (0.33-1.08) 0.090
Laboratory parameters
NLR <2.63/>2.63 0.90 (0.63-1.31) 0.592 0.76 (0.44-1.33) 0.343
PLR <155.12/2155.12 1.01 (0.70-1.46) 0.959 0.99 (0.57-1.72) 0.960
De-Ritis <1.09/>1.09 1.50 (1.03-2.17) 0.032 0.86 (0.48-1.55) 0.625
PNI <48.9/>48.9 1.36 (0.94-1.96) 0.106 1.04 (0.59-1.81) 0.901
CEA (ng/mL) <2.92/>2.92 1.26 (0.87-1.82) 0.223 1.00 (0.58-1.74) 0.991
CA 19-9 (U/mL) <39.94/>39.94 1.45 (0.94-2.25) 0.096 1.99 (1.09-3.64) 0.025
Hemoglobin (g/dL) <12.10/212.10 1.29 (0.89-1.86) 0.183 0.77 (0.44-1.35) 0.360

Carcinoembryonic antigen, CA 19-9: Carbohydrate antigen 19-9, BMI: Body mass index

DFS: Disease-free survival, OS: Overall survival, HR: Hazard ratio, Cl: Confidence interval, ECOG-PS: Eastern Cooperative Oncology Group Performance Status, DM: Diabetes
mellitus, pT: Pathologic T, CRT: Chemoradiotherapy, NLR: Neutrophil to lymphocyte ratio, PLR: Platelet to lymphocyte ratio, PNI: Prognostic Nutritional Index, CEA:

Moreover, it was observed that the combination arm was more
toxic than chemotherapy alone®™. Consistently, in our study,
CRT did not provide a survival benefit for either DFS or OS.
In addition to studies with no survival benefit, there are also
studies in the literature reporting the negative effect of RT
on survival times''. The conflicting results in the literature
regarding the impact of adjuvant CRT on survival have
prevented the adoption of adjuvant CRT in the guidelines.

Although CRT has a modest impact on survival, it is important
to identify high-risk patients for whom CRT may be effective
and patient groups for whom it has an adverse effect. The
study by Shi et al.'® and the study by Opfermann et al.”
reported a survival benefit of CRT in lymph node positive
patients. In our study, lymph node positivity was significantly
higher in patients who received CRT compared to those who
did not. In line with the literature, this suggests that lymph
node status is considered an important factor in the selection
of CRT candidate patients in our institution. However, in our
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study, lymph node status was not associated with survival
times for CRT. In subgroup analysis, lymph node involvement
was not associated with CRT for survival. This may be related to
the fact that, unlike previous studies, all patients in our study
received chemotherapy. This difference may be due to the fact
that the studies showing a positive effect of CRT were mostly
conducted against observation. Consistent with our study, CRT
did not show a positive effect in the study of Van Laethem
et al.’®, which included patients receiving chemotherapy. In
addition, the significant numerical difference between the CRT
and non-CRT groups may have contributed to this result.

Given the doubts about the survival effects of CRT and
the complications of RT, it is important to choose the right
treatment candidates for CRT'®%. In our study, no survival
benefit was demonstrated for CRT in most of the subgroups.
Moreover, the results were detrimental for DFS in groups
including performance status, stage and De-Ritis rate.
To the best of our knowledge, our study is the first to report
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Table 3. Survival effect of chemoradiotherapy among subgroups

DFS (0
Clinicopathological characteristics HR (95% CI) p HR (95% CI) p-value
Age (year)
<65 1.18 (0.73-1.90) 0.496 0.62 (0.29-1.31) 0.208
>65 1.017 (0.52-1.97) 0.960 0.46 (0.15-1.43) 0.181
ECOG-PS
<2 1.65 (1.02-2.69) 0.043 0.56 (0.27-1.17) 0.121
>2 0.66 (0.33-1.32) 0.237 0.67 (0.22-1.98) 0.465
BMI
<25 1.02 (0.64-1.63) 0.924 0.67 (0.35-1.31) 0.242
>25 1.63 (0.79-3.34) 0.186 0.44 (0.10-2.01) 0.294
Sex
Male 1.09 (0.66-1.78) 0.746 0.64 (0.30-1.35) 0.242
Female 1.35 (0.73-2.51) 0.343 0.43 (0.14-1.40) 0.161
Smoking history
Yes 1.07 (0.66-1.73) 0.796 0.55 (0.18-1.68) 0.298
No 1.35 (0.70-2.58) 0.368 0.63 (0.30-1.34) 0.231
Alcohol history
Yes 0.51 (0.15-1.77) 0.292 1.00 (0.25-4.02) 0.995
No 1.33 (0.88-2.01) 0.182 0.61(0.31-1.19) 0.147
DM history
Yes 1.12 (0.56-2.24) 0.751 1.14 (0.41-3.17) 0.804
No 1.15 (0.72-1.82) 0.566 0.46 (0.22-0.97) 0.040
Primary site
Head 1.05 (0.67-1.66) 0.825 0.55 (0.24-1.26) 0.155
Other 1.57 (0.82-3.00) 0.175 0.84 (0.34-2.07) 0.709
pT
<3 2.05(1.10-3.82) 0.024 0.53 (0.20-1.43) 0.211
>3 0.78 (0.48-1.28) 0.325 0.58 (0.25-1.35) 0.208
Lymph node status
Negative 0.90 (0.42-1.91) 0.784 0.39 (0.11-1.40) 0.153
Positive 1.09 (0.69-1.73) 0.708 0.56 (0.26-1.20) 0.137
Histologic type
Ductal adeno 1.30 (0.87-1.92) 0.200 0.71 (0.38-1.34) 0.294
Others 0.14 (0.02-1.18) 0.071 0.02 (0.00-100.30) 0.371
Histologic grade
Grade 1 1.21 (0.48-3.01) 0.685 0.16 (0.02-1.31) 0.087
Grade 2-3 1.12 (0.74-1.72) 0.590 0.72 (0.37-1.38) 0.717
Chemotherapy regimes
Gemcitabine based 1.07 (0.69-1.66) 0.753 0.50 (0.25-1.00) 0.051
Oxaliplatin with/without irinotecan 1.78 (0.71-4.93) 0.205 2.82 (0.71-11.16) 0.141
NLR
<2.63 0.81 (0.46-1.42) 0.454 0.88 (0.40-1.90) 0.737
>2.63 1.57 (0.92-2.67) 0.100 0.40 (0.15-1.09) 0.072
PLR
<155.12 1.04 (0.60-1.80) 0.895 0.84 (0.39-1.82) 0.656
>155.12 1.21 (0.71-2.09) 0.486 0.43 (0.15-1.24) 0.119
PNI
<48.9 1.18 (0.67-2.08) 0.564 0.51 (0.23-1.13) 0.098
>48.9 1.08 (0.64-1.83) 0.783 0.90 (0.32-2.56) 0.845
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Table 3. Continued

DFS GS
Clinicopathological characteristics HR (95% CI) p HR (95% ClI) p-value
De-Ritis
<1.091 1.85 (1.06-3.24) 0.030 0.61 (0.27-1.38) 0.238
>1.091 0.71 (0.41-1.23) 0.222 0.67 (0.25-1.78) 0.422
CEA (ng/mL)
<2.92 1.15 (0.64-2.07) 0.645 0.40 (0.16-1.04) 0.059
>2.92 1.08 (0.64-1.81) 0.776 0.89 (0.39-2.06) 0.791
CA 19-9 (U/mL)
<39.94 1.01 (0.62-1.65) 0.975 0.42 (0.18-0.99) 0.047
>39.94 1.47 (0.79-2.73) 0.224 0.90 (0.38-2.13) 0.817
Hemoglobin (g/dL)
<12.10 1.40 (0.80-2.47) 0.241 0.35 (0.13-0.98) 0.046
>12.10 0.99 (0.58-1.67) 0.954 0.87 (0.39-1.93) 0.727
DFS: Disease-free survival, OS: Overall survival, HR: Hazard ratio, Cl: Confidence interval, ECOG-PS: Eastern Cooperative Oncology Group Performance Status, BMI: Body mass
index, NLR: Neutrophil to lymphocyte ratio, PLR: Platelet to lymphocyte ratio, PNI: Prognostic Nutritional index, CEA: Carcinoembryonic antigen, CA 19-9: Carbohydrate
antigen 19-9, HR: Hazard ratio, pT: Pathologic T
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Figure 1. Comparison of survival times for patients treated with chemotherapy alone and patients treated with chemoradiotherapy

in Kaplan-Meier analyses

DFS: Disease-free survival, OS: Overall survival, ECOG-PS: Eastern Cooperative Oncology Group Performance Status, pT: Pathologic T
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these results. Our findings suggest that risk-based decision
making and patient selection should be applied more
comprehensively and carefully.

Study Limitations

Our study has some limitations. Firstly, it has a retrospective
design. Secondly, although the patient selection criteria were
carefully chosen, laboratory markers could still be influenced
by various circumstances. Thirdly, lymph node status was
significantly different for those who received CRT and those
who did not receive CRT; although accurate regression analyses
were performed to minimize error, this difference may have
affected generalizability. Investigation of the prognostic values
of some indices for CRT for the first time, including real-life
data, and performing subgroup analysis are the strengths of
our study. In addition, the fact that it has a multicenter design
and consists of patients who all underwent optimal surgery is
important for the generalizability of the results.

CONCLUSION

In conclusion, our study has shown that there are limited
survival benefits of adding CRT to adjuvant chemotherapy in
operated PC, and CRT candidates should be chosen carefully
considering the risk of detrimental effects on some patient
groups. More reasonable and optimized prospective randomized
clinical trials are needed to further evaluate the benefits of RT
in resectable PC.
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ABSTRACT

Aim: The aim of this study was to investigate the effect of the uric acid to albumin ratio (UAR) on prognosis in Coronavirus Disease 2019 (COVID-19)
patients followed up in the intensive care unit (ICU) and wards.

Materials and Methods: A single center, retrospective study was organized to observe the UAR values of 204 COVID-19 patients (>18 years of age)
hospitalized at the Sultan 2. Abdulhamid Han Training and Research Hospital between May 1, 2020 and April 1, 2022. Patients were divided into
two groups according to UAR, as low and high UAR groups, using Receiver Operating Characteristic curve analysis to determine the optimal cut-off
value for UAR. The cut-off value was determined as 1.63. Demographic clinical characteristics and laboratory parameters of the participants during
their hospitalization were retrospectively obtained from the hospital's electronic medical records.

Results: Patients with high UAR (>1.63) required longer ICU hospitalization (14.5% vs. 51%, p<0.001) and showed higher in-hospital mortality
(0.05% vs. 43.5%, p<0.001).

Conclusion: In this study, we have concluded that UAR is a useful tool independent of other parameters in predicting in-hospital mortality in
patients with COVID-19 followed in ICU and wards.

Keywords: UAR, COVID-19, prognosis, mortality

0z
Amac: Bu calismada, yogun bakim {initesinde (YBU) ve servislerde takip edilen Koronavirlis Hastaligi 2019 (COVID-19) hastalarinda asit albiimin
oraninin (UAR) prognoz lizerine etkisinin arastirilmasi amaclandi.

Gerec ve Yontem: 2. Abdiilhamid Han Egitim ve Arastirma Hastanesi'nde 1 Mayis 2020 1 Nisan 2022 tarihleri arasinda yatan 204 COVID-19
hastasinin (>18 yas) UAR degerlerini gdzlemlemek icin tek merkezli, retrospektif bir calisma diizenlendi. Hastalar, UAR igin optimal kesme degerini
belirlemek Gizere Alici Isletim Ozelligi egrisi analizi kullanilarak UAR'ye gére diisiik ve yiiksek UAR gruplari olmak tizere iki gruba ayrilmistir. Kesme
degeri 1,63 olarak belirlendi. Katihmcilarin hastanede yattiklar siire boyunca demografik klinik 6zellikleri ve laboratuvar parametreleri hastanenin
elektronik tibbi kayitlarindan retrospektif olarak elde edilmistir.

Bulgular: Yiiksek UAR (=1,63) olan hastalar daha uzun siireli YBU yatis gerektirmis (%14,5'e karsi %51, p<0,001) ve daha yiiksek hastane ici
mortalite (%00,05'e karsi %43,5, p<0,001) gdstermistir.
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Sonuc: Bu calismada, YBU ve servislerde takip edilen COVID-19 tanili hastalarda, diger parametrelerden ba§imsiz olarak, UAR'nin hastane ici

mortaliteyi 6ngdrmek icin yararli bir ara¢ oldugu sonucuna varilmistir.
Anahtar Kelimeler: UAR, COVID-19, prognoz, mortalite

INTRODUCTION

Coronavirus Disease 2019 (COVID-19) emerged in China
in December 2019 and was accepted by the World Health
Organization as a pandemic caused by Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2) on March 11, 2020, and
has caused the death of millions of people since its emergence’?.
While most of the COVID-19 patients recover without any
complications, a significant number of patients face serious
complications and death. Patients with COVID-19 present with
a variety of symptoms as well as different prognoses, including
recovery, intensive care unit (ICU) admission, and death. While
only fever and cough can be seen in mild cases, critical cases
can be seen in various presentation such as Acute Respiratory
Distress Syndrome (ARDS), sepsis or septic shock. Early
detection of high-risk patients likely to develop critical illness
is essential to allocate limited resources to treat the disease’.

Itis known that immunosuppression, malignancy, diabetes, and
hypertension (HT) adversely affect the prognosis in COVID-19
patients and cause high mortality*. A severe and uncontrolled
immune inflammatory response is an effective predictor
of disease severity and poor prognosis. Many different
serological markers have been identified as the indicators
of inflammatory response. In previous studies, C-reactive
protein (CRP), erythrocyte sedimentation rate (erythrocyte
sedimentation rate), ferritin, proinflammatory cytokines in
addition to lactate dehydrogenase (LDH), D-dimer, and high-
sensitivity cardiac troponin | were determined to be predictors
of serious morbidity and mortality®”. Albumin is an important
molecule in the body's defense mechanisms, which plays a role
in antiinflammation, antiapoptosis and protection of the body
from oxidative stress®®. Low albumin level was also found to
be significant in predicting disease severity and mortality in
previous studies'® 3.

Uric acid (UA) is a catabolic product of purine from RNA and
DNA as a metabolic index, it is less affected by other factors
than drugs and high purine diet. Previous studies have shown
that UA is closely related to the activation of the immune
system and scavenging of free oxygen radicals''¢. High
UA levels can be detected in chronic diseases such as HT,
diabetes, chronic kidney disease, obesity, and gout. In addition,
hyperuricemia was found to be associated with increased
mortality in these diseases'”'®. It has been reported that kidney
and gastrointestinal involvement rates are high in COVID-19
patients. Since the kidneys and intestines are both targets
of SARS-CoV2 and primary sites of UA excretion, serum UA
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concentrations have been shown to be lower in patients with
COVID-19 disease. Hypouricemia has also been found to be
strongly associated with poor prognosis and mortality'2.
However, it is known that hyperuricemia is associated with
hypoxia and systemic inflammation in respiratory tract
diseases, and some studies have found that both hyperuricemia
and hypouricemia are associated with increased mortality®2*.

In recent studies, systemic immune inflammatory indices such
as neutrophil lymphocyte ratio (NLR), derived neutrophil to
lymphocyte ratio, platelet lymphocyte ratio (PLR), monocyte
lymphocyte ratio and systemic inflammatory index (SIl) have
been shown to be useful in predicting disease severity and
mortality in COVID-19%%. Uric acid to albumin ratio (UAR)
is an index that has been shown to predict prognosis in many
diseases such as acute renal failure, pneumonia, and acute
coronary diseases, and unlike these diseases, there is no study
conducted in COVID-19 patients. In this study, we planned
to investigate the effect of UAR on prognosis in COVID-19
patients followed in ICU and other wards*-°.

MATERIALS AND METHODS

Patient Selection

COVID-19 patients (>18 years old), hospitalized at the Sultan
2. Abdulhamid Han Training and Research Hospital in the
internal medicine clinic between May 1, 2020 and April 1, 2022
were the main focus of this single-center, retrospective study.
COVID-19 diagnoses were made by a positive result from a
real-time reverse transcriptase (RT) polymerase chain reaction
(PCR) assay of nasal and pharyngeal swab specimens. Patients
who had negative RT-PCR results or patients using drugs to
decrease serum UA level and patients under 18 years old were
excluded from the study. Ethics committee approval for the
study was obtained from the University of Health Sciences
Tuirkiye, Hamidiye Clinical Research Ethics Committee (decision
no: E-46418926-050.99-133138, date: 31.05.2022).

Statistical Analysis

The power analysis of the study was performed with G*Power
3.1.9.4. When the effect size d: 0.5, a err prob: 0.04, Power
(1-B error prob): 0.964, the total sample size was found to be
204. For the study, 364 patients who were followed up with
a diagnosis of COVID-19 were screened and patients with
undesirable UA levels during hospitalization were excluded
from the study. When the number of 204 patients identified
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after power analysis was reached, data collection was
terminated through the system. The patients were divided into
two groups according to UAR as the low and high UAR groups.

The demographic, clinical characteristics and laboratory
parameters of the participants during their hospitalization
were retrospectively obtained from the hospital's electronic
medical records. The duration of follow up in the ICU, the
treatments they received, and the duration and doses of these
treatments were recorded.

Laboratory Analysis

Blood samples were obtained on the first day of the Sultan 2.
Abdulhamid Han Education and Research Hospital admission.
Immediately after sampling, complete blood count parameters
were determined by a hematology analyzer (ABX Pentra DX
120). Serum UA and albumin levels were measured using a
Roche Diagnostics Cobas 8000 ¢502 analyzer (Roche Holding
AG, Basel, Switzerland). Serum albumin level was determined
using the bromocresol green method.

ICU Evaluation Criteria

The patients were admitted to the ICU according to the
following criteria: 1) Meeting criteria for ARDS or needs 0? >6
liters per minute to maintain Sp0? >92% (or rapid escalation
of oxygen requirement), 2) Respiratory rate>30 per minute, 3)
Systolic blood pressure <90 mmHg, mean arterial pressure <65
mmHg, tachycardia and other signs of shock, 4) Arterial blood
gas with pH <7.3 or partial CO? pressure >50 mmHg or above
patient's baseline, lactate >2 mmol/liter, 5) Concerning clinical
appearance (cyanosis fast breathing, grunting, chest indrawing,
inability to drink, lethargy, convulsions, mottled or cool skin).
The decision of ICU admission was based on the criteria by
Brigham and Women's Hospital COVID-19 guidelines which
were updated on December 20, 2020%'.

RESULTS

The primary outcome was defined as all cause in-hospital
mortality in this study. The secondary outcome was defined as
ICU admission.

Continuous variables were presented as mean (standard
deviation) or median (interquartile range), or median
interquartile range (25% to 75") according to data distribution,
and as absolute number (and percentage) for categorical
variables; the distribution was tested with the Shapiro-Wilk
test. ROC curve was used to determine the optimal cut-
off value (by Youden index) for UAR. Differences between
patient outcomes were studied with t-test for independent
groups or with the Mann-Whitney U test if non-parametric
analysis was required.The evaluation of differences between
groups of categorical data was carried out with the chi-square

statistics. In order to calculate the probability of mortality
for patients admitted to the ICU, binary logistic regression
analysis was used. Stepwise binary logistic regression was
employed, where variables with p<0.05 were included in the
multivariable model. The effect on mortality (survival) over
time was investigated with the Kaplan-Meiere (Log-Rank-
Mante Cox) and Cox Regression in the Statistical Analysis field.
All confidence intervals were established at 95%; two-tailed
significance level was established to be <0.05. Statistical data
analysis was performed using the R v4.01(Vienna; Austria) with

"o HINT

"rms" "hmisc" “epi” "survival” "ggfortify” packages.

Two hundred and four patients with COVID-19 (PCR positive)
who were followed in hospital were included in the study.
ROC curve analysis was made to determine optimal cut-off
value for UAR. According to the ROC analysis, optimal cut-
off with highest Youden index was found as 1.63 (Figure 1).
Sensitivity of this cut-off value for in-hospital mortality was
860, while specificity was 71%. Patients were divided into two
groups as low UAR and high UAR regarding this cut-off value.
Comparison of baseline characteristics, laboratory parameters
and duration of hospitalization for these two groups were
given in Table 1. The first group (UAR <1.63) included 119
patients, while the higher UAR group (=1.63) included 85
patients. Although the mean age for the general population
was 63+16.3 years, the mean age was 57.4+15.9 years in the
low UAR group, and 70.9+13.2 in the high UAR group (p<0.001).
Variables including the presence of HT, diabetes mellitus (DM),
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Figure 1. ROC curve of UAR for predicting in-hospital
mortality

Navy blue line: a diagnostic test with the lowest discriminatory
ability, which is no better than chance, area under the curve
(AUC) =0.5, black line: a test with good discriminatory ability
(AUC =0.842 x-axis: coordinate points with 1 - specificity y-axis:
sensitivity as the all cut-off values measured from the test results,
A: Youden Index cut-off point (reference) value, UAR: Uric acid
albumin ratio, FPR: False positive rate, TPR: True positive rate
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chronic heart failure, coronary artery disease, and male gender
were comparable between the low and high UAR groups
(p=0.71, p=0.64, p=0.73, p=0.22, and p=0.08, respectively),
whereas chronic obstructive pulmonary disease and chronic
renal disease frequencies were found to be higher in the high
UAR group (p=0.02 and p<0.001, respectively), while glomerular
filtration rate (GFR) was lower in the high UAR group (80.60+21
vs. 58.5+24, p<0.001). Inflammatory laboratory markers
including CRP, ferritin, D-dimer, white blood cell count (WBC),
UA, creatinine, aspartate aminotransferase (AST) and LDH
levels were found to be higher in the high UAR group (p<0.001,
p=0.002, p=0.002, p=0.002, p<0.001, p<0.001, p=0.003, and
p<0.001, respectively). Aloumin, GFR, lymphocyte count, and
hemoglobin level demonstrated lower levels in the high UAR
group (p<0.001, p<0.001, p=0.007, and p<0.001 respectively).

Patients with high UAR required more ICU admission (14.5%
vs. 51%, p<0.001) and demonstrated higher in-hospital
mortality (0.05% vs. 43.5%, p<0.001). There was a significant
difference in mortality between the two groups. We predicted
that the difference in age and renal failure rate between the
two groups significantly affected mortality.

Univariable logistic regression analysis to predict in-hospital
mortality is present in Table 2. The parameters included in
univariable logistic regression analysis were as follows: UA
level, albumin level, UAR, age, creatinine level, CRP, AST, LDH,
ferritin, hemoglobin, D-dimer levels, and leucocyte count.
Among these variables, UA, albumin, CRP, AST, LDH, D-Dimer,
ferritin, hemoglobin levels, UAR, age and leucocyte count
were related to in-hospital mortality in univariable logistic
regression analysis (p<0.001 for all).

Table 1. Comparison of basal characteristics, laboratory parameters and hospitalization duration between the high UAR and low

UAR groups

Variable All patient (L::v1 :j;\)R group :Ir:z:sl;AR group p-value
Age (mean + SD) 63+16.3 57.4+15.9 70.9+13.2 p<0.001*
Gender (male) (n, %) 125 (61.2%) 67 (56.3%) 58 (68.2%) 0.08*
Hypertension (n, %) 29 (14.2%) 16 (13.4%) 13 (15.3%) 0.71*
DM (n, %) 14 (6.9%) 9 (7.6%) 5 (5.9%) 0.64™
COPD (n, %) 7 (3.4%) 1 (0.8%) 6 (7.1%) 0.02*
CRF (n, %) 35 (17.2%) 6 (5%) 29 (34.1%) p<0.001**
CAD (n, %) 14 (6.9%) 6 (5%) 8 (9.4%) 0.22*
CHF (n, %) 4 (2%) 2 (1.7%) 2 (2.4%) 0.73*
Uric acid (mg/dL) (mean + SD) 59+3.3 4.5+0.9 7.8+4.3 p<0.001*
Albumin (g/L) (mean + SD) 3.310.7 3.6+0.6 2.8+0.6 p<0.001*
Hospitalization (mean + SD) 10+6.9 10.1+6.4 1.7+7.6 0.10*
Creatinine (mg/dL) (mean + SD) 1.2+0.9 1+0.3 1.5+1.3 p<0.001*
GFR (mL/dL/1.73 m?) (mean + SD) 71.5+25 80.6+21 58.5+24 p<0.001*
AST (U/L) (mean + SD) 79.14£182 54473 1144268 0.03*
LDH (U/L) (mean + SD) 763+755 5914353 944+1017 p<0.001*
CRP (mg/dL) (mean + SD) 109+89 81+80 149+88 p<0.001*
Ferritin (ng/mL) (mean + SD) 1546+4400 71442020 2739+6280 0.002*
D-dimer (ug/L) (mean + SD) 2827+5190 2100+4600 3870+5745 0.002*
WBC (mm?3) (mean + SD) 6380+4470 547043190 770046180 0.002*
Lymphocyte (mm?) (mean + SD) 1040+660 11504590 880+740 0.007*
Hemoglobin (g/dL) (mean + SD) 1M.1+2.1 11.742.1 10.3+1.9 p<0.00**
Platelet (103/mm?) (mean + SD) 193+101 200+101 183+101 0.25*

ICU admission (n, %) 61 (30.3%) 17 (14.5%) 44 (519%) p<0.001**
In-hospital mortality (n, %) 43 (219%) 6 (0.05%) 37 (43.5%) p<0.001**

UAR: Uric acid to albumin ratio, DM: Diabetes mellitus, COPD: Chronic obstructive pulmonary disease, CRF: Chronic renal failure, CAD: Coronary artery disease, CHF: Chronic
heart failure, GFR: Glomerular filtration rate, AST: Aspartate aminotransferase, LDH: Lactate dehydrogenase, CRP: C-reactive protein, WBC: White blood cell, ICU: Intensive care

unit, *Student'’s t-test, **Chi-square test
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Table 2. Univariable and multivariable logistic regression analysis (modeling to binary) to predict in-hospital mortality

Univariable Multivariable
Variable Odds ratio Confidence interval p-value* Odds ratio Confidence interval | p-value*
UAR 4.650 2.660-8.150 <0.001 3.300 1.570-6.981 0.002
Age 1.700 1.050.1.100 <0.001 1.120 1.040-1.200 0.003
Creatinine (mg/dL) 1.030 0.700.1.500 0.88 - - -
CRP (mg/dL) 1.009 1.004-1.010 <0.001 1.001 0.990-1.011 0.81
AST (U/L) 1.008 1.003-1.01 <0.001 1.003 0.99-1.011 0.61
LDH (U/L) 1.003 1.002-1.004 <0.001 1.004 1.002-1.006 0.81
WBC (mm?3) 1.002 1.001-1.003 <0.001 1.002 1.001-1.002 0.03
D-dimer (ug/L) 1.002 1.001-1.003 <0.001 1.001 0.999-1.002 0.07
Ferritin (ng/mL) 1.002 1.001-1.003 <0.001 1.000 0.999-1.001 0.27
Hemoglobin (g/dL) 0.590 0.480-0.720 <0.001 0.686 0.471-1.001 0.06
UAR: Uric acid albumin ratio, CRP: C-reactive protein, AST: Aspartate aminotransferase, LDH: Lactate dehydrogenase, WBC: White blood cell, *Univariable and Multivariable
logistic regression analysis

In Table 2, multivariate logistic regression analysis to predict
in-hospital mortality was given. The variables UAR, age, AST,
LDH, CRP, ferritin, D-dimer, WBC, ferritin, and hemoglobin
were included in the analysis. Among these variables, UAR,
older age and WBC count independently predicted the in-

hospital mortality (p=0.002, p=0.003, and p=0.03, respectively).
The distribution of UAR levels for survivor (n=161) and
non- survivor (n=43) was given in Box/Violin Plot (Figure
2). Wider distribution of UAR with a higher mean level was
observed with this plot. The effect of UAR (reference: <1.63)

on mortality over time (survival) was statistically significant
(Kaplan-Meiere; 96.086+8.273 versus 17.065+1.623; Log-

twoen(43.01) = -4.86, p = 1.628-05, Giosgos = -1.01, Closs; [11.47, -0.56], ey Rank (Mantel-Cox) p<0.0001; Figure 3). The mortality rate

125 - of patients with high UAR values over time was 3.164 times
higher than the other patients [Cox Regression; Exp (b)= 3.164
100~ (1.883-5.317); p<0.0001].
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Figure 2. Box and Violin plot of UAR for discharged and in- 02 ] 1 UAR 1 B3 censored
hospital mortality. The median and mean values of patients UAR{1 A G631 623 BSeCit 3 B0 247
o a Log Rank (Mantel-Cox) p<0.0001
who were discharged are close to each other, with the
median and quartiles also being relatively close. The majority op
of the data are distributed between the median and the o 2" o & = 1o 1
mean. In contrast, in patients with in-hospital mortality, the Time

UAR value increases, the distribution is more elongated with
extreme values emerge. It is seen that there is a statistical
difference between the UAR levels of the discharged and
in-hospital mortality

Figure 3. Kaplan-Meier curves to assess the association
between UAR and mortality over time

UAR: Uric acid albumin ratio, CI: Confidence interval UAR: Uric acid albumin ratio
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DISCUSSION

Since its emergence, COVID-19 has emerged with a pandemic
that has arisen with a wide spectrum ranging from mild
symptoms such as cough and fever to pneumonia, severe
respiratory distress, need for care, and it still continues'.
The course of COVID-19 in this wide range varies according
to the basal characteristics of the patient (gender, age, HT,
DM etc.). Moreover, COVID-19 affects the respiratory, urinary
and gastrointestinal systems at different levels in patients,
and it affects the blood values of the patients, especially the
inflammation markers, at different levels. This shows the course
of the disease and is a predictor for the course of the disease*®.

One of these parameters is albumin, and some studies have
shown that low albumin levels are associated with high
mortality'3. It has been shown in previous studies thatalbumin
is decreased in malnutrition and as a negative acute phase
reactant secondary to inflammation, and hypoalbuminemia
has been shown to be associated with mortality even in
the general population®%. Hypoalbuminemia may be due
to the presence of a systemic inflammatory condition and
malnutrition in COVID-19. It is known that due to increased
capillary permeability due to inflammation, serum albumin
may be extravasated into the interstitial space and the volume
distribution of albumin increases®**.

In a study conducted by Shoji et al.*® in 2024, it was shown
that the risk of serious disease was higher in diabetic patients
infected with COVID-19 due to hypoalbuminemia, as assessed
by the blood albumin level at the time of diagnosis.

Another parameter affected by COVID-19 is UA. In previous
studies, hypouricemia has been shown as a poor prognostic
factor in patients with intra-abdominal sepsis®’, radiation
pneumonitis® and COVID-19'"-2, It remains unclear whether
the poor outcomes, particularly in COVID-19 patients, are
due in part to a lack of antioxidants. Hyperuricemia has
also been found to be associated with a variety of diseases,
including coronary heart disease *, HT*, kidney failure*', and
exacerbations of chronic obstructive pulmonary disease®.
This may be due to the direct pathophysiological effects of
high UA concentrations, such as increased oxidative stress,
inflammation, endothelial dysfunction, activation of the renin
angiotensin aldosterone system, and insulin resistance®. In
addition, there are studies showing that both hypouricemia
and hyperuricemia increase mortality in COVID-19 patients®?,
Although hypouricemia and hyperuricemia are thought to be
related to the increase in mortality in COVID-19 patients due
to the reasons mentioned above, these reasons are open to
discussion.
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UAR has been shown to predict mortality in various diseases,
alongside indices such as NLR, PLR, C-reactive protein albumin
ratio (CAR), and SII>*?_ |n studies, it has been shown that it is a
better predictor of mortality than CAR in some patient groups
such as non-ST-elevation myocardial infarction®.

In a study conducted by Ertan et al.** in 2024, it was shown
that the UAR associated with 28-day mortality in patients with
acute kidney injury developing in the ICU was important in
showing mortality with 39.3% sensitivity and 84.1% specificity.

This study evaluated UAR as a predictor of mortality in COVID-19
patients. Patients were divided into the low and high UAR
groups based on a ROC analysis, determining the cut-off value.
Results showed that patients with high UAR were associated
with more ICU admissions. UAR independently predicted in-
hospital mortality. These findings suggest that UAR may be
a valuable, accessible parameter for risk stratification in ICU
and ward patients with COVID-19. Future studies with larger
datasets are needed to validate these findings.

Study Limitations

Firstly, the retrospective nature of this single center study is
one of its limitations. Secondly, this study had a relatively
small number of patients. Thirdly, we only analyzed serum
concentrations of UA and albumin on admission and did not
have access to follow up measurements over time. Another
limitation is that, unlike other biomarkers, there is no
consensus on the standard cut-off values of UAR. Therefore,
future studies including larger data sets are needed to test the
results of our study.

CONCLUSION

UAR is a useful ratio that can be easily calculated with
routine blood tests. In this study, we showed that UAR could
independently predict hospital mortality in patients diagnosed
with COVID-19, followed in the ICU and onwards.
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Impact of Breastfeeding Duration on Infant Health Qutcomes in
Tiirkiye: A Cross-Sectional Analysis

Emzirme Stiresinin Bebeklerin Saglik Sonuclart Uzerine Etkisi: Tirkiye'den Kesitsel Bir
Calisma

® Oykii 0ZBORU ASKAN', ® ilker KAYI2

Tstanbul University, Institute of Child Health, Department of Social Pediatrics, Istanbul, Tiirkiye
2Ko¢ University School of Medicine, Department of Public Health, istanbul, Tiirkiye

ABSTRACT

Aim: The present study aims to examine the relationship between breastfeeding duration and health outcomes among children aged 12-24 months
in Tlrkiye to provide evidence-based recommendations for improving public health strategies and better breastfeeding practices.

Materials and Methods: This study relies on data from the Turkish Statistical Institute, Tiirkiye Health Survey 2022 dataset on children aged 0-14
years. The dataset contains information about breastfeeding duration and the health outcomes in children. Health outcomes, including general
health status, chronic diseases, restrictions in daily life, and infectious diseases were analyzed using the chi-square and Mann-Whitney U tests. A
p-value of <0.05 was considered statistically significant.

Results: Among the 343 infants aged between 12 and 24 months, 83% were breastfed for at least six months and 65% for at least 12 months.
Infants who were breastfed for six months or longer were found to have better health status (p=0.021), lower rates of chronic diseases (p=0.042),
and fewer restrictions in daily life (p=0.014). Breastfeeding for at least six months was associated with reduced history of communicable diseases
(p=0.026) and lower respiratory tract infections (p=0.010). No significant differences were observed for acute gastroenteritis or urinary tract
infections. Breastfeeding for a period longer than 12 months was associated with lower communicable disease history (p=0.047).

Conclusion: Our study highlights the significant benefits of breastfeeding. Particularly breastfeeding at least for 6 months was associated with
improved infant health outcomes and reduced history of acute and chronic diseases in early childhood.

Keywords: Breastfeeding, infant health, communicable disease, chronic disease

0z
Amac: Bu calismanin amaci, Tiirkiye'de 12-24 aylk cocuklar arasinda emzirme siiresi ile saglik sonuclari arasindaki iliskiyi inceleyerek halk saglig
stratejilerinin gelistirilmesi ve daha iyi emzirme uygulamalari icin kanita dayali 6neriler sunmaktir.

Gereg ve Yontem: Bu calisma, Tiirkiye Istatistik Kurumu, Tiirkiye Saglik Arastirmasi 2022 veri setinde yer alan 0-14 yas arasi cocuklara iliskin verilere
dayanmaktadir. Veri seti, emzirme siiresi ve cocuklarda saglik sonuclari hakkinda bilgi icermektedir. Genel saglik durumu, kronik hastaliklar, glinliik
yasamdaki kisitlamalar ve bulasici hastaliklar dahil olmak tizere saglik sonuclari ki-kare ve Mann-Whitney U testleri kullanilarak analiz edilmistir.
<0,05 p-degeri istatistiksel olarak anlamli kabul edilmistir.

Bulgular: Yaslari 12 ila 24 ay arasinda degisen 343 bebegin %83'li en az alti ay, %65'i ise en az 12 ay anne siitliyle beslenmistir. Alti ay veya daha
uzun siire anne siitiiyle beslenen bebeklerin saglik durumlarinin daha iyi oldugu (p=0,021), kronik hastalik oranlarinin daha dusiik oldugu (p=0,042)
ve giinliik yasamda daha az kisitlama yasadiklari (p=0,014) saptand.. En az alti ay emzirilenlerde, daha az bulasici hastalik (p=0,026) ve alt solunum
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yolu enfeksiyonu (p=0,010) dykiisii ile iliskili bulundu. Akut gastroenterit veya idrar yolu enfeksiyonlari igin anlamli bir farklilik gozlenmedi. Emzirme
stiresinin 12 aydan uzun olmasi daha diisiik bulasicr hastalik dykdsu ile iliskiliydi (p=0,047).

Sonug: Calismamiz anne siitii ile beslenmenin dnemli faydalarini vurgulamaktadir; 6zellikle en az 6 aylik anne siitii ile beslenme, bebek saghg
sonuclarinin iyilesmesi ve erken cocukluk doneminde akut ve kronik hastalik dykiistinlin azalmasi ile iliskili bulunmustur.

Anahtar Kelimeler: Emzirme, bebek saghgi, bulasici hastalik, kronik hastalik

INTRODUCTION

Breastfeeding is widely regarded as the most ideal infant
feeding method and offers significant health benefits for
infants and mothers alike. The World Health Organization
highlights the importance of exclusive breastfeeding in the
first six months of life and continued breastfeeding with
appropriate complementary foods up to two years of age
or beyond. This approach is considered critical in achieving
the optimum growth, development, and health outcomes
in children'. The literature indicates that breastfeeding has
an added advantage to the health of infants; it decreases
the likelihood of infectious diseases such as respiratory tract
infections, diarrhea, and otitis media® In addition, the longer
the child is breastfed, the lower the risks of chronic diseases
such as obesity and diabetes are. Also, a positive correlation
is suggested in the literature between breastfeeding duration
and the child's cognitive development in later childhood®.

The national health policy in Tirkiye also emphasizes the
importance of breastfeeding. According to the Tirkiye Health
Survey (THS) of the Turkish Statistical Institute (TurkStat),
breastfeeding practices among children aged 0-14 vyears
old provide critical insights into the present state of child
health in the country*. However, the prevalence of exclusive
breastfeeding is still below the global targets®t. Socio-
economic, cultural, and health system-related factors influence
the rates of breastfeeding’. An understanding of the effect
that breastfeeding duration has on child health outcomes in
the context of Turkiye can contribute to developing targeted
interventions that improve these rates and promote child
health.

This study aimed to examine the association between
breastfeeding duration and health outcomes among children
aged 1-2 years using data from THS in order to provide
evidence-based recommendations that may improve the
effectiveness of public health programs and contribute to
increasing breastfeeding rates in Tirkiye.

MATERIALS AND METHODS

Source of Data

This study relies on the TurkStat, THS-2022 data, which was
collected in cross-sectional survey design research. TurkStat
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conducts survey in every 3 years. Approval for the use of
anonymized secondary data from the Turkish Statistical
Institute Presidency, Department of Information Distribution
and Communication dataset was obtained (decision no:
27964695-622.03-E.9930, date: 20.04.2018). This study
was conducted under the ethical standards outlined in the
Declaration of Helsinki. THS-2022 used the sampling frame
obtained from updated version of the National Address
Database in August 2022. The sample size was calculated by
applying a stratified two-stage cluster sampling method with
the external stratification criterion being the urban-rural
distinction. In the first stage, clusters (blocks) consisting of
approximately 100 addresses were selected randomly using a
probability proportional to size approach. In the second stage,
systematic random sampling was employed to select household
addresses from each chosen block. A total of 1.117 clusters
have been identified, from which 10 household addresses were
selected per cluster, resulting in 11.170 household addresses
across Tiirkiye*.

Variables

In the TurkStat questionnaires, the health conditions of the
participants in the previous six months were investigated.
In this study, the duration of breastfeeding was determined
by the number of months the participants had breastfed. To
evaluate the outcomes of breastfeeding for a minimum of six
months and a minimum of one year during the infantile period,
we used the data of infants between 12 and 23 months of age
in the THS survey for "0-14 age group" Independent variable
of the study was the duration of breastfeeding in months.
Breastfeeding duration was categorized into two different
variables: Breastfeeding at least 6 months and 12 months.
Dependent variables consist of gender, perceived general
health status, and oral and dental health status along with the
past 6 months' occurrence of chronic conditions, restriction
in daily life, communicable diseases, upper respiratory tract
infections (URTI), lower respiratory tract infections (LRTI),
acute gastroenteritis (AGE) and urinary tract infections (UTI).
"general health status” and "oral and dental health status”
were 5-item Likert scale questions and “restriction in daily life"
was a 3-item question. The variable definitions can be found in
the Supplementary Table.
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Statistical Analysis

Data were analyzed by using IBM SPSS Statistics version 29.0.
Descriptive statistics were used to summarize the baseline
characteristics (gender, general health status, oral and dental
health status), breastfeeding duration, and health outcomes
of the children. Frequencies and percentages were calculated
for categorical variables, while means and standard deviations
were calculated for continuous variables. The Shapiro-Wilk test
and graphical analyses were used to evaluate the conformity
of continuous variables to normal distribution. The Mann-
Whitney U test was used to compare continuous variables that
did not show normal distribution between two groups, and the
t-test was used for comparisons of continuous variables that
conformed to normal distribution. The Fisher-Freeman-Halton
test and Pearson chi-square test were employed to examine
the associations between breastfeeding duration categories
and acute (e.g., respiratory infections, diarrhoea) and chronic
illnesses. General health status and oral and dental health

status variables were dichotomized in chi-square analysis, in
which a p-value of less than 0.05 was considered statistically
significant.

RESULTS

The study included data from 343 infants aged between 12
and 23 months, sourced from THS-2022 data. Among the
infants, 55.1% were female. The mean breastfeeding duration
was 12.39 (+6.3) months [median: 13, minimum: 0, maximum:
24, interquartile range (IQR): 8-17 months], and the rate of
infants aged between 12-24 months and breastfed for at least
six months was 83%, and it was 65% for those breastfed for
at least 12 months. The general health status of 93.6% and
oral health status of 96.5% of the infants was good. The rate
of disease lasting longer than 6 months (chronic disease) was
8.5%, and 8.7% of the infants had experienced restrictions
in daily life due to an illness in the last 6 months. According
to the questions about acute infectious diseases in the last
6 months, 3.20% of the infants had communicable disease

Table 1. Descriptive characteristics of breastfeeding and health outcome data by gender

Female Male Total
n % n % n %
) Yes 152 80.4 132 85.7 284 82.8
Breastfeeding >6 months
No 37 19.6 22 14.3 59 17.2
. Yes 120 63.5 103 66.9 223 65.0
Breastfeeding =12 months
No 69 36.5 51 33.1 122 35.0
Good 176 93.1 145 94.2 321 93.6
General health status Fair 10 53 5 3.2 15 4.4
Bad 3 1.6 4 2.6 7 2.0
Good 182 96.3 149 96.6 331 96.5
Oral and Dental health status Fair 6 3.2 4 2.6 10 2.9
Bad 1 0.5 1 0.6 2 0.6
o Yes 14 7.4 15 9.7 29 8.5
Chronic disease
No 175 92.6 139 90.3 314 91.5
S Yes 15 7.9 15 9.7 30 8.7
Restriction in daily life
No 174 92.1 139 90.3 313 90.3
) . . Yes 5 2.6 6 39 n 3.2
Communicable disease history*
No 184 97.4 148 96.1 332 96.8
Yes 22 11.6 25 16.2 47 13.2
URTI
No 167 88.4 129 83.8 296 86.3
Yes 12 6.3 13 8.4 25 7.3
LRTI
No 177 93.7 141 91.6 318 92.7
AGE Yes 68 36.0 62 40.3 130 37.9
No 121 64.0 92 59.7 213 62.1
Ul Yes 5 2.6 4 2.6 9 2.6
No 184 97.4 150 97.4 334 97.4

URTI: Upper respiratory tract infections, LRTI: Lower respiratory tract infections, AGE: Acute gastroenteritis, UTI: Urinary tract infections, THS-2022: Tiirkiye Health Survey-2022,
*In the THS-2022 questionnaire, the communicable disease history question was designed to determine the history of infectious diseases, such as chicken pox, mumps, etc
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(such as varicella or mumps), 13.7% had URTI, 7.3% had LRTI,
37.9% had AGE, and 2.6% had UTI. No gender differences
were found in the assessment of health outcomes. Descriptive
characteristics of breastfeeding and health outcome data by
gender are shown in Table 1.

In the assessments of health outcomes regarding breastfeeding
durations, infants general health status was "good” for 86.4%
of infants who were breastfed for less than 6 months, whereas
this rate was 95.1% for infants who were breastfed for at
least 6 months, and the difference was statistically significant
(p=0.021). The rates of chronic disease (disease lasting longer
than 6 months) and restriction in daily life were higher in
infants breastfed for less than 6 months (p=0.042 and p=0.014,
respectively). There was no significant difference in the oral-
dental health status of children aged 12-24 months in relation
to the duration of breastfeeding. The rates of communicable
diseases (such as rubella, mumps, etc.) and LRTI history were
higher in infants who were breastfed for less than six months
(p=0.026 and p=0.010, respectively). No statistically significant
difference was observed in URTI, AGE and UTI history rates
(p=0.652, p=0.851, p=0.624, respectively). The comparison
of health outcomes according to breastfeeding for at least 6
months are presented in Table 2.

Higher rates of good general health and oral-dental health
status were found in infants who were breastfed for at least

12 months, but the difference was not significant. There was
no difference between breastfeeding for at least 12 months
and chronic disease and restriction in daily life (Table 3).
No statistically significant difference was observed in the
breastfeeding duration of children regarding general health
status, oral-dental health status and chronic disease history
(p=0.190, p=0.144 and p=0.323, respectively), but the median
breastfeeding duration in infants with a history of restrictions
in daily life was longer (11.5 vs. 13 months, p=0.019). The mean
differences in breastfeeding duration according to the health
status of the children were presented in Table 4.

In the second year of life, the median (IQR) duration of
breastfeeding in children with a history of communicable
disease in the previous six months was 6 (10) months, while
the median duration in infants without a history of infectious
disease was 13 (10) months (p=0.005). No statistically
significant difference was observed in the breastfeeding
duration of children with a history of URTI, LRTI, AGE and UTI
(p=0.951, p=0.198, p=0.836, p=0.816, respectively). Infants
who were breastfed for less than 12 months had higher rates
of communicable disease, URTI, LRTI AGE and UTI history
(p=0.047, 0.855, p=0.064, p=0.904, and p=0.390, respectively),
but the difference wassignificant only in communicable disease
history. The comparison of the health outcomes according to
breastfeeding duration is presented in Table 3.

Table 2. The comparison of health outcomes among infants aged 12-24 months according to breastfeeding at least 6 months of

age
Breastfeeding <6 months Breastfeeding >6 months p-value
n % n %
Good 51 86.4 270 95.1
General health status - 0.021*
Fair/Bad 8 13.6 14 49
Good 56 94.9 275 96.8
Oral and Dental health status : 0.341*
Fair/Bad 3 5.1 9 3.2
o Yes 9 15.3 20 7.0
Chronic disease 0.042*
No 50 84.7 264 93.0
o o Yes 10 16.9 20 7.0
Restriction in daily life 0.014
No 49 83.1 264 93.0
) . . Yes 5 8.5 6 2.1
Communicable disease history 0.026*
No 54 91.5 278 97.9
. Yes 7 1.9 40 14.1
URTI history 0.652
No 52 88.1 240 85.9
) Yes 9 15.3 16 5.6
LRTI history 0.010
No 50 84.7 268 94.4
. Yes 23 39.0 107 37.7
AGE history 0.851
No 36 61.0 177 62.3
. Yes 1 1.7 8 2.8
UTI history 0.624
58 98.3 276 97.2
URTI: Upper respiratory tract infections, LRTI: Lower respiratory tract infections, AGE: Acute gastroenteritis, UTI: Urinary tract infections, *Fischer exact test
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Table 3. The comparison of health outcomes rates among infants aged 12-24 months according to breastfeeding at least 12

months of age

Breastfeeding <12 months | Breastfeeding >12 months
p-value
n % n %
Good 109 90.8 212 95.1
General health status - 0.127
Fair/Bad N 9.2 N 49
Good 113 94.2 218 97.8
Oral and Dental health status = 0.081*
Fair/Bad 7 5.8 5 2.2
o Yes 13 10.8 16 7.2
Chronic disease 0.245
No 107 89.2 207 92.8
S Yes 15 12.5 15 6.7
Restriction in daily life 0.071
No 105 87.5 208 93.3
) ) ) Yes 7 5.8 4 1.8
Communicable disease history 0.047*
No 113 94.2 219 98.2
_ Yes 17 14.2 30 13.5
URTI history 0.855
No 103 85.8 193 86.5
) Yes 13 10.8 n 5.4
LRTI history 0.064
No 107 89.2 21 94.6
. Yes 46 38.3 84 37.7
AGE history 0.904
No 74 61.7 139 62.3
) Yes 4 3.3 5 2.2
UTI history 0.390"
No 116 96.7 218 97.8
URTI: Upper respiratory tract infections, LRTI: Lower respiratory tract infections, AGE: Acute gastroenteritis, UTI: Urinary tract infections, *Fischer exact test

Table 4. Mean differences in breastfeeding duration according to the health status of the children (n=343)

Breastfeeding duration
Mean Stapd?rd Median I10R p-value
deviation
Good 12.52 0.35 13 9
General health status - 0.190
Fair/Bad 10.59 1.55 1 22
Good 12.48 0.35 13
Oral and Dental health status - 0.144
Fair/Bad 10 1.75 10.5
o Yes 11.38 7.60 12 14
Chronic disease 0.323
No 12.49 6.22 13 9
. I Yes 9.70 1.25 1.5
Restriction in daily life 0.019
No 12.65 0.35 13 10
) . ) Yes 7.09 1.72 6 10
Communicable disease history 0.005
No 12.57 0.35 13 10
. Yes 12.36 0.83 12 9
URTI history 0.951
No 12.40 0.38 13 9
) Yes 10.72 1.53 n 15
LRTI history 0.198
No 12.53 0.35 13 9
. Yes 12.16 0.55 13 1
AGE history 0.836
No 12.54 0.44 13 8
. Yes 12.56 2.12 15 1
UTI history 0.816
No 12.39 0.35 13 9
URTI: Upper respiratory tract infections, LRTI: Lower respiratory tract infections, AGE: Acute gastroenteritis, UTI: Urinary tract infections, IQR: Iterquartile range
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DISCUSSION

The present study found that breastfeeding for at least 6 months
and long-term breastfeeding (at least 12 months) in children
from different segments of Tiirkiye was effective in reducing
the rates of infectious diseases and LRTls in children aged 1-2
years. The findings are consistent with the recommendations of
the World Health Organization, Ministries of Health, and many
child health organizations, which emphasize the protective
effects of breastfeeding on child health3&",

In the study, mothers who breastfed their babies for six months and
above had significantly better-perceived health of their children.
This finding is in accordance with established literature showing
that breastfeeding promotes overall health status and further
reduces child morbidity worldwide®. There is a growing body of
evidence showing that breastfeeding might play a protective role
against chronic diseases such as asthma, obesity, hypertension,
dyslipidemia, and type Il diabetes mellitus'>™. It has been
suggested that the anti-inflammatory and immunomodulatory
effects of breastfeeding may explain the reduced prevalence of
chronic diseases". Duration-dependent protective associations
have been shown between breastfeeding and chronic diseases
such as childhood asthma, diabetes and rheumatoid arthritis?'%'4,
In our study, we have shown a similar finding that breastfeeding
for less than six months was significantly associated with higher
rates of chronic diseases and restrictions in daily life due to
illness. While this association can be attributed to the shortness
of breastfeeding duration, it can also be possible that existing
chronic illness and restrictions in daily life might have limited
the breastfeeding process. Nevertheless, our finding shows the
importance of breastfeeding during the first six months of life in
improving health outcomes.

In this study, mothers who breastfed for more than 12 months
showed a higher level of perceived health status of their
child. However, the observed difference was not statistically
significant. The loss of statistical significance may reflect the
influence of other factors, such as environmental exposures,
on child health beyond the first year, which can diminish
the positive view of the parents on their children's health
status''S. It is also possible that mothers who have breastfed
for less than six months may have more negative perceptions
of their infants’' health status because of the well-known
recommendation of breastfeeding duration of up to two
years. Breastfeeding for at least 12 months showed a similar
trend towards less chronic disease and daily restriction history,
with no statistical significance. A literature review revealed
a paucity of studies investigating the associations between
prolonged breastfeeding (>1 year) and infants' health and
well-being. Therefore, further studies applying a variety of
methodologies, such as prospective, mixed-method, or cross-
cultural, are required to rigorously investigate the issue'’.
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Breast milk provides the infant with essential nutrients and
immunological components that strengthen the immune
system and protect the infant from various infectious
diseases'®™. Li et al.?® showed that breastfeeding beyond six
months was associated with a lower risk of infections even up
to six years of age, reinforcing the importance of sustained
breastfeeding for long-term health benefits. Similar findings
have been reported by Victora et al.®, where longer durations
of breastfeeding were associated with a lower incidence of
child infection, especially in early childhood. These beneficial
effects have been documented in developed and less developed
countries?'. Our findings also showed a significant reduction
in  communicable disease history in children breastfed
for at least six months. This aligns with the World Health
Organization's recommendation that exclusive breastfeeding
for the first six months of life enhances immune function and
reduces the risk of infectious diseases'.

LRTIs represent a significant public health concern,
accounting for a considerable proportion of hospitalizations
among infants and children*. A positive correlation has been
identified in the literature between the use of the formula
and an increased incidence of hospitalization due to LRTI®. In
our study, extended breastfeeding was particularly associated
with lower rates of LRTIs. Infants who breastfed for more
than 6 months had a significantly lower rate of LRTIs than
for shorter periods. In line with these findings, the study
by Potharajula and Kadke* demonstrated a correlation
between breastfeeding and a reduced risk of respiratory
issues, including wheezing in children, further supporting the
protective role of breast milk against respiratory infections.
A study by Abdulla et al." investigated the association
between Respiratory Syncytial virus (RSV)-associated LRTI
and breastfeeding and found that not breastfeeding infants
was associated with a significant risk of severe RSV associated
LRTI and hospitalisation.

Although breastfeeding duration was found to be shorter in
those with a history of AGE, this difference was not statistically
significant in our study. The analysis revealed no association
between the history of UTl and the duration of breastfeeding.
It is possible that the results are influenced by the fact that
the questionnaire inquired about the infection history over the
past six months rather than severity such as information about
hospitalizations, duration of stay in hospital etc. Nevertheless,
the existing literature examining the relationship between AGE
and UTI and breastfeeding focuses on hospitalizations due to
these infections. It has been documented that breastfeeding
contributes to a reduction in hospitalizations due to AGE and
UT|3,8,24'

The breastfeeding rates observed in this study are, on the
whole, relatively high according to another national study, the
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Tirkiye Demographic and Health Survey 2018, or international
rates; however, they still do not meet the global breastfeeding
targets of 80 % by 2030, concerning children breastfed at
1 year of age®". As indicated by the Global Breastfeeding
Scorecard (2019), there is a need for increased commitment
to breastfeeding through enhanced funding and improved
policies and programmes®. In Tirkiye, socio-economic, cultural,
and systemic barriers play a significant role in the relatively
low rates of exclusive breastfeeding. Maternal education,
employment and support significantly influence breastfeeding
duration in Tirkiye, suggesting that increasing community-
level support could enhance breastfeeding practices??’.
Baker et al.” emphasize the role of structural supports, such
as parental leave policies and public awareness campaigns,
in promoting breastfeeding, which could help increase these
rates in Turkiye as well. Integrating breastfeeding support into
the national health strategy may help improve child health
indicators by increasing exclusive breastfeeding rates and
extending breastfeeding duration.

Study Limitations

Our study has certain limitations. Firstly, the cross-sectional
design of the study limits the capacity of the research to
assert causal relations. Secondly, the survey questionnaire was
designed by the TurkStat, and the quality of the questions
sometimes limited our understanding of the phenomenon
under investigation. For example, the dataset included two
variables that overlapped (the past 6 months' history of
communicable diseases and infectious diseases). Therefore,
we only used the communicable disease variable to avoid
confusion. Also, we could not show a relationship based on
age due to the measurement of age based on years rather
than months in the dataset. Another issue with the survey
was that the child questionnaire of the dataset was not linked
with the household questionnaire, which also limited our
analysis regarding regional or socio-economic status. Lastly,
the information on disease history was based on parental
reports, which may have introduced a degree of subjectivity.
Nevertheless, the dataset is a representative survey of Tlrkiye,
which is one of the strong aspects of this study.

CONCLUSION

Our study highlights the significant benefits of breastfeeding,
particularly breastfeeding during the first six months of life
was associated with improved infant health outcomes and
the history of reduced burden of both acute and chronic
diseases in early childhood. Infants breastfed for at least six
months exhibited better general health, fewer chronic illness
histories and restrictions in daily life, and a lower incidence
of communicable and LRTI than those breastfed for shorter
durations. The results align with global evidence on the

protective effects of breastfeeding, reinforcing the importance
of promoting breastfeeding through public health initiatives.
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Supplementary Table. The contents of the questions and answers

Question contents Answers

Gender Male/Female

Age <o (in month)

Breastfeeding duration <. (in month)

Description of the child's health in general Very good/Good/Fair/Bad/Very Bad
Any longstanding (at least 6 months or more) illness or health problem Yes/No

Limitation because of a health problem in activities most children of the same age

Severely limited/Limited, but not severely/Not limited

usually do at all

Description of the child 's oral and dental health Very good/Good/Fair/Bad/Very bad
History of any communicable diseases (varicella, mumps etc.) in the past six months Yes/No

ﬁpy upper respiratory tract infection (tonsillitis, middle ear infections, pharyngitis) Yes/No

istory in the past six months

Any lower respiratory tract infection (pneumonia) history in the past six months Yes/No

Any diarrhea history in the past six months Yes/No

Any urinary tract infection history in the past six months Yes/No
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A Novel Approach for Arteriovenous Fistula Maturation; Effects of
Melatonin Loaded PLGA Nanofibers in Rats

Deneysel Arteriyovendz Fistlller icin Melatonin Iceren Matriks Gelistirilmesi ve Etkinliginin
Arastiriimasi
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ABSTRACT

Aim: Arteriovenous fistula (AVF) is a cannulation method that is accessed by a peripheric vein and an artery. AVF provides vascular access for
chronic kidney disease patients so they can receive hemodialysis. AVF could be created by surgical intervention and facilitates arterial to venous
circulation for rapid recovery. However, AVF maturation depends on venous proliferation and luminal diameter which allows the optimum flow rate
for continuing circiulation and hemodialysis. Due to multiple unexpected conditions, non-maturation of AVFs limits the efficacy of the hemodialysis
so patients must receive another surgery for AVF cannulation.

Materials and Methods: In this study, we aimed to utilize the effects of melatonin (MT), which is known to have antioxidant, anti-inflammatory,
and antiapoptotic effects, to provide longer and more effective use of AVFs via a novel technique. For this purpose, firstly by electrospinning method,
polylactic-co-glycolic acid (PLGA) nanofiber membranes were developed. After MT is loaded into the PLGA and characterized. Biodegradation and
drug release profiles were analyzed. An in vivo study was performed in Wistar Albino male rats (n=18). Rats were randomly divided into three
experimental groups; Sham, PLGA, and MT/PLGA respectively (n=6). AVF model was established in all groups between arteria carotica and vena
jugularis under general anesthesia. The Sham group did not receive any treatment or biomaterial application. The developed membranes were
placed onto the AVFs in PLGA and MT/PLGA groups. All rats were sacrificed on the 28™ of the experiment. The anastomosis sites of all animals were
harvested for histopathological analysis.

Results: Our results showed MT/PLGA group indicated increased maturation levels conmpared to Sham group (p<0.05).
Conclusion: The results showed that PLGA/MEL may be a promising material for early AVF maturation.
Keywords: Arteriovenous fistula, melatonin, PLGA, biocompatible materials, maturation, venous proliferati

0z
Amag: Arteriyovendz fistiil (AVF), periferik bir ven ve bir arterden erisilen bir kantlasyon yontemidir. AVF, kronik bobrek hastaligi hastalarinin
hemodiyaliz alabilmeleri icin vaskiiler erisim saglar. AVF cerrahi miidahale ile olusturulabilir ve hizli iyilesme icin arteriyel-vendz dolagimi kolaylastirir.
Ancak AVF'nin olgunlasmasi, sirkiilasyonun ve hemodiyalizin devami igin optimum akis hizina izin veren ven6z proliferasyona ve llimen capina

baglidir. Bircok beklenmedik durum nedeniyle, AVF'lerin olgunlasmamasi hemodiyalizin etkinligini sinirlar, bu nedenle hastalarin AVF kaniilasyonu
icin baska bir ameliyat olmasi gerekir.
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Gereg ve Yontem: Bu calismada, antioksidan, anti-enflamatuvar ve anti-apoptotik etkileri oldugu bilinen melatoninin (MT) etkilerinden yararlanarak
yeni bir teknikle AVF'lerin daha uzun siire ve daha etkin kullanimini saglamayi amacladik. Bu amacla ilk olarak elektrospinning yontemi ile polilaktik-
ko-glikolik asit (PLGA) nanofiber membranlar gelistirilmistir. Daha sonra PLGA icine MT yiiklenmis ve karakterize edilmistir. Biyobozunum ve
ilagc salinim profilleri analiz edilmistir. Wistar Albino erkek sicanlarda (n=18) bir in vivo calisma gerceklestirilmistir. Sicanlar rastgele ti¢ deney
grubuna ayrilmistir; sirastyla Sham, PLGA ve MT/PLGA (n=6). Tiim gruplarda genel anestezi altinda karotis arter ve jugular ven arasinda AVF
modeli olusturulmustur. Sham grubuna herhangi bir tedavi veya biyomateryal uygulamasi yapilmadi. Gelistirilen membranlar PLGA ve MT/PLGA
gruplarindaki AVF'lerin tizerine yerlestirildi. Tim sicanlar deneyin 28. giiniinde sakrifiye edildi. Tim hayvanlarin anastomoz bdlgeleri histopatolojik
analiz icin toplandi.

Bulgular: Sonuglarimiza gdére, MT/PLGA grubunda histopatolojik olarak vaskiiler proliferasyon ve fibroblastik hiicre ¢ogalmasi agisindan

degerlendirildiginde matiirasyon diizeyinin Sham grubuna gore anlamli diizeyde artti§i belirlendi (p<0,05).

Sonug: Elde ettigimiz veriler MT/PLGA nanoliflerinin erken AVF olgunlasmasi icin umut verici bir materyal olabilecegini gostermistir.

Anahtar Kelimeler: Artetiyovendz fistiil, melatonin, PLGA, biyouyumlu materyaller, matiirasyon, vendz proliferasyon

INTRODUCTION

Chronic kidney disease (CKD) treatment in the early stages
is primarily aimed at preserving the existing kidney function
and includes methods such as diet, adequate fluid intake,
medical treatments such as the use of angiotensin inhibitors,
lifestyle changes, and increased physical activity. In advanced
renal failure, hemodialysis and peritoneal dialysis are the main
treatments applied, while kidney transplantation is the last
resort for end-stage renal failure patients'. According to the
Global Diagnosis Burden 2017 data, CKD affects approximately
700 million people worldwide. Due to the extreme increase in
the number of patients and the shortage of organ donors, CKD
patients can only survive with hemodialysis?2. Hemodialysis is
indispensable for CKD patients to balance mineralsin circulating
blood and control blood pressure®. For long-term hemodialysis,
patients need permanent vascular access established between
arteries in a venous line, called an arteriovenous fistula (AVF).
AVF is the most common cannulation method for long-term
hemodialysis patients*. Primary maturation failure is the main
limiting factor for AVF use due to internal remodeling and
lumen stenosis. Previous studies have claimed that vein luminal
diameter below 2 mm is prone to deterioration. In addition, it is
widely accepted that the vein diameter should be higher than
the anastomotic artery diameter®. Therefore, early maturation
is urgent for long-term use of AVF. Otherwise, patients have to
undergo several surgeries to have another AVF cannulation for
hemodialysis treatment.

The immaturity of AVFs is mostly due to thickening of the
vascular intima due to underlying pathological mechanisms
consisting of oxidative stress, inflammation or hypoxia, which
leads to abundant migration and proliferation of smooth
muscle cells and accumulation of extracellular matrix®. Studies
have reported that AVF failure mostly occurs in the early weeks
after surgery’. At approximately 4 to 6 weeks, if blood flow is
less than 500 mL/min. and the vessel diameter is less than 4
mm, urgent reoperation is required to reestablish a new AVF
access®. Therefore, establishing successful AVF cannulation
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as well as ensuring AVF maturity are essential for long-term
hemodialysis. Despite the use of improved surgical techniques
and new pharmacotherapy agents, there is no gold standard
method to prevent AVF failure. Therefore, in this study, we
aimed to prevent early maturation of AVF and avoid stenosis
to prevent insufficient blood flow between artery and vein.

At this point, tissue engineering offers promising results for
the treatment of various pathologies with its biocompatibility
properties®. Synthetic polymers are the most widely used
carriers in the field of tissue engineering studies. Polylactic-co-
glycolic acid (PLGA) is one of the preferred synthetic polymers
for carrying various agents, cells or molecules. It consists of
lactic acid and glycolic acid that can activate cell migration,
proliferation and adhesion™. Due to its biocompatibility
and biodegradability, PLGA provides beneficial effects for
tissue healing or regeneration™. In our study, the effects of
melatonin (MT) loaded PLGA nanofibers on AVF maturation
were investigated. MT loaded PLGA biomaterials are frequently
preferred in the field of tissue engineering. Since MT and PLGA
are Food and Drug Administration (FDA)-approved molecules, it
is stated that they are quite suitable for clinical translation'>%.,
In addition, the anti-inflammatory and antioxidant properties
of MT provide a treatment-enhancing feature in the treatment
of many pathogenesis'®. On the other hand, the feature of PLGA,
which mimics the extracellular matrix of cells, strengthens this
synergy and provides various positive results in experimental
studies™. MT is a hormone secreted from the pineal gland,
with a hydrophilic structure that allows all cell compartments
to show their effects. The antioxidant and anti-inflammatory
effects of MT are well known''8, In addition, MT has healing
effects on the cardiovascular system by reducing iNOS and
eNOS synthesis and increasing angiogenesis. Controlled
release studies of MT have gained importance in recent years
15. The reasons for this may be that oral or parenteral use of
MT limits its effect in the first pass through the liver and does
not provide sufficient bioavailability?.

In an experimental abdominal adhesion model where MT-
loaded PLGA nanofibers were applied, it was reported that
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MT-loaded nanofibers prevented adhesion in the early period
and reduced inflammatory cell infiltration and fibrosis?'. In
another study investigating the effects of MT-loaded PLGA
nanoparticles on radiation-induced lung injury, it was reported
that they reduced lung inflammation and apoptosis in rats*
In an experimental in vivo study in which MT-loaded PLGA
biomaterials were applied on carbon tetrachloride-induced
liver injury, it was observed that MT exhibited protective effects
on the liver and reduced the adverse effects of toxicity.

In this study, the effects of MT on the maturation of AVF
were investigated by controlled release application to the
anastomosis region where AVF was created. To our knowledge,
this is the first study on the controlled local release of MT-
loaded PLGA to the AVF region.

MATERIALS AND METHODS

Production of Biomaterial

Production of PLGA Nanofibers

PEG6000 was used to optimize PLGA nanofibers to achieve
optimum biodegradation. For this purpose, nanofibers were
developed by electrospinning at 0.8 mL/h flow rate, 20 cm
distance and 20 kV voltage 21. The electrospinning method
used for this purpose is spraying the prepared solution onto
a collector surface known as Taylor Cone with the help of an
injector and obtaining nanofiber membranes with a thickness
of less than approximately 1 mm?%. All preparation procedures
were carried out under red light to prevent MT weight loss.

Production of MT Loaded PLGA Nanofibers

The MT dose loaded into the nanofibers was started as 50%
MT by weight of the PLGA nanofibers and continued until a
homogeneous fiber distribution was obtained. The MT dose in
the final composition was optimized to be 1 mg MT in the 1x3
cm rectangular material to be applied to rats.

Determination of Biodegradation Profile of MT Loaded
Nanofibers

The biodegradation of MT-loaded PLGA nanofibers was
optimized to undergo at least 90% biodegradation in 28 days
to provide early AVF maturation. For this purpose, the prepared
MT-loaded PLGA nanofibers were first incubated in 10 mL
phosphate-buffered saline (PBS) (0.1M, pH 7.4). The material
was followed up to 30 days to plot the biodegradation curve.
PBS was replaced with new solution every 3 hours. All samples
were weighed every 24 hours and weight loss was calculated
as percentage (%)%

Determination of Drug Release Profile

For drug release evaluation, MT-loaded PLGA nanofibers were
exposed to 50 ml of pH 7.4 PBS. MT release was monitored
at 300-190 nm wavelength with UV spectrophotometer
(Shimadzu, Japan) for 3 h periods?.

In vivo Experiments

Animal Material

All experimental studies were carried out in the Experimental
Research Application and Research Center of Canakkale Onsekiz
Mart University. Eighteen Wistar Albino male rats (3-4 months
old; 250-300 g) were used in this study. Rats were housed
at 2242 °C, 12 h dark/light cycle. Rats were fed ad libitum
and had free access to water. Ethical approval for this study
was obtained from the Local Ethics Committee for Animal
Experiments at Canakkale Onsekiz Mart University (decision
number: 2022/01-03, date: 21.01.2022). All procedures were
carried out in accordance with the "Guide for the Care and Use
of Laboratory Animals". Rats were randomly divided into three
groups (n=6) as follows;

Sham (n=6): An AVF model was created between the carotid
artery and jugular vein. The surgical site and anastomosis line
were washed with 100 [U/mL heparin.

PLGA (n=6): After creating the AVF model between the carotid
artery and jugular vein, the surgical area and anastomosis line
were washed with 100 IU/mL heparin and the anastomosis area
was covered with pure PLGA matrix.

MT/PLGA: (n=6): After creating the AVF model between
the carotid artery and jugular vein, the surgical site and
anastomosis line were washed with 100 IU/mL heparin and
then the anastomosis site was covered with pure MT/PLGA
matrix.

Surgical Procedure

AVF was created as previously described?. Briefly, all rats were
anesthetized with an intraperitoneal injection of ketamine (70
mg/kg) and xylazine (7 mg/kg). After the neck skin was shaved,
an incision was made in the right neck. The submandibular
tissue and muscles were clamped, and the jugular vein was seen.
To prevent massive bleeding, all vascular branches were ligated
with 6.0 proline sutures. Then, the jugular vein was irrigated
with 100 IU/mL heparin-containing saline solution. The entire
surgery was performed with loop goggles. Then, the carotid
artery was dissected and clamped. A minimal incision was made
at the midpoint of the carotid artery and then connected to
the jugular vein end and sutured with 8.0 proline. Blood flow
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was observed with an intravascular cannula. In the biomaterial
group, 1x3 cm rectangular membranes were covered around
the anastomosis (Figure 1). The AVF model was also created in
the Sham group, but no biomaterial was given. All rats were
then taken to recovery and 0.9% NaCl was applied to prevent
hypovolemic shock.

On day 28 of the experiment, all rats were sacrificed by cervical
dislocation under general anesthesia. Anastomotic lines were
immediately collected for histopathological analysis and kept
in 10% buffered formaldehyde until analysis.

Statistical Analysis

Histopathological Analysis

After euthanasia, AVF region samples obtained under general
anesthesia were stored in paraformaldehyde for 48 hours.
Then, they were washed under water overnight and exposed
to increasing alcohol series. Finally, the samples were washed 3
times with toluene for transparency and embedded in paraffin
(Slee, MPS, Mainz, Germany). Four pm sections were taken
from paraffin blocks and stained with hematoxylin-eosin
according to the kit protocol. Stained slides were evaluated
with an Olympus BX40 (Olympus, Japan) microscope for
vascular proliferation, fibroblastic cell proliferation and
fibrosis parameters (O=none, 1=low, 2=moderate, 3=high) by
a blinded investigator®. Vascular proliferation and fibroblastic
cell scores were considered together as maturation scores and
were included in statistical evaluation.

The obtained data were analyzed within the scope of SPSS 24.0
package program. Differences between groups were determined
by Kruskal-Wallis, and comparisons between two groups were
determined by post-hoc Tukey HSD tests. Statistical significance
was accepted as p<0.05. Data were summarized with mean +
standard deviation (mean + SD).

RESULTS

Our study findings include material characterization and
tissue analysis results performed on the AVF anastomosis line
obtained from rats in vivo. There was no loss of rats during the
entire study.

In vitro and In vivo Biodegradation Findings

In vitro biodegradation was approximately 85-90% complete
on day 28 of the assay. /n vivo macroscopic observation showed
that the implanted biomaterial was not completely degraded
in 2 animals from the PLGA group.

In vitro Drug Release Profile Findings

According to in vitro drug release assay, PLGA and MT were
released at almost the same timepoint at 220 nm wavelength.

Hematoxylin-Eosin Staining Findings

Vascular proliferation and fibroblastic cell proliferation
parameters were evaluated as the level of maturation
with hematoxylin-eosin staining results. According to
histopathological scoring, a significant increase was
determined in the MT/PLGA (3.67+0.25) group compared to
the Sham group (p<0.05). On the other hand, there was no
significant difference between the MT/PLGA group and the
PLGA (3.16+0.65) group (p>0.05). However, no significant
difference was found between the Sham (2.4+0.4) and PLGA
groups (Figure 2, Figure 3). The data of these examinations are
given in Table 1.

Another parameter examined histopathologically was fibrosis.
According to the results obtained, no significant difference was
detected in terms of fibrosis between the MT/PLGA (1.25+0.25),
PLGA (0.83+0.40) and Sham (0.2+0.2) groups (p>0.05).

Figure 1. Performing the surgical procedure. (A) Retraction of the jugular vein and carotid artery, (B) performing the AVF, (C)
Applying the biomaterial

AVF: Arteriovenous fistula
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DISCUSSION

Functional vascular access is the lifeline for patients with
terminal CKD. For this purpose, AVF anastomoses are commonly
used by creating an arterial and venous junction. However,
the tendency for AVFs to fail before and after hemodialysis
makes it impossible to provide permanent vascular access®.

A

100 pm

Lack of vascular maturation significantly increases the risk
of morbidity in patients with terminal kidney disease®.
Therefore, in addition to new surgical methods to provide
long-term usable and functional vascular access, the urgent
need for supportive applications for rapid maturation and its
permanence has increased. For this purpose, our study aimed
to develop a new method for successful and permanent

B [ s C

200 pm 200pm

Figure 2. Hematoxylin-eosin staining. (A) Sham, (B) PLGA, (C) MT/PLGA. Results black arrows indicate vessel remodeling and

vascular proliferation
MT/PLGA: Melatonin/Polylactic-co-glycolic acid

Maturation Score

Histopathological Score

Sham

——

PLGA MT/PLGA

Figure 3. Statistical graphical representation of the maturation score based on the evaluation of vascular proliferation and
fibroblastic cell proliferation in histopathological evaluation (*p<0.05)

MT/PLGA: Melatonin/Polylactic-co-glycolic acid

Table 1. Maturation score and fibrosis assessment according to groups

Sham PLGA MT/PLGA

Rat number | Maturation score | Fibrosis | Rat number | Maturation score | Fibrosis | Rat number | Maturation score | Fibrosis
1 0 1 3 0 4 1

2 2 0 2 3 0 2 3 1

3 2 1 3 1 2 3 4 1

4 0 1 4 2 0 4 4 1

5 2 1 5 1 0 5 3 2

6 1 0 6 3 2 6 4 1

MT/PLGA: Melatonin/Polylactic-co-glycolic acid
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vascular access by examining the effectiveness of MT-loaded
PLGA nanofibers on AVF maturation.

In controlled release studies, it is possible to optimize the
biomaterial produced in accordance with the healing process
of the pathological mechanism. For this purpose, various
synthetic or naturally sourced polymeric materials are used®'=2,
In recent years, there are biomaterials developed in the field
of tissue engineering and biomaterials that have successfully
completed experimental processes for use in the treatment
of many diseases. Among these, synthetic biomaterials have
become more preferred due to their lack of immunogenicity.
Among these, PLGA is more preferred due to its biocompatibility,
biodegradability and ability to mimic the extracellular matrix,
which is higher than other natural and synthetic polymers®.
PLGA is a polymeric material approved by the FDA and is a
type of synthetic polymer widely used in the field of tissue
engineering due to its biocompatibility, biodegradability
and extracellular matrix mimicry properties®*. PLGA provides
antiadhesive effects and is a good choice for loading several
different molecules and agents®. Biodegradation of PLGA
nanofibers can be optimized according to the needs of specific
tissue healing®-%. In our study, we aimed to develop PLGA
nanofibers with a structure in the form of a covering membrane.
For this purpose, a biodegradable barrier containing MT and
providing controlled release of MT for AVF maturation and
vascular proliferation was produced, and its in vitro release
and degradation profile and in vivo efficacy were determined.
For this purpose, firstly PLGA nanofibers were produced and a
matrix containing 1 mg MT per 1x3 cm? was developed. In vitro
experiments were conducted on this matrix to investigate MT
release and biodegradation of its mass. As a result of In vitro
studies, it was revealed that nanofibers lost 85-90% of their
mass on the 28™ day.

Maturation of AVF anastomoses involves complex steps
including vascular repair, neointimal hyperplasia and
inflammation. In these processes, the success of AVF
depends on vascular proliferation and rapid fibroblastic cell
proliferation. When vascular proliferation and fibroblastic
cell proliferation processes are suppressed, abnormal vascular
remodeling is observed. This leads to primary vascular access
failure®. Therefore, it is critical to ensure vascular proliferation
and fibroblastic cell proliferation in the AVF anastomosis line.
In the in vivo part of our study, histopathological examinations
were performed with hematoxylin-eosin staining on tissue
samples taken from rats. Hematoxylin-eosin staining results
and vascular proliferation and fibroblastic cell proliferation
parameters were evaluated in terms of maturation level.
According to the histopathological scoring, a significant
increase was determined in the MT/PLGA group compared to
the Sham group (p<0.05). It is possible to say that MT, which
was released from MT-loaded PLGA nanofibers for 28 days,
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provides vascular proliferation and supports AVF maturation
by increasing fibroblastic cell proliferation. Studies have shown
that MT regulates vascular proliferation by suppressing abnormal
proliferation of smooth muscle cells**. The histopathological
findings of our study suggest that MT increases vascular
proliferation to provide AVF maturation and prevents intimal
hyperplasia. It is likely that MT achieves this effect by increasing
nitric oxide release on vascular smooth muscle and reducing
oxidative stress*2. However, a signaling pathway or molecular
mechanism in this direction was not examined in our study.

Among tissue engineering studies, considering the current
literature, controlled release agents have been used to suppress
intimal hyperplasia and increase vascular proliferation in
biomaterial studies to ensure maturation of AVF anastomoses.
In one of these studies, the vascular maturation effects of
vascular endothelial growth factor (VEGF) and platelet-
derived growth factor (PDGF) loaded PLGA nanofibers were
evaluated. The results of this study showed that VEGF and
PDGF loaded PLGA nanofibers increased vascular maturity
in the first 21 days of the experiment®. In another study,
angiogenic factor-loaded PLGA nanofibers were implanted
subcutaneously in mice to study subcutaneous vascular
formation. Application of nitric oxide-releasing nanomatrix
gel to rats with AVFs provided better results in outward
remodeling and inhibited intimal hyperplasia at 28 days*.
Rapamycin-loaded nanofibrous membranes were used to
evaluate the maturation effects of the material in an animal
model of AVF anastomosis. After 4 weeks, the anastomosis
sites were harvested and evaluated for further analysis. As
a result of this study, it was stated that rapamycin-loaded
nanofibrous membranes reduced intimal hyperplasia
and facilitated AVF maturation**. The findings obtained
from our study suggest that MT-loaded PLGA nanofibers
increased vascular proliferation on day 28 and provided AVF
maturation. The sustained release of MT in the AVF line with
a biocompatible biomaterial for 28 days indicates that it
contributes to vascular proliferation in addition to its anti-
inflammatory and antioxidant effects.

In our study, another parameter investigated to investigate
the effects of MT-loaded PLGA nanofibers on AVF maturation
was fibrosis. Fibrosis is the accumulation of extracellular
collagen matrix in the vascular intima*. The extent to which
the presence of medial fibrosis indicates the success of the
anastomosis for AVF fistula maturation isstill a matter of debate
in the literature. There are studies showing that increased
arterial fibrosis and venous fibrosis ensure the success of AVF
maturation, and there are study results showing that increased
fibrosis causes AVF immaturity*’. In our study, no significant
results were found between the experimental groups in terms
of fibrosis evaluations made from vascular sections.
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In our study, we used MT-loaded PLGA nanofibers as a cover
material around the AVF line. Our results revealed that MT
increased vascular maturity in the early stages of remodeling.
In addition, MT's excellent antioxidant andante-inflammatory
properties suggest that it contributes to maturation by
preventing oxidative and inflammatory damages at the surgical
site and anastomosis line. PLGA seems to be a good option for
loading different agents in vascular tissue engineering.

In summary, it was observed that the MT-loaded PLGA
biomaterial developed in our project initiated AVF maturation
on the 28™ day by providing vascular proliferation at both
macroscopic and microscopic levels.

Study Limitations

In our study, biomaterial production was optimized and the
effectiveness of the produced biomaterial on AVF maturation
was investigated with in vivo experiments. In our study,
histopathological analysis was performed only on the tissue
obtained from the anastomosis line.

CONCLUSION

However, it has not been determined by which molecular
signaling mechanism MT exerts these effects. In addition,
biodegradation after degradation of MT-loaded PLGA
nanofibers has only been determined macroscopically. It is
aimed to eliminate these limitations with further research and
experimental planning.
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Aronia Melanocarpa Extract May Modulate Brain Oscillations and
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ABSTRACT

Aim: This study examines the acute and long-term effects of aronia melanocarpa extract (AME) on brain activity using electroencephalography
(EEG). The goal is to determine its impact on neural oscillations, functional connectivity, and network efficiency across different frequency bands.

Materials and Methods: Fifteen healthy volunteers (8 males, 7 females) participated in the study. EEG recordings were conducted before the
consumption of AME, one-hour post-consumption, and one week after consumption. Power spectral density (PSD), functional connectivity based
on the imaginary part of coherence and network efficiency metrics [global efficiency (GE), local efficiency (LE), and transitivity (T)] were analyzed
across Delta, Theta, Alpha, Beta I-1ll, and Gamma | frequency bands.

Results: Acute effects: PSD increased significantly in frontal and temporal regions across multiple frequency bands. Functional connectivity
increased, especially in prefrontal-frontal and prefrontal-temporal pathways. Network efficiency was significantly increased in Beta I-Ill and
Gamma bands (p<0.05). Long-term effects: one week later, no significant changes in PSD, GE, or T were found. However, LE increased in the left
frontal and frontal midline channels (p<0.05).

Conclusion: The acute enhancements in PSD and functional connectivity suggest that AME may temporarily boost cognitive functions by promoting
neuronal synchronization and network efficiency. The prominent increases in Beta and Gamma bands are consistent with improved attention,
memory, and executive functions. However, the lack of sustained effects highlights the need for continuous intake to maintain cognitive benefits.
AME acutely enhances brain activity, particularly in Beta and Gamma bands, suggesting improved cognitive processing and neural communication.
However, these effects diminish over time, indicating that regular intake may be necessary for sustained cognitive benefits.

Keywords: Aronia extract, electroencephalography, functional connectivity, power spectral density
0z
Amag: Bu calisma, aronia melanocarpa ekstresinin (AME) beyin aktivitesi tizerindeki akut ve uzun vadeli etkilerini elektroensefalografi (EEG)

kullanarak incelemektedir. Calismanin amaci, farkh frekans bantlarinda sinirsel osilasyonlar, fonksiyonel baglantisallik ve ag verimliligi tizerindeki
etkilerini belirlemektir.

Gerec ve Yontem: Calismaya 15 saglikl goniillii (8 erkek, 7 kadin) katilmistir. EEG kayitlari, AME tiiketilmeden 6nce, tiiketimden bir saat sonra ve bir
hafta sonra gerceklestirilmistir. Gii¢ spektral yogunlugu (PSD), ve fonksiyonel baglantisallik [kiiresel verimlilik (GE), yerel verimlilik (LE) ve gecislilik
()] Delta, Teta, Alfa, Beta I-Ill ve Gama | frekans bantlarinda analiz edilmistir.

Bulgular: Akut etkiler: Bircok frekans bandinda, 6zellikle frontal ve temporal bdlgelerde PSD anlamli sekilde artmistir. Fonksiyonel bagdlantisallik,
ozellikle prefrontal-frontal ve prefrontal-temporal yollarinda artis gdstermistir. A§ verimliligi, Beta I-1ll ve Gama bantlarinda anlamli sekilde artmistir
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(p<0,05). Uzun vadeli etkiler: Bir hafta sonra PSD, GE ve T degerlerinde anlamli bir degisiklik g6zlemlenmemistir. Ancak, sol frontal ve frontal orta

hat kanallarinda LE artisi tespit edilmistir (p<0,05).

Sonugc: PSD ve fonksiyonel baglantisalliktaki akut artislar, AME'nin néronal senkronizasyonu ve ag verimliligini artirarak bilissel islevleri gegici olarak
gliclendirebilecegini dusiindiirmektedir. Beta ve Gama bantlarindaki belirgin artislar, dikkat, hafiza ve yiiriitiicii islevierdeki iyilesmelerle tutarhdir.
Ancak, etkilerin kalici olmamasi, bilissel faydalarin stirdiirtilebilmesi icin diizenli tiiketimin gerekli olabilecegini vurgulamaktadir. AME, 6zellikle
Beta ve Gama bantlarinda beyin aktivitesini akut olarak artirarak bilissel islemleme ve sinirsel iletisimin iyilestigini gostermektedir. Ancak, bu etkiler
zamanla azalmaktadir ve uzun vadeli bilissel faydalarin strdiriilebilmesi icin diizenli tiiketim gerekebilir.

Anahtar Kelimeler: Aronia ekstresi, elektroensefalografi, fonksiyonel baglantisallik, gli¢c spektral yogunlugu

INTRODUCTION

The healthy functioning of brain activities depends on the
balanced operation of neural network dynamics, functional
connectivity, and cortical activity. Recent studies have revealed
that dietary polyphenols may exhibit neuroprotective effects
on the nervous system and improve cognitive functions'.
Among polyphenols, anthocyanins are particularly known for
their antioxidant, anti-inflammatory, and neuroprotective
properties against neurodegenerative diseases*®. By enhancing
brain plasticity, they can strengthen synaptic connectivity and
regulate neuronal activity.

In this context, aronia melanocarpa extract (AME) stands out
as a functional food rich in polyphenols. Due to its polyphenols
enriched with anthocyanins, aronia extract has been identified
as containing bioactive compounds that may support brain
functions®. The literature suggests that AME may enhance
cognitive performance, reduce neuroinflammation, and exert
positive effects on the nervous system through the gut-brain
axis’. However, studies directly examining the acute and long-
term effects of aronia extract on the brain are quite limited.

In this study, the effects of AME consumption on brain activity
were evaluated using electroencephalography (EEG). EEG is
a non-invasive method that measures the brain's electrical
activity through the skull. Its high temporal resolution makes
EEG an ideal tool for examining functional connections and
frequency components. Since the electrical activity measured
in EEG represents a local field potential projected onto the
skull, the volume conduction effect may be a limitation for
spatial analysis. To mitigate this effect, the Laplacian reference,
one of the reference techniques, was applied in functional
connectivity analysis. In this study, EEG power spectral density
(PSD), and functional connectivity measurements were
examined to investigate the effects of aronia extract on neural
oscillations and brain network efficiency. The Welch method
was used when calculating PSD, and the imaginary part of
coherence (iCOH) was used to examine functional connectivity.

The aim of this study is to determine the short and long-term
effects of AME on brain activity. The results of this study may
contribute to our understanding of the potential effects of
dietary polyphenols on brain functions and shed light on the
development of neuroprotective strategies.
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MATERIALS AND METHODS

Participants and Experimental Procedure

This study included 15 participants, consistent with previous
EEG research that often uses 10-20 participants in exploratory
neurophysiological studies®. The demographic information and
clinical characteristics of the participants are presented in Table
1. The research protocol was conducted in accordance with
the approvals granted by the Ethics Committee of Nisantasi
University.

Individuals with any physiological or psychiatric conditions that
could potentially affect the study outcomes were excluded.
Participants were screened to ensure they were not taking any
medications that could influence metabolism related to such
conditions.

The extract obtained from aronia berries was prepared as 250
mL per serving. EEG recordings were conducted two hours after
the participants consumed the aronia berry extract. This timing
was adjusted according to the half-life of the compound?®.

EEG signals were recorded at three different times to assess
the acute and long-term effects of the consumption of AME.
All of the EEG recordings were performed in a resting state.
Participants were seated in a quiet, dimly lit room, with their
eyes closed and in a relaxed position. Each session lasted at
least 30 minutes to ensure a comprehensive analysis of resting-
state brain activity. The first recording was conducted before
AME consumption, and the second EEG recording followed two
hours later to evaluate the acute effects of AME. During the
2-hour waiting period, participants did not consume any food

Table 1. Demographic and clinical characteristics of
participants
Subject number 15
Lateralit 93.3% right-handed and 6.6%
¥ left-handed
Age (mean + SD) 23.93+1.79
46.6% women
Gender ’
53.3% men
Literacy rate 100%

SD: Standard deviation
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or beverages other than water, or smoke, and were instructed
to follow their usual daily activities. For the assessment of
long-term effects, the third EEG recording was performed one
week after AME consumption in the same environment.

Ethical permission to conduct this study was approved by
the Nisantasi University Clinical Research Ethics Committee
(decision no: 2020/17, date: 25.09.2020). Informed consent
was obtained from all participants before inclusion in the
study, and the necessary permissions were secured.

Aronia Melanocarpa Extraction

The AME berries originated from Rize, Kirklareli, Tiirkiye. They
began forming in June and were harvested around October
and November at their optimal ripeness for processing. After
harvest, the berries were transported using vehicles equipped
with cold storage facilities. Prior to extraction, they were stored
at 4 °C to maintain their quality. The extraction process was
conducted within one week without significant delay. Fresh
berries were used in this study. AME berries were pureed using
a grinder. The resulting pure was mixed with water containing
0.1% hydrochloric acid to form a homogeneous solution. This
mixture was extracted using an ultrasonication method at
30 °C for 30 minutes. The ultrasonication process facilitated the
release of bioactive compounds by breaking down the cell walls,
allowing these compounds to be transferred into the solution.

Following the extraction process, the mixture was centrifuged
at 10,000 rpm for 15 minutes. The resulting supernatant (upper
liquid phase) was collected and stored at +4 °C to preserve the
bioactive compounds.

Total Phenol Analysis

The total phenol content of the aronia fruit extract was
determined using the Folin-Ciocalteu method, as described by
Chen et al.”®. Briefly, 0.2 mL of the sample (diluted if necessary)
was mixed with 1.5 mL of 10% Folin-Ciocalteu reagent and
allowed to react for 5 minutes. Then, 1.2 mL of 7.5% (w/v)
sodium carbonate (NazC03) was added and thoroughly mixed.
The mixtures were incubated at room temperature for 60
minutes, after which the absorbance was measured at 765 nm
using a Shimadzu UV-1800 spectrophotometer against a blank.
The analyses were performed in triplicate, and the calibration
curve was constructed using gallic acid in the concentration
range of 0-250 ppm.

Total Antioxidant Capacity Analysis

The cupric ion reducing antioxidant capacity (CUPRAC) assay
was applied to determine the antioxidant capacity of aronia
fruit extract, following the procedure described by Apak et al.™.
Briefly, 1 mL of 102 M CuCIz, 1 mL of 7.5x10* M neocuproine,
and 1 mLof 1 M NH4Ac were mixed in a test tube. Then, the

sample (or standard) solution (x mL) and H,0 (1.1 - x mL) were
added to the initial mixture to obtain a final volume of 4.1 mL.
The mixture was then incubated at room temperature for 30
minutes. Finally, absorbance was measured at 450 nm against
a blank using a Shimadzu UV-1800 spectrophotometer (Kyoto,
Japan). The calibration curve was constructed using Trolox in
the range of 10-100 pmol/L.

EEG Recording and Processing

EEG signals were recorded using the 10-20 international
electrode placement system, employing 19 EEG channels
and mastoid referencing, with ANT Neuro sport EEG device.
The recordings were conducted with a sampling frequency of
500 Hz and a finite impulse response band-pass filter applied
between 1-45 Hz. For data analysis, PSD were calculated via
Welch method' for all EEG channels in each participant.
Functional connectivity was assessed using the iCOH™, while
coherence-based network metrics, including global efficiency
(GE), local efficiency (LE), and transitivity (T) were evaluated. In
functional connectivity analysis, the monopolar reference was
replaced with the Laplacian reference' through re-referencing
to enhance the spatial performance of the analysis. EEG
recordings were analyzed across seven frequency bands: Delta
(1-4 Hz), Theta (4-8 Hz), Alpha (8-12 Hz), Beta | (12-18 Hz),
Beta Il (18-24 Hz), Beta Ill (24-30 Hz), and Gamma | (30-45
Hz), along with the full spectrum (1-45 Hz). These metrics
were systematically examined to determine changes in brain
network dynamics following AME.

Statistical Analysis

Differences between the initial and post-consumption
recordings were statistically analyzed using the Wilcoxon
signed-rank test.

Given the exploratory nature of this study and the relatively
small sample size, we did not apply a formal correction for
multiple comparisons.

A post-hoc power analysis was conducted to evaluate statistical
power. Effect sizes (Cohen's d) were computed for each feature
and frequency band that showed significant changes. Using
G'Power, a paired t-test power analysis was performed with
0=0.05, n=15, and the calculated effect sizes were used to
determine statistical power.

RESULTS

The total phenol content of the aronia extract was found to be
approximately 800 mg GAE/250 mL (gallic acid equivalents).
The total antioxidant capacity of the aronia berry extract
was determined using the CUPRAC method. The extract
demonstrated a high antioxidant capacity of approximately
1.100 pmol trolox equivalents per liter (umol TE/L).
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When comparing the PSD results between the initial recording
and the two-hour post-consumption recording, a statistically
significant increase in PSD was observed across the average of
all EEG channels, as well as in specific brain regions such as the
left frontal, right frontal, and right temporoparietal regions
for the entire spectrum (1-45 Hz). In the Delta frequency band,
PSD increased significantly across all channels, particularly in
the left frontal, left temporal, and right temporal regions. A
similar increase was observed in the Theta frequency band,
with heightened activity in the entire frontal region and the
right temporoparietal region. In the Alpha band, PSD values
were notably higher in the frontal and right temporal regions,
a pattern that was also present in the Beta | band. Additionally,
in the Gamma | band, higher PSD values were observed across
the entire frontal region.

The iCOH results revealed statistically significant increases
in functional connectivity across the whole frequency

Whole Spectrum (1-45 Hz)
After

®

Before

Theta (4-8 Hz)
After

Before

Channel

Before

spectrum (1-45 Hz). These connections were observed in
prefrontal-frontal, interhemispheric frontal, and frontal-
central pathways, as well as frontoparietal connections linking
anterior and posterior regions. Enhanced connectivity was also
present in central-parietal and central-occipital pathways,
indicating integration between midline and posterior regions.
Furthermore, interhemispheric connectivity was evident in
both frontal and occipital regions, while temporoparietal
and temporo-occipital interactions extended across lateral
areas. These results demonstrated a widespread increase in
connectivity, integrating anterior, midline, and posterior
regions across both hemispheres. Mentioned connections can
be seen in Figure 1A.

No significant connectivity changes were observed in the Delta
frequency band given in Figure 1B. However, in the Theta band,
stronger connections emerged in the left central-temporal
and midline central-occipital pathways, suggesting increased

Delta (1-4 Hz)
After

Alpha (8-12 Hz)
After

Figure 1. This figure illustrates the statistical comparison of iCOH values between the pre- and 2-hour post-consumption conditions
of AME across different frequency bands. Panel A displays the results for the whole frequency spectrum (1-45 Hz), while Panels B,
C, and D correspond to the delta (1-4 Hz), theta (4-8 Hz), and alpha (8-12 Hz) bands, respectively

iCOH: Imaginary part of coherence, AME: Aronia melanocarpa extract
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integration between these regions. Those connections can
be seen in Figure 1C. In the Alpha frequency band, notable
connectivity increases were detected in the interhemispheric
prefrontal-occipital, right prefrontal-occipital, left central-
temporal, midline central-temporal, right temporal-occipital,
and interhemispheric occipital pathways, shown in the
Figure 1D. These findings indicate enhanced communication
across anterior, midline, and posterior regions, as well as
between hemispheres. In the Beta | frequency band, stronger
connectivity was observed in prefrontal-frontal, prefrontal-
parietal, and prefrontal-occipital pathways, demonstrating
increased integration between anterior and posterior regions.
Frontal-central and frontal-temporal interactions, along with
connections extending from temporal and central regions to
parietal and occipital areas, also showed increased strength.
Interhemispheric occipital connectivity exhibited further
enhancement, reinforcing posterior integration. Similar trends
were observed in the Beta Il frequency band, where stronger

@ Beta | (12-18 Hz)
After

Before

No~mMmHNT®©MMMMN
e eI 2FJO
[rogifg
Cl

hannel

Beta Il (24-30 Hz)
After

)

Before

connections were noted in prefrontal-frontal, prefrontal-
central, prefrontal-temporal, and  prefrontal-occipital
pathways, further linking anterior regions with midline and
posterior areas. The Beta Il frequency band exhibited stronger
connectivity across prefrontal, frontal, temporal, parietal,
and occipital regions, with pronounced prefrontal-posterior
and temporal-occipital interactions. In the Gamma band,
significant connectivity increases were observed in prefrontal-
temporal, prefrontal-central, and  prefrontal-posterior
pathways. Frontal-temporal and frontal-posterior connections
also displayed enhanced connectivity, alongside stronger
interactions in central-posterior, central-occipital, temporal-
occipital, and interhemispheric occipital pathways. These
connections can be seen in (Figure 2. E, F, G, H), respectively.

When comparing GE before and after AME, a statistically
significant increase was observed in the Beta I, Beta Il, and Beta
Il bands (p-value=0.01, 0.02, and 0.02, respectively), as well as in

@ Beta Il (18-24 Hz)
After -0.07

Before

Channel

@ Gamma | (30-45 Hz)
After

Before

Channel

Figure 2. This figure illustrates the statistical comparison of iCOH values between the pre- and 2-hour post-consumption conditions
of AME across higher frequency bands. Panels E, F, and G show results for the beta | (12-18 Hz), beta Il (18-24 Hz), and beta IIl (24-
30 Hz) bands, respectively, while Panel H presents results for the gamma band (30-45 Hz)

iCOH: Imaginary part of coherence, AME: Aronia melanocarpa extract
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the Gamma band (p-value=0.01). A significant increase in GE was
also detected across the entire frequency spectrum (1-45 Hz),
with a p-value of 0.004. LE showed increases in the prefrontal,
left frontal, midline frontal, central, right temporal, right
temporoparietal, and occipital regions. Within specific frequency
bands, Beta | displayed an increased LE in the same regions,
while Beta Il showed enhancements in a subset of these regions,
excluding the left frontal region. Beta Ill demonstrated higher
LE, particularly in the central and parietal regions, while Gamma
activity was associated with increased LE similar to Beta Ill but
without the occipital region. For T, significant increases were
observed in Beta I, Beta Il, and Beta Ill (p-value=0.004, 0.03, and
0.04, respectively), as well as in the Gamma band (p-value=0.01).
Additionally, significant increases in GE were observed across the
entire frequency spectrum, with a p-value of 0.001.

When comparing the PSD results between pre-consumption
and one-week post-consumption, although some increases
and decreases were observed, they were not statistically
significant. Similarly, no significant differences were detected
in GE or T. However, LE showed two significant increases in the
left frontal and frontal midline channels (p-value=0.05 and
0.03, respectively) within the Beta | frequency band.

Post-hoc power analysis showed effect sizes ranging from
approximately 0.82 to 1.17 across different EEG features and
frequency bands. The corresponding statistical power ranged
between 91.2% and 97.6%, indicating a high probability of
detecting significant effects despite the sample size limitation.

DISCUSSION

This study investigated the acute and long-term effects of
aronia extract consumption on brain activity using EEG spectral
power analysis and functional connectivity measurements.
Our findings suggest that aronia extract may modulate
neural network dynamics, particularly in the Beta and Gamma
frequency bands, which are associated with cognitive processes
such as attention, memory, and executive functions. These
effects may be closely related to the high polyphenol content
and antioxidant capacity of the aronia extract.

Our results revealed a significant increase in PSD in the Delta,
Theta, Alpha, Beta I, and Gamma | bands, particularly in the
frontal and temporal regions. The total phenolic content of the
aronia extract was found to be notably high, approximately
800 mg GAE/250 mL. These findings are consistent with
previous studies suggesting that polyphenol-rich dietary
interventions can enhance cortical excitability and neuronal
synchronization™. The increase in Delta and Theta waves
in the frontal and temporal regions indicates strengthened
resting-state synchronization and cortical inhibition. This
enhancement may contribute to improved cognitive stability
and greater regularity in resting-state brain activity.
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The power increase in Alpha and Beta | bands, particularly in
the frontal and right temporal regions, suggests heightened
cognitive awareness and readiness. Research indicates that
anthocyanins can improve synaptic transmission, thereby
enhancing cortical efficiency'. The increase in Gamma waves in
the frontal regions suggests potential improvements in higher-
order cognitive functions. Gamma oscillations are closely
linked to cognitive integration and memory consolidation's,
suggesting that aronia extract may contribute to complex
information processing in the brain.

In addition to EEG power analysis, iCOH-based functional
connectivity analyses showed widespread increases in
connectivity across the brain. This effect was particularly
evident in the strengthened connections between the
prefrontal, frontal, temporal, parietal, and occipital regions.
The most significant increases in connectivity were observed
in the prefrontal-temporal, prefrontal-central, and prefrontal-
posterior pathways. These connections play a crucial role in
working memory and cognitive control processes'®?°. These
findings suggest enhanced long-range cortical communication
and increased integration capacity of brain networks. Previous
studies have proposed that the anthocyanins found in aronia
berries support synaptic plasticity, thereby strengthening
communication between brain regions®'.

Following aronia extract consumption, significant increases
in GE were observed, particularly in the Beta |, Beta Il, Beta
[ll, and Gamma bands. GE is a critical measure reflecting the
efficiency of brain networks and their information processing
capacity?'. This increase suggests that cognitive processes have
become more efficient and that the functionality of neural
networks has improved. The enhancement of GE in the Beta
and Gamma bands can be associated with faster information
processing and improved cognitive performance??.

In our study, the high antioxidant capacity of the aronia
extract, measured at 1,100 pumol TE/L, may have played a
significant role in reducing oxidative stress. Oxidative stress
can cause damage to nerve cells, adversely affecting cognitive
functions®. The strong antioxidant capacity of aronia extract
may help neutralize free radicals, thereby protecting neuronal
health and contributing to the observed increases in both
global and local efficiency.

An increase in LE was also detected, particularly in the
prefrontal, left frontal, central, right temporal, and occipital
regions. The increase in LE in these regions indicates more
efficient local neural processing.

T, which measures the density of connections between nodes
within a network, is associated with cognitive integration?>.
The increase in T values in the Beta and Gamma bands indicates
that brain networks have become more integrated and better
organized.
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In EEG analyses conducted one week after aronia extract
consumption, less pronounced results were obtained compared
to short-term changes. Although some increases and decreases
were observed in the PSD analysis, these changes were not
statistically significant. No significant changes were detected
in GE and T values, suggesting that while aronia extract has
strong short-term effects, its long-term effects may be more
limited. However, a significant increase in LE was observed in
the Beta | band, particularly in the left frontal and midline
frontal regions, indicating that some regional adaptations may
persist over time.

Study Limitations

Our study was limited to 15 healthy volunteers. This small
sample size restricts the generalizability of the results. Studies
with larger sample groups are essential for validating these
findings. Additionally, only healthy individuals were included in
the study. It remains unclear how the effects of aronia extract
might differ in individuals with cognitive impairments or
neurological disorders. This limitation affects the applicability
of the results to clinical populations. Finally, our study focused
on a group of young adults with an average age of 23.93
(£1.79); to enhance the applicability of these findings, future
research should extend to other age groups.

It is important to note that the current study provides only a
limited scope of the immediate effects of AME, as the evaluation
of its long-term effects relies on a single measurement taken
one week after consumption, not capturing how these effects
change over time. More frequent or extended follow-up
assessments would offer a clearer understanding of whether
the effects of AME persist over time or gradually diminish with
prolonged use.

In this study, EEG was used to assess brain activity through
functional connectivity. Although EEG provides high temporal
resolution, the spatial limitations of this technique make it
challenging to identify the precise sources of brain activity.
Even with improvements made through methods such as the
Laplacian reference technique, localization remains imprecise.
Future studies could benefit from combining EEG with other
neuroimaging techniques, such as functional magnetic resonance
imaging, to gain a more accurate understanding of the spatial
aspects of brain function related to AME consumption.

CONCLUSION

This study has demonstrated that AME acutely enhances
brain activity, particularly by increasing PSD and functional
connectivity in the Beta and Gamma frequency bands.
These enhancements suggest improvements in neuronal
communication and cognitive processing. Additionally,
significant increases in network efficiency, especially in

the Beta I-Ill and Gamma bands, were observed, indicating
a potential for faster information processing and better
cognitive performance.

However, these effects were not sustained over the long term,
as no significant changes were observed in GE and T one
week after consumption. Nevertheless, a persistent increase
in LE was detected in the left frontal and midline frontal
regions, suggesting that some regional neural adaptations may
continue over time.

Overall, the findings indicate that aronia extract has the
potential to modulate neurological activity in the short term,
but regular consumption may be required to achieve long-term
benefits. These results support the potential role of polyphenol
and antioxidant-rich dietary interventions in enhancing
cognitive health and highlight the need for larger-scale, long-
term studies to further explore these effects.
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Insulin Glargine U-300 in Type 1 Diabetes Mellitus: Single-Center
Experience

Tip 1 Diabetes Mellitus’ta Insiilin Glargin U-300: Tek Merkez Deneyimi

® 0Ozge POLAT KORKMAZ, @ Zeynep OSAR SIVA
[stanbul University-Cerrahpasa, Cerrahpasa Faculty of Medicine, Department of Endocrinology, Metabolism and Diabetes, Istanbul, Tiirkiye

ABSTRACT

Aim: This study aimed to evaluate the clinical outcomes of switching from first-generation basal insulins to insulin glargine U-300 (Gla-300) in
individuals with type 1 diabetes mellitus (T1DM) under real-world conditions.

Materials and Methods: A retrospective analysis was conducted on 46 adult patients with TIDM who switched to Gla-300 due to frequent
hypoglycemia or inadequate glycemic control. HbA1c, fasting plasma glucose (FPG), daily injection frequency, insulin dose, and hypoglycemia rates
were evaluated over a 12-month period.

Results: A significant reduction in HbA1c (from 8.45+1.27% to 7.83+1.01% at 3 months, p<0.001) and FPG levels was observed. Injection frequency
decreased, particularly in patients previously on detemir or neutral protamine hagedorn. Despite a statistically significant increase in basal insulin
dose over time, the frequency of all hypoglycemia subtypes declined, with the most prominent reduction in nocturnal hypoglycemia (p<0.001). No
severe hypoglycemia occurred after the third month. No cases of ketosis or hospitalizations were reported. The majority of improvements occurred
within the first 3 months and were maintained throughout the follow-up.

Conclusion: In real-life clinical practice, switching to Gla-300 provided improved glycemic control and reduced hypoglycemia risk in adults with
T1DM, particularly in those previously using multiple daily injections. Considering the limited national data and frequent use of older basal insulins
in Tuirkiye, these findings support the potential value of Gla-300 as an alternative option in individualized treatment planning for TIDM.

Keywords: Type 1 diabetes mellitus, glargine U-300, hypoglycemia, basal insulin, real-world evidence

0z
Amagc: Bu calismanin amaci, birinci nesil bazal instlinlerden instilin glargin U-300 (Gla-300)'e gegis yapilan tip 1 diabetes mellitus (T1DM)
hastalarinda, gercek yasam kosullarinda klinik sonuglari degerlendirmektir.

Gerec ve Yontem: Hipoglisemi ataklari ya da yetersiz glisemik kontrol nedeniyle Gla-300 tedavisine gegis yapilan 46 eriskin T1DM hastasi retrospektif
olarak analiz edildi. HbA1c, aghk plazma glukozu (APG), giinliik enjeksiyon sikhd, instlin dozu ve hipoglisemi oranlari 12 ayhk takip siiresince
degerlendirildi.

Bulgular: HbA1c diizeylerinde anlamli bir dUsus izlendi (%8,45+1,27'den %7,83+1,01'e; 3. ayda, p<0,001) ve APG diizeylerinde de belirgin bir azalma
gozlendi. Ozellikle daha 6nce detemir veya nétr protamin hagedorn kullanan hastalarda enjeksiyon sikligi azaldi. Bazal insiilin dozunda istatistiksel
olarak anlamli bir artis olmasina ragmen, tim hipoglisemi alt tiplerinin sikhiginda azalma gorildi; en belirgin disls ise gece hipoglisemilerinde
saptandi (p<0,001). Uclincli aydan sonra siddetli hipoglisemiye rastlanmadi. Ketozis ya da hastaneye yatis gerektiren bir durum izlenmedi.
iyilesmelerin biiyiik boliimii ilk 3 ay icerisinde gerceklesmis olup takip siiresince korundu.

Sonug: Gercek yasam kosullarinda, Gla-300'e gecis yapilan eriskin TIDM hastalarinda glisemik kontrolde iyilesme ve hipoglisemi riskinde azalma
saglanmistir. Bu fayda, dzellikle glinde birden fazla enjeksiyon uygulanan hastalarda daha belirgindir. Tiirkiye'de eski nesil bazal insiilinlerin yaygin
kullanimi ve ulusal veri eksikligi g6z oniine alindiginda, bu bulgular Gla-300'lin bireysellestirilmis tedavi planlamasinda potansiyel bir alternatif
olarak degerlendirilebilecegini desteklemektedir.

Anahtar Kelimeler: Tip 1 diabetes mellitus, glargin U-300, hipoglisemi, bazal insiilin, gercek yasam verisi
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INTRODUCTION

Type 1 diabetes mellitus (TIDM) is a clinical condition
characterized by absolute insulin deficiency resulting from
autoimmune or other causes leading to B-cell destruction’.
The cornerstone of TIDM management consists of insulin
therapy combining basal and preprandial short-acting insulin'.
In recent years, basal insulin formulations have progressively
evolved from intermediate-acting to long-acting and ultra-
long-acting insulin analogs, aiming to improve fasting glucose
control, reduce glycemic variability, and minimize the risk of
hypoglycemia®?.

Although there have been significant therapeutic
advancements, a substantial proportion of patients with
T1IDM continue to struggle with achieving recommended
HbA1c targets, experience frequent glycemic fluctuations, and
remain at risk of severe hypoglycemic episodes*. Furthermore,
insulin regimen complexity, frequent injections, and fear of
hypoglycemia negatively impact treatment adherence and
decrease quality of life>. Thus, selecting basal insulin therapies
capable of effectively addressing these clinical issues continues
to represent a critical aspect of diabetes management®.

Despite recent advancements, human intermediate-acting
insulins [neutral protamine hagedorn (NPH)] insulin, detemir,
and insulin glargine (Gla-100) remain widely used as basal
insulin options for TIDM treatment in Tiirkiye, primarily due to
established patient-physician habits, strong clinical evidence,
and lower cost. Insulin glargine 300 U/mL (Gla-300), a long-
acting basal insulin with distinct pharmacokinetic properties,
represents a second-generation alternative, exhibiting
different absorption and distribution characteristics compared
to first-generation basal insulins'.

As an ultra-long-acting basal insulin, Gla-300 has been
increasingly utilized in diabetes management due to its
prolonged duration of action, stable pharmacokinetic
profile, and comparable glycemic efficacy with a lower risk
of hypoglycemia compared to first-generation basal insulin
analogs in individuals with TIDM’-'2, However, real-world data
on Gla-300 use in TIDM remain limited due to variations in
patient populations, treatment protocols, and healthcare
practices, particularly in Tlrkiye''>.

This study retrospectively evaluates the long-term efficacy
of Gla-300 in T1DM patients transitioning from other basal
insulins, analyzing one-year data on glycemic control, insulin
requirements, and hypoglycemia risk in a single-center setting.

MATERIALS AND METHODS

The medical records of patients with TIDM who attended the
diabetes outpatient clinic of istanbul University-Cerrahpasa,
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Cerrahpasa Faculty of Medicine between 2020 and 2023 were
retrospectively analyzed.

Patients whose treatment was switched to Gla-300 and who
had been on this therapy for at least one year were included
in the present study. Additionally, only those who attended
regular outpatient follow-ups, demonstrated full treatment
adherence, and performed routine 7-point self-monitoring of
blood glucose were enrolled. Individuals with type 2 diabetes,
as well as those with type 1 diabetes who were insulin-naive,
using an insulin pump, or not adhering to regular insulin use
were not included in the study. The patients included in the
study had C-peptide levels <0.20 nmol/L. Additionally, patients
with acute coronary syndrome, acute cerebrovascular events,
chronic liver disease, cancer, or those undergoing dialysis for
end-stage renal disease were not included. Patients using
glucose-elevating medications such as steroids, those with
a history of alcohol or drug abuse, pregnant individuals,
participants enrolled in another clinical trial, and non-
compliant patients were also not included in the study. All
participants were following a diabetic diet, as confirmed by
their medical records.

The demographic and clinical characteristics of the patients,
their current basal and bolus insulin types and doses, the
number of basal insulin injections, as well as the reasons for
treatment modification, were recorded from medical files.
The changes in the daily number of insulin injections, basal
insulin dose, fasting plasma glucose (FPG), HbA1c levels, and
the occurrence of hypoglycemic episodes compared to the
previous basal insulin regimen were retrospectively evaluated
at the initiation of Gla-300 treatment, the third month, the
sixth month, and one year.

Glycemic control was considered uncontrolled if HbA1c levels
exceeded 8%. Hypoglycemia was defined based on ADA criteria
as a blood glucose level of <70 mg/dL and/or the presence of
symptoms requiring treatment with fast-acting carbohydrates
or adjustments in glucose-lowering therapy'®. Hypoglycemia

was classified as “mild" when the patient could self-manage
the episode without assistance and “severe” when external
help or medical intervention was required.

Hypoglycemic events occurring before and after the
initiation of glargine U-300 were classified into three
categories based on their occurrence in the last three months:
nocturnal hypoglycemia, daytime hypoglycemia, and severe
hypoglycemia. In follow-up assessments, the presence or
absence of nocturnal, daytime, and severe hypoglycemia was
recorded.

The study was approved by the local ethics committee of
Cerrahpasa Medical Faculty Dean's Office Clinical Research
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Ethics Committee (decision no: 192547, date: 17.12.2019) the
Declaration of Helsinki and the International Conference on
Harmonization Good Clinical Practice principles.

Statistical Analysis

Statistical analyses were performed using SPSS Version
23.0 (IBM Corp., Armonk, NY, USA). Continuous variables
were expressed as mean + standard deviation for normally
distributed data and median (minimum-maximum) for non-
normally distributed data, while categorical variables were
presented as numbers and percentages. Normality was assessed
using the Shapiro-Wilk test and skewness-kurtosis values. For
group comparisons, the Student's t-test was used for normally
distributed data, while the Mann-Whitney U test was applied
for non-normally distributed data. Categorical variables were
analyzed using the Fisher's exact test or Pearson's chi-square
test, as appropriate. For repeated measurements, Repeated
Measures ANOVA was used, and the LSD post-hoc test was
applied when needed. The median values of quantitative
variables were determined as cut-off points and added
into the model. A p-value<0.05 was considered indicative
of statistical significance. A p-value<0.05 was considered
statistically significant.

RESULTS

Forty-six patients with TIDM were enrolled in the study. The
mean duration of diabetes was 20.67+7.22 (4-36) years. The
demographic and clinical characteristics of participants are
presented in Table 1.

At baseline, all participants were receiving a basal-bolus
insulin regimen, and none were on oral antidiabetic agents.
The distribution of basal insulins used at study initiation is
presented in Table 2. Before the initiation of the study, 56.5% of
the patients (n=26) were on once-daily basal insulin regimens,
while 43.5% (n=20) used basal insulin twice daily. The most
frequently used basal insulin was insulin glargine U-100
(54.3%), predominantly administered once daily (92.0%).
Insulin detemir was used by 41.3% of the patients, mainly in
a twice-daily regimen (84.2%). Only two patients (4.3%) were
using NPH insulin, both on a twice-daily schedule. All patients
in this study administered insulin glargine U-300 as their basal
insulin in the evening. Regarding bolus insulin therapy, 73.9%
(n=34) of the patients were using insulin aspart, and 26.1%
(n=12) were on insulin lispro.

Frequent hypoglycemic episodes with the previous basal insulin
regimen were the reason for switching to glargine U-300 in
28 patients (60.9%), whereas in 18 patients (39.1%), glargine
U-300 was initiated due to uncontrolled hyperglycemia
resulting from inadequate glycemic control. No adjustments
were made to rapid-acting insulin therapy.

When patients were compared based on their baseline basal
insulin type, those using insulin detemir had a significantly
higher initial injection frequency than those using insulin
glargine U-100 (p<0.001). Among patients using insulin
glargine U-100, the prevalence of daytime hypoglycemia
before switching to glargine U-300 was 64.6% (16/25), while
nocturnal hypoglycemia was 72% (18/25). These rates were
significantly higher compared to the detemir group [31.6%
(6/19) and 36.8% (7/19), respectively; p=0.033 and p=0.020].
The incidence of severe hypoglycemia was similar in both
groups. The most common reason for switching basal insulin
was hypoglycemia in patients using glargine U-100 (76%) and
inadequate glycemic control in those using insulin detemir
(63.1%). No significant differences were found between the
groups in other baseline clinical parameters. Since only two
patients were using NPH insulin, this group was not statistically
compared with the detemir and glargine U-100 groups.

Table 2. Basal insulin regimens before study initiation

Once-daily basal

Twice-daily

Treatment n (%) insulin basal insulin
n (%) n (%)

Basal insulin 46 (100%) | 26 (56.5%) 20 (43.5%)

regimen

Basal insulin

Insulin glargine
U-100

25 (54.3%)

23 (92.0%)

2 (8.0%)

Insulin detemir

19 (41.3%)

3 (15.8%)

16 (84.2%)

NPH insulin

2 (4.3%)

0 (0%)

2 (100%)

Table 1. Demographic and clinical characteristics of
participants (n=46)

Variable Value

Age mean + SD 34.22+7.98
Sex n (%)

Female 25 (54.3)
Male 21 (45.7)
Weight (kg) mean + SD 64.3+10.9
BMI (kg/m2) mean + SD 24.5+7.7
Macrovascular complications, n (%) 2 (4.3)
Microvascular complications, n (%)

Nephropathy 4(8.7)
Retinopathy 5(10.9)
Neuropathy 3(6.5)
:z::ibslgw glucose (mg/dL) 217285774
HbA1c (%) (mmol/mol) 8.45+1.27
Mean + SD

SD: Standard deviation, BMI: Body mass index

NPH: Neutral protamine hagedorn insulin
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However, these patients had a long diabetes duration (mean:
16.5 years) and frequent hypoglycemia. Both experienced
daytime and nocturnal hypoglycemia, which was the reason for
switching to glargine U-300. Additionally, as they administered
basal insulin in divided morning and evening doses, their daily
injection frequency was higher.

Table 3 presents the HbA1c levels, FPG, and total daily glargine
U-300 doses at baseline, as well as at the third, sixth, and
twelfth months of Gla-300 treatment. The analysis of repeated
measures revealed statistically significant differences in
all parameters over time (p<0.001). The reduction in HbA1c
levels was most pronounced during the first three months,
decreasing from 8.45+1.27 at initiation to 7.83+1.01 at the
third month (p<0.001). However, in pairwise comparisons,
although the rate of decline slowed between the third and
sixth months and between the sixth and twelfth months, the
decrease remained statistically significant (p<0.001). Similarly,
the decrease in FPG was most prominent in the first three
months (from 217.28+77.4 mg/dL at initiation to 180.07+57.4
mg/dL at the third month, p<0.001). Pairwise comparisons
showed that the reduction continued significantly between
the third and sixth months (p=0.003) and between the sixth
and twelfth months (p=0.006), albeit with a diminished rate
of decline. Regarding total daily basal insulin dose, there was
a statistically significant increase from initiation to the third
month, from the third to the sixth month, and from the sixth to
the twelfth month (p<0.001). However, pairwise comparisons
indicated that, unlike HbA1c and FPG, the increase in insulin
dose did not show a distinct difference between these periods.
For the number of insulin injections, a statistically significant
reduction was observed from initiation to the third month
(p<0.001), while pairwise comparisons demonstrated that no
further changes occurred after the third month.

Throughout the study period, no episodes of ketosis or
hospitalization were observed.

Detailed data on changes in hypoglycemia rates are presented
in Table 4. In this study, a statistically significant decrease was
observed in all hypoglycemia categories over time (p<0.05).
The most pronounced reduction occurred between baseline
and the third month. The greatest decline was observed in
nocturnal hypoglycemia rates (p<0.001). Severe hypoglycemia
was no longer observed after the third month (p=0.041).

In the subgroup analysis based on the type of basal insulin
used at baseline, changes in clinical parameters from baseline
to month 12 (HbA1c, FPG, basal insulin dose, and the incidence
of daytime, nighttime, and severe hypoglycemia) were
compared. Except for a reduction in the number of injections,
no statistically significant differences were observed in other
parameters among patients using detemir. The decrease
in daily injection frequency was more pronounced in the
detemir group (p<0.001). Since only two patients were using
NPH insulin, they were not included in the subgroup analysis.
However, in both patients, reductions in HbA1c and FPG levels,
as well as a decrease in the frequency of daytime, nighttime,
and severe hypoglycemia, were observed, consistent with the
overall patient population.

DISCUSSION

In this study, patients with type 1 diabetes who switched to
glargine U-300 due to hypoglycemia or inadequate glycemic
control were retrospectively evaluated over one vyear.
Regardless of the type of previous basal insulin, treatment with
glargine U-300 resulted in a significant reduction in HbA1c
and FPG. This improvement was accompanied by a statistically
significant decrease in the number of daily injections. Notably,

Table 3. Changes in HbA1c, fasting plasma glucose, and total daily basal insulin dose over the course of Gla-300 treatment

Initiation 3. month 6. month 12. month

Mean + SD Mean + SD Mean + SD Mean + SD p-value
HbA1c (%) 28.45+1.27 °7.83+1.01 €7.68+0.95 47.45+0.8 <0.001*
Fasting plasma glucose (mg/dL) 2217.28+77.4 ®180.07+57.4 €170.52+49.39 4158.57+39.23 <0.001*
Total daily basal insulin dose (IU) 227.41+8.5 ®30.33+8.63 ©32.35+9.34 934.54+9.46 <0.001*
Number of insulin injection (n) ®4.39+0.49 2440 2440 2440 <0.001*
*Repeated measures were analyzed using ANOVA test, *Friedman test, different superscript letters @< 9in the rows indicate statistically significant differences according to
the LSD post-hoc test, SD: Standard deviation, IU: International unit

Table 4. Changes in hypoglycemia episodes over time (*)

Hypoglycemia type Baseline 3" month 6" month 12" month p-value
n (%) n (%) n (%) n (%)

General hypoglycemia 24 (52.2) 12 (26.1) 9 (19.6) 11 (23.9) 0.017

Nocturnal hypoglycemia 27 (58.7) 6(13.0) 6 (13.0) 2 (4.3) <0.001

Severe hypoglycemia 4(8.7) 0 (0.0) 0 (0.0) 0 (0.0) 0.041

"All hypoglycemia episodes refer to events occurring in the last 3 months, p-value were obtained using Pearson's chi-square test
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nearly half of the patients had previously required twice-daily
basal insulin regimens particularly those on detemir or NPH
contributing substantially to the overall injection burden.
The most pronounced changes were observed within the first
three months. Despite a statistically significant increase in
basal insulin dose during follow-up, a significant reduction
was observed in all categories of hypoglycemia, including
daytime, nocturnal, and severe hypoglycemia, with the most
evident decrease occurring by the third-month follow-up.
The reduction in nocturnal hypoglycemia was particularly
prominent, and no severe hypoglycemia events were reported
after the third month. No cases of ketosis or hospitalizations
were reported during the study period.

Our findings are largely consistent with three major prospective,
open-label,randomizedstudiesevaluating the efficacy ofinsulin
glargine U-300 (Gla-300) in patients with TIDM - EDITION
4, EDITION JP1, and its 12-month extension study®%'. These
studies showed that Gla-300 was non-inferior to Gla-100 in
reducing HbA1c levels, although this effect was achieved with
higher basal insulin doses. Significant reductions in nocturnal
hypoglycemia were reported, especially in the first 8 weeks, and
the JP1 study also showed a statistically significant decrease in
daytime hypoglycemia. In the extension phase, hypoglycemia
continued to decline even with stable insulin doses, and HbA1c
non-inferiority was maintained. None of these trials showed
a significant difference in severe hypoglycemia incidence.
Similarly, our study showed the most prominent reduction in
HbA1c at the third month, which was maintained throughout
one year. This early response may be attributed to the
pharmacological properties of Gla-300. Long-term glycemic
control might also be associated with reqular dose titrations
despite the retrospective design. Furthermore, a significant
reduction in nocturnal hypoglycemia was observed despite
increasing basal insulin doses, and daytime hypoglycemia also
decreased, consistent with JP1 and its extension. Unlike the
previous studies, we observed a statistically significant decline
in severe hypoglycemia. These results align with the long-
acting and stable pharmacodynamic profile of Gla-300. In
support of this, Becker et al."® demonstrated that Gla-300 had
a flatter and longer action profile compared to Gla-100, and
Bergenstal et al.” showed that Gla-300 provided a more stable
24-hour glucose profile with reduced glycemic variability in
patients with TIDM. Therefore, the improvements observed in
our study are compatible with the known pharmacodynamic
advantages of Gla-300.

Although the findings of prospective randomized trials are
valuable, real-world data provide additional insight into the
effectiveness and safety of treatments in routine clinical
settings. In a study by Oriot et al.” including 116 patients
with T1DM, switching from Gla-100 to Gla-300 led to similar
glycemic control in the short term, with a significant reduction

in nocturnal hypoglycemia and a modest but significant
HbA1c reduction after six months. In our study, although the
baseline basal insulin types were more heterogeneous, a similar
improvement was observed with higher doses of Gla-300.
Unlike Oriot's study™, the most evident improvements in HbA1c
and hypoglycemia frequency occurred by the third month and
were maintained throughout follow-up. The SPARTA study is
a large, multicenter real-world study in TIDM patients. As in
our study, patients had previously used various basal insulins,
and many were on twice-daily regimens. In SPARTA, HbA1c
decreased by 0.4% overall and 0.6% in the twice-daily group
(p<0.001), consistent with our results. In both studies, Gla-
300 was used at higher doses compared to previous basal
insulins. Although the proportion of patients switching due to
hypoglycemia was lower in SPARTA (19%) than in our study
(60.9%), this may reflect differences in patient selection and
referral reasons. However, both studies showed a significant
reduction in hypoglycemia rates and treatment burden due to
injection frequency. Gla-300's ability to provide similar or better
glycemic control with fewer injections supports our findings. A
single-center retrospective study from Tiirkiye reported HbA1c
and hypoglycemia improvements in 35 younger T1DM patients
who switched to Gla-300 solely due to hypoglycemia, without
dose adjustments. However, hypoglycemia subtypes were not
specified, and HbA1c improvement appeared later. In contrast,
our study included a more diverse population and showed early
and consistent improvements with dose titration. Therefore,
our findings offer a more comprehensive contribution to
national real-world evidence.

The most recent real-world data on Gla-300 use in T1DM
come from the TOP1 (n=123) and COMET-T (n=94) studies,
published in 2024 and 2025, respectively’?°. In the COMET-T
study, patients were monitored using continuous glucose
monitoring (CGM), and a significant improvement was
observed in time in range, especially among those who had
previously used insulin detemir. A reduction in hypoglycemia
frequency was also reported across the entire study group’.
The TOP1 study evaluated patients switching from twice-daily
basal insulin to once-daily Gla-300. It showed reductions in
injection frequency and hypoglycemia, along with improved
patient satisfaction®. In both studies, Gla-300 was associated
with clinical and patient-centered benefits, particularly in
those who had been using first-generation basal insulins. In
our study, which retrospectively included 46 T1DM patients,
similar findings were observed. Switching from detemir or NPH
to Gla-300 led to a decrease in the number of daily injections,
a significant early reduction in hypoglycemia rates, and
improved HbA1c levels. Although patient satisfaction could
not be assessed through structured questionnaires due to the
retrospective design, high follow-up adherence may reflect
overall treatment acceptability.
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Although first-generation basal insulins such as NPH, detemir,
and glargine U-100 have similar glycemic efficacy in type 1
diabetes treatment, pharmacodynamic differences especially
with NPH and detemir often require more frequent injections?'.
This increases injection burden and may negatively affect
patient comfort, treatment adherence, and quality of life®.
Our study reflects how these pharmacological differences
translate into clinical practice and adds to the current real-
world evidence in this area.

Study Limitations

This study has several limitations. First, the retrospective design
and relatively small sample size may limit the generalizability
of the findings. Hypoglycemic episodes were assessed based on
patient self-reports, as CGM was not used due to its high cost
and lack of reimbursement. Additionally, body weight data
were missing in many patient records, so the effect of Gla-300
on weight could not be evaluated. Finally, since all patients in
this study received Gla-300 in the evening, the effectiveness of
morning administration could not be assessed.

CONCLUSION

Type 1 diabetes is a unique patient population that requires
long-term and intensive insulin therapy, with a direct impact
on quality of life. Therefore, choosing basal insulin should
be evaluated not only in terms of glycemic control but also
treatment sustainability, patient profile, healthcare delivery,
and quality of life. In Tlirkiye, first-generation basal insulins are
still widely used, creating a treatment burden both for patients
and physicians due to multiple daily injections. Our study
provides updated real-world data on basal insulin preferences
and clinical outcomes in TIDM management in our country.
These findings suggest that Gla-300 may be considered as a
treatment option in individualized care plans, especially when
factors like patient comfort, hypoglycemia safety, adherence,
and quality of life are taken into account.
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Tirk Hastalarda Prematur Over Yetmezligi ile Iliskili Genlerin Taranmasl
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ABSTRACT

Aim: Infertility is primarily caused by premature ovarian insufficiency (POI). Since multiple genes have been linked to the genetic foundation of POI,
the genetic investigation of the condition needs to be a component of the clinical diagnosis. Analyzing the genetic background of POl in a Turkish
cohort was the goal of our investigation.

Materials and Methods: The onset age ranged from 18 to 39 years old. Every patient was prescreened for the most common POl-associated
fragile-X premutation premutation and had the karyotype 46,XX. Next-generation sequencing (NGS) of 26 genes previously linked to POl was
performed on 68 unrelated individuals from Tiirkiye in order to detect genetic changes.

Results: We examined the DNA samples of 68 unrelated POl patients in order to use targeted panel sequencing to find possible causal variations
of the disease. Three POl-related genes in our sample had three heterozygous variants of unclear significance and one heterozygous potentially
pathogenic gene. These variants were related to 3 genes: Newborn ovary homeobox (NOBOX), GDF9 and STAG3.

Conclusion: POl is distinguished by a complex genetic background with an increasing number of genes and diverse phenotypic traits. This is the
first genetic epidemiology study in Tiirkiye focusing on the effects of 26 genes related to POl. Among the variations we detected in our patient
group, the variation we detected in the STAG3 gene has not been reported before. Two separate variations were detected in the NOBOX gene in two
patients. Finally, one variation was detected in the GDF9 gene. The variation in the STAG3 gene was classified as likely pathogenic. The variations
in the NOBOX and GDF6 genes are classified as of unknown clinical significance. Due to the intricate network governing human folliculogenesis,
individual patients exhibit significant phenotypic diversity, necessitating the development of NGS sequencing methods to aid in POl diagnosis.

Keywords: Premature ovarian insufficiency, genetic investigation, next-generation sequencing

0z
Amag: infertilite esas olarak prematiir over yetmezliginden (POI) kaynaklanir. POI'nin genetik temelinde birden fazla gen bulundugundan, durumun
genetik incelemesi klinik taninin bir bileseni olmalidir. Arastirmamizin amaci, POl'nin genetik ge¢misini bir Tiirk kohortunda analiz etmekti.
Gerec ve Yontem: Baslangi¢ yasi 18 ila 39 arasinda degisen hastalar calismaya dahil edildi. Her hasta POl ile iliskili Frajil X én mutasyonu

premutasyonu icin dnceden tarandi ve karyotipler 46,XX idi. Genetik degisiklikleri tespit etmek icin POl ile baglantili 26 genin yeni nesil dizilemesi
(NGS) aralarinda akrabalik bulunmayan 68 bireyde gerceklestirildi.

Bulgular: Hastaligin olasi nedensel varyasyonlarini bulmak icin hedefli panel dizilemesini kullanmak amaciyla 68 akrabalik iliskisi bulunmayan POI
hastasinin DNA 6rneklerini inceledik. Hasta grubunda POl ile iliskili 3 gende 3 heterozigot klinik 6nemi bilinmeyen varyant ve bir heterozigot olasi
patojenik varyasyon saptanmistir. Bu varyantlar 3 genle iliskiliydi: Yenidogan yumurtalik homeoboks geni (NOBOX), GDF9 ve STAG3.

Sonug: POI, giderek artan sayida gen ve cesitli fenotipik 6zelliklerle karmasik bir genetik gecmise sahiptir. Bu, POl ile ilgili 26 adet genin etkisine

odaklanan Tirkiye'nin ilk genetik epidemiyoloji calismasidir. Hasta grubumuzda tespit etti§imiz varyasyonlar arasinda, STAG3 geninde tespit
ettigimiz varyasyon daha 6nce bildirilmemistir. NOBOX geninde 2 hastada 2 ayri varyasyon saptanmistir. Son olarak GDF9 geninde bir adet varyasyon
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saptanmistir. STAG3 genindeki varyasyon olasi patojenik olarak siniflandiriimistir. NOBOX ve GDF6 genlerindeki varyasyonlar klinik 5nemi bilinmeyen
sinifinda yer almaktadir. insan folikiilogenezini ydneten karmasik ag nedeniyle, bireysel hastalar 8nemli fenotipik cesitlilik gostermektedir ve bu
durum POI tanisina yardimer olmak igin dizileme ydntemlerinin gelistirilmesini gerekli kilmaktadir. NGS taramasinin kapsamini daha énce infertilite
ile iliskilendirilen genleri de kapsayacak sekilde genisletmek, POl icin daha kesin, hizli ve uygun fiyath genetik tanilamalara olanak saglayabilir.
Hastalarin genomik analizi klinik karar almada yardimci olabilir ve yaklasan klinik denemeler ve tedaviler icin kapryi acabilir.

Anahtar Kelimeler: Prematiire over yetmezligi, genetik arastirma, yeni nesil dizileme

INTRODUCTION

Premature ovarian insufficiency (POIl), also referred to as
premature ovarian failure, denotes the cessation of ovarian
function before the age of 40 years. By the end of the 2000s,
the term POl was adopted to describe this condition of
premature ovarian ageing more accurately. This terminology
highlights that women with this dysfunction may occasionally
experience spontaneous follicular development, the return of
menses, and even conception following the diagnosis'2 POI
is characterized by the depletion of ovarian follicles, leading
to infertility before the age of 40 years, and presents with a
diverse range of clinical phenotypes®. This condition is defined
by the absence of menses (amenorrhea or oligomenorrhea)
for a minimum of four months, elevated gonadotropin levels
[follicle-stimulating hormone (FSH) > luteinizing hormone],
and hypoestrogenism*. Primary amenorrhea, typically identified
early in life in individuals with delayed puberty, absent breast
development, and menarche, can be the first warning sign.
The most common POl phenotype, secondary amenorrhea,
however, manifests between the ages of 20 years and 40 years
and is characterized by an irregular menstrual cycle followed
by amenorrhea alongside normal pubertal development?.
The studies showed that the global overall prevalence of POI
among women was 3.5%. By subgroup analysis, the prevalence
of POl among women with iatrogenic etiology was 11.2%,
followed by autoimmunity (10.5%); the prevalence of POI by
region was 11.3% at the highest in North America followed by
South America (5.4%); and the prevalence of POl was 5.3% in a
developing country, higher than 3.1% in a developed country.
The trend of prevalence of POl over the past 20 years was on
the rise (although p>0.05)°.

Genetic flaws, autoimmune disorders, iatrogenic causes (such
as chemotherapy or radiation therapy), viral infections, poisons,
or even idiopathic conditions can all contribute to POI®.

Nonetheless, many impacted women have a positive family
history. POl with various genetic etiologies may suggest a
hereditary status of the cases®. Surgical, medical, infectious
or autoimmune ovarian damages are the other well-known
reasons for POI’.

Regarding genetic factors, the POl phenotype can be
instigated by chromosomal abnormalities and monogenic

disorders. Following the confirmation of a clinical diagnosis
of POI, chromosome analysis, fragile-X premutation (FMR1)
testing, evaluation of thyroid and adrenal (21-hydroxylase)
antibodies, and pelvic ultrasonography should all be
performed®. Approximately 10-13% of individuals exhibit
chromosomal abnormalities®. In terms of chromosomal
origins, X-chromosome abnormalities account for 12% of POI
cases. These abnormalities encompass monosomy, trisomy,
deletions, duplications, and X-autosome translocations®.
Critical X chromosomal regions potentially correlating with
POI have been identified through cytogenetic studies. POI
has been associated with deletions in the Xq21.3-q27 region
or X-autosome translocations in the Xq13.3-g21.1 region.
Additionally, POl has been linked to the deletion of the p arm
of the X chromosome. Cytogenetic analysis can be utilized to
evaluate karyotypes for numerical alterations, and various
methods, including array comparative genomic hybridization,
have been developed to identify copy number variants within
the context of POI'.

Furthermore, expanding a cytosine-guanine-guanine repeat
in the 5' requlatory region of the FMR1 gene, which results
in Fragile-X syndrome, may also contribute to syndromic POI.
Since the FMR1 premutation is linked to POl in approximately
200% of affected women, its presence in those diagnosed with
POl should be investigated”. Microdeletions in the FMR2
gene may also significantly contribute to POI, as suggested
by another study'2. Most cases of POl remain without a clear
underlying cause; however, this screening might be useful in
identifying the etiology of POl. Genetic disorders involved
include not only Turner syndrome and FMR1 gene premutation,
but also monogenic disorders. Karyotype analysis is insufficient
to resolve all cases of POl due to low resolution. Since FMR1
gene premutation analysis can only resolve some of the cases
(3% to 15% of cases of POI), monogenic gene analysis appears
to be the most accurate method choice™. Therefore, monogenic
analysis should be the next step if the tests do not provide any
positive findings substantiating the POI diagnosis.

Given that the intricate network governing human
folliculogenesis leads to significant phenotypic variance in
POl syndrome with a diverse genetic etiology, NGS analysis
could offer a more accurate, rapid, and cost-effective genetic
diagnosis for POI'*2. Furthermore, a theory positing oligogenic
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origins for this condition has been proposed, highlighting the
necessity for multigene panel sequencing'>'®. Previous studies
suggest that these genes may be clustered in the POI1 and
POI2 loci on the female sex chromosome'. It is suggested that
several X- and autosome-encoded genes are critical candidates
for POI, as they may play a role in human folliculogenesis. A
more effective diagnostic pathway could be developed by
further investigating their functional contributions to the
genetic etiology of POl in clinical settings.

Our understanding of the genetic causes of idiopathic POl has
significantly increased in the Next-generation sequencing (NGS)
era. Numerous novel pathogenic variants of well-known genes
[FSHR, GDF9, BMP15, FIGLA, and Newborn ovary homeobox
(NOBOX)] have been linked to POI through high-throughput
sequencing approaches®. Due to their roles in sex chromosome
remodeling, metabolism, autoimmune associations, meiosis
and DNA repair, oogenesis, folliculogenesis, hormone
signaling, and germ cell development, these genes have been
proposed to play a part in the etiology of POl Furthermore,
extensive genomic research paves the way for discovering
additional gene variants underlying currently unknown POI.
Our expanding knowledge may lead to more promising results
when analyzing the genetic makeup of POI patients and may
unveil new pathways for discovering potential treatments
for women with POLI. This is the only comprehensive genomic
investigation to date on Turkish POI patients that utilizes the
potential of the NGS method.

MATERIALS AND METHODS
Subjects

Sixty-eight Turkish-unrelated patients diagnosed with POI,
who experienced amenorrhea for at least six months before
the age of 40 years and had FSH plasma levels exceeding 40
IU/L, were recruited. The age of onset ranged from 18 to 39
years. Each patient underwent an FMRT molecular analysis
and had at least 20 cells karyotyped. We excluded patients
found to have Turner syndrome based on the karyotype or any
other karyotype abnormality, as well as patients with a FMR1
premutation. Patients who previously underwent a gonadotoxic
treatment (chemotherapy or pelvic radiation) or extensive
ovarian surgery were also excluded from the study. NGS
analysis was performed after all these exclusion criteria were
met. Each patient signed a paper granting informed consent.
The local ethics committee approved the study. All procedures
performed in the study involving human participants were
approved by the Ethics Committee for Scientific Research,
Faculty of Medicine, Trakya University (decision no: TUTF-BAEK
2018/319, date: 01.10.2018) and followed the Declaration of
Helsinki. Targeted panel sequencing was performed on 68 POI
patients (PO1~P68).
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Targeted Panel Sequencing

Our goal has been to cover every known POI risk locus. Based
on information from the literature, a list of 26 genes under
investigation was compiled (Table 1).

Sixty-eight samples were sequenced using the QlAseq Targeted
DNA Custom Panel (Qiagen, Hilden, Germany). Two milliliters
(2 mL) of peripheral blood were collected and preserved
in anticoagulation tubes. Genomic DNA was isolated from
peripheral whole blood using the EZ1T DNA Investigator Kit
(Qiagen, Hilden, Germany). After DNA extraction, target
sequences were enriched using customized capture probe
chips (lllumina, San Diego, CA). This kit included 26 genes
associated with the disease. Libraries covering the target genes
were prepared according to the QlAseq Targeted DNA Panel
Protocol (Qiagen, Hilden, Germany). Following the target
enrichment process, libraries were sequenced on the MiSeq
system (lllumina, San Diego, CA, USA). Obsessive compulsive

Table 1. A panel of 26 candidate genes

Gene name Transcript ID Protein ID
BMP15 NM_005448.2 NP_005439.2
CYP17A1 NM_000102.3 NP_000093.1
CYP19A1 NM_000103.3 NP_000094.2
DIAPH2 NM_007309.3 NP_009293.1
ERCC6 NM_000124.3 NP_000115.1
FIGLA NM_001004311.3 NP_001004311.2
FMR1 NM_002024.5 NP_002015.1
FOXL2 NM_023067.3 NP_075555.1
FSHR NM_000145.3 NP_000136.2
GALT NM_000155.3 NP_000146.2
GDF9 NM_005260.5 NP_005251.1
GNAS NM_080425.3 NP_536350.2
HFM1 NM_001017975.4 NP_001017975.4
LHCGR NM_000233.3 NP_000224.2
LMNA NM_170707.3 NP_733821.1
MCM8 NM_182802.2 NP_877954.1
MSH5 NM_172165.3 NP_751897.1
NOBOX NM_001080413.3 NP_001073882.3
NR5A1 NM_004959.4 NP_004950.2
POF1B NM_024921.3 NP_079197.3
POLG NM_002693.2 NP_002684.1
POR NM_000941.2 NP_000932.3
PSMC3IP NM_016556.3 NP_057640.1
STAG3 NM_001282716.1 NP_001269645.1
STAR NM_000349.2 NP_000340.2
SYCE1 NM_130784.3 NP_570140.1
WT1 NM_024426.4 NP_077744.3
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inventory analysis (Qiagen, Hilden, Germany) was employed
to control quality and generate Variant Call Format files. In
silico evaluation of the pathogenicity of nucleotide changes
in exons was performed using Polymorphism Phenotyping v2
(PolyPhen-2, http:// genetics.owh.harvard.edu/pph2/), Sorting
Intolerant from Tolerant (SIFT, https://sift.bii.a-star.edu.sg/),
and MutationTaster (http://www.mutationtaster.org). Minor
allele frequencies were checked in the Genome Aggregation
Database gnomAD (http://gnomad.broadinstitute.org/). Variant
analysis was conducted using Ingenuity software (Qiagen,
Hilden, Germany). Variants were interpreted according to the
American College of Medical Genetics and Genomics (ACMG)
recommended standard. Sanger sequencing was performed
for confirmation when target region coverage was less than
15 reads. Nucleotide alterations were analyzed and validated
by Sanger sequencing. After confirmation, each variant
was classified as a pathogenic, likely pathogenic, variant of
unknown significance (VUS), likely benign, or benign, according
to the ACMG guidelines. Coding genomic regions that were
sequenced with coverage less than 15X were eventually re-
sequenced using Sanger technology. All detected variations
were confirmed to be accurate by Senger sequencing.

NGS assays produced ~14,5 GB data for 68 samples for each
individual as pair-end reads, having up to 97 bp mean read
length, and about 90% (0.2 Mb length) of the targeted bases
were covered, thereby sufficiently passing our thresholds for
calling single nucleotide polymorphisms and short insertions
or deletions (indels).

Primer sets were created for all required areas in order to execute
Sanger sequencing on an ABI 3130 (Applied Biosystems, USA)
capillary electrophoresis machine and validate the variations
and segregation analyses.

RESULTS

We examined the DNA samples of sixty-eight unrelated
patients with POl using targeted panel sequencing to identify
potential causal variations of the disease. Within our sample,
three POl-related genes exhibited three heterozygous
VUS and one heterozygous gene that may be pathogenic.
With the assistance of Franklin (available online at https://
franklin.genoox.com) and VarSome', we detailed the clinical
interpretation and implications for the identified variants. All

variants identified were heterozygous, with most classified as
missense (Table 2).

A total of one likely pathogenic variant (STAG3) was identified
in 1.47% (1 of 68) of POl patients, which is regarded as a
molecular genetic diagnosis of POIl. VUS were detected in two
genes in three patients from the total patient group. The genes
identified were NOBOX and GDF9. A frameshift was recognized
in one of the 68 patients.

Statistical Analysis

Characteristics of patients were gathered through a review
of electronic medical records. Descriptive statistics, such as
medians, ranges, and frequencies, were employed.

DISCUSSION

POl is characterized by a robust genetic background with
increasing genes and diverse phenotypic traits®. The POI
phenotype is associated with detrimental gene variations
affecting meiosis, DNA repair, gonadal development (oogenesis
and folliculogenesis), hormone signaling, immunological
function, and metabolism?®. This study represents, to our
knowledge, the first genetic epidemiology study in Tiirkiye
focusing on 26 genes in a single panel associated with POI,
and several genetic alterations have been identified in
genes associated with this condition. Sixty-eight Turkish
patients with a clinical diagnosis of POl, who had undergone
prescreening for FMR1 pathogenic expansion, were included in
our investigation.

The NM_001282717.2 (STAG3):c.1237_1238insAA variation
identified in one of our patients constitutes a frameshift
alteration that has not previously been reported for POI.

The meiosis-specific subunit of the cohesin complex, encoded
by STAG3, comprises SMC1a/SMC1p, SMC3, RAD21/RECS, or
RAD21L". Sister chromatids are held together during mitosis
and meijosis by the multiprotein cohesin complex encircles them
in a ring. SMC1p, REC8, and RAD21L are exclusively present in
meiotic cells, while SMC1a and RAD21 are ubiquitously found?®.
Although STAG3 is restricted to the testes and ovaries*'??,
STAG1/2 is present in mitotic cells?®. The phenotypic effect of
the STAG3 gene exhibits recessive inheritance.

Table 2. Potential causal variants found in 4 POl patients via targeted panel sequencing

Gene ACMG dbSNP ID Sequence change Type
GDF9 VUS (PM2, PP3) - NM_005260.7:¢.1297G>A (p.E433K) Missense
NOBOX VUS (PM1, PP3) rs749172175 NM_001080413.3: ¢.1067G>A (p.R356Q) Missense
STAG3 Likely Pathogenic (PM2, PVS1) - NM_001282717.2:¢.1237_1238insAA p. (lle413LysfsTer10) | Frameshift
NOBOX VUS (PM2, PP3) = NM_001080413.3:¢.1788G>C (p.Trp596Cys) Missense
POI: Premature ovarian insufficiency, VUS: Variant of unknown significance, ACMG: American College of Medical Genetics and Genomics
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Table 3. Clinical features (patient group average)

Actual age 29
Amenorrhea Primary
FSH, IU/L 96.2
LH, IU/L 20.8

E2 pg/mL 16

FSH: Follicle-stimulating hormone, LH: Luteinizing hormone

In the study by Caburet et al.?2, the identified homozygous
STAG3 variant leads to a premature stop codon, and autosomal
recessive inheritance was demonstrated in four sisters of
consanguineous parents. In another more recent study, a
homozygous donor splice-site variant of STAG3 was reported
leading to POl in two females®.

There was no anomaly other than POl in our patient, for
whom we detected STAG3 heterozygous frameshift variation.
However, the contribution of variations in the STAG3 gene
to the POl has been reported in the literature. Our finding is
consistent with this finding. However, due to the recessive
inheritance of STAG3, we do not expect any phenotypic
effects'26,

Variations in the NOBOX gene were identified in two patients,
both classified as VUS. The NOBOX gene is believed to be
one of the primary genetic contributors to POI?’2% This
ovarian homeobox gene is involved in the early stages of
folliculogenesis, with the phenotypic effect of the NOBOX
gene exhibiting dominant inheritance. Although the variant
detected in our patient (rs749172175) is defined as VUS
according to ACMG criteria, it is evaluated as “pathogenic” in
variant evaluation prediction tools and the allele frequency
given as 0.00000881 in the gnomAD database supports this
possibility. The variations we detected in the NOBOX gene are
consistent with the studies in the literature. Another variation
detected in NOBOX, ¢.1788G > C (p.(Trp596Cys), was evaluated
as VUS. However, there are values in the databases suggesting
pathogenicity (SIFT: Damaging, CADD (phred): 27.10). However,
since both variations were reported as VUS, their clinical
significance is unknown?.

A variation classified as a VUS was identified in the GDF9
gene in one of our patients. Clinical evaluation of the patient
revealed POI. According to Qin et al.?® and Jiao et al.*, variations
in GDFI are frequently cited among the top 20 common genetic
causes of POI. Notably, various GDF9 variations have been found
globally, albeit with a slightly uneven distribution by geography
and ethnicity. The phenotypic effect of the GDF9 gene exhibits
recessive inheritance. Since the GDF9 variation in our patient
was both heterozygous and classified as a VUS, we did not
consider it likely to have a phenotypic effect. The ¢.1297G>A
variation detected in GDF9 has not been reported before.
Therefore, a comparison with the literature could not be made.
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High-throughput methods have been essential for identifying
novel variants in candidate genes and genes previously
linked to POI. The encoded proteins' primary functions are
meiosis and DNA repair, gonadal development (oogenesis and
folliculogenesis), hormone signaling, immunological response,
and metabolism. As shown in several animal models, changes in
genes related to meiosis and DNA repair may result in distinct
symptoms of ovarian insufficiency because of the resting state
of oocytes®.

Study Limitations

There are certain limitations in our study. One of them is the
number of the patients. There may not be enough power to
detect rare variants with a frequency of less than 5% in 68
patients. We could obtain more results with an increased
number of patients. A setting of risk prediction, routine
diagnosis, and early intervention will benefit greatly from
targeted panels of hotspot mutations and/or validated causal
genes, as well as broader analysis like whole-exome and whole
genome sequencing in the future.

CONCLUSION

POI is a highly diverse disorder that may have a complex
array of genetic variants due to its many contributing causes.
Furthermore, phenotypic variability is complicated by the
unclear definition and nomenclature of POI, which exacerbates
the genetic heterogeneity of POl and vice versa. It is uncertain
if different phenotypes-like ovarian dysgenesis, primary or
secondary amenorrhea, or early or late onset POl-share the
same genetic makeup but have differing cumulative effects. A
very large number of variations with unclear significance will
surface in the NGS era. Data analysis and filtering will be quite
difficult but crucial. Mutation-directed transgenic models or
transformation experiments should be used to confirm causal
relevance. However, it is getting more and harder to identify a
single genetic alteration in any one POl patient as "causative”
because many of the known POl genes appear to work in concert
while exhibiting characteristics of incomplete penetrance or
variable expressivity on their own. The relationship between
genetics and phenotype requires more investigation.

Determining who is at risk for POl is still difficult. The potential
of NGS technologies in clinical practice is huge.
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Prognostic Factors Influencing the Efficacy of Regorafenib in the
Treatment of Metastatic Colorectal Cancer

Metastatik Kolorektal Kanser Tedavisinde Regorafenib Etkinligini Etkileyen Prognostik
Faktorler

® Nadiye SEVER, @ ibrahim Vedat BAYOGLU
Marmara University Faculty of Medicine, Department of Internal Medicine, Istanbul, Tiirkiye

ABSTRACT

Aim: Metastatic colorectal cancer (mCRC) remains a significant clinical challenge for patients who have exhausted standard treatment options.
Regorafenib, an oral multikinase inhibitor, is approved for use in refractory with mCRC patients; however, its real-world efficacy continues to be an
area of ongoing research. This study aimed to evaluate the efficacy and clinical outcomes of regorafenib in mCRC patients.

Materials and Methods: This retrospective study assessed the efficacy of regorafenib in mCRC patients who had progressed after at least two
lines of systemic therapy. A total of 120 patients were included in the study. Univariate and multivariate analyses of factors affecting survival were
conducted using the Cox regression models.

Results: Of the patients, 46 (38.3%) were female and the median age was 58 years. The median progression-free survival (PFS) was 3.38 months
and the median overall survival (0S) was 8.01 months. Age and BRAF mutation status were determined as important prognostic factors for PFS.
Patients under 65 years of age had a shorter PFS compared to patients aged 65 years and older (p=0.045). Patients with BRAF mutations exhibited
significantly shorter PFS compared to those without the mutation (1.84 vs. 3.41 months, p=0.014). In OS analysis, ECOG score (p=0.022), regorafenib
dose reduction (p=0.005) and carbohydrate antigen 19-9 (CA19-9) level (p=0.004) were independent prognostic factors. KRAS and NRAS mutations,
primary tumor localization and prior targeted therapies combined with chemotherapy did not significantly affect PFS or OS.

Conclusion: Regorafenib is an effective option for the treatment of mCRC in third-line and beyond. ECOG performance status, regorafenib dose
adjustment and CA19-9 levels are significant factors influencing survival.

Keywords: Regorafenib, metastatic colorectal cancer, survival

0z
Amag: Metastatik kolorektal kanser (nCRC), standart tedavi seceneklerini tiiketmis hastalarda 6nemli bir klinik zorluk olmaya devam etmektedir.

Oral bir multikinaz inhibitorii olan regorafenib, refrakter mCRC hastalarinda kullanim icin onaylanmistir, ancak gercek yasamdaki etkinligi hala
arastiriimaktadir. Bu calismanin amaci, regorafenibin mCRC hastalarindaki etkinligini ve klinik sonuclarini degerlendirmektir.

Gerec ve Yontem: Bu retrospektif calisma, en az iki sira sistemik tedaviden sonra progresyon gosteren mCRC hastalarinda regorafenibin etkinligini
degerlendirmektedir. Calismaya toplam 120 hasta dahil edilmistir. Sagkalimi etkileyen faktorlerin tek degiskenli ve cok degiskenli analizleri Cox
regresyon modelleri kullanilarak olusturulmustur.

Bulgular: Hastalarin 46'si (38,3) kadindi ve ortanca yas 58 bulundu. Medyan progresyonsuz sagkalim (PFS) 3,38, medyan genel sagkalim (GS) ise
8,01 ay olarak bulundu. Yas ve BRAF mutasyon durumu PFS icin &nemli prognostik faktorler olarak belirlendi. 65 yas alti hastalarda PFS 65 yas ve
Uistli hastalara kiyasla daha kisaydi (p=0,045). BRAF mutasyonu olan hastalar, mutasyonu olmayanlara gére anlamli derecede daha kisa PFS gésterdi
(1,84 vs. 3,41 ay, p=0,014). GS analizinde, ECOG skoru (p=0,022), regorafenib dozunun azaltilmasi (p=0,005) ve karbonhidrat antijen 19-9 (CA19-9)
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diizeyi (p=0,004) bagimsiz prognostik faktorlerdi. KRAS ve NRAS mutasyonlari, primer tiimér lokalizasyonu ve kemoterapi ile kombine edilen 6nceki

hedefe yonelik tedaviler, PFS veya GS'yi anlamli sekilde etkilemedi.

Sonugc: Regorafenib l¢lincii basamak ve sonrasinda mCRC tedavisinde etkili bir secenektir ve ECOG performans skoru, regorafenib doz ayarlamalari

ve CA19-9 diizeyleri sagkalimi belirleyen 6nemli faktorlerdir.

Anahtar Kelimeler: Regorafenib, metastatik kolorektal kanser, sagkalim

INTRODUCTION

Colorectal cancer (CRC) is a widespread malignancy and a
high contributor to cancer-related mortality'2 Although the
incidence is increasing, mortality is decreasing, probably due
to earlier diagnosis, surgical success and treatment options®.
Fluoropyrimidine-based therapies combined with oxaliplatin
or irinotecan have been the backbone of metastatic colorectal
cancer (mCRC) treatment for many years®. However, there
is a burgeoning clinical demand for efficient tertiary and
beyond therapeutic choices for patients who have exhausted
standard first- and second-line treatment alternatives.
In mCRC patients with good performance status (PS) and
potential to respond to treatment, resistance development
and exhaustion of effective options in earlier lines complicate
disease management in third-line and beyond. Regorafenib is
a tyrosine kinase inhibitor and is a treatment option used in
line 3 and beyond for this purpose®. Clinical trials, in particular
the REFLECT and CONCUR studies, have shown a clear survival
advantage of regorafenib®. Although its efficacy has been
demonstrated in phase 3 trials, the prognostic and predictive
factors determining the clinical efficacy of regorafenib have
not been fully clarified. Age, gender, tumor localization (right
or left colon), and molecular mutation profiles such as KRAS,
NRAS, and BRAF are among the factors that may influence
treatment response. In particular, due to biological differences
between right and left colon tumors, whether the efficacy of
regorafenib is different in these groups is not yet clear.

We investigated the role of regorafenib in overall survival (OS)
and progression-free survival (PFS) in mCRC patients in the
third-line setting and beyond. Given the limited real-world data
on regorafenib use beyond second-line treatment in mCRC,
this study seeks to provide clinically relevant observations
regarding patient characteristics that may influence survival
outcomes.

MATERIALS AND METHODS

Patients diagnosed with colorectal adenocarcinoma by the
pathology unit and seen in the medical oncology outpatient
clinic between January 2017 and November 2024 were
retrospectively analyzed. Patients over 17 years of age were
included. The project was approved by Marmara University
Faculty of Medicine Ethical Committee for Non-Pharmaceutical
and Non-Medical Device Research Ethics Committee (decision

no: 09.2024.1591, date: 24.12.2024). All patients received
regorafenib in any line during the metastatic period. In this
study, regorafenib was selected as a third-line or later therapy
in patients with treatment potential who had exhausted
chemotherapy options. The choice of third-line treatment
was based on prior response to chemotherapy. Specifically, in
patients who had achieved remission for more than six months
with chemotherapy, chemotherapy rechallenge was preferred
as the initial third-line option. However, in patients who
experienced rapid progression under chemotherapy, regorafenib
was prioritized in the third-line setting. These selection criteria
ensured that treatment decisions were tailored to disease
dynamics and individual patient response patterns.

Radiologic imaging methods were used to evaluate response to
treatment. Response to regorafenib was defined according to
radiological assessment. Patients achieving complete response
(CR), partial response (PR), or stable disease (SD) were classified
as responders, whereas those with progressive disease (PD)
were categorized as non-responders. Clinicopathologic and
demographic characteristics and laboratory parameters of the
patients were obtained from patient files and the electronic
database of the hospital. The association of parameters such as
age, gender, Eastern Cooperative Oncology Group Performance
Status (ECOG-PS), tumor location, targeted therapies used in
combination with chemotherapy, presence of RAS and BRAF
mutations with OS and PFS in patients receiving regorafenib
was analyzed. Although dose reductions were recorded in
the dataset, detailed documentation of adverse events was
not consistently available in-patient records due to the
retrospective nature of the study. Therefore, a comprehensive
analysis of toxicity profiles could not be conducted. However,
based on available notes, the most frequently reported reasons
for regorafenib dose modification were anorexia, fatigue, and
dermatologic toxicity, such as hand-foot skin reaction.

Statistical Analysis

Statistical analysis was performed using SPSS software program
version 26.0. Continuous variables were summarized as median
interquartile range (IQR), while categorical variables were
presented as frequencies and percentages. The comparison of
continuous variables between groups was performed using the
Mann-Whitney U test (for two groups) or the Kruskal-Wallis
test (for three or more groups), depending on the number
of categories. Categorical variables were analyzed using chi-
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square or Fisher's exact tests as appropriate. Survival curves
for each subgroup were constructed using the Kaplan-Meier
method with 95% confidence intervals (Cl). Between-group
survival differences were evaluated using the log-rank test.
Prognostic factors were initially assessed by univariate analysis
and factors with a value of p less than 0.05 were then included
in the multivariate analysis. Hazard ratios (HRs) were calculated
using the Cox proportional hazards model. A p-value of
less than 0.05 was considered statistically significant for all
analyses.

RESULTS

Population Characteristics: Demographic and Clinical
Insights

The study included a total of 120 mCRC patients who received
regorafenib in third-line or later lines. The median age was
58 years (IQR: 50.2-65.7). 74 (61.7%) of 120 patients were
male. The ECOG-PS indicated that 101 (84.2%) of patients had
a score of 0-1. 80 (66.7%) had a body mass index (BMI) of
>25 kg/m?. Most patients had left-sided primary tumors (75%)
and synchronous metastases (58.3%). Liver-limited metastases
were present in 20% of patients. KRAS mutation was detected
in 500%, NRAS mutation in 16.7%, and BRAF mutation in 3.3%
of cases. Regarding targeted therapies, 38.3% of patients
received anti-epidermal growth factor receptor (EGFR)
therapy in combination with chemotherapy at any step, while
80% received anti-vascular endothelial growth factor (VEGF)
therapy. Regorafenib was administered as third-line treatment
in 71.7% of patients and required dosage decrement in 70.8%.
The best response to regorafenib was PR in 11.7% of patients,
SD in 17.5% and PD in 70.8%. No CR was observed in any
patient (Table 1).

Analysis of Survival

In the whole population, median PFS was 3.38 months, while
median OS was 8.01 months, respectively (Figure 1).

Progression-Free Survival Outcomes and Analysis

Age was found to be a significant factor for PFS, with patients
aged <65 years having a slightly shorter PFS compared
to those aged >65 years (3.35 vs. 3.41 months, p=0.045).
Patients with BRAF-mutated tumors had significantly worse
PFS compared to those without the mutation (1.84 vs. 3.41
months, p=0.014). Furthermore, responders to regorafenib
demonstrated a significantly longer PFS compared to non-
responders (4.96 vs. 3.02 months, p<0.001), reinforcing the
clinical relevance of achieving disease control with regorafenib.
Other factors, including gender (0.496), ECOG-PS (0.390), BMI
(0.718), primary tumor location (0.299), metastatic status
at diagnosis (0.460), prior targeted therapies (anti-VEGF
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Table 1. Population characteristics: demographic and clinical

insights

Age, year Median (IQR) 58 (50.2-65.7)
Age group, n (%)

<65 84 (70)
>65 36 (30)
Gender, n (%)

Female 46 (38.3)
Male 74 (61.7)
ECOG-PS, n (%)

o1 101 (84.2)
>2 19 (15.8)
BMI group, n (%)

<25 kg/ m? 40 (33.3)
>25 kg/m2 80 (66.7)
Type of tumor, n (%)

Colon 84 (70)
Rectum 36 (30)
The side of primary tumor

Right side 30 (25)
Left side 90 (75)
Metastatic status®, n (%)

Metachronous 50 (41.7)
Synchronous 70 (58.3)
Metastatic site, n (%)

Single site 29 (24.2)
Multiple sites 91 (75.8)
Liver metastasis only%, n (%)

Yes 24 (20)
No 96 (80)
Surgery for primary tumor, n (%)

Yes 97 (82.2)
No 21(17.8)
KRAS mutation, n (%)

Yes 60 (50)
No 60 (50)
NRAS mutation, n (%)

Yes 20 (16.7)
No 100 (83.3)
BRAF mutation, n (%)

Yes 4(3.3)
No 116 (96.7)
Anti-EGFR treatment, n (%)

Yes 46 (38.3)
No 74 (61.7
Anti-VEGF treatment, n (%)

Yes 96 (80)
No 24 (20)
Line of regorafenib treatment, n (%)

3 86 (71.7)
4% or above 34 (28.3)
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Table 1. Continued

Age, year Median (IQR) 58 (50.2-65.7)
Regorafenib dose reduction, n (%)
Yes 85 (70.8)
No 35(29.2)
Best response to regorafenib, n (%)

14 (11.7)
21 (17.5)
85 (70.8)

IQR: Interquartile range, ECOG-PS: Eastern Cooperative Oncology Group
Performance Status, BMI: Body mass index, EGFR: Epidermal growth factor
receptor, VEGF: Vascular endothelial growth factor

Partial response
Stable disease
Progressive disease

p=0.682, anti-EGFR p=0.692), regorafenib dose reduction
(p=0.423), carcinoembryonic antigen (CEA) level (p=0.145) and
carbohydrate antigen 19-9 (CA19-9) level (p=0.496) did not
significantly impact PFS (Table 2).

Overall Survival Outcomes and Analysis

Results of univariate analysis revealed that ECOG-PS 1-2
(p=0.022), regorafenib dose reduction (p=0.005), CEA level
(p=0.005) and CA19-9 level (p=0.004) were significantly
associated with OS. Additionally, responders to regorafenib
had significantly longer OS compared to non-responders
(10.84 vs. 6.47 months, p<0.001). Although patients with BRAF
mutations showed numerically worse OS compared to non-
mutated cases (2.43 vs. 7.95 months), this difference was not
statistically significant (p=0.242). Other clinical and molecular
characteristics, including age (p=0.240), gender (p=0.856),
tumor location (p=0.245), metastatic site (p=0.096), prior anti-
EGFR (p=0.644) or anti-VEGF therapies (0.762) and treatment
line (p=0.530) were not significantly associated with 0S
(Table 2). In multivariate analysis, the results indicate that

Survival Function
“+Censornd

Cum Survival

e
H

02

Median PFS: 3.38 months
00
0 2 50 15 100 125

Progression-free Survival (mo)

Figure 1. Survival outcomes: Kaplan-Meier estimates for PFS and 0S

PFS: Progression-free survival, OS: Overall survival

ECOG-PS (HR: 1.82; 95% Cl: 1.08-3.06), regorafenib dose
reduction (HR: 1.58; 95% Cl: 1.04-2.41), CA19-9 level (HR:
2.14; 95% Cl: 1.43-3.22), and regorafenib response (HR: 0.38;
95% Cl: 0.24-0.60, p<0.001) remained significant predictors of
0S (Table 3).

DISCUSSION

This study evaluated the real-life efficacy of regorafenib for
mCRC in settings in tertiary care and beyond, and explored
the clinical and molecular factors that influence treatment
outcomes. Our findings demonstrated a median PFS of 3.38
months and a median OS of 8.01 months, which are consistent
with previously reported data. In particular, while age and
BRAF mutation were prognostic factors for PFS, ECOG-PS,
regorafenib dose reduction and CA19-9 levels have been
determined as prognostic factors for OS. Additionally, our
analysis revealed that patients who responded to regorafenib
had significantly longer PFS and OS compared to non-
responders, further supporting the clinical significance of
achieving disease control with regorafenib. These findings
support the role of regorafenib as a viable treatment option in
the later lines of therapy for mCRC.

The pivotal CORRECT study evaluating regorafenib in heavily
treated mCRC patients reported a median PFS of 1.9 and
median OS of 6.4 months, reinforcing its therapeutic benefit
in this challenging patient population’. Similarly, the CONCUR
trial conducted in Asian patients found comparable results,
with regorafenib improving PFS and OS over placebo®. Notably,
the median OS observed in our study was longer compared to
the CORRECT (6.4 months) and CONCUR (8.4 months) trials®’.
Several factors may explain this difference. First, our cohort
predominantly consisted of patients with an ECOG-PS of

Cum Survival

Median 0S=8.01 months

Overall Survival (mo)
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Table 2. Univariate analysis of determinants for progression-free survival and overall survival

4% or above

3.64 (3.36-3.92)

8.08 (6.62-9.53)

Median PFS Median OS
HR (95% CI HR (95% CI -value
(months) ( ) P (months) ( ) p
Age
<65 3.35 (3.08-3.62) 0.66 (0.44-0.99) 0.045 7.75 (6.36-9.14) 0.78(0.52-1.17) 0.240
>65 3.41 (2.69-4.14) 9.03 (6.13-11.93)
Gender
Male 3.41 (3.10-3.72) 7.82 (6.00-9.63)
0.88 (0.60-1.27) 0.496 1.03 (0.71-1.50) 0.856
Female 3.31 (3.06-3.56) 8.08 (7.02-9.14)
ECOG-PS
o/ 3.41 (3.24-3.60) 8.70 (7.65-9.75)
1.23 (0.75-2.02) 0.390 1.78 (1.08-2.96) 0.022
>2 2.92 (2.22-3.62) 5.81 (4.18-7.45)
BMI group
<25 kg/ m? 3.58 (3.11-4.05) 7.36 (5.81-8.90)
1.07 (0.71-1.62) 0.718 0.71 (0.47-1.08) 0.114
>25 kg/m? 3.31(3.01-3.62) 8.90 (7.31-10.50)
Type of tumor, n (%)
Colon 3.35 (3.02-3.67) 8.08 (6.46-9.70)
0.80 (0.54-1.21) 0.299 0.78 (0.51-1.18) 0.245
Rectum 3.34 (3.04-3.66) 7.82 (5.84-9.8)
The side of primary tumor
Right side 3.35 (2.75-3.95) 1.07 (0.95-1.21) 0.375 6.37 (4.39-8.35)
. 1.10 (0.97-1.24) 0.129
Left side 3.35(3.15-3.54) 8.77 (7.58-9.96)
Metastatic status
Metachronous 3.41 (3.14-3.68) 1.14 (0.79-1.66) 0.460 7.95 (6.16-9.73) 1.43 (0.97-2.11) 0.068
Synchronous 3.35(3.12-3.57) 7.75 (6.07-9.43)
Metastatic site
Single site 3.48 (3.02-3.94) 7.65 (5.75-9.56)
o 1.18 (0.77-1.81) 0.426 1.43 (0.93-2.20) | 0.096
Multiple sites 3.35(3.12-3.57) 8.34 (7.03-9.65)
Liver metastasis only
Yes 3.48 (2.81-4.15) 1.10 (0.70-1.72) 0.676 7.65 (5.9-9.35) 1.28 (0.81-2.01) 0.283
No 3.35(3.15-3.55) 8.14 (6.72-9.56)
Surgery for primary tumor
Yes 3.35 (3.15-3.54) 1.17 (0.72-1.90) 0.719 8.08 (6.90-9.26)
0.87 (0.53-1.42) 0.582
No 3.41 (2.80-4.03) 9.59 (4.62-14.56)
RAS mutation
Yes 3.48 (3.24-3.72) 0.92 (0.663-1.32) | 0.648 8.70 (7.05-10.35) 0.95 (0.66-1.38) 0.819
No 3.28 (3.06-3.51) 7.65 (6.82-8.49)
BRAF mutation
Yes 1.84 (0.74-2.93) 3.26 (1.18-8.96) 0.014 2.43 (1.10-9.12) 1.80 (0.66-4.92) 0.242
No 3.41 (3.23-3.60) 7.95 (6.76-9.13)
Anti-EGFR treatment
Yes 3.48 (3.26-3.70) 0.93 (0.64-1.35) 0.692 7.89 (6.50-9.26) 1.09 (0.75-1.59) 0.644
No 3.22 (2.87-3.56) 8.14 (6.17-10.12)
Anti-VEGF treatment
Yes 3.41 (3.18-3.64) 1.13 (0.62-2.07) 0.682 8.14 (6.83-9.46) 1.09 (0.60-2.01) 0.762
No 3.31 (3.20-3.43) 7.82 (3.80-11.83)
Line of regorafenib treatment
3 3.31(3.10-3.53) 0.84 (0.56-1.26) 0.394 7.81 (6.14-9.45) 1.05 (0.75-1.47) 0.530

174




Nam Kem Med J 2025;13(2):170-177

SEVER and BAYOGLU. Regorafenib and Metastatic Colorectal Cancer

Table 2. Continued

?r/:\e:r:::s;) FS HR (95% Cl) p ?:I“e:r::as)o S HR (95% CI) p-value
Regorafenib dose reduction
Yes 3.35(3.14-3.56) 1.17 (0.78-1.76) 0.423 7.65 (6.17-9.14) 1.78 (1.18-2.70) TG
No 3.41 (2.94-3.89) 9.59 (7.31-11.88) '
Regorafenib response
Non-responders 3.02 (2.78-3.26) 0.05 (0.02-0.10) <0.001 6.47 (5.48-7.46) 0.40 (0.26-0.62) <0.001
Responders 4.96 (4.61-5.31) 10.84 (9.46-12.22)
CEA
<58 3.48 (3.26-3.70) 1.31 (0.90-1.90) 0.145 8.77 (6.82-10.72) 1.72 (1.17-2.53) 0.005
>58 3.08 (2.79-3.38) 6.73 (4.99-8.48)
CA19-9
<74 3.35(3.13-3.57) 1.14 (0.77-1.67) 0.496 9.03 (7.12-10.95) 1.75 (1.19-2.58) 0.004
>74 3.48 (2.85-4.11) 6.37 (4.18-8.57)
PFS: Progression-free survival, HR: Hazard ratio, Cl: Confidence interval, OS: Overall survival, ECOG-PS: Eastern Cooperative Oncology Group Performance Status, BMI: Body
mass index, EGFR: Epidermal growth factor receptor, VEGF: Vascular endothelial growth factor, CEA: Carcinoembryonic antigen, CA19-9: Cancer antigen 19-9

0-1 (84.2%), indicating a relatively better functional status,
whereas the CORRECT and CONCUR trials included a broader
range of ECOG-PS scores, which could negatively impact
survival. Second, a higher proportion of our patients had
received prior targeted therapies, particularly anti-VEGF agents,
which may have contributed to improved OS. Additionally, as a
real-world study, flexible dosing strategies and individualized
patient management may have led to better tolerability and
prolonged treatment duration, ultimately enhancing survival.
Lastly, advancements in supportive care over time could also
be a contributing factor to the improved OS observed in our
study. In a different large randomized trial, mCRC patients
receiving regorafenib as treatment had a median OS of 5.6
months and a 12-month survival rate of 22%®8. Our study
demonstrated aligns with these findings, further validating
regorafenib's effectiveness in this patient group. Notably, our
results also highlight the impact of factors, such as ECOG-
PS and regorafenib dose reduction, on survival outcomes,
suggesting the potential for more personalized treatment
strategies in mCRC management.

To date, there are no biomarkers to predict the response to
regorafenib in mCRC, but evidence suggests that prior exposure
to targeted therapies is associated with worse outcomes. In
particular, in the CORRECT trial, all patients had previously
received bevacizumab, and 52% of patients had been exposed to
anti-EGFR therapy. In the CONCUR trial, these rates were 41% and
350, respectively®. The better OS observed in the CONCUR trial
may have been influenced by these results. Similar results were
reported in a single-arm, phase 2b study evaluating regorafenib
in patients with chemotherapy-resistant, antiangiogenic-naive
mCRC™, consistent with the CONCUR findings. Similarly, in
our study, 80% of patients had prior anti-VEGF therapy, while
38.3% had received anti-EGFR therapy at some point during

Table 3. Multivariate analysis of predictors for overall survival

HR (95% CI) p-value

ECOG-PS
0-1 Ref

0.025
>2 1.82 (1.08-3.06)
Regorafenib dose reduction
No Ref

0.030
Yes 1.58 (1.04-2.41)
CEA
<58 Ref

0.225
>58 1.29 (0.85-1.97)
CA19-9
<74 Ref

<0.001
>74 2.14 (1.43-3.22)
Regorafenib response
Non-responders Ref

<0.001
Responders 0.38 (0.24-0.60)
HR: Hazard ratio, Cl: Confidence interval, ECOG-PS: Eastern Cooperative Oncology
Group Performance Status, CEA: Carcinoembryonic antigen, CA19-9: Cancer
antigen 19-9

their treatment course. Despite this high rate of prior targeted
therapy exposure, our findings demonstrated a median OS of
8.01 months, which is numerically longer than that reported
in CORRECT and CONCUR. This suggests that patient selection,
treatment sequencing, and additional prognostic factors may
influence survival outcomes with regorafenib.

Dose modification is a critical aspect of regorafenib treatment,
as adverse events often necessitate dose reductions to maintain
tolerability without compromising efficacy. In our study, 70.8%
of patients required dose reduction, and multivariate analysis
identified it as an independent predictor of OS. These findings
are consistent with real-world data from the REBECCA study,
a large observational cohort evaluating regorafenib in routine
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clinical practice®. Starting at a lower dose and adjusting
based on tolerance is a common approach in clinical practice
to enhance treatment adherence. Furthermore, emerging
evidence suggests that initiating regorafenib at a reduced
dose with subsequent titration, as explored in the ReDOS
trial, can improve tolerability and overall treatment success'.
These findings highlight the importance of personalized dosing
strategies to enhance the clinical benefit of regorafenib in
heavily treated mCRC patients.

The role of molecular alterations in the efficacy of regorafenib
remains controversial. In the CORRECT trial, KRAS, NRAS, and BRAF
mutation statuses were not significantly associated with treatment
outcomes, indicating that regorafenib exerts its antitumor effects
independently of RAS mutation status’. The subgroup analysis
of the CONCUR study also found no significant difference in 0S
between RAS mutant and wild-type tumors®. However, smaller
retrospective studies have associated BRAF mutations with worse
outcomes in patients treated with regorafenib, likely reflecting
the inherently poor prognosis of BRAF mutant mCRC™. In our
study, the results were consistent with the literature, with
KRAS and NRAS mutations not significantly affecting PFS or
0S. Nevertheless, this lack of statistical significance should be
interpreted with caution, as these mutations represent only a
limited aspect of tumor biology. Other factors-such as pathway
crosstalk, epigenetic regulation, and tumor-stroma interactions-
may contribute to therapeutic resistance and response variability,
especially in real-world settings where patient heterogeneity is
high. However, in our cohort, patients with BRAF mutations had
a trend toward shorter OS, but the difference was not statistically
significant, potentially due to the limited sample size. Moreover,
the prognostic significance of tumor markers like CEA and CA19-
9 continues to be a contention of discussion in clinical practice.
Studies have shown that elevated CA19-9 levels may be associated
with poor prognosis'. Associations between treatment outcomes
and various laboratory parameters have also been documented
in the literature, with elevated platelet counts and high
neutrophil-to-lymphocyte ratios being linked to poorer OS, while
higher lymphocyte counts have been associated with improved
0S™, In our study, elevated CA19-9 levels were found to be an
independent predictor of regorafenib efficacy, whereas CEA levels
were not significantly associated with survival outcomes. CA19-
9 is a sialylated Lewis antigen expressed on epithelial cells and
secreted by mucin-producing adenocarcinomas. Its elevation may
reflect not only higher tumor burden or biliary tract involvement,
but also a more biologically aggressive phenotype characterized
by enhanced mucin production, desmoplastic reaction, and
increased metastatic capacity. Prior studies in gastrointestinal
malignancies have demonstrated that elevated CA19-9 s
associated with reduced treatment responsiveness and inferior
survival outcomes. Accordingly, in the context of regorafenib
therapy, baseline CA19-9 levels may reflect both tumor burden
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and biological aggressiveness, potentially contributing to the
observed differences in survival outcomes. These findings suggest
that CA19-9 could be considered a prognostic biomarker in
clinical practice. Identifying reliable predictive biomarkers for
regorafenib could enable more personalized treatment strategies
and warrants further investigation.

Our findings highlight the importance of patient selection
in regorafenib treatment for mCRC, as ECOG-PS and CA19-9
levels were significant prognostic factors for survival. The high
rate of dose reductions emphasizes the need for careful toxicity
management to improve treatment adherence. Although
BRAF-mutant tumors showed a trend toward worse outcomes,
the limited sample size precludes definitive conclusions,
warranting further investigation. Future studies should focus
on identifying biomarkers predictive of regorafenib response,
optimizing treatment sequencing, and evaluating its role in
combination strategies to enhance clinical benefit.

Study Limitations

Some limitations of this study need to be acknowledged. The
retrospective design introduces the potential for selection bias,
aspatientswere notrandomly assigned to treatment groups. This
may have led to an overrepresentation of patients with better
PS or those who tolerated treatment longer, while patients
with poorer prognosis may have been underrepresented.
Additionally, our analysis lacked detailed data on adverse
events, which is a critical aspect of regorafenib treatment.
While dose reductions were recorded in our dataset, the specific
reasons, severity grading, and timing of these modifications
were not systematically documented. This limits our ability to
assess the direct relationship between adverse events and dose
adjustments, as well as their impact on treatment adherence
and clinical outcomes. Given that a significant proportion
of patients required dose reduction, it is likely that toxicity
played a crucial role in treatment modifications. However, the
absence of detailed adverse event profiles prevents us from
determining whether specific toxicities had a greater influence
on survival outcomes. The relatively small sample size may also
limit the applicability of the results. Although the data were
retrieved from medical records, detailed information on dose
reduction and patient tolerance was not comprehensively
collected. Dose reductions are a critical aspect of regorafenib
therapy, and the lack of detailed information on the reasons
and timing of dose adjustments may limit our understanding
of how these factors affect treatment outcomes. Although we
were able to assess OS and PFS, other relevant factors such as
adverse event profiles could not be assessed. Furthermore, our
dataset does not include treatment regimens after regorafenib
in detail. Since most patients did not receive further treatment
due to disease progression or clinical deterioration, and the
available data on chemotherapy rechallenge in those who
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underwent retreatment were insufficient for a comprehensive
analysis, we were unable to assess the impact of subsequent
therapies on survival outcomes.

CONCLUSION

Regorafenib is an efficient therapeutic choice for heavily
pretreated mCRC patients and improves both OS and PFS.
Our findings, consistent with prior studies, emphasize the
importance of patient selection and dose modification in
optimizing treatment outcomes. Despite the absence of
definitive predictive biomarkers, our results suggest that
factors such as ECOG-PS, treatment dose and CA19-9 levels
may influence survival outcomes in patients treated with
regorafenib. Given the limited evidence on genetic mutations
and their impact on regorafenib efficacy, further investigation
into molecular profiling and the role of specific biomarkers
is warranted. Future prospective studies should focus on
integrating clinical and molecular profiling to better elucidate
why established prognostic factors such as ECOG PS and CA19-
9 levels remain predictive of regorafenib outcomes, while
common mutational markers fail to demonstrate consistent
associations.
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Treatment Outcomes with the Optic Neuritis Treatment Trial
Protocol in Typical Optic Neuritis and Prognostic Factors
Associated with Final Visual Acuity: Real-Life Data

Tipik Optik Noritte Optik Norit Tedavi Denemesi Protokol( ile Tedavi Sonuglari ve Sonug
GOrme Keskinligi ile iliskili Prognostik Faktorler: Gercek Yasam Verileri
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ABSTRACT

Aim: This study aims to evaluate the etiological, demographic, and clinical characteristics of patients diagnosed with typical optic neuritis and
treated according to the optic neuritis treatment trial (ONTT) protocol, as well as to assess prognostic factors associated with long-term visual acuity.

Materials and Methods: A retrospective analysis was conducted on 106 patients treated with the ONTT protocol at a tertiary eye clinic between
January 2010 and June 2023. The patients' age, gender, affected eye, initial and final best-corrected visual acuity (BCVA), anterior or retrobulbar
form of optic neuritis, presence of relative afferent pupillary defect, and visual field defects were evaluated. Factors influencing long-term visual
acuity after treatment were analyzed.

Results: Of the patients, 57.5% were female, with a mean age of 32.25+12.79 years. Optic neuritis was observed in 53.7% of right eyes and 46.3%
of left eyes. Multiple sclerosis (MS) was diagnosed in 13.2% of patients. The mean initial BCVA was 0.33+0.41, while the final BCVA was 0.65+0.38.
A higher initial BCVA (p=0.01) and the presence of retrobulbar optic neuritis (p=0.04) were significantly associated with better long-term visual
prognosis.

Conclusion: Most patients with typical optic neuritis treated with the ONTT protocol experienced improved visual acuity. Higher initial BCVA and
retrobulbar optic neuritis were identified as positive prognostic factors. Long-term follow-up of patients with potential MS and larger-scale studies
are necessary.

Keywords: Anterior, neuritis, optic, prognosis, retrobulbar, visual acuity
0z
Amag: Bu calisma, tipik optik ndrit tanisi konulan ve optik nérit tedavi denemesi (ONTT) protokoliine gére tedavi edilen hastalarin etiyolojik,

demografik ve klinik 6zelliklerini inceleyerek, uzun donem gorme keskinligi ile iliskili prognostik faktorleri degerlendirmeyi amaclamaktadir.

Gerec ve Yontem: Uciincii basamak bir g6z kliniginde Ocak 2010 - Haziran 2023 tarihleri arasinda ONTT protokolii ile tedavi edilen 106 hasta
retrospektif olarak incelendi. Hastalarin yas, cinsiyet, etkilenen g6z, baslangic ve sonug en iyi diizeltilmis gérme keskinligi (EIDGK), optik ndritin
anterior veya retrobulber formda olmasi, rolatif afferent pupil defekti varhgi ve gorme alani defektleri degerlendirildi. Tedavi sonrasi uzun donem
gorme keskinligi ile iliskili faktorler analiz edildi.

Bulgular: Hastalarin %57,5'i kadin olup yas ortalamasi 32,25+12,79 olarak hesaplandi. Optik ndrit, hastalarin %53,7'sinde sag gozde, %46,3'linde
sol gozde goriildi. Hastalarin %13,2'sinde multipl skleroz (MS) tanisi meveuttu. Baslangi¢ EIDGK ortalamasi 0,33+0,41, sonuc EIDGK ortalamasi ise
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0,65+0,38 idi. Baslangic EIDGK'nin yiiksek olmasi (p=0,01) ve retrobulber optik nérit varhg (p=0,04), uzun dénem gdérme prognozunun daha iyi

olmasiyla anlamli iliski gosterdi.

Sonug: ONTT protokolii ile tedavi edilen tipik optik nérit hastalarinin biiyiik cogunlugunda gdrme keskinligi olumlu etkilenmektedir. Baglangig EIDGK
ve optik noritin retrobulber formda olmasi, olumlu prognostik faktorler olarak belirlenmistir. MS ile iliskili olabilecek hastalarin uzun vadeli takibi ve

daha genis olcekli calismalar gerekmektedir.

Anahtar Kelimeler: Anterior, norit, optik, prognoz, retrobulber, gorme keskinligi

INTRODUCTION

Optic neuritis is characterized by inflammation of the optic
nerve, causing acute, unilateral, painful vision loss'. Only 0.4%
of patients develop symptoms in both eyes simultaneously® The
presumed pathophysiology of optic neuritis is inflammation
and demyelination of the optic nerve. Activated peripheral
T-cells cross the blood-brain barrier and release cytokines
and other inflammatory mediators, leading to neuronal cell
death and axonal degeneration®. It occurs most commonly in
young adults and more frequently in women*. The incidence
of optic neuritis is greater at higher latitudes compared with
geographic locations closer to the equator®. The worldwide
incidence of unilateral optic neuritis ranges from 0.94 to 2.18
per 100,000 per years®,

There is no consensus on a systematic classification of optic
neuritis. Studies often use different classification systems.
Optic neuritis is traditionally divided into typical and atypical
forms on clinical grounds. Typical optic neuritis is considered to
be a clinically isolated demyelinating syndrome that presents
as idiopathic optic neuritis and is at risk of developing into
multiple sclerosis (MS) in the white population, or is associated
with MS’. Thus, most cases of optic neuritis are due to idiopathic
inflammatory demyelination, which can occur in isolation or
as a manifestation of MS®. In atypical optic neuritis, recovery
of visual acuity may be poorer and the risk of developing optic
nerve atrophy may be greater in patients with idiopathic or
MS-related optic neuritis than in patients with typical optic
neuritis®. Atypical cases are characterized by the absence
of eye pain, the presence of exudates and hemorrhages on
examination, very severe, bilateral, or progressive visual loss,
or failure to regain vision. These atypical optic neuritis cases
include neuromyelitis optica, autoimmune optic neuropathy,
chronic recurrent inflammatory optic neuropathy, idiopathic
recurrent neuroretinitis and optic neuropathy associated with
systemic diseases™. Typical optic neuritis is the initial symptom
of MS in 25% of cases, and long-term follow-up studies have
reported conversion to clinically definite MS in 34-75% of
patients presenting with optic neuritis in the UK and USA™.

Treatment of typical optic neuritis has been investigated
in several studies, the results of which have shown that
corticosteroids accelerate recovery of vision without affecting
the final visual outcome'. Atypical optic neuritis usually

requires corticosteroid therapy but often requires aggressive
immunosuppression in addition™. In 1988, Spoor and Rockwell™
reported excellent results in a study evaluating high-dose
intravenous (IV) steroids for the treatment of optic neuritis,
and the optic neuritis treatment trial (ONTT) was initiated
following this report. The ONTT was designed to help answer
whether treatment with oral or IV steroids improves vision or
improves vision more quickly after acute optic neuritis. One
group received high-dose IV methylprednisolone followed by
oral steroids, the second group received low-dose oral steroids
only, and the third group received placebo. The results show
that 3 days of high-dose IV methylprednisolone did not
alter the overall visual acuity results after 6 months, but did
accelerate visual recovery after optic neuritis. However, lower
dose oral steroids increase the incidence of recurrent optic
neuritis for reasons that remain unclear. In addition, contrast
sensitivity, visual fields, and color vision in the ONTT group
showed sustained improvement after 6 months compared to
placebo in the IV methylprednisolone group. The treatment
protocol for a typical optic neuritis attack in ONTT was to give
250 mg methylprednisolone IV four times daily, totaling 1000
mg, followed by oral steroid reduction (1 mg/kg/day for 11
days). ONTT provides the literature with the basis for evidence-
based discussions on treatment and prognosis'™.

The aim of this study is to evaluate the etiological data,
demographic characteristics, long-term follow-up results and
prognostic factors related to final visual acuity of patients
diagnosed with typical optic neuritis and treated according to
the ONTT treatment protocol by presenting real-life data.

MATERIALS AND METHODS

This study adhered to the principles of the Declaration of
Helsinki and was approved by Trakya University Faculty of
Medicine Non-Interventional Scientific Research Ethics
Committee (desicion no: TUTF-GOBAEK 2024/28, date:
05.02.2024). The rights of all participants were protected, and
written informed consent was obtained from the participants
before the procedure according to the Declaration of Helsinki.

In the study, the files of patients who were treated with the
treatment protocol recommended by ONTT, considering them
to have typical optic neuritis in a tertiary ophthalmology clinic,
were retrospectively reviewed. 106 patients who received
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treatment with the current diagnosis between January 2010
and June 2023 were included in the study. The patients'
ages, genders, and the eye from which the attack occurred
were recorded. The best corrected visual acuities (BCVA) of
all patients were evaluated before treatment and at 10 days,
1-3.6, and 12 months after treatment and at the last follow-up
visit. BCVA at the first application was recorded as the initial
BCVA, and BCVA at the last visit was recorded as the final
BCVA. The study included patients with at least 12 months
of follow-up. All patients underwent detailed biomicroscopic
and fundoscopic examinations, and intraocular pressures were
measured and noted using an applanation tonometer.

All patients included in the study were questioned about
the presence of diagnosed MS disease. In the current optic
neuritis attack, the neuritis types observed in the fundoscopic
examination, including anterior optic neuritis accompanied by
optic disc edema and retrobulbar optic neuritis without optic disc
edema, were noted. The presence of a relative afferent pupillary
defect (RAPD) at the time of the attack was examined. The
presence of a visual field defect in the perimetry test performed
at the first application and the type of defect (scotoma,
altitudinal defect or concentric constriction) were recorded. All
patients who were decided to have typical optic neuritis were
hospitalized and received IV methylprednisolone treatment. As
maintenance treatment, oral steroids were tapered off, and it
was observed that the duration of oral steroid tapering was
longer in some patients, and this period was grouped as shorter
than 1 month and longer than 1 month and recorded. Which of
these parameters had an effect on the final BCVA was examined.

Patient Selection
Inclusion criteria for the study:
Symptoms present for less than 1 week

Complaints of unilateral, sudden loss of vision or loss of
contrast sensitivity
Full Ophthalmological Examinations Available

For the eye with the complaint, absence of any previous trauma
or ocular surgery.

Absence of signs and symptoms suggestive of atypical optic
neuritis (no increased pain with eye movements or hemorrhages
in the optic nerve head or peripapillary area)

Absence of systemic or infectious diseases that may accompany
atypical optic neuritis
Treatment Protocol

All patients were treated as recommended by ONTT for typical
optic neuritis. Hospitalized patients were treated with 250
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mg methylprednisolone 4 times a day (06:00-12:00-18:00-
00:00) for 3 days, and a total of 1000 mg methylprednisolone
IV per day. On the morning of the 4% day, the patients
were discharged with a 1mg/kg oral steroid treatment as
maintenance treatment. During this treatment process, the
dose was reduced considering the visual gain and oral steroids
were gradually discontinued.

Statistical Analysis

Statistical analyses were performed using IBM SPSS (IBM, USA)
version 20.0. The Kolmogorov-Smirnov test was used to assess
the normality of the data. For numerical descriptive statistics,
normally distributed variables were presented as means and
standard deviations. Descriptive statistics for categorical
variables were presented as percentages. Chi-square test was
used to compare categorical data. The relationship between
numerical variables was assessed using the Pearson correlation
coefficient test. The significance level was accepted as p<0.05.

RESULTS

Of the patients included in the study, 61 were female (57.5%)
and 45 were male (42.5%). The mean age of the patients was
32.25+12.79 years. When the eyes with attacks were examined,
57 were right eyes (53.7%) and 49 were left eyes (46.3%) (Table 1).

The patients included in the study were consulted by the
Neurology unit during hospitalization and it was seen
that there were 14 patients who had MS diagnosis or were
diagnosed at the time of the attack. This corresponded to
13.2% of the patients. In 65 patients (61.3%), a visual field
defect was present in the perimetry test performed at the time
of the attack. When these visual field defects were grouped
within themselves, it was seen that 28 (26.4%) had scotoma,
17 (16%) had altitudinal defect and 20 (18.9%) had concentric
narrowing. The number of optic neuritis attacks detected in
the form of anterior optic neuritis accompanied by optic disc
edema seen in fundoscopic examination was 67 (63.2%) and
the number of those detected in the form of retrobulbar optic
neuritis without optic disc edema was 39 (36.7%). RAPD was
found to be positive in 56 patients (52.8%) and negative in 50
patients (47.2%) (Table 2).

The mean BCVA of the patients at the time of the attack was
determined as 0.33+0.41 (0.003-1.0), while the mean final
BCVA was determined as 0.65+0.38 (0.05-1.0). The patients'
age, gender, side of the eye experiencing the attack, whether
or not they were diagnosed with MS, presencef/absence of

Table 1. Demographic features of the patients
61 (57.5%)
57 (53.7%)
32.25+12.79 (18-50)

45 (42.5%)
49 (46.3%)

Female/Male

Right eye/Left eye

Mean age (year)
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Table 2. Optic neuritis attack presentation findings of the

patients
Existence of MS

14 (13.2%)

65 (61.3%)

Scotoma: 28 (26.4%)

Altitudinal defect: 17 (16%)
Concentric narrowing: 20 (18.9%)
Anterior: 67 (63.2%)

Retrobulbar: 39 (36.7%)

Yes: 56 (52.8%)

No: 50 (47.2%)

MS: Multiple sclerosis, RAPD: Relative afferent pupillary defect

Presence of visual field defect

Type of visual field defect

Optic neuritis form

RAPD

Table 3. Initial and final BCVA of patient subgroups
MS BCVA

Initial 0.24+0.24 (0.001-0.70)
Final 0.67+0.37 (0.02-1.0)
Initial 0.33+0.33 (0.001-1.0)
Final 0.65+0.39 (0.001-1.0)

MS: Multiple sclerosis, BCVA: Best-corrected visual acuity

Yes (14)

No (92)

visual field defect or its type if any, type of optic neuritis
attack, initial BCVA, and the rate of discontinuation of oral
steroids (longer or shorter than 1 month) were evaluated in
terms of their effects on the final BCVA (Table 3). It was found
that two parameters had a statistically significant effect on
the final BCVA. The first of these was the initial BCVA, and it
was found that the high initial BCVA was positively correlated
with the final BCVA (p=0.01). In addition, it was found that the
previous optic neuritis attack being retrobulbar optic neuritis
was a positive factor on the final BCVA (p=0.04).

DISCUSSION

This study evaluated the demographic characteristics, clinical
findings, and long-term visual acuity of patients diagnosed
with typical optic neuritis, characterized by inflammation of
the optic nerve, and treated according to the ONTT protocol,
and the prognostic factors affecting these results. The study
findings are consistent with previous literature showing that
optic neuritis is more common in young adults and female
patients’*”'®. The proportion of female patients in this study
was 57.50%, which is in line with previous epidemiological
studies. Similarly, a single-center study was recently conducted
in a tertiary hospital in Eastern India to determine the clinical
and demographic profile of optic neuritis, and it was reported
that 64.3% of patients diagnosed with optic neuritis were
female’.

In this study, a significant relationship was found between
initial BCVA and final BCVA. It was observed that high initial
BCVA had a positive effect on the long-term visual acuity of
the patients (p=0.01). This finding suggests that, as reported

in previous studies, early detection of visual acuity in optic
neuritis patients may be a determining factor in terms of long-
term prognosis'. Kiichlin et al.’® reported that they examined
clinical predictors in acute optic neuritis and concluded that
being older, being male, and having worse visual function
at the beginning posed a risk for worse clinical outcomes.
This study also predicts that the higher the initial BCVA, the
better the final BCVA, in line with the literature; however, no
clinically significant correlation was observed between age
and gender and final BCVA. This study also found that patients
with an attack of retrobulbar optic neuritis had a better visual
prognosis than patients with anterior optic neuritis (p=0.04).
This may suggest that retrobulbar optic neuritis may generally
be associated with milder inflammatory processes.

When examined in terms of visual field defects, 61.3% of the
patientsin this study had any visual field defects detected in the
perimetry test. Different patterns such as scotoma, altitudinal
defect and concentric narrowing were observed. In the study
published by ONTT, it was reported that 68.8% of the optic
neuritis patients they followed had visual field involvement at
the beginning, 48.2% of them had diffuse visual field loss, 8.3%
had central or centrocecal scotoma, 20.1% had altitudinal or
other nerve fiber bundle type defects and 23.4% had various
other defects™. Similar visual field defects have been reported
in patients with optic neuritis in previous studies?. This finding
emphasizes that optic neuritis has different effects on the optic
nerve and that patients' visual field losses should be taken into
account in clinical management. In a study, it was shown with
electrodiagnostic evidence [visual evoked potential (VEP)] that
the combined corticosteroid regimen recommended by ONTT
improved conduction in the visual pathways of patients with
first-attack optic neuritis earlier than conservative treatment?®'.
In this study, the patients’ VEP results were not evaluated
because they could not be accessed completely.

In addition, in this study, the ONTT protocol was applied and a
significant improvement in visual acuity was observed in the
majority of patients treated with this protocol. ONTT was a
multicenter randomized clinical trial that was established in the
1980s in the USA with the support of the National Eye Institute
and developed to evaluate corticosteroid treatment for optic
neuritis. Four hundred fifty-seven patients were included in
the ONTT study between 1988-1991 and the first report was
reported in the 6™ month?, and the last examinations were
made in 2006 and the results of approximately 15 years
were published®. It is stated that the dose adjustments of
corticosteroids in the ONTT study were selected based on data
currently used in clinical practice when designing the study*%.
The ONTT results showed that IV high-dose methylprednisolone
accelerated early visual recovery but had no significant effect
on final visual acuity?®. In this study, similar to the results of
the ONTT study, the majority of patients showed improvement
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in visual acuity after treatment. However, the effect of steroid
treatment on long-term MS development is still controversial,
and in the study reporting ONTT results, it was stated that
only low-dose oral steroid use may temporarily increase the
risk of optic neuritis recurrence?. Therefore, future studies can
evaluate the long-term results of treatment protocols more
comprehensively. According to the same study, those receiving
IV corticosteroids followed by oral corticosteroids have a
temporary lower risk of developing a second demyelinating
event consistent with MS compared to subjects treated with
oral placebo or oral corticosteroids alone®. In light of this
information, the rationale for implementing the treatment
protocol recommended in the ONTT is primarily based on the
aim of rapidly reversing vision loss, suppressing inflammation,
and preventing relapses and possible neurological progression
in the long term. Future studies may evaluate the long-term
outcomes of treatment protocols more comprehensively.

In a study conducted by Rodriguez et al. to determine the
prevalence and incidence of optic neuritis, the rates of optic
neuritis patients developing MS were also evaluated and it was
determined that 39% of the patients progressed to clinically
definite MS in a 10-year follow-up. It was also reported that
490 of the patients progressed to MS in 20 years, 54% in 30
years and 60% in 40 years. In this study, 13.2% of the patients
had a diagnosis of MS. While the lack of communication
between the patients in their neurology consultations may be
the reason for this, the lack of sufficient follow-up periods
may also be considered as another reason.

Study Limitations

This study has some limitations. First of all, due to the
retrospective nature of the study, data were obtained from
past records, which may have caused some clinical and
demographic information to be missing. Follow-up periods,
long-term activations, or MS diagnoses that may have been
received later in another center may have been missed. In
addition, since patient selection was made based on existing
recorded data, the possibility of selection bias in the sample
cannot be ruled out. The lack of standardization of clinical
data at the time of initial recording also increases the risk of
information bias. Considering all these limitations, prospective
studies with large patient populations are needed to obtain
more information about the clinical course of optic neuritis,
response to treatment, and factors affecting prognosis.

CONCLUSION

In conclusion, the data obtained in this study support the
effectiveness of the ONTT treatment protocol in patients with
typical optic neuritis. The female predominance and the mean
age of 32.25 years are consistent with previous reports. Initial
BCVA and retrobulbar form of optic neuritis were determined
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as positive factors in terms of long-term visual prognosis.
However, it is thought that long-term follow-up and treatment
options of patients who may have MS should be examined in
more detail.
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The Effectiveness of Slow Deep Breathing as a Pain Management
Intervention in Coronary Heart Disease: A Case Report

Koroner Kalp Hastaliginda Bir Agri Yonetimi Miidahalesi Olarak Yavas ve Derin Nefes
Almanin Etkinligi: Bir Olgu Raporu
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ABSTRACT

Patients with coronary heart disease often experience pain as their primary complaint. One effective nursing intervention to alleviate this pain is the
practice of slow, deep breathing. This case study focuses on Mrs. A, a 57-year-old woman diagnosed with coronary heart disease five years ago. To
help manage her pain, a slow, deep breathing relaxation technique was administered for four consecutive days. This nursing intervention not only
reduced her pain but also calmed her down, highlighting its positive impact on pain management.

Keywords: Coronary disease, pain management, breathing exercise, relaxation therapy

0z
Koroner kalp hastaligi olan hastalar genellikle birincil sikayetleri olarak agriyr deneyimlerler. Bu agriyi hafifletmek icin etkili olan hemsirelik
miidahalelerinden birisi de, yavas ve derin nefes alma uygulamasidir. Bu olgu calismasinda, bes yil 6nce koroner kalp hastaligi teshisi konulan 57
yasindaki Bayan A degerlendirildi. Agrisini ydnetmesine yardimer olmak igin, evinde dort giin boyunca yavas ve derin nefes alarak gevseme teknigi
uygulandi. Bu hemsirelik miidahalesi sadece hastanin agrisini azaltmakla kalmayip, ayni zamanda sakinlestirerek agri yonetimi tizerindeki olumlu
etkisini vurgulad.

Anahtar Kelimeler: Koroner hastalik, agri ydnetimi, nefes egzersizi, gevseme terapisi

INTRODUCTION pain reduction, making this technique particularly beneficial
as a nursing intervention for patients with coronary heart

Slow, deep breathing exercises use diaphragmatic breathing, . ) .
disease, who experience pain?3.

where the abdomen rises slowly and the chest expands as the

patient inhales deeply'“. This method is commonly employed
as a non-pharmacological intervention because it helps reduce
pain by promoting relaxation®. It alleviates stress and anxiety,
lowers blood pressure, and improves lung function and oxygen
supply to the heart’”. Together, these effects contribute to

Slow, deep breathing relaxation and psychoeducation were
provided at the patient's home over four consecutive days.
Patient data were collected through face-to-face interviews,
observation, and physical examination. At the first meeting,
the researchers assessed the patient's pain intensity using
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the Numeric Rating Scale (NRS) and then administered the
intervention. During the second to fourth meetings, the patient
practiced slow, deep breathing relaxation for 15 minutes or
until the pain subsided. On the fourth day, the pain intensity
was measured again to evaluate the effectiveness of the
therapy. This study aims to analyze the effectiveness of slow,
deep breathing techniques in reducing pain and to educate
families as a support system for patients undergoing therapy.

CASE REPORT

Mrs. A, a 57-year-old woman, was diagnosed with coronary
heart disease in February 2022. Her medical history revealed
that she had been suffering from hypertension and heart
disease for the past five years. Despite reqularly taking
antihypertensive medication, her heart condition continued to
require special attention, particularly following her diagnosis
of coronary heart disease.

In March 2022, Mrs. A experienced severe chest pain, leading
to hospitalization. A percutaneous coronary intervention,
including angiography, revealed a blockage in her coronary
arteries, necessitating the placement of a stent. Despite this
procedure, Mrs. A's lifestyle remained a contributing risk factor.
She continued to consume salty and fatty foods and rarely
exercised. Additionally, she often forgot to take her prescribed
5 mg dose of amlodipine, which was essential for managing
her hypertension.

In April 2022, Mrs. A began experiencing left-sided chest
pain that radiated to her back and left hand. These symptoms
were especially pronounced during physical activities, such as
lifting heavy objects or talking for extended periods. At the
time of assessment, Mrs. A was fully conscious and able to
comprehend questions but reported that strenuous activities
or long conversations often triggered chest tightness and pain.
Vital signs showed a blood pressure of 154/92 mmHg, a pulse
of 96 beats per minute, and a respiratory rate of 21 breaths
per minute. In addition to her verbal complaints, physical signs
such as a furrowed brow, grimacing expression, and clutching
the left side of her chest indicated significant discomfort. This
condition interfered with her daily activities, causing her to
feel anxious and uncomfortable.

After being diagnosed with coronary heart disease, Mrs. A was
prescribed isosorbide dinitrate as an antianginal medication
to manage her angina pectoris symptoms, particularly the
chest pain radiating to her back and left arm. Despite taking
the medication regularly, she continued to experience angina
attacks several times a month, especially during physical
activities. Furthermore, she suffered from a persistent headache
after taking the medication, which exacerbated her anxiety
and diminished her quality of life.

Given the lack of improvement, Mrs. A consulted her
cardiologist once again. After further evaluation and
considering her ongoing symptoms, the doctor decided to
change her antianginal therapy from isosorbide dinitrate to
a nitroglycerin transdermal patch. This new treatment was
chosen because it provided a more stable antianginal effect
with a lower risk of side effects.

Following the change in therapy, Mrs. A reported a significant
reduction in the frequency of angina attacks, from 4-5 times
per week to only 1-2 times per week. The severity of her pain
also decreased, with the average intensity dropping from a scale
of 7 to 4-5. Her pain subsided more quickly, typically lasting
only 5-10 minutes, and did not always necessitate stopping
her activities. The anxiety that had previously accompanied
her angina attacks also diminished. Additionally, the side
effects of headaches that she had experienced with isosorbide
dinitrate were drastically reduced. With the decrease in both
the frequency and severity of her angina attacks, as well as
the reduction in drug-related side effects, Mrs. A experienced
a significant improvement in her quality of life. She could
now perform daily activities more comfortably and with fewer
disruptions.

For Mrs. A, repeat tests such as myocardial perfusion scintigraphy,
stress test, or coronary angiography were not necessary as her
symptoms remained stable and under control. Usually, these
tests are only repeated if the patient experiences worsening
symptoms or if standard treatment does not relieve her pain.
As Mrs A's chest pain and other signs of ischemia could be
effectively managed with lifestyle changes, medication, and
slow deep breathing, further tests might not be necessary at
that time.

In addition, since coronary angiography is an invasive test
with some risks, doctors usually avoid it unless new symptoms
arise. The positive effect of slow deep breathing on her pain
suggested that her symptoms were responding well to this
nursing intervention, thus reducing the need for more intensive
testing. Clinical guidelines also recommend avoiding expensive
tests, such as myocardial perfusion and coronary angiography
unless they are necessary. In single-case report research, ethical
approval is obtained by securing the patient's and their family's
permission. The researcher provides a detailed explanation of
the study's objectives, procedures, and methods. Following
this, approval is formalized through informed consent from
the patient and family. This study adhered to the principles of
honesty, ensuring patient and family privacy, and maintaining
anonymity.

Methods and Implementation

The slow, deep breathing nursing intervention was implemented
in the patient's home over four days. Before the intervention,
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the patient was given a NRS questionnaire to measure the level
of pain experienced (Figure 1). The NRS is a pain measurement
tool that uses a scale from 0 to 10. This scale is effective in
assessing pain both before and after the intervention. A score
of Oindicates “no pain,” 1-3 indicates "mild pain,” 4-6 indicates
“moderate pain,” and 7-10 indicates “severe pain" (Figure1).

The patient was guided through a slow deep breathing
relaxation technique with the following steps:

1) Position the patient in a semi-Fowler's position, 2) Ask the
patient to place one hand on their chest and the other on their
abdomen, 3) Instruct the patient to take a deep breath through
their nose, counting to three while keeping their mouth
closed, 4) Encourage the patient to notice the expansion of
their abdomen as they inhale, 5) Have the patient hold their
breath for three seconds, 6) Instruct the patient to exhale
slowly, counting to three, through their mouth as if blowing,
7) Repeat steps 1-6 for 15 minutes.

Slow, deep breathing relaxation was carried out with the
active involvement of the patient's family, who were educated
on how to support the patient during pain episodes. Nurses
educated the patient and their family about the benefits of
slow, deep breathing techniques for alleviating chest pain. They
also highlighted the crucial role of family support, explaining
how it could boost the patient's motivation to follow medical
therapy and help reduce their symptoms.

The bar chart (Graph 1) illustrates changes in pain scale
measurements over four days, comparing pain levels before
and after a specific intervention. On the first day, before
the intervention, the pain scale is at its highest, recorded at
6. After the intervention, the pain level remains unchanged
at 6, indicating no immediate relief. By the second day, the
pain scale before the intervention remains at 6, but after the
intervention, there is a slight decrease to 5, suggesting the
intervention begins to have some effect. On the third day, the
pain scale before the intervention decreases to 5, and after
the intervention, it further drops to 4, reflecting a continued
positive impact. By the fourth day, the pain scale before the
intervention is 4, while after the intervention, it decreases to
3, marking the most significant improvement in pain relief
over the four days. The chart reveals a progressive decrease

0 1 2 3 4 5 [] 7 8 9 10
I
no pain worst possible pain

Figure 1. Numeric Rating Scale
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Graph 1. Characteristics of pain levels before and after slow
deep breathing intervention

in pain levels following the intervention, with no change
on the first day but a steady reduction from the second day
onward. By the fourth day, the significant difference between
pain levels before and after the intervention demonstrates the
effectiveness of the treatment in reducing pain over time

DISCUSSION

The results of this study indicate that implementing slow, deep
breathing techniques can effectively reduce pain in patients
with coronary heart disease. This is achieved because slow,
deep breathing enhances alveolar ventilation, maintains gas
exchange, prevents lung atelectasis, improves cough efficiency,
and reduces physical and emotional stress'-'2. Consequently,
it decreases pain intensity and anxiety. Patients who practice
deep breathing relaxation techniques experience notable
benefits, including pain relief, mental calmness, and reduced
anxiety's,

The results of this research are supported by findings from
Gholamrezaei et al.", who observed a reduction in chest pain
levels among patients with coronary heart disease in Belgium
after implementing deep and slow breathing relaxation
techniques compared to those practicing uncontrolled
breathing. Although the overall difference in pain intensity
between controlled and unchecked breathing was
approximately 0.5 points on a 10-point scale, this difference
was more pronounced, about 1 point, in patients with higher
pain scores. Additionally, research by Shao et al.’® demonstrated
significant improvements in chest pain characteristics in the
study group after applying deep breathing techniques over
two days. All aspects of pain-severity, quality, and expression-
showed improvement, with more participants reporting no
pain, compared to a higher percentage in the control group,
who continued to experience moderate pain, persistent
pain quality, and restlessness. These findings confirm the
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positive impact of deep breathing technique training on pain
reduction?10.13.14,

Deep breathing relaxation techniques reduce pain levels and
effectively alleviate the stress experienced by patients during
painful episodes'. The benefits of these techniques include
a sense of calm, reduced anxiety, and diminished feelings of
worry and restlessness. Additionally, deep breathing helps
lower blood pressure, decrease heart rate, and enhance disease
resistance'®. Beyond these physiological effects, it contributes
to better mental health', improved sleep quality'?, enhanced
memory?, and increased creativity and confidence?'.

Deep breathing exercises have a significant impact on
reducing anxiety levels, improving quality of life, and reducing
medication use in patients with coronary heart disease?’. By
optimizing oxygen exchange and reducing the stress response,
these exercises can lower the anxiety that often accompanies
coronary heart conditions'®. In addition, patients who regularly
perform deep breathing exercises tend to report improved
quality of life, including improvements in sleep, energy,
and emotional well-being®. Along with reduced anxiety
and increased self-control, patients’ need for sedatives or
painkillers may decrease, potentially reducing dependence on
pharmacotherapy and lowering the risk of side effects related
to long-term drug use™.

Deep breathing techniques have a profound long-term impact
on the quality of life and well-being of patients, particularly
those with chronic conditions such as coronary heart disease.
Regular practice of these techniques not only aids in managing
physical pain but also enhances patients' mental and emotional
well-being.

Physiologically, deep breathing improves oxygenation
efficiency, lowering blood pressure and enhancing
cardiovascular function. This improvement helps to reduce the
frequency and intensity of angina attacks, enabling patients to
be more active and independent in their daily lives. Additionally,
deep breathing is effective in alleviating anxiety and stress,
which often exacerbate heart conditions. By managing stress
more effectively, patients experience better moods, improved
sleep, and a reduced need for sedatives or analgesics.

The psychological benefits of deep breathing are equally
significant. Patients who consistently engage in deep
breathing exercises often feel more empowered and in control
of their condition. This sense of control fosters increased self-
confidence and emotional well-being, further enhancing
overall quality of life. Thus, incorporating deep breathing
techniques into long-term care provides holistic benefits,
addressing patient health's physical, mental, and emotional
aspects.

Although deep breathing techniques provide various benefits,
their application in managing chronic diseases like coronary
heart disease is not always straightforward and can encounter
several challenges and limitations. One significant challenge is
ensuring patient motivation and compliance with consistent
practice. Patients may struggle to incorporate these techniques
into their daily routine, especially if they do not experience
immediate benefits or lack understanding of their importance.
Additionally, physical limitations such as severe breathlessness
or fatigue, common in patients with serious health conditions
or comorbidities, can hinder the effective practice of these
exercises. Education and support limitations also pose barriers,
as constrained time and resources in healthcare settings often
make it difficult to provide comprehensive guidance. Without
proper support, patients may not know how to execute these
techniques correctly or appreciate the need for consistent
practice. Environmental factors, such as environments that do
not promote relaxation, and social factors, such as a lack of family
support, can further diminish the effectiveness of deep breathing
techniques. Moreover, responses to these techniques may vary
among patients due to age, disease severity, and mental state,
potentially leading to varied outcomes despite correct adherence
to the exercise regimen. Addressing these challenges requires a
holistic and integrated approach, including ongoing educational
support, regular monitoring by healthcare professionals, and
tailoring techniques to meet individual patient needs.

CONCLUSION

Deep breathing exercises reduce pain, improve quality of
life, and decrease medication use in patients with coronary
heart disease. These exercises help lower pain intensity by
increasing alveolar ventilation and reducing stress while
enhancing patients’ mental and emotional well-being,
improving overall quality of life. Moreover, as anxiety and
pain diminish, patients become less reliant on sedative and
analgesic medications, thereby lowering the risk of side effects
and the costs associated with long-term treatment. As a non-
pharmacological intervention, deep breathing exercises offer
holistic benefits and should be integrated into the routine care
of coronary heart patients.
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Cerebral Toxoplasmosis Presenting with Confusion and Headache:
A Case Report

Konflzyon ve Bas Agrisi ile Prezente Olan Serebral Toksoplazmoz: Bir Olgu Sunumu

® ibrahim KORUCU', ® Tuba KARAKOYUN ALPAY2

TMardin Training and Research Hospital, Clinic of Neurology, Mardin, Tiirkiye
2Tekirdag Namik Kemal University Faculty of Medicine, Department of Neurology, Tekirdag, Tiirkiye

ABSTRACT

Toxoplasmosis is an infectious disease caused by a protozoan parasite called Toxoplasma gondii. Rarely, undiagnosed Human Immunodeficiency virus
patients may be diagnosed with cerebral toxoplasmosis as the etiology of confusion and headache. Our case is a 26-year-old man who presented
with a disturbance of consciousness and headache for a week and was admitted to the hospital. There were no significant features in the patient's
medical and family history. Magnetic resonance imaging and CD4 positive T-cell blood level revealed a high suspicion of toxoplasma infection.
Polymerase chain reaction test for Toxoplasma gondii deoxyribonucleic acid in his cerebrospinal fluid was positive. The patient was diagnosed with
cerebral toxoplasmosis and acquired immunodeficiency syndrome. Trimethoprim-sulfamethoxazole (TMP-SMX) was initiated at 1600 mg SMX/320
mg TMP two times a day and clindamycin 900 mg three times a day. Tenofovir, emtricitabine and efavirenz were added. His symptoms gradually
improved over 72 hours and after 21 days, the patient was discharged from the hospital. While toxoplasmosis is often curable, it poses a serious
health threat to immunocompromised individuals and can be fatal if not promptly treated.

Keywords: Cerebral toxoplasmosis, confusion, headache, neuroinfection
0z

Toksoplazmoz, Toksoplasma gondii adi verilen bir protozoan parazitin neden oldugu bulasici bir hastaliktir. Nadiren tanisi konulmamis insan immiin
Yetmezlik virlisii hastalarinda, konfilizyon ve bas agrisinin etiyolojisi olarak serebral toksoplazmoz tanisi konulabilir. Olgumuz, bir haftadir biling
bozuklugu ve bas agrisi sikayetiyle hastaneye yatirilan 26 yasinda bir erkek hastadir. Hastanin tibbi ve aile gecmisinde dnemli bir 6zellik yoktu.
Manyetik rezonans goriintiileme ve CD4 pozitif T-hiicre kan seviyesi, serebral toksoplazmozis yiiksek sliphesi uyandirdi. Beyin omurilik sivisinda
Toksoplasma gondii deoksiriboniikleik asit i¢in polimeraz zincir reaksiyon testi pozitifti. Hastaya serebral toksoplazmoz ve edinilmis immiin yetmezlik
sendromu tanisi konuldu. Glinde iki kez trimetoprim-sulfametoksazol (TMP-SMX)1600 mg SMX/320 mg TMP ve giinde ti¢ kez 900 mg klindamisin
baslandi. Tenofovir, emtrisitabin ve efavirenz eklendi. Semptomlari 72 saat icinde kademeli olarak diizeldi ve hasta 21 giin sonra hastaneden taburcu

edildi. Toksoplazmoz genellikle tedavi edilebilir olsa da, bagisiklik sistemi baskilanmis bireyler icin ciddi bir saghk tehdidi olusturur ve derhal tedavi
edilmezse 6liimcil olabilir.

Anahtar Kelimeler: Serebral toksoplazmoz, konfiizyon, bas agrisi, néroenfeksiyon

INTRODUCTION contaminated food sources such as water, undercooked meat,
and cat feces'. Severe toxoplasmosis causing damage to the
brain is most likely in immunocompromised patients such
as those with Human Immunodeficiency Virus® (HIV). The

Toxoplasmosis is an infectious disease caused by a protozoan
parasite called Toxoplasma gondii. It occurs by consuming
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incidence of toxoplasmosis in HIV-infected patients increases
with a CD4+ count below 200 cells/uL. The greatest risk is
in patients with CD4+ counts less than 50 cells/uL®. Central
nervous system (CNS) toxoplasmosis rarely results from primary
infection®. Seroprevalence of anti-toxoplasma antibody varies
substantially among different geographic locales, with a
prevalence of approximately 11% in the United States, versus
50% to 80% in certain European, Latin American, and African
countries®. In toxoplasmosis seroprevalence studies conducted
in Tirkiye, it was reported that IgG antibody positivity was
28.8% in pregnant women, 31.9% in the population with
HIV infection and even 65.2% in women living in rural areas®.
Cerebral toxoplasmosis is observed in 10-34% of autopsies
conducted on patients with HIV’. Common symptoms of
toxoplasma encephalitis are flu-like symptoms, headache,
seizures, hemiparesis, and mental disorders. Extracerebral
involvement can also be seen including but not limited to
pneumonitis, chorioretinitis, etc.%*.

CASE REPORT

Our case is a 26-year-old man of Turkish ethnicity, who
presented with a disturbance of consciousness and headache
for a week and was admitted to the hospital. There were no
significant features in the patient's medical and family history.
Written informed consent was obtained from the patient to
present this case. This study was performed in line with the
principles of the Declaration of Helsinki.

Patient's systemic examination was normal. Neurological
examination revealed apathy, somnolence, bilateral positive
Babinski's sign, and increased deep tendon reflexes. Magnetic
resonance imaging (MRI) revealed a high index of suspicion of
a toxoplasma infection (Figure 1). His CD4+ count was 87 cells/
uL and his HIV1-RNA viral load was 6.2 x 10° copies/mL. The
serum Toxoplasma gondii 1gG antibody measured with enzyme-
linked immunosorbent assay was over 250 IU/mL (Table 1).
Polymerase chain reaction test for Toxoplasma gondii DNA in
his cerebrospinal fluid was positive. The patient was diagnosed
with cerebral toxoplasmosis and Acquired Immunodeficiency
syndrome (AIDS). Trimethoprim-sulphametoxazole (TMP-SMX)
was initiated at 1600 mg SMX/320 mg TMP two times a day and
clindamycin 900 mg three times a day. Tenofovir, emtricitabine,
and efavirenz were started. His symptoms gradually improved
over 72 hours and after 21 days, the patient was discharged
from the hospital.

DISCUSSION

Toxoplasma gondii is the leading cause of brain lesions in
patients with AIDS™. Diagnosis of the cerebral toxoplasmosis
requires the presence of three components; clinical symptoms
corresponding to toxoplasma infection, specific CNS lesions
detected by computed tomography or MRI scans and positive
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Toxoplasma gondii serological tests®. All of these criteria
are present in the described case. Considering differential
diagnoses, cerebral cysticercosis is associated with epileptic
seizures, headache, meningeal irritation, cognitive disorders,
hemiparesis and palsy. Mononuclear pleocytosis, eosinophils,
elevated levels of protein, and normal or lower levels of blood
glucose are detected in the cerebrospinal fluid. The diagnosis
is set on grounds of the ELISA, which is used for the detection
of specific IgM antibodies". The changes demonstrated by the
laboratory test results in our patient were mild proteinemia
and pleocytosis with a high prevalence of the lymphocytes
and normal glucose levels. In adult patients, tuberculosis
(TB) of the CNS is secondary, developing after the primary TB
infection located most often in the lungs. The imaging results
reveal a large number of small-sized foci situated in the basal
region of the brain™. In the described case, lung imaging does
not suggest TB. Multiple cerebral abscesses are associated
with various infectious diseases (aspergillosis, cryptococcosis),
neoplasms, and vasculitis. The imaging tests show a significant
number of ring-like lesions similar to those observed in our
case. However, clinically, brain abscesses are typically associated
with persistent fever, recurrent seizures, visual disturbances,
focal neurological deficits, and hemiparesis'®. However, our
patient did not have fever. Multiple brain tumor metastases
result from a primary cryptogenic malignant process. 40% of
the gliomas and blastomas are demonstrated by similar ring-
like lesions™. In our case, we found no evidence of a primary
neoplastic process. In multiple sclerosis, demyelinating lesions
do not look like a closed ring'. In our patient, the clinical
criteria for this diagnosis were not present.

The standard treatment involves a combination of pyrimethamine,
sulfadiazine, and folinic acid. TMP-SMX can be used as an
alternative regimen. Clindamycin is an option for patients
allergic to sulfa drugs. Effective antiretroviral therapy is equally
important'®'. In our study, treatment success was achieved with
the combination of TMP-SMX and clindamycin. With antibiotic
therapy, 74% of patients improve by day 7 and 91% improve
by day 14. Imaging studies are performed every 4-6 weeks until
the complete resolution of the lesion or stabilization after partial
resolution. The primary therapy is administered for 6 weeks,
after which long-term suppressive therapy at lower doses is
continued, with the duration based on the response to Highly
Active Antiretroviral Therapy (HAART). HAART typically involves
a combination of three or more antiretroviral drugs. The most
common treatment combination is two nucleoside reverse
transcriptase inhibitors (tenofovir-emtricitabine) plus a non-
nucleoside reverse transcriptase inhibitor or integrase strand
transfer inhibitor'. In our case, tenofovir, emtricitabine, and
efavirenz were started. The long-term suppressive therapy can
be discontinued in patients with persistent elevation of CD4+
counts greater than 200 cells/uL and resolution of lesions on MRI.
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Figure 1. (A1, A2) Diffusion weighted MRI showed multiple, focal diffusion restricted areas. (B) Fluid-attenuated inversion recovery MRI
showed multiple hyperintense lesions with surrounding edema in both the supratentorial and infratentorial. (C) Gadolinium-enhanced
T1-weighted MRI showed multiple, focal heterogeneous ring-enhancing lesion around supratentorial and infratentorial area

MRI: Magnetic resonance imaging

Table 1. Cerebrospinal fluid findings

Appearance Clear

Color Colorless

Cells 10/mm? leukocytes (lymphocytes)
Total protein 120 mg/dL

Glucose 63 mg/dL

To prevent primary toxoplasmosis, patients should refrain
from consuming undercooked meat and ensure thorough
handwashing after handling soil or coming into contact with
cats. Patients who are seropositive for toxoplasma should
be started on prophylaxis against CNS toxoplasmosis if their
CD4+ count drops below 100 cells/pL®.

The use of antiretroviral therapy markedly decreases the
incidence of cerebral toxoplasmosis. Nevertheless, this disease
continues to be the leading cause of expansive brain lesions,

resulting in high morbidity and mortality among individuals
with advanced immunosuppression, especially in low- and
middle-income countries. Anti-toxoplasma therapy is an
important component of the diagnostic approach to expansive
brain lesions in AIDS. Local neuroepidemiology, degree of
immunosuppression, and individual clinical, laboratory and
neuroradiological features are extremely important in making
differential diagnoses. TMP-SMX can be used for primary
prophylaxis, initial therapy, and secondary prophylaxis of
HIV-associated cerebral toxoplasmosis. Early initiation of
antiretroviral therapy is currently possible because more
effective and safer treatment options are available.

CONCLUSION

Cerebral toxoplasmosis is a common and treatable condition
in HIV-positive patients; therefore, we aimed to present our
case. Due to logistical challenges, a follow-up brain MRI could
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not be performed on the patient presented in our article after
clinical improvement. Only clinical improvement was observed,
and the patient failed to adhere to follow-up appointments.
The lack of follow-up imaging and the patient's non-
compliance with follow-up visits are the limitations of our
article, as the clinical outcome of the case remains unknown.
While toxoplasmosis is often curable, it poses a serious health
threat to immunocompromised individuals and can be fatal if
not promptly treated.
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The Scope of Nurturing Care in Early Childhood and Its
Applications in Our Country

Erken Cocukluk Doneminde Gelistiren Bakimin Kapsami ve Ulkemizdeki Uygulamalar
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ABSTRACT

It is thought that supporting the early childhood period, which is of critical importance in terms of cognitive, social, emotional and physical
development in children, with the components of the developmental care scope will increase the peace and welfare levels of future generations.
In addition to the applications carried out in this context in our country, there is also a need for applications that we need to add to our health
practice. The purpose of the review is to talk about the scope of nurturing care and nurturing care practices in our country in the light of current
information and to offer suggestions to further develop the scope.

Keywords: Nurturing care, early childhood, Tiirkiye

0z
Cocuklarda bilissel, sosyal, duygusal ve fiziksel gelisim agisindan kritik Gneme sahip olan erken cocukluk déneminin gelistiren bakim kapsami bilesenleri
ile desteklenmesinin, gelecek nesillerin huzur ve refah seviyelerini artiracagi diisiiniilmektedir. Ulkemizde bu baglamda yapilan uygulamalarin yani
sira, saglik pratigimize eklememiz gereken uygulamalara da ihtiyac vardir. Derlemenin amaci glincel bilgiler isiginda gelistiren bakimin kapsamindan
ve Ulkemizdeki gelistiren bakim uygulamalarindan bahsetmek ve kapsami daha ileriye tasimak icin dneriler sunmaktir.

Anahtar kelimeler: Gelistiren bakim, erken cocukluk donemi, Tiirkiye

INTRODUCTION danger of not reaching the development potential®. In order
to address this situation, a model has been developed by the
WHO, UNICEF and other common organizations to ensure that
children can healthly exist, grow and realize all their potential
in life. This scope was introduced at the 71 World Health

Early childhood, which covers children's first eight years
of life, constitutes the cornerstones of cognitive, social,
emotional and physical development. In this critical period,
the development of children, poverty, nutrition insecurity,

) ) ) . Council meeting in Geneva in May 2018% In this study, the
gender inequality, violence, environmental harmful substances

concept of nurturing care and its components were handled,
nurturing care practices in Turkiye were examined, and it was
aimed to provide suggestions for the development of these
applications.

and the mental health of parents or caregivers are influenced
by many factors'. Starting from the pregnancy process, these
risk factors are known to have significant effects on early
childhood development. Studies on a global scale reveal that
at least 250 million children under the age of 5 years are in
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The Scope of Nurturing Care

Early childhood plays a fundamental role in terms of life-
long health, welfare, learning skills and productivity of the
individual. In this period, in order to support the healthy
growth and development of children, parents or caregivers
should be supported within the framework of nurturing
care?. It consists of five basic components: health, adequate
nutrition, sensitive care, early learning opportunities and
safety®. In this context, starting from the pregnancy period,
a child -oriented and family- centered approach should be
adopted in the first three years of life®. In order to meet
the developmental needs of children, UNICEF and other
stakeholders have identified the nurturing care indicators.
These indicators have been implemented in 197 countries
since 2018 in order to follow up the development data of
early childhood in the countries and evaluated through 42
indicators. These indicators within the scope of nurturing
care include: demography (country population, population
of children under the age of five, the number of annual
births, the rate of death under the age of five), the factors
that threaten child development (child poverty, dwarf
ratio, low birth weight, preterm births, mother mortality,
adolescent pregnancy rate, violence and neglect) and rate
of children at risk (risk distributions according to gender and
locations). Furthermore, the economic cost of the growth
deficit of children at risk for development, early childhood
development index and their functional problems are among
the criteria of evaluation. The indicators of sub-components
such as health, nutrition, early learning, sensitive care and
safety are monitored at national and global levels®.

Health

Regular monitoring of children's physical and emotional health,
response to their daily needs with love and appropriately,
protection from home and environmental hazards are among
the priority responsibilities of parents or caregivers. With
hygiene applications, minimizing the risk of infection, utilizing
preventive health services and timely treatment of children
is of great importance. The nurturing care approach aims to
support the health and welfare of not only children, but also
parents or caregivers®.

Adequate Nutrition

Nutrition of the pregnant mother during pregnancy has
a critical role not only for its own health, but also for the
growth and nutrition of the developing baby. For the first six
months from birth, only breastfeeding should be supported
with skin-to-skin contact. After the sixth month, in addition to
breast milk, a nutrition process is required with balanced and
various complementary foods suitable for the age of the child.
Adequate nutrition, which is one of the main components of
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nurturing care, is directly related to the nutritional safety of
both the child and the family®.

Sensitive Care

Sensitive care involves careful observation of children's
gestures, sounds, movements and other communication signals
and responding appropriately to them. This understanding
makes it easier to recognize and meet the basic needs of
children. This approach, which also includes sensitive nutrition,
supports children’s growing in healthy way>.

Early Learning Opportunities

In a loving and safe family environment, it is very important
for children to reach learning opportunities with daily life
activities and interpersonal interactions. Such guidance and
mutual interactions are necessary for children to develop
social skills and understand their relationship with others. Early
learning opportunities are one of the main components that
support children’s cognitive and social development®.

Safety

Children are quite vulnerable to physical injuries, environmental
dangers and emotional stress. Safety, another important
element of nurturing care, includes physical and emotional
protection mechanisms that will make children feel safe. This
approach is critical to support children's healthy growth and
development®.

Nurturing Care Practices in Tiirkiye

In Turkiye, the “Early Childhood Development Policies Project”
has been implemented in cooperation with the Association of
Child Development and Educators and UNICEF within the scope
of policies for early childhood development. Early Childhood
Development Platform was established as an output of this
project and various non-governmental organizations operating
in order to support early childhood development were brought
together®. 2023 data on nurturing care indicators in Tirkiye
are summarized as follows:

Tirkiye's population is 85,341,241 and the annual number of
births is 1,236,900. The number of children under the age of
five was calculated as 6,421,178, which corresponds to 8% of
the total population. The death rate under the age of five is 9
per thousand. The mother mortality rate was recorded as 17 at
every 100,000 births. Low birth weight ratio was reported as
13%, preterm birth rate as 12%, the rate of dwarfness under the
age of five as 6%. While data on child poverty are unavailable,
the rate of neglect related to violence and disciplinary methods
is 6%. The proportion of small children with developmental
risk was recorded as 18% in 2005, 15% in 2010 and 4% in
2015 and this rate has decreased over the years. There are not
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enough data in the risks categories by settlement and gender.
Early childhood growth deficit is estimated to have a 48%
effect of the individual's annual income loss in adulthood.
However, there is not enough information about children with
functional problems. On the other hand, 74% of children of
36-59 months were evaluated as developmentally normal’.

The proportion of children applying to health institutions on
suspicion of pneumonia in Tirkiye is 45%. The proportion of
four or more antenatal care areas during pregnancy is 90%
and the rate of those who benefit from postnatal care services
is 79%. There are no data on pregnant women receiving
Human Immunodeficiency Virus treatment (health). While
71% of infants begin to be breastfed immediately after birth,
the rate of those fed only with breast milk for the first six
months is 41%. There are no data about minimum acceptable
diet (nutrition). While 65% of children are supported by early
learning opportunities at home, the rate of those who have
toys is 76% and the rate of those who have books is 29%. There
is no information about the rate of attendance in preschool
education (early learning opportunities). The birth recording
rate is 98%, access to basic drinking water is 97%, and the
basic sanitation rate is over 99%. There are no data on positive
disciplinary applications (safety). There are not enough data
on the quality of parental support, mental health, community
information and child day care services (sensitive care)’. In
Tirkiye, while the duration of paid maternity leave varies
between 14 and 18 weeks, paternity leave is shorter. The law
for the marketing of breast milk substitutes is partially applied.
Although there is a national minimum wage, social protection
policies for children and family are limited. International
Agreements: Tlrkiye has been party to the Convention on the
Rights of the Child, Convention on the Rights of Persons with
Disabilities, and Convention on Protection of Children and
Cooperation in Respect of Intercountry Adoption’.

Health

In order for pregnant women in Tirkiye to have a healthy
pregnancy and to provide more conscious care for their
newborns, the Ministry of Health launched the "Pregnancy
Schools” practice in public and private hospitals with the
Circular (2018/23) published on October 2, 2018. The four-
week training in these schools is provided by expert health
personnel. The training covers topics such as pregnancy
physiology, nutrition during pregnancy, preparation for birth,
types of birth, pregnancy exercises, breathing awareness,
methods of coping with pain during pregnancy, newborn
care, the importance of breast milk, breastfeeding techniques,
postpartum period and family planning®. A study has shown
that pregnancy schools are effective and that the cesarean
section rates are lower than in control groups regardless of
the education level, income level or employment status of

the participating women®. In this context, pregnancy schools
are considered an important tool for reaching the WHO
prenatal care and education standards and the recommended
cesarean section rates. In line with the "Prenatal and Postnatal
Management Guide" published by the Ministry of Health, it is
aimed for pregnant women to be monitored at least four times
in a qualified manner and for postnatal care to be provided
both in the hospital and at home. In this process, the frequency
of postnatal monitoring includes three home visits after the
hospital. In addition, deliveries occur in hospitals, and, if
necessary, stabilized patients are referred to higher-level
facilities™. Before and during pregnancy, women are screened
in family health centers for problems such as maternal
infections, thyroid diseases, gestational diabetes, preeclampsia,
eclampsia, anemia, and asymptomatic bacteriuria. In addition,
women are given free diphtheria-tetanus vaccine and iron,
vitamin D, and folic acid supplements are provided. However,
it is recommended that the diphtheria, tetanus and pertussis
(Tdab) vaccine should also be offered free of charge to
pregnant women. Given that pertussis infection can cause
serious respiratory distress in young infants, the Tdab vaccine
provides passive immunity to both mother and baby when
administered between the 27" and 36" weeks of pregnancy™.
Regular monitoring of children's growth and development
from birth is of great importance in terms of taking preventive
measures. In this context, the Ministry of Health's infant,
child and adolescent monitoring gquide provides detailed
screening, examination and vaccinations specific to each age
group. This guide aims to protect children’s health and to raise
awareness and empower families on this issue'. Screening
examinations provide an opportunity for early diagnosis of
physical, emotional, developmental and behavioral problems in
children. Such interventions can reduce the burden of disease
that is carried into adulthood™. In Tiirkiye, the "Regulation on
Special Needs Assessment for Children” published in 2019 for
children with special needs adopted a non-stigmatizing and
holistic approach. The Special Needs Report for Children aims
to ensure that at-risk infants and children with developmental
delays benefit from early intervention services'.

Nutrition

Starting from pre-pregnancy, during pregnancy and
breastfeeding, the mother's nutritional habits have a significant
impact not only on the mother's health but also on the baby's
development. In recent years, it has been emphasized that
these processes determine the child's long-term predisposition
to health problems such as obesity, diabetes and cardiovascular
disease, and that they reveal an approach called “early
metabolic programming of long-term health"®. Therefore,
it is important to correctly determine the nutritional needs
of women in primary health care services and to evaluate
these needs at each follow-up. It is also recommended that
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micronutrient deficiencies be identified and the necessary
support be provided.

WHO recommends that babies be exclusively breastfed for the
first six months of their lives and that breastfeeding should
continue until at least two years of age'®. Initiating breastfeeding,
especially within the first half hour after birth, increases the
mother's confidence in her milk and strengthens the reflexes
that support milk production and secretion. During this period,
mother and baby staying together is critical for the sustainability
of breastfeeding'. In order to increase breastfeeding rates in
Tirkiye, the “Breastfeeding Consultancy” and "Baby-Friendly
Hospitals" programs were launched in 1991. In addition to these
programs, practices such as "Mother Support Groups”, “Mother
to Mother Support Groups”, "Baby-Friendly Province”, “Golden
Baby-Friendly Provinces", "Baby-Friendly Family Medicine" and
"Baby-Friendly Workplace” were developed. With the increasing
importance given to kangaroo care in neonatal intensive care
units, "Baby-Friendly Neonatal Intensive Care Centers" were
launched. It is possible to further increase breastfeeding rates
with policies such as providing 1.5 hours of daily breastfeeding
leave for working mothers until the child is one year old, and
extending the paid leave period after birth until the child is
two years old. In addition, the requlations of the "International
Code of Marketing of Breast-milk Substitutes" should be fully
implemented and formula advertisements should be monitored'®.
Complementary feeding should be started from the sixth month
onwards, as breast milk does not meet all the nutritional needs
of the baby. During this process, it is important to choose foods
that are appropriate for the baby's age, prepare them safely
and store them appropriately. Complementary foods should be
introduced in gradual transitions such as puree, lumpy and solid
consistencies. In addition, factors such as meal frequency, energy
density, vitamin-mineral support and continuing breastfeeding
during illness should be taken into consideration™. In a study
evaluating the complementary feeding practices of babies
aged 6-12 months, it was concluded that in order to prevent
deficiencies in infant feeding, it should be done individually,
practically, and in a way that will provide solutions to mothers'
questions and problems, taking into account their education
levels. The "Baby-Friendly Complementary Feeding" practice in
Tirkiye should be widespread, especially in primary health care
services?.

In order to prevent obesity, the "Tuirkiye Healthy Nutrition
and Active Life Program (2010-2014)" was launched in
cooperation with the Ministry of Health and other sectors and
this program was updated between 2018-2023 as a result of
the WHO evaluation. The program includes various strategies
aiming at providing children with healthy eating habits and
encouraging physical activity?'. In addition, it is recommended
that hyperlipidemia screenings be applied to all children in the
risk group starting from the age of two'
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Early Learning

In the early years of life, the inadequacy of environmental
stimuli and the limited learning opportunities can lead to
disruptions in both emotional and physical development of
the child. These deficiencies can cause development delays
in language, cognitive, motor, social and emotional fields in
addition to forming the basis of behavioral problems?.

Regular book reading activities with babies have positive
effects on language development, social-emotional skills, early
literacy skills, parent-child communication, and the quality
of the home environment. Therefore, during child health
monitoring, early and regular book reading recommendations
should be made to families®.

One of the most effective methods for children to learn is
to use tools that support sensory perception. Especially age-
appropriate, well-designed and accessible toys contribute
significantly to the development process of children. Cheap
but functional toys can provide more benefits than expensive
but inadequately functional ones®. It is very important for
those who care for the child to communicate with the child
by playing and to turn playtimes into education and fun. Play
supports the child in gaining the skills he/she will need in daily
life and in developing basic rules and behavioral habits. It
can also help him/her cope with stress?. As the famous play
therapist Garry Landreth put it, "play is the child's language,
and toys are his/her words"?®

Toy libraries, which all children can benefit from regardless of
socioeconomic inequalities, are resource centers that provide
support, counseling, information about play, educational
materials, and toys to young children and their families. These
libraries operate on a toy lending system and offer materials
appropriate to the development of children?”. Expanding
the existing toy libraries in Tirkiye will be an important
step in creating early learning opportunities especially for
disadvantaged children and strengthening developmental care
services??,

The preschool period is a critical period in terms of the speed
of brain development and the density of synaptic connections.
During this period, the brain is most sensitive to environmental
factors. The child's development should be supported by
rich cognitive stimuli, quality language experiences and
positive social-emotional interactions. A quality preschool
education develops the child's sense of independence and
creates a positive attitude towards learning. According to
the regulations of the Ministry of National Education in
Tiirkiye, the care and education of children aged 0-36 months
is provided in kindergarten, while the education of children
aged 36-72 months is provided in preschool®*. However, in
Tirkiye, children from high-income families can generally
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attend preschool education, while children from lower-income
families, those with less educated mothers and those with
many siblings directly start primary school®'. Public policies
should be developed to prevent such inequalities and ensure
that disadvantaged children have equal access to educational
opportunities with their peers.

Safety

Every child born in Tiirkiye must be reported to the birth
registration office within thirty days from the date of birth.
Birth notification is made with an official document. Children
born in marriage are registered in the household where their
father is officially registered with the father's surname, while
illegitimate child is registered with the mother's maiden
surname. When paternity is determined by recognition or court
decision, the child is registered with the father's surname3.
Worldwide, unsafe drinking water, poor hygiene, air pollution,
infectious diseases such as diarrhea, and consumption of
contaminated food are among the traditional environmental
threats that negatively affect children's health. Modern risks
such as industrialization, unplanned urbanization, and the
accumulation of toxic chemicals in the environment, especially
in low- and middle-income countries, further increase these
threats®. In this context, all children should have access to a
home and school environment where they can breathe clean
air, consume safe water and food, and have hygienic practices.
In addition, safe family and play areas should be established in
both urban and rural areas®.

Extraordinary situations, such as natural disasters, wars,
environmental pollution or technological accidents require
special measures for the care of children. In such cases, the lists
of children remaining orphaned should be issued and notified
to the relevant units. Safety measures can be increased by
attaching arm tapes containing identity information to
children. In addition, families should be informed about child
safety in these cases®.

Child maltreatment can take the form of physical, sexual
and psychological violence, neglect or abuse. In most cases,
such treatment is perpetrated by parents, caregivers or
authority figures and occurs in the home, school or care
setting. Maltreatment can have long-term negative effects
on children's mental and physical health, social life and
educational performance®. During child health monitoring,
the child and family should be assessed for maltreatment.

In some cases, children may become in need of protection
and care due to reasons such as death, illness, divorce or
abandonment. In Tirkiye, the "Social Services Law" dated 24
May 1983 and numbered 2828 provides institutional care,
foster family and adoption services for children in need of
protection®.

Sensitive Care

Practices such as skin-to-skin contact between mother and
baby immediately after birth and kangaroo care for low-
birth-weight babies are an important part of sensitive care’.
A systematic review has shown that skin-to-skin contact
initiated early in newborns accelerates the breastfeeding
process, reduces the frequency of hypothermia, and facilitates
the baby's adaptation to the outside world. In addition,
positive effects on the mother's health have been observed,
such as shortening the third stage of labor, reducing the risk
of postpartum hemorrhage and reducing pain perception. This
practice strengthens the bond between mother and baby and
also reduces rates of maternal stress, anxiety and depression®.

Responsive feeding refers to a feeding style in which the
parent or caregiver is sensitive to the needs of the child. While
providing responsive feeding within the framework of nurturing
care, the baby should be expected to stop breastfeeding
himself/herself, and feeding habits should be combined with
reading books from the sixth month onwards. In addition, it
is important to encourage young children to feed themselves
and to pay attention to hunger and satiety signals. It should
not be forgotten that meal times are an opportunity for both
learning and sharing love. Making eye contact with the child
during this process can strengthen emotional bonds®’.

Screen time refers to the time spent on devices such as television,
computers, smartphones or tablets. The WHO and the Canadian
Paediatric Association do not recommend screen exposure for
children under the age of two, while the American Academy
of Paediatrics sets this limit at 18 months. For older children,
it has been stated that screen time should be limited and age-
appropriate®3. Excessive screen use can lead to problems such
as musculoskeletal disorders, eating disorders, vision problems,
sleep disorders, anxiety and depression in children. At the same
time, negative effects such as attention deficit, hyperactivity
and developmental delays are also observed*.

Even background screen exposure can have negative effects
on children's language and cognitive development. This can
lead to a decline in executive function skills*. Technoference,
where technological devices interrupt communication between
parent and child, also has negative effects on parenting
processes*. In one study, mothers of children under the age of
three reported that technological devices negatively affected
their interactions with their children during play, reading, and
mealtimes®.

In order to reduce screen time, parents' awareness of the
negative effects of screen exposure needs to be increased.
In addition, activities such as reading books and playing
games should be encouraged with family-based approaches.
These interventions provide successful results*. Healthcare
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professionals should counsel families about screen exposure
and technoference during child health monitoring.
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