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From the Editor

Dear readers of the Journal of Advanced Studies in Health Sciences, welcome to last
issue of this year. The Journal of Advanced Studies in Health Sciences is one of Istan-
bul University’s journals and is published triannually in February, June, and October
according to international standards. The journal provides a wide range of services in
the field of health. Our journal started its publication life in 2018 and has been includ-
ed in national and international indexes since 2021. There are 18 research articles, 7
of which are basic science and 11 are clinical, in the October 2023 issue of our jour-
nal. Our journal aims to participate SCI. In this context, only publications in English
accepted to our journal as of June 2023. We are waiting for your research, we will
be stronger with you, thank you to the scientists who contributed, with our respect.

Editorden

Saglik Bilimleri ileri Arastirmalar Dergisi'nin degerli okuyuculari, bu yilin son sayisina
hos geldiniz. Saglik Bilimleri ileri Arastirmalar Dergisi, istanbul Universitesi'nin dergil-
erinden biri olup, uluslararasi standartlara uygun olarak yilda {i¢ kez Subat, Haziran ve
Ekim aylarinda yayimlanir.

Dergi saglik alaninda genis bir yelpazede hizmet sunmaktadir. Dergimiz 2018 yilinda
yayin hayatina baslamis olup 2021 yilindan itibaren ulusal ve uluslararasi indeksle-
rde yer almaktadir. Dergimizin Ekim 2023 sayisinda 7'si temel bilim, 11'i klinik olmak
Uzere 18 arastirma makalesi bulunmaktadir. Dergimiz SCl'a katilmayi hedeflemekte-
dir. Bu baglamda dergimize Haziran 2023 itibariyla yalnizca ingilizce yayinlar kabul
edilmektedir.

Arastirmalarinizi bekliyoruz, sizlerle daha giiclii olacagiz, emegi gecen bilim insanlari-
na tesekkir eder, saygilarimizi sunariz.

Prof. Dr. Zeynep Karakas
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ABSTRACT (074

Objective: The TNF receptor gene 13B (TNFSRF13B) is a member of the TNF Amag: TNF reseptor Ust ailesi Uyesi 13B (TNFSRF13B), B hicre olgunlasmasi,
superfamily which is crucial for B cell maturation, plasma cell differentiation, plazma hicresi farklilagmasi ve antikor yaniti igin kritik olan TNF st ailesinin bir
and antibody response. Impaired expression of the TNFRSF13B gene is tyesidir. TNFRSF13B geninin bozulmus ifadesi, yaygin degisken immiin yetmez-
associated with common variable immune deficiency (CVID), autoimmunity, lik (YDIY), otoimmunite ve lenfoproliferasyon bozukluklari ile iliskilendirilir. Bu
and lymphoproliferation disorders. Besides the disease-causing variants of this genin hastaliga neden olan varyantlarinin yani sira bazi farkli izoformlarininda B
gene, its different isoforms are associated with strong and weak TNFRSF13B hticre yanitini degistirdigi gosterilmistir.

expression that leads to an unbalanced B cell response. Gereg ve Yontemler: Bu calismada, 68 YDIY hastasi yeni nesil dizileme yontemi
Materials and Methods: The study detected 26 variants (three synonymous, ile taranarak TNFRSF13B geninde 26 varyant (¢ sinonim, bes yanlis anlamli, on
five missenses, eleven UTR, and seven intronic variants) in the TNFRSF13B gene bir UTR ve yedi intronik varyant) saptanmustir. Tespit edilen varyantlar etkilerine
by screening 68 CVID patients with targeted next generation sequencing. An gore biyoinformatik araglar ile modellenmis, etkili oldugu gosterilen varyantla-
integrative bioinformatics approach was utilized to provide a plausible rin klinik bulgular ile iliskisi arastirilmistir.

explanation for CVID associations from different perspectives and to investigate Bulgular: Saptanan varyantlarin (15/26) %58’i, transkripsiyon faktorii ya da
the associations from the clinical findings. miRNA baglama bolgeleri, kirpilma bolgeleri veya protein tizerinde termodina-
Results: Fifty-eight percent (15/26) of the detected variants were altered mik etkisi olabilecegi gosterilen varyantlardir. Biyoinformatik olarak kirpilma
regulatory elements, such as transcription factor binding, miRNA binding sites, bolgesini degistirdigi dustnilen varyantlara sahip hastalarda, diger hastalara
splice site regions or the thermodynamic impact on protein. We observed that gore anlamli derecede disiik IgA duzeylerinin (p=0,009), otoimm{inite varliginin
patients who suffered from the potential splicing variants had significantly low (p=0,02) ve gastrointestinal bulgular (p=0,05) gibi YDIY fenotipinde goriilen
IgA levels (p=0.009), autoimmunity (p=0.02) and gastrointestinal findings bulgularin oldugunu goézlemledik. Ayrica ¢.*79A>G 3-UTR varyantinin dusuk IgA
(p=0.05). In addition, the c.¥*79A>G 3-UTR variant was found with the low IgA ve IgE seviyeleri ile iliskili oldugu bulunmustur. Global veritabanlarina kiyasla on
and IgE levels. Thirteen variants found to have at least tenfold increased allele li¢ varyantin en az on kat artmis alel frekanslarina sahip oldugu bulundu. Bu fark
frequencies as compared to global databases indicating that the TNFRSF13B potansiyel diizenleyici etkiye sahip TNFRSF13B varyantlarinin YDIY hastalarinda
variants, which have a potential regulatory effect, are more common in CVID daha yaygin oldugunu gostermektedir. .

patients. Sonuglar: Bu bulgular, TNFRSF13B’deki varyantlarin YDIY fenotipini agiklamasa
Conclusions: All findings suggested that these variants may not be the da, kirpilma bolgesini degistirme potansiyeli olan varyantlarin YDIY’in altinda
causative variant for the CVID phenotype but the unbalanced TNFRSF13B yatan genetik arka plandan bagimsiz olarak hastalarin patogenezine katkida
alternative splices could contribute to the pathogenesis of patients independent bulunabilecegini gostermistir. .

from the underlying genetic background of CVID. Anahtar Kelimeler: TNFRSF13B, in siliko analiz, YDIY, entegre biyoinformatik,
Keywords: TNFRSF13B, in silico analysis, CVID, integrated bioinformatics, PID PIY
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INTRODUCTION

Common variable immune deficiency (CVID) is the one of the
most common types of primary immune deficiencies (PID) with
a 1:25.000 frequency in adults (1). CVID is characterized by re-
current infections, low levels of immunoglobulins and predispo-
sition to autoimmunity, cancer, and allergy. The genetic etiology
of CVID is complicated. Unlike other types of PID, only 20% of
CVID patients, mostly familiar cases, have a chance to define
the causative genetic variant. This highlights the importance
of not only monogenic inheritance but also complex/polyge-
nic inheritance and/or epigenetic factors. The TNF receptor
superfamily member 13B (TNFSRF13B) gene variant is one of
the most well-known CVID associated genes which is detected
in up to 10% of all CVID patients (2).

The TNFSRF13B encodes the transmembrane activator cal-
cium modulator, and the cyclophilin ligand-calcium modula-
ting ligand (CAML) interactor (TACI) protein that binds CAML,
TNFRSF13 (APRIL), and TNFSF13B (BAFF) ligands and activates
the NFkB signaling pathway (3). The TNFRSF13B has an impor-
tant role in the isotype switching of IgM to other immunoglobu-
lins, plasma cell differentiation, survival of memory B cells, and
T cell-independent B cell response (4). The TNFRSF13B controls
the autoreactive antibody production by downregulating the
inducible T cell costimulator (ICOS) gene expression on B cells
and maintenance of the homeostasis of B cell tolerance by
upregulating the apoptosis and increasing the expression of
Fas and FasL (5, 6).

The TNFRSF13B gene gives rise to three dominant protein-co-
ding splice variants of TNFRSF13B-201 (293 aa), TNFRSF13B-203
(156 aa) and TNFRSF13B-206 (247 aa). Full-length isoform
TNFRSF13B-201 contains four domains; two cysteine-rich do-
mains (CRD1, CRD2), a stalk region; and a transmembrane
domain, while TNFRSF13B-206 only has one functional CRD
domain and TNFRSF13B-203 has a soluble form with no CRD
domain. Studies showed that different isoforms of TACI prote-
ins have different functions. While the short isoform of TACl is
found in memory B cells and associated with the classical NFkB
signaling activation, the dominant (long) isoform is found in
the cell surface of resting B cells and increased expression of
the CD19 and IgG (7).

The Biallelic and/or monoallelic TNFRSF13B variants are as-
sociated with CVID, selective IgA deficiency, lymphoprolife-
ration, and some autoimmunity disorders like systemic lupus
erythematosus (SLE). CVID-associated monoallelic variants are
characterized by null or dominant-negative effects and cause
haploinsufficiency of the TNFRSF13B by impaired ligand binding
and lack of NFkB signaling activation (8).

Studies indicated that the TNFRSF13B variants act as a modifier
gene rather than a causative gene and modifying variants of
the TNFRSF13B contribute to the clinical phenotype in some
patients (9). The Epistatic effects of TNFRSF13B variants with
other CVID-associated genes like TCF3 trigger autoimmunity in
CVID patients (10). In addition, some specific variants cause the
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downregulation of TACI expression, but this is not a complete
loss. Autoimmune diseases with this CVID phenotype provides
another example of the modifying effects of TNFRSF13B vari-
ants (11) (Figure 1).

APRIL  BAFFR

"

TNFRSF138 CAML

NORMAL TNFRSF13B EXPRESSION
s
B cell maturation
Plasma cell differentation
Class switch recombination
Antibody production

DECREASED TNFRSF13B EXPRESSION

— . .
¢ Low function alleles/polymorphisms
e Decreased IgA production
Increased Myd88, ¢ Autoimmunity
TRAF6 expression o Impaired B cell selection

l
(-

Figure 1: Schematic overview of the TNFRSF13B signaling
pathway in B-cells and summarize the effects of strong or very
TNFRSF13B expression in immune response. TNFRSF13B recep-
tor binds to soluble BAFF and/or APRIL ligands and this engage-
ment activates MYD88 and TRAF6 expression. This activation
mediates NFkB signaling pathway

: LACK of TNFRSF13B EXPRESSION
E —

e CVID

e Autoimmunity

e Lymphoproliferation

We previously screened disease-causing variants in pediatric
primary antibody deficiency (PAD) and severe combined im-
mune deficiency (SCID) and discovered that the genetic back-
ground is clearer in SCID patients (12, 13). Due to the genetic
heterogeneity of CVID, in this study we aimed to sequence the
TNFRSF13B gene via next generation sequencing methods in
pediatric and adult CVID patients and evaluatethe modifying
effects of non-disease-causing variants on this clinical phenoty-
pe. An integrative informatic analysis was performed to de-
termine potential miRNA and/or transcription factor binding
sites for 3-UTR and 5-UTR variants, to evaluate the effects of
synonymous variants on RNA folding, to check the presence of
splice site effects of missense and synonymous variants, and to
reveal any structural and functional impacts of missense vari-
ants. We wanted to reveal more about the associations of the
TNFRSF13B gene variants from different perspectives according
to the types of variants.

MATERIAL and METHODS

Screening of TNFRSF13B variants

Sixty-eight pediatric and adult CVID patients (twenty-eight fe-
males, forty male) were enrolled in this study. The mean age
was 20.26 years (min 3-max 68 years), and the mean age of
symptom onset was 6.4 years. Forty-three patients were pe-
diatric, and twenty-five patients were adults. Clinical findings
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Figure 2: Heat map showing the occurrence of clinical signs and variants in CVID patients. Red boxes indicates that the relevant
information is present in the patient. Green boxes indicates that the relevant information is absent in the patient. M: Male F: Fe-
male, GIS: Gastrointestinal system, TSS: Transcription start site

are shown in Figure 2. This study was approved by the Et-
hics Committee of the Cerrahpasa Faculty of Medicine (Date:
01.03.2016, No: A-61). Diagnosis time samples were collected
between the years of 2017-2019 and the genomic DNA was
extracted using the Qiamp DNA Blood Kit (Qiagen) according
to the manufacturer’s instructions. Quantification of sequen-
cing libraries was prepared by the Qubit dsDNA HS assay kit
(Invitrogen, USA) using the Qubit 4 Fluorometer (Invitrogen,
USA). The promotor and the exonic region of the TNFRSF13B
gene was sequenced by the lllumina Miseq (Illumina USA) se-
quencer. Quality control parameters and variant analysis were
checked by Seq v7.0 (Genomize, Turkey). The TNFRSF13B
(ENST00000261652.2) variants were filtered and included in
the study according to passed filter quality (>Q30) and read
depth (>50X) scores. The standard analysis of variant interp-
retation is given in Figure 3. For further analysis, all variants
were checked by several in silico prediction tools after cate-
gorizing them according to their types. The mirDB, airbase,
and TargetScan for 3’-UTR prime variants were used for the
determination of TNFRSF13B miRNA binding sites; the Human
splice finder and Gene Splicer were used for intronic variants

to understand the potential alternative splices; the Missense
3D and Visual Molecular Dynamics (VMD) were used for anno-
tation of missense variants, and the RNA fold (http://rna.tbi.
univie.ac.at/) was used for checking the effects of synonymous
variants to RNA secondary structure and stability (14-20). The
Fabian (https://www.genecascade.org/fabian) and Regulation
Spotter were used for predicting the effects of variants on the
transcription factor binding sites (21).

Structural analysis

The full crystal structure of the TACI protein was not reported
in the literature but the partial crystal structure of the TACI
protein between residues 68 and 109 was determined by X-Ray
(PDB id: 1XU1 / Chain R/S/T) and the NMR (PDB id: 1XUT/
Chain A) (22). To provide a full understanding, the AlphaFold
predicted structure of the TACI protein (AF-014836-F1) was
used due to compromising all residues. Prior to analyzing the
structural impacts of missense variants, a quality check of the
AF-014836-F1) was performed via the Saves 6.0 tool, comp-
romising five different structure validation tools, e.g., PROC-
HECK, WHAT_CHECK, ERRAT, VERIFY 3D and PROVE (23-28). To

* GnomAD * GERPNR
+ dbSNP * GERPRS
* Clinvar * Blosum62
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Figure 3: Standard analysis of variant interpretation by Genomize Seq Platform
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Table 1: TNFRSF13B variants in the patients

Variation Variant AA ACMG VAF (in VAF fold Predicted
x dbSNP cDNA e . house/
Type GRcH37 change classification global) change regulatory effect
3 Prime UTR 17:16842688C>T rs56153623 c.*173G>A N/A B 0.4397/ 2+ miRNA binding
0.2482 site
3 Prime UTR 17:16842774CAT>C rs150068036 c.*86_*88delTG N/A VUS 0.0357/ 0.6 - miRNA binding
0.0557 site
3 Prime UTR 17:16842782T>C rs1183784784 c.*79A>G N/A VUS 0.01/ 10+ miRNA binding
0.001 site
3 Prime UTR  17:16842602G>GCCTCTCT  rs1378399485 c¢.*252_%*259dupCCCTCTCTG  N/A VUS 0.0129/ 18.5+ miRNA binding
0.0007 site
3 Prime UTR 17:16842661G>C rs373632897 ¢.¥200C>G N/A VUS 0.1379/ 23 + miRNA binding
0.0060 site
3 Prime UTR 17:16842645G>C rs1597655978 c.*¥216C>G N/A VUS 0.1940/ 28 + miRNA binding
0.0070 site
3 Prime UTR 17:16842777A>C rs1375454146 c.*84T>G N/A VUS 0.0202 / 67 + miRNA binding
0.0003 site
3 Prime UTR 17:16842796A>C rs1337965516 c.*65T>G N/A 'S 0.4343/ 80 + miRNA binding
0.0054 site, splice
medium loss
donor
3 Prime UTR 17:16842447C>A rs55701306 c.*414G>A N/A B 0.1625/ 2+ No change
0.0817
3 Prime UTR 17:16842824A>C rs188626884 c.*37T>G N/A VUS 0.0167/ 83.5+ No change
0.0002
5 Prime UTR 17:16875407A>C rs1478747037 c.-18T>G N/A VUS 0.0156/ 156+  TSS binding site
0.0001
Intronic 17:16843171A>G rs11652811 ¢.632-60T>C N/A B 0.1125/ 0.4656 - No change
0.2416
Intronic 17:16852027T>C rs2274892 c.445+25A>C N/A B 0.4697 / 1+ No change
0.4400
Intronic 17:16852367G>A rs537951875 c.200-70C>T N/A VUsS 0.0619 / 22 + No change
0.0028
Intronic 17:16852377G>A rs1397554467 c.200-80C>T N/A VUs 0.0177/ 88 + No change
0.0002
Intronic 17:16852388TA>T rs67234667 c.200-83del N/A VUS 0.1549 / 9+ No change
0.0165
Intronic 17:16852410G>A rs1459501406 c.200-113C>T N/A Vus 0.0275/ 91+ No change
0.0003
Intronic 17:16875264G>A rs1359249090 c.61+65C>T N/A VUS 0.0042 / 60 + TSS binding site
0.00007
Missense 17:16778660A>C NA c.44T>G V15G VUs 0.0147/ ESE/ESS splice
NA
Missense 17:16842991G>A rs34562254 c.752C>T P251L B 0.1667/ 1.146- Thermodynamic
0.1454 impact
Missense 17:16852133G>A rs201124889 c.364C>T R122W LB 0.0140/ 46+ Thermodynamic
0.0003 impact
Missense 17:16778693A>C NA c.11T>G L4R Vus 0.0041/ No change
NA
Missense 17:16843084A>G rs56063729 ¢.659T>C V220A LB 0.0109/ 1.079- Splice medium
0.0101 loss donor
Synonymous 17:16855878C>T rs8072293 c.81G>A T27= B 0.6891/ 0.9478 + New Acceptor
0.7270 splice site
Synonymous 17:16842912A>C rs11078355 c.831T>C S277= B 0.5875/ 1+ No change
0.4981
Synonymous 17:16852206A>C rs35062843 c.2917>G P51= LB 0.0160/ 0.408 + No change
0.0392

AA: Amino acid, VAF: Variant allele frequency, VUS: Variant of Unknown Significance, LB: Likely Benign, B: Benign, ACMG: The American College of Medical Genetics
and Genomics variant classification, ESS: Exonic splicing silencers, ESE: Exonic splicing enhancers, N/A: Not Available
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create and visualize mutant TACI protein structures, the Visual
Molecular Dynamics (VMD) tool was used to assess the chan-
ges in intramolecular interactions, the salt bridge interactions
with 3.2 A oxygen-nitrogen distance cut-off distance were also
calculated by VMD. The PremPS and Cupsat tools were used
to assess the effects of missense variants on thermodynamic
stability by performing Ala-scanning and calculating changes
in destabilization tendencies (29, 30). The Stride web tool was
used to track changes in the secondary structure between the
native and mutant forms (31).

Statistical analysis

Clinical findings between patients with or without the
TNFRSF13B variants were statistically compared by Pearson’s
X2 or Fisher’s exact and p<0.05 was considered as statisti-
cally significant. We evaluated the correlation between the
TNFRSF13B variants and the clinical characteristics such as gen-
der (male vs female), Lymphocyte count (>50000 vs <50000),
B lymphocyte percentage (<20% vs >20%), immunoglobulin
levels (normal vs decreased age-dependent IgG, IgM, 1gG and
IgA levels), autoimmunity (presence vs absence), lymphopro-
liferation (presence vs absence), allergy (presence vs absence),
and gastrointestinal findings (presence vs absence) (32). All
statistical analyses were done by the IBM SPSS statistics 20
(IBM Corp. Armonk, NY, USA).

RESULTS

We screened the TNFRSF13B variants in sixty-eight CVID pati-
ents via next-generation panel sequencing and found twenty-
six monoallelic variants. No pathogenic or likely pathogenic
variants were detected. Seven variants were classified as be-
nign, three were likely benign and sixteen variants were clas-
sified as a variant of unknown significance (VUS) according to
ACMG classification criteria. There were ten variants consis-
ting of 3-UTR and one 5-UTR variants, eight coding sequence
(three synonymous, five missense) variants, and seven intronic
variants. The detailed information about detected variants is
provided in Table 1.

We observed increased minor allele frequencies in several
variants as compared to The Genome Aggregation Database
(gnomAD) and the Exome Sequencing Project (EXAC) popula-
tion frequency databases. One likely benign and twelve VUS
variants were found to have at least tenfold increased allele
frequencies when compared to the global databases (Table 1).

Impact of missense variants

Out of twenty-six variants, we reported five missenses; L4R,
V15G, R122W, P251L, and V220A. We performed visualization
of the TACI protein structure by displaying the locations of all
missense variants according to the CRD1 and CRD2 domains
and checked the presence of salt bridge interactions in native
and mutant TACI protein complexes, but we reported neither
the formation of new salt bridge interactions nor the loss of
existing ones (Figure 4).

Secondly, we evaluated the thermodynamic changes in our
missense variants and found that only the P251L replacement
caused a decrease in the destabilization tendency (-0.38 kcal/
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Figure 4: The locations of detected missense variants in 3D TACI
protein structure (AlphaFold ID: AF-014836-F1) CRD: cysteine-
rich domains

Table 2: The change in destabilization tendencies upon the
presence of missense mutations via PremPs and CUPSAT
tools

Variants PRemPs tool PRemPs tool CUPSAT tool
mutation analysis  Ala-scanning mutation
AAG (kcal/mole) AAG (kcal/mole)  analysis AAG
(kcal/mole)
L4R 0.27 0.32 2.53
V15G 0.31 0.36 0.77
R122W 0.31 0.54 -3.41
V220A 0.28 0.28 0.44
P251L -0.38 0.20 -1.74

mole) out of the five missense variants. To assess the impact of
variants from thermodynamic points of view, Ala-Scanning and
destabilization tendencies calculations were performed. Based
on the Ala-scanning results by the PremPs tool, we determined
that only the R122W and P251L variants were favorably repor-
ted to contribute to torsion (Table 2).

Besides evaluating the structural and thermodynamic changes
of missense variants, we also identified the splice site effects
of the missense variants and determined that the V15G variant
was predicted as changing the exon splicing enhancer/silencer
(ESE/ESS) site and the V174A variant caused the loss of donor
site (score 5.5).

Regulatory effects of UTR variants

To understand the effects of 3-UTR variants, we described
the potential miRNA-binding sites on the 3-UTR prime of the
TNFRSF13B gene using the TargetScan 7.1. tool. Candidate miR-
NAs were chosen if the predicted context++ score percentile was
higher than 95%. We investigated eight of ten 3-UTR variants
(c.*65T>G, c.*79A>G, c.*84T>G, c.*86_*88delTG, c.*173G>A,
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Table 3: Detailed information about TNFRSF13B variants and miRNA target pairing in the seed regions.

Predicted
L Context++
Variants miRNA position Alignment Context:++ score
of target score ercentile
region (bp) P
5 ...GGGAGAGAGAAAGAGAGGUGGGG...
c.*65T>G hsa-miR-1224-3p 62-68 [T T -0.33 97
3’ GACUCCUCUCUCC---uCCcAcccc
5 ..GAGGUGGGGAGAGGGGAGAGAGA...
c.*79A>G hsa-miR-7110-3p 76-83 | |11 -0.61 99
3’  GACGUCCCUUCAcCccucucucu
5 ...AGGUGGGGAGAGGGG-AGAGAGAU...
c.*79A>G hsa-miR-6873-3p 77-83 [ T -0.38 98
3’  GACUCUCUCuuUcuGUcCUcucuu
C*79A>G 5 ...GUGGGGAGAGGGGAGAGAGAUAU...
C*8AToG hsa-miR-3675-3p 79-85 T T -0.26 98
) 3’ AACCCCCUCAAGGAA-UCUCUAC
5 ...AGGGGAGAGAGAUAUGAGGAGAG...
c.*86_*88delTG hsa-miR-4279 87-93 I -0.33 98
3’ cuucGGcccuccucuc
5’ ...AGAGGGAGAGAGAGACAGAGGGG...
c.¥*173G>A hsa-miR-2276-5p 168-174 1 -0.26 97
3’  GCAGACGUUCCACUGUCUCCCG
5 ...AGGGAGAGAGAGACAGAGGGGAA...
c.¥*173G>A hsa-miR-6826-3p 170-177 | -0.55 99
3’ GACuUGUCcuuUcucuccccuc
5 ...AGGGAGAGAGAGACAGAGGGGAA...
c.*173G>A hsa-miR-6795-3p 170-176 [T1111 -0.31 98
3 GACCCCCUUCUUUGCUCCCCA
5" ...AGAGGCAGAGAGGGAAAGAGGCA...
¢.*200C>G hsa-miR-2682-3p 194-201 (11 T -0.50 99
3’ CCUUCUGUCGCGAC--UUCUCCGC
5 ...AGAGGCAGAGAGGGAAAGAGGCA...
¢.*200C>G hsa-miR-6781-3p 194-201 [T1]] I -0.48 99
3’ GACUCCGGCACCUU--UUCUCCGU
5’ ...GGCAGAGAGGGAAAGAGGCAGAG...
¢.¥200C>G hsa-miR-5001-3p 197-203 I -0.26 95
3’  UUCCUGGACCUGUCUCCGUcCUU
5 ...GAGGCAGAGAAGGAA-AGAGACAG...
c.*216C>G hsa-miR-6895-3p 211-217 -0.39 98
3’  GAUUCCGGUUCCCGCUCUCUGU
5 ...GAGGCAGAGAAGGAAAGAGACAG...
¢.*216C>G hsa-miR-593-3p 211-217 [ -0.36 98
3 UCUUUGGGGUCGUCUCUGU
5’ ...GAGGCAGAGAAGGAA--AGAGACAG...
¢.*216C>G hsa-miR-6818-3p  211-217 e -0.27 9%
3 GACACACUCCUUGUUCUCUGUU
5 ...GGCAGAGAAGGAAAGAGACAGGC...
c.*216C>G hsa-miR-5699-3p 213-219 IV THET T -0.35 97
3’ CGAGGUUGUUCCUU--ucuGuUccuU
5 ...GCAGAGAAGGAAAGAGACAGGCA...
c.¥216C>G hsa-miR-214-5p 214-221 I T -0.56 99
3’ CGUGUCGUUCACAU--CUGUCCGU
5" ...CAGAGAAGGAAAGAGACAGGCAG...
c.*216C>G hsa-miR-6514-3p 215-221 111 | -0.26 97
3’ GACCUCACCUUCU--uGUCCGUC
5 ...GAGAGGGAGAGAGGCAGAGAGGG...
¢.*¥252_*259dupCCCTCTCTG  hsa-miR-6769b-3p 253-259 [T -0.27 96
3’ GAUACCCACCCuGUcucuccc
5 ...GAGAGGGAGAGAGGCAGAGAGGG...
¢.*252_*259dupCCCTCTCTG  hsa-miR-4723-3p  253-259 U T -0.31 96
3’ AAACCCCUCCUCGG-ucucuccc
5 ...GAGAGGGAGAGAGGCAGAGAGGG...
¢.*252_*259dupCCCTCTCTG hsa-miR-3183 253-259 I -0.22 96
3’  AGGCUCGCUGAGGCUCUCUCCG
5 ..AGAGGGAGAGAGGCAGAGAGGGA...
c.*¥252_*259dupCCCTCTCTG  hsa-miR-6892-3p 254-261 [T -0.59 99
3 GACGUUCCCCACccucucccu
5" ...AGGGAGAGAGGCAGAGAGGGAGA...
¢.*¥252_*259dupCCCTCTCTG hsa-miR-4469 256-263 -0.45 99

3’  AGGCUCGCUGGGAUCUCCCUCG
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¢.*¥200C>G, ¢.*¥216C>G and c¢.*252_*259dupCCCTCTCTG) which
were located on a potential miRNA binding site of 22 different
miRNAs (Table 3).

In addition, we predicted the impact of our variants on the
known transcription factor (TF) binding site by the Fabian
(ePOSSUM?2) tool and found that the c.-18T>G and c.61+65C>T
variants were located on the known TF binding site of the
TNFRSF13B gene. The c.-18T>G in is located in the promotor
region of the TNFRSF13B and leads to a potential gain in the
binding ability EGR1 and the loss of the POU2F2 transcripti-
on factor. This variant was seen in only four allele in the glo-
bal databases (C=0.000015 (4/264690, TOPMED), C=0.00000
(0/14050, ALFA)). In our unit, we detected this variant in three
of our patients (MAF=0.01). Secondly, a previously known int-
ronic variant (c.61+65C>T) was found in one individual, which
caused a potential loss of the EGR1 binding region, and led
to the enhancement of the POU2F2 binding ability on the
TNFRSF13B gene.

In silico analysis of synonymous variants

For the next step of this study, we evaluated the possible effects
of three synonymous variants (S277S, T27T, and P51P) on the
secondary structure of RNA by calculating the changes in mi-
nimum free energy (MFE) value. Based on this calculation, we
reported almost no change in all replacements; 2% in S277S,
0.7% in T27T, and 1.2% in P51P as compared to native. These
little changes suggested that there is no significant change in
the secondary structure of RNA in terms of altering binding
dynamics. Lastly, we evaluated the alterations on the splice
site region, and only reported the T27T variant as a cause of
possible activation of the cryptic acceptor site (HSF 56.45%).

Clinical significance of TNFRSF13B variants

In order to understand the effects of variants, the relationship
between clinical findings and variants was evaluated by statis-
tical analysis. Variants were evaluated both individually and by
classifying them according to their types; ‘splice effects’, ‘UTR
site’, ‘TSS binding site’, ‘miRNA binding site’ and ‘prior’ variants
which were VUS classified, increased (>20 times) in house allele
frequency and have at least one potential effect (c.*65T>G, c.-
18T>G, c.61+65C>T and c.364C>T).

We observed that patients who suffered from potential spli-
cing variants (c.44T>G; V15G, c.659T>C; V220A, c.81G>A; T27T,
¢.*65T>G; n=35) had significantly low IgA levels (p=0.009), au-
toimmunity (p=0.02) and gastrointestinal findings (p=0.05). In
addition, the c.*79A>G 3 prime UTR variant (n=19) that was
associated with low IgA (p=0.05) and IgE levels (p=0.007).
¢.752C>T (P251L, n=8) was also associated with significantly
low 1gG levels (p=0.04). However, no other clinical correlation
was found between other variant types and clinical findings. A
heat map showing the occurrence of clinical signs and variants
in CVID patients is presented in Table 3.

DISCUSSION

The TNFRSF13B gene regulates T-cell-dependent B lymphocyte
signaling, antibody production, and plasma cell differentiati-
on by activating the NFkB pathway (8). Besides this classical
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way, the TNFRSF13B receptor also promotes immunoglobu-
lin production by interacting with Toll-Like Receptors (TLRs) in
B cells (33). Studies showed that monoallelic variants of the
TNFRSF13B gene were mostly sporadic and characterized by
incomplete penetrance and lack of segregation which leads to
low-IgA levels, lymphoproliferation, autoimmunity and dysre-
gulated immune response (34).

In this study, we detected twenty-six monoallelic TNFRSF13B
variants classified as B, LB, or VUS in sixty-eight CVID patients.
Within the scope of this paper, we explained the disease asso-
ciations of twenty-six variants existing in the TNFRSF13B gene
related to CVID. According to the types of variants, we questio-
ned their possible associations from different perspectives, e.g.,
missense variants from the structural and thermodynamical
point of view, UTR variants from regulatory issues, synonymo-
us variants in RNA binding perspectives and checked out the
correlation of these variants with clinical features.

Within the scope of this research no patient was diagnosed
with a TACI deficiency but in silico analysis of the variants sho-
wed that 58% (15/26) have at least one potential regulatory
effect on TACI protein. In addition, thirteen variants were fo-
und to have at least ten-fold increased allele frequencies when
compared to global databases. These high-frequent variants
were categorized as VUS classification except for one likely be-
nign R122W missense variant, and 69% of these variants (9/13)
could have a potential effect on TACI protein. Based on these
results, we indicated that the TNFRSF13B variants, which are
thought to have a modifying effect on protein, are more com-
mon in CVID patients.

Then we evaluated the potential splice site effects of missense,
intronic and synonymous TNFRSF13B variants and found that
the V15G, T27T, V220A and c.*65T>G variants have a potential
splice site effect. These variants were also associated with signi-
ficantly low level IgA, autoimmunity, and GIS findings. In view of
the fact of the importance of TNFRSF13B splice variants on its
function, this data indicates that the alternative splice effects
could change the ratio of long/short isoform of the TNFRSF13B
gene. Unbalanced TNFRSF13B alternative splices might cont-
ribute to the pathogenesis of patients independent from un-
derlying genetic background of CVID. Evaluating the ratio of the
long/short isoform of the TNFRSF13B gene on patients might be
helpful for understanding the balance of alternative isoforms
of TACI and their function.

Additionally, we showed the impact of UTR variants and fo-
und two variants (c.-18T>G and c.61+65C>T variants), that are
located in known TF binding sites, which might affect the bin-
ding ability of EGR1 and POU2F2 TFs according to the in silico
analysis. We did not detect any association between these two
variants and clinical findings, but we showed that the 3-prime
UTR ¢.*79A>G (rs1183784784) variant was associated with low
IgA and IgE levels. This UTR variant had 10-fold increased al-
lele frequency when compared to the global databases in our
research. GWAS studies showed that UTR primer variants of
the TNFRSF13B gene are associated with low 1gG levels (35).
Moreover, the P251L variant was also associated with low 1gG
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levels. Speletas et al. previously showed that patients who
suffered from this variant, had increased risk of recurrent in-
fections (36). We showed the association between regulatory
variants and immunoglobulin levels that may be helpful to un-
derstand the mechanism of modified TNFRSF13B variants in
primary immunodeficiency.

Even though all these findings covered the possible impacts of
detected variants on TACI deficiency from different perspecti-
ves, the most important limitation of our study is the lack of
experimental studies conducted to reveal the changes in mRNA
and protein expression levels.

The fact that patients who are not diagnosed with TACI defici-
ency but have potential splice site variants in the TNFRSF13B
gene have lower IgA and autoimmunity findings, suggesting the
potential effect of these variants on TACI protein. This study
discussed that TNFRSF13B gene variants do not cause CVID
but it does not explain the phenotype of the diseasethat may
be associated with minimal or moderate regulatory effects and
which could accompany the pathogenesis of the disease. Here,
it isimportant to emphasize that even though all this provided
information is not sufficient to explain the whole etiology of
TACI deficiency, it points out the importance of focusing on va-
riants having minimal/moderate regulatory impacts since they
were seen more frequently in CVID patients within this study.
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ABSTRACT

Objective: Post-transcriptional modifications like m6A
(N6-methyladenosine) and secondary structures like G-quadruplex (G4)
are formations that play a vital role in RNA processing. Their synergy also
has functional consequences. Since m6A is known to be enzymatically
created in the DRACH-motif, and that genetic variants can create a novel
DRACH-motif or abolish a pre-existing DRACH-motif, we can hypothesize
that variants which affect the gene product level through modulating
m6A-G4 colocalization, may also consequently affect fitness and change
the allele frequency. To test this hypothesis, the rare and common variants
in selected human genes were investigated to determine their effect on
DRACH-G4 colocalization.

Material and Methods: Genomic sequences and variant information were
retrieved from the GRCh37/hgl9 and Biomart-Ensembl databases.
Experimentally determined G4 sequences were obtained from two
different studies.

Results: Common variants leading to the formation of a novel DRACH-
motif were found to be significantly higher inside the G4 structure than
outside. In contrast, rare variants with the same feature were higher
outside the G4-structure and had uneven distribution alongside the pre-
mRNA. The uneven distribution of the DRACH-creating rare variants was
observed to correlate with their effect on thermodynamic stability of the
overlapping G4.

Conclusion: Selective DRACH-G4 colocalization suggests that m6A is
evolutionally favorable when overlapping with G4. The thermodynamic
stability could lead to uneven distribution of DRACH-G4 colocalization,
favorable in 3-prime-side, but not in 5-prime-side. We can conclude that
the fitness, and consequently frequency of a DRACH-creating variant is
prone to become higher or lower depending in its position and effect on
the overlapping-G4 stability.

Keywords: RNA modification, N6-methyladenosine, G-quadruplex, allele
frequency

oz

Amag: M6A (N6-metiladenozin) gibi post-transtranskripsiyonel modifikas-
yonlar ve G-kuadrupleks (G4) gibi ikincil yapilar, RNA islenmesinde 6nemli
rol oynayan olusumlardir. Bu iki olusumun birlikteliginin de islevsel sonug-
lari vardir. M6A olusumunun DRACH motifi lizerinde enzimatik olarak
meydana geldigi, genetik varyantlarin yeni DRACH motifi olusturabildigi
veya var olan bir DRACH motifini ortadan kaldirabildigi dikkate alindiginda,
bu tlr varyantlarin, mRNA Uzerinde m6A-G4 6rtlisme durumunu degisti-
rerek gen Urlin duzeyini etkileyebilecegini, bunun da nesiller boyunca
ilgili varyantin alel sikhgini degistirecegini varsayabiliriz. Bu hipotezi test
etmek igin secilmis hastalik iligkili genlerdeki nadir ve sik varyantlar
DRACH-G4 6rtiismesi yontnden incelendi.

Gereg ve Yontemler: Genomik diziler ve varyant bilgileri sirasiyla GRCh37/
hg19 ve Biomart-Ensembl veritabanlarindan cekildi. Deneysel olarak sap-
tanmis G4 dizileri iki farkli galismadan elde edildi.

Bulgular: Yeni bir DRACH motifi olusumuna yol agan yaygin varyantlar, G4
yapisi iginde yiiksek bulundu. Ayni 6zellige sahip nadir varyantlar ise G4
yapisi disinda yiksek bulunurken, pre-mRNA tizerinde esit dagilim goster-
medikleri belirlendi. Yeni bir DRACH motifi olusumuna yol agan nadir var-
yantlarin esit olmayan dagilimi, ortlstigl G4 yapisinin termodinamik
kararlilig tizerindeki etkisi ile iliskili bulundu.

Sonug: Beklenenden sik gézlenen DRACH-G4 6rtlismesi, m6A modifikasyo-
nunun G4 ile 6rtlstigl durumlarin evrimsel bir avantaj sagliyor olabilece-
gini dustndirmektedir. Nadir varyantlara bagh ortaya ¢ikan DRACH-G4
ortigmelerinin pre-mRNA’da esit dagilim géstermemesi ise, m6A’'nin G4
termodinamik kararliligini degistirmesi ve bu degisikligin pre-mRNA'nin 5’
kismina gore 3’ kisminda daha fazla tolere ediliyor olmasina bagli gérun-
mektedir. Sonug olarak, DRACH motifi olusturan varyantlarin segilim bas-
kist ve bunun sonucunda bigimlenen alel sikligi, bu varyantin pre-mRNA
Gzerindeki konumuna ve ortlstigi G4 olusumunun kararlilig Gzerindeki
etkisine gore degisiklik gdstermektedir.

Anahtar kelimeler: RNA modifikasyonu, N6-metiladenozin, G-kuadrupleks,
alel sikhg
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INTRODUCTION

The genetic variants in protein-coding genes display their
impact on the phenotype mostly through quantitative and
qualitative fluctuation in protein products. In this respect,
post-transcriptional RNA modifications play a significant role,
especially in a quantitative manner. To date, more than 150
chemical modifications have been identified in RNAs (1, 2).
Though most of these modifications are found in non-coding
RNAs (rRNA, tRNA, snRNA and long-non-coding RNAs), it has
been shown that coding RNAs are also subject to modifications
(3). N6-methyladenosine (m6A) is one of the most abundant
chemical modifications found in mRNAs (4, 5). The function
of m6A was elucidated long after its discovery (6, 7). We now
know that m6A plays a significant role in processing, nuclear
export, translational regulation, and decay of mRNAs (8, 9). In
line with these functions, m6A modification displays an unequal
distribution throughout mRNA (4, 5, 10).

In addition to post-transcriptional modifications, secondary
structures have a key role in translational efficiency of mRNAs.
One of these secondary structures is the G-quadruplex (G4)
which is spontaneously formed in guanine-rich (G-rich) sequen-
ces in DNA or RNA. This structure is formed via Hoogsten base
pairing of adjacent guanines in G-rich sequences (11). Although
Hoogsten hydrogen binds between G bases are essential for G4
structure, there are many additional factors that could affect G4
folding in a G-rich sequence, like the length of the sequence,
the presence of an alternative Watson-Crick pair-based stable
structure and free metal cations (12-15). Bioinformatic studies
which are based on the acknowledged consensus sequence and
experimental genome-wide studies using G4 specific probes
revealed a non-random distribution of G4 structure throughout
the genome and transcriptome (16). These studies demons-
trated that the G4 sequences are enriched at the telomeres,
promoter regions and replication origins in genomic DNA, and
UTRs (Untranslated Region) in mRNA. Though G4 structures
are formed both in DNA and RNA, it has been shown that G4
structures in RNA are more stable and have less topological
diversity than G4 structures in DNA (17). Searching the cano-
nical consensus sequence (5-G,N, _G,N, .G,N, G.-3" where N
isA, C, G, T, or U) from which a typical G4 structure is known to
form, putative G4 structures were found to be present in 5’UTR
of more than 9.000, and in 3’UTR of more than 8.000 human
genes (15, 18, 19, 20-22). Moreover, it showed that more than
1.600 human genes have G4 structures in their ORFs (Open
Reading Frame) (23). G4 structures in RNAs are supposed to
play a role in stability, splicing, and translation of RNAs through
binding specific proteins like elF4G, LARK, SLIRP, AFF3, AFF4,
elF4A and hnRNP A2 (24-30).

Despite the enormous difference in their formation and struc-
ture, m6A modification and the G4 structure seem to share
common functional consequences in RNA processing. Both are
separately shown to modulate splicing, nuclear export, trans-
lation, and decay of the RNAs. Although mutual or synergic
activities of the m6A and G4 are not well understood, recent

studies revealed that m6A modification can modulate G4 struc-
ture formation and vice versa. The m6A modification was found
to modulate the G4 structure through affecting its stability as
shown in R-loops, while the G4 structure was demonstrated to
modulate m6A modification through facilitating the adenine
N6-methylation in target motif as shown in viral RNAs (31, 32).
Their synergic activity is supported by overlapping m6A-G4 in
eukaryotic mRNAs (33, 34).

MATERIAL and METHODS

Aim: Considering previous studies, this study aimed to inves-
tigate whether the functional consequences of overlapping
m6A-G4 have selective pressure on the variants that lead to
colocalization of m6A and G4. To address this question, defi-
ned single nucleotide variants in selected disease-associated
human genes were investigated to determine their effect on
the colocalization of m6A and G4.

Reference sequence data: Human genome sequence (GRCh37/
hg19) was downloaded from NCBI (https://www.ncbi.nlm.nih.
gov/assembly/GCF_000001405.25) and recorded as a sqgl data-
base using Sqlite3 library of Python3.7. The name list and exonic
coordinates of disease associated human genes (28,250 trans-
cripts from 3,306 MIM genes) and genomic coordinates, alle-
les, and allele frequencies of the variants within these regions
were fetched from Ensembl (Biomart; http://grch37.ensembl.
org/biomart/martview/c4f6ef5ffc88cf1d9a00b63173228cda)
and UCSC Genome Browser (https://genome.ucsc.edu/cgi-bin/
hgTables).

Real G4 data: Genomic coordinates of experimentally identified
G4 regions were yielded from two GEO datasets (GSE77282
and GSE181373) (37, 38). The neighboring gene name, SNP
(Single Nucleotide Polymorphism) record name, variant alleles,
and allele frequency of the variants within these coordinates
were fetched from the UCSC Genome Browser and recorded
as text files.

Artificial variant sequences: Considering their genomic positi-
on, strand, alleles and allele frequency, each single nucleotide
variant and their flanking reference sequence was retrieved
from a hg19-sql database, and separately stored as ‘wild-type
sequence pieces’. By replacing the reference base with a variant
base, a ‘variant sequence piece’ was produced for each corres-
ponding ‘wild-type sequence piece.” Each ‘variant sequence
piece was tagged as ‘common’ or ‘rare’ regarding the minor
allele frequency (MAF) (‘common’ for alleles with MAF >0.01,
and ‘rare’ for alleles with MAF <0.01) of the corresponding
variant. Variants with no recorded MAF value in the database
were evaluated as rare variants.

Searching and counting the putative G4 structures and m6A
motifs: Both wild-type and matched variant sequence pieces
were evaluated with ‘re’ module and ‘Pandas’ library of the
Python3.7, for the presence and count of a putative G4-forming
sequence (G, ,[N, .G, .1,), for putative G4 structures and con-

sensus DRACH motif ([A/G/U][A/G]AC[A/C/U]), and for putative
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m6A modification sites. The effect of the variant on the m6A
(DRACH) motif number was evaluated according to putative
DRACH motif Number (n) in the presence of a reference al-
lele. The resulting effect was assessed as inert (change from
‘n’ to ‘n’), augmentative (from ‘n’ to ‘n+1’) or reductive (from
‘n’ to ‘n-1).

Thermodynamic stability: Minimum free energy (MFE) value
of each sequence piece was calculated with ‘seqfold’ library
of the Python3.7.

Statistical analysis: The Chi-square, t-test, Z-test, and corre-
lation test were performed with the ‘statsmodels’ library of
the Python3.7.

RESULTS

The number of common variants creating the DRACH (m6A)
motif inside the G4 structure are higher than the rare variants.
Since, both m6A and G4 found in pre-mRNA are known to af-
fect splicing, localization, translational efficiency, and decay of
the RNAs, variants in a non-spliced sequence of the selected
MIM genes were evaluated in terms of their effect on a m6A
motif Number within putative G4 structures. While most of
the variants (94,6%, 50,933 variants) were found not to re-
late to the m6A motif (n—>n;inert variants), 75% (2,009 va-
riants) of the remaining variants created a novel m6A motif
(n=>n+1;augmentative variants), and 25% (851 variants) abo-
lished a preexisting m6A motif (n->n-1;reductive) inside a pu-
tative G4-structure (Supplementary File 1). The research found

that the number of rare variants which create a novel m6A
motif or increase the number of preexisting m6A motifs inside
a G4 structure were statistically lower (p=3.02e-6) than that of
the common variants (Table 1).

To clarify whether this situation is limited to G4-included re-
gions, the variants which have a flanking region that is not
included in any putative G4 (G4-not-included regions) were
analyzed. Contrary to G4-included regions, the number of rare
augmentative variants, which created a novel m6A motif or
increased the number of preexisting m6A motifs inside G4-not-
included regions, were found statistically higher (p=6.98e-30)
than that of common variants (Table 1).

Since both the m6A modification and G4 structures participated
in the translational rate, localization and stability of mRNA, vari-
ants were evaluated in the spliced RNA sequence, as well. Whi-
le the difference between rare and common variants in G4-not-
included regions remained statistically significant (p<0.001),
there was no statistical significance in the distribution of variant
counts inside G4 (Table 2).

Rare variants creating the DRACH (m6A) motif inside G4
avoid being close to 3’-side and prefer to be near 5’-side of
pre-mRNAs.

Independent of their frequency, both inert and reductive va-
riants displayed an equal distribution throughout pre-mRNAs.
The distribution of augmentative rare variants displayed a
statistically significant shift from 3’-end to 5’-end of the pre-
mRNAs (Figure 1).

Table 1: Count of variants which decrease (n ->n-1), increase (n ->n+1) or do not change (n ->n) the m6A motif
number (n) inside or outside the G4 structure in pre-mRNA. Rare variants (MAF<0.01) increasing the m6A motif
number were significantly higher outside the G4 structure, while common variants (MAF 20.01) increasing the
m6A motif number were significantly higher inside the G4 structure

m°®A motif number

Variant count

6 .
mA "T°t'f MAF value Chi-square
location
Reference allele  Variant allele Observed Expected
<0.01 509 529.913 0.82
- n n-1
'.g >0.01 763 742.087 0.58
E <0.01 31,814 31,661.47 0.73
[U) n n
] >0.01 44,186 44,338.53 0.52
E <0.01 1,174 1,305.619 13.26*
n n+l
>0.01 1,960 1,828.381 9.47*
<0.01 994 919.87 5.97
e n n-1
H >0.01 7,913 7,987.12 0.68
€
< <0.01 23,410 23,836.62 7.63
© n n
;“c_;’ 20.01 207,396 206,969.37 0.87
"
5 <0.01 1,516 1,163.5 106.79%*
o n n+l
>0.01 9,750 10,102.49 12.29**

* p=3.02e-6, Total chi-square:25.41, df=2, ** p=6.98e-30, Total chi-square: 134.26, df=2
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Table 2: Count of variants which decrease (n ->n-1), increase (n ->n+1) or does not change (n ->n) the m6A motif
number (n) inside or outside the G4 structure in mRNA. Rare variants (MAF<0.01) increasing the m6A motif
number were significantly higher outside the G4 structure, while common variants (MAF>0.01) were lower

m°A motif number

Variant count

. .
meA r.notlf MAF value Chi-square
location Reference allele  Variant allele Observed Expected
<0.01 0 1.09 0.128
- n n-1
'g 20.01 13 11.9 1.395
£ <0.01 71 68.2 7.995
U] n n
] >0.01 737 739.79 86.728
= <0.01 1 2.73 0.320
n n+1l
>0.01 31 29.29 3.434
<0.01 695 655.42 2.39
= n n-1
° >0.01 5,443 5,482.57 0.28
€
< <0.01 12,698 12,857.69 1.98
‘3 n n
3 >0.01 107,714 107,554.3 0.23
wv
8 <0.01 756 635.88 22.69*
n n+1
>0.01 5,199 5,319.11 2.71%

* p<0.0001, Total chi-square: 30.299, df=2

Because the total length and exon-intron contents of each
transcript are different, relative position rather than absolute
position of the variants is more appropriate for the comparison
of their position-dependent effect in pre-mRNAs. To investigate
the position-dependent effect of the variants on m6A-G4 colo-
calization in more detail, their relative positions were clustered
as positional quartiles. Distribution of the rare variant ratio
through positional quartiles revealed that the ratio of inert va-
riants displayed an equal distribution throughout pre-mRNAs.
Except for the second quartile, the ratio of reductive variants
displayed an equal distribution. In the second quartile, the ratio
of reductive rare variants was found to be significantly lower
than expected. The ratio of augmentative variants displayed
unequal distribution in all quartiles. In the first quartile, the ra-

N oW B W o N ok W5
o ©o o o o o o o o

Relative distance to 5" end of the transcript

-
o

tio of augmentative rare variants was higher than expected, ho-
werver in the last quartile it was lower than expected (Figure 2).

To evaluate whether there is a difference between the distri-
bution of variant positions throughout the G4 structure, the
relative position of variants in the G4 sequence were compa-
red. There was no difference found between the over-G4 dist-
ribution of the variants (Data not shown.).

Colocalization of m6A and G4 seems to increase the ther-
modynamic stability of the G4 structure.

Because of the crucial involvement of thermodynamic stability
in G4-structure formation, minimum free energy (MFE) values
of the putative G4-structures were compared considering the
variants and m6A motif numbers.

I[NINT

MAF >=0,01 <0,01 >=0,01 <0,01 >=0,01 <0,01
m6A motif No— 1 N—sn n—sn+l
number

Figure 1: Comparison of mean distribution of common (MAF>0.01) and rare (MAF<0.01)
variants regarding their effect on m6A-motif number inside the putative G4 motifs. Dist-
ribution of the rare variants that increase m6A number have closer location to 5’-side.
*p<0.001
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Figure 2: Distribution of rare variant/common variant ratio throughout relative position
quartiles. The rare variants that increase m6A number display a gradually decreasing pat-
tern from 5’- to 3’- side. *p<0.001, **p<0.0001
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Figure 3: Distribution of G4-MFE values throughout relative position quartiles (a, b) and the effect of
m6A number on G4-MFE value (c, d). The effect of m6A on MFE value depends on frequency (a), alleles
(b) and m6A number (c), especially three m6As (d). *p<0.001, **p<0.0001

Rare variants were shown to have lower MFE values, especially
in reductive variants (Figure 3a). When reference and variant
bases were considered, it was observed that the alternative
variant had a lower MFE than the reference allele in each gro-
up (Figure 3b). While reductive rare variants were found to
have the lowest MFE, augmentative common variants were
found to have the highest MFE value (Figure 3a). To evaluate
whether this result was due to the presence of the m6A motif,
the MFE values of G4 sequences were compared to the m6A
motif number. The MFE values were observed to be inversely
related to the m6A motif count (Figure 3c). Putative G4 struc-
tures with three m6A motifs were found to have the lowest
MFE values (Figure 3d).

Overlapping m6A-G4 could modulate the G4 stability in a po-
sition-dependent manner.

Due to position-dependent colocalization of m6A-G4 and m6A-
dependent stability of G4, we can hypothesize that G4-stability
could also be modulated in a position-dependent manner. Ad-
ditionally, because of the relationship between overlapping
m6A-G4 and allele frequency, it is possible that G4-stability
could depend on allele frequency of the variants. To test this
theory, the MFE values of putative G4 structures were com-
pared while considering the relative position and minor allele
frequency of the variants that created the m6A motif.

Distribution of the MFE values over positional quartiles showed
that MFE values were likely to decrease from the 5’-end to the
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Figure 4: Correlation between G4-MFE values led by m6A-creating variants and their relati-
ve position. Decreasing MFE value suggests an increased stability of G4 from 5’- to 3’-end.
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Figure 5: Position-dependent decrease in MFE values shows difference between reference (Ref) and
alternative (Alt) allele of the variants (a). The position dependency of MFE values is clearer when MFE
differences between Ref and Alt alleles are considered (b). MFE differences of common variants (c)
and rare variants (d) have different distribution patterns.

3’-end of pre-mRNAs (Figure 4). To see whether this positi-
on-dependent decrease depended on variant alleles, the MFE
values were evaluated in terms of alleles. The effect of variant
alleles on the MFE values was found to depend on their relative
position (Figure 5a). The difference between MFE values of the
variant allele and reference allele showed a dependence on
relative position (Figure 5b). The MFE-difference (Variant allele
MFE minus reference allele MFE) value had a decreasing pat-

tern throughout pre-mRNA. When the distribution of the MFE-
difference was reevaluated considering the frequency of variant
alleles, it revealed that the decrease in the MFE-difference star-
ted closer to the 5’-end with common alleles (Figure 5c¢), and
closer to the 3’-end with rare variants (Figure 5d).

Real Data Analysis
To evaluate the validity of the findings, experimental
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Figure 6: A hypothetical model to explain the position-dependent effect of m6A-G4 coloca-
lization. A variant that creates m6A motif overlapping with G4 is prone to have higher allele
frequency in 3’-side, because G4 supports poly-adenylation. In 5’-side, however, it is prone to

have lower allele frequency to allow translation.

G-quadruplex data were analyzed. The first set of data included
13,423 genomic coordinates of G-quadruplex regions yielded
from the HelLa human transcriptome study dataset, GSE77282
(35). The second set was retrieved from the GSE181373 dataset
that obtained single-cell mapping of DNA G-quadruplex struc-
tures in three human cancer cell lines (K562, MCF7 and U20S),
and included 223,696 genomic regions (36). All the SNPs and
their flanking sequences located inside these genomic coordi-
nates were gotten from the USCS Browser (https://genome.
ucsc.edu/).

The first dataset included 13,360 unique genomic regions in
6,613 genes. A total of 15,169 known variants were found wit-
hin these regions. When the regions with extreme length (me-
dian length: 11,657 bp, min length: 10 bp, maximum length:
110,841 bp) were filtered out, 823 regions covering at least one
variant were yielded (Supplementary File-2). Of these regions,
only 110 (13.36%) were found to have classical G4-quadruplex
motifs (G, ,[N, .G, .I,). The G4-quadruplex motif-included se-
quences that were evaluated in terms of DRACH (m6A) motif
number with variant alleles. Approximately 10% of them were
found to have a changed DRACH motif number; From 0 to 1:21
variants, from 1 to 2:13 variants, from 2 to 3:2 variants, from 1
to 0: 15 variants and from 2 to 1:4 variants.

The second dataset included 223,696 genomic regions of which
198,959 were unique. Of these experimentally detected quad-
ruplex regions, which had a 2,939.46 bp length in mean (medi-
an 1,766 bp), 1,5487 (43.5%) were found to have at least one
classical G4-quadruplex motif. Though 34,482 variants (35,603
alleles) were identified to be covered by these regions, only
406 (1.14%) were located inside a classical G4-quadruplex
motif. While 81 variants were found to remove a pre-existing
classical G4-quadruplex motif, 117 were observed to create a
novel classical G4-quadruplex motif. Of the remaining 299 va-
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Figure 7: The position-dependent effect of m6A-G4 colocali-
zation can be explained by MFE difference. The variants that
create m6A motif overlapping with G4 may have better fitness
due to decreased G4 stability near 5’-side and increased G4
stability near 3’-side.

riants, which did not affect the G4-motif, 288 did not change
the m6A-motif number within the G4-quadruplex motif. Only
six variants were found to increase the m6A-motif number wit-
hin the G4-quadruplex motif, while five variants decreased the
m6A-motif number.

When the allele frequency was considered, no significant dif-
ference was found in the distribution of the m6A motif counts
(Supplementary Table-1). On the other hand, the statistically
significant relationships observed in the data yielded from the
presumed G4-motifs that we were not able to evaluate in the
real data, because the count of rare variants were not sufficient
(Supplementary File-2).
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DISCUSSION

Post-transcriptional modifications like m6A, and secondary
structures like G-quadruplex, are principal actors in RNA pro-
cessing. While the m6A modification is controlled by specific
enzymes, the formation of G4 structures relies on physico-che-
mical conditions and thermodynamic rules. Both lead to similar
consequences in terms of their effects on RNA processing, but
with different manners. The dependence on a consensus se-
quence is another common feature of the m6A and G4. While
the m6A modification targets the adenine in the third position
of the DRACH ([A/G/U][A/G]AC[A/C/U]) motif, the G4 structu-
re is formed from the sequence with G [N, .G, .]. motif (15,
18, 19, 37).

Besides the separate roles of the m6A modification and G4
structure, their colocalization has been shown to have functi-
onal importance. The crosstalk between the m6A modification
and G4 structures seems bidirectional. For instance, the m6A
modification is shown to affect the stability of the R-loop, and
a G4 structure formed by DNA: RNA hybrid strands (31, 32).
Mutually, the G4 structures are shown to modulate m6A mo-
dification in some viral genomes like HIV, Zika, Hepatitis B, and
SV40 (34). If we suppose that a variant within the G4-forming
sequence can create or abolish the m6A motif (DRACH), this
variant could be under selective pressure depending on the
functional effect of the resulting overlapping m6a-G4 status.
In this respect, we can expect a correlation between the frequ-
ency and colocalization ability of the variants. In this study, the
impact of the m6A-G4 colocalization on the variant frequency
was investigated. For this purpose, the single nucleotide vari-
ants in selected disease-associated human genes were evalua-
ted for their allele frequency and m6A-G4 colocalization ability.

The outstanding result of this study is that the variants creating
the m6A motif inside a G4 structure are prone to have a hig-
her frequency. In contrast, such variants have lower frequency
if located outside of the G4 structure. The Colocalization-de-
pendent higher allele frequency of such variants suggest that
overlapping m6A-G4 could have a protective role.

To understand how a variant creating m6A motif inside a G4
structure may play a protective role and gain a favorable featu-
re, distribution of the colocalization-leading variants througho-
ut pre-mRNAs was evaluated, since both the m6A modification
and G4 structure display their functional effects in a position-
dependent manner (38).

The results showed that the position of the colocalization-le-
ading variants has importance for the underlying mechanism.
Previous studies, showed that the m6A motif distribution thro-
ughout RNA molecules was not equal. Many studies observed
that the m6A residues were enriched in 5’UTRs, around stop
codons and in 3’ UTRs adjacent to stop codons in mammalian
mRNAs (4, 5, 39). Similarly, the G4 structures were also repor-
ted to be overrepresented in 5’- and 3'-UTRs (20, 40).

Findings of this study suggest that the functional consequen-
ce of the m6A-G4 colocalization may have selective pressure

on the colocalization-leading variants in a position-dependent
manner. While the G4 structures hosting a m6A motif created
by a common variant showed equal distribution throughout the
pre-mRNA, G4 structures overlapping with m6A motifs crea-
ted by a rare variant are likely to avoid the 3’-side of the pre-
mMRNAs. This result could mean that the m6A-G4 colocalization
can be tolerated when found near the 3’-side, but not in the
central region and especially near the 5’-side of the pre-mRNA.
Then, it can be deduced that any variant that creates a novel
m6A motif inside a G4 structure could become favorable, and
display an increased population frequency, if found near the
3’-side. On the other hand, the same type of variant would not
bepreferable if found in the transcript body, and undesirable if
found near the 5’-side of the pre-mRNA. The latter is expected
to display a decreasing allele frequency. The favorability of a
m6A-G4 colocalization in the 3’-side is due to the supported
function of the pre-existing G4 structure. For instance, as rep-
resented in Fig 6, the G4 structure supported by the m6A in
5’UTR may reduce the translational efficiency of mRNA, since
G4 structures in 5’UTR are known to affect cap-dependent and
cap-independent translation (41). Similarly, the G4 structure
supported by an overlapping m6A in the 3’-side may enable
the transcript to produce alternative products, through mo-
dulating alternative splicing and alternative poly-adenilation of
pre-mRNA (21, 41). It is also possible that the m6A can modu-
late miRNA binding through stabilizing the G4 structure after
splicing (40).

There could be consequences for the m6A-G4 colocalization.
The creation of novel docking sites for specific proteins must
be considered in this respect. Both m6A and G4 structures are
known to be recognized by specific proteins (24, 43, 44). The-
refore, colocalization of the m6A modification and G4 structure
may lead to competitive or cooperative interaction between
these proteins. Evaluating these possibilities requires expe-
rimental methods dealing in vitro RNA-protein interactions.
Another consequence of the m6A-G4 colocalization is the chan-
ging thermodynamic properties of the structure. Thermodyna-
mic stability is crucial for the formation of G4 structures (45).
In contrast, m6A formation is regulated by specific enzymes
rather than the thermodynamic status of the flanking sequence
(46). However, m6A modification can affect the thermodynamic
stability of RNA, and marginally reduce the stability of an A: U
base pairing (47). Similarly, in recent studies, the colocalization
of m6A and G4 was shown to alter the stability of the DNA: RNA
hybrid quadruplexes, known as R-loop (31, 32). Some studies
reported that the m6A promoted G4 folding, while others de-
monstrated that the m6A downregulated the G4 formation.
These contradictory findings are still discussed. The G4 was also
disputed to modulate the m6A modification in viral RNAs (32).
The overlapping m6A and G4 in 3’UTR of viral RNAs revealed
that the folded G4 structures may guide the enzymatic adenine
methylation in the DRACH motifs (34). Moreover, enrichment
of the overlapping m6A and G4 in viral RNAs are reported to
be critical for the impact of the m6A on viral fitness; as shown
in HIV-1 (48). In eukaryotes, the overlapping m6A and G4 are
shown in the 3’UTRs of mRNAs, as well (33, 49).
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Based on previous studies that suggested the synergy between
m6A and G4, we can deduce that significance in the distribu-
tion of variants leading to the m6A-G4 colocalization may re-
sult from the changed stability of the G4 structures. To assess
this possibility, the MFE values of G4 structures were calcula-
ted. DRACH (m6A) motifs were observed to cause a decreased
MFE, which means increased thermodynamic stability of the G4
structure. The number of m6A motifs inside the G4 structure
also seems crucial for the degree of stability.

The position-dependency of overlapping m6A-G4 may explain
the mechanism responsible for difference in allele frequency
among the variants leading to m6A-G4 colocalization. Based
on the findings of this study, we can suppose that a m6A-G4
colocalization-leading variant will prone to have higher allele
frequency, if decreases G4 stability when located near 5’-side
and increases it when located near 5’-side of the pre-mRNA
(Figure 7).

The preliminary results of this study suggest that m6A overlap-
ping with G4 structure may have functional consequences with
an unknown mechanism. At least, it seems likely that this mec-
hanism needs position-dependent stability of the G4 structure.

Since all findings of the study need to be validated with real
data, sequences yielded from genomic coordinates of experi-
mentally identified quadruplex regions in two GEO datasets
were also investigated for the covered variants and putative
m6A motif numbers. However, because the counts of the ex-
perimentally detected quadruplex regions which had classical
motif (G, [N, .G, .].) were not sufficient for further statistical
analysis, findings of the study could not be supported or dispro-
ved by the real data. Choosing the classical G4-quadruplex mo-
tif was a limitation of recent study, so the theoretical findings of
this study were restricted to the classical G4-quadruplex motif,
which seems not to be common in the real quadruplex pools.
Therefore, different subtypes of the G4-quadruplex motifs, to-
gether with the G_ [N, .G, .], motifs, should be considered in
further studies to manage the synergy of the overlapping G4-
m6A motifs and allele frequency of the m6A-related variants.

In summary, we conclude that the fitness, and consequently
the frequency of a variant creating the m6A motif is prone to
become higher or lower depending on whether it is located
inside or outside the classical G4 structure. Furthermore, the
frequency of these variants may depend on both their position
and their effect on the thermodynamic stability of the overlap-
ping G4 structure. If located near the 5’-side it destabilizes the
G4 structure or if located near the 3’-side it stabilizes the G4,
a variant creating m6A motif is prone to have higher fitness
and frequency.

Study limitations: The recent study included only the selec-
ted MIM genes, and the known SNPs reported in these genes.
Findings revealed from the available experimental data were
insufficient to evaluate theoretical findings of the study.

CONCLUSION

The starting point of this study was a suspicion as to whether
there is a functional crosstalk between chemical modificati-
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ons (like m6A) and secondary structures (like G4-quadruplex)
in RNA. In case of such a crosstalk, the genetic variations at
the chemically modified base are expected to have functional
consequences, which create selective pressure on the variant
allele. Though the lack of experimental validation and supports,
the findings of this study suggest that the fluctuation in allele
frequency of the human SNP’s could be a consequence of the
crosstalk between the m6A and G4-quadruplex. In addition
to the potential contribution to population genetics and evo-
lutionary genetics, such a crosstalk between the m6A and G4-
quadruplex also has the potential to help us understand the
polygenic nature of the complex disorders and the modifying
genetic factors in the single-gene disorders.
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ABSTRACT

Objective: In this study, the aim was to make a categorical estimation of
the absent/presence of liver disease by using some blood biochemistry
parameters (ALB, ALP, ALT, AST, BIL, CHE, CHOL, CREA, GGT, and PROT),
gender and the age of healthy individuals, and those with liver disease.
Material and methods: The prediction was obtained with multiple linear
regression of machine learning in the R Studio program. Machine learning
was improved by selecting parameters that have a high contribution to the
prediction by using the Akaike information criterion.

Results: The three strongest parameters with a positive effect on the
estimation were AST, BIL, and GGT, respectively; The three strongest
parameters with negative effects were CHOL, CHE, and ALB, respectively.
The accuracy of the model used was 91%, the precision was 99%, the
recall was 0.91, and the F score was 94%. When the correlation
relationship graph was examined, it was determined that AST was a strong
differential parameter in healthy/liver diseased individuals.

Conclusion: Multiple linear regression is a preferable method for
categorical disease classification.

Keywords: Machine learning, liver, classification

INTRODUCTION

Machine learning offers strategies, techniques, and resources
that can assist in resolving diagnostic and prognostic issues
in a range of medical specialties. The significance of clinical
indicators and their combinations for prognosis is examined
using machine learning. It has developed into a method
that is often used to gather medical data for things like
planning treatments, outcome studies, and estimating illness
progression. Additionally, machine learning is employed for
data analysis in the form of smart alerts, continuous data
interpretation in intensive care units, and the replication of
inaccurate or missing data based on pattern discovery in the

oz

Amag: Bu calismada saglikli ve karaciger hastaligi olan bireylere ait bazi
kan biyokimya parametreleri (ALB, ALP, ALT, AST, BIL, CHE, CHOL, CREA,
GGT ve PROT), cinsiyet ve yas bilgileri kullanilarak karaciger hastaligi yok/
var kategorik tahmini yapilmasi amaglanmistir.

Gereg ve Yontem: R Studio programinda makine 6grenmesine ait ¢oklu
dogrusal regresyon ile tahmin elde edilmistir. Akaike bilgi kriteri kullanila-
rak tahmin Uzerine yiksek katkisi olan parametreler segilerek makine
o0grenmesinde iyilestirilmeye gidilmistir.

Bulgular: Tahmine pozitif yonli etkisi olan en gligli 3 parametre sirasiyla
AST, BIL ve GGT; negatif yonlu etkisi olan en glicli 3 parametre sirasiyla
CHOL, CHE ve ALB bulunmustur. Kullanilan modelin dogrulugu %91, kesin-
lik %99, geri ¢cagirma 0,91 ve F skoru %94 olarak bulunmustur. Korelasyon
iliskisi grafigi incelendiginde AST ‘nin saghkli/karaciger hastasi bireylerde
gl bir ayirici parametre oldugu tespit edilmistir.

Sonug: Coklu dogrusal regresyonun, kategorik hastalik siniflandirmasi igin
tercih edilebilir bir yontem oldugu bulunmustur.

Anahtar Kelimeler: Makine 6grenmesi, karaciger, siniflandirma

available data. It is well recognized that when machine learning
techniques are successfully deployed, they aid in the integration
of computer-based healthcare systems, present chances to
facilitate and enhance the work of medical professionals, and
ultimately improve the effectiveness and caliber of medical care
(1). Machine learning is being used in the healthcare industry
not to replace doctors, but to reduce their workload and give
patients feedback more quickly and efficiently.

Machine learning has several important applications in the
field of medical diagnosis (2,3). In this approach, doctor-based
techniques are used to create hypotheses from patient data. In
order to do this, the system is enhanced with symbolic learning
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techniques and knowledge management capabilities that are
appropriate for the doctor’s interpretation of the case. As a
result, the forecast is generated using straightforward rules or,
most often, a decision tree. The reporting of a medical imaging
as a certain radiologist using machine learning is an illustration
of this.

Biomedical signal processing is an additional application
area (4). With the use of machine learning techniques, it is
feasible to model the linear or non-linear relationships that
exist between the data and find the fundamental features and
information that are concealed in physiological signals or that
are likely to be disregarded. Additionally, machine learning
is employed in radiography, magnetic resonance imaging,
endoscopy, confocal microscopy, computer tomography, and
other imaging techniques, particularly for the detection of
cancerous regions. In addition to all of these uses, the most
typical application of machine learning is to forecast diseases
using categorical classification algorithms and patient data
(5-7).

The most accessible and practical way for identifying
biomarkers that can be used to predict disease is through
blood biochemistry characteristics. Some disorders, including
diabetes, hypertension, heart disease, hormonal diseases,
blood diseases, and liver diseases, can be preliminarily
diagnosed using it (8,9). When examining liver illnesses,
the blood sample is tested for the presence of biomarkers
including ALB, ALP, ALT, AST, BIL, CHE, CHOL, CREA, GGT, and
PROT (10). ALB acts as a source of amino acids, carries things
through the blood, and aids in osmotic pressure maintenance.
The liver contains the enzymes ALP, ALT, AST, CHE, and GGT.
BIL is a yellow pigment created when red blood cells are
broken down. A lipid molecule called CHOL is necessary for
a number of physiological activities. A byproduct of muscle
metabolism called CREA is eliminated by the kidneys. ALB and
other globulins are included in the PROT measurement of the
blood’s overall protein concentration. Abnormalities in these

Table 1: Some information about the attributes in the dataset

biomarkers indicate liver disease (11).

In this study, it was aimed to estimate the presence or absence
of liver disease by using liver-related parameters, gender and
age information from blood biochemistry results of individuals
without liver disease (healthy) and diagnosed with liver disease
(patient).

MATERIAL and METHODS

A. Dataset and machine learning preparation

The data set was acquired from the open source Kaggle website
and included 615 people who were categorized as healthy,
hepatitis, fibrosis, and cirrhotic people (12). Age, gender, ALB,
ALP, ALT, AST, BIL, CHE, CHOL, CREA, GGT, and PROT values
are all attributes in the data stack that was used. Class values
were divided categorically as only healthy (1) and patient (2).
By averaging the appropriate column, missing measurements
in the dataset were filled in. Detailed information about the
attributes in the dataset is given in Table 1.

In the study, the xIsx extension data set was used to code
machine learning algorithms through the R Studio program. An
amount of 80% of the data set was used to train the algorithm,
and 20% of the data set was used in the test set to control the
accuracy of the prediction and to evaluate the performance.

B. Forecast Model

Machine learning includes a variety of categorization and
regression estimation techniques. Multiple linear regression
(MLR) was chosen among machine learning regression methods
for estimation since the dependent variable in the data set
utilized in this study must be estimated as a categorical data

type.

B. 1. Multiple Linear Regression (MLR)

One technique for determining the relationship between
multiple independent variables (x1-xn) and a dependent
variable, vy, is known as multiple linear regression (MLR).

Category Health (n=540) Liver Disease (n=75)
Min-max values Min-max values

Age Age 32-77 19-75

Sex Sex (371 M, 244 F) - -

ALB Albumin Blood Test (g/dL) 14.9-82.2 20-50

ALP Alkaline phosphatase (U/L) 27-208.2 11.3-416.6

ALT Alanine Transaminase (U/L) 2.5-325.3 0.9-258

AST Aspartate Transaminase (U/L) 10.6-188.7 16.7-324

BIL Bilirubin (mg/dL) 0.8-59.1 5-254

CHE Acetylcholinesterase (U/g) 3.44-15.43 1.42-16.41

CHOL Cholesterol (mg/dL) 2.61-9.43 1.43-9.67

CREA Creatinine (mg/dL) 8-170 45.4-1079,1

GGT Gamma Glutamyl Transferase (U/L) 4.5-345.6 11.5-650.9

PROT Protein (g/dL) 44.8-86.5 54.2-90
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Multiple linear regression is cited as a typical technique for
estimating an unknown variable’s value from the known values
of two or more other variables (13). The following Eq. 1 for
n independent variables, which might be linear or linearized,
often expresses this relationship (14).

y=b,+bx +bx +-+b x (1)

By adjusting the input parameters, 4 alternative fit operations
were performed in the study. It is intended to obtain the input
parameters with the greatest impact on the estimation using
these 4 various procedures. For each fit procedure, the Akaike
information criterion (AIC) is determined (15). The AIC is a
single numerical value that can be used to identify the best
model for a given dataset among the various models. A better
forecast is made by the model with the lower AIC value than
by the other models.

C. Performance evaluation criteria

Efficiency research of machine learning classification algorithms
is measured using metrics such as accuracy, precision, recall,
and F-score (16). After making an estimate, the complexity
matrix will be determined for this. It displays TP true positive,
TN true negative, FP false positive, and FN false negative in
order to depict the positive healthy people and the negative
persons with liver disease in the complexity matrix and metrics.
As a result, Eq. 2-5, as illustrated in the table below, is used to
calculate accuracy, precision (P), recall (R), and F-score.

A _ TN+TP
CCUTACY = S TN+FP+FN (2)
.. TP
Precision =
TP+FP (3)
TP
Recall = m (4)
__ 2(R*P)
Fscore = ip (5)

In order to assess how much the data contribute to the
prediction of disease, the correlation matrix, which is the table
of correlation coefficients between various factors, will also be
visualized using the corrplot tool.

RESULTS and DISCUSSION

ALB, ALP, ALT, AST, BIL, CHE, CHOL, CREA, GGT and PROT
parameters were used in the study, while the search for the
presence of liver disease through hemogram biochemistry
results was carried out with machine learning. While these
parameters are within the typical reference range for healthy
people, they do not match the reference range for sick people.
In the adult population, the following normal reference ranges
are used: 35-52 for ALB, 30-120 for ALP, 0-45 and 0-31 for ALT
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(male and female), 0-35 and 0-31 for AST (male and female), BIL
3-13, 8-18 for CHE, 0-5.2 for CHOL, 50-110 for CREA, 0-55 and
0-38 (male and female) for GGT, and PROT 60-83 U/L (17). In
the data included in the study, the mean age, the ALB, ALP, ALT,
AST, BIL, CHE, CHOL, CREA, GGT and PROT values for healthy
individuals were calculated as 42.00, 68.86, 27.61, 27.12,
8.47, 8.38, 5.48, 78.75, 30.62 and 71.87 U/L, respectively.
These mean values were calculated as 38.70, 61.35, 34.48,
89.94, 32.41, 6.83, 4.52, 99.53, 103.67 and 73.23 U/L for sick
individuals, respectively. The ALB, ALP, ALT, CHOL, CREA, and
PROT readings of patients with liver illness were determined to
be normal when the hemogram findings were compared with
normal reference values. Additionally, it was shown that liver
patients had low CHE values and high AST, BIL, and GGT values.

Figure 1 presents a graph illustrating the relationship between
machine learning and the features used to predict liver disease.
The use of the correlation relationship graph to reduce the
amount of features and to exclude those that have little to
no impact on the prediction are examples of intermediate
operations that may be used to improve machine learning.
Since most of the factors that have a strong link with the
estimate of the features will be incorporated in the algorithm,
increasing the results of metrics like accuracy and precision in
machine learning, Figure 1 was also employed as a parameter
analysis. It was discovered that the three strongest parameters
that have a negative effect on the estimation indicated in red
are CHOL, CHE, and ALB, respectively. The three strongest
parameters that have a favorable influence on the forecast
shown in blue are AST, BIL, and GGT, respectively. It was
discovered that other factors contributed less positively or
negatively to liver prediction.

AST
CHE
CHOL
CREA
GGT
PROT
Category

x @
a 2
0 <

$

Age . 4
Sex
ALB
ALP
ALT
AST
BIL
CHE
CHOL
CREA
GGT ©
PROT

ALP
ALT
BIL

Figure 1. Correlation relationship graph of features with each
other. ALB:Albumin, ALP: Alkaline phosphatase, ALT: Alanine
Transaminase, AST: Aspartate Transaminase, BIL: Bilirubin, CHE:

Acetylcholinesterase, CHOL: Cholesterol, CREA: Creatinine,
GGT: Gamma Glutamyl Transferase, PROT: Protein

Category

The glm.fit algorithm was used on 4 different feature collections
taking into account the findings of the feature analysis. Table
2 provides details on the gIm.fit techniques utilized and the
derived AIC results.
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Table 2: Machine learning improvement step results

glm.fit number Attributes AIC

glm.fit.0 Age + Gender + ALB + ALP + ALT + AST + BIL + CHE + CHOL + CREA + GGT + PROT 151.14
glm.fit.1 Gender + ALB + ALP + ALT + AST + BIL + CHOL + CREA + GGT + PROT 147.82
glm.fit.2 Gender + ALP + ALT + AST + BIL + CHOL + CREA + GGT + PROT 148.41
glm.fit.3 Age + Gender + ALP + ALT + AST + BIL + CHOL + CREA + GGT + PROT 150.33

ALB: Albumin, ALP: Alkaline phosphatase, ALT: Alanine Transaminase, AST: Aspartate Transaminase, BIL: Bilirubin, CHE: Acetylcholinesterase, CHOL: Cholesterol,
CREA: Creatinine, GGT: Gamma Glutamyl Transferase, PROT: Protein, glm: General linear model

It is advised to choose the model with the lowest AIC value
for predicting the disease. Due to this, the estimation was
performed using the features from gim.fit.1, which produced
the AIC result with the lowest value (147.82).

Gender, ALB, ALP, ALT, AST, BIL, CHOL, CREA, GGT, and PROT
characteristics were used in machine learning utilizing MLR
as a healthy/patient estimation method. Table 3 contains
the complexity matrix that was produced as a result of the
estimation.

The success of the model used to predict healthy individuals
with liver illness using the multiple linear regression algorithm
of machine learning was found to be 91%. It was determined to
be 99% accurate, which indicates how many of the values we
anticipated as positive truly are positive. The results showed
that the recall and F score were 0.91 and 94%, respectively.

Among the features that excluded AST, Teke discovered
that direct bilirubin had the highest correlation with the
prediction of liver illness, with a score of 0.87. Additionally,
they discovered that the machine learning he created using the
logistic regression model had a training accuracy of 87%, test
accuracy of 84%, precision of 89%, a F score of 0.78%, and recall
of 76% (18). AST was a useful distinguishing characteristic,
according to Akter et al., who investigated the liver disease
prediction model with machine learning from biochemical test
data (19). The accuracy of the random forest and classification-
regression trees algorithms was 94% and 95%, respectively
(19). Another study used decision trees, logistic regression,
random forest, support vector machines, k-near neighbor, and
Naive Bayes algorithms to make predictions. The corresponding
accuracy percentages for these forecasts were 75%, 74%, 69%,
64%, 62%, and 53% (20). While diagnosing liver disease in
machine learning, a comparison of classifications was made
with the support vector method or the Naive Bayes-support
vector method using several biomarkers (21,22). Similarly, in
various studies, methods such as random forest, functional

Table 3: Complexity matrix for MLR estimation of the
healthy/patient population

glm.pred_test Positive Negative
Positive 110 1
Negative 2 10

glm.pred.test: General linear model predictive test, MLR: Multiple linear
regression

tree, and logistic regression were tried and various liver disease
predictions were made using a small number of biomarkers,
and the highest success was found to be 82% and the highest
accuracy was found to be 87% (18,23).

The metric having the greatest impact on liver disease was
discovered to be AST, and our study was found to be consistent
with the literature that uses machine learning to predict liver
disease using similar features. Contrary to the literature, the
employment of MLR algorithms in machine learning led to the
greatest values being attained in all performance evaluation
criteria, particularly accuracy. It is believed that getting high
accuracy also depends on the quantity of the dataset.

CONCLUSION

The MLR classification algorithm, which is based on machine
learning, was used in this study to predict disease based on the
categorical classification of healthy/liver disease according to
age, gender, and various hemogram biochemical values. The
correlation association graph was studied, and it was shown
that the AST was a significant differential parameter between
healthy and liver-ill people.

The accuracy, precision, recall, and F score of the prediction
made by machine learning using the complexity matrix were
91%, 99%, 0.91, and 94%, respectively. Although there are
many studies on estimation methods, it has been observed that
high success has been achieved by including the features that
have a high positive or negative effect on the estimation with
the glim.fit function proposed in our study. On this occasion,
more efficient results can be obtained even if a single algorithm
is used for estimation. If the used model is run on more data,
improved accuracy will be possible.
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ABSTRACT

Objective: Posterior malleolar fractures (PMF) are common among ankle
fractures and their proper management is crucial to maintaining ankle
stability. The purpose of this study was to compare the clinical and
radiological effects of screw versus support plate fixation in the surgical
treatment of PMF.

Material and Methods: Between December 2016 and February 2018, 82
patients who underwent surgical treatment for PMF were analyzed
retrospectively. Patients were divided into two groups based on the type
of fixation material used: screws and buttress plates. Using the American
Orthopaedic Foot and Ankle Society (AOFAS) ankle-hindfoot score, range
of motion measurements, and radiographic evaluations, clinical
evaluations were conducted.

Results: A total of 60 patients were included in the study, 33 of whom
were treated with plate osteosynthesis and 27 with screw osteosynthesis.
The demographic and clinical characteristics were similar between the
groups. The AOFAS scores, range of motion measurements, and
complication rates were comparable between the screw and plate fixation
groups. The radiological evaluation showed no significant difference in
posttraumatic arthritis levels between the two groups.

Conclusion: The screw fixation alone provides similar clinical and
radiological results compared to buttress plate fixation in the surgical
treatment of PMF. These results are in advance of the growing evidence
supporting screw-only osteosynthesis for Haraguchi type 1 and 2 posterior
malleolus fractures.

Keywords: Ankle fracture, bone screw, posterior malleolar fracture,
surgical procedures

oz

Amag: Posterior malleol kiriklari (PMF) ayak bilegi kiriklari arasinda yaygin-
dir ve uygun tedavileri ayak bilegi stabilitesini korumak icin gok 6Gnemlidir.
Bu ¢alismanin amaci, PMF'nin cerrahi tedavisinde vida ile destek plagi
tespitinin klinik ve radyolojik etkilerini karsilagtirmaktir.

Gereg ve Yontemler: Aralik 2016 ile Subat 2018 tarihleri arasinda PMF
nedeniyle cerrahi tedavi uygulanan 82 hasta retrospektif olarak analiz
edildi. Hastalar kullanilan fiksasyon materyalinin turiine gére iki gruba
ayrildi: vidalar ve destek plaklari. Amerikan Ortopedik Ayak ve Ayak Bilegi
Dernegi (AOFAS) ayak bilegi-arka ayak skoru, hareket agikhgi él¢limleri ve
radyografik degerlendirmeler kullanilarak klinik degerlendirmeler yapildi.
Bulgular: Calismaya 33’0 plak osteosentezi ve 27’si vida osteosentezi ile
tedavi edilen toplam 60 hasta dahil edildi. Demografik ve klinik 6zellikler
gruplar arasinda benzerdi. AOFAS skorlari, hareket agikhgi 6lgtimleri ve
komplikasyon oranlari vida ve plak fiksasyon gruplari arasinda karsilastiri-
labilirdi. Radyolojik degerlendirmede iki grup arasinda posttravmatik artrit
dizeyleri agisindan anlaml bir fark saptanmadi.

Sonug: PMF'nin cerrahi tedavisinde tek basina vida tespiti, butress plak
tespiti ile karsilagtirildiginda benzer klinik ve radyolojik sonuglar saglamak-
tadir. Bu sonuglar, Haraguchi tip 1 ve 2 posterior malleol kiriklari igin
sadece vida osteosentezini destekleyen artan kanitlarin ilerisindedir.
Anahtar kelimeler: Ayak bilegi kirigi, kortikal vida, posterior malleol kirigi,
cerrahi prosedirler
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INTRODUCTION

Ankle fractures frequently include PMF. The form of these frac-
tures varies; they might range from minor posterolateral avulsi-
on injuries to major displaced fracture fragments (1). PMF can
occur in conjunction with lateral and medial malleolar fractures
or in isolation following ankle rotational traumas; they account
for 7 to 40% of all ankle fractures (2-5). The fracture patterns
of PMF are widely variable (6,7). Haraguchi et al. Suggested a
classification system based on computed tomography (CT) to
accurately assess the percentage of fragmentation (8).

The posterior inferior tibiofibular ligament (PITFL) provides
syndesmosis-based rotatory support to the ankle joint, and it
attaches to the posterior malleolus (9). The distal tibiofibular
syndesmosis is essential for joint stability and mortise congru-
ency. If the syndesmosis is not reduced, the joint is more likely
to develop long-term problems, including pain, ankle instability,
and arthritis (10).

Which type of fractures should be treated surgically is a matter
of debate today. It is widely accepted by many surgeons that
surgical treatment is necessary for fractures involving more
than one-third of the articular surface and in which fragments
are displaced more than 2 mm (11,12). In addition, some bi-
omechanical studies suggest no fixation for fragments of 25%
and smaller (13). However, Langenhuijsen et al. suggested that
anatomical reduction of the posterior fragment with internal fi-
xation should be performed in fractures involving 10% or more
of the tibial articular surface (14). Both percutaneous and open
surgical methods can be used in the treatment of PMF (15).
The body of literature reveals very few studies on the effect of
different fixation methods on clinical outcomes.

The purpose of this study was to evaluate the effect of screw
and plate fixation techniques on the clinical and radiological
outcomes of PMF treated surgically. The hypothesis was that
fixation with screws alone would be sufficient for satisfactory
clinical results.

MATERIALS and METHOD

Study design

The study was conducted retrospectively in keeping with the
ethical standards of the Clinical Research Ethics Committee of
the SBU Haseki Training and Research Hospital. All patients
included in the study gave informed consent and the study
was approved by a local ethics committee (Date:26.04.2023,
No:84-2023). 82 patients with PMF who had received surgical
treatment between December 2016 and February 2018 were
reviewed retrospectively. Institutional trauma registries were
screened. Bimalleolus and trimalleolus fractures with posteri-
or malleolus subtype fractures were included in the analysis,
and all ankle fractures were radiographically confirmed. The
Haraguchi classification was used to classify the PMF. Inclusi-
on criteria were Haraguchi types 1 and 2 PMF and a minimum
follow-up of 24 months. Exclusion criteria were patients yo-
unger than 18 years of age, open and pathological fractures,
history of previous lower extremity fractures, additional injury,
<12 (12 or 24) months follow-up, and missing data. The medical
records were used to collect patient demographic, perioperati-

ve, and postoperative characteristics. Following the exclusion
of 20 patients according to the exclusion criteria, the remaining
patients were divided into two groups regarding the fixation
material. An anti-glide plate was used for osteosynthesis in 32
patients and screws alone were used in 30 patients.

Surgical technique

A senior orthopedic surgeon who is an expert in foot and ank-
le surgery performed all surgeries under general or epidural
anesthesia. Patients were positioned in the prone position
and a tourniquet was applied to the upper thigh. We utilized
a posterolateral technique. Between the Achilles tendon and
the fibula, a longitudinal incision was made. Careful dissection
along the lateral border of the Achilles tendon was performed
to prevent damage to the sural nerve. Under direct view, the
pieces were reduced by traction of the foot and dorsiflexion of
the ankle, and then secured with a sharp reduction clamp. In
the screw group, after the fixation of the fragments temporarily
by Kirschner wires, one or two 3.5 mm lag screws were admi-
nistered from the posterior to the anterior direction (Figure
1). In the plate group, a buttress plate was used to attach the
posterior malleolus to the tibia’s posterior surface (Figure 2).

Figure 1: Radiographs AP and lateral with posterior Malleolar
Screw fixation

Figure 2: Radiographs AP and lateral PMF fixation with plate
osteosynthesis.
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Clinical evaluation

All patients were evaluated on the 3rd, 6th, and 12th months,
as well as every 6 months throughout the second year. After
two weeks of immobilization with a splint, both active and pas-
sive movements were initiated. By the fourth week, partial we-
ight-bearing was encouraged, followed by full weight-bearing
in the sixth week, allowing patients to be mobilized. Two inde-
pendent observers assessed clinical results based on the AOFAS
score. According to the AOFAS score, 90-100 points define ex-
cellent, 80-89 defines good, 70-79 defines moderate, and <70
defines poor results. At the final follow-up, we examined the
ankle’s range of motion and compared it to the unaffected side.

Radiological evaluation

Before surgery, AP, lateral, and mortise X-rays and 3D CT scans
of the injured ankle were performed for all patients (Figure 3).
Based on x-rays during the most recent follow-up, the Bargon
reference criteria were utilized to determine the severity of
posttraumatic arthritis (16).

Figure 3: Preoperative axial section computed tomography
images of patients. a) Radiographs type 1 Haraguchi posterior
malleolus fracture, b) Radiographs type 2 Haraguchi posterior
malleolus fracture

Statistical analysis

The statistical analysis was conducted using SPSS 15.0. Num-
bers and percentages were provided for categorical variables,
while the mean, standard deviation, minimum, and maximum
were provided for numerical variables. The Mann-Whitney U
test was used to compare numerical data between two inde-
pendent groups because the normal distribution assumption
was not met. The Chi-Square Test was utilized to examine the
ratio disparity and risk effect between the groups. The signifi-
cance level for alpha was accepted as p<0.05.

RESULTS

There was a total of 60 patients who participated in this study:
27 (45%) women and 33 (55%) men. The mean age was 42.90
(range, 26-54). Thirty-three patients were treated with plate os-
teosynthesis and the remaining 27 patients were treated with
screw osteosynthesis. Both groups consisted of similar demog-
raphic and clinical characteristics (Table 1). All patients were
followed for at least 24 months (mean 36.2+4.6 months; range,
24-44 months). The rate of clinical and radiological outcomes
and complications is detailed in Table 2. According to the AO-

FAS scoring system, the results were similar between the two
groups (p=0.593). Complication rates were also similar between
the two groups. (p=0.560). There was no significant difference
between groups in terms of active range of motion (Table 3).

Table 1: Demographic and clinical characteristics of patients
in both groups

Plate Screw
(n=33) (n=27) P value

Age (Years)? 41'91574)2 (26 441460 (32-52)  0.232*
Sex

Female (%) 17 (51.5) 10 (37.0) 0.262%*

Male (%) 16 (48.5) 17 (63.0)
Type of fracture
Bimalleolar (%) 28 (84.8) 24 (88.9) 0.719**
Trimalleolar (%) 5(15.2) 3(11.1)
Haraguchi
C'Ta;::':?:/")’" 18 (54.5) 14 (51.9) 0835+

(] .

Type 2 (%) 15 (45.5) 13 (48.1)
Time from
injury to surgery  1.2+0.5 (1-3) 1.340.6 (1-3) 0.291*
(days)®
Follow-up 35.6+5.3 (24- N
(months)? 44) 37.043.5 (30-42) 0.367

Meantstandard deviation, *Independent samples t-test, **Pearson’s chi-
square test

Table 2: Clinical and radiological results of patients in both
groups

Plate Screw
(n=33) (n=27) P value
AOFAS score 92.4+7.4 92.3+8.1 0.810*
(70-100) (70-100)
Bargon classification
Stage 0 (%) 5 (18.5) 7(25.9) 0.560**
Stage 1 (%) 1(3.7) 17 (63.0)
Stage 2 (%) 1(3.7) 2(7.4)
Stage 3 (%) 0(0.0) 1(3.7)
Complication
Infection (%) 3(9.1) 5(18.5) 0.593**
Nonunion (%) 2(6.1) 1(3.7)
Malunion (%) 0(0.0) 1(3.7)
Neurovasculardeficiency 1(3.0) 0(0.0)

(%)

Meanztstandard deviation, AOFAS: The American Orthopaedic Foot&Ankle
Society, *Independent samples t-test, **Pearson’s chi-square test
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Table 3: Results of joint range of motion measurements of patients in both groups

Plate Screw P value
(n=33) (n=27)
Fractured side dorsiflexion 14.1+1.8 14.0+1.6 0.988*
(10-18) (14) (12-18) (14)
Non-injured side dorsiflexion 17.9+2.0 18.4+2.0 0.413*
(14-22) (18) (15-22) (18)
36.611.9 36.9+2.0 0.932*
Fractured side plantar flexion (30-40) (36) (34-42) (36)
41.5£2.5 40.612.7 0.178*
(36-46) (42) (36-45) (40)
Non-injured side plantar flexion 17.0£1.6 17.4+1.4 0.327*
(14-20) (17) (14-20) (18)
23.1+1.9 22.242.7 0.225*
Fractured side inversion (20-26) (24) (16-26) (22)
15.3+1.8 15.5+1.9 0.554*
Non-injured side inversion (10-18) (16) (10-19) (16)
17.8+1.6 17.6x1.2 0.523*

Fractured side eversion

(15-22) (18) (15-20) (18)

Meanztstandard deviation, *Independent samples t-test.

DISCUSSION

We discovered that screw fixation alone gives comparable sta-
bility to anti-glide plate fixation for PMF. This finding is signifi-
cant in light of the present amount of literature on the subject.
However, it should be noted that our study contributes novel
information as it specifically focuses on the comparison of dif-
ferent fixation materials used for stabilizing posterior malle-
olar fractures. This aspect of our study adds to the existing
knowledge and supports the growing body of evidence in favor
of screw-only osteosynthesis for Haraguchi type 1 and 2 PMF.

The findings are comparable with those of earlier research eva-
luating various surgical procedures for treating PMF. Miller et
al. compared the outcomes of unstable ankle fractures treated
with open posterior malleolar fixation versus locked syndesmo-
tic screws in the absence of a PMF. Fixation of unstable ankle
fractures, such as PMF fragments with intact PITFL, was ob-
served to be more stable than trans-syndesmotic screws (17).
Similarly, this study supports the importance of direct reduc-
tion and screw fixation of the posterior malleolus in achieving
stability and positive clinical outcomes.

Fu et al., in their review article, highlighted the lack of con-
sensus regarding the size of the PMF that would lead to ankle
instability and affect prognosis. They recommended the use
of CT scans for accurate assessment of fragment morphology
and supported direct posterior malleolus fixation to stabilize
syndesmotic injuries (18). While their conclusions lean towards
buttress plate osteosynthesis, our findings demonstrate that
direct reduction and screw-only fixation of the posterior mal-
leolar fragment yield comparable stability and clinical outco-
mes, as evidenced by similar AOFAS scores and radiological
evaluation.

Regarding the impact on the existing knowledge, our findings
are in line with previous studies that have also reported posi-

tive outcomes with screw fixation (18). This consistency across
studies reinforces the effectiveness of screw-only fixation and
supports its consideration as a preferred treatment option for
Haraguchi type 1 and 2 PMF.

It is important to note that while our findings align with the
current body of literature, there may still be varying opinions
and approaches in the field. Some studies have advocated for
buttress plate osteosynthesis (18). However, our results de-
monstrate that direct reduction and screw-only fixation yield
comparable stability and clinical outcomes without the need
for additional soft tissue dissection and more complex surgery.
This contributes to the ongoing discussion and adds valuable
insights to the decision-making process when it comes to pos-
terior malleolar stabilization.

One of the strengths of our study is that it contributes to the
limited body of literature comparing different fixation materials
used for the stabilization of PMF. However, our study has some
limitations as well. First, as a retrospective analysis, inherent
selection bias and confounding variables may have influenced
the results. Furthermore, it should be noted that factors that
could potentially impact patients’ clinical outcomes, notably
osteoporosis, diabetes, and smoking habits, have not been
extensively addressed within our study. The effects of osteo-
porosis on bone health and healing, the potential influences
of diabetes on fracture recovery, and the adverse impact of
smoking on bone health are well-documented in the scientific
literature. The lack of comprehensive exploration of these fac-
tors in our fundamental study could limit the generalizability
and interpretation of our findings.

CONCLUSION

Screw fixation alone offers the advantages of smaller incisions
and less soft tissue dissection while providing stability simi-
lar to plate fixation in PMF. These results add to the growing
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literature on the management of PMF and provide valuable
information for clinical decision-making.
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ABSTRACT

Objective: Angiopoietin-2 (Ang-2) is a growth factor belonging to the
angiopoietin (Ang)/Tie signaling pathway. Plasma levels of especially Ang-
2, are thought to be significantly increased in patients with acute kidney
injury (AKI), independent of inflammation. Ang-2 is also important in
dialysis and transplantation, as it plays an important role in the disruption
of endothelial homeostasis. Our study aimed to investigate the relationship
between anti-HLA antibody loads and Ang levels in patients with end-
stage renal disease (ESRD) who are on the organ transplant waiting list.
Material and Method: 80 ESRD patients who were on the waiting list
between 2018 and 2020 and whose panel reactive antibody (PRA)
screening and identification test were studied participated in our study.
First, the PRA screening test was performed on the patients, and the class
I-1l identification tests were studied on the patients who were positive for
PRA. The Ang-2 level was evaluated by the ELISA method. The relationship
between Ang-2 levels and PRA percentages in PRA positive and negative
patients was evaluated.

Results: A positive correlation was found between anti-HLA antibody and
Ang-2 levels in patients with ESRD (class I, p=0.024; class Il, p=0.032), and
a statistically significant increase in Ang-2 level was found in patients with
PRA >50% positive (class I, p=0.038) This finding suggests that Ang-2 may
have an important role in the progression of chronic renal failure and may
be effective in predicting graft survival after transplantation.
Conclusions: Further studies will be required to fully elucidate the effect
of Ang-2 on renal progression.

Keyword: Angiopoetin-2, anti-HLA antibody, kidney transplantation

oz

Amag: Anjiyopoietin-2 (Ang-2), anjiyopoietin (Ang)/Tie sinyal yolagina ait
bir buylme faktoridir. Akut bobrek hasari (AKH) olan hastalarda infla-
masyondan bagimsiz olarak 6zellikle Ang-2’nin plazma dizeylerinin 6nem-
li 6lglide arttigi dustinilmektedir. Ang-2, endotel homeostazinin bozulma-
sinda 6nemli bir rol oynadigi igin diyaliz ve transplantasyonda da 6nemli-
dir. Calismamizda organ nakli bekleme listesinde olan son dénem bobrek
hastaligi (SDBY) hastalarinda anti-HLA antikor yukleri ile Ang dizeyleri
arasindaki iliskinin arastirilmasi amaglandi.

Gereg ve Yontem: Calismamiza 2018-2020 yillari arasinda panel reaktif
antikor (PRA) tarama ve tanimlama testi ¢alisilmis bekleme listesinde
bulunan 80 SDBY (son dénem bobrek yetmezligi) hastasi katildi. Hastalara
6nce PRA tarama testi, PRA pozitif ¢ikan hastalara sinif I-Il tanimlama
testleri ¢alisildi. Ang-2 dizeyi ELISA yontemi ile degerlendirildi. PRA pozitif
ve negatif hastalarda Ang-2 duzeyleri ile PRA ylzdeleri arasindaki iligki
degerlendirildi.

Bulgular: SDBY olan hastalarda anti-HLA antikoru ile Ang-2 diizeyleri ara-
sinda pozitif korelasyon (sinif 1, p=0,024; sinif 1, p=0,032) ve PRA 2%50
pozitif olan hastalarda Ang-2 diizeyinde istatistiksel olarak anlamli bir artis
bulundu (sinif I, p=0,038). Bu bulgu, Ang-2nin kronik bébrek yetmezliginin
ilerlemesinde énemli bir roll olabilecegini ve nakil sonrasi greft sagkalimi-
ni tahmin etmede etkili olabilecegini diisindlirmektedir.

Sonug: Ang-2'nin renal progresyon Uzerindeki etkisini tam olarak aydinlat-
mak i¢in daha ileri galismalara ihtiyag duyulmaktadir.

Anahtar kelimeler: Anjiyopoetin-2, anti-HLA antikoru, bobrek nakli
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INTRODUCTION

Angiopoietins (Angs) are an important vascular growth factor
family which is composed of the members Ang-1, Ang-2, Ang-
3, and Ang-4 and is involved in multiple cellular functions re-
lated to cell survival, cell growth, and cell migration. The best-
characterized members of this family are Ang-1 and Ang-2, and
their activities are mediated by tyrosine kinase receptors (Tie-1
and Tie-2). Ang-1 is a strong angiogenesis growth factor, which
transmits signals by way of Tie-2, while Ang-2 is a growth fac-
tor belonging to the angiopoietin (Ang)/Tie signaling pathway,
which is one of the main pathways involved in angiogenesis. It
has been reported that Ang-2 binds to the Tie-2 receptor with
a similar binding affinity and induces its inhibitory role, while
it does not bind to Tie-1 (1-3).

The Ang/Tie-2 signaling axis is an important modulator of vas-
cular integrity, and Tie-2 receptors are extensively expressed in
endothelial cells (4). Activation of Tie-2 signaling strengthens
interendothelial junctions and reduces the expression of le-
ukocyte adhesion molecules (5). Studies have reported that
Ang-2 can antagonize the stability action of Ang-1 by compe-
titively binding to Tie-2 in pathological conditions, and thus, it
can lead to vascular instability, reduce cell-to-cell adhesion, and
activate beta-1 integrin to encourage endothelial inflammati-
on by disrupting the protective Ang-1/Tie-2 signaling pathway
(6,7). The Ang-2 expression may be triggered by inflammatory
mediators (8,9). Studies which used targeted manipulations of
Ang/Tie-2 signaling by way of tools such as genetic approac-
hes, antibodies, and RNA intervention showed that end-organ
injury and hemodynamic changes occurring in experimental
sepsis and hepatic disease were associated with an excessive
increase in Ang-2 (10).

Angs, belonging to the vascular growth factor family, is widely
expressed in the kidneys and is thought to maintain the struc-
ture of the glomerular filtration barrier. Studies in the literature
have reported that Ang-Tie signaling is important for the effi-
cient functioning of the renal microvascular system. In a study
conducted with patients, who had lupus nephritis, it was repor-
ted that Ang-2 protein expression was prominent in glomerular
endothelium, and serum Ang-2 levels were closely associated
with the severity of systemic lupus erythematosus (SLE) (11).
In addition, the same researchers showed that serum Ang-2
levels were significantly higher in patients with ANCA-related
vasculitis and renal involvement compared to healthy individu-
als (11). The results of these studies suggest that inflammatory
damage to the kidneys may result in the release of Ang-2 from
the renal endothelium. Acute kidney injury (AKI) is closely as-
sociated with sepsis (12). Ang-2 level increases in response to
sepsis, and as a result, the endothelial barrier structure is dis-
rupted, and microvascular permeability increases (13). Studies
have reported that plasma levels of especially Ang-2, among
endothelial biomarkers, significantly increase independent of
inflammation in critical patients with AKI, and Ang-2 is associ-
ated with the development of late-onset AKI (14).

Ang-2 is also important in dialysis and transplantation, as it is

effective in disrupting endothelial homeostasis. Studies show
that circulating Ang-2 levels increase in patients receiving di-
alysis treatment, and these results suggest that Ang-2 can be
used as a marker to detect cardiovascular disorders that occur
during dialysis, especially in childhood (15,16).

During organ transplantation, ischemia-reperfusion (I/R) in-
jury may occur to a great extent. It is thought that endothelial
irregularity is an important pathogenic outcome of I/R injury,
and this complication plays an important role in patient/graft
survival (17).

In a study using the renal I/R model, it was reported that the
imbalance in the Ang-1/Ang-2 ratio caused an increase in pe-
ricyte proliferation, endothelial cell loss, and fibrosis (18). In
studies conducted with patients with I/R injuries and under-
going dialysis, it has been reported that the increase in Ang-2
promotes plasma and leukocyte leakage by causing a loss in
the endothelial glycocalyx (eGC) (19).

Fibrosis is a complication that may result in disease progression
and graft loss after kidney transplantation. It occurs especially
in the first three months after transplantation is triggered by
inflammation following reperfusion injury and continues with
a sustained inflammatory immune response that supports the
progression of kidney disease (20). The presence of anti-human
leukocyte antigen (HLA) antibodies in the recipient increases
the risk of antibody-mediated rejection (AMR) after kidney
transplantation (21). Subclinical AMR, which may occur with
the presence of donor-specific antibodies, is a strong profib-
rotic stimulus and may provide a prediction of graft loss (20).
Therapeutic strategies used to minimize the risk of progression
of fibrosis in renal grafts have reduced the incidence of clini-
cal rejection developing in the first few years following trans-
plantation, and early fibrosis markers have become important
markers for renal function and graft survival.

In our study, we aimed to investigate the relationship between
anti-HLA antibody loads and Ang levels in patients included
on organ transplant waiting lists because of end-stage renal
disease (ESRD).

MATERIAL and METHOD

Eighty patients with ESRD, who were included on the renal
transplant waiting list between 2018 and 2020 and underwent
panel reactive antibody (PRA) screening and identification test,
were included in our study. PRA screening test was primarily
performed in all patients using life codes kits (immucor Medi-
zinische Diagnostik GmbH Robert-Bosch-Strasse, Dreicich Ger-
many). In 40 patients whose screening tests were found to be
positive, class | and class Il identification tests were performed
again using lifecodes kits (immucor Medizinische Diagnostik
GmbH Robert-Bosch-Strasse, Dreicich Germany) with the Lu-
minex method in accordance with the manufacturer’s instruc-
tions. In PRA screening and identification tests, a mean fluores-
cence intensity (MFI) value of >1000 was considered positive.
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Table 1: Ang-2 levels in PRA positive and negative patients

PRA positive PRA negative p
Ang-2 888.54+287.58 866.57+£239.93 0.548
PRA positive patients
Group Class | positive p Class Il positive p
1. group <30 785.29+289.63 754.39+300.51
Ang-2 2. group 31-60 711.87+242.68 1 zz g z:g:g:g 840.46+257.75 1 zz g z:g:z:g
3. group 61-100 969.20+£341.76 2 vs 3 p=0.046* 932.824291.31 2vs 3 p=0.976
Group Class | positive p Class Il positive p
<50 750.25+346.45 804.68+251.44
Ang-2 250 944.50£258.33 0.038* 923.074302.53 0.197

Ang-2: Angiopoetin-2, PRA: Panel reactive antibody

In addition, the Ang-2 level was studied and evaluated using
the ELISA (Enzyme-Linked ImmunoSorbent Assay) method (In-
vitrogen-ThermoFisher Scientific-catalogue number: KHC1641)
in accordance with the manufacturer’s instructions (Range;
2.236-621 pg/mL) in the sera in which PRA identification tests
were studied. The PRA-positive patients included in our study
were primarily divided into 3 groups (Group 1=<30%; Group
2=31%-60%; Group 3= 61%-100%) and later divided into two
groups (Group 1=0%-50%; Group 2=50%-100%) according to
PRA positivity percentage values. The relationships between
Ang-2 levels and PRA percentages in each group were evalu-
ated as well.

This study was approved by Demiroglu Bilim University Clinical
Research Ethics Committee (Date: 02.08.2022, No: 2022-15-02).

RESULTS

Among the 80 patients with ESRD who were included in the
study, 57.5% (n:46) were female, and 42.5% (n:34) were male.
The mean age was 49.54+19.43 years in the whole patient gro-
up, 39.504£21.09 years in the female patients, and 35.80+33.20
years in the male patients.

The PRA screening and identification tests were found to be
positive in 50% of the patients (n:40) (MFI>1000) and negative
in the other 50% (n:40) (MFI<1000). Class | PRA was found to be
positive in all 40 patients (100%) who had a positive PRA result.
Class Il PRA was found to be positive in 39 (97.5%) patients and
negative in 1 patient (2.5%). There was no statistically signifi-
cant difference in Ang-2 levels between PRA-positive patients
and PRA-negative patients (p=0.548). The PRA-positive patients

included in our study were divided into 3 groups according
to PRA positivity percentage values (Group 1=<30%; Group
2=31%-60%; Group 3=61%-100%), and the relationship bet-
ween Ang-2 levels and PRA percentages was evaluated in each
group. Oneway Anova post hoc test (Bonferroni) was used for
the evaluation of Class | and Class Il PRA positivity percentages,
and when the relationship between PRA positivity percentages
and Ang-2 levels was examined, it was found to be significant
with class |, but no significant relation was found with class Il
(respectively class I; p=0.049, class II; p=0.335) (Table 1). Con-
sidering the Ang-2 levels between the 3 groups in Class | PRA,
a significant difference was found between the 2nd group and
the 3rd group (p=0.046).

When the PRA-positive patients were divided into two groups
according to positivity percentage (Group 1=0%-50%; 2. Gro-
up 2=50%-100%) and the relationships between PRA positivity
percentages and Ang-2 levels were compared using the Inde-
pendent Sample t-test, it was found that Ang-2 levels were
significantly higher in the patients whose class | PRA percen-
tages were higher than 50% (p=0.038). A difference reaching
statistical significance could not be found between the two
groups for the relationship between class || PRA percentages
and Ang-2 levels (p=0.197) (Table 1).

When the correlation between Ang-2 levels and class | and
class Il PRA positivity percentages was evaluated in the PRA
positive group, a significant positive correlation (Pearson corre-
lation) was found between Ang-2 and class | positivity (r=0.362,
p=0.024) and class Il positivity (p=0.348, p=0.032) (Table 2).

Table 2: Correlation between Ang-2 levels and Class | and Class Il PRA positivity

percentages

PRA positive patients Ang-2 Class | Class Il
Pearson Correlation (r) 1 0.362 0.348
p 0.024 0.032
N 40 39

Ang-2: Angiopoetin-2, PRA: Panel reactive antibody
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DISCUSSION

Angs are vascular growth factors whose functions are mediated
by Tie tyrosine kinase receptors. Competitive binding of Ang-2
to the Tie-2 receptor disrupts the vasculature and basal lamina
(22). Although it is known that Ang-2 is mostly synthesized by
endothelial cells, which have important effects on vascular de-
velopment, it can also be synthesized and released by other cell
types. The release of Ang-2 leads to inflammation. Therefore,
it has been associated with many pathological conditions (23).

It is thought that Ang-2 levels are associated with systemic inf-
lammation markers/mediators in patients with chronic renal
failure (CRF). In addition, it has been reported in various studies
that Ang-2 levels increase in dialysis patients due to the prog-
ression of chronic kidney disease (CKD) (17,18). In studies with
preclinical glomerulonephritis models, it has been reported
that glomerular Ang-2 is up-regulated, and this causes pro-
teinuria (24). It is known that the CVD incidence is higher in
patients with ESRD who receive hemodialysis. In studies con-
ducted with ESRD patients undergoing hemodialysis, it has
been reported that endothelial dysfunction is associated with
an increased incidence of CVD (17,18). One study reported a
strong and consistent association between serum Ang-2 levels
and mortality, even when most risk factors were excluded (25).

Anti-HLA donor-specific antibodies are the most important
factor leading to AMR. The PRA test generally predicts the
percentage of potential donors who possess a recipient’s HLA
antibodies and approximately displays the risk of positive cross-
matching. When compared with solid phase tests, it is more
sensitive for antibodies with lower titers and allows more pre-
cise specification of specific HLA antigens and alleles (26). In
association with negative kidney graft results, a few non-HLA
antibodies have been identified (endothelial antibodies, epit-
helial antibodies, or antibodies to various proteins). Most data
related to non-HLA antibodies in liver transplantation origina-
te from observational studies in which antibodies to antigens
were identified (Table 1) (27). It is thought that the ability of
non-HLA antibodies to mediate allograft injury may be associ-
ated with their affinity and strength (titer), target specificity,
the intensity of target antigen, and synergy with donor-specific
HLA antibodies.

The initial studies regarding Ang showed that Ang-1 stabilized
newly formed vessels and reduced vascular permeability when
the Tie-2 receptor of Ang-2 blocked Ang-1 activation. On the
other hand, current studies included in the literature have re-
ported that Ang-2 can directly induce Tie-2, and both Ang-1 and
Ang-2 may be pro-inflammatory. Ang/Tie-2 biology is modified
by vascular endothelial growth factor and Tie-1, which is a re-
ceptor associated with vascular endothelial growth factor. In
healthy individuals, Tie-1 and Tie-2 are expressed in glomerular
endothelium, while Ang-1 is expressed in podocytes. In vitro
studies have shown that exogenous Ang-l increases the forma-
tion of capillary vessels in developing glomerules (25). In some
studies on diabetic glomerulopathy and immune-mediated glo-
merulonephritis, it has been reported that glomerular Ang-2

expression is increased in these diseases (24, 28). In light of
these data, it was presumed that Ang-2 might have important
roles in the pathobiology of glomerular disease.

The literature does still not involve sufficient experimental data
to definitely associate Angs with in-vivo glomerular functions.
Thus, it will be useful to examine the effects of the downre-
gulation of Ang-1 levels in healthy animals and the effects of
the downregulation of Ang-2 in glomerular disease in future
studies.

Although Ang-2 is known to be highly effective in endothelial
dysfunction, it is unclear whether it is associated with the prog-
ression of renal dysfunction in patients with CKD. In our study,
there was a positive correlation between the anti-HLA antibody
loads of the patients on the kidney transplant waiting list with
the diagnosis of end-stage renal disease and the serum Ang-2
levels of the same patients, and a statistically significant Ang-
2 level in patients with a PRA positivity rate of 50% or higher
significant increase was found. This finding suggests that Ang-2
may have an important role in the progression of CKD and may
be effective in predicting graft survival after transplantation.
Further studies will be required to evaluate the pathogenic role
of Ang-2 in renal progression and to establish beneficial kidney
function by targeting Ang-2.
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ABSTRACT

Objective: Obesity is a complex disease defined as being overweight.
Previous studies have highlighted familial, environmental, and genetic
factors as effective predictors of high body mass index (BMI) and obesity
in the preschool period. These studies particularly emphasized that habits
acquired in the preschool years affect BMI and obesity. In this population-
based case-control study, it was aimed to reveal for the first time the
relationship between fat mass and obesity-related (FTO) gene expression
and BMI and obesity in preschool children aged 2-6 living in Turkey.
Materials and Methods: Buccal mucosal swabs were collected from 54
preschool children from 3 kindergartens located in Istanbul, Turkey. In the
study, the FTO gene expression level in a total of 54 (n=25 girls and n=29
boys) children who were obese (n=14) and non-obese (n=40) according to
the International BMI index was determined by the ‘Quantitative
Polymerase Chain Reaction’ (qPCR) technique.

Result: A correlation was found between FTO gene expression and BMI
and obesity in obese and non-obese children with a Mann-Whitney U test
(p=0.005).

Conclusion: Additional research is needed to better understand the
function and prevalence of the FTO gene mutations by performing
sequencing analysis of the gene simultaneously in preschool children in
Turkey.

Keywords: FTO gene, obesity, overweight, preschool children, BMI

oz

Amag: Obezite fazla kilolu olma olarak tanimlanan gok faktorli bir hasta-
liktir. Onceki calismalar ailesel, cevresel ve genetik faktorlerin okul dncesi
dénemde viicut kitle indeksi (VKi) ve obezitenin etkili belirleyicileri olarak
bulunmustur. Ozellikle okul dncesi yillarda kazanilan aliskanliklarin VKi ve
obezite lzerinde etkisi oldugu vurgulanmistir. Bu niifusa dayali vaka kont-
rol galismasinda, Turkiye’de yasayan yaslari 2-6 arasinda degisen okul
oncesi ¢ocuklarda yag kutlesi ve obezite ile iliskili (FTO) gen ekspresyonu
ile VKi ve obezite arasindaki iligkinin ilk defa agiga gikarilmasi amaglanmis-
tir.

Gereg ve Yontem: istanbul, Tiirkiye’de yasayan 3 adet anaokuluna kayitli,
yaslari 2-6 arasinda olan toplam 54 okul 6ncesi ¢cocuktan bukkal mukoza
siirtintileri toplandi. Calismada, uluslararasi VKi indeksine gére obez olan
(n=14), obez olmayan (n=40) toplam 54 (n=25 kiz ve n=29 erkek) ¢ocukta
FTO gen ekspresyon diizeyi ‘Quantitative Polymerase Chain Reaction’
(qPCR) teknigi kullanilarak incelendi.

Bulgular: Obez olan ve olmayan g¢ocuklarin FTO gen ekspresyonu ve obezi-
te arasinda anlamli iliski 222" formli ile Mann-Whitney U testi kullanila-
rak bulundu (p=0,005).

Sonug: Okul 6ncesi ¢aginda olan ¢ocuklarda FTO geninin iglevini daha iyi
anlamak igin daha fazla bireyle gen dizileme analizi arastirmalarina ihtiyag
oldugu dugtnilmektedir.

Anahtar kelimeler: FTO geni, obezite, fazla kilo, okul &ncesi, VKi
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INTRODUCTION

The alarming increase in childhood obesity is impacting both
developed and developing countries (1). The World Health Or-
ganization has reported that around 60% of adults and one in
three school-age children in Europe are currently affected by
obesity whereas, in the US, obesity affects more than 17% of
children (2). Due to childhood obesity, some children are at
risk of developing certain diseases that were previously tho-
ught to be adult diseases, such as obstructive sleep apnea,
hypertension, type 2 diabetes mellitus, dyslipidemia, and other
comorbidities (3). Also, these children are more vulnerable to
feelings of low self-esteem, despair, and anxiety, and some ex-
perience bullying, which has an impact on their psychological
and emotional well-being (4). Furthermore, the risk of suffering
from an obesity-related disease is linked to an increased risk of
early death and increased healthcare spending (5). For all these
reasons, research which seeks to detect the factors underlying
childhood obesity is very important.

Genetics have a remarkable influence on obesity in an adipo-
genic environment and childhood obesity is the result of an
interaction of genetic factors and environmental effects (3,6).
The combination of these factors leads to energy imbalance,
i.e. excessive calorie intake compared to the amount of energy
consumed, resulting in excessive accumulation of adipose tis-
sue (7). The fat mass and obesity-associated (FTO) gene was
the first gene that showed consistent associations with overall
obesity in adults and children from different ethnic backgro-
unds (8). In a longitudinal study of twins, researchers found
that the impact of a common variant of the FTO gene on BMI
becomes more pronounced with increasing age in childhood
(9). In terms of obesity onset, age-related differences were ob-
served between the studies. The evidence suggests that the
relationship between FTO variants and obesity-related traits
may be age-dependent (10). Lopez-Bermejo et. al. indicated the
onset of obesity in the neonatal period (11). In another study,
childhood was indicated as the onset period of obesity (12). In
addition, Rutters et. al. pointed to adolescence as the period in
which the onset of obesity-related traits is seen (13). But these
studies were done entirely on individuals of European descent.
The pattern and age of onset of obesity, and the association
between FTO gene expression and childhood BMI/obesity in
the Turkish population are not clear. In 2022, a multicenter
study in Turkey investigated potential genes and mutations in
children with non-syndromic early-onset severe obesity (on-
set<7 and BMI-SDS>3) and confirmed any pathogenic variants
of any mutations in FTO intron (14). But another study conduc-
ted by Agagunduz et. al. among Turkish adults demonstrated
that only FTO polymorphism was associated with whole-body
fat accumulation, and not abdominal fat accumulation (15).

To our knowledge, no studies have examined the age and sex-
specific associations of BMI and FTO gene expression patterns
in relation to BMI and obesity in preschool children in a popu-
lation-based in Turkey. Here in this study, we investigate the
associations between the FTO gene expression and BMI and

obesity in preschool children living in Turkey and examine the
interactions of this gene expression pattern with gender, food
allergy, and familial factors.

MATERIAL and METHOD

Study Population

In this population-based case-control study, preschool children
(aged between 2-6 enrolled in 3 kindergartens) living in Istan-
bul, Turkey, were assessed for body size parameters. A total of
54 (n=25 girls and n=29 boys) children who were obese (n=14)
and non-obese (n=40) according to the international BMI index
were included in the study. The age and sex-specific BMI cut
points recommended by the International Obesity Task Force
were used (IOTF)(16). Buccal mucosa samples were collected
from 54 preschool children.

The study was approved by the MEF University Ethics Commit-
tee (The approval date was 20.02.2019) to collect the swap
samples from preschool children. Istanbul University, Istanbul
Faculty of Medicine, and the Clinical Research Ethics Committee
approved doing the experimental procedure at the Oncology
Institute (Date: 03.03.2023, No: 5). Written consent was obta-
ined from the parents prior to the study. A power analysis was
used to determine the minimum number of study groups. The
result of the power analysis showed that Type | Error=0.09 and
Test Power (Confidence Interval) =80% for patient analysis. It
was calculated that the minimum number of subjects in our
patient group should be 54.

Anthropometric measurements

Anthropometric measurements including weight, height, and
fat mass percentage were calculated using a stadiometer; each
participant’s height was calculated to the nearest centimeter.
On common medical scales set to the nearest 0.1 kg, subjects
wearing light indoor attire were weighed. To determine BMI,
the formula BMI= weight(kg)/height? (m) was used. Using age
and sex-specific BMI cut-off values suggested by Cole et al.,
overweight and obesity status were identified (16). Lifestyle
habits (eating habits), nationality, food allergy status, breast-
feeding duration, and the obesity status of each child were
determined using a questionnaire. Oral swabs were used to
gather the biological material needed by the study group from
the mouth’s cheek region. The FTO gene’s expression in the
collected sample was examined.

Gene expression analysis

To isolate RNA from the buccal mucosal swap samples, Zymo
Research’s Quick-RNA MiniPrep Kit (Quick-RNA-TM MiniPrep,
USA) was used according to the manufacturer’s instructions.
Buccal mucosal swabs were fixed in a DNase/RNase-free solu-
tion and 300 pL of RNA lysis buffer was added and then cent-
rifuged for 30 s at 10,000 g. The supernatant was transferred
into a Spin-Away Filter collection tube and centrifuged for one
minute at 10,000 g. 5 pL of DNase | and 75 pL of DNA digestion
buffer were added and transferred into a collecting tube and
filled with 400 pL of RNA preparation buffer and centrifuged at
10,000 g for 30 seconds. This was washed with 700 pL of RNA
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wash buffer twice and centrifuged. The column was placed in
a new 1.5 mL micro-centrifuge tube and 700 pL of QlAzole so-
lution was added and left at room temperature for 5 minutes.
140 pL of chloroform was added and centrifuged at +40°C for
15 minutes at 12,000g. The top phase was transferred into a
collection tube and 525 pL of 100% ethanol was added and
centrifuged at 8000 g for 15 seconds. 700 uL of RWT buffer
was added and centrifuged at 8000 g for 15 seconds. Then the
columns were filled with 500 puL of RPE buffer and centrifuged
at 8000 g for 1 minute and RNA was isolated. The purity and
concentration of RNAs were determined by electrophoresis on
a 1.5% agarose gel at 150 V. A NanoDrop 2000 spectrophoto-
meter (Thermo Scientific, USA) was used. RNA was determined
by measuring absorbance at 260 and 280 nm wavelengths.

A ‘Bioline SensiFAST cDNA Synthesis Kit’ (Meridian, Bioline,
ABD) was used to create the cDNA. After adding 1 ng, 1 ulL of
template RNA, 4 uL of TransAmp buffer, and 1 pL of Reverse
Transcriptase, the total volume was brought to 20 uL by adding
RNAse DNAse-free water and a BioRad PCR (BioRas, Singapore)
device was used for cDNA synthesis.

gPCR was conducted using the ‘SensiFAST SYBR®No-ROXKit-
Bioline’(Meridian, Bioline, ABD) kit in Mic PCR Biomolecular
Systems (Queensland, Australia) device. 10 pL Sybr Green, 400
nM 1 pL FTO Reverse Primer 400 nM, 1 uL FTO Forward Primer,
6 pL template cDNA, and 2 puL DNAase/ RNAase Free water
were added respectively and the total volume of 20 uL was
distributed into Mic PCR tubes. The qPCR procedure was per-
formed at 95 °C for 5 minutes, then at 60°C for 2 minutes, and
at 60 °C for 30 seconds. The 222" method was used to analy-
ze the relative changes in obese and non-obese children (17).
GAPDH gene expression assay was used as the housekeeping
gene. FTO gene expression was determined.

Statistical Analysis: FTO gene expression levels in obese and
non-obese preschool children were investigated. The descripti-
ve statistics of the qualitative variables in the study were given
as numbers and percentages, and the descriptive statistics of
the quantitative variables were given as mean, standard devi-
ation, median, minimum, and maximum. The assumption of
normal distribution was examined with the Shapiro-Wilk test.
The Mann-Whitney U test was used to compare the mean of
two independent groups. The Spearman correlation coefficient
was used when examining the relationships between quantita-
tive variables. All statistical analyses were performed using the
SPSS program (SPSS version 26; SPSS Science, Chicago, USA),
and a p-value=0.005 was considered statistically significant.

RESULTS

The demographic features of the children are shown in Tab-
le 1. In this population-based case-control study 54 preschool
children aged between 2-6 were selected for an investigation
of the expression level of FTO gene expression. Of the children,
51 (94%) were from the Marmara Region of Turkey and 3 (6%)
were from Bulgaria (self-reported). We used the 222" method
to analyze the FTO gene expression in buccal mucosal swabs

Table 1: Demographic features of the children

Variables Children (n=54)

Age (years)

2 years old 3 (5.5%)
3 years old 7 (13%)
4 years old 12 (22.2%)
5 years old 25 (46.3%)
6 years old 7 (13%)
Gender
Female 25 (46.3%)
Male 25 (46.3%)
Nationality
Turkish 51 (94.4%)
Others 3 (5.6%)
Food allergy of children
Yes 7 (7.4%)
No 47 (92.6%)
Breastfeeding duration
6 months 9 (16.7%)
6-12 months 18 (33.3%)
12 months and over 27 (50%)
Obesity/Overweight
Obese 14 (26 %)
Non-obese 40 (74%)
50+
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Figure 1: Quantitation plots of expression levels of non-obese
and obese children. Data are expressed as relative expression
units. The bars represent the standard error of the mean (SEM).
p value < 0.05 was considered statistically significant using the
Mann-Whitney U test.

from obese and non-obese children. To analyze the statistical
difference in the expression of the FTO gene between obese
children and non-obese children, a Mann-Whitney U test was
performed.

We also used a Mann-Whitney U test to analyze the data reve-
aling the difference in expression of the obese group from the
non-obese group and to determine whether this was statisti-
cally significant. The results showed a difference in FTO gene
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Figure 2: Quantitation plots of expression levels of boys and girls of non-obese (a) and
obese (b) children. Data are expressed as relative expression units. The bars represent the
standard error of the mean (SEM). p value<0.05 was considered statistically significant
using the Mann-Whitney U test.

Table 2: FTO gene expression correlation with the parents’ weight-height, pregnancy weight of mother, birth weight-height of
the children, and breast-feeding duration.

Birth weight  Birth height Breast-

Mother’sweight th;ti:ﬁ: s F‘::I;ge}:ts F;:?ger:ts Pr\t:lgeri\::tcy of the of the feeding
children children duration
FTO gene
expression 0.919 0.437 0.362 0.745 0.983 0.852 0.565 0.218
p value
rvalue 0.017 -0.130 0.152 -0.055 0.004 -0.031 -0.096 0.214

Spearman correlation analysis

Table 3: FTO gene expression analysis of preschool children with or without food allergy

Food Allergy N Mean Median  Std. Deviation Minimum Maximum p
No 47 12.468 1.1847 43.43699 0.06 255.83

0.085
Yes 7 0.320 0.1686 0.29247 0.13 0.66

Mann-Whitney U test

Table 4: FTO gene expression analysis of obese children between 4-6 months and older than 6
months of age.

Obese children Mean Median Std. Deviation Minimum  Maximum
p
Between 4-6 months 5.6667 1.0751 9.56681 0.08 32.10
0.788
After 6 months 14.5470 0.8262 51.14744 0.06 255.83
Mann-Whitney U test
expression levels in obese versus non-obese children shown in girls of non-obese (Figure 2a) and obese (Figure 2b) children
Figure 1. The results showed a difference in the gene expression and there was a difference between the boys versus girls in the

levels in obese versus non-obese, and in boys versus girls in the

A obese/non-obese children as shown in Figure 2.
obese/non-obese groups (Figure 2).

FTO gene expression levels were evaluated in terms of gender, The correlation with the FTO gene expression and parents’ we-
as well as in quantitation plots of expression levels of boys and ight-height, pregnancy weight of mother, birth weight-height of

247
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the children, and breast-feeding duration was also investigated.
There was no significant correlation observed between them
(p=0.218) as shown in Table 2.

We also evaluated FTO gene expression in preschool children
with or without food allergy. There was no significant difference
between the FTO gene expression in children with or without
food allergy, and (p=0.085) was detected as shown in Table 3.

We also compared the percentage of obese children aged bet-
ween 4-6 months and those older than 6 months of age. No
significant relationship was detected between obese preschool
children who were aged 4-6 months and those older than 6
months of age (p=0.788), as shown in Table 4.

DISCUSSION

This is the first study in Turkey to examine the association bet-
ween FTO gene expression and BMI and obesity in preschool
children (aged between 2-6). We found a moderate correlation
between FTO gene expression and BMI and obesity in presc-
hool children.

Several studies have shown that the FTO gene is known as a
susceptibility gene for polygenic obesity. In European populati-
ons, the effect of the FTO gene on BMI varies at different stages
of life (18). However, the results regarding the age of onset of
the association have been inconsistent. In this present study,
the preschool associations of FTO gene expression with BMI
and obesity and the risk factors for obesity are investigated
for the first time in Turkey. The finding of this study confirms
previous research conducted on mice and adult humans which
demonstrated an association between FTO and the occurrence
of obesity. Villalobos et. al. investigated the FTO gene expressi-
on level in mestizo Mexican adults and obese individuals who
were found to have higher expression of FTO in their subcuta-
neous adipose tissue compared to healthy individuals (19). In
another study, using a mouse model, the researchers discove-
red that additional copies of the FTO gene resulted in increased
FTO expression, which in turn promoted the development of
obesity. The mice carrying an additional copy of FTO exhibited
an increase in body weight; furthermore, FTO was found to be
directly related to the food intake and metabolism of the mice,
as an increase in the expression of FTO leads to an increase in
food intake and body fat (20). Another study indicated that
the mRNA level of FTO showed a correlation with the BMI of
European descent adults, implying that its expression could be
influenced by the accumulation of body fat. Notably, the exp-
ression of FTO in visceral tissues may play a role in the onset
of obesity (21). In accordance with the literature findings from
different nations, we found a positive association between FTO
gene expression and obesity in preschool children (22).

Heritable variables are thought to account for 30% to 50% of
obese status (23). According to the literature, if both parents
are obese, the likelihood of their child being overweight incre-
ases by two to three times, and in some cases by as much as
fifteen times. In this present study, of the 14 obese preschool

children, five of them had obese parents, indicating a possible
role of hereditary factors in childhood obesity.

There is growing evidence that these differences in childhood
obesity rates are primarily due to inequalities in the physical
and social environments in which children grow up (24). For
example, the prevalence of obesity among all children in the
United States has increased by 10%, while children from ho-
useholds with lower educational attainment, lower income,
and higher unemployment have experienced a significant inc-
rease in obesity rates, ranging from 23% to 33% from 2003 to
2007 (25). In addition, lower-income families are less likely to
recognize their child’s obesity or feel the need to intervene in
their child’s eating and exercise habits (26). Furthermore, low-
income communities face several barriers to improving their
health conditions (27). As Turkey is a low-income country and
obesity is increasingly becoming a major problem, we investi-
gated the expression level of the FTO gene expression for the
first time in 54 preschool children in the Marmara region (n=51)
in Turkey and the Balkans (from Bulgaria, n=3). We analyzed
the data taken from obese and non-obese preschool children
(2—6 years old) using the Mann-Whitney U test and found it
to have a relatively high FTO gene expression level (p=0.005).

Childhood obesity has become one of the most serious medi-
cal and public health problems of the 21 century. According
to statistics, up to 58% of the world’s adult population will be
obese by 2030 (28). The etiology of obesity is the result of
multiple genetic, environmental, and biological effects. Gene-
tic variations also cause the increase in the expression level of
specific genes to be one of the main reasons for obesity. This
study has both strengths and limitations. One of the limitati-
ons has to do with the finding that children from families with
obese parents are more likely to be obese. In order to follow
this through, however, our study should have continued with
an investigation of an additional number of children of different
ages, and a mutation analysis performed by sequencing the FTO
genes should have been conducted.
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ABSTRACT

Objectives: SARS-CoV-2 triggers a pandemic of COVID-19. We ascertain
the pandemic burden of COVID-19 disease between India and the rest of
the world; monitor the burden of COVID-19 disease in Indian states and
union territories compared to other countries with nearly equivalent
population sizes, and study the epidemiological characteristics.

Material and Methods: A population-based comparative optimization
algorithms study was conducted on all COVID positive cases reported by
31 December 2020.

Results: Confirmed cases resulted in India with a ratio of 1:7.2 to the rest
of the world, with a lower mortality rate with a ratio of 1:12 (CMR per
100,000 people) than other countries. Many Indian administrative regions
have lower morbidity rates (Z-values range from -2653.7369 to -11.6403)
and mortality (Z-values range from -439.446 to -4.86) than the countries
selected. In India, 184,728,001 tests were done, with 5.6% cases
confirmed, 96.1% recovered, and 1.4% dying due to COVID-19. COVID-19
was more prevalent in males and patients aged 25-44, whereas SARS-
CoV-2 killed the most people over the age of 60. Bihar had the most cases
of infection, while Punjab had the most deaths.

Conclusion: SARS-CoV-2 disease led India to have a lower morbidity and
mortality burden than the rest of the world. The pandemic curves of
COVID-19 resulted in daily peaks most significantly, and the cumulative
number of cases increased tremendously with an upward trend. Analytical,
spatial, and temporal research studies will be carried out to understand
the effect of climate change and indicators that correlate with the
epidemiological characteristics of the emerging coronavirus.

Keywords: SARS-CoV-2, COVID-19, coronavirus, pandemic, epidemiological
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Amag: SARS-CoV-2, COVID-19 pandemisini tetiklemektedir. Calismamizda
Hindistan eyaletleri ve yakin bolgelerinde COVID-19 hastaliginin yikinin
izlenmesi, epidemiyolojik 6zelliklerinin incelenmesi ve COVID-19 hastaligi-
nin pandemi yiki agisindan Hindistan’in esdeger nifus biyukligine
sahip diger diinya Ulkeleri ile karsilastirilmasi amaglanmistir.

Gereg ve Yontemler: 31 Aralik 2020 tarihine kadar bildirilen tim COVID
pozitif vakalari Gzerinde nifus temelli karsilastirmali optimizasyon algorit-
malari galismasi gergeklestirilmistir.

Bulgular: Dogrulanmis vakalar, Hindistan’da diinyanin geri kalanina gore
1:7,2 oraniyla sonuglanirken, 1:12 oraniyla (100.000 kisi basina CMR) diger
tlkelere gore daha dusuk bir 6lim orani tespit edilmistir. Hindistan’in bir-
¢ok idari bolgesinde, ekonomik durumu iyi tlkelerden daha dustik hastalik
oranlari (Z-degerleri -2653.7369 ile -11,6403 arasinda degismektedir) ve
6lum oranlarinin (Z-degerleri -439.446 ile -4,86 arasinda degismektedir)
oldugu gorilmistir. Hindistan’da 184.728.001 test yapildigi, vakalarin
%5,6’sinin COVID-19 tanisi yoninden dogrulandigi, %96,1’inin iyilestigi ve
%1,4’Unln ise COVID-19 nedeniyle 6ldugl tespit edilmistir. COVID-19
erkeklerde ve 25-44 yas arasi hastalarda daha yaygin gorulirken, SARS-
CoV-2'nin 6lim oranlarinin 60 yas Usti kisilerde en yliksek oldugu saptan-
mistir. En gok enfeksiyon vakasinin Bihar’da, en gok 6limiin ise Punjap’da
oldugu bulunmustur.

Sonug: SARS-CoV-2 hastaligi Hindistan’da diinyanin geri kalanindan daha
distk bir morbidite ve mortalite yiikiine yol agmistir. COVID-19’un pande-
mi egrileri en net sekilde gtinlik piklerle sonuglanmis ve kiimilatif vaka
sayisi yiikselis egilimiyle muazzam bir artis gdstermistir. iklim degisikliginin
etkisi ve ortaya cikan koronavirisiin epidemiyolojik 6zellikleriyle korele
olan indikatorleri anlamak igin analitik, mekadnsal ve zamansal arastirma
calismalari yUratulecektir.

Anahtar kelimeler: SARS-CoV-2, COVID-19, coronavirus, pandemi, epide-
miyoloji
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INTRODUCTION

Viral infection can infect humans or animals (1). Respiratory
viral infection, particularly respiratory tract infections (RTls),
affects the throat, nose, bronchi, and lungs (2). Viral respira-
tory infections have changed the epidemiology situation, and
variations occur every six to ten years and contribute severe
epidemics (3). In December 2019, an aggregation of unidenti-
fied etiology acute respiratory infection cases in the lungs was
reported from Wuhan City, China (4). This unspecified infection
has rapidly spread from Wuhan City, China, to other countries
(5). Chinese scientists identified this causative etiology as a new
variant of the coronavirus strain on 7" January 2020 (4). WHO
renamed this new form of coronavirus infection, i.e. known as
COVID-19 (6). Coronavirus has an enormous family of viruses
belonging to Coronaviridae, subfamily Orthocoronavirinae, or-
ders Nidovirales, and realm Riboviria (7). Some coronaviruses,
including “Middle East Respiratory Syndrome (MERS)” and “Se-
vere Acute Respiratory Syndrome (SARS),” affect humans (8).
Chinese scientists sequenced the genomes of COVID-19 (2019-
nCoV) isolates from patients and have facilitated the sequen-
cing data, including band intensities, made available on the
“Global Initiative for the Sharing of All Influenza Data (GISAID)”
platform as a potential source for public concern. “International
Committee on Taxonomy of Viruses (ICTV)” characterized the
virus subtype of COVID-19 as being “Severe Acute Respiratory
Syndrome Coronavirus-2 (SARS-CoV-2)” (9).

Trevor Bedford, a bioinformatics expert, assumed coronavirus
was introduced into humans in a single intro and subsequently
spread among humans (10). The first coronavirus infection in a
human was documented on November, 17" 2019 in China (4,
5). The initial case of COVID-19 was beginning its count in In-
dia on 30th January 2020 in Trissur, Kerala (11). ICMR-National
Institute of Virology has managed to retrieve the SARS-CoV-2
strain from its contagious patients, validating that the strain
from Wuhan was structurally similar to 99.9% (12). Afterward,
the coronavirus disease escalates to almost every Indian pro-
vince. With an exponential escalation in daily COVID-19 cases
worldwide, WHO coerced this as an international health emer-
gency and designated this epidemic as a pandemic at the end of
January 2020 (13). Except for the common symptoms of fever,
exhaustion, and dry toux, a few patients have issues of nasal
obstruction, nasal rinsing, sore throat, myalgia, and diarrhea
(14). COVID-19 incubation can occur within 1-14 days, with
an average incubation time of five to seven days (15). Asym-
ptomatic or less symptomatic patients increase the infection’s
transmission possibilities (16).

With a total population of about 1.3 billion people, India is a
massive country with a diversified population. India has the
second-highest number of people infected with COVID-19 as
of the end of the year 2020. Apart from the epidemiological
trends in Government databases, there is no systematic re-
search on COVID-19 pandemic burdens among India and the
rest of the world, and the pandemic COVID-19 disease trend
in Indian states and Union Territories (UT) compared to other
countries with a nearly equal current population size. Further-
more, the influence of COVID-19 epidemiological indicators on
population density in India has yet to be revealed. Therefore, a
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population-based comparative optimization algorithms study
was performed on all cases reported by 31st December 2020 to
ascertain the pandemic burden of COVID-19 disease between
India and the rest of the world. Also, monitoring the pandemic
burden of COVID-19 disease in Indian states and UTs compared
to other countries with populations nearly equal to the current
population size. Furthermore, it studied disease prevalence and
epidemiological characteristics to identify crucial indicators for
the transmission of coronavirus (SARS-CoV-2) in India.

MATERIALS and METHOD

Pattern of study
A retrospective research methodology was used in this study to
determine the epidemiological measures. We used to populati-
on-base comparative optimization algorithms to ascertain the
pandemic burden of COVID-19 disease between India and the
rest of the world.

Study period
COVID-19 cases were evaluated from 1st January 2020 to 31st
December 2020, during SARS-CoV-2 infections.

Data sources
I. Worldwide data for COVID-19 was obtained from:

i. https://www.worldometers.info/coronavirus/ (U.S. Digital
media company).

ii. https://www.who.int/emergencies/diseases/novel-corona-
virus-2019 (World Health Organization).

Il. Pandemic incidence data for COVID-19 in India was obtai-
ned from:

i. https://www.mygov.in/covid-19 (Ministry of Health & Family
Welfare, Govt. of India).

ii. https://www.covid19india.org/ (Volunteer-driven, crowd-
sourced tracker for COVID-19 cases in India).

IIl. The current population of countries and union territories
was obtained from:

i.https://worldpopulationreview.com/countries/ (U.S. Census
Bureau).

ii. https://censusindia.gov.in/ (Office of the Registrar General &
Census Commissioner, Ministry of Home Affairs, Govt. of India).

Data compilation

All population status as of 2020 and existing data for COVID-19
have been compiled in the Microsoft Excel 2007 database. The
population status in 2020 of the Indian States and UTs, almost
equal to the population of some countries worldwide, has been
closely monitored (Figure 1). Infection cases of COVID-19 are
classified as suspected (test done), confirmed (infected), reco-
vered, and deceased. The relationship between four types of
epidemiological measures, including “count, rate, proportion,
ratio, prevalence, attack rate (AR), case fatality rate (CFR), the
mortality rate (MR), and crude mortality rate (CMR),” was stu-
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Figure 1: Map showing the Indian administrative map (states and union territories) vs. Re-
designed Indian administrative map (Reflects states and UTs as selected countries around the
world, in accord with nearly equal to the current population size) (9,28,37).
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Figure 2: Flow diagram showing the epidemiological measures
of disease frequency

died (Figure 2). Based on current COVID-19 data, we evaluated
divergences in the COVID-19 pandemic burden and epidemio-
logical factors between India and the rest of the world.

Population Group

The susceptible population comprises < 1 year (infants), 1-14
years (children), 15-24 years (young adults), 25-44 years
(Adults), 45-60 years (middle-aged persons), and > 60 years
(senior citizens).

Statistical data analysis

MS Excel version 2007 database has been used for graphics
and statistical analysis. In this study, the statistics were used,
which included rate, proportion, ratio, prevalence, AR, CFR, MR,
and CMR, and the graph was designed using the line graph.
Statistical analysis uses independent categorical variables bet-

ween the two population groups. Null hypothesis (H ) is that
both proportions are almost nearly equal. The two-proportion
test statistics were compared using the normal independent
Z-test. The probability analysis (p-value) was performed using
the statistical program, i.e., Social Science Statistics. Statistically
significant was a probability value of p<0.05. The formula for
the two-proportion test statistic is as follows:

(£y-p)-0
(1 p) 1, 1
1I|fe~{1 p}K

ny Ny

L=

RESULTS

The COVID-19 pandemic burdens India compared to the rest
of the world

More than 7,417 million people in 193 countries, two terri-
tories, and 22 unique islands worldwide are at risk of the CO-
VID-19. The ratio between India and the rest of the world was
1:4.4. Of those populations, 1379.88102 million (18.6%) were
Indians, and 6037.498999 million (81.4%) belonged to the rest
of the world. COVID-19 affect more than 1,377 million (99.9%)
of the Indian population in 36 regions of India, including 28 sta-
tes and eight UTs. Suspected cases identified among the Indians
were 184,728,001 (15.4%), and the remaining 1,015,773,314
(84.6%) were reported worldwide. Of those alleged cases of
COVID-19, 10,280,606 (5.6%) cases had documents confirmed
in India and 73,658,028 (7.3%) cases from the rest of the world.
The CMR was 0.108 per thousand Indians, with the remaining
0.296 per thousand reported worldwide due to COVID-19. The
prevalence of COVID-19 among Indians was 0.0075, and in the
rest of the world was 0.0122. The AR was 0.75% of the Indian
population, whereas the rest of the world was listed at 1.22%
during the SARS-CoV-2 infection (Table 1).




Kumar Rao, Padhy, Das SARS-CoV-2 prevalence in India
Journal of Advanced Research in Health Sciences - Saglik Bilimlerinde ileri Arastirmalar Dergisi 2023;6(3):250-262

Table 1: Comparison of COVID-19 pandemic burdens among India and the rest of the world during the
coronavirus infections (SARS-CoV-2) as of 31t December 2020

Parameter India Rest of the World Worldwide

Total states and union territories; 192-Countries, 193-Countries,

and Total countries, territories, and ZS;La_:ses, 2-Territories, 2-Territories,

unique islands 22-Unique islands 22-Unique islands

Provinces at risk of Covid-19 28-States, 192—Coiunt‘ries, 193-Co-unt.ries,

. 2-Territories, 2-Territories,

pandemic disease 8-UTs 22-Unique islands 22-Unique islands

Total Population 1.379,881,020 6.037,498,999 7.417.380,019

Population at risk 1.379,816,591 6.037,498,999 7.417.315,590

Population at risk (%) 99.9 100 99.9

Suspected cases 184.728,001 1.015,773,314 1.200,501,315

Suspected case rate 13.4 16.8 16.2

Proportion of suspected cases (%) 15.4 84.6 100

Suspected cases ratio 1 5 6

Confirmed cases 10.280,606 73.658,028 83.938,634

Confirmed case (Morbidity) rate 5.6 7.3 7.0

Proportion of confirmed cases (%) 12.2 87.8 100

Confirmed cases ratio 1 7 8

Prevalence 0.0075 0.0122 0.0113

Attack rate (AR) 0.75 1.22 1.13

Recovered cases 9.875,832 58.185,761 68.061,593

Recovered case rate 96.1 79.0 81.1

Proportion of recovered cases (%) 14.5 85.5 100

Recovered cases ratio 1 6 7

Active cases 404,774 15.472,267 15.877,041

Active case rate 3.9 21.0 18.9

Proportion active cases (%) 2.5 97.5 100

Active cases ratio 1 38 39

Death cases 148,981 1.786,699 1.935,680

Death case rate 1.4 24 23

Proportion of death cases (%) 7.7 92.3 100

Death cases ratio 1 12 13

Case fatality Rate (CFR) 1.4 2.4 2.3

e oty e (€41 e
The COVID-19 pandemic disease scenario in Indian states and Suspected cases
UTs compared to other countries is nearly equal to the po- As a result, the suspected cases were significantly higher in 20
pulation size Indian states/UTs compared to other countries. The results were
Table 2 and Table 3 show the variations in the pandemic sce- significant (Z-value ranges from 79.1123 to 3215.8398, p<0.05).
nario of COVID-19 disease between Indian states and UTs with However, the suspected cases were reported significantly lower

population sizes similar to some countries. than in other countries in the remaining 17 Indian states / UTs.




Kumar Rao, Padhy, Das SARS-CoV-2 prevalence in India

6(3):250-262

’

Journal of Advanced Research in Health Sciences - Saglik Bilimlerinde lleri Arastirmalar Dergisi 2023

o€y 19 ¥88'9 620°05€ 987'8LL°69 puejieyL £66'0€7 90€Y 8€0°5HT 08£'759°6 926125 TL 1eieing
894°49TT 609'€L £6€'€8YT 0£T'€8Y'TOT vZE'TY8'L9  wopSuly panun 91T'968 060'ZT 967°6T6 85T'8L0YT SLETIV 0L exeIRUIEY
L0Y'0S 049 855'96 €SY'E20'T 8E6'TT9'ES ehuay 885'1/8 YOT'L 8v6'188 8TY'v9LTT T2r'90T°€S ysapeid esypuy
09T%89'T €808 £00°TL6'T 5£9'5£9°92 95525497 uteds zev'se 926° Te96ee 596'976'9 EVT6EY LY eysIpo
268V Ty 88¢€'L €616EY 196'705°S £LT'v58'9€ 022010\ 6€8'8L¢ ST ¥5E'982 ¥69'288'9 8L6'€6T'SE euesueja)
9£0°09¢ €279 TvL'T9¢ 80L‘€LY'ST €88TVLVE elqesy Ipnes v0T'L89 €V0E 6TL'SSL TS9'€S8'L 9967CT'SE ejetay
558066 089'€ LET'STOT §2'159'9 EET'TT6TE niad vZyert 0£0'T ETT'STT ovz'66LY 8€7'996°CE pueyseyr
62891 991 7v9'8T £08'SHT ETOVETTE anbiquiezopy 96451 we's 725991 £41°006°€ 80T'vST'TE qefung
626'€S See TLL'YS 97L'8L9 960'986'0€ eueyo LO6'TTT SY0'T 112°91C 0SY'£66'S TLT'e9T'TE wessy
00 019 660 55902 v8S'LEL°6T uswia £68'55¢ 506 s2£'79¢ 95T'¥SS Y £20'808°67 eueAiey
81’82 606 sor'8z SSTSYELT 16L'19%'ST eljensny 69L'792 923 SLS6LT LOL'VTSE 96T'0v5'ST yedsnieyuyd
616y 692 060 T6T'LYT LTLVER YT ew 22£'609 9£5°01 69€'529 0£8'659'8 8v9'881°0¢ 1y12a
£19'TT €9¢ L98°ET [v5'89T [TLVES YT amqequiz 6£0'9TT €881 126021 vL9°TT8'E 0Tr'6v8'7T puE NUter
191992 (016 854775 8IT'€9T Y 0vE'T60°0T uspams 905°€8 605°T 02606 TLELLLT ZSL'9TT°0T leyoueienn
viv'e 9L €857 18T°089'L £€86'9L6L U031 euidls 26915 445 1LTSS T20'7LL [9T'€99°L  Ysapeld [eydewy
649 € 0ze'T 6€9°L TW0'0vS'E B3 e 8¢ sszes EVELLS 2€0'TL9E eandup
vZ9'syT €282 60v°65T 500°92L 000°096° eluaWLY S80°ET 6ET 8OT°ET 656'162 £00'796'C eAejeygain
£97'€6 208'T LLTSYT 9Tv6LLT 699'924°C eluenyy 109'92 vae 6ET'8C VS LY 95L°12LT anduepy
6£0'20T 169 861721 1£6'5T9 €06'8£0°C eluanols €6v°TT 6L 126’11 120021 209'086'T puejegeN
69506 433 519'T6 £60°68L'T 6/T'€69'T ufeiyeg SY0'6T [1e 8v.°6T 98T'TI8T 9IT'SHST yeBipueyy
s 98 Lues 90z'9L Y6Y'96E' T eauIn [eojenby €TE6Y LgL 186°05 98€/6¢ €TLLSYT eon
55581 P44 686'L2 9g€/0€ STr9zeT eluols3 ¥95°9T 95 61491 TST'8LE 1192861 etbetnig
06€°0T 61T 159'22 801'880'C 8v2'907'T snudAy STTLE €€9 zeTse 15788 YOrvvT T Auayanpng
68L°S 19 168 06708 (21986 nnoailg 160t 8 66Tt [8€LLT ¥10'T60°T welozy
ot 0 It £V0'y v88'989 spue|s| uowo|os 6ET'S J2q? 688'S 878'89 19£'859 wppiis
T € 1609 76606 TOE'SLE anbiunepy 9z8'y 79 Sv6y 0v9'18T YY6'6LE buUE UBLIBpUN
£09'S 62 vSL'S 19,285 ¥96°0vE puejao] 906'T 4 8€6'T zsL8¢e £58°7vE teSen bipeq
9567 It 92691 ov9'€z ¥0L°082 e1sauA|od youauy VTG [zt 9916 £19'50T 68TvLT yyepen
610€ 55 068 8v9'TS 61T anofew A 0 9zr'1 818'€e 116°Zve nig pue ueweq
961 z gee 618'95 £29'59 spuejs| uewAed 0 0 0 0 627'v9 deampeyse]
+4 =a = * uonejndod Anuno) =4 +a + *s uonejndod sin/a1es
$35€0 J0 JaquInu |e30L $35€2 J0 JaqWINU |B30L
QTHOM Y3 40 3534 VIaNI

0207 49quia23( 1T € 4O Se (Z-A0D-SHV'S) BUOIOD Y1IM SUOIIB)UI
|ediA Y3 Sulnp azis uoiie|ndod jua1ind 3y} 03 [enba AlJEAU Y3IM S31J3UNOD J3Y30 0} paJiedwod Sa1J0314I3] UOIUN PUB S33BIS UBIpU| Ul puaJ) aseasip 6T-JIAQD dlwapued ay] :g a|qeL




Rest of the WORLD (Continued)

INDIA

Total number of cases

c*
1.745.518
1.225.143
2.208.652
138.062

Total number of cases

C*
308.243

R*
1.362.394
1.044.056
2.121.531
119.736
194.865
1.205.519
6.942.041

D*
34.194

55.23

s*
28.576.312

Population

Country

R*
295.987

797.391

D*
2.696
12.122
3.606

S*
5.265.204
14.191.494
4.641.648
7.110.430
18.336.722
12.747.633

Population

State/Uts

83.750.665
83.853.830
84.222.640
102.078.159
126.523.275

Germany

79.536.709
82.722.262

Rajasthan

8.384.477

Iran

818.014
241.791
552.063
252.792
1.932.112
584.966

Tamil Nadu

20.881
7.631

22.778.756
1.484.602
4.441.450
4.124.947

22.959.582

Turkey

228.831
530.366
246.685
1.828.546
562.459

86.044.251

Madhya Pradesh

Egypt
Japan

9.712

102.741.588

West Bengal

3.414

230.304
1.413.935
7.675.973

1.397
49.521
8.352

126.750.326
128.466.921
237.095.024

Bihar

Kumar Rao, Padhy, Das SARS-CoV-2 prevalence in India
Journal of Advanced Research in Health Sciences - Saglik Bilimlerinde ileri Arastirmalar Dergisi 2023;6(3):250-262

138.748
194.976

128.759.156
212.368.566

Mexico

Maharashtra

Brazil

23.943.169

Uttar Pradesh

S: Suspected cases (Test done), C: Confirmed cases (Infected), D: Death cases, R: Recovered cases

The results were significant (Z-value ranges from -20556.8045
to -48.8228, p<0.05).

Morbidity cases

Morbidity cases were significantly lower in 19 Indian states/
UTs compared to other countries. The results were significant
(Z-value ranges from -2653.7369 to -11.6403, p<0.05). Howe-
ver, morbidity cases were reported to be significantly higher
in the remaining 18 Indian states / UTs than in other countries.
The results were significant (Z-value ranges from 31.7617 to
801.551, p<0.05).

Mortality cases

Mortality cases caused due to COVID-19 were reported to be
significantly lower in 21 Indian states / UTs compared with the
other countries. Of these, 19 Indian states / UTs compared with
the other countries were lower but found significant (Z-values
range from -439.446 to -4.8649, and the p<0.05). However, two
Indian states/ UTs compared to the countries such as Laks-
hadweep vs. The Cayman Islands, and Chandigarh vs. Bahrain
reported lower mortality, and the results were insignificant
(Z-values=-1.4013 and -0.1708, and the p-values=0.16152 and
0.86502 were greater than 0.05, respectively).

Epidemiologic outcomes, demographic attributes, and preva-
lence of cases concerning COVID-19 infection persist in India
A total of 184.728,001 individuals, including 43.595,808 (23.6%)
symptomatic cases and 141,132,193 (76.4%) asymptomatic ca-
ses, were suspected of coronaviral infection, and their swab
samples were collected and tested in the COVID-19 laboratory,
with 10,280,606 (5.6%) cases confirmed. Of the confirmed ca-
ses, 9.875,832 (96.1%) were recovered, while 148,981 (1.4%)
died due to COVID-19. The maximum proportion of suspected
cases tested in Andaman and Nicobar (47.8%). The highest pro-
portion of confirmed cases found among the suspects was in
Maharashtra (15.2%). The highest proportion of cases recove-
red in Daman and Diu (99.2%). Mortality due to COVID-19 oc-
curred across six UTs and 28 states, with the highest mortality
rates reported in Punjab (3.2%) (Table 4).

There were 10.280,606 cases confirmed as COVID-19 among
whole Indians; however, only 472.164 (4.6%) of those cases
had data available, and 9.808,442 (95.4%) of those cases were
missing. Of these available data (N=472.164), data for the
gender-based demography of COVID-19 patients were avai-
lable in 119,593 (25.3%) cases. Of these (N=119,593), there
were 78.363 males (65.52%), 41.212 females (35.56%), and
18 transgender individuals (0.02%). The gender ratio was
1.9:1, with men outnumbering females. Of the available data
(N=472.164), data for the age group-based demographic classi-
fication in COVID-19 patients were available in 117.325 (24.8%)
cases. Of these (N=117.325), the maximum cases occurred in
adult age groups (41.5%). The lowest cases occurred in infant
age groups (0.1%). Among the confirmed cases (10.280,606),
148,981 deaths have occurred, with a 1.4% CFR even so, only
50.183 (33.7%) of those cases had data accessible. Of these
(N=50.183), data for the gender-based demography of decea-
sed patients were available in 10.989 (21.9%) cases. Of these
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Comparison the COVID-19 disease patterns (Continued)
Morbidity Mortality

Suspected case

Region

Death cases

Confirmed cases

Total test done

Rest of the
WORLD

INDIA

Result

P-Value
<.00001
<.00001
<.00001
<.00001
<.00001
<.00001
<.00001
<.00001
<.00001
<.00001
<.00001

Z-Value
-214.6729
58.3708
-215.7997
63.4275

Result

P-Value
<.00001
<.00001
<.00001
<.00001
<.00001
<.00001
<.00001
<.00001
<.00001
<.00001
<.00001

Z-Value
-1106.836
801.551
-893.9665
468.7476
-972.3893
-276.8263
-1282.5506

Result

P-Value
<.00001
<.00001
<.00001
<.00001
<.00001
<.00001
<.00001
<.00001
<.00001
<.00001
<.00001

Z-Value

-4288.2013

Country

State/UTs

Odisha

Significant

Significant

Significant

Spain

Significant

Significant

Significant

3215.8398
-20556.8045
3011.1041

-4333.4271

Kenya

Andhra Pradesh

Karnataka

Significant

Significant

Significant

United Kingdom

Significant

Significant

Significant

Thailand

Gujarat

Significant

-159.1085

-164.3608

-112.0838
15.3761

Significant

Significant

Germany

Rajasthan
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Significant

Significant

Significant

1349.2285

Iran

Tamil Nadu

Significant

Significant

Significant

-3842.8602

Turkey
Egypt
Japan

Madhya Pradesh
West Bengal

Bihar

Significant

Significant

496.5024
31.7617
287.2302
-2653.7369

Significant

1950.8305
3047.4242
2176.4504
-246.7233

Significant

29.1421
-205.222

Significant

Significant

Significant

Significant

Significant

Mexico

Maharashtra

Significant

Significant -439.446

Significant

Brazil

Uttar Pradesh
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Figure 3: Pandemic curves concerning COVID-19 daily number
of cases (Confirmed, recovered, and deceased) in the Indian
continent during the viral infections with corona (SARS-CoV-2)
as of 31st December 2020
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Figure 4: Pandemic curves concerning COVID-19 cumulative
number of cases (Confirmed, recovered, and deceased) in the
Indian continent during the viral infections with coronavirus
(SARS-CoV-2) as of 31t December 2020

(N=10.989), males (69.74%) were more vulnerable than fema-
les (30.24%). The gender ratio was 2.3:1, with men outnum-
bering females. Of these available data on deceased patients
(N=50.183), data for the age group-based classification in
COVID-19 patients were available in 11,518 (23.0%) cases. Of
these (N=11.518), senior citizens (52.2%) have the maximum
mortality rate among any age group. However, 4112 (0.04%)
non-Indians were positive for COVID-19 (Table 5).

COVID-19 pandemic curves with the daily new epidemiolo-
gical cases

The epidemiological progression of 10.280,606 patients with
COVID-19 was based on the patient database. During the 337
days of the pandemic, the average number of new confirmed,
recovered, and deceased cases each day was 30506, 29305,
and 442, respectively. The rapid growth of newly reported
confirmed and dead cases has since been reported (Figure 3).

COVID-19 pandemic curves with the cumulative number of
epidemiological cases

The confirmed, recovered, and deceased cases were
10.280,606, 9.875,832, and 148.981, respectively. Only 0.001%
of cases of COVID-19 exits until 1st March 2020. COVID-19 re-
ported the first death incident on 13th March 2020. After 48
days of the first case, there was a significant increase in confir-
med, recovered, and deceased cases (Figure 4).
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Table 4: Epidemiological trends of COVID-19 patients included India’s contour during the viral illnesses with
coronavirus (SARS-CoV-2) as of 31t December 2020

Total number of cases

State/Uts Population

Suspected Confirmed Death Recovered
Lakshadweep 64.429 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Daman and Diu 242911 33.818 (13.9) 1.426 (4.2) 0(0.0) 1.414 (99.2)
Ladakh 274.289 105.617 (38.5) 9.466 (9.0) 127 (1.3) 9.143 (96.6)
Dadra Nagar Haveli 342.853 38.752 (11.3) 1.938 (5.0) 2(0.1) 1.906 (98.3)
Andaman and Nicobar 379.944 181.640 (47.8) 4.945 (2.7) 62 (1.3) 4.826 (97.6)
Sikkim 658.361 68.828 (10.5) 5.889 (8.6) 127(2.2) 5.139 (87.3)
Mizoram 1.091.014 177.387 (16.3) 4.199 (2.4) 8(0.2) 4.091 (97.4)
Puducherry 1.244.464 488.451 (39.2) 38.132(7.8) 633 (1.7) 37.115 (97.3)
Arunachal Pradesh 1.382.611 378.151 (27.4) 16.719 (4.4) 56 (0.3) 16.564 (99.1)
Goa 1.457.723 397.386 (27.3) 50.981 (12.8) 737 (1.4) 49.313 (96.7)
Chandigarh 1.545.116 181.186 (11.7) 19.748 (10.9) 317 (1.6) 19.045 (96.4)
Nagaland 1.980.602 120.071 (6.1) 11.921(9.9) 79 (0.7) 11.493 (96.4)
Manipur 2.721.756 474.524 (17.4) 28.139 (5.9) 354 (1.3) 26.601 (94.5)
Meghalaya 2.964.007 291.959 (9.9) 13.408 (4.6) 139 (1.0) 13.085 (97.6)
Tripura 3.671.032 577.343 (15.7) 33.255 (5.8) 382 (1.1) 32.712(98.4)
Himachal Pradesh 7.663.167 772.021(10.1) 55.277 (7.2) 922 (1.7) 51.692 (93.5)
Uttaranchal 10.116.752 1.777.371 (17.6) 90.920 (5.1) 1.509 (1.7) 83.506 (91.8)
Jammu and Kashmir 14.849.410 3.822.674 (25.7) 120.971 (3.2) 1.883(1.6) 116.079 (96.0)
Delhi 20.188.648 8.659.830 (42.9) 625.369 (7.2) 10.536 (1.7) 609.322 (97.4)
Chhattisgarh 25.540.196 3.514.707 (13.8) 279.575 (8.0) 3.371(1.2) 264.769 (94.7)
Haryana 29.808.027 4.554.156 (15.3) 262.325 (5.8) 2.905 (1.1) 255.853 (97.5)
Assam 31.169.272 5.997.450 (19.2) 216.211 (3.6) 1.045 (0.5) 211.907 (98.0)
Punjab 31.254.208 3.900.473 (12.5) 166.522 (4.3) 5.341(3.2) 157.496 (94.6)
Jharkhand 32.966.238 4.799.240 (14.6) 115.113 (2.4) 1.030 (0.9) 112.424 (97.7)
Kerala 35.122.966 7.853.651 (22.4) 755.719 (9.6) 3.043 (0.4) 687.104 (90.9)
Telangana 35.193.978 6.882.694 (19.6) 286.354 (4.2) 1.541 (0.5) 278.839 (97.4)
Odisha 47.439.243 6.946.965 (14.6) 329.621 (4.7) 1.926 (0.6) 325.432(98.7)
Andhra Pradesh 53.206.421 11.764.418 (22.1) 881.948 (7.5) 7.104 (0.8) 871.588 (98.8)
Karnataka 70.462.375 14.078.158 (20.0) 919.496 (6.5) 12.090 (1.3) 896.116 (97.5)
Guijarat 71.521.926 9.652.780 (13.5) 245.038 (2.5) 4.306 (1.8) 230.993 (94.3)
Rajasthan 79.536.709 5.265.204 (6.6) 308.243 (5.9) 2.696 (0.9) 295.987 (96.0)
Tamil Nadu 82.722.262 14.191.494 (17.2) 818.014 (5.8) 12.122 (1.5) 797.391 (97.5)
Madhya Pradesh 86.044.251 4.641.648 (5.4) 241.791 (5.2) 3.606 (1.5) 228.831 (94.6)
West Bengal 102.741.588 7.110.430 (6.9) 552.063 (7.8) 9.712 (1.8) 530.366 (96.1)
Bihar 126.750.326 18.336.722 (14.5) 252.792 (1.4) 1.397 (0.6) 246.685 (97.6)
Maharashtra 128.466.921 12.747.633 (9.9) 1.932.112 (15.2) 49.521 (2.6) 1.828.546 (94.6)
Uttar Pradesh 237.095.024 23.943.169 (10.1) 584.966 (2.4) 8.352 (1.4) 562.459 (96.2)

Total

1.379.881.020

184.728.001 (13.4)

10.280.606 (5.6)

148.981 (1.4)

9.875.832 (96.1)
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Table 5: The demographic attributes and epidemiologic outcomes concerning COVID-19 infection included in India’s contour
during the viral illnesses with coronavirus (SARS-CoV-2) as of 31st December 2020

Parameters Patients (N) Patients %
Confirmed cases 10.280.606

Indian citizen 10276494 99.96
Non-Indian citizen 4112 0.04
Data available 472.164 4.6
Data missing* 9.808.442 95.4
Gender-based demography of confirmed cases 472.164

Data available 119.593 25.3
Data missing* 352.571 74.7
Genders

Male 78.363 65.52
Female 41.212 35.56
Transgender 18 0.02
Age group-based demographic classification of confirmed cases 472.164

Data available 117.325 24.8
Data missing* 354.839 75.2
Age groups

<1 year (infants) 100 0.1
1-14 years (children) 7253 6.2
15-24 years (young adults) 15485 13.2
25-44 years (adults) 48723 41.5
45-60 years (middle-aged persons) 29434 25.1
> 60 years (senior citizens) 16330 13.9
Deceased cases 148.981

Data available 50.183 33.7
Data missing* 98.798 66.3
Gender-based demographic classification of deceased cases 50.183

Data available 10.989 21.9
Data missing* 39.194 78.1
Gender

Male 7664 69.74
Female 3323 30.24
Transgender 2 0.02
Age group-based demographic classification of deceased cases 50.183

Data available 11.518 23.0
Data missing* 38.665 77.0
Age group

< 1 year (infants) 7 0.06
1-14 years (children) 41 0.34
15-24 years (young adults) 116 1.0
25-44 years (adults) 1246 10.8
45-60 years (middle-aged persons) 4101 35.6
> 60 years (senior citizens) 6007 52.2

*Data missing=Information not available in the crowd-sourced database of government information systems
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DISCUSSION

Public access to a crowd-based information system is crucial in
community-based public health approaches (17). The pandemic
burden of COVID-19 disease between India and the rest of the
world, as epidemiological factors, is assessed. We organized
into groups of 37 Indian administrative regions comprising 28
states and nine UTs with 37 countries based on population sizes
to determine the COVID-19 pandemic epidemiological variation
between Indian states and UTs, with the selected countries.

SARS-CoV-2 infection result that, 7.417 million people at risk
worldwide. COVID-19 affects 99.9% of Indians, affecting all
parts of India except Lakshadweep. SARS-CoV-2 strain is typi-
cally considered unavoidable (12, 18). The disparity in confir-
med cases between India and the rest of the world was 1:7.2.
India had a lower mortality burden due to SARS-CoV-2 infec-
tion than the rest of the world. The COVID-19 pandemic was
the most severe health hazard in the 21st century, with higher
morbidity and mortality than previous global pandemics (13,
19). Our study revealed that India has 13.4% of suspected cases
worldwide has 16.8. Compared to other countries, 17 Indian
states/UTs reported fewer tests performed, which showed sig-
nificant results. According to Reuben Abraham, the COVID-19
pandemic was spotted two months later in India than in other
countries, resulting in fewer confirmed cases (20). According
to print media sources, categorized persons are difficult to di-
agnose despite most asymptomatic cases due to their travel
history (21). According to Battegay et al., due to the COVID-19
test’s limited capacity, there were fewer suspects or clinically
diagnosed cases (22). We concurred with these possible expla-
nations for the suspected lower case rate than other countries
in many of India’s administrative regions. India had 5.6% confir-
med coronavirus infections, while the global average was 7.3%.
We found that morbidity in 19 Indian states/UTs was low com-
pared to other countries. The outcomes were noteworthy, and
experts had few hypotheses about why the morbidity remained
low compared to other countries. According to Dr. Shahid Jame-
el, the early coronavirus lockdown in India contributed to mini-
mal morbidity compared to other countries with nearly equal
populations (23). According to Dr. Shiv Ayyar, the low confirmed
case rate is due to limited COVID-19 testing in India (23). Ankita
Sharma indicated that many cases are tested through RT-PCR
and RDT (Antibody), so it is possible to perceive the exact num-
bers and classification of the infected cases of COVID-19 (23).
According to the medical journal Lancet editor, the COVID-19
disease morbidity curve tends to flatten due to the Indian lock-
down (24). We agreed with the Lancet editor’s comments and
shared experts’ hypotheses in various newsletters. Compared
to other countries, we found lower mortality due to COVID-19
in 21 Indian states/UTs. Of these, the mortality rate in 19 sta-
tes/UTs was statistically significant, and two states/UTs were
statistically insignificant (p>0.05). According to Miller et al., the
Bacillus Calmette — Guérin (BCG) vaccine for tuberculosis, lep-
rosy, Buruli ulcer, and bladder cancer is used in corona therapy
in India, which reduces mortality rates (25). According to an
expert, the hydroxyl chloroquine malaria vaccine was used in

COVID-19, minimizing the number of deaths (26). Dr. Prabhat
Jha states that over 80% of deaths in India occur at home or in
rural regions without a proper medical death certificate. Such
cases shall not be held liable for the fatality rates of COVID-19
(27, 28). In another expert’s opinion, elderly populations are
more vulnerable to corona and becoming more complicated.
Furthermore, India’s low COVID-19 mortality rates are due to
a higher proportion of adults than other age groups (23). The
findings of Miller et al. and the epidemiological hypothesis of
experts on low COVID-19 mortality rates in India compared to
other countries are possible facts that could be linked to our
study outcomes.

In India, during the initial 337 days of the coronavirus infecti-
ons, our findings, as indicated by the pandemic curves of epide-
miological cases of COVID-19, 48 days after the first occurrence,
the daily cases resulted in daily peaks most significantly. The
cumulative number of confirmed, recovered, and deceased pa-
tients increased tremendously with an upward trend. COVID-19
spread rapidly to every corner of the Indian mainland except
Lakshadweep, indicating that the strain of SARS-CoV-2 had the
inherent potential to extend this epidemic (29). The suspected
case rate of COVID-19 has ranged from 5.4% to 47.8%. Anda-
man and Nicobar reported the maximum cases of suspected
individuals. SARS-CoV-2 has caused distinct illness characte-
ristics, including 23.6% of symptomatic and 76.4% of asym-
ptomatic patients. Our findings concurred with the previous
studies undertaken by Guan et al. and Huang et al. (30, 31).
Maharashtra had the most affected individuals. Daman and
Diu had no reported deaths, whereas Punjab had the most. In
India, the COVID-19 pandemic had a morbidity rate of about
5.6%, while the CFR was 1.4%. Indian morbidity rate remains
high, and CFRs remain low compared to previous outbreaks in
2002-2003 (SARS) and 2012 (MERS) (32, 33).

Our study indicated that males outstripping females were
susceptible to SARS-CoV-2, and the gender ratio was 1.9:1.
According to Dr. Kyle Sue, sex hormones, including estrogen
and testosterone, have a more vital role in severely affecting
males than females in viral respiratory diseases (34). Accor-
ding to Schurz et al., the X-chromosome possesses the highest
proportion of antibodies in the human genomes, which has a
prominent influence in severely impacting males than females
in viral respiratory problems (35). According to Voor, male blo-
od plasma has higher angiotensin-converting enzyme 2 (ACE2)
concentrations than female blood plasma, indicating a higher
probability of COVID-19 (36). According to Harris and Jenkins,
males are likely to spend more time engaging outside than
females, which is a familiar concept and leads to higher oppor-
tunities for health-related risks (37). These studies corroborate
our finding by Sue, Schurz et al., Voor, and Harris and Jenkins
that infection with SARS-CoV-2 is more common in males than
in females. We found that the age groups 25-44 years (adults)
followed by 45-60 years (middle-aged individuals) were more
susceptible to COVID-19 than the other four age groups studi-
ed. Our findings concurred with the study results of Jin Lv et
al., that adults aged 25-44 and middle-aged individuals aged
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45-60 are more affected by infectious diseases than other age
groups (38). We found that most deaths occurred among senior
citizens (> 60 years). Greenbaum et al., points out that older
people with chronic deformities associated with COVID-19 have
become more vulnerable, leading to death (39). According to Yi
et al., senior citizens than other age groups experience health
hazards and death from COVID-19 (40). Our findings corrobo-
rate Greenbaum et al. and Yi et al.’s conclusions.

Several researchers used innovative tools, i.e., mathematical
models, to evaluate the trends of any ongoing epidemics and
predict the spread of pandemics in the future, which can be
utilized as a preventive perspective for the public (41-43). Me-
anwhile, the coronavirus that causes COVID-19 has mutated
into new variants of the virus, resulting in the Seventh wave
of a new coronavirus variant, i.e., Omicron’s XBB to BA.7, will
encounter in the Indian continent in recent days, as predicted
by the International research organization GISIAD. According
to GISIAD report, there have been around three hundred and
eighty verified instances of XBB in India, with Tamil Nadu ha-
ving the most recorded incidents (175 cases), followed by West
Bengal (103 cases) (44).

Limitations of this study
We did not study the spatial and temporal correlations with
COVID-19 in India and globally.

CONCLUSION

This prospective analytical study highlighted that the daily and
cumulative number of confirmed and deceased patients incre-
ased drastically during the initial 337 days of corona in India. In
India, COVID-19 was more prevalent in males and patients aged
25-44, while senior citizens mostly died due to SARS-CoV-2. Bi-
har had the most infections, and Punjab had the most deaths
in India. India had lower confirmed cases and mortality than
the rest of the world, with a ratio of 1:7.2 and 1:12, respecti-
vely. Contrasting COVID-19 trends between the Indian main-
land with populations almost equal to the countries selected,
many of India’s administrative regions had lower morbidity and
mortality rates. India’s lockdown policy is gradually lifted as
the new coronavirus variant weakens its havoc. Coronavirus
has mutated into new variants at regular intervals. Undertake
more analytical studies to understand the risk factors asso-
ciated with COVID-19’s epidemiological characteristics as the
new coronavirus variant wave evolves. In addition, spatial and
temporal-related analyses will require elucidating the role of
climatic influence in coronavirus infection. Furthermore, advan-
ced mathematical model-based studies are needed to forecast
the severity and understand disease epidemiology, which wo-
uld help plan and target preventive health care.
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ABSTRACT

Objective: The aim of this study was to present the descriptive findings of
65 patients evaluated as clinical COVID-19 reinfection.

Materials and Methods: We conducted a retrospective chart review of
COVID-19 reinfection cases recorded by the provincial health directorate.
The time between infections (days), whether the patient was hospitalized,
symptoms at the time of both positive tests, presence of risky contact,
occupation, lung imaging results, laboratory findings, and RT-PCR cycle
threshold (Ct) values were recorded. Results were expressed as mean
(standard deviation [SD]) or median (interquartile range [IQR]), and
categorical variables were expressed as frequency (percentage).

Results: The mean time between infections was 124.9 (SD 39.7) days and
the median was 117 (IQR 96-143.5) days. Reinfection occurred after 45 to
89 days in 10 patients (15.4%) and after 90 days or more in 55 patients.
The shortest time to reinfection was 60 days and the longest time was 272
days. The median Ct value was 24.5 (IQR 22-26.5) among patients
reinfected after 45 to 89 days and 28 (IQR 25-32) among those reinfected
after at least 90 days.

Conclusion: This study demonstrated that the frequency of COVID-19
reinfection is higher than predicted. The complex algorithms recommended
by international health institutions make it difficult to detect these cases.
However, rapid identification of these patients is essential to prevent new
infections and control the pandemic.

Keywords: COVID-19, pandemics, reinfection

oz

Amag: Bu calismada amacimiz klinik re-enfeksiyon olarak tanimlanan 65
hastanin tanimlayici bulgularini sunmaktir.

Gereg-Yontem: il saglik miidiirligi tarafindan kaydi tutulan re-enfeksiyon
vakalarinin retrospektif dosya taramasi yapilmistir. iki enfeksiyon arasinda
gecen sire (glin), hastane yatisi olup olmadig, vakalarin her bir pozitif test
sonucu donemindeki sikayetleri, riskli temas durumlari, saglik calisani olup
olmadiklari, varsa akciger gortintilemesi sonuglari, laboratuvar bulgulari
ve RT-PCR Ct degerleri kaydedilmistir. Bulgular ortalamazstandart sapma,
ortanca (ceyrekler arasi deger - IQR), kategorik degiskenler frekans (ytizde)
olarak sunulmustur.

Bulgular: iki enfeksiyon arasinda gegen ortalama siire 124,9+39,7 giin ve
ortanca ise 117 (IQR 96 — 143,5) glindl. 10 (15,4%) kiside 45-89 giin, 55
kiside 90 giin veya daha uzun sire sonra re-enfeksiyon gorildi. Tespit
edilen en kisa stire 60 giin ve en uzun sire ise 272 giindu. 45-89 glin arasi
surede re-enfekte olanlarin ortanca Ct degeri 24,5 (22-26,5), 290 gln
sonra re-enfekte olanlarin ortanca Ct degeri 28 (25-32) idi.

Sonug: Bu calisma ile COVID-19 re-enfeksiyon sikhiginin tahmin edildigin-
den daha ylksek oldugu gosterilmistir. Uluslararasi saghk kuruluslari tara-
findan 6nerilen kompleks algoritmalar bu vakalarin tespiti zorlagtirmakta-
dir. Ancak pandemi miicadelesi sirasinda elzem olan husus vakalari ¢ok
hizli tespit ederek yeni bulaslarin olmasini 6nlemektir.

Anahtar kelimeler: COVID-19, pandemi, re-enfeksiyon
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INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection was first reported in China and rapidly spread worl-
dwide, appearing in Turkiye on March 10, 2020 (1, 2). On
March 11, 2020, the World Health Organization (WHO) decla-
red it a pandemic, and the first case in Turkiye province was
reported on March 15, 2020, in a person who had returned
from Umrah (3).

New information about SARS-CoV-2 infection is constantly
emerging as scientists all over the world strive to elucidate
the disease it causes, coronavirus disease 2019 (COVID-19).
However, after the first year of the pandemic, there is still much
we do not understand about COVID-19. One of these areas is
reinfection.

The American Centers for Disease Control and Prevention (CDC)
established research criteria for identifying cases of reinfection
and recommended the use and evaluation of genomic testing
of paired samples. According to their protocol, genome sequ-
encing should be performed in patients who test positive for
SARS-CoV-2 RNA again after a period of longer than 90 days
(those with cycle threshold Ct value < 33 or no available Ct
value). Patients who retest positive for SARS-CoV-2 RNA within
45 to 89 days must have definitive symptoms that cannot be
explained by an etiology other than COVID-19 or have a history
of close contact with a COVID-19 patient to be considered re-
infection. Again, genomic sequencing of old and new samples
(those with Ct < 33 or without a Ct value) is recommended. If
genomic testing capacity is limited, the suspicion of reinfecti-
on is higher for patients with 90 days or more between two
positive tests (4). In contrast, the European Centre for Disease
Control and Prevention (ECDC) suggested a more complex as-
sessment, but stated that there is still no consensus and that
a case definition must be established (5). Yahav et al. referred
to the difficulty of the definitions developed by the CDC and
ECDC and emphasized that a simpler definition of reinfection
is needed for treatment and infection control measures. In the-
ir study, they proposed categorizing reinfection as confirmed,
clinical, and epidemiological. They also developed definitions
for relapse/reactivation and repositivity (6).

The present study aimed to present the findings of cases of
clinical reinfection, which we believe must be defined in order
to prevent the disruption of treatment and infection control
measures.

MATERIALS and METHODS

Patient selection

This retrospective descriptive study included 65 cases evalua-
ted as clinical reinfection. The first case of reinfection was re-
corded on August 18, 2020, and the last case within the study
period was detected on January 3, 2021.

Our province consists of a total of 20 districts, 3 central and 17
peripheral (the most remote district is 180 km from the center).

As part of the pandemic management plan, oronasopharyngeal
samples obtained in the 17 peripheral districts are transpor-
ted to the public health laboratory in the central district at
least three times per day using the specimen transport system
established. Specimens obtained by contract tracing teams in
the central districts are delivered immediately to the public
health laboratory. Hospitals designated as pandemic hospitals
only process specimens collected on the premises. In the last
three months, the mean turnaround time from requesting a
specimen to receiving the result was 7.55 hours.

The results of each specimen analyzed in the two laboratori-
es that process SARS-CoV-2 samples were immediately sha-
red with the Provincial Pandemic Operations Center. Based on
these results, contact tracing teams were directed (number of
teams, etc.). In addition, this data is recorded by the Directo-
rate of Public Health Services, which oversees the Provincial
Pandemic Operations Center, and is analyzed daily (e.g., daily
new cases, daily test numbers, test positivity rate, case dist-
ribution by district/neighborhood/workplace, mortality and
case-fatality rates).

As a result, each laboratory test is recorded by the Directorate
of Public Health Services, and each patient’s previous positive
results are also followed. Unfortunately, this monitoring must
be performed manually, as there is no application in the contact
tracking and reporting systems implemented by the Ministry
of Health that presents the previous data of people who have
retested positive for SARS-CoV-2.

The Directorate of Public Health Services calls all patients who
have a positive test result after an interval of 45 to 89 days
to question their symptoms and reason for providing another
specimen. Symptomatic patients are referred to a pandemic
hospital and examined by an infectious disease specialist. If the
physician concludes the patient has clinical reinfection, they ar-
range treatment. Immunosuppressed patients and those who-
se symptoms never improved are not considered reinfection.

The following diagnostic criteria for clinical reinfection were
used:

i) After 90 days or more:

- Real-time polymerase chain reaction (RT-PCR) positive for
SARS-Cov-2 (Ct < 35),

- Recurrence of symptoms consistent with COVID-19 after
complete resolution of all symptoms of the first infection,

- High-risk contact or being in a region with an increase in cases,

- Absence of any other etiology to explain the clinical
presentation.

ii) Within 45 to 89 days:

- All criteria mentioned above as well as two negative RT-PCR
test results between infections (6).
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The algorithms of the contact tracing software used were crea-
ted according to the guidelines of the Ministry of Health. The-
refore, the contact tracing process is automatically initiated for
patients with another positive test result after more than 90
days but not for those with another positive test result after
45 to 89 days. Creating a new contact tracing process for rein-
fected patients is performed manually. Then, a contact scree-
ning is performed, and isolation and quarantine protocols are
implemented.

Data collection

We conducted a retrospective chart review of the list of CO-
VID-19 reinfection cases maintained by the provincial health
directorate. The time between infections (days), whether the
patient was hospitalized, symptoms experienced at the time
of both positive tests, presence of risky contact, occupation,
lung imaging results (if available), RT-PCR Ct values, and labo-
ratory findings including C-reactive protein, D-dimer, ferritin,
hemoglobin, white blood cell, neutrophil, and lymphocyte co-
unts, lactate dehydrogenase, aspartate aminotransferase, ala-
nine aminotransferase, creatinine, and albumin values were
recorded. Because anti-SARS-CoV-2 antibodies are not analyzed
in healthcare facilities affiliated with the Ministry of Health,
antibody results were not available for these patients. After
the study data were collected, the patient list was anonymized,
and statistical analyses were performed. During the reinfection
dates included in this study, and even at the time of writing,
influenza had not yet been detected in the province.

RT-PCR

Bio-Speedy COVID-19 RT-qPCR (Bioeksen, Istanbul) kits were
used to detect SARS-CoV-2 RNA in the patients’ nasopharyngeal
and oropharyngeal specimens. RT-PCR was performed in the
C1000 Touch CFX96 (Bio-Rad, USA) device.

Statistical analyses

A statistics software package was used for all analyses. Conti-
nuous data were presented as mean (standard deviation SD)
or median (interquartile range IQR), and categorical variables
as frequency (percentage).

Ethics Committee Approval

This study was approved by the Clinical Research Ethical Com-
mittee of the Erzurum Regional Training and Research Hospital
(Date:01.03.2021, N0:2021/05-85). Due to the retrospective
nature, informed consent was not obtained.

RESULTS

A total of 65 reinfection cases were included in the study. The
rate of reinfection among all cases followed in our center was
0.12%. The mean (SD) age of the patients was 36.3 (14.8) years,
and the median (IQR) age were 31 (24.5-47.0) years. Thirty-
four patients (52.3%) were male and 29 (44.6%) were health
workers. The health workers included 14 nurses, 5 doctors, and
10 support staff (health technician, security guard, secretary).
Twenty-five of the health workers were working in designated

Table 1: Descriptive findings of the patients according to time to reinfection

Reinfected within 45-89 days (n=10)

Reinfected after 2 90 days (n=55)

First infection Reinfection First infection Reinfection
Age (years), mean (SD) 38.9 (15.8) - 35.8 (14.7) -
Sex (male), n (%) 8(80.0) - 26 (47.3) -
Cycle threshold value, median (IQR) 24.5(19-27.2) 24.5 (22-26.5) 24 (21-28) 28 (25-32)
Health worker, n (%) 6 (60.0) - 23 (41.8) -
Risky contact, n (%) 6 (60.0) 10 (100.0) 34 (61.8) 35 (63.6)
Hospital admission, n (%) 4 (40.0) 1(10.0) 20 (36.4) 7(12.7)
Length of hospital stay (days), mean (SD) 9.25(3.1) 6 9.95 (5.8) 9.1(3.0)
Negative test between infections, n (%) 10 (100.0) - 42 (76.4) -
Comorbidity, n (%) 1(10.0) - 17 (30.9) -
Epilepsy - - 1(1.8) -
Chronic hepatitis B - - 1(1.8)
Asthma - - 6(10.9) -
Diabetes mellitus 1(10.0) - 4(7.3) -
Hypertension - - 8(14.5) -
Heart failure - - 1(1.8) -
Chronic kidney disease - - 1(1.8) -
History of malignancy - - 1(1.8) -
COPD - - 7(12.7) -

COPD: Chronic obstructive pulmonary disease, IQR: Interquartile range, SD: Standart deviation




Karasahin, Karasahin, Aslan COVID-19 reinfection
Journal of Advanced Research in Health Sciences - Saglik Bilimlerinde ileri Arastirmalar Dergisi 2023;6(3):263-269

Table 2: Symptoms according to time to reinfection

Reinfected within 45-89 days (n=10) Reinfected after 290 days (n=55)

First infection Reinfection First infection Reinfection

Symptomatic, n (%) 10 (100.0) 10 (100.0) 41 (74.5) 41 (74.5)
Dyspnea, n (%) 4 (40.0) 2 (20.0) 12 (21.8) 12 (21.8)
Fatigue, n (%) 4 (40.0) 5(50.0) 23 (41.8) 23 (41.8)
Muscle/joint pain, n (%) 6 (60.0) 7 (70.0) 20 (36.4) 24 (43.6)
Sore throat, n (%) 1(10.0) 4 (40.0) 8(14.5) 15(27.3)
Loss of taste, n (%) 1(10.0) 1(10.0) 3(5.5) 1(1.8)
Loss of smell, n (%) 1(10.0) 2 (20.0) 3(5.5) 2 (3.6)
Hearing loss, n (%) - - 1(1.8) -
Headache, n (%) 4 (40.0) 4 (40.0) 8 (14.5) 14 (25.5)
Diarrhea, n (%) 2(20.0) 2(20.0) 5(9.1) 1(1.8)
Cough, n (%) 2 (20.0) 2(20.0) 11 (20.0) 17 (30.9)

Table 3: Imaging and vital signs according to time to reinfection

Reinfected within 45-89 days (n=10) Reinfected after 290 days (n=55)

First infection Reinfection First infection Reinfection
Radiological findings, n (%)
CT findings not typical/no findings (%) 2/2 (50.0) 4/2 (66.7) 9/19 (32.1) 9/11 (45.0)
Bilateral lung involvement 2 (50.0) 3(50.0) 4(14.3) 5(25.0)
Ground-glass opacities 2 (50.0) 4 (66.7) 7 (25.0) 9 (45.0)
Greater than 50% involvement - - 3(10.7) 1(5.0)
Vital findings, n (%)
Hypoxia (saturation < 93%) 1(10.0) 2(20.0) 3(5.5) 5(9.1)
Tachycardia (pulse > 100/min) - - 5(9.1) 4(7.3)

CT: Computerized tomography

Table 4: Laboratory findings according to time to reinfection

Reinfected within 45-89 days (n=10) Reinfected after 290 days (n=55)

Laboratory findings,

median (IQR)

First infection Reinfection First infection Reinfection
CRP (mg/dL) 7.5(3.5-14.4) 5.0 (2.8-6.9) 4.3(3-6.2) 5(5-13.4)
D-dimer (ng/dL) 245 (190-915) 224 (190-394.5) 305 (155-407.5) 297 (190-502)
Ferritin (mg/dL) 54.6 (3-54.6) 97.1(21.5-106.9) 34.1(18.2-93) 33.9(19.8-95.4)

Hemoglobin (g/dL)

White blood cell count
(x10%/L)

Neutrophil count
(x10%/L)

Lymphocyte count
(x10%/L)

PLT (x10%/L)

LDH (U/L)

AST (U/L)

ALT (U/L)
Creatinine (g/dL)
Albumin (mg/dL)

15.5 (13.2-15.9)
6680 (5540-7285)

3270 (2705-3670)

2800 (1305-3420)

229 (198.5-319.5)
186 (166.5-213.5)
26 (19.5-31)
32(19-39)
0.9(0.7-1.2)
45 (43-51)

16.0 (12.8-16.7)
6535 (4675-7902)

2765 (1807-4642)

2090 (1740-2605)

228 (196.5-292.5)
195 (187.7-231.7)
31(17-44.7)
36.5 (17.5-50)
0.9 (0.7-0.9)
47.1 (43.7-49.5)

14.6 (13.6-15.5)
7170 (5350-9300)

4440 (3120-5360)

2290 (1700-3160)

245 (191-295)
190.5 (173.5-227.7)
18 (16-26.5)
20.5 (14-36.7)
0.8 (0.6-0.9)

45 (42-47)

14.3 (13.3-15.6)
6640 (5630-8340)

4000 (2990-5365)

2210 (1505-2655)

247 (215-289)
208 (183.5-262.7)
23 (17.5-26)
23 (15-27)
0.7 (0.6-0.9)
45.5 (42.2-47)

CRP: C-reactive protein; PLT: Platelet count; LDH: Lactate dehydrogenase, AST: Aspartate aminotransferase, AST: Alanine aminotransferase, ALT: Alanine

aminotransferase
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pandemic hospital that only treated COVID-19 patients. Cases
of reinfection were most frequent in August and November,
when the province reached peak case numbers.

The mean time between infections was 124.9 (SD 39.7) days
and the median was 117 (IQR 96-143.5) days. Reinfection oc-
curred after 45 to 89 days in 10 patients (15.4%) and after 90
days or more in the other 55 patients. The shortest time to
reinfection was 60 days and the longest time was 272 days.
Fifty-two patients (80.0%) had at least one negative test result
between infections.

Eighteen (27.7%) of the patients had at least one comorbidity.
These included hypertension (n=8;12.3%), chronic obstructive
pulmonary disease (n=7;10.8%), asthma (n=6; 9.2%), diabetes
mellitus (n=5;7.7%), and one patient each with malignancy,
epilepsy, chronic kidney failure, heart failure, and chronic
hepatitis.

History of contact with an active COVID-19 patient was present
in 40 patients (61.5%) before the first infection and 45 (69.2%)
before the second infection, and 29 of these patients were he-
alth workers. Twenty-four patients (36.9%) were hospitalized
during the first infection, 8 (12.3%) during the second infection,
and four patients during both infections. Forty-four (67.7%) of
the patients had at least one symptom in both infections. The
patients’ descriptive information and symptoms according to
reinfection time are presented in Tables 1 and 2.

The imaging and laboratory findings of the patients according
to reinfection time are presented in Tables 3 and 4. Among
those reinfected within 45 to 89 days, pulmonary computed
tomography (CT) was evaluated in four patients (40%) during
the first infection and six (60%) during the second infection. In
two of these patients (20%), lung CT findings were consistent
with COVID-19 during both infections. Of those who were re-
infected after 90 days or more, pulmonary CT was evaluated
in 28 patients (50.9%) during the first infection and 20 patients
(36.4%) during the second infection. Four (7.3%) of these pa-
tients had lung findings consistent with COVID-19 during both
infections. Hypoxia was observed during both infections in only
two patients (3.1%).

All patients were alive at the time of writing. One health wor-
ker developed pulmonary embolism after reinfection and is
currently continuing treatment and follow-up.

DISCUSSION

Studies on SARS-CoV-2 continue at a brisk pace as scientists
attempt to better understand it. However, the results vary ac-
cording to the time and setting of the study. Many different du-
rations of viral shedding have been reported. In a meta-analysis
published by Cevik et al. in November 2020, the duration of
SARS-CoV-2 RNA shedding was a mean of 17 days (maximum
83 days) from the upper respiratory tract and 14.6 days (maxi-
mum 59 days) from the lower respiratory tract (7). In a study
published early in the pandemic, shedding occurred for a mean
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of 20 days after symptom onset and the longest detected shed-
ding lasted 37 days (8). The Korean CDC published a study in
which it emphasized that test positivity continued for an ave-
rage of 44.9 days (range, 8-82 days) after symptom onset and
14.3 days (range, 1-37 days) after discharge (9). For this reason,
some have claimed that it is most likely that repeated positive
test results within 90 days are due to intermittent viral shed-
ding and that this detected virus does not have reproductive
capacity (9). Nevertheless, more and more cases of reinfection
occurring within this 90-day time frame are being reported in
the literature. For example, genomically confirmed reinfection
has been described by Prado-Vivar et al. after 64 days, Larson
et al. after 51 days, Lee et al. after 25 days, and Tillett et al.
after 45 days (10-13).

In the present study, the minimum interval to retest positivity
was 60 days and the maximum was 272 days. There were 10
patients evaluated as reinfected within 90 days. The classifica-
tion and treatment of these patients were carried out by infec-
tious disease and clinical microbiology specialists. While all of
the patients in our study had at least two negative test results
between infections, the health workers in particular had a lar-
ge number of negative results (up to 12) from tests obtained
both in order to return to work and during routine screenings.
Especially considering the viral shedding times reported in the
international literature, genomic analyses of the cases presen-
ted here would also likely demonstrate reinfection.

Cases of reinfection have also been reported in the current lite-
rature at intervals ranging from 93 to 178 days (14-16). In Turki-
ye, there have been two cases confirmed by genomic analysis,
after 112 and 144 days (17, 18). In fact, more than 80% of the-
se cases had an interval longer than 90 days until reinfection.

Turkiye’s national guidelines are based on CDC and WHO crite-
ria, and isolation/quarantine procedures cannot be performed
in the Ministry of Health applications for people who retest po-
sitive within 90 days of a first positivity, even if they have risky
contact or meet the diagnostic criteria for reinfection (19). This
results in a gap in isolation/quarantine measures. Although the
Korean CDC has stated that these individuals are not contagio-
us, further studies are needed to support this information (9).

At this stage, while we are still trying to control the pandemic
by preventing transmission, one of the primary goals should be
to decide which cases are reinfections and prevent more risky
contact through rapid contact tracing. Therefore, as stated in
the Methods section, contact tracing and quarantine/isolation
were implemented manually for each case evaluated as rein-
fection by the infectious diseases’ specialist.

Criteria sought in order to be considered reinfection were the
presence of characteristic symptoms after complete clinical re-
solution of the first infection, lack of any etiology other than
COVID-19 that could explain these symptoms, and having clo-
se contact with a COVID-19 patient (6). All patients reinfected
within 45 to 89 days were symptomatic and had high-risk con-
tact. In addition, they all had at least two negative test results
between the two infection episodes.
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While most reinfections have been reported to be milder, cases
reported from the United States and Ecuador were more severe
and one reinfected patient died (10, 13, 20). Of the patients we
followed, eight people required hospital admission and treat-
ment. A 23-year-old male doctor developed pulmonary embo-
lism and is still undergoing treatment and follow-up.

Most studies have reported seroconversion after infection.
However, a few studies also documented patients who never
exhibited seroconversion. It has been emphasized that in most
cases neutralizing antibodies are formed, although observati-
onal studies have shown that all anti-SARS-CoV-2 antibodies
decrease over time and that antibodies are even not detected
in plasma donors during convalescence. Therefore, there are
still gaps in our knowledge regarding the production and pro-
tection of antibodies (21-26).

Unfortunately, the main limitation of this study is the lack of
genome analysis and antibody detection. However, not every
province and laboratory in Turkiye is able to perform genome
analysis. In fact, none of the laboratories in the province have
this capacity.

Our aim in publishing this study is to report that the frequ-
ency of reinfection appears to be higher than predicted. Alt-
hough international and national centers for disease control
and prevention, which have an important say in the scientific
community, recommend genome analysis for a definitive deci-
sion, epidemiological connections and clinical presentation are
more valuable in the fight against the pandemic, especially in
countries such as Turkiye that have limited capacity to perform
these analyses. Therefore, regardless of confirmed or clinical
reinfection, it is essential to identify these cases, organize tre-
atment, and implement quarantine and isolation procedures
in order to prevent further transmission. Accordingly, the Mi-
nistry of Health should also make its software more flexible and
simplify the detection of reinfection cases. There is limited in-
formation in the literature on the contagiousness of reinfected
patients. This issue should be investigated and included in the
decision-making processes of governments and public health
workers. Furthermore, at a time when virus variants are a ma-
jor concern and the immune dynamics after previous infection
remain unclear, it is predicted that the incidence of reinfection
will increase. Countries should be prepared for this situation.
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ABSTRACT

Objective: The current research examined if there is a variance in the
frequency of vitamin D deficiency or insufficiency among adults visiting
the hospital for medical problems in winter and summer, and whether
comorbidities have an impact on this.

Material and Method: A total of 1155 patients (771 women, 384 men,
mean age:48t15 years) who were admitted to the outpatient clinics of
Istanbul Medeniyet University Goztepe Training and Research Hospital in
August and February were tested for 25(0OH)D levels for any reason were
included. A 25(0OH)D level of<20 ng/ml was stated as inadequacte, and
20-29 ng/ml was defined as insufficient. The two groups were examined
in contrast in terms of vitamin D deficiency and insufficiency and the
frequency of comorbidities.

Results: 25(OH)D levels were inferior in the winter compared to the
summer (16.1+12.5 ng/ml versus 22.2+15.8 ng/ml, p<0.001). Vitamin D
deficiency was detected in 769 (66.6%) patients, and vitamin D
insufficiency was detected in 226 (19.6%). Furthermore, 51.9% and 78.6%
of patients had vitamin D deficiency (p< 0.001) and 27.3% and 13.1% had
vitamin D insufficiency (p<0.001) during summer and winter, respectively.
Prevalence rates of diabetes (60.1% and 39.9%, respectively, p=0.04) and
hypertension (62.7% and 37.3%, accordingly, p<0.01) were more common
in the winter compared to the summer.

Conclusion: The findings of this research show that vitamin D insufficiency
and deficiency are well-known health issues in Turkey, and although there
has been some improvement, the problem persists even during the sunny
seasons.

Keywords: Seasonal variation, vitamin D level, vitamin D insufficiency

oz

Amag: Vitamin D [25(OH)D] eksikligi veya yetersizliginin mevsimsel degi-
siklik gosterdigi bildirilmektedir. Bu calismada hastaneye bagvuran eriskin-
lerde vitamin D eksikligi veya yetersizligi sikliginin kis ve yaz aylarinda
farkhlik gosterip gostermedigi ve komorbid durumlardan etkilenip etkilen-
medigi arastirildi.

Gereg ve Yontem: Calismaya Agustos 2014 (yaz grubu) ile Subat 2015 (kis
grubu) aylarinda istanbul Medeniyet Universitesi Goéztepe Egitim ve
Arastirma Hastanesi polikliniklerine miiracaat eden ve belirli bir sebeple
25(0OH)D vitamini seviyelerine bakilan toplam 1155 olgu (771 kadin, 384
erkek, ortalama yas: 48+15) dahil edildi. Vitamin D eksikligi<20 ng/ml,
vitamin D vyetersizligi 20-29 ng/ml olarak tanimlandi. Gruplar vitamin D
ihtiyaci, yetersizligi ve komorbidite sikliklarina gore karsilastirildi.
Bulgular: Tum olgularda ortalama vitamin D dUzeyi 18,9+14,4 ng/ml
(kadinlarda 18,9+15,5 ng/mL, erkeklerde 18,9+12,1 ng/mL) idi. Vitamin D
diizeyleri; kis grubunda yaz grubuna gére daha disiik (16,1+12,5 ng/ml’ye
karsilik 22,2+15,8 ng/mL, p<0,001) bulundu. Vitamin D eksikligi 769 hasta-
da (%66,6), vitamin D yetersizligi 226 hastada (%19,6) saptandi. Vitamin D
eksikligi %51,9’u yaz aylarinda, %78,6'si kis aylarinda (p<0,001), D vitamini
yetersizligi % 27,3l yaz aylarinda ve %13,1'i kis aylarinda (p<0,001) idi. Kis
grubunda yaz grubuna goére diyabet (sirasiyla %60,1 ve %39,9, p=0,04) ve
hipertansiyon sikhigi (sirasiyla %62,7 ve %37.3, p<0,01) yuksekti.

Sonug: Bu ¢alismada giinesli yaz aylarinda dahi populasyonumuzun yakla-
stk yarisinda, kis aylarinda ise yaklasik her 4 kisiden 3’linde vitamin D
eksikligi oldugu gorulmustir. Bu bulgular Glkemizde D vitamini eksiklik ve
yetersizliginin yaygin bir saglik problemi oldugunu, glinesli mevsimlerde
bu problemin kismen azalsa da devam ettigini géstermistir.

Anahtar kelimeler: Mevsimsel degisim, vitamin D dlzeyleri, vitamin D
yetersizligi

Corresponding Author/Sorumlu Yazar: Erhan EKEN E-mail: erhan-eken@hotmail.com
Submitted/Bagvuru: 06.05.2023 e Revision Requested/Revizyon Talebi: 12.05.2023 e Last Revision Received/Son Revizyon: 01.06.2023

o Accepted/Kabul: 12.06.2023 e Published Online/Online Yayin: 10.10.2023

@' CEETEM This work is licensed under Creative Commons Attribution-NonCommercial 4.0 International License



https://orcid.org/0000-0001-8754-1069

https://orcid.org/0000-0002-1901-5603
https://orcid.org/0000-0003-4278-4651
https://orcid.org/0000-0002-2595-5167

Eken, Uzunlulu, Késtek, isman, Oguz Seasonal variation of vitamin D levels
Journal of Advanced Research in Health Sciences - Saglik Bilimlerinde ileri Aragstirmalar Dergisi 2023;6(3):270-275

INTRODUCTION

Vitamin D deficiency is a well-known worldwide health issue
that is linked with several health problems, including bone
fractures, functional limitation, diabetes, cardiovascular dise-
ase, cancer, depression, and mortality (1, 2). The risk factors
for inferior levels of 25(0OH)D include dark skin pigmentation,
decreased vitamin D uptake, low ultraviolet light exposure,
and obesity, while advanced age, female gender, low physi-
cal activity, and education levels are also related to vitamin D
deficiency (3). Measuring the serum 25(0OH)D concentration is
the best indicator of vitamin D levels although the ideal level
is still debated (4). Numerous studies have shown that vitamin
D deficiency is widespread around the world, particularly in
the Middle East and Asia, regardless of risk factors (5,6). The
seasonal variation in serum 25 (OH)D concentration indicates
that levels are at their highest in late summer and at lowest in
late winter or early spring (7,8).

This study examined the prevalence of vitamin D deficiency in
grown-ups visiting our outpatient clinics, evaluated whether
there is an important variance in prevalence between the sum-
mer and winter, assessed the extent of cyclical variation, and
investigated any links among the low vitamin D levels regarding
sex, age, diabetes and hypertension.

MATERIALS and METHOD

This study included 1,155 individuals (771 females, 384 males)
aged 48+15 years who visited the outpatient clinics of Istanbul
Medeniyet University Goztepe Training and Research Hospital
in August 2014 (the summer group) and February 2015 (the
winter group) and were tested for their 25(0OH)D levels for any
medical purpose. The patient records were obtained retrospec-
tively from the hospital data system while following the ethical
rules outlined in the Helsinki Declaration.

Inclusion criteria: Individuals who underwent testing to specify
their 25(0OH)D concentrations and fell between the age sphere
of 18 to 75 years old were included in the study.

Exclusion criteria: This refers to individuals who received vita-
min D replacement therapy, supplementation, or related me-
dication within the previous month, individuals with chronic
renal failure characterized by a GFR of less than 60 ml/min,
and pregnant women.

Study design

The study examined the age, sex, 25(0OH)D levels, creatinine
ranks, and GFR levels of individuals who met the criteria for
inclusion. The GFR amount was found using the CKD-EPI (Chro-
nic Kidney Disease Epidemiology Collaboration) recipe. Patient
records were reviewed through the hospital information system
and the Medula doctor, pharmacy, and electronic prescription
system to identify comorbid diagnoses of diabetes or hyper-
tension, and any use of vitamin D replacement therapy or re-
lated medications (9). The summer group consisted of patients
who presented to the hospital in August 2014, while the winter
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group consisted of patients who presented in February 2015. A
comparison was made between the two groups regarding the
occurrence of vitamin D deficiency and insufficiency, and also
the mean seasonal serum concentrations of vitamin D.

25(0OH)D Levels Analysis

The chemiluminescent microparticle immunological assay
(CMIA) procedure was utilized to measure the 25(0OH)D levels
using the Abbott ARCHITECT system 25-OH vitamin D brand kits
(Abbott, USA) with Abbott ARCHITECTi 2000SR immunoanaly-
zers. The results were quantitatively evaluated in ng/ml, with
a reference range of 10-60 ng/ml for winter and 20-100 ng/ml
for summer. The levels of 25(0OH)D concentration in the serum
were categorized as deficient in vitamin D for measurements
less than 20 ng/ml, insufficient in vitamin D for measurements
between 20 and 30 ng/ml, and normal for measurements are
same or more than 30 ng/ml. (4).

Statistical Analysis

The statistical analysis was conducted by utilizing IBM SPSS
Statistics Version 20 software package (Copyright IBM Corpo-
ration and its Licensors 1989, 2011). The Kolmogorov-Smirnov
test was utilized to assess the normality of variables. Numeric
information was presented as mean and standard deviation,
and categorical information was given in ratios and numbers.
Qualitative data between independent groups were distingu-
ished using the chi-square test, while Student’s t-test was con-
ducted for independent group comparisons. In cases where
variables were not normally distributed or when comparing
two independent groups, the Mann-Whitney U test was utili-
zed. Statistical importance was determined as a p-value of less
than 0.05 at a 95% confidence interval.

This study was approved by Istanbul Medeniyet University Goz-
tepe Training and Research Hospital Clinical Research Ethics
Committee (Date: 12.05.2015, No: 2015/0049).

RESULTS

A number of 1.155 people were considered, consisting of 771
women and 384 men with an exact age of 4815 years. Table
1 presents the comparison of patients’ analytical specifies and
comorbidities, and their vitamin D levels based on seasonal
variations. The mean serum 25(OH)D concentration in all pa-
tients was 18.9+14.4 ng/ml, which was inferior in the winter
compared to the summer (16.1+12.5 ng/ml versus 22.2+15.8
ng/ml, p<0.001). Both sexes had lower serum 25(OH)D con-
centrations in the winter compared to the summer (p<0.001 for
both). The frequency of diabetes and hypertension was greater
during the winter season (with p-values of 0.04 and less than
0.001, respectively).

Following an adjustment for age differences among the gro-
ups, the average 25(0OH)D concentration for all patients was
18.36+14.25 ng/ml, whereas the winter and summer concent-
rations were 15.46+12.60 ng/ml and 21.60+15.28 ng/ml, res-
pectively (with a p-value of less than 0.001) (Table 2).
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Table 1: Comparison of clinical characteristics and vitamin D levels between the studied

groups according to the seasonal variation

. Summer .
All population (August) Winter P value
Age (years) 48+15 45+14 50+15 <0.001*
Sex (n, %)
Female 771 (100) 397 (51.5) 374 (48.5)
Male 384 (100) 125 (32.6) 259 (67.4) <0.001>
Diabetes frequency 276 (100) 110 (39.9) 166 (60.1) 0.04?
Hypertension frequency 343 (100) 128 (37.3) 215 (62.7) <0.001?
Vitamin D (ng/mL) All population 18.9+14.4 22.2+15.8 16.1+12.5 <0.0013
(MeanzSD)
Male 18.9+15.5 21.3+16.6 16.4+13.8 <0.0013
Female 18.9+12.1 25.5+12.8 15.7+10.4 <0.0013

Student t test, 2Pearson Chi-Square test, *Mann-Whitney U test

Table 2: Comparison of clinical characteristics and vitamin D levels between the studied groups according to the

seasonal variation after adjusting for age

Alpopultion | Summer ) Winter(n=s08)  Pvalue
Age (years) 45.53+14.11 45.71+13.84 45.36+14.37 0.707*
Sex (n, %)
Female 678 (71.2) 332 (74.1) 346 (68.7) 0.0632
Male 274 (28.8) 116 (25.9) 158 (31.3)
Diabetes frequency 209 (22) 95 (21.2) 114 (22.6) 0.5992
Hypertension frequency 264 (27.7) 117 (26.1) 147 (29.2) 0.2942
Vitamin D (ng/mL)
(MeanzSD, median) All population 18.36+14.25 21.60+15.28 (18.9)  15.46+12.60 (12.3) <0.0013
Male 19.44+12.84  24.98+12.95(22.85) 15.36+10.01 (13.15) <0.001°
(16.5)
Female 17.92+14.96  20.42+15.86 (16.85) 15.51+13.64 (11.30) <0.001°
(16.85)

Student t test, 2Pearson Chi-Square test, *Mann-Whitney U test

Table 3: Comparison of the vitamin D deficiency (<20 ng/mL), insufficiency (20-30 ng/
mL) and normal vitamin D levels (= 30 ng/mL) groups according to the seasonal

variation.

25(0OH)D levels <20 ng/mL 20-30 ng/mL 230 ng/mL P value!
Summer (August) 271 (51.9) 143 (27.3) 108 (20.8)

(n, %) <0.001
Winter (February) 498 (78.6) 83 (13.1) 52 (8.5)

(n, %)

p value! <0.001 <0.001 <0.001

Pearson Chi-Square test

Table 3 shows that the prevalence of vitamin D deficiency was
higher in the winter season in comparison to the summer se-
ason (78.6% versus 51.9%, with a p-value of less than 0.001).

Table 4 displays the vitamin D levels among the age groups,
revealing that serum 25(OH)D concentrations were greater
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in males aged 51-60 compared to females in the same age
range (with a p-value of 0.03). Table 5 included a comparison
of patients with deficient, insufficient, and normal vitamin D
ranks due to season and sex, indicating that vitamin D inade-
quacy was more visible during the winter for both sexes (with
a p-value of less than 0.001).
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Table 4: Analysis of the vitamin D levels according to the age decades

25(OH)D levels (ng/mL)

18-30 years
31-40 yeares
41-50 years
51-60 yeaers
>60 years

Allpopulation Male Female p value?
(n=1155) (n=384) (n=771)
17.3+13.2 (14) 16.8+9.3 (13.8) 17.5+14.9 (15) 0.43
19.6%+15.8 (15.9) 16.8+17.1 (15.5) 20.7+17.6 (16) 0.85
19.8+16.7 (15.4) 19.6+13.4 (16.1) 19.9+18.1 (14.6) 0.13
19.6+14.2 (15.2) 21.8+16.3 (16.6) 18.5+12.9 (14.2) 0.03
17.9+12.4 (13.8) 18.2+10.1 (15.2) 17.8+13.6 (13.1) 0.06

Mann-Whitney U test

Table 5: Comparison of the vitamin D deficiency, insufficiency and normal vitamin
D levels groups according to the seasonal variation and sex

25(0H)D levels <20 ng/mL 20-30 ng/mL 230 ng/mL p value!
Male 254 (66.1) 82 (21.4) 48 (12.5)
Female 515 (66.8) 144 (18.7) 112 (14.5) 0.42
Summer

Male 38(30.4) 56 (44.8) 31(24.8)

Female 233 (58.7) 87 (21.9) 77 (19.4) 0.05
Winter

Male 216 (83.4) 26 (10) 17 (6.6)

Female 282 (75.4) 57 (15.2) 35(9.4) <0.001

*Pearson Chi-Square test

Table 6: Demographic characteristics and comorbidities of patients with and

without vitamin D deficiency

25(OH)D vit <20 ng/mL >20 ng/mL p value
Age 4715 48+14 0.41*
Sex (n, %)
Female 515 (66.8) 256 (33.2)
2
Male 254 (66.1) 130(33.9) 0.84
Hypertansion (n, %) 234 (68.2) 109 (31.8) 0.45?2
Diabetes (n, %) 191 (69.2) 85 (30.8) 0.30%
IStudent t test, 2Pearson Chi Square test
Table 6 presents the demographic features and coexisting medi- DISCUSSION

cal conditions of people with and without vitamin D deficiency.
Age and sex characteristics and the prevalence of diabetes and
hypertension did not change importantly among the people
with and without vitamin D deficiency (with p-values greater
than 0.05 for all). Furthermore, the levels of vitamin D were
comparable throughout people with and without diabetes
(17.4+11.9 ng/ml and 19.4+15.1 ng/ml, respectively, with a
p-value of 0.12) as well as those with and without hypertension
(18.1+£13.1 ng/ml and 19.3£14.9 ng/ml, correspondingly, with
a p-value of 0.189).
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According to the current research, our patients’ average vita-
min D level was less than anticipated, with 51.9% of the parti-
cipants suffering from vitamin D deficiency in the summer and
75% during winter. Additionally, there was considerably less
serum 25(OH)D concentration (37.8%) among the winter and
summer, equating to a 6.1 ng/ml difference.

The current research examined vitamin D levels in different
seasons among various populations. In a study of Japanese mu-
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nicipal office workers, researchers found that vitamin D levels
were higher in July than in November, and vitamin D deficiency
was more visible in November than in July (7). In a study from
Bilecik province, Celik et al. found that 33.47% of the patients
had vitamin D deficiency and reported that there were inade-
quate vitamin D levels in all participants. Inferior mean values
were more noticeable in spring (10). Another study of office
workers found that vitamin D levels were higher in summer
compared to winter, and vitamin D deficiency was more visible
in winter than in summer (11). In their study, Ucar et al. found
that patients’ vitamin D deficiency was 51.8% and vitamin D
insufficiency 20.7% (12).

In this study, the predominance of vitamin D deficiency was
extreme (66.6%) in both summer and winter among the ge-
neral patient population admitted to the hospital. During win-
ter, the predominance of vitamin D deficiency was more, at
78.6%, compared to 51.9% in summer, while vitamin D insuffi-
ciency was more common during summer at 27.3% compared
to 13.1% in winter. The mean serum 25(0OH)D concentration
was 18.9+14.4 ng/ml, and an important growth of 37.8% was
observed in vitamin D levels in the time of the summer relati-
ve to winter. The results were adjusted for both sex and age,
and vitamin D levels remained less in the winter group. Thus,
these findings are in accordance with prior research that have
demonstrated the prevalence of vitamin D deficiency and insuf-
ficiency as widespread health issues that are more prevalent
during winter.

Previous studies have indicated that gender may affect vitamin
D levels. For example, Heidari et al. observed that females had
lower vitamin D levels than males, but there was not any im-
portant variance in terms of vitamin D deficiency (13). Burnand
et al. reported that there was no significant variation in vitamin
D levels between males and females (14). However, in this re-
search, we realized that vitamin D ranks and the pervasiveness
of vitamin D deficiency were similar in both sexes.

Age is a widely recognized factor that can boost the risk of
vitamin D deficiency (3). Although Atli et al. identified a signi-
ficant negative correlation between age and vitamin D levels in
their study Cinar et al. found no remarkable correlation among
the age and vitamin D levels (11, 15). Similarly, Ugar et al. did
not see any important variances in vitamin D deficiency across
different age groups (12). In our review, we did not observe
any important correlation between vitamin D levels and age.
Furthermore, we did not find any important decrease in serum
vitamin D levels with increasing age when we analyzed vitamin
D levels in age groups.

The relation among the vitamin D deficiency and type 2 dia-
betes has been well-documented (16). The NHANES IlI study
showed a negative correlation between among D ranks and in-
sulin resistance and diabetes (17). Our study found that people
with diabetes had lower vitamin D levels than those without
diabetes, although the variance was not remarkable. Moreover,
individuals with diabetes had more prevalence of vitamin D
deficiency (69.2%) compared to the overall population. Howe-
ver, there was no significant difference among those without
vitamin D deficiency.
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Several debates have established a link between vitamin D de-
ficiency and hypertension (5). For example, Bhandari et al. re-
ported an important link among the lower 25(0OH)D levels and
the incidence of hypertension. They found that the incidence
of hypertension was 52.4%, 40.8%, 27.2%, and 19.4% for pati-
ents with 25(0OH)D levels of <15 ng/ml, 15-29ng/ml, 30-39ng/
ml, and 240 ng/ml, respectively (18). In our study, although
the variance was not remarkable, we observed lower vitamin
D ranks in people with hypertension. However, the prevalence
of vitamin D deficiency was more (68.2%) in people with hyper-
tension than in the general population.

Limitations of the study

Since this study was conducted in a hospital, the findings might
not be applicable to the whole Turkish community. The limi-
tations of the study include its retrospective design, inability
to assess patient anthropometric and biochemical data except
for creatinine, and not investigating patients’ clothing and di-
etary habits. However, the exclusion of patients who had un-
dergone therapies that could affect vitamin D levels through
the screening of their medical records using Medula, hospital
information system, and e-prescription system enhanced the
credibility of the findings.

CONCLUSION

In summary, our study shows that vitamin D deficiency and
insufficiency is still a common health problem in Turkey, even
during the sunny seasons, although there has been some imp-
rovement. To get the reasons better behind low vitamin D levels
in a country known for its sunny weather, future studies with
different approaches are necessary. Additionally, it is important
to explore the symptoms and consequences of this deficiency
among people having low vitamin D levels in our population, as
well as to investigate any comorbidities that require treatment.
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ABSTRACT

Objective: Paget’s disease of bone (PDB) is a focal, chronic, metabolic
disorder of bones and causes complications such as bone deformity,
fractures, and heart failure. This study aimed to evaluate the clinical
characteristics of patients with PDB and patients’ responses to
antiresorptive treatments.

Material and Methods: In the study, we retrospectively evaluated the
medical records of patients who were followed up with PDB at the
Istanbul Faculty of Medicine and treated with antiresorptive therapy.
Results: A total of 26 patients (12 females/14 males) with PDB were
evaluated. The mean age at diagnosis was 62.9+13.5 years. The median
time from the onset of symptoms to diagnosis was 17.5 months (range
1-480). The symptoms were as follows: pain in 16, swelling in 3, rubor in
2, bone fracture in 1, nephrolithiasis in 1, and hearing loss in 1 patient.
Laboratory tests revealed the following results (meantSD); Alkaline
phosphatase (ALP) 512+557 U/L, bone-specific ALP 81.2+51.4 ug/L, and
the mean ALP was 4.12+4 times of upper limit of the normal range. The
distribution of the disease was as follows: pelvis in 58%, vertebra in 46%,
skullin 35%, femur in 23%, tibia in 11.5%, humerus in 3.8% of the patients.
Of 26 patients, 21 were treated with zoledronic acid alone. Relapse
occurred in four patients; the mean duration from therapy to relapse was
72.25+28.7 months.

Conclusion: Zoledronic acid is a very potent antiresorptive drug and
provides long-term remission of the disease even with a single dose of
therapy.

Keywords: Paget’s disease of bone, zoledronic acid, alkaline phosphatase

oz

Amag: Kemigin Paget hastaligi (KPH), fokal, kronik, metabolik bir kemik
hastaligidir ve kemik deformitesi, kiriklar ve kalp yetmezligi gibi komplikas-
yonlara neden olur. Bu galisma, KPH hastalarinin klinik &zelliklerini ve
hastalarin antiresorptif tedavilere yanitlarini degerlendirmeyi amagladi.
Gereg ve Yontemler: Bu calismada istanbul Tip Fakiiltesi'nde KPH tanisi ile
takip edilen ve antirezorptif tedavi uygulanan hastalarin tibbi kayitlar
retrospektif olarak degerlendirildi.

Bulgular: KPH olan toplam 26 hasta (12 kadin/14 erkek) degerlendirildi.
Ortalama tani yasi 62.9+13.5 idi. Semptomlarin baslangicindan taniya
kadar gecen medyan siire 17.5 aydi (1-480 arasi). Belirtilerden agri 16
hastada, sislik 3 hastada, kizariklik 2 hastada, kirik 1 hastada, nefrolitiazis
1 hastada, isitme kaybi 1 hastada mevcuttu. Laboratuvar incelemesinde
ortalama alkalen fosfataz (ALP) 5124557 U/L, kemige 6zgii ALP 81.2+51.4
pg/L ve ALP st limitin 4.12+4 kati idi. Hastaligin tutulum yerleri %58 pel-
vis, %46 vertebra, %35 kafatasi, %23 femur, %11.5 tibia, %3.8 humerus
seklinde idi. Toplam 26 hastanin 21’i tek basina zoledronik asit ile tedavi
edilmisti. Dort hastada niks meydana geldi ve tedaviden niikse kadar
gecen ortalama siire 72.25+28.7 aydi.

Sonug: Zoledronik asit ¢ok guiglii bir antirezorptif ilactir ve tek doz tedavi
ile bile hastaligin uzun sireli remisyonunu saglar.

Anahtar Kelimeler: Kemigin Paget hastaligi, zoledronik asit, alkalen fosfa-
taz
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INTRODUCTION

Paget’s disease of bone (PDB) is a focal and chronic disorder
of bones. It is characterized by increased bone resorption by
osteoclast and followed by accelerated osteoblast activity,
bone remodeling, and overgrowth (1). The disease may occur
in a single site (monostotic) or multiple sites (polyostotic). The
most affected sites include the pelvis, spine, femur, tibia, and
skull. The prevalence of the disease is higher in the UK and in
countries where the British population has migrated, such as
the United States. The prevalence is 1-2% in the United States,
but it is declining (2,3). It is rare for Paget’s disease of bone to
present before the age of 50, and it is seen equally in men and
women however, some studies have reported that it is more
common in men (4-6).

Although the exact cause is not known, genetic factors and
environmental factors such as a slow virus infection are invol-
ved in the development of the Paget disease The majority of
patients are sporadic (7). The most important gene responsible
for the disease is the SQSTM1 (8,9).

Most of the patients are asymptomatic and they are diagno-
sed during the evaluation of incidentally detected lesions or
elevated serum alkaline phosphatase (ALP) levels. Pain and de-
formity are two important clinical manifestations. Complicati-
ons related to Paget’s disease include heart failure, deformity,
hearing loss, bone fracture, nerve compression, and sarcoma.

The diagnosis of PDB is made by clinical features, and typical
findings of the disease in radiological and scintigraphic exami-
nation. In laboratory analysis bone turnover markers including
ALP, bone-specific ALP (BALP), procollagen type 1 N-terminal
propeptide (P1NP), serum C-telopeptide (CTx), and urinary
N-telopeptide (NTx) are frequently elevated. If there are typical
findings in radiographs, scintigraphy is taken to evaluate the ex-
tent of the disease. Computerized tomography (CT) or magnetic
resonance imaging (MRI) is used to evaluate suspicious lesions.
Treatment options for PDB include calcitonin, bisphosphonates,
and denosumab. Current guidelines recommend a single dose
of 5 mg intravenous zoledronic acid if there is no contraindi-
cation for use (10,11). Although the response to treatment is
different, it was shown that a single dose of zoledronic acid
provided remission for 5-6 years (12).

This study aimed to evaluate the clinical characteristics of pati-
ents with PDB and patients’ responses to the treatments.

MATERIAL and METHODS

In the study, we retrospectively evaluated medical records of
patients who were followed up with the diagnosis of PDB and
treated with antiresorptive therapy in the Department of En-
docrinology and Metabolic Diseases of Istanbul Faculty of Me-
dicine between 1980 and 2023.

Clinical and demographic features of patients, age, gender, fa-
mily history, symptoms, duration from symptom onset to di-
agnosis, disease involvement, distribution of disease on bone
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scintigraphy, and additional imaging methods for diagnosis
were evaluated. Before the treatment serum levels of crea-
tinine, adjusted calcium, phosphorus, albumin, magnesium,
parathyroid hormone (PTH), 25 OH vitamin D, total serum ALP,
and BALP were analyzed. ALP level was expressed as the upper
limit of the normal range (ULNR).

Patients’ responses to treatment, duration of remission and
time to relapse, and major side effects related to treatment
were assessed in patients who were treated with only zoled-
ronic acid for PDB.

Remission was defined as the normalization of ALP or BALP. If
ALP was normal before the therapy, BALP was monitored to
assess the patient’s responses to therapy. Relapse was defined
as the elevation of ALP (or BALP) above the normal range or
increased by more than 25% from the nadir ALP value in pati-
ents who did not achieve ALP normalization.

The study protocol was approved by the Clinical Ethics Commit-
tee of Istanbul University, Istanbul Faculty of Medicine (Date:
21.07.2023, No: 15). Written informed consent was waived due
to the nature of this retrospective study. Statistical analyses
were performed using SPSS version 21.0. Categorical variables
were presented as percentage and frequency, whereas numeri-
cal variables were presented as meantstandard deviation (SD).

RESULTS

In this study, a total of 26 patients with Paget’s disease of
bone were evaluated. There were 12 females and 14 males,
male/female ratio was 1.17. The mean age at diagnosis was
62.9+13.5 years (median 65.5, range 33-84). The mean age of
the females was 70+10.9 years (median 71.5, range 53-84),
and the mean age of the males was 56.61+12.6 years (median
58.5 range 33-72).

The median duration from the onset of symptoms to diagnosis
was 17.5 months (range 1-480). The symptoms were as follows:
painin 16 (61.5%), swelling in 3 (11.5%), ruborin 2 (7.7%), bone
fracture in 1 (3.8%), nephrolithiasis in 1 (3.8%), and hearing loss
in 1 (3.8%) patient. The diagnosis of PDB was made during the
evaluation of elevated ALP levels in 3 asymptomatic patients.
In one patient, pagetic lesions were detected in cranial com-
puted tomography performed to evaluate post-accident head
trauma. Two patients had similarly affected siblings and both
of them were involved in this study. These two patients were
diagnosed by family screening for PDB.

Laboratory tests revealed the following results (mean%SD):
Plasma creatinine 0.89+0.24 mg/dL (normal range 0.7-1.4), GFR
82.1+19.4, phosphorus 3.6+0.45 mg/dl (normal range 2.7- 4.5),
adjusted calcium 9.3+0.45 mg/dL (normal range 8.5-10.5), PTH
55.6124 pg/ml (normal range 15-65), 25 OH D 34+30 ng/mL
(normal range 30-80), ALP 5124557 U/L (median 296, range 70-
2339) (normal range 40-120), BALP 81.2+51.4 pg/L (median 63,
normal range 4-22). The mean ALP was 4.12+4 ULNR (median
2.6 range 1.01-16.5).
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Table 1: Distribution of bone involvement of Paget’s disease
on scintigraphy imaging

Localization Number of patients
Skull 9
Vertebra 12
Servical 1
Dorsal 7
Lomber 9
Sacrum 5
Humerus 1
Right 1
Scapula 2
Right 1
Left 1
Pelvis 15
Right 6
Left 12
Femur 6
Right 4
Left 5
Tibia 3
Right 1
Left 2

Bone scintigraphy was performed to determine the extent of
the disease in all patients at initial evaluation. The distribution
of the disease was; pelvis in 15 patients (15/26, 58%), vertebra
in 12 patients (12/26, 46%), skull in 9 patients (9/26, 35%), fe-
mur in 6 patients (6/26, 23%), tibia in 3 patients (3/26, 11.5%),
scapulain 2 patients (2/26, 7.7%), humerus in 1 patient (1/26,
3.8%). The distribution of PDB is summarized in Table 1. Eleven
patients (42.3%) had polyostotic disease (7 females, 4 males).
We performed bone biopsies on 3 patients to confirm the di-
agnosis due to suspicious lesions.

Of 26 patients, 21 were treated with zoledronic acid alone,
and 3 patients were treated with pamidronate followed by zo-
ledronic acid. The remaining two patients were treated with
pamidronate or ibandronate. The patients treated with only
zoledronic acid for PDB were evaluated for the efficiency of
therapy. The mean duration from therapy to normalization of
ALP was 4.37+3.6 months (range 1-13). The nadir ALP level was
64.76+19.21 and achieved after 17.3+12.9 months (median 13).
The mean duration of follow-up was 53.4+38.3 months after
zoledronic acid therapy. Fourteen patients were in remission
after a single dose of zoledronic acid and the mean duration of
follow-up was 51.3+30.6 months. We could not assess remis-
sion because of the short follow-up time in Case 5 and Case
20 (Table 2). In 1 patient (Case 6), the ALP value decreased

Table 2: Baseline characteristics and treatment responses of patients treated with zoledronic acid

Gonder R e an e OREO dy  eed
(month)

Casel M 62 107 * 25 Monostotic 69 Remission
Case 2 F 73 338 2.75 123 Polyostotic 24 Remission
Case 3 F 54 292 2.78 75 Monostotic 66 Relapse
Case 4 M 67 245 1.88 163 Monostotic 60 Remission
Case 5 M 72 459 3.53 51 Monostotic 3 **
Case 6 F 70 1740 16.5 >90 Polyostotic 12 HEE
Case 7 F 64 202 1.94 46.9 Polyostotic 43 Remission
Case 8 M 52 403 3.1 >90 Monostotic 33 Remission
Case 9 F 58 183 1.74 56 Monostotic 54 Remission
Case 10 M 33 131 1.01 32 Monostotic 14 Remission
Case 11 M 58 337 2.59 84 Polyostotic 64 Remission
Case 12 F 84 70 * 20 Monostotic 36 Remission
Case 13 F 53 667 5.13 >90 Polyostotic 104 Remission
Case 14 F 75 613 5.8 NA Polyostotic 93 Relapse
Case 15 M 59 504 3.87 >90 Polyostotic 93 Relapse
Case 16 M 47 296 2.27 >90 Monostotic 108 Remission
Case 17 M 41 195 1.5 59,9 Polyostotic 8 Remission
Case 18 F 68 281 2.18 178 Monostotic 133 Relapse
Case 19 M 46 139 11 37 Monostotic 50 Remission
Case 20 F 84 1232 11.7 >90 Polyostotic 1 **
Case 21 M 71 213 1.63 68 Monostotic 18 Remission

NA: Not available, ALP: Alkaline phosphatase (normal range 40-120 U/L), ULNR: Upper limit of the normal range, BALP: Bone specific Alkaline phosphatase (normal
range 4-22 ug/L), * It was not calculated because of ALP value was normal, **Short follow-up time limited to assess remission, ***The decline of ALP was not

enough to define remission.
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significantly from 1740 to 169 U/L in the first year after zoled-
ronic acid therapy, although it was above the upper limit of
normal. Relapse occurred in four patients; the mean duration
from therapy to relapse was 72.25+28.7 months (range 30-94).
The characteristics of the patients and patient’s responses to
zoledronic acid therapy were summarized in Table 2.

Bisphosphonate-related major side effects were not present
in the patients treated with zoledronic acid. However, oste-
onecrosis of the jaws occurred in 1 patient who was treated
with ibandronate. PDB-related complications were as follows:
hearing loss in 6 patients, nerve compression in 3 patients, and
bone fracture in 1 patient. Bone malignancy did not occur in
any of the patients.

DISCUSSION

In this study, we reviewed patients’ demographic and clinical
features and also assessed the effect of a single dose of zoled-
ronic acid in the treatment of PDB. PDB is more common in
people over the age of 55 years, it rarely presents before age
40. The mean age of our study group is compatible with the
literature, however, seven patients were younger than 55 ye-
ars at diagnosis and one of them was 33 years old. The male/
female ratio was 1.17, and as in similar studies, there was a
small male predominance (2).

Most patients with PDB are asymptomatic, but in our study,
the majority of patients were symptomatic, and only five pa-
tients were asymptomatic (10). Bone pain is one of the most
common clinical manifestations. In the study of Tan et al., it
was reported in 73.8% of patients. Similarly, the most common
symptom in our study was pain and it was present in 61.5% of
the patients (13).

The pelvis is reported to be the most common site of involve-
ment in PDB. In the study of Guyer et al., pelvis involvement
was present in 74-76% of the patients and there was a ten-
dency to the involvement of the right side. Similarly, the most
common site of involvement was the pelvis in our study. Howe-
ver, left-side involvement was more common than right (14).

Multiple genetic loci associated with PDB have been identifi-
ed and the inheritance of the disease seems to be autosomal
dominant. The most important gen is SQSTM1. It encodes a
protein which is called p62 and has a role in the activation
of the transcription factor NF-kB (15,16). There were siblings
from two different families in the present study, but the genetic
analysis could not be performed.

Treatment is recommended in patients with active PDB to
prevent the development of complications. Treatment opti-
ons include three antiresorptive groups: bisphosphonates,
denosumab, and calcitonin. Recommended bisphosphonates
are zoledronic acid, pamidronate, and oral bisphosphonates
such as alendronate, and risedronate. First-choice treatment
is zoledronic acid because it is the most potent agent (10,11).
It was reported that a single dose provided biochemical remis-
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sion in 96% of patients with PDB and the duration of remission
was longer than 5 years (12,17). Relapse developed in 4 of 21
patients treated with a single dose of zoledronic acid. Similar
to the studies in the literature, the time from zoledronic acid
treatment to relapse was longer than 5 years in our study.

CONCLUSION

PDB is a common metabolic bone disorder that causes compli-
cations and has a negative long-term physical impact. Zoledro-
nic acid improves symptoms and prevents complications. It is a
potent antiresorptive agent and provides long-term remission
as shown in our study
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ABSTRACT

Objective: We aimed to analyze the quality of videos about tracheostomy
care on an online video streaming site for teaching healthcare staff and
medical students.

Material and Methods: In this cross-sectional, quantitative and
exploratory study, firstly an online YouTube search was performed using
the keywords “tracheostomy care” and “pediatric tracheostomy care”. The
total view counts, video duration and video source were recorded. The
educational quality and accuracy of the video content were evaluated
using the DISCERN, Global Quality Score (GQS), and Journal of the
American Medical Association (JAMA) scores. Secondly, a pre-test
comprising questions about tracheostomy care was administered to
medical faculty students and intensive care nurses. Participants watched
the three videos with the highest DISCERN, JAMA, and GQS scores before
taking a post-test. The pre- and post-test scores were then compared.
Results: From the initial 339 videos, duplicated, non-English, and low
sound quality videos were excluded, and 122 videos were analyzed. The
mean DISCERN score was 39.4+8.7 (fair), the mean JAMA score 2.1+0.8
(fair), and the mean GQS 3.3%1.1 (fair). Sixty-one (50%) videos were
related to medical education and 57 (46.7%) to patient education. Most of
the videos were uploaded by non-physician healthcare staff. The pre- and
post-test results showed that the videos uploaded by medical education
websites and academic institutions had higher educational quality and
may be utilized for online education.

Conclusions: Tracheostomy care videos on YouTube with the highest
DISCERN, JAMA and GQS scores could be used for online learning by
medical students and nurses in resource-limiting centers.

Keywords: Tracheostomy care, online and digital learning, YouTube video
quality.

oz

Amag : Saglik personeli ve tip 6grencilerine yonelik egitim veren gcevrimici
bir video akisi sitesindeki trakeostomi bakimiyla ilgili videolarin kalitesini
analiz etmeyi amagladik.

Gereg ve Yontem: YouTube aramasi “trakeostomi bakimi” ve “pediatrik
trakeostomi bakimi” anahtar kelimeleri kullanilarak yapildi. Toplam goriin-
tileme sayisi, video siresi ve video kaynagl kaydedildi. Video igeriginin
egitim kalitesi ve dogrulugu DISCERN, Global Quality Score (GQS) ve
Journal of the American Medical Association (JAMA) puanlari kullanilarak
degerlendirildi.

ikinci olarak tip fakiiltesi égrencilerine ve yogun bakim hemsirelerine tra-
keostomi bakimina iligkin sorulari iceren bir 6n test uygulandi. Katilimcilar
son teste girmeden 6nce DISCERN, JAMA ve GQS puanlari en yilksek olan
¢ videoyu izlediler. Daha sonra 6n ve son test puanlari karsilastirildi.
Katilimcilar son teste girmeden 6nce DISCERN, JAMA ve GQS puanlari en
yuksek olan g videoyu izlediler. Daha sonra 6n ve son test puanlari karsi-
lagtirildi.

Bulgular: ilk 339 videodan kopya, ingilizce olmayan ve diisiik ses kalitesine
sahip videolar harig tutuldu ve 122 video analiz edildi. Ortalama DISCERN
puani 39,418,7 (orta), ortalama JAMA puani 2,110,8 (orta), GQS ortalama-
s13,3+1,1 (orta) idi. Videolarin 61i (%50) tip egitimi, 57 m’si (%46,7) hasta
egitimi ile ilgiliydi.

Videolarin gogu doktor digi saglik personeli tarafindan yiiklendi. On ve son
test sonuglari, tip egitimi veren siteler ve akademik kurumlar tarafindan
yuklenen videolarin egitim kalitesinin daha yiksek oldugunu ve gevrimigi
egitim icin kullanilabilecegini gosterdi.

Sonuglar: YouTube’daki en yilksek DISCERN, JAMA ve GQS puanlarina
sahip trakeostomi bakim videolari, kaynak kisitl merkezlerdeki tip 6gren-
cileri ve hemsireler tarafindan gevrimici 6grenim igin kullanilabilir.
Anahtar Kelimeler: Trakeostomi bakimi, cevrimici ve dijital 6grenme,
YouTube video kalitesi.
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INTRODUCTION

According to US data, more than 50.000 patients receive trac-
heostomies annually (1). As the number of tracheostomies
continues to rise, appropriate care for patients with tracheos-
tomies is gaining further importance. Proper care prolongs life
expectancy, increases quality of life, reduces morbidity, restores
physiological functions, ensures normal growth and develop-
ment and reduces the frequency/duration of hospitalizations,
thus reducing health costs. However, if health personnel lack
the necessary training and experience, patients with trache-
ostomies may receive suboptimal treatment and encounter
serious complications, even death (2). Multidisciplinary teams
are assembled to improve the care of patients with tracheos-
tomy in some institutions (3). Educating the responsible staff
on tracheostomy care is critical, and various methods can be
applied to provide such education and achieve the best patient
outcomes. Specialized teams and standardized training pro-
tocols using various simulations as well as written and visual
materials for healthcare professionals and families can shorten
the length of hospital stays and reduce costs (3). However, it
is not feasible for every institution to access such simulation
education or assemble multidisciplinary teams. Accordingly,
online education with digital learning can play a major role,
especially in centers with limited resources, and YouTube may
be a video-based education tool for such centers (4).

YouTube is one of the most utilized social media platforms in
the world and has developed into an exceptionally quick-gro-
wing visual library that surpasses 2.6 billion visitors per month
and with five billion videos watched per day (5). Given its bo-
undless data, YouTube offers a resource from which people can
seek answers, gain information and obtain education (6). Since
the videos on YouTube are quick, easy to access and free, they
can also be used by medical students and healthcare workers
(7,8). However, due to insufficient fact-checking and monito-
ring of the videos, YouTube may contain false and misleading
health-related content. As a result, publishers and viewers of
health-related videos need to be careful about the reliability
and validity of the presented medical information (9). Even
though different studies from a range of medical fields have
assessed YouTube videos to our knowledge, no prior studies
have analysed YouTube videos on tracheostomy care and their
educational value (9,10). We therefore aimed to evaluate the
quality and value of YouTube videos on tracheostomy care and
to determine whether these videos could be used to educate
medical students and intensive care (ICU) nurses.

MATERIALS and METHODS

Aim and study design

This study was a cross-sectional, quantitative, and exploratory
study. The first part of the study included data collection and
the evaluation of videos using DISCERN, Journal of the Ameri-
can Medical Association (JAMA) scores, and the Global Quality
Score (GQS) to assess the academic and educational compe-
tences, and reliability of the video content. In the second part,
we used pre- and post-tests to determine whether the videos
with the highest scores had educational value. This study re-

ceived approval from an institutional ethical committee (Date:
11.08.2022, No: 2022.278.1IRB3.117).

Data collection

We conducted an online video search of YouTube on 18 April
2022 using the terms ‘tracheostomy care’ and ‘pediatric trac-
heostomy care’. One experienced otolaryngologist (OG) and
one pediatric intensivist (00) assessed the videos. The default
search settings were ‘order videos by view count’. To prevent
biased recommendations, all the video searches were conduc-
ted after completely clearing the browser search history and
erasing all account log-ins.

Videos in any language other than English, soundless videos,
duplicate videos and videos unrelated to tracheostomy care
were excluded. Each video’s total views count, title, duration
(in seconds), time since upload (days), views per day, num-
ber of comments, number of likes and dislikes and like ratios
(likex100/(like+dislike) were noted. The video’s source was
categorized into the following: physician (created by an indi-
vidual physician, not an institution), healthcare staff (nurse,
physiotherapist, etc.), hospital, organization, university, medi-
cal education website (professional healthcare video-sharing
and digital learning websites), patient/patient-caregiver and
other (advertising for trading company, private hospital). The
videos were also grouped according to whether they provided
medical education, patient education, or a patient’s experience
of tracheostomy.

DISCERN, JAMA, and GQS scores

DISCERN, GQS and JAMA are scoring systems used to assess the
academic, educational competence and reliability of educatio-
nal content. Oxford University developed the DISCERN grading
system, which assesses the accuracy and instructional value of
information, particularly concerning medical care. It comprises
three sections, 16 questions, with each question having scores
ranging from 1 to 5. The first segment (questions 1-8) assesses
the validity of a publication. The following segment (questions
9-15) centers around information on treatment-related topics,
and the last section analyses the overall calibre of the educati-
onal content. The evaluation is based on 15 questions, and the
final question in the third segment is not scored. According to
the 15-75 point rating scale, an item is either excellent (63-75
points), good (51-62 points), fair (39-50 points), poor (27-38
points), or very poor (15-26 points) (Supplementary Data 1)
(11).

A video source’s publishing and privacy details can be evalu-
ated using the well-known JAMA rating system. Authorship,
attribution, disclosure and currency are the four criteria, with
each graded from 0 to 1. Four points denote the highest level
of quality (12). Even though the DISCERN and JAMA scores were
originally created for written information, these scores have
been widely applied in various studies (13-15). The GQS scale
can be utilized by users to assess video content via a five-point
scoring system, with each response scoring 1-5 for a maximum
achievable score of 5 points (see Supplementary Data 2 for the
GQS and JAMA instruments) (16).
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Video evaluation

The mean GQS, JAMA, and DISCERN scores of the investigators
were recorded. To determine the inter-rater reliability, Kappa
consistency analysis was used. The Kappa coefficient lies bet-
ween 0 and 1, with values between 0.93 and 1.00 indicating
perfect consistency, 0.81-0.92 very good consistency, 0.61-0.80
good consistency, 0.41-0.60 moderate consistency, 0.21-0.40
below moderate level consistency and 0.20-0.01 weak consis-
tency. At the end of the evaluation, the three videos with the
highest scores for all three scoring systems were selected as
training videos to test their educational value.

Statistics

We used SPSS software version 23.0 (SPSS Inc., Chicago, IL)
for all the statistical analyses. The descriptive statistics of the
tracheostomy videos are shown as means and standard devi-
ations. The frequency and percentages are presented for the
categorical variables. To determine the normal distribution of
the data, the Kolmogorov-Smirnov test was initially performed.
The Kruskal-Wallis test was used to confirm the differences
between the continuous variables among the groups. The signi-
ficance of the pairwise differences with Bonferroni adjustment
was examined using the Mann—Whitney U test. The correlation
statistics were computed using Spearman’s test. P values less
than 0.05 were considered statistically significant.

Evaluation and statistical analysis of the pre-and post-tests
The second part of the study involved administering a pre-test
to the medical faculty students (n=20), and ICU nurses (n=20).
While the medical faculty students had no previous experience
with tracheostomy care, the ICU nurses knew how to monitor
and care for patients with tracheostomies. The pre-test was
developed by an experienced pediatric intensivist (MT) who
works as an instructor in an institutional simulation education
center and within a multidisciplinary tracheostomy team. The
pre-test comprised questions about tracheostomy care and an
emergency condition in a patient with a tracheostomy. The test
contained 10 multiple choice questions each scoring 10 points.
The lowest total score in the test was 0 and the highest 100.
Informed consent was obtained from all the participants before
the pre-test. The participants watched the three YouTube vide-
os (Supplementary Data 3) and then completed the post-test,
which was the same as the pre-test (Supplementary Data 4).
The pre- and post-tests were evaluated by the same researcher
who scored each question equally. The total scores for each
individual and the medical student and ICU nurse groups from
the pre- and post-tests were compared.

The pre- and post-test results of the groups were compared
using the Wilcoxon test. The pre- and post-test results of the
groups were examined independently using the Mann—Whit-
ney U test. Given a 5% first-type error (a), 0.95 standardized
effect size, distribution ratio of 1:1 between the groups and
80% power (B is 0.20), the required minimum sample size was
38 participants in total with 19 participants for each group.
G-Power was used for the power analysis. Twenty participants
were included in each group to avoid the possibility of missing
erroneous observations.

RESULTS

Descriptive characteristics

Of the 339 evaluated videos, 122 met the inclusion criteria
(Table 1). Videos in any language other than English (n=10),
soundless videos (n=16), duplicate videos (n=118), and videos
unrelated to tracheostomy care (n=73) were excluded (Figure
1). Among the 122 videos, 41 (33.6%) were related to pediatric
tracheostomy care and 81 (66.3%) to adult tracheostomy care.
Thirty-nine (31.9%) videos were uploaded by non-physician
healthcare-staff, 28 (22.9%) by hospitals, 26 (21.3%) by orga-
nizations, eight (6.5%) by universities, eight (6.5%) by medical
education websites, four (3.2%) by physicians, and four (3.2%)
by patient caregivers. In terms of content, 61 (50%) videos pre-
sented medical education content, 57 (46.7%) patient educa-
tion content and four (3.2%) patient caregiver experience of
patients with tracheostomies. The majority of the videos were
posted in the United States (75%) and the UK (13.9%), with
4.9% in China and 2.4% in India.

Videos identified from
YouTube (n=339)

Duplicated videos

—
excluded (n=118)

A

Videos evaluated (n=221)

Videos excluded

Non-english (n=10)
Irrelevant (n=73)

Low video/sound
A

quality (n=16)

Videos analyzed (n=122)

Figure 1: Flow chart of tracheostomy videos that were
evaluated

Table 1: Descriptive statistics of tracheostomy videos

Descriptive statistics Mean+SD Range
View count, (n) 88185.8+185970.4  39-1403098
Duration of video (second) 404+336.8 42-1420
Time since upload date (day) 1921.2+1103.3 243-4916
View ratio (Daily views) 46.2179.6 0.1-637.7
Likes, (n) 430.8£793.4 0-5000
Dislikes, (n) 28.3+76.9 0-677
Comments, (n) 13.2426.2 0-182
Like ratio 93.9+6.3 66.3-100
DISCERN score 39.4+8.7 21-59
GQS score 3.3#1.1 1-5
JAMA score 2.1+0.8 0-4

GQS: Global Quality Score, JAMA: Journal of American Medical Association,
SD: Standard deviation
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Table 2: The mean DISCERN score, GQS score, and JAMA score according to

categories of tracheostomy videos

Categories n DISCERN GQS JAMA
Medical education 61 38.617.1 3.2+0.9 1.940.8
Patient education 57 40.3+10.1 3.6%1.3 2.3%0.7
Zi:)'::te/::ge giver 4 38.5+13.1 3.0:0.8 1.00.1
Total 122 39.4+8.7 3.3#1.1 2.1+0.8
p value 0.61 0.097 0.001

GQS: Global Quality Score, JAMA: Journal of American Medical Association, SD: Standard deviation,

Table 3: The mean DISCERN score, GQS score, and JAMA score according to categories of

publishers

Publishers n DISCERN GQS JAMA
Non-Physician Health Personal 39 39.0+6.5 3.310.7 1.7+0.7
Hospital 28 43.2+8.7 4.1+0.9 2.20.6
Organization 26 35.1+7.5 2.7+1.2 2.3+0.6
University 8 43.5+6.9 3.610.9 2.6 0.7
Medical education website 8 51.1+6.4 4.620.5 3.1+0.6
Physician 4 34.07.8 2.2#1.2 1.7#0.9
Patient caregiver 4 30.0£9.4 2.610.9 1.0+0.1
Others 5 33.2+12.4 2.4%0.9 1.8+1.1
Total 122 39.4+8.7 3.3x1.1 2.1+0.8

GQS: Global Quality Score, JAMA: Journal of American Medical Association, SD: Standard deviationv

Interrater reliability analysis

The interrater reliability of two investigators’ Kappa consistency
analysis revealed that the DISCERN, GQS and JAMA scores had
very good consistency. The Kappa coefficients of the DISCERN,
GQS, JAMA scores were 0.84, 0.82 and 0.91, respectively
(p<0.001). The highest consistency was evident in the JAMA
scores. Since there was consistency between the scores given
by the two researchers, the scores were calculated using the
average of the two investigators.

DISCERN evaluation

The mean DISCERN score for all the videos was 39.4+8.7 (fair).
Based on the video categories, the mean DISCERN scores of
the medical education, patient education and patient/caregi-
ver experience videos were 38.6+7.1, 40.3+10.1 and 38.5+13.1
respectively. The differences were not statistically significant
(p=0.61) (Table 2). For the video publisher categories, the DIS-
CERN score of the medical education websites was highest at
51.1+6.4 (good), while university, hospital, and healthcare-
staff’s videos scored 43.5+6.9, 43.2+8.7, 39.0+6.5, respecti-
vely (Table 3).

JAMA evaluation

The mean JAMA score of all the videos was 2.1+0.8. For the
video categories, the JAMA scores were 2.3+0.7, 1.9+0.8 and
1.0+0.1, for the patient education, medical education and pa-
tient/caregiver experience videos, respectively (Table 2). For

the video publisher categories, the mean JAMA score for the
medical education website was highest (3.110.6), followed the
videos by universities (2.6+0.7), organizations (2.3+0.6) and
hospitals (2.2+0.6; p<0.001) (Table 3).

GQS evaluation

The mean GQS of all the videos was 3.31.1, while in the indivi-
dual categories, the patient education videos scored 3.6+1.3,
the medical education videos 3.2+0.9 and the patient/caregiver
experience videos 3.0+0.8 (Table 2). For the video publisher
categories, the mean GQS score of medical education website
was highest at 4.60.5, with the hospital and university videos
scoring 4.1+0.9 and 3.6+0.9, respectively (Table 3).

Comparison of the DISCERN, JAMA, and GQS scores

The mean values of the DISCERN, GQS and JAMA scores were
39.448.7 (poor), 3.3+1.1 (fair), and 2.1+0.8 (fair), respecti-
vely. No statistically significant differences were found for the
DISCERN, and GQS scores for the patient education, medical
education and patient/caregiver experience video categories
(p=0.60, p=0.097, p=0.67 respectively). In contrast, the mean
JAMA scores were significantly different among the video ca-
tegories (p<0.001), with the patient educational videos rece-
iving the highest JAMA score (Table 2). The patient education
and medical educational videos had significantly higher JAMA
scores than those of the patient/caregiver experience videos
(patient education videos vs. patient/caregiver experience vi-
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Figure 2: The pre-test and post-test scores of the medical student and ICU nurse are shown with Boxplot
chart. On the left side of the figure medical student pre-test and post-test scores, and on the right side, the
ICU nurse pre-test and post-test scores are shown. Accordingly, for medical students the pre-test minimum
score was 20, the post-test minimum score was 50. For the ICU nurse, the pre-test minimum score was 50, the
post-test minimum score was 60. In the box plot, the upper lines show the max value in the data set. While the
maximum score was 60 for the pre-test for the medical group, this value is 90 for the post-test. For the nurse
group, the maximum score is 100 for the pre-test, the maximum score is 100 for the post-test. The difference
between these values (min-max) is the range value and shows the distribution. The length of the post-test
score box is two times shorter than in the pre-test score box. This shows that the distribution of the post-test
score is narrower than the pre-test. The bold lines in the boxes in the figure show the median values. For the
medical student group, the median value of the pre-test is 40, while the median value of the post-test is 60.
For the ICU nurse group, the median value of the pre-test was 70, while the median value of the post-test
was 90. When the pre and post-test results were compared, it was seen that there was a significant increase

in scores for each participant individually and for a group average (p<.001).

deos p<0.001, medical education videos vs. patient/caregiver
experience videos p<0.01, patient education vs. medical educa-
tion p<0.01) (Table 2). In terms of publishers, the medical edu-
cation website videos had the highest DISCERN (51.1+6.4), GQS
(4.6£0.5), and JAMA scores (3.110.6) (p< 0.01) (Table 3). The
videos uploaded by the medical education websites, hospitals
and universities had higher DISCERN, GQS, and JAMA scores
than physicians’ videos (individually uploaded by a physician,
not an institution), the non-physician healthcare staff vide-
os, the patient videos and other advertising-sourced videos
(p<0.01, p< 0.01, p< 0.001, respectively).

Selection of the videos that used for tracheostomy care
education

Since the JAMA score had highest reliability and consistency
among the 122 videos, the seven videos with the highest JAMA

scores were chosen (4). Of these, the three videos with the
highest DISCERN and GBS scores were selected (the DISCERN
and GBS scores of the first, second and third videos were 55,
54, 55 and 5, 5, 5 respectively). After the first pre-test, the
participants watched these three videos, and the post-test was
then administered.

Figure 2 shows the participants’ pre- and post-test scores. The
minimum pre-test scores for the medical students and ICU nur-
ses were 20 and 40, and the minimum post-test scores 50 and
70, respectively. Although the maximum pre-test score was 60
for the for the medical student group, this value was 90 in the
post-test. The maximum pre- and post-test scores were 90 and
100, respectively for the ICU nurse group. The median values
of the pre-tests were 40 and 70 for the medical student and
ICU nurse groups and 60 and 90 for the post-tests, respectively.
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When the pre- and post-test results were compared, a signi-
ficant increase was noted in the scores for each participant
individually and the group average (p<0.001).

DISCUSSION

Technology and internet usage is increasing every day and
YouTube has become one of the most important education
modalities, especially in nursing, teaching technical skills and
promoting self-confidence of patient care in medicine (17-21).
Although healthcare professionals may prefer YouTube as a plat-
form to access educational videos on tracheostomy care, our
results demonstrated that most of these videos provided inade-
quate information. In our study regarding the video categories,
medical education videos were the highest per category; howe-
ver, the scores of the medical education videos were not on par.
Nonetheless, the ‘medical educational videos’ had higher and
statistically significant scores compared to the videos within the
‘patient’ and ‘patient-caregiver experience’ categories. Fisher et
al analyzed educational value of arthrocentesis videos showed
similar results that the majority of YouTube videos related with
arthrocentesis were of moderate quality (22). However, Katz et
al suggested in their review study that the COVID-19 pandemic
brought online web-based learning to the foreground of medi-
cal education and institutions should use social media platform
for rapid information dissemination in medical education (23).
Tackett et al explained the advantages of the online videos over
traditional education modalities in that they can reach learners
all over the world free of charge; however, the content and
quality of videos are the main issues to be discussed (24). In
our study, interestingly, the average DISCERN, GQS, and JAMA
scores of the eight videos under the ‘medical education web-
site’ category had statistically higher scores than all the other
groups (DISCERN score=51.1+6.4 [good], GQS=4.6+0.5 [good],
and JAMA score=3.1+0.6 [good], p<0.01). All eight videos were
uploaded via the medical education website OPEN pediatrics
(www.openpediatrics.org), which is a free, open-access and pe-
er-reviewed online network for healthcare professionals that is
supported by hospitals and research institutions such as Boston
Children’s Hospital. These videos were better than the others
in terms of the video quality, and reliability and currency of the
information. Therefore, such global formations, universities,
research centers, and associations can collaborate to produce
high-quality educational videos to be used by healthcare pro-
fessionals especially in resource-limiting centers. During our
analysis, the absence of key expressions in titles, such as ‘for
healthcare professionals’ or ‘for patients’ were noted for most
of the videos. Therefore, content creators responsible for uplo-
ading videos with the intention of training healthcare personnel
should be aware that patients may have access to the content.
To enable a better understanding by viewers, it would be bene-
ficial to clearly identify or create a specific submission option
for videos aimed at patients vs. healthcare professionals. Kucuk
et al. similarly stressed the significance of identifying videos’
intended audience in the video title (19). Sterling et al. revie-
wed twenty-nine studies to examine the effect of social media
platform in graduate medical education and they showed that

most of the studies were moderate in quality and most of those
studies could not measure the knowledge of the residents that
obtained from watched videos (25). The most striking feature
of this study, compared to other studies, is that the top three
videos with the highest scores from all three scoring systems
were evaluated by pre- and post-tests. When the pre- and post-
test results were compared, a significant increase in scores was
noted for each individual participant and the group average.
The study participants included medical students who had not
yet received any tuition on tracheostomy care. In contrast, the
ICU nurses would have received in-service training on trache-
ostomy care in addition to providing care for tracheostomy pa-
tients. This could explain the nurses’ higher pre-tests results.
Nevertheless, despite having no previous training, the medical
student group, with as well as the nurse group with adequate
training, scored significantly higher in the post-test, demons-
trating that appropriate videos could be used both to educate
students and provide continuing professional development for
healthcare staff.

The DISCERN, JAMA, and GQS scores positively correlated with
one another which is a considerably important discovery of
the present study. Kucuk et al. and Yildiz et al. yielded similar
findings by their studies that DISCERN, JAMA, and GQS scoring
largely produced equidistant results with respect to the edu-
cational quality and video accuracy of the videos (19, 20). On
the contrary, according to Azer, neither the DISCERN nor JAMA
scoring systems were appropriate for analyzing videos because
they were created for written information long before the You-
Tube era, and the included items are not capable of assessing
videos (26). However, these scores have been widely applied
in numerous similar studies (13-15). Moreover, Chen et al., de-
monstrated a positive correlation between DISCERN and GQS
scores, and the latter have been used to assess the quality of
the videos (13). Nonetheless, while these scoring systems are
not perfect for evaluating videos, they can be used as quality
and value indicators for videos. The length of the videos also
had a statistically significant and positively correlated relati-
onship with the DISCERN, JAMA, and GQS scores. We observed
that the DISCERN, JAMA, and GQS scoring systems had a positi-
ve correlation with the duration of the videos. As the duration
of the videos increases, the extent of educationally valuable,
quality information expanded in a parallel manner. Meanwhile,
according to Gill et al, online streaming well-established po-
pular videos typically have a duration far less than the allotted
ten minutes, which may be considerably important for healt-
hcare professionals due to their very limited time (27). During
the video preparation, it is therefore essential that the videos
present adequate information within an appropriate time to
prevent a loss of concentration among viewers (28).

A limitation of our study is that the pre and post-tests were
only administered to one group (n=20) of medical students
and one group (n=20) of ICU members. Although the actual
sample size surpassed the calculated number, an increase in the
sample size and bigger groups could be constructive in future
studies. Furthermore, even though the pre- and post-test were
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prepared and evaluated by a single person, the higher post-test
scores demonstrate that the students and nurses increased
their knowledge easily within a short period of time. In additi-
on, although the post-test results showed an increase in scores
for both groups, and it can be deduced that those who scored
higher provide better care, we could not establish a direct link
between the groups knowledge. However, by watching the vi-
deos several times, nurses and medical students could improve
their knowledge and provide better care.

The inclusion of only English language videos in our study cau-
sed language barriers and was a significant constraint. The lack
of proper subtitles and the translation of high-quality educati-
onal videos disadvantages participants from non-English spea-
king countries. A possible solution is for each country’s relevant
association (s) to collaborate with global associations to create
videos in the national languages. Lastly, it should be noted that
the analyzed videos were retrieved on 18 April 2022, so videos
uploaded after that time were not included in this analysis.

Notwithstanding the aforesaid limitations, to decrease the sub-
jectivity of the video evaluation process, the videos in our study
were watched and analyzed separately by two researchers (OG;
an otolaryngologist, and OO; a pediatric intensivist) who work
in the multidisciplinary tracheostomy care team at our center.
The calculated average of the DISCERN, GQS, and JAMA scores
given by the researchers were included in the analysis. To avoid
bias, a different researcher (MT) prepared and scored the par-
ticipants’ pre- and post-tests rather than the researchers who
evaluated the videos.

Finally, the results of our study show that free online training
can be provided for healthcare professionals and medical
school students using well-prepared, high-quality and reliable
videos. Online training may thus be an excellent alternative
to improve the time and cost of student and healthcare staff
training at centers with limited resources, inadequate capacity
and/or simulation tools and lack of time and staffing to allocate
to education. Nonetheless, several other studies with a higher
number of participants and more videos of higher quality are
needed to confirm and expand our findings. Likewise, coopera-
tion between academic institutions, associations, and centers
is necessary to prepare higher quality and reliable videos in
the future.

CONCLUSION

Most of the videos on YouTube that provide education on trac-
heostomy care are sub-standard. Consequently, physicians and
healthcare workers need to be aware of such restrictions when
using this online platform to ensure they are receiving accurate
medical information. Notwithstanding, videos that have the
highest education scores can be utilized for online and digital
learning purposes and continuing medical education. If global
entities can collaborate to produce high-quality educational
videos, they will appeal to large audiences, and free online
training on YouTube could be organized for healthcare profes-
sionals working in resource-limited centers.
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ABSTRACT

Objective: The aim of this study was to compare the endocrine and
phenotypic characteristics of women with polycystic ovary syndrome
(PCOS) with serum Anti-Mullerian Hormone (AMH) levels of 4-10 ng/mL
and >10 ng/mL, and to investigate the importance of high AMH levels in
the diagnosis of PCOS.

Materials and Methods: In this retrospective cohort study, the laboratory
and demographic characteristics of women with serum AMH 24 ng/mL
whose follow-up was initiated at the infertility outpatient clinic of a
tertiary health care institution were investigated. Fasting levels of
Homeostasis Model Assessment (HOMA), Luteinizan hormon (LH), Follkil
stimulan hormon (FSH), estradiol, androstenedione, total testosterone,
prolactin, 17- hydroxyprogesterone (170HP), dehydroepiandrosterone
sulphate (DHEAS), and AMH were recorded from hospital records. Age,
gravidity, BMI, infertility status, hirsutism, menstrual cycle and
ultrasonographic ovarian morphology were recorded. Patients were
divided into two groups, as those with serum AMH values of 4-10 ng/mL
and those with serum AMH values of >10 ng/mL. Women with AMH
>10 ng/mL were defined as the “high AMH group” and those with AMH
>14 ng/mL were defined as the “very high AMH group.” Women on
hormone-containing drugs, metformin, and/or chronic medication, as well
as women with endocrine organ tumors and/or who have had ovarian
surgery were excluded.

Results: The patients were between 21 and 38 years of age. Fifty-four
women with AMH values of 4-10 ng/mL, 12 women with 10-14 ng/mL and
16 women with >14 ng/mL were included in the study. Forty-four patients
were primary infertile, and 28 patients had clinical hirsutism. Women with
high AMH values had more primary infertility and hirsutism. Thirty-four
patients had menstrual irregularities, and there was no statistically
significant difference between the two groups in terms of menstrual
irregularities. Among laboratory values, total testosterone,
androstenedione, and the LH/FSH ratio were significantly associated with
high AMH. Primary infertility and hirsutism were more common in women
with high AMH. PCOM was seen in all the women with AMH >10 ng/mL.
There was no difference between the two groups in terms of HOMA and
BMI criteria. Other endocrine values were not associated with AMH levels.
Conclusion: There is a positive correlation between androgens and AMH
in women with high AMH values, with the possibility of high AMH being
an additional marker for the diagnosis of PCOS. We believe that women
with hirsutism and high amounts of androgens and especially women with
PCOM may have high AMH, and infertility treatments should be organized
by taking into account the related drug resistance.

Keywords: Anti-mullerien hormone, hirsutism, PCOS, androgens

oz

Amag: Bu ¢alismanin amaci serum Anti Mllerien Hormon (AMH) degeri
4-10 ng/ml ve >10 ng/ml olan polikistik over sendromlu kadinlardaki
endokrin ve fenotipik 6zellikleri karsilastirmak ve polikistik over sendrom
(PCOS) tanisinda ylksek AMH seviyesinin 6nemini arastirmaktir.

Gereg ve Yontem: Bu retrospektif cohort calismada tersiyer saghk kurulu-
sunda infertilite polikliniginde takipleri baslatilan, serum AMH degeri 24
ng/ml kadinlarin laboratuar, demografik 6zellikleri arastirildi. Hastane
kayitlarindan kadinlarin folikliler fazda aglik Homeostasis Model
Assessment (HOMA), Luteinizan hormon (LH), Folikil stimulan hormon
(FSH), ostradiol, androstenedion, total testosteron, prolaktin, 17 hidrok-
siprogesteron (170HP), dehidroepiandrosteron silfat (DHEAS) ve AMH
dizey sonuglar kaydedildi. Hastalarin yasi, gravidasi, BMI, infertilite duru-
mu, hirsutizm, adet dizeni ve ultrasonografik over morfolojisi kaydedildi.
Hastalar serum AMH degeri 4-10 ng/ml ve >10 ng/ml olanlar olarak 2
gruba ayrildi. AMH’I 10 ng/ml’dan yiksek olan kadinlar “ yiksek AMH
grubu”, AMH > 14 ng/ml olanlar da “gok yiiksek AMH grubu”’ olarak adlan-
dinldi. Hormon igeren ilag kullanan kadinlar, metformin kullanan kadinlar,
kronik bir ilag kullanan kadinlar, endokrin organ tiiméri tanisi olanlar ve
over cerrahisi gegirmis kadinlar ¢alismaya alinmadi.

Bulgular: Hastalar 21- 38 yag araligindaydi. AMH degeri 4-10 ng/ml olan
54, 10-14 ng/ml arasi 12 ve >14 ng/ml 16 kadin ¢alismaya alinmisti. 44
hasta primer infertildi; 28 hastada klinik hirsutizm sikayeti vardi. Yiksek
AMH degeri olan kadinlarda daha ¢ok primer infertilite ve hirsutizm vardi.
34 hastada adet diizensizligi vardi ve iki grup arasinda adet diizensizligi
acisindan fark yoktu. Laboratuar degerlerinden total testosteron, andros-
tenedion, LH/FSH orani ile yiiksek AMH arasinda anlamli iliskili bulundu.
Yuksek AMH olan kadinlarda daha ¢ok primer infertilite ve hirsutizm vardi.
Tim >10 ng/ml AMH degeri olan kadinlarda PCOM gérilmisti. Adet
dlzensizligi agisindan iki grup benzerdi. 2 grup arasinda HOMA ve BMI
kriterleri agisindan fark yoktu. Diger endokrin degerler AMH diizeyi ile
iliskili degildi.

Sonug: Yiksek AMH degeri olan kadinlarda androjenler ile AMH arasinda
pozitif korelasyon vardir, AMH yiksekligi PCOS tanisi konulmasina ek bir
marker olabilir. Hirsutizm ve yiiksek androjen olan kadinlarda ve 6zellikle
PCOM olan kadinlarda yiiksek AMH olabilecegi ve infertilite tedavilerinde
buna bagh ila¢ direnglerinin dikkate alinarak tedavinin diizenlenmesi
gerektigini dustiniyoruz.

Anahtar Kelimeler: Antimullerien hormon, hirsutizm, PCOS, androjenler
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INTRODUCTION

Apart from the infertile patient population, the laboratory and
clinical effects of AMH in women have received little attenti-
on. AMH is a biomarker indicating ovarian reserve (1). There
are few studies describing which value of AMH leads to which
results. Studies mostly focus on polycystic ovary syndrome
(PCOS), responses to assisted reproductive technology (ART)
treatments and the relationship between AMH levels and me-
nopause prediction.

AMH is a glycoprotein produced in primary follicles and antral
follicles prior to FSH-dependent follicle selection. It functions
as an autocrine and paracrine regulator of follicular maturati-
on. Since the size of the residual follicular pool depends on the
number of small antral follicles and decreases over time, the
serum AMH level in women reaches its highest value at the age
of 25, plateaus for a while, and starts to decline. This decline
accelerates in menopause and becomes undetectable shortly
after menopause (2).

Ovarian folliculogenesis is mediated by the joint interactions
of FSH, AMH, estradiol and androgens. AMH inhibits follicle
recruitment and development and promotes follicle atresia. In
fact, AMH is an inhibitory factor that prevents folliculogenesis
from reaching a point of being difficult to impossible to control.
This inhibition may explain the anovulation that accompanies
the increased number of antral follicles in PCOS. In women with
PCOS, AMH increases ambient androgen and insulin resistance
by inhibiting FSH-induced aromatase. Therefore, weight loss
becomes difficult in these women and the response to ovu-
lation induction decreases. Patients’ clinical course recovered
with the lowering of AMH. This allows us to see that AMH has
an active role in PCOS, which is an example of exaggerated
folliculogenesis (3). Nevertheless, a number of studies show
that weight loss does not decrease AMH in obese women with
or without PCOS (4).

The two opposite poles in the clinical reflection of folliculoge-
nesis are polycystic ovary syndrome and menopause. The nor-
mal range for AMH is not clear; however, serum AMH levels are
high in women with PCOS and unmeasurable in menopause.

In women with PCOS, both the number of pre-antral and the
number of antral follicles increase and serum AMH is high be-
cause of the increased production per follicle (due to increased
granulosa cells) (5). Different results can be found in the litera-
ture related to AMH-secreting cell sizes (4, 6, 8 and 9 mm) (6).
In the literature, abnormalities secondary to increased AMH are
variable. We still therefore cannot predict which hormones are
affected in women, the development of clinical abnormalities
independent of hormone levels, and the phenotype changes of
women based on the AMH level. Conversely, we do not know
what changes occur in problems such as menstrual irregularity
and hirsutism that should, but cannot, be measured in the labo-
ratory and whether AMH changes can explain this abnormality
despite normal hormone levels.

The main aim of this study was to investigate the association of
AMH with PCOS phenotypes and laboratory tests in addition to
discussing the role of AMH in the diagnosis of PCOS.

MATERIALS and METHODS

The study was initiated after obtaining detailed verbal and writ-
ten consent from all participants following the approval of the
ethics committee. Non-interventional clinical trials were appro-
ved by the ethics committee (Date: 10.11.2022, No: 950). This
study was conducted in full accordance with the guidelines of
the Declaration of Helsinki. The data of women who applied
to the infertility clinic of a tertiary health institution betwe-
en January 2019 and May 2023 were reviewed from hospital
records and files by obtaining the verbal and written consent
from the patients.

Age, menstrual cycle, hirsutism (Ferriman-Gallwey score >8
points), primary or secondary infertility status, BMI, and the
presence of polycystic morphology in the ovaries were recor-
ded in 81 women aged 20 to 40 years who applied at the in-
fertility outpatient clinic and did not receive any treatment.
Homeostasis Model Assessment (HOMA), (fasting glucose x
fasting insulin +405), Luteinizan hormone (LH), Follicle stimu-
lating hormone (FSH), prolactin, AMH, androgens (androstene-
dione, 17- hydroxyprogesterone (170HP), total testosterone,
dehydroepiandrosterone sulphate (DHEAS) measured in the
morning blood on the second, third, and fourth day of mens-
truation were recorded.

Serum AMH levels were measured using the Elica technique
(Roche E411, USA).

Every patient underwent morning transvaginal ultrasonography
(TVUSG) on the second, third and fourth days of menstruation.
Polycystic ovarian morphology (PCOM) was defined as > 12
follicles in either ovary, measuring 2-9 mm in diameter and/
or increased ovarian volume for each ovary >10 mL on the
ultrasound scan (7).

Women who were taking hormone-containing drugs for any
reason, women with known ovarian mass and disease, and
women with a history of adnexal surgery were excluded. Wo-
men with congenital adrenal hyperplasia, thyroid dysfunction
and diabetes mellitus were also excluded.

Statistical analysis

Mean, Standard Deviation and Median IQR values were given
in the descriptive statistics for the continuous data, and the
number and percentage values were given in the discrete data.
The Shapiro-Wilk test was used to examine the conformity of
continuous data to the normal distribution.

An independent samples t test was used to compare patient
ages in the AMH groups, and the Mann Whitney U test was
used to compare the laboratory values.

The relationships between the AMH values and ages and la-
boratory values were analyzed using Spearman’s correlation
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Table 1: Patient characteristics

(n=81)

Age Mean+SD (Min-Max) 28.89+3.88; (21-38)

BMI n (%)
18-25 39 (48.1%)
25-30 16 (19.8%)
>30 26 (32.1%)

Menstruation n (%) (n=78)
Irregular 34 (42.0%)
Regular 47 (58.0%)

Infertility n (%)

Primary 44 (54.3%)

Secondary 37 (45.7%)
PCOM

No 13 (16%)

Yes 68 (84%)

Hirsutism (n=78)

No 53 (65.4%)

Yes 28 (34.6%)
HOMA index

<25 44 (54.3%)

2.5 37 (45.7%)

BMI: Body mass index, PCOM: Polycystic ovarian morphology,
HOMA: Homeostasis Model Assessment

coefficient.

Chi-Square and Fisher’s Exact test were used for compa-
risons of nominal variables between the AMH groups (in
cross-tabulations).

The IBM SPSS version 20 (Chicago, IL, USA) program was used
in the evaluations, and p<0.05 was accepted as the limit of
statistical significance.

In the study including 54 patients with AMH values <10 ng/mL
and 27 patients with AMH values >10 ng/mL, and comparing
the presence of hirsutism as the primary outcome, the po-
wer of the test was found to be power=0.88 (88%) with Type |
error=0.05.

In the study examining the relationship between AMH values
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Table 2: Laboratory findings of the patients

MeantSD Median (IQR)

Estradiol 81 46.83+17.55 43 (34-55)
LH/FSH 81 1.39+0.67 1.26 (0.96-1.80)
Androstenedione 81 2.47+1.33 2.19 (1.35-3.50)
Testosterone 81 0.50+0.27 0.41 (0.32-0.64)
170HP 81 1.40+1.52 0.85 (0.63-1.50)
DHEAS 81 248.53+104.90 229 (161.30-317.0)
AMH 81 10.11+8.48 7.52 (4.97-11.88)
Prolactin 81 19.17+8.59 18 (6.5-48)

IQR:Inter quantile range, LH: Luteinizan hormone, FSH: Follicle stimulating
hormone, DHEAS: dehydroepiandrosterone sulphate, AMH: Anti-Mullerian
Hormone, 170HP: 17 hydroxyprogesterone

Table 3: AMH distribution (ng/mL)

AMH n (%)
<10 54 (66.7%)
>10 27 (33.3%)

AMH: Anti-Mullerian Hormone

and LH/FSH values as the primary outcome in 81 patients inclu-
ded in the study, the power of the test with Type | error=0.05,
power=0.99 (99%).

The calculation was performed using the ‘GPower 3.1.9.2’
program.

RESULTS

A total of 81 infertility patients with AMH levels of 4 ng/mL and
above were included in the study. The mean age of the patients
was 28.89+3.88 years (minimum 21 and maximum 38 years).
Patients with serum AMH>10 ng/mL were younger than pati-
ents with AMH<10 ng/mL (p<0.01) (Table 1).

AMH values were found to be >10 ng/mL in 33.3% of the pa-
tients (Table 3).

Approximately half of the patients (48%) had a normal body
mass index (BMI 18-25 kg/m?), and there was no significant
difference in the BMI levels between the two groups (p>0.05)
(Table 1).

Primary infertility was found in 54.3% of the patients and se-
condary infertility in 45.7%. Primary infertility was found more
frequently in patients with AMH >10 ng/mL (p<0.05) (Table 1).

Menses were regular in the majority of the patients (58%), and
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Table 4: Comparison of the characteristics of patients with
an AMH value <10 ng/mL and patients with an AMH value
>10 ng/mL

AMH <10 AMH >10 p value
Age (year)
29.80+3.92 27.07+£3.16 0.0022

Mean+SD
BMI n (%)
18-25 29 53.7 10 37.0
25-30 11 20.4 5 18.5 0.224¢
>30 14 25.9 12 44.4
Menstruation
n (%)
Irregular 19 35.2 15 55.6

0.080¢
Regular 35 64.8 12 44.4
Infertility n (%)
Primary 24 44.4 20 74.1

0.012¢
Secondary 30 55.6 7 25.9
PCOM n (%)
No 13 24.1 0 0

0.004¢
Yes 41 75.9 27 100
Hirsutism n (%)
No 42 77.8 11 40.7

0.001¢
Yes 12 22.2 16 59.3
HOMA n (%)
<2.5 28 51.9 16 59.3

0.528°
22.5 26 48.1 11 40.7

AMH: Anti miller hormone, a: Independent samples t test, c: Chi-square
Test/Fisher’s Exact test, BMI: Body mass index, PCOM: Polycystic ovarian
morphology, HOMA: Homeostasis Model Assessment

there was no statistically significant difference between the two
groups in terms of menstrual irregularity (p>0.05). Polycystic
ovarian morphology was seen in 84% and all the patients with
an AMH value >10 ng/mL had PCOM (p<0.01) (Table 1).

Approximately one-third of the patients (34.6%) had hirsutism,
which was significantly more common in patients with AMH
values >10 ng/mL (p<0.01) (Table 1).

It was found that 45.7% of the patients had HOMA values 32.5
(Table 1). However, there was no statistically significant diffe-
rence between the two groups in terms of HOMA elevation
(p>0.05) (Table 1).

Table 5: Comparison of laboratory values of patients with
AMH <10 ng/mL and patients with AMH >10 ng/mL

Median (IQR) AMH <10 AMH >10 p value

Estradiol 40 (34-53.2) 44,3 (35-59) 0.300°

LH/FSH 0.52 (0.81-1.57) 1.54 <0.001°
(1.24-2.20)

Androstenedione 2.0 (1.19-3.09) 2.98 0.020°
(1.88-3.86)

Testosterone 0.36 (0.29-0.52) 0.68 <0.001°
(0.46-0.86)

170HP 0.88 (0.67-1.43) 0.78 0.227°
(0.45-1.83)

DHEAS 251.5 216.0 0.648°

(158.7-317.0) (162.6-323.0)
Prolactin 18.5(11.8-24.0) 18.0 0.722°

(12.2-26.0)

IQR: Inter quantile range, AMH: Anti muller hormone, b: Mann
Whitney U test, DHEAS: dehydroepiandrosterone sulphate, 1770HP: 17-
hydroxyprogesterone

Table 6: Correlations between AMH, age and laboratory
parameters

AMH
r* p
Age (year) -0.453 <0.001
Estradiol 0.128 0.255
LH/FSH 0.471 <0.001
Androstenedione 0.140 0.212
Testosterone 0.458 <0.001
170HProgesterone -0.156 0.166
DHEAS -0.090 0.422
Prolactin 0.068 0.548

AMH: Anti miller hormone, *Spearman’s correlation coefficient, LH:
Luteinizan hormone, FSH: Follicle stimulating hormone, 170HP: 17-
hydroxyprogesterone, DHEAS: dehydroepiandrosterone sulphate

LH/FSH, androstenedione and testosterone values were higher
in patients with AMH>10 ng/mL (p<0.001) (Table 2).

There was a negative correlation between the ages of the pati-
ents and AMH values (r=-0.453 p<0.001) (Table 6).

Positive correlations were found between LH/FSH values, tes-
tosterone values and AMH (r=0.471 and r=0.458, respectively,
p<0.001) (Table 6).

No difference could be seen between the E2, 170HP, DHEAS,
and PRL values of the patients with AMH <10 ng/mL and pati-
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ents with AMH >10 ng/mL (p>0.05) (Table 5).
DISCUSSION

According to the results of our study, we found androgenic
effects correlated with AMH, therefore making AMH possibly
one of the diagnostic markers of PCOS.

Unlike the publications showing that AMH does not change
intra- and inter-cyclically, the lowest level of AMH is measured
in the luteal phase immediately after ovulation (8). Considering
these differences, we included women in the study in whom
AMH was measured in the follicular phase. In this study, a se-
rum AMH level >4 ng/mL was accepted as the optimal cut-off
for the diagnosis of PCOS (9).

In a study conducted on IVF patients, relationships were fo-
und between AMH>5.7 ng/mL and hyperandrogenism, PCOM,
menstrual irregularity and high LH/FSH. Accordingly, the LH/
FSH ratio may increase in women with high AMH because in
PCOS, FSH is secreted normally, while LH is secreted at nor-
mal or increased levels. However, it would not be correct to
diagnose PCOS only by looking at this ratio. In the same study,
a correlation between menstrual irregularity and the LH/FSH
ratio was also reported (10). We also found a higher LH/FSH
ratio in the high AMH group (>10 ng/mL).

In our study, no correlation was found between AMH and insu-
lin resistance (HOMA) in accordance with a number of studies
in the literature (11).

In a study conducted with a small group of cases in the litera-
ture, it was reported that women with high AMH levels were
thinner, had higher androgen levels and suffered more from
amenorrhea. According to the results of our study, testoste-
rone is positively correlated with AMH levels (12). Although
we did not find a correlation between androstenedione and
AMH, we did find a correlation between androstenedione levels
of <10 ng/mL and >10 ng/mL (see Tables 5 and 6). These two
androgens are expected to cause clinical hyperandrogenism
and changes in body fat distribution. In a study conducted on
a small number of patients, the garnered data reported that
there was no correlation between BMI and LH/FSH (13). Altho-
ugh the BMI of the patients was similar in our study, we were
not able to compare the waist/hip ratio with fat distribution,
so we cannot comment on the fat distribution.

It is natural that high AMH and accompanying androgen le-
vels make some changes in the phenotype. Although obesity
is common in women with PCOS, women with very high AMH
have been shown to be leaner. In a study conducted by divi-
ding 134 patients into three groups according to AMH value,
Tal et al. reported that PCOS was present in a large proportion
of women at AMH >10 ng/mL. These women were thinner with
AMH levels and PCOS severity being correlated (14). Among the
women in our study, being overweight was more common in
those with high AMH (about half of the patients). However, in
those with AMH <10 ng/mL, half of the patients were of nor-

mal weight. As a result, we did not find a relationship between
elevated AMH levels and BMI.

A positive correlation between serum AMH levels and andro-
gens has been previously reported. It has been reported that
hyperandrogenism is an intrinsic defect of thecal cells in wo-
men with PCOS and is positively associated with testosterone
levels and ovarian volume (15). In our study, a relationship was
found between hirsutism and AMH, but we observed that the
frequency of menstrual cycle abnormalities did not increase
with high AMH (Table 4). This is directly related to serum AMH
levels in patients with oligo-/amenorrhea and increased AFC
(PCOM) (16). Although menstrual irregularity is common in wo-
men with PCOS, menstrual irregularity in women in our two
groups was seen in half of the patients with AMH>10 ng/mL.

In our study, PCOM was observed in all of our patients with
AMH>10 ng/mL. We also detected 2/3 PCOM in women with
an AMH of 4-10 ng/mL. Patients with accepted PCOS also have
PCOM or increased ovarian volume. In our study, we compared
the clinical changes associated with AMH by comparing women
with high AMH levels and two groups with far higher AMH
(such as 63 ng/mL and 34 ng/mL).

In this study, we grouped not according to the presence of
PCOS but according to the AMH level. We accepted a limit of
4 ng/mL, which is believed to mark the onset of PCOS patho-
logy, and thus included all women with normal and abnormal
conditions. We believe that our classification of clinical and
laboratory features with AMH in a mixed group similar to that
in the general population is the strength of our study and will
provide more information than working with a selected group
with PCOS. However, the most important limitation is that it
was not performed with a higher number of age groups and
patients. The absence of a control group was a limitation, but
it is very difficult to find similarities in AMH <4 ng/mL in and of
itself and between different age groups. There will already be
a known and incomparable difference between women with
high AMH and those without.

It should not be forgotten that the phenotypic appearance in
PCOS does not change only with measurable values. The age,
activity status and diet of the woman are also having effects.
In this study, data are limited due to the fact that, with the
exception of age, we do not have any information about these
factors. Moreover, there are a small number of patients and
they are not age-matched.

As a result, we believe that high AMH can be used in the diag-
nosis of PCOS in accordance with ovarian appearance on ultra-
sonography and clinical and/or laboratory hyperandrogenism.
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ABSTRACT

Objective: This study investigated the cognitive and motor dual-task
performance and falls in middle-aged and elderly adults.

Materials and Method: This cross-sectional study included 84 adults,
separated into two age groups of middle-aged adults (50-64 years) and
elderly adults (65 years and older). The descriptive characteristics of the
participants and the fall rate in the last year were recorded. The timed
up-and-go test, four square step test and one leg step test performances
were evaluated under single task, cognitive dual task (verbal fluency) and
motor dual task (tray-carrying) conditions.

Results: The fall rate was 16.7% in middle-aged adults and 33.3% in elderly
adults. The performance of elderly adults in the timed up-and-go test,
four square step test and one leg stance test was lower than those of
middle-aged adults under single task, cognitive dual task and motor dual
task conditions (p<0.05). Performance was lower under cognitive dual
task conditions for all tests in middle-aged and elderly adults (p<0.05). The
timed up and go test and four square step test performances of non-faller
elderly adults were better than those who fell (p<0.05).

Conclusion: The results of this study showed that single-task and dual-task
balance performance in older adults is lower than in middle-aged adults,
and lower in elderly adults who have a history of falls than in non-fallers.
Efforts such as dual-task balance training to improve dual-task performance
from middle age may be beneficial in reducing the risk of falls.
Keywords: Aging, dual task, balance, fall

oz

Amag: Bu calismanin amaci, orta yash ve yash yetiskinlerde bilissel ve
motor ikili gérev performansini ve diismeyi arastirmaktir.

Gereg ve Yontem: Bu kesitsel calismaya seksen dort yetiskin dahil edildi.
Katilimcilar yasa gore orta yash yetiskinler (50-64 yas) ve yash yetiskinler
(65 yas ve Ustl) olarak iki gruba ayrildi. Katiimcilarin tanimlayici 6zellikleri
ve son bir yildaki disme oranlari kaydedildi. Tekli gérev, bilissel ikili gérev
(sozel akicilik) ve motor ikili gorev (tepsi tagima) kosullarinda stireli kalk ve
yuri testi, dort kare adim testi ve tek ayak Gzerinde durma testi perfor-
manslari degerlendirildi.

Bulgular: Disme orani orta yasl eriskinlerde %16,7 ve yasl eriskinlerde
%33,3 idi. Tek gorev, bilissel ikili gorev ve motor ikili gérev kosullarinda
yash yetiskinlerin streli kalk ve yir( testi, dort kare adim testi ve tek ayak
Gzerinde durma testi performanslari orta yasl yetiskinlere gére daha
dustktl (p<0,05). Performans, orta yasl ve yash eriskinlerde tim testler
icin biligsel ikili gorev kosullarinda daha dugukti (p<0,05). Disen ve diis-
meyen yasli yetiskinler arasinda zamanli kalk ve yiri testi ile dort kare
adim testi performanslarinda anlaml fark bulundu (p<0,05).

Sonug: Bu calismanin sonuglari, yash yetiskinlerde tek gorev ve ikili gérev
denge performansinin orta yagh eriskinlere gére daha disik oldugunu ve
dusen yasli yetiskinlerde diismeyenlere gére daha disiik oldugunu goster-
mektedir. Orta yastan itibaren ikili gérev performansini gelistirmeye yone-
lik ikili gorev denge egitimi gibi ¢alismalar disme riskini azaltmak agisin-
dan faydali olabilir.

Anahtar Kelimeler: Yaslanma, ikili gérev, denge, diisme
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INTRODUCTION

Balance deteriorates due to functional losses caused by natural
physiological processes such as loss of strength and flexibility
and cognitive disorders seen with aging. Maintaining balance
in the elderly population is an important factor for maintaining
functional independence (1). Balance disorders have been iden-
tified as one of the strongest predictors of falls (2). Impaired
balance and gait, and a history of falls are major risk factors for
falls in elderly individuals (3). Considering the role of balance
in maintaining postural balance, improving balance capability
in the elderly is often a goal of fall prevention interventions (4).

Activities of daily living are complex tasks, as they require in-
dividuals to perform multiple tasks at the same time and falls
often occur during activities that require multitasking. There-
fore, dual task (DT) ability indicates the individual’s real daily
life activity performance (5). Successful dual-task performance
is necessary for elderly individuals to remain independent and
can be difficult due to the decrease in cognitive and physical
functions during the aging process (6).

Deterioration in both motor and cognitive performances may
occur in individuals because of the decreased ability to divide
attention resources and the degeneration of neural pathways
in the aging process (7). Due to task complexity and decreased
sensory feedback, balance disorders can be detected in the
pre-elderly period (8). There is emerging evidence that midlife
may represent an important period for balance related inter-
ventions. It has been reported that the prevalence of falls is
significant in middle-aged adults, at a rate of 8.7%-31.1% (9).

Static and dynamic balance are important indicators of physi-
cal function and mobility in the elderly (10). It is important to
evaluate balance and mobility in different dual-task conditions,
as dual-task ability is critical to the safe performance of many
activities of daily living (7). With current increases in the elderly
population, it is of great importance to evaluate balance and
mobility performance in different age groups so that preventive
interventions related to physical function can be developed to
reduce adverse events. The hypothesis of this study was that
motor and cognitive dual-task performance would be worse
in elderly adults and fallers. Therefore, the aim of this study
was to evaluate cognitive and motor dual-task performance in
middle-aged and elderly adults and to compare them according
to age and fall history.

MATERIAL and METHODS

Study design and participants

This cross-sectional study was conducted at the University of
Health Sciences Turkey, Faculty of Physiotherapy and Rehabili-
tation. Community-dwelling middle-aged and elderly individu-
als aged 50-82 years were included in the study. The inclusion
criteria were; 1) age between 50-82 years, 2) ability to walk at
least ten meters without using a walking aid, 3) Standardized

Mini Mental Test score of 224 points. The exclusion criteria
were; 1) diagnosis of any orthopedic, cognitive or neurological
iliness, 2) polypharmacy (>5 medication)

Ethical approval

The study was approved by the University of Health Sciences
Turkey, Gulhane Scientific Research Ethics Committee in ac-
cordance with the declaration of Helsinki (Date/N0:2022,147).
Written consent was obtained from the participants who vo-
lunteered for the study.

Procedure

All the participants were questioned about age, height, weight,
education level, marital status, living environment, number of
falls in the last year, physical exercise habits, and number of
medications. A fall was defined as an event that resulted in
inadvertently landing on the ground (3). For those who repor-
ted falling, the place of fall and the reason for falling were
questioned. Those who had one or more fall history in the last
year were classified as “fallers”, and those without a fall history
were classified as “non-fallers”. The Standardized Mini Mental
State (MMS) examination was used to assess cognitive level.
The timed up-and-go test, four square step test and one leg
stance test were used to evaluate mobility and balance. The
order of the tests was decided randomly. Balance and mobility
performance were evaluated in single task (ST), motor dual task
(DT) and cognitive DT conditions. As a cognitive concurrent
task, individuals counted words beginning with a specific letter
(K, E or A letters) while performing balance or mobility tasks. As
a motor concurrent task, individuals carried a tray with a glass
of water on it. The order of single task, motor DT and cognitive
DT tests was chosen randomly. Verbal fluency and tray carrying
are frequently used tasks to evaluate dual-task performance in
the elderly (11, 12). The following formula was used to calculate
the dual task cost (DTC):“DTC=((single task performance-dual
task performance)/single task performance)x100”. According to
this formula, negative values indicate that the DT performance
value is greater (13).

Outcome measures

The Standardized Mini Mental State test is a standardized met-
hod used to evaluate cognitive status. This test consists of 11
items. The highest possible score is 30 points. As a result of the
evaluation, 23/24 points and above are considered as normal
cognitive function. The Turkish version of the Standardized Mini
Mental Test is proven to be valid and reliable (14, 15).

The timed up-and-go (TUG) test is a test often used to evalu-
ate functional mobility. The test measures speed during many
functional maneuvers such as standing up, walking, turning,
and sitting. It is a test frequently used in elderly individuals to
determine the risk of falling (16, 17).

The Four Square Step (FSS) test was used to evaluate dynamic
balance. In this test, individuals are asked to step into four
squares as quickly as possible. The ability to step to the right,
left, front and back is evaluated. It is a valid and reliable test in
elderly individuals (18,19).
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The one-leg stance (OLS) test is a commonly used balance test
in the evaluation of static balance (20). The duration of standing
on the preferred leg with the eyes open was recorded. The test
is terminated when the position of the arms and the raised foot
deteriorates or the foot in contact with the ground moves to
maintain balance, or at the completion of 45 seconds. A longer
test time indicates better balance ability (21,22).

Statistical analysis

Data were analyzed using the SPSS version 25.0 statistical soft-
ware (SPSS Inc., Chicago, IL, USA). The conformity of the data
to normal distribution was examined using visual and analytical
methods. Continuous variables were presented as mean and
standard deviation or median and interquartile range values,
and categorical variables as frequency and percentage. The

Table 1: Descriptive characteristics of the participants

Mann-Whitney U test was used to compare the single task and
DT functional performance of middle-aged and elderly individu-
als. The Mann-Whitney U test was used to compare the single
task and DT functional performance of fallers and non-fallers
in elderly individuals. Effect size (ES) was calculated with the
formula “ES = z / VN” using the z score of the Mann-Whitney
U test. An ES value of 0.1-0.3 indicates a small effect size, 0.3-
0.5 indicates medium, and >0.5 indicates a large effect size.
Wilcoxon Paired Samples tests were used to compare single
task performance-cognitive DT performance and single task
performance-motor DT performance. The level of statistical
significance was accepted as p<0.05.

GPower 3.1.9.4 software (Heinrich-Heine-Universitat Dussel-
dorf) was used to determine the required sample size. When

Middle-aged adults (n=42) Elderly adults (n=42)

Mean Star.1de.1rd Mean Star.1de.|rd
deviation deviation
Age (years) 56.19 4.46 71.59 4.62
Height (cm) 160.23 7.35 158.33 9.11
Weight (kg) 73.04 10.77 70.94 11.14
Body mass index (kg/m?) 28.47 4.01 28.35 4.22
Z(;"r""i:z:it:r" sst;t:’: 27.54 2.19 26.52 2.56
n % n %
Gender Female 33 78.6 31 73.8
Male 9 11.9 11 26.2
Marital status Single 3 7.1 3 7.1
Married 33 78.6 25 59.5
Widow 6 14.3 14 334
Educational status <5 years 33 78.6 31 73.8
>5 years 9 11.9 11 26.2
Living environment Alone at home 2 4.8 11 26.2
With a spouse at home 13 31 22 52.4
With spouse and children at home 20 47.6 2 4.8
With children/relatives at home 7 16.6 7 16.6
Physical exercise habit No exercise 36 85.7 35 83.3
Less than 2 hours per week 3 7.1 4 9.5
More than 2 hours per week 3 7.1 3 7.1
Fall history No 35 83.3 28 66.7
1-2 in the last year 6 14.3 9 215
3-4 in the last year 0 0 2 4.8
More than 5 in the last year 1 2.4 3 7.1
Number of medications 0 29 69 6 14.3
1 8 19 18 42.8
2 4 9.5 7 16.7
More than 3 1 2.4 11 26.2

297




Demirdel, Tekin, Caglar, Kiling, Findik, Erbay Dual-task balance and falls in adults
Journal of Advanced Research in Health Sciences - Saglik Bilimlerinde ileri Arastirmalar Dergisi 2023;6(3):295-301

the timed up-and-go test was accepted as the primary outcome
measure, it was calculated that there should be 40 people in
each group for 0.843 ES, 0.05 alpha and 0.98 power (1). The
study was completed with 84 participants.

RESULTS

Evaluation was made of 84 middle-aged and elderly individuals.
Most of the participants were female (76.5%), married (68.2%),
and had a sedentary lifestyle (84.7%). The descriptive characte-
ristics of all the participants are presented in Table 1.

Tripping was seen to be the most common cause of falls in
elderly fallers (50%). Other causes of falls include slipping, diz-
ziness, ankle sprains, and lifting heavy objects. In middle-aged
individuals, the causes of falls were reported as slipping, trip-
ping and loss of balance. It was noted that most falls (85.7%)

in middle-aged adults occurred outdoors, while in older adults
most (57.1%) falls occurred at home.

The TUG test, FSS test and OLS test performance under single
task, motor DT and cognitive DT conditions were significantly
different in middle-aged and elderly adults (p<0.001), and ef-
fect sizes were medium or large (Table 2). In the middle-aged
group, the TUG test duration under cognitive DT condition was
greater than its single task value (p<0.001), the FSS test dura-
tion under cognitive DT condition was greater than its single
task value (p<0.001), the OLS test duration under cognitive DT
condition was lower than its single task value (p=0.037), and
the OLS test duration under motor DT condition was lower than
its single task value (p=0.013). In the elderly group, the TUG
test duration under cognitive DT condition was greater than its
single task value (p<0.001), the FSS test duration under cogniti-
ve DT condition was greater than its single task value (p<0.001),

Table 2: Functional performance results under single task, cognitive dual task and motor dual task conditions in middle

aged and elderly adults

Middle-aged adults (N=42)

Single task Median IQR
Timed up and go test (s) 8.64 2.63
Four square step test (s) 10.43 3.47
One leg stance test (s) 45 18.37
Coghnitive dual task

Timed up and go test (s) 10.65* 3.48
Four square step test (s) 15.19* 5.75
One leg stance test (s) 40* 24.43
Motor dual task

Timed up and go test (s) 8.58 2.32
Four square step test (s) 10.69 3.35
One leg stance test (s) 37.5% 26.84

Elderly adults (N=42)

Median IQR P ES
11.28 2.87 <0.001 0.48
14.88 4.37 <0.001 0.63
11.01 21.48 <0.001 0.58
14.15* 6.5 <0.001 0.42

18.14* 10.4 0.001 0.36

9* 3.25 <0.001 0.55
11.27 3.89 <0.001 0.50
14.4 4.43 <0.001 0.57
12.5 20.8 <0.001 0.49

IQR: Interquartile range, ES: Effect size, *Wilcoxon Paired sample test, significantly different from its value in single task condition (p<0.05)

Table 3: Dual-Task Costs of functional performance tests under cognitive dual task and motor dual task

conditions in middle-aged and elderly adults.

Middle-aged adults (N=42)

Elderly adults (N=42)

Median IQR Median IQR P

Coghnitive dual task cost

Timed up and go test (%) -24.99 22.47 -23.06 26.9 0.795
Four square step test (%) -37.49 31.78 -29.4 31.13 0.074
One leg stance test (%) 0 25.18 16.44 57.94 0.148
Motor dual task cost

Timed up and go test (%) 0.58 10.63 0.86 7.53 0.823
Four square step test (%) -2.03 11.48 1.33 9.35 0.019
One leg stance test (%) 0 29.82 0 46.54 0.124

IQR: Interquartile range
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Table 4: Comparison of single task and dual task performances of faller and non-faller elderly

Fallers (N=14)

Non-fallers (N=28)

Single task Median IQR Median IQR P ES
Timed up and go test (s) 13.82 4.93 10.59 3.06 0.016 0.37
Four square step test (s) 16.15 5.74 13.64 3.36 0.035 0.32
One leg stance test (s) 9.45 19.83 13.79 22.85 0.321 0.15
Cognitive dual task

Timed up and go test (s) 19.65* 9.63 12.8% 4.53 0.043 0.31
Four square step test (s) 21.66* 16.85 17.23* 8.86 0.107 0.25
One leg stance test (s) 8.31 14.5 9.67 21.86 0.321 0.15
Motor dual task

Timed up and go test (s) 14.78 4.94 10.65 2.47 0.01 0.39
Four square step test (s) 16.15 5.59 13.46 3.25 0.043 0.31
One leg stance test (s) 12.25 17.3 12.66 29.3 0.376 0.13

IQR: Interquartile range, ES: Effect size, *Wilcoxon Paired sample test, significantly different from its value in single task condition (p<0.05)

Table 5: Dual-Task Costs of functional performance tests under cognitive dual task and motor dual task

conditions in faller and non-faller elderly.

Fallers (N=14)

Non-fallers (N=28)

Median IQR Median IQR P

Cognitive dual task cost

Timed up and go test (%) -32 48.2 -21.03 21.88 0.947
Four square step test (%) -27.45 35.32 -29.54 35.64 0.722
One leg stance test (%) 14.26 74.36 21.12 56.47 0.793
Motor dual task cost

Timed up and go test (%) 1.21 7.47 -0.78 7.25 0.420
Four square step test (%) 2.51 9.09 0.96 8.99 0.626
One leg stance test (%) 0 46.72 -1.85 50.95 0.709

IQR: Interquartile range

and the OLS test duration under cognitive DT condition was
lower than its single task value (p=0.043).

There was no significant difference between the cognitive or
motor DTCs of the TUG test (p=0.795, p=0.823 respectively)
and OLS test (p=0.148, p=0.124 respectively) in middle-aged
and elderly individuals. The motor DTC of the four square step
test was significantly different in middle-aged and elderly adults
(p=0.019) (Table 3).

As the rate of middle-aged participants with a history of falls
was low, no analysis could be performed. The TUG test times
of the faller elderly under single task, cognitive DT and motor
DT conditions were higher than those of the non-faller elderly
(p=0.016, p=0.043, p=0.01 respectively). The FSS test times un-
der single task and motor DT conditions of faller elderly indi-
viduals were longer than those of elderly individuals who did
not fall (p=0.035, p=0.043 respectively), (Table 4). The TUG test
duration under cognitive DT condition was greater than its sing-

le task value (p=0.001), the FSS test duration under cognitive
DT condition was greater than its single task value (p=0.002) in
the faller elderly group. The TUG test duration under cognitive
DT condition was greater than its single task value and the FSS
test duration under cognitive DT condition was greater than
its single task value (p<0.001) in the non-faller elderly group.

There was no significant difference between the faller and non-
faller elderly individuals in respect of the cognitive or motor
DTCs of the functional performance tests (p>0.05) (Table 5).

DISCUSSION

This study was planned to evaluate dual-task balance and mo-
bility performance in middle-aged and elderly individuals, and
the results showed that single task, DT balance and mobility per-
formance were worse in elderly individuals, but no significant
difference was found between the age groups in terms of DTC.
Performance was worse under cognitive DT conditions in both
age groups. Although it was observed that balance and mobility
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were worse under single task and cognitive DT conditions in
faller elderly individuals than in non-faller elderly individuals,
no difference was found in terms of DTC.

Cognitive DT performance is adversely affected in older indi-
viduals due to the decline in executive function over time and
age-related neurodegenerative conditions (7). Considering the
studies that evaluated balance performance under dual task
conditions, it is thought that this is the reason why the cogniti-
ve task is used more frequently as a secondary task. However,
performing a simultaneous motor task while walking increases
demands for dynamic balance, and the effort not to spill water
from the glass also increases attention demands (23). Mobility
performance is multidimensional and requires high levels of
motor control and cognitive load to pay attention to various
external stimuli (6). Therefore, in the current study, balance per-
formance was evaluated under both motor DT and cognitive
DT conditions.

In the pre-elderly period, when balance ability and physical
functions begin to decline, it is a critical period for early inter-
ventions to prevent falls (9). Single task and DT mobility and
balance performance are reported to worsen with aging (1, 6,
13). In the current study, balance and mobility performance was
found to be better in middle-aged individuals under single task,
motor DT and cognitive DT conditions. Efforts to protect these
performances of middle-aged adults would be beneficial in or-
der to prevent adverse events that could occur in the future.

Itis reported that DTCs related to gait parameters do not chan-
ge with age or are higher in young individuals than in older
individuals (24, 25). Research found that the postural DTCs of
younger adults and older adults are similar in stable standing
conditions (26). No age-related change was detected in the cost
of the TUG test under motor DT conditions, and the cost of
cognitive DT is reported to be higher in elderly individuals (13).
The current study results demonstrated no difference betwe-
en middle-aged and elderly adults with respect to DTCs. One
reason for this could be that the middle-aged group was in the
immediate pre-elderly age range. The fact that DTCs in functio-
nal performance tests are similar between age groups suggested
that DT assessments should be considered in individuals aged
50-64 years, also called the pre-elderly period, as well as in el-
derly individuals (27).

Li et al. reported that the rate of outdoor falls is higher in midd-
le-aged individuals than in elderly individuals, tripping is the
most common cause of falls and poor health is an important
risk factor, especially for indoor falls (28). In the current study,
the rates of falling at home were higher in the elderly, partly
because the elderly spent less time outside and partly because
the elderly were in poorer health. In the current study, indivi-
duals who fell had worse performance in both single task and
cognitive DT conditions, although the DTCs were similar. Muha-
idat et al. found that the test performances were different and
DTCs were similar in faller and non-faller adults (29). Asai et al.
reported that DTCs were lower in faller elderly adults (30). This
could be due to the inclusion of community-dwelling elderly

individuals with good cognitive status. The results of the current
study suggested that in community-dwelling elderly people with
good cognitive status, fallers could manage dual-task conditions
similarly to non-fallers and that assessments of falls should focus
on single task and cognitive DT performance rather than DTC.

This is the first study that examined the effects of motor and
cognitive simultaneous tasks on functional mobility, static and
dynamic balance in middle-aged and older adults in Turkey. The
results of this study provide important information about the
change and decline in cognitive DT and motor DT performance
during the aging process. However, the fact that most of the
participants were female and sedentary individuals limits the
generalizability of the results. In addition, the use of only one
type of cognitive and motor task could be considered a limita-
tion. It is suggested that in future studies, cognitive and motor
simultaneous task performance of varying degrees of difficulty
be evaluated in middle-aged and elderly individuals.

CONCLUSION

The results of this study suggested that balance and mobility
performance deteriorates with aging in single task, motor DT
and cognitive DT conditions and a simultaneous cognitive task
significantly reduced balance and mobility performance. It also
showed that balance and mobility performance in single task
and cognitive DT conditions were worse in elderly individuals
with a history of falls than in non-fallers. In order to prevent
future adverse events, the evaluation of single task and DT
performances in middle-aged and elderly individuals should
be considered.
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ABSTRACT

Objective: There is a scarcity of in vivo models that accurately reflect
tumor growth and metastasis in cancer research. Research using cell lines
with increasing passage numbers may give misleading results because the
tumor loses its characteristic feature. Primary culture is the best method
to represent the cellular profile of cancer patients in the laboratory
environment. Therefore, we worked with patient-derived primary culture.
The most common subtype of the most diagnosed lung cancer worldwide
is Non-Small Cell Lung Cancer (NSCLC). Therefore, we aimed to determine
patient-specific metastatic capacities by comparatively examining the
migration abilities of primary cancer cells of NSCLC patients on the same
platform.

Materials and methods: The migration abilities of primary cancer cells of
NSCLC patients were demonstrated through wound healing assays on
cisplatin and non-cisplatin groups, and measurements were made with
Image J software.

Results: In the results of the wound healing assays performed on the
cancer cells of five patients, it was observed that there was correlation
between the wound widths, wound areas, wound closure percentages,
and metastasis in the groups with and without cisplatin in Patient 3,
Patient 4, and Patient 5.

Conclusion: To reflect the profile of patients visiting the clinic using
patient-derived primary tumor cells, the wound healing assay can be used
as a tool to demonstrate tumor behaviors, such as the patients’ responses
to treatment and their metastasis-forming capacity. Detailed studies are
needed in a larger population so that the physician can use in vitro tools
in the decision support mechanism.

Keywords: Lung cancer, primary culture, migration, wound healing assay

oz

Amag: Kanser calismalarinda tiimére dair bliyime ve metastaz durumunu
birebir yansitan in vivo modellerin azligi s6z konusudur. Hiicre hatlari kul-
lanilan galismalarda ise pasaj sayilari ilerledikge tumoriin karakteristik
ozelligini kaybetmesinden dolayi yaniltici sonuglar verebilmektedir. Kanser
hastalarinin hicresel profilini laboratuvar ortamina tasiyabilmek igin en iyi
yontem primer kilturdir. Bu nedenle galismamizda hasta kaynakli primer
kaltur ile cahstik. Diinya gapinda en ¢ok tani konulan akciger kanserinin en
sik gorulen alt tipi Kiguk Hucreli-Disi Akciger Kanseri (KHDAK)'dir. Bu
nedenle ¢alismamizda KHDAK tanisi alan hastalardan elde edilen primer
kanser hicrelerinin migrasyon yeteneklerinin tek bir platformda karsilas-
tirmali olarak incelenerek hastaya 6zgi metastatik kapasitelerinin belirlen-
mesi amaglanmistir.

Gereg ve Yontem: KHDAK hastalarina ait primer kanser hicrelerinin mig-
rasyon yetenekleri yara iyilestirmesi deneyiyle cisplatin igeren ve icerme-
yen grup Uzerinde gosterilmistir ve 6lgiimler Image J yazilimiyla yapilmistir.
Bulgular: Bes hastanin kanser hiicresine ait yapilan yara iyilesmesi deneyi
sonuglarinda; Hasta 3, Hasta 4 ve Hasta 5’e ait cisplatin iceren ve icerme-
yen gruplarda yara genislikleri, yara alanlari ve yara bdlgesini kapatma
yuzdeleri ile metastaz arasinda iliski oldugu gozlendi.

Sonug: Klinige basvuran hasta profilinin in vitro ortama en iyi sekilde yan-
simasi icin hasta kaynakli primer tumor hicreleri kullanilarak hastalarin
tedaviye karsi vermis olduklari yanitlarin gesitliligi ve metastaz olusturma
kapasiteleri gibi birgok timor davranisinin gosterilmesinde yara iyilesmesi
deneyi bir arag olarak kullanilabilir. Hekimin karar destek mekanizmasinda
in vitro arag olarak kullanilabilmesi icin daha genis popllasyonda detayli
¢alismalara ihtiyag duyulmaktadir.

Anahtar Kelimeler: Akciger Kanseri, primer kiltir, migrasyon, yara iyiles-
mesi deneyi
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INTRODUCTION

Lung cancer is one of the most common cancers in the world,
with approximately 2 million new cases and 1.76 million deaths
per year, and is the leading cause of cancer-related death (1).
Lung cancer consists of molecular and histologically heteroge-
neous subtypes. Two of these are non-small cell lung cancer
(NSCLC) and small cell lung cancer (SCLC) (2). NSCLC accounts
for 85% of all lung cancer diagnoses (3). Despite significant ad-
vances in treatment, NSCLC after surgical resection has a poor
prognosis. Lung carcinomas are mostly in metastatic stage IV
when diagnosed, and there are targeted organs for metasta-
sis, such as the brain, bones, and adrenal glands (4,5). Lung
carcinomas metastasize to lymphatic as well as blood vessels
(6). When resected lung carcinomas are carefully evaluated,
vascular invasion is often observed in low-stage tumors, which
often leads to an increased incidence of recurrence and redu-
ced patient survival (5). Therefore, identifying the molecular
mechanisms underlying lung cancer progression may aid in the
development of potential biomarkers and new therapeutic tar-
gets for malignancy (7).

For years, it has been suggested that collective cell migration
plays important roles in the invasion and metastasis of ma-
lignant tumors (8). Collective cell migration is a fundamental
process, a coordinated movement of grouped cells connected
via cell-cell connections (9). Various in vitro techniques have
been developed to study the dynamic process of collective cell
migration. Among these techniques, the wound-healing assay
is one of the most fundamental and commonly used methods
to study collective cell migration because of its potential to
visualize cells during migration (10). It is also commonly used
in drug trials to test the effectiveness of potential therapeutic
drugs and similar approaches (11,12).

In vivo and in vitro studies are frequently applied in cancer
research. However, the development and preclinical testing
of new cancer treatments is limited due to the scarcity of in
vivo models that demonstrate tumor growth and metastatic
progression (13). In addition, in vivo models are insufficient to
demonstrate essential aspects of human malignancies such as
invasion and metastasis; they are not predictive of clinical out-
comes and are expensive, as well as time-consuming (14,15).
However, in vitro models allow quantitative analysis and control
of most experimental variables in the tumor microenvironment
(16). In studies with cell lines, cell lines lose the characteristics
of the primary tumor and may produce different results, since
increasing passage numbers of cell lines can cause genotypic
and phenotypic differences (17,18). Furthermore, understan-
ding the genetic and epigenetic diversity of millions of patients
from a small number of cell lines is difficult because there is
wide variation in response to treatment between patients. This
is the driving force behind personalized medicine and the deve-
lopment of methods for obtaining and culturing primary tumor
cells from patients (19).

In addition to measuring the migration capacities of primary
cells obtained from NSCLC patients, the aim of this study was

to determine the treatment resistance profiles of patients by
demonstrating the effect of cisplatin, one of the “first choice”
drugs to treat lung cancer, on cell migration with the wound
healing assay.

MATERIAL AND METHODS

The experiments carried out within the scope of this project
are briefly schematized in Figure 1.
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Figure 1: Summary of the experiments carried out within the
scope of the project. Lung cancer cells isolated within the scope
of the previous project and stocked at -80°C were re-cultured
and incubated until sufficient cell number was reached. After
reaching a sufficient number, a vertical scratch was created on
the cell layer with a 10 pl pipette tip. Images of the scratched
area were taken every 2 hours under an inverted microscope.

Collection of samples and primary cell culture

Patients who were diagnosed with definite NSCLC as a result
of pathological examinations after surgical resection at Erciyes
University Thoracic Surgery Department were included in the
study. An informed consent form was signed from the patients
before the samples were collected. The cells used in this study
were obtained from the TUBITAK 1001 project “Genomic Profi-
ling of Cancer Stem Cells in Lung Cancer Patients,” numbered
2155849. This study was approved by the clinical research et-
hics committee of the Erciyes University Faculty of Medicine
under decision number 2015/372, dated 26.08.2015, and was
carried out according to the Declaration of Helsinki Principles
(www.wma.net/e/policy/b3.htm). For primary culture of pa-
tient-derived lung cancer cells, cancer tissues were brought
to the Genome and Stem Cell Center from Erciyes University
Medical Pathology Department in a cold transport medium
(Dulbecco’s Modified Eagle medium (DMEM; Gibco, Grand
Island, NY, USA, Cat. No. 41966029)) with 1% penicillin-strep-
tomycin (Thermo Fisher Scientific Waltham, Massachusetts,
USA, Cat. No. 15070063) within 30 minutes. Cells isolated from
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the tumor tissue after mechanical and enzymatic digestion in
the cabinet, with 1% penicillin-streptomycin (Thermo Fisher
Scientific Waltham, Massachusetts, USA, Cat. No. 15070063),
1% Amphotericin (Thermo Fisher Scientific Waltham, Massac-
husetts, USA, Cat. No. 15290026) and 1% L-Glutamine (STEM-
CELL Technologies Inc., Vancouver, Canada, Cat. No. 7100)
contained in the DMEM (Gibco, Grand Island, NY, USA, Cat.
No. 41966029), were cultured at 37°C incubator with 5% Co,
atmosphere.

Wound healing assay for determination of patient-specific
migration ability 4-8

For the wound healing experiment, which was designed with
3 repetitive groups, cells with passage numbers in the range
4-8 were cultured in a 24-well plate with cell densities of 2x10*
cells/well. A total of 12x10* NSCLC cells were used. When the
cells were at 80% confluence in the 24-well plate, a wound
was created by scratching using a sterile 10 pl micropipette
tip, which created a cell-free gap. Images were recorded with
the microscope every two hours for 24 hours to measure the
wound size.

Drug preparation and administration in wound healing
experiment

For the wound healing experiment, which was carried out in
3 repetitive drug groups 5 uM cisplatin and 3 repetitive cont-
rol groups, the cells with passage numbers in the range 4-8
were cultured in a 24-well plate with 2x10* cells/well. A total
of 12x10* NSCLC cells were used. 5 uM cisplatin was prepared,
while the cells were expected to coat the 24-well plate.

Cisplatin preparation

cis-Diamineplatinum (l1) dichloride (Sigma, Cat No: 479306)
was prepared in accordance with the protocol for making stock
solution from powder form. The protocol is explained below
in brief:

-Stock cisplatin was prepared with 1 mg of cisplatin in 1 ml of
medium.

-Since 5 uM cisplatin would be used within the scope of this

study, 5 pl of stock cisplatin was taken and 995 pl of falcon with
medium was taken. After pipetting to ensure heterogeneous
distribution in the solution, the 5 UM cisplatin dose was kept
at 4°C, ready to use. It was added to the culture dishes by pi-
petting before use.

When the cells covered the culture dishes, the wound was
created by scratching the cell layer with a 10 ul pipette tip
and was then washed with DPBS to eliminate the raised cells
from the culture dishes. Then, 5 uM cisplatin was added to the
drug group, while only the medium was added to the control
group. Wound closure was observed every two hours with an
inverted light microscope (DMil, Leica, Germany). Images of
the created wound were recorded using the Leica application
package V4 software.

Analysis

The wound area was measured using Java’s Image J software
(http://rsb.info.nih.gov). The migration of cells towards wo-
unds is expressed as percent wound closure. Wound closure
percentages were calculated according to the formula % wound
closure= [(At=0h- At=Ah)/At=0h ] X 100% (20). The correlation
of the migration in the patients’ cells between the hours was
analyzed by calculating their mean and standard deviation.

RESULTS

Clinical information of lung cancer patients

Tumor diameter, metastasis status, survival, and adjuvant treat-
ment options for patient-derived NSCLC cells used in this study
are given in Table 1. According to the information obtained
from the Erciyes University Thoracic Surgery Department, it
was seen that Patient 1 and Patient 3 had brain and lymph
node metastases.

Wound healing assay of patient-derived lung cancer cells
Images of the wounds created with a 10 pl pipette tip in the
wound healing assay are shown in Figure 2. When cells cultured
in 24-well plates were scratched after covering the culture dish,
it was considered the Oth hour of the wound healing assay. Cell
images were recorded every two hours for 24 hours.

Table 1: Clinical information of patients with non-small cell lung cancer

Patient Tumor . . Adjuvant
Numbers Age Diameter Stage Metastasis Survival treatment
Brain-Ly
Patient1 52 6*4*4 1 rain-Lymph Ex -
node
Living
Patient 2 58 1.2*%0.8*%0.*8 | - without -
disease
. Living
Patient3 67 6*4*4 o Brainlymeh -
node .
disease
Patient 4 72 4*3%*3 | - Ex Chemotherapy
Living
Patient 5 52 5.5%4.5%4 I - without Chemotherapy

disease
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Patient 2

Patient 3

4 hours

8 hours

Figure 2: Wound healing assay images of cancer cells of Patient 2 and Patient 3. The wound area is
indicated by lines. Images of the wound area at 0, 4, and 8 hours were recorded with a 4X objective.

(Three repetitions)

Control

Patient 4

Cisplatin

8 hours 16 hours

N
|

Figure 3: Wound healing assay images of Patient 4, which was performed by creating an experimental
group containing 5 UM cisplatin and a control group without cisplatin in cancer cells of NSCLC pati-
ents. 0, 8 and 16 hours are shown. Cell images with a scratch area were recorded with a 4X objective.

(Three repetitions)

Wound healing assay of patient-derived lung cancer cells
(cisplatin)

Within the scope of this study, cell images of two different
groups, the experimental group containing 5 uM cisplatin and
the control group without cisplatin, were recorded every two
hours for 24 hours. Likewise, images of wounds created with a
10 pl pipette tip are shown in Figure 5 for both groups. When
cells cultured in 24-well culture dishes were scratched after
covering the culture dish, it was considered the Oth hour of
the wound healing experiment. Width (Figure 4A-B) and area
measurements were made on the recorded cell images with
the ImageJ program (Figure 4C-D).

Comparison of wound widths in patient-derived primary lung
cancer cells
The findings of the comparison of wound widths of both groups

with and without cisplatin are shown in Figure 5. In order to
show the differences between the patients more clearly, the
graph of each patient is shown separately.

Comparison of wound areas in patient-derived primary lung
cancer cells

The findings of the comparison of the wound areas of both
groups with and without cisplatin are shown in Figure 6.

Comparison of wound closure percentages in patient-origina-
ted primary lung cancer cells

Wound closure percentages were calculated according to the
formula % wound closure= [(At=0h- At=Ah) /At=0h] X 100% in
order to compare the clinical data and CSC rates of the patients
according to the closure between the experimental and control
groups (Figure 10).
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Figure 4: Measurements of the experimental and control groups obtained as a result of the 24-hour follow-up of the wound
widths and wound areas created as a result of the wound healing assay of NSCLC patients. (A-B) Measurements of wound
widths every two hours for 24 hours in the drug and control groups in the wound healing assay of NSCLC patients. (C-D) Me-
asurements of wound areas every two hours for 24 hours as a result of the wound healing assay of NSCLC patients. All expe-

riments were repeated three times.
DISCUSSION

NSCLC migration is the most prevalent subtype of lung cancer,
with a five-year survival rate of roughly 15% (21). At the time
of diagnosis, the majority of NSCLC patients are in the metas-
tatic stage (22). 90% of all cancer-related deaths are thought
to be caused by tumor metastases (23). Studies both in vivo
and in vitro demonstrate that metastatic cancer cells spread
one at a time (24). For a better understanding of metastasis, it
is essential to comprehend the methods through which these
tumor cells migration and penetrate (25). The molecular un-
derpinnings of lung cancer and studies on metastasis must be
further investigated because lung cancer is already metastatic
when it is diagnosed. Therefore, our study compared the migra-
tion capabilities of patient-derived primary cells with different
profiles in NSCLC, the most common subtype of lung cancer.
Table 1 displays the patients’ clinical profiles. It is seen that
Patient 1 (P1) and Patient 3 (P3) have metastases, and Patient
4 (P4) and Patient 5 (P5) receive chemotherapy.

Although cell migration has an important role in cancer and
metastasis, approaches to studying cell migration are very
important in oncology, since cell migration is related to the
effects of new therapeutic drugs and chemoattractants in the
metastatic process. (26,11). Particularly, collective cell migrati-
on is a common type of migration seen during wound healing

and metastasis of epithelial cancers (27,28). In addition, cell
migration, which plays a role in re-epithelialization, is a me-
diator of angiogenesis and tumor invasion (29-31). Therefore,
cell migration may also mediate cancer. Cell migration is an
essential component of pathological and physiological proces-
ses encompassing all these (10). It is possible to monitor the
metastasis potential of cancer cells with the wound healing
assay, which is a common in vitro biological assay used to inves-
tigate cancer cell migration and to test drugs with therapeutic
efficacy. In the study by Bahar et al. on four ovarian cancer cell
lines, it was shown that the cell lines have different migrati-
on capacities (11). In the study by Pijuan and colleagues, the
migration capacity of melanoma cells was demonstrated by a
wound healing experiment (32). In another study by Jonkman
and colleagues, the migratory capacity of breast cancer cells
was demonstrated with a wound healing experiment in MCF7,
a breast cancer cell line (33). In addition, in the study by Sulli-
van et al., it was shown that the wound area decreased three
times faster in MDA-MB-231 cells compared to the less invasive
MDA-MB-468 cells (34).

Wound healing assay is frequently used in the literature to
measure the migration ability of cells. Although the wound
healing assay is widely used, there are some limitations to the
traditional wound healing experiment. First, the scratch rate
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Figure 5: Comparison of wound widths in cisplatin and control groups of NSCLC patients (Three repetitions)

and shape of the injured area may vary between different ex-
periments. Second, scraping involves mechanical damage to
cells and cellular contents may be released into the environ-
ment. The extent of cell damage is difficult to control and can
complicate the process of cell migration (10). These limitations
can make comparisons between experiments difficult. For this
reason, the optimization of the experiment was performed and
the images of the cells were taken at intervals of two hours,
as the experiments were repeated in triplicate. Two-way ve-
rification was provided by calculating the area as well as the
wound width. The Image J program was used to avoid manual
errors in the measurements. As a result of measuring the wo-
und width according to a fixed area determined, at the 10th
hour of the cancer cells of P3 and the 12th hour of the can-

307

cer cells of P2 the cancer cells completely covered the wound
width it was observed that the cancer cells of P1, P4, and P5
completely covered the wound width at the 18th hour (Figure
4A). Consistent with these data, cancer cells were detected in
the entire wound area belonging to P3 at the 10th hour and
cancer cells of P2 at 12th hour. It was observed that the cancer
cells of P1, P4, and P5 completely closed at 18 hours (Figure
4B). Although they closed the wound area at the same time,
it was observed that the cancer cells with the slowest rate of
closing the wound area belonged to P4, followed by P5 and P1,
respectively. It was observed that the cancer cells that closed
the wound area the fastest belonged to P3. These results show
that cells from different patients exhibit different profiles. Ima-
ges of the wound healing experiment in the cancer cells of P2
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Figure 6: Comparison of the wound area in the cisplatin and control groups of NSCLC patients (Three repetitions)

and P3 (both NSCLC patients) are given in Figure 2. When we
look at the images of the wound area at 0 hours, 4 hours, and
8 hours in patients whose wound area is indicated by lines, it is
seen that P3’s cells migrated to the injured area more quickly
compared to P2. In these images of both patients, it is seen that
the migration abilities of the cancer cells of the two patients
are different. Considering the clinical information of the patient
in Table 1, which confirms this finding, it is seen that P3 has
brain-lymph node metastasis. It can be said that this migration
ability of P3’s cells is related to metastasis.

Adjuvant cisplatin-based chemotherapy is the standard of care
in patients with completely resected NSCLC stage II-Ill and in
patients with stage | NSCLC (35). Cisplatin interacts with DNA

double strands by formation of interstrand and intrastrand ad-
ducts, and thereby induces apoptosis in cancer cells through
the interference with DNA replication and gene transcription.
Similar to other chemotherapeutic agents, the effect of cispla-
tin is commonly limited by the resistance of cancer cells. Cisp-
latin resistance can be intrinsic or acquired (36). Manguinhas
and colleagues investigated cancer cell migration and invasion
with the chemotherapeutic agent cisplatin and the cytotoxicity
E3330 using the NSCLC cell line H1975 with a wound healing
assay used to assess collective cell migration, maintenance of
functional cell-cell junctions, and movement of cells across a
horizontal surface (37). To investigate the effect of cisplatin on
human lung cancer epithelial H460 cells migration, Maiuthed
and colleagues performed wound healing assays (38). In this
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Figure 7: Comparison of the percentage of wound closure in the cisplatin and control groups of NSCLC patients (Three

repetitions)

project, cisplatin, as the most widely used drug in NSCLC pa-
tients, was chosen for migration profiling of patient-derived
cells in cell migration, since it blocks cell division. As a result of
the experiments, the cell images of both the control and drug
groups of P4, one of the cisplatin-administered groups, are gi-
ven in Figure 3. It was observed that the wound areas were
completely closed as follows. According to a fixed region
determined in the groups, the wound width was deter-
mined by the cancer cells of P2 and P5 at the 12th hour,
the cancer cells of P3 at the 16th hour, the cancer cells of
P4 at the 20th hour, and the cancer cells of P1 at the 20th
hour. (Figure 4B). Consistent with these data, in the cisplatin
administered groups, it was observed that the wound area was

completely closed at the 12th hour in the cancer cells of P2 and
P5, at the 16th hour in the cancer cells of P3, at the 20th hour
in the cancer cells of P4, and at the 22nd hour in the cancer
cells of P1 (Figure 4D). When the closure rate was compared
among the patients, it was observed that although P2 and P5
closed the wound area at the same time, the cancer cells with
the fastest rate of closing the wound area belonged to P2. P3,
P4, and P1 followed the rate of closure of the wound area by
the cancer cells from high to low (Figure 4). The fact that both
wound widths and wound areas, which were formed from trip-
licate groups according to the patient, supported each other,
and that similar quantitative values showed the standardizati-
on of the study, provided support for the differences between
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patients with more data (Figure 5,6). When the graph obtained
is matched with the patients’ clinical information, the absence
of metastases in P2 and P5 can be interpreted as reduced agg-
ressiveness and being more affected by the chemotherapeutic
agent cisplatin. The closure of P1 in the cisplatin-containing
group at the 22nd hour was examined. This patient’s clinical
data includes metastasis information, which does not reflect
the aggressiveness and invasiveness of P1’s cancer cells.

Wound closure percentages were calculated according to the
formula in the literature in Figure 7 (20). When these graphs
are examined, (i) as expected, the control group of Patient 1
was found to close earlier than the cisplatin group. It is found in
the clinical data that this patient has metastasis. Although there
is metastasis, delayed closure of the wound area compared to
other patients may also be the result of heterogeneity between
patients. (ii) P2 does not seem to have a history of metastasis
or chemotherapy. In the wound healing experiment created
from the cancer cells of this patient, it was observed that both
the control group and the drug group containing cisplatin were
closed very quickly at the 12th hour. When compared with
the clinical picture of other patients, there was no correlation
between metastasis and closure rate. (iii) It was observed that
the wound area created in P3 closed faster than the cisplatin-
containing drug group, as expected in the control group. Consi-
dering that cancer cells belonging to P3 are the fastest closure
group compared to other patients and they have metastases
in their clinical information, there may be a relationship bet-
ween the ability to migrate and metastasize. (iv) In the wound
healing experiment of P4, who was known to have received
chemotherapy and had no metastases, it was observed that
the control group had closed before, as expected. Compared
to the closure time of the wound created in other patients, P4
closed later and the slower migration ability compared to ot-
her patients may be associated with metastasis. (v) The clinical
picture of P5 shows that the patient received chemotherapy
and has no metastases. In the areas where wound damage
was created, closure occurred in both groups at close hours.
In another study, it was shown that cisplatin-resistant cancer
cells migrated more than non-resistant cells in a wound healing
assay (39). The reason for this may be that cancer cells develop
resistance to chemotherapy and therefore close at similar times
between the drug group and the control group. In addition,
considering that the control group closed later than other pa-
tients, slow migration abilities compared to other patients may
be associated with metastasis.

Wound healing assay can be used as a tool in demonstrating
the patient-specific migration ability of patients applying to the
clinic in vitro, measuring differences in response to treatment
and differences in drug resistance between patients. Detailed
studies should be carried out by analyzing more patients and
different parameters in order to be used as support in clinical
decisions, such as the treatment to be given by the physician
in the clinic according to the patient profile.
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ABSTRACT

Objective: This study investigated the effect of silver diamine fluoride
(SDF) pretreatment on the fracture resistance of Class | composite
restorations in molars.

Materials and Methods: Twenty non-carious human third molars were
extracted for orthodontic needs and pericoronitis were used. The teeth
were randomly divided into control (n=10), and study (n=10) groups, and
occlusal cavities were prepared. In the study group, 38% SDF solution was
applied to the cavity and dried for 1 minute. The cavity was treated with
Gluma (Heraeus Kulzer, Dormagen, Germany), a self-etch adhesive, for 20
seconds and light-cured for 20 seconds. Filtek Z250 composite resin (3M
ESPE, Seefeld, Germany) was inserted and light-cured for 40 seconds. The
control group underwent the same procedure without SDF pretreatment.
Both groups experienced thermocycling for 5000 cycles between 5 and
55°C. Samples were embedded in acrylic cylindrical pipes and tested for
fracture resistance using a fracture resistance test device. The continuously
increasing compressive load was applied at a 0.5 mm/min crosshead
speed until specimen fracture. The values at the moment of fracture were
recorded in Newtons (N). Data were analyzed using an independent
samples t-test, with p-values <0.05 considered significant.

Results: The mean fracture resistance for the group treated with 38% SDF
was 1568 + 461.8 N, while the group without SDF treatment showed 1192
+ 307.6 N. No statistically significant difference was found between the
groups p>0.05.

Conclusion: SDF pretreatment did not enhance the fracture resistance of
Class | composite restorations in molars.

Keywords: Composite resin, fracture resistance, silver diamine fluoride

oz

Amag: Bu calisma, giimus diamin florir (GDF) 6n islem uygulamasinin
molar dislerdeki sinif | kompozit restorasyonlarin kirilma direnci Gzerinde-
ki etkisini aragtirmayr amaglamaktadir.

Gereg ve Yontem: Ortodontik gereksinimler ve perikoronit nedeniyle gekil-
mis 20 adet guirlikstiz insan Ugiinct azi disi kullanildi. Disler rastgele kontrol
(n=10) ve galisma (n=10) gruplarina ayrildiktan sonra okliizal kaviteler
acildi. Calisma grubunda, %38 GDF soliisyonu kaviteye uygulanarak 1 daki-
ka kurumaya birakildi. Kavite, 20 saniye boyunca Gluma (Heraeus Kulzer,
Dormagen, Almanya), kendinden asitli adezivle isleme tabi tutuldu ve 20
saniye 1sikla polimerize edildi. Filtek Z250 kompozit regine (3M ESPE,
Seefeld, Almanya) yerlestirildi ve 40 saniye 1sikla polimerize edildi. Kontrol
grubu, GDF 6n islemi yapilmadan ayni restorasyon islemine tabi tutuldu.
Her iki grup da 5 ve 55°C arasinda 5000 dongli termosiklus islemine tabi
tutuldu. Ornekler akrilik silindirik borulara yerlestirildi ve kirilma direnci
test cihazi kullanilarak kirilma direnci igin test edildi. Surekli artan sikistir-
ma yuki, numune kirillincaya kadar 0,5 mm/dk ¢apraz kafa hizinda uygu-
landi. Kirllma anindaki degerler Newton (N) cinsinden kaydedildi. Veriler
bagimsiz drneklem t-testi ile analiz edildi ve p degerleri <0,05 olanlar
istatistiksel olarak anlamli kabul edildi.

Bulgular: %38 GDF ile islem goren grup igin ortalama kirilma direnci
1568+461,8 N iken, GDF islemi yapilmayan grup 1192+307,6 N gosterdi.
Gruplar arasinda istatistiksel olarak anlamli bir fark bulunmamistir p>0.05.
Sonug: GDF 6n islem uygulamasi, molar dislerdeki sinif | kompozit resto-
rasyonlarin kirilma direncini artirmamistir.

Anahtar Kelimeler: Kompozit rezin, kirilma direnci, gtimus diamin flortr
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INTRODUCTION

Dental caries is the most prevailing health problem experienced
among children early in life. Moreover, its incidence has been
reported to have increased in recent years. Consequently, the
quality of life is adversely affected due to the rapid progression
of carious lesions leading to pain and tooth loss unless an
appropriate treatment protocol is applied (1).

In recent years minimally invasive dentistry has become the
preferred treatment option by clinicians, as it meanwhile
preserving healthy tissues. One of the crucial principles of the
minimally invasive approach is minimizing the risk of recurrent
disease. There is unequivocal evidence that secondary caries
are the most common cause of restoration failure (2). To
prevent secondary caries formation, creating a pathogenic
bacteria-free cavity is essential before restoration (3). Silver
diamine fluoride (SDF) has been recommended since it arrests
and prevents new caries formation, either as a standalone
treatment or under restorations (3-9).

SDF is an alkaline, colorless, topically applicable solution
containing fluoride and silver ions. Silver compounds are
used in medicine and dentistry because they can provide an
antimicrobial effect. On the other hand, fluoride is routinely
used in various forms and ratios to prevent and stop caries as a
gold standard. It has been suggested that the synergistic effects
of silver and fluoride can halt the caries process and prevent
the development of new caries (8, 9).

It has been shown that following the application of SDF,
demineralized enamel and dentin undergo remineralization,
resulting in a mineral-rich surface containing calcium and
phosphate within the carious lesions and subsequently
reducing mineral loss (10).

When applied to dentin cavities, silver has the ability to inhibit

bacterial growth by interacting with bacterial cell membranes
and enzymes. Furthermore, silver is also a potent cathepsin
inhibitor and prevents dentin collagen degradation (11-13).
However, integrating silver particles into dentinal tubules
might affect the mechanical characteristics of restorations
adversely (4).

It is claimed that SDF helps to eradicate cariogenic bacteria
and promotes remineralization when applied in the same
appointment prior to either under glass ionomer or composite
resin restorations (7, 14).

The effects of SDF under restorations on avoidance of recurrent
caries and the quality of bond strength are well documented
(3-9). However, it remains unclear whether SDF affects fracture
resistance, because the use of SDF has increased, particularly in
permanent teeth, during the pandemic. Therefore the aim of
this in vitro study was to investigate the effect of silver diamine
fluoride (SDF) pretreatment on the fracture resistance of Class
| composite restorations in molars. The null hypothesis of this
study is that SDF pretreatment of Class 1 cavities in non-carious
molar teeth has no effect on fracture resistance of composite
restorations

MATERIALS and METHODS

Twenty non-carious human third molars extracted due to
orthodontic needs and pericoronitis were used in the study.
Before the commencement of the study, signed written consent
from the participants and ethical approval from the Istanbul
Aydin University Ethical Committee (Date/No: 2021/373) was
taken.

All teeth were examined under a magnifying glass to exclude
cracked samples from the study. Mesiodistal and buccolingual
widths of the teeth were measured by a digital caliper
(Mitutoyo Corp, Tokyo, Japan). In order to standardize the cavity

Table 1: The force values at which fracture occurred of each sample in the study and control groups and statistical analysis of

the data
Study group (n=10) Control group (n=10)
(Newton) (Newton) P
2148.0 349.2
2234.9 621.9
2199.6 1534.4
1350.9 1514.4
1319.8 1055.8
861.0 1383.0
1289.0 1462.6
1075.7 1803.3
1687.1 1231.0
1514.0 964.4
MeantSD (Newton) 1192+307.6 1568+461.8 0.09

SD: Standard deviations
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dimensions, teeth with a mesiodistal width of 12.0+0.5mm
and buccolingual widths of 10+0.5mm were included in the
study. The teeth were randomly divided into control (n=10) and
study (n=10) groups. All cavity preparations and restorations
were performed by one operator (PNB). Class | cavities with a
depth of 2mm, buccolingual width of 2mm, and a mesiodistal
width of 8mm were prepared using round and fissure diamond
burs. Cavity dimensions were checked by a millimeter-tipped
periodontal probe. In the control group, after preparing the
cavities, the self-etch adhesive system Gluma (Heraeus Kulzer,
Dormagen, Germany) was applied to the cavity using a micro
brush and massaged for 20 seconds. The adhesive was then
air-thinned and light-cured for 20 seconds with a high-intensity
LED curing unit operating at 1470 mW/cm? and 430-480nm
wavelength (Elipar™ Deepcure-S, 3M ESPE, St. Paul, MN, USA).
Subsequently, a composite resin, Filtek Z 250 in A2 shade (3M
ESPE, Seefeld, Germany), was inserted in the cavity and was
light-cured for 40s. Finally, the restoration was polished using
extra-fine diamond finishing burs and alumina-oxide-containing
discs (Soflex; 3M ESPE, Seefeld, Germany).

In the study group, 38% SDF solution (Saforide™, Toyo Seiyaku
Kasei Co. Ltd., Osaka, JP) was applied in cavities prior to
composite resin restorations. One drop of SDF was taken into
the bond brush and rubbed on the cavity floor, and it remained
there for one minute. The excess was removed with the help of
cotton pellets and air-dried. Then, restorations were completed
as described for the control group.

The restored teeth underwent thermocycling for 5000 cycles
between 5 and 55°C with a dwell time of 30s and a transfer
time of 15s. Following the thermocycling procedure, all
samples were embedded in acrylic cylindrical pipes up to the
enamel-cement junctions and were connected to a fracture
resistance test device (Modental, Esetron, Ankara, Turkey). The
compressive load was subjected to the point corresponding to
the central fossa of the sample teeth. The fracture resistance
strength test was performed by applying a force parallel to
the long axis of the tooth at a speed of 5 mm/min with a
continuously increasing rate. Values were recorded in Newton
(N) when the fracture was observed.

Ultimately, fracture type was individually determined by two
blinded examiners (ATA, PNB) under a stereo-microscope (SFC-
11A N2GG Motic, Motic Group Co. Ltd., Hong Kong, China).

The following classification was used to determine the fracture
type:

Type I: Adhesive fracture between dentin and adhesive
Type II: Cohesive fracture in dentin
Type llI: Cohesive fracture in material

Type IV: Mix fracture; in both the restorative material and
dentin (15).

Statistical analyses
All analyses were performed using SPSS 19 (IBM SPSS Statistics
19, SPSS Inc., an IBM Co., Somers, NY, USA). Data were analyzed
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by using an independent sample t-test. Values of p <0.05 were
considered significant.

RESULTS

The fracture resistance (N) for each sample for SDF and
control groups are shown in Table 1. The mean fracture
resistance values and standard deviations for Class | composite
restorations were 1568+461.8 for the study group and
11924307.6 for the control group (Table 1). There was no
statistically significant difference between the two groups
according to the independent samples t-test result (p=0.09).
Upon examining the fractured specimens to determine the
fracture type, it was found that all the restorations displayed
adhesive failures (Type ).

DISCUSSION

A restorative material not only repairs lost tooth structure but
also enhances the fracture resistance of the tooth and provides
effective marginal sealing (16). However, secondary caries and
fractures are the primary reasons for composite restoration
failure (17). The resistance of the cavity wall and margins must
be increased to inhibit the recurrence of secondary caries. SDF
application can potentially address this issue (9). In the present
study, the mean fracture resistance values and standard
deviations for Class | composite restorations were 1568+461.8
for the study group and 1192+307.6 for the control group (Table
1). There was no statistically significant difference between the
two groups according to the independent samples t-test result
(p=0.09). Therefore, the null hypothesis was confirmed that
SDF pretreatment of Class 1 cavities in non-carious molar teeth
has no effect on fracture resistance of composite restorations.

Thermal cycling is an ageing process that simulates thermal
stresses typically occurring in the mouth by exposing samples to
extreme temperatures (16). According to ISO TR 11450 (1994)
standards, although immersing the specimens in water baths
for at least 20s at 5 and 55°C for 500 times and the transfer time
between baths 5s-10s is a suitable accelerated ageing method,
this cycle number is insufficient to imitate the tooth bonding
efficiency of the restoration (18). Therefore, in the present
study, the specimens were undergone 5000 thermo-cycles
between 5 and 55°C with a dwell time of 30s and a transfer
time of 15s.

In an effort to prevent secondary caries formation under
restorations, various antibacterial and remineralizing agents
are recommended to inhibit and remineralize affected dentin
lesions. Some are integrated into adhesive systems and
restorations, whereas others are applied directly to cavities
as a base/liner. These agents have been reported to inactivate
residual bacteria and condition dentine to achieve a better
restoration bonding (3, 19). Likewise, SDF has also been
effective in preventing new caries formation and promoting
remineralization of enamel and dentin (20). Shimizu and
Kawagoe reported no recurrent caries development after
26 months in SDF-pretreated primary teeth restored with
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amalgam (21). Mei et al. observed a reduction in secondary
caries under composite resin and glass ionomer cement
restorations following SDF conditioning (7).

Considering its potential use under restorations intrigued the
researchers to assess its possible effect on the bonding of
restorations (3, 15). However, studies on enamel bond strength
are limited and reveal different results (15, 22). SDF application
on enamel has shown no significant impact on orthodontic
bracket bonding strength, but it reduced the bond stability of
self-etch universal adhesives (15, 22). Such deviations could
be attributed to different study designs and adhesive systems.
A systematic review of the effects of SDF application on the
bond strength of dentin to adhesives and glass ionomer cement
could not reach a definitive conclusion, as the results revealed
inconsistent outcomes (23). Danaeifar et al. reported that
dentin pretreatment with SDF did not affect the shear bond
strength of the tested bulk-fill materials in human permanent
premolars (24). While this study did not specifically investigate
the impact of SDF on restoration bond strength, both the
experimental and control groups exhibited adhesive failures.

To date, there is not a study that has investigated the
application of SDF on fracture resistance of composite
restorations. In the present study, both groups showed higher
mean fracture resistance values compared to the maximum
human physiological masticatory and biting loads, reported to
be 880N and 900N, respectively (25, 26). Although the group
treated with SDF had higher fracture resistance than the control
group, the difference was insignificant. This in-vitro study
mimics intraoral conditions; however, it is well known that
in-vivo studies are required for realistic results. On the other
hand, it would be beneficial to test shear-bond strength on
carious teeth to support our results. Within the limitations of
the present study, the use of SDF in non-carious Class | cavities
had no beneficial effect on the fracture resistance of composite
restorations.

CONCLUSION

The present study demonstrated that the application of SDF
in Class | cavities of non-carious permanent molars did not
csignificantly alter the fracture resistance of the restorations.
However, various mechanical tests and further clinical studies
are required to expand its clinical use as a remineralizing and
caries-inhibiting agent under restorations. Further studies,
both in-vitro and in-vivo, with larger sample sizes and varied
experimental conditions, are recommended to evaluate
fracture resistance.
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ABSTRACT

Objective: The aim of this study was to evaluate the effects of different
types of finishing and polishing systems on the surface roughness of
indirect composite resins.

Materials and Methods: In this study, 2 indirect composite resins (Gradia
Plus (GC Inc., Kyoto, Japan, and Ceramage, SHOFU Inc., Kyoto, Japan) and
2 direct composite resins (Filtekz250, 3M ESPE, St. Paul, USA and
GradioSO, VOCO GmbH, Cuxhaven, Germany) were used. A total of 144
discs specimens were prepared. The specimens were randomly divided
into 3 subgroups (n=12). Group K: Mylar Strip Band (Control), Group L:
Silicone Polisher (Nais, Sofia, Bulgaria), Group D: Super Snap disc (SHOFU,
Kyoto, Japan) polishing systems were used. The surface roughness of the
specimens was measured using a profilometer (Surftest-211, Kanagawa,
Japan). The data were analyzed statistically (p<0.05).

Results: The Mylar strip band surface (control) was measured as the
smoothest surface in all groups. While the roughest surface measured was
polishing with silicone polishers. (p<0.05). While there is no significant
statistical difference between the Mylar strip band and yellow rubber
polishing system in all materials, a significant difference was found in the
Super Snap polishing disc system between Filtek Z250 and Ceramage
material (p=0.002).

Conclusions: In this study, both the polishing systems used and the
materials used had an effect on the surface roughness of indirect resin
composites.

Keywords: Indirect composite resin, polishing systems, surface roughness

oz

Amag: Bu calismanin amaci; farkl tipteki bitirme ve cila sistemlerinin indi-
rekt kompozit reginelerin ylzey partzliligine etkisini incelemektir.
Gereg ve Yontem: Bu calismada 2 indirekt kompozit rezin (Gradia Plus, GC
Inc., Kyoto, Japonya) ve Ceramage (SHOFU Inc., Kyoto, Japonya) ve 2direkt
kompozit rezin (FiltekZ250 (3M ESPE, St. Paul, ABD) ve GradioSO (VOCO
GmbH, Cuxhaven, Almanya) kullanilmistir. Toplam 144 adet disk seklinde
érnek hazirlandi. Ornekler rastgele 3 alt gruba ayrildi (n=12). Grup K:
Mylar Strip Band (Kontrol), Grup L: Silikon Parlatma Lastigi (Nais, Sofia,
Bulgaristan), Grup D: Super Snap disk (SHOFU, Kyoto, Japonya) polisaj sis-
temi kullanildi. Orneklerin yiizey pirizlilik &lgiimi profilometre
(Surftest-211, Kanagava, Japonya) kullanilarak 6lguldi. Elde edilen veriler
istatistiksel olarak analiz edildi (p<0,05).

Bulgular: Bitiin gruplarda istatistiksel olarak anlamli sekilde Mylar strip
band alti ylzey (kontrol) en plrizsiz yuzey olarak dlgtlurken; en puruzlu
yuzey silikon parlatma lastigiyle yapilan cilada olgulmustur. (p<0,05).
Buitlin materyallerde Mylar strip band ve silikon lastik cila sistemi arasinda
istatistiksel olarak anlamli bir fark gérilmezken; Filtek Z250 ve Ceramage
materyali arasinda Super Snap cila disk sisteminde anlamli fark bulunmus-
tur (p=0,002).

Sonuglar: Bu galismada, indirekt kompozit reginelerin ylzey plrazIlultgi-
ne hem kullanilan polisaj sistemlerinin hem de materyallerin etkisi olmus-
tur.

Anahtar Kelimeler: indirekt kompozit regine, cila sistemleri, yiizey piiriiz-
lalagu
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INTRODUCTION

Nowadays, the demand for tooth-colored restorations continu-
es to increase in direct proportion to the aesthetic expectations
of the patients. Composite resins are the first-choice materi-
als for direct restorations by clinicians (1). Indirect composi-
te resin restorations are also used in restorative dentistry to
overcome some of the disadvantages seen in direct composite
restorations, such as polymerization shrinkage and difficulties
in obtaining an ideal proximal contact and anatomical form
(2-4). Indirect composite resins (inlay, onlay, overlay, etc.) are
composite restorations prepared in laboratories. The indirect
composite inlay technique was introduced in the early 1980s
and first-generation indirect composites were produced thanks
to this technique. First-generation indirect composites have
advantages such as ease of fabrication, adequate marginal
adaptation, reduced polymerization shrinkage, and adequate
proximal contact. Despite these advantages, first-generation
composites have microfill filler content and have been shown
to have disadvantages such as marginal and isthmus fractures
under heavy occlusal loads, occlusal wear, and poor color sta-
bility. In the mid-1990s, a second generation of indirect compo-
sites was produced by Touati (3-5). The clinical performance of
second-generation indirect composite resins was found to be
better than first-generation composites, as they have impro-
ved mechanical properties with a high filler content of 60-70%
(3-5). For the polymerization of indirect composites used in
laboratories, special devices containing light, heat, pressure, or
a combination of these have been produced. This method of
polymerization increases the durability and longevity of com-
posites (5).

For a good composite restoration, in addition to the composite
resin properties, finishing and polishing processes are also of
great importance (6). Proper finishing and polishing of resto-
rative materials are very important procedures that increase
the aesthetic properties and the clinical life of restorations.
The composite resin’s organic matrix and inorganic filler types,
particle sizes and amounts, technique and the tools used affects
the surface structure of the restoration and determine its po-
lishability. The difference in hardness between inorganic filler
particles and organic matrices causes the surface to remain
rough after polishing. Inorganic filler particles are harder and
have less wear than organic matrix (6-8). The surface of a ro-
ugh restoration increases plaque accumulation which results in
gingival inflammation, surface discoloration, and discoloration
in the restoration. In addition, an increase in friction coefficient
and wear rate is observed on rough surfaces. Therefore, a smo-
oth surface is a crucial factor for the long-term clinical perfor-
mance of restorations (7). Also, a smooth surface contributes
to patient comfort, as a 0.2-0.3 um change in surface roughness
can be detected with the tip of the tongue (8).

While finishing means removing the irregularities at the finis-
hing border of the restoration and creating anatomical contours
in order to obtain the desired anatomy, polishing means redu-
cing the roughness created by the finishing tools and removing
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the scratches (6). Composite resins polymerized against clear
tape will have the smoothest possible surface, although not
devoid of surface imperfections. Although this surface is rich
in an organic matrix, this layer must be removed by finishing
and polishing operations. At the same time, with these finis-
hing and polishing processes, excess materials are removed
and restorations are reshaped (7).

One of the most important purposes of restorative dentistry
practices is to make restorations with the closest physical pro-
perties to the tooth tissue. It is the aim of well-finished and
polished restorations to have a surface similar to the enamel
tissue. In order to obtain a smooth surface, there are carbide
and diamond burs, white stones, polishing rubbers and discs,
tapes, aluminum oxide, or diamond-containing rubber and pads
on the market. However, properties such as the structure, filler
content, and type of composite resins affect the success of the
finishing and polishing processes (9).

According to the literature, there are many studies examining
the effects of polishing systems on the surface roughness of
composite resins (7,10-14). However, there are a limited num-
ber of studies examining the surface roughness of structurally
developed indirect composite resins, the usage areas of which
are gradually expanding (15,16).

The aim of this in-vitro study was to evaluate the effects of
different polishing systems on the surface roughness of indirect
composite resins. The null hypothesis of this study was diffe-
rent polishing systems do not affect the surface roughness of
indirect composites.

MATERIALS and METHODS

In this study, 2 different indirect composite resins, Gradia Plus
(GC Inc., Kyoto, Japan) and Ceramage (SHOFU Inc., Kyoto, Ja-
pan), and two different direct composite resins FiltekZ250 (3M
ESPE, St. Paul, USA) and GradioSO (VOCO GmbH, Cuxhaven,
Germany) were used. Table 1 shows the manufacturer and
material contents.

The required minimum number of specimens for the study was
calculated using G*Power v.3.1 software (Heinrich, Dusseldorf,
Germany), based on an alpha level of 0.05 (type | error), effect
size of 0.4, and beta power of 0.90 (1 - type Il error). The es-
timated minimum number of specimens for each group was
determined to be 12. In this study, a total of 144 specimens of
2 mm height and 6 mm diameter were prepared, 36 specimens
of each restorative material. After the composite resin was pla-
ced on the plastic molds, the upper surface was covered with
Mylar strip tape and compressed with a glass plate to obtain a
smooth surface. Then, the direct composite resins were light-
cured for 20 seconds using an LED light device (Elipar S10, 3M
ESPE, St. Paul, USA). To complete the polymerization of the
indirect composite resins, the specimens were placed in a la-
boratory light-curing device (GC LABOLIGHT LV-IIl, GC, Tokyo,
Japan) for 3 minutes according to the manufacturer’s instructi-
ons. After polymerization, all samples were removed from the
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Table 1: Materials, ingredients and manufacturers used in the study

Material Manufacturer x::enal Ingredients Lot number

Gradia Plus, . . UDMA, EDMA (weight 75% filler: Ceramic,

(Indirect composite) GC Inc., Kyoto, Japan Microhybrid Prepolymer, Si02) 1901151

Ceramage SHOFU Inc., Kyoto, . . UDMA, UDA, zirconium silicate (weight 73%

M h 12182

(Indirect Composite) Japan icrohybrid filler), Pigments and others. 828
Resin matrix: bis-GMA, TEGDMA, bis-EMA

GradioSO VOCO GmbH, . Filler: 1 p glass ceramic fillers with 2040 nm

(Direct Composite) Cuxhaven, Germany Nanohybrid silicon dioxide nanoparticles. 89% filler by 1921607
weight.
Organic matrix: TEGDMA < 1-5%; Bis-GMA <

Filtekz250 3M ESPE, St. Paul, MN, . . 1-5%; Bis-EMA 5-10%; UDMA 5-10%

(Direct Composite) ABD Microhybrid Filler: Zirconium/silica; 60% volume inorganic NA14156
filler

Super Snap Disc Set

(Aluminum oxide coated SHOFU Inc., Kyoto, Polishing disc Aluminum oxide 0321017

. Japan
discs)
Silicon Rubber Nais Ltd, Sofia, Bulgaria Polishing rubber  Fine grain silicon particle 1002F082017563

BisGMA: Bisphenol A diglycidyl ether dimethacrylate, BisEMA: Bisphenol A Polyethylene Glycol Diether Dimethacrylate, TEGDMA: Triethylene
Glycol Dimethacrylate, UDMA: Diurethane Dimethacrylate, SiO2: Silicon diooxide, EDMA: Ethyleneglycoldimethacrylate

plastic mold and kept in distilled water at 37 °C for 24 hours. All
specimens were then divided into 3 different groups (n=12) ac-
cording to finishing polishing procedures. All specimens except
for the control group (Mylar strip) were ground-finished, res-
pectively, with 400, 800, and1200 grit silicon carbide abrasive
paper (English Abrasives, UK) on a sanding machine (Phoenix
Beta, Buehler, Illinois, USA) and subjected to water cooling (300
revs/min, during 5 s) before polishing. A low-speed handpie-
ce at a maximum of 12000 rpm was used with a continuous
repetitive tapping motion. The polishing disc system was used
in 4 stages coarse, medium, fine, and extra-fine-grained, with
6 strokes at each stage ™. After each polishing disc stage, the
specimens were thoroughly rinsed with water for 10 seconds
to remove any residue on them and air-dried for 5 seconds.
The polishing discs were renewed after every 5 samples. All
operations were performed by a single operator (Hasibe Sevilay
BAHADIR) to reduce variability.

The groups were divided for each composite resin as follows:
Group K: (Control) (Mylar strip)

Group L: Silicone rubber

Group D: Super-Snap Polishing Disc

The polished composite resin samples were washed, left to dry,
and kept at 100% humidity for 24 hours before measuring the
average surface roughness values (Ra). The surface roughness
test was performed using a contact profilometer (Surftest-211,
Mitutoyo; Kanagawa, Japan) moved at a constant speed of 0.05
mm/s with a cut-off value of 0.25 mm. Three random measu-
rements were made on each surface and the average Ra was
calculated.
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Statistical Package for Social Sciences (SPSS, Chicago, IL, USA)
version 18 was used for data analysis. Whether the data were
normally distributed or not was determined by the Shapiro-
Wilk test. Also, the data were controlled with a Levene’s Test
for equality of variances. Data were statistically analyzed with
a two-way analysis of variance (ANOVA), multiple comparisons
were made with the Tukey post hoc, and pairwise comparisons
were made with the Bonferroni test at a significance level of
0.05.

RESULTS

Table 2 shows the average surface roughness values (Ra) of
composite resins after polishing. In all groups, the surface un-
der the mylar strip (control) was measured as the smoothest
surface. Following this, the Super Snap polishing system was
measured to be rougher than the mylar strip and finally, the
roughest surface measured was polishing made with silicone
rubber (p<0.05). While there was no significant statistical diffe-
rence between the materials, Mylar strip, and silicone rubber
system. A significant difference was found in the Super Snap
polishing disc system between Filtek Z250 and Ceramage ma-
terial (p=0.002), (Table 2).

DISCUSSION

Finishing and polishing processes are an important step that
directly affects the aesthetic properties and life of composite
resins, and finishing and polishing using a minimum amount
of time and tools is clinically important (7). In this study, it was
investigated whether polishing systems with different proper-
ties would affect the surface roughness (Ra) of different types
of composite resins, and the null hypothesis examined based
on the results of the study were rejected.
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Table 2: Average surface roughness(Ra) + standard deviation values of groups

Restorative Materials Mylar (Control Group) Silicon Rubber Super Snap Disc p

Ceramage 0.163+0.028° 0.612+0.028° 0.561+0.028 .000
Gradia Plus 0.110+0.028° 0.658+0.028° 0.474+0.028¢ .000
GrandioSO 0.093+0.028° 0.595+0.028° 0.453+0.028¢ .000
Filtek 2250 0.102+0.028° 0.730+0.028° 0.388+0.028+ .000

While statistical differences in the groups on the same line are shown with different letters (*>¢), statistical differences in the same column are

indicated by the symbol (¢ and <) (p<0.05).

In this study, different types of indirect and direct composites
were used. In order to ensure clinical standardization, all gro-
ups except the Mylar strip surface (control group) were sanded
under water with 1200 grid silicon carbide papers before the
finishing process (9,13). The findings were found to be compa-
tible with the results of many studies. In the studies conducted
by Tuncer et al., Antonson et al., Korkmaz et al., Duraes et al.,
and Baseren; The polymerized composite surface under the
Mylar strip band was determined as the smoothest surface (9,
10, 13, 15, 17). Even though, a low roughness surface is obta-
ined in composite resins made with Mylar strip; this surface is
rich in organic matrix. Therefore, this layer must be removed by
finishing and polishing operations. This will result in a harder,
wear-resistant surface (18).

When polishing systems are compared with each other; In all
materials, surfaces polished with the Super Snap disc system
were statistically significantly smoother than surfaces polished
with silicone rubber. Even though there was no significant sta-
tistical difference Ceramage indirect composite material po-
lished with a super snap disc system was found to be rougher
than Gradia Plus, and even though there was no significant
statistical difference (p>0.05). Ceramage indirect composite
material polished with silicone rubber polishers was found to
be smoother than Gradia Plus. GradioSO direct composite ma-
terial Filtek Z250 polished with Super Snap disc system has a
rougher surface, although there is no statistical difference com-
pared to direct composites; GradioSO direct composite materi-
al, which was polished with silicone rubber, was found to have a
less rough surface, although there was no statistical difference
compared to Filtek Z250 direct composite. The roughness of
the surfaces obtained by polishing depends on the efficiency,
geometry, flexibility, applied pressure, application time, and
particle hardness of the systems used for polishing (18).

In order for the polishing systems to be effective on the com-
posite resin surface; the abrasive particles must be harder than
the fillers of composite resins. If the abrasive particles in the
polishing system are softer than the fillers in composite resins,
only the soft resin matrix of the composites will disappear, ca-
using the filler particles to break off from the surface (11, 18).
Discs impregnated with aluminum oxide particles, one of the
polishing systems, have the same lifting capacity as filler par-
ticles and resin matrix. However, this polishing system has limi-

tations due to its geometry. It can be difficult to anatomically
finish and polish restorations in the posterior region, especially
on contoured surfaces (19). Bilgili et al., Lu et al., and Venturini
et al., concluded in their studies that aluminum oxide discs are
the best material to provide smoother surfaces in composite
resins (18, 20, 21). In our study, a Super Snap disc system con-
taining aluminum oxide was found to be the best polishing
method. At the same time, the highest surface roughness was
found in silicone rubber containing silicon particles. This is be-
cause silicon particles do not have harder abrasives than filler
particles of composite resins such as diamond or aluminum
oxide particles. Therefore, silicone rubbers are not sufficient
for effective finishing and polishing (11). Although there is no
statistical difference, polishing with a Super Snap disc may be
clinically preferable for Filtek Z250 and Gradia Plus materials.
Likewise, polishing with silicone rubber may be clinically pre-
ferable for Ceramage and GradioSO materials, although there
is no statistical difference.

In recent years, single or two-stage polishing systems have
been developed to reduce both the application phase and the
application time clinically. In addition to these advantages of
single-stage systems, minimizing the risk of cross-infection also
makes them more clinically preferred (9,12). Different results
have been obtained in studies on single or multi-stage polishing
systems. While Yap et al., and St- Georges et al., found similar
surface roughness values obtained with single or multi-stage
systems in their studies; Tuncer et al., Aytac et al., Bilgili et
al., and Uctasli et al., found that multi-stage polishing systems
have lower surface roughness values than single-stage polishing
systems (9, 11, 18, 22, 23, 24). In our study, single-stage silicone
polishing rubber and multi-stage Super Snap Disk systems were
compared, and the multi-stage polishing system was found to
be more successful.

For composite resins, the roughness value after polishing is
required to be below 0.2 um. It has been observed that the
adhesion of bacterial species and the risk of secondary cari-
es are reduced on restorations with a value of less than 0.2
pm (11). In a clinical study conducted by Aytac et al., it was
determined that the patients were able to notice an average
roughness value of 0.3 um. (11). The surface roughness value
for all composite resin types was found to be higher than 0.3
um for the finishing and polishing systems used in this study.
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In this study, when composite resin types were compared, a
statistical difference was observed between the surface rough-
ness of Filtek Z250 and Ceramage composite resin types polis-
hed only with Super Snap. Filtek Z250 composite material was
found to be smoother. Duraes et al., in a study they carried out,
they examined the effect of different polishing systems on the
surface roughness of Ceramage indirect composite resin and
they found the highest surface roughness in the silicone rubber
polishing system (15). Korkmaz et al., in a study they conduc-
ted, investigated the effect of different polishing systems on the
surface roughness of direct composite resins Grandio and Filtek
2250 and found that Filtek Z250, which was polished with an
aluminum oxide-containing polishing system, was statistically
smoother than Grandio (13).

Ersoz et al., in another study they conducted, they examined
the effect of a polishing system containing diamond particles
on the surface roughness of GrandioSO and Gradia Plus ma-
terials and found the surface roughness of both materials to
be similar (16). The surface roughness of composite resin ma-
terials depends on the structure of the composite material as
well as the finishing and polishing systems used (14,25). One
of the many factors affecting the surface properties of compo-
site resins is the filler size. At the same time, the type, shape,
amount, and bonding of the filler particles to the resin matrix
affect the clinical performance of composite resins (11). Com-
posites with harder and larger filler particles show higher Ra
values after finishing and polishing (9). While the filler particle
ratio of Ceramage, the indirect composite used in this study,
was 73%; Filtek Z250, which is a direct composite, has a filler
particle ratio of 60%. While a higher filler ratio provides a bet-
ter mechanical property; it can damage the aesthetics of the
material and make it difficult to polish (15). When we examine
the literature, while Endo et al., reported that the polishing
system had an effect on the surface roughness in their study,
Bashetty et al., reported that the material had an effect on the
surface roughness in their study (12, 26). In their study, Marg-
halani et al., reported that both the material and the polishing
system had an effect on surface roughness (27). In this study,
in accordance with the study of Marghalani et al., both the
polishing systems used and the materials had an effect on the
surface roughness.

This study has several limitations. Profilometer is used to me-
asure surface roughness in in-vitro studies. However, two-
dimensional data is obtained with the profilometer; Three-
dimensional information is not available. Obtaining surface
roughness with only a profilometer is one of the limitations
of this study. Another limitation is that polishing systems with
different abrasive content are not used. There is also a need for
long follow-up clinical studies that mimic the oral environment.

CONCLUSION

Within the limitations of this study, the following conclusions
were reached:

The lowest surface roughness was found in the Super Snap po-
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lishing system in all materials except the control group.

Filtek Z250 group, in which a Super Snap polishing system is
used, has a lower surface roughness than the Ceramage group.

The results of this study present different options for dentists
in choosing the appropriate finishing and polishing techniques
for clinical application.
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ABSTRACT

Objective: Dentigerous cysts (DC) are one of the most common cysts in
the jaw, and radiographic features are important for diagnosis. This study
aims to evaluate the radiographic features of mandibular DCs on cone
beam computed tomography (CBCT) images and investigate the possible
associations between the imaging features and bone expansion.

Material and Methods: Patients who had CBCT images with pathologically
proven DC within the mandible were included the study. On CBCT images,
besides lesion radiographic features, the position of the impacted tooth
and cyst-to-crown relationship were also recorded.

Results: Among 36 DCs, 69.4% affected the impacted tooth (61.1% were
displaced, 5.6% were resorbed and 2.8% were both displaced and
resorbed), 80.6% expanded, 100% had cortical involvement (perforation
and thinning), 80.6% affected the inferior alveolar canal (%13.9 resorption,
%11.1 displacement, 55.6% resorption and displacement), 65.7% affected
the adjacent teeth (27.8% resorption, 30.6% lamina dura loss, 5.6%
displacement and lamina dura loss), 25% of impacted tooth position were
in buccal/lingual obliquity, and 55.5% had a lateral type cyst-to-crown
relationship. There was a statistically significant relationship between the
expansion rate and effect on the impacted tooth (p=0.023), between the
expansion rate and effect on the adjacent tooth (p=0.011), and between
the cyst-to-crown relationship and impacted tooth buccolingual position
(p=0.031).

Conclusion: Resorption and displacement of the impacted tooth and
resorption, displacement and lamina dura loss of the adjacent tooth were
common and statistically related with DCs expansion rates. These imaging
features could be a sign of expansion and should be carefully examined.
Keywords: Cone beam computed tomography, dentigerous cyst, mandible

oz

Amag: Dentijeroz kist (DK), cenelerde sik gortlen kistlerden biri olup teshis
edilmesinde radyografik 6zellikleri 6nem tasimaktadir. Bu ¢alismanin
amaci mandibular DK’lerin konik i1sinl bilgisayarli tomografi (KIBT) gériin-
tileme ozelliklerini incelemek ve kemik ekspansiyonu ile gérintiileme
ozellikleri arasindaki olasi iliskileri degerlendirmektir.

Gereg ve Yontem: Calismaya KIBT goriintlsi olan ve patoloji raporu ile
tanisi dogrulanan hastalar dahil edilmistir. KIBT gorintulerinde lezyonun
radyografik ozelliklerinin yani sira, gémall disin pozisyonu ve kist-kron
iliskisi de degerlendirilmistir.

Bulgular: 36 DK’nin %69,4’Unln gomulu disi etkiledigi (%61,1 yer degisik-
ligi, %5,6 rezorpsiyon ve %2,8 yer degisikligi ve rezorpsiyon), %80,6’sinin
ekspansiyona neden oldugu, %100’Unln kortikal tabakalarda tutuluma
neden oldugu (perforasyon ve incelme), %80,6’sinin inferior alveolar kana-
I etkiledigi (%13,9 rezorpsiyon, %11,1 yer degisikligi, %55,6 rezorpsiyon ve
ver degisikligi), %65,7’sinin komsu disi etkiledigi (%27,8 rezorpsiyon,
%30,6 lamina dura kaybi, %5,6 yer degisikligi ve lamina dura kaybi), gomu-
It dislerin %25’inin bukkal/lingual oblik pozisyonda oldugu ve %55,5'inde
lateral tip kist-kron iliskisi oldugu tespit edildi. Ekspansiyon orani ile gomu-
IU dise etki (p=0,023) ve komsu dise etki (p=0,011) arasinda istatistiksel
olarak anlamli iliski saptandi. Ayrica kist-kron iliskisi ile gdmli disin buk-
kolingual konumu arasinda da istatistiksel olarak anlamli iliski gozlendi
(p=0,031).

Sonug: Bu ¢alismada gomiil diste rezorpsiyon ve yer degisikligi ile komsu
diste yer degisikligi ve lamina dura kaybinin sik oldugu ve bunlarin DK’lerin
ekspansiyon orant ile istatistiksel olarak iligkili oldugu bulundu. Bu bulgular
ekspansiyonun belirtisi olabileceginden dikkatlice degerlendirilmelidir.
Anahtar Kelimeler: Konik 1sinli bilgisayarli tomografi, dentijertz kist, man-
dibula
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INTRODUCTION

Dentigerous cysts (DC) are one of the most common cysts in the
jaw and represent 17.1-30% of jaw cysts (1-3). Although in pre-
vious studies an inflammatory etiology was suggested, in 2022
World Health Organization Classification DC was classified as an
odontogenic developmental cyst (1). In clinical features there
is usually no pain or discomfort, but hard swelling and facial
asymmetry are possible (4). Typically, DC presents as an asym-
ptomatic unilocular radiolucency enclosing the crown of an
unerupted or impacted tooth, mostly mandibular third molar
(2,4). Radiographic features of DCs on panoramic radiographs
have been well defined by various studies (5,6). However, there
were limited studies about the radiographic features of DCs on
cone beam computed tomography (CBCT) images. Although the
recent studies demonstrated different imaging characteristics
of intraosseous jaw lesions, including DCs, between the pano-
ramic and CBCT images, the possible associations between the
imaging features have not been evaluated (7-9).

CBCT is widely accepted and used in different fields of dentistry
(10-13). However, the radiation dose and cost are important
factors that should be considered when making a CBCT imaging
decision (14). Also, CBCT has some disadvantages, including
susceptibility to various artefacts from metallic restorations, pa-
tient motion, inadequate scanner calibration and undersamp-
ling (4,10). Thereby CBCT images are not always used for sur-
gical treatment planning of DCs and, in some cases, treatment
planning could be made only on panoramic images. However,
the ability to enable three-dimensional imaging promotes CBCT
preference in the evaluation of intraosseous pathologies in the
oral and maxillofacial region (15). CBCT provides unobstructed
views of both anatomic structures and intraosseous lesions in
their precise locations (7). Also, it plays an important role in
the delineation of maxillofacial cystic lesions and their impact
on the adjacent tissues (15). Because of its three-dimensional
nature, CBCT demonstrates lesion expansion, cortical involve-
ment and the effect on surrounding structures of intraosseous
jaw lesions better than panoramic imaging (7,8).

As DC is a common developmental cyst and bone expansion is
usually the only clinical sign, its imaging features and possible
associations between the imaging features, especially lesion
expansion, is critical. Therefore, this study aims to evaluate the
imaging characteristics of mandibular DCs on CBCT images and
investigate the possible associations between the imaging fea-
tures, especially lesion expansion, which is difficult to evaluate
on panoramic images.

MATERIAL and METHODS

This retrospective study was reviewed and approved by the
Non-Interventional Non-Invasive Clinical Studies Ethics Board
of Hacettepe University (Date:06.11.2018, No: GO 18/1051)
and all procedures followed were in accordance with the et-
hical standards of the responsible committee on human expe-
rimentation (institutional and national) and with the Helsinki
Declaration of 1975, as revised in 2008. For this type of study,

formal consent is not required. CBCT images were obtained
from the CBCT image archives in the Department of Oral and
Maxillofacial Radiology, Faculty of Dentistry, Hacettepe Univer-
sity. The CBCT scans were acquired with an i-CAT Next Gene-
ration (Imaging Sciences International, Hatfield, PA, USA) unit.
A tube voltage of 120 kVp was used for all acquisitions, with
variation in the field of view, acquisition voxel size (0.200-0.250
mm), tube current (3-7 mA), and exposure time.

A total of 5974 CBCT scans obtained for various reasons bet-
ween January 2016 and October 2018 were evaluated and 502
images that showed cyst-like lesions were detected. Among
these images, patients with inconclusive pathology results and
CBCT images of poor diagnostic quality were excluded from
the study. Patients who had CBCT images with pathologically
proven DC within the mandible were included in the study. The
final sample consisted of 34 patients. The images were viewed
with i-CAT Vision software (version 1.9.3.14, Imaging Science
International, Hatfield, PA, USA). All images were evaluated
by two oral and maxillofacial radiologists (28 and 17 years of
experience, respectively). In the event of disagreement, a final
diagnosis was reached by consensus reading.

Evaluation of CBCT images
The following imaging features of DCs were analyzed:

Location and Size: Locations of the lesions were classified as
inter-canine region, posterior (premolar-molar) region, and ra-
mus region. Lesion size was measured at its maximum length
on axial, sagittal and coronal planes. The measurements were
recorded and repeated by the same observer at an interval of
2 weeks and the mean value was used for analysis.

Shape: The outline of an entire lesion was classified as circular
(Figure 1), oval (Figure 2), and scalloped.

Internal structure: DCs were classified as radiolucent, mixed
density (radiolucent lesion with radiopaque foci) (Figure 2),
or multilocular.

Borders: Lesion borders were divided between corticated and
non-corticated.

Effects on surrounding structures: Lesion expansion, cortical
involvement and its effect on the impacted tooth, inferior al-
veolar canal and adjacent teeth were evaluated.

Figure 1: Sagittal CBCT image showing a circular-shaped,
central-type dentigerous cyst. Note the root resorption at the
distal root of the adjacent second molar
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Figure 2: Sagittal CBCT image showing an oval-shaped, lateral-
type dentigerous cyst. Note the radiopaque foci inside the ra-
diolucent lesion

Expansion: Expansion rate was categorized as absent, mild and
severe. Lesions with expansion were noted and the maximum
length of expansion was measured. In the same image section,
the healthy opposite side was measured and the ratio of expan-
ded lesion side/healthy opposite side was calculated. Ratios <
1.5 were recorded as mild and ratios > 1.5 were recorded as
severe expansion. Also, expansion direction (buccal, lingual,
alveolar crest, etc.) was recorded.

Cortical involvement: Cortical plates were evaluated for exis-
tence of perforation and thinning.

Effect on impacted tooth: DC’s effect on the impacted tooth
was recorded as resorption and/or displacement.

Effect on the inferior alveolar canal: DC’s effect on the inferior
alveolar canal was recorded as absent, resorption, displace-
ment, and resorption and displacement.

Effect on the adjacent teeth: Adjacent teeth were evaluated for
resorption (Figure 1), displacement, and loss of lamina dura.

Position of impacted tooth: Impacted tooth position was re-
corded using Winter Classification as mesioangular, distoan-
gular, horizontal, vertical, buccal/lingual obliquity, transverse
or inverse. Also the impacted tooth’s buccolingual position in
bone was recorded using the modified Khojastepour method
as lingual position (epicenter of the crown located in the lin-
gual one third of the buccolingual distance), buccal position
(epicenter of the crown located in the buccal one third of the
buccolingual distance) and central position (epicenter of the
crown located in the center of the buccolingual distance) (16).

Cyst-to-crown relationship: Tooth-DC relationship was classified
as central (Figure 1), lateral (Figure 2) and circumferential (Fi-

Figure 3: Sagittal CBCT image showing a circumferential type
dentigerous cyst. The entire tooth is enveloped by the cyst

gure 3). In the central type the cyst surrounds the crown of the
tooth and the enveloped tooth is positioned at the center of
the cyst. In this type the cyst is attached to tooth at the region
of cementoenamel junction. In the lateral type the radiographic
appearance results from dilatation of the follicle on one aspect
of the crown and cyst grows laterally along the root surface
and attaches to the middle or apical region of the root. Lateral
type DC is commonly seen with a partially erupted tooth that
its superior aspect is exposed. In the circumferential type, the
entire tooth appears to be enveloped by the cyst (3,17).

Statistics

MeanztStandard Deviation was used as descriptive statistics
for normally distributed numerical variables such as age. Ot-
herwise, median, minimum and maximum values were used.
The normality of the numerical variables was assessed by using
Shapiro-Wilk Normality test. Independent groups were compa-
red using the Independent samples t-test where the parametric
test assumptions were satisfied and there are two indepen-
dent groups. In addition to the evaluating normality assump-
tion, the Levene test was used for assessing homogeneity of
group variances. When the parametric test assumptions were
violated, the Mann-Whitney U test was used to compare two
independent groups. One-way Analysis of Variance test was
used where the parametric test assumptions were satisfied and
there are more than two independent groups. Otherwise, the
Kruskal-Wallis test was used.

Categorical data were presented by frequencies and percenta-
ges as n (%). Depending on the dimension of the contingency
table, Fisher’s Exact test or the Fisher-Freeman-Halton Exact
test were used for evaluating dependency between catego-
rical variables.

Significance level was set at 0.05. All analysis was carried out
using IBM SPSS Statistics v23.0 for Windows OS.

RESULTS

This study included 34 patients with a mean age of 38.12+19.01
years who had both CBCT images and pathology reports.
Among 34 patients, 11 (32.4%) were females with a mean age
of 26.64+19.55 years and 23 (67.6%) were males with a mean
age of 43.61+16.47 years. The age distribution of males was
significantly different from females (p=0.013). Two patients
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Table 1: CBCT imaging characteristics of 36 dentigerous cysts

Imaging Feature Frequency (%)
Localization
Posterior region 32(88.9)
Ramus region 3(8.3)
Inter-canine region 1(2.8)
Impacted tooth
Right third molar 16 (44.4)
Left third molar 11 (30.6)
Right second molar 1(2.8)
Right second premolar 3(8.3)
Left second premolar 3(8.3)
Right canine 1(2.8)
Left second deciduous molar 1(2.8)
Shape
Oval 26 (72.2)
Circular 9(25)
Scalloped 1(2.8)
Internal structure
Lucent 33(91.6)
Mixed 2 (5.6)
Multilocular 1(2.8)
Borders
Corticated 32(88.9)
Non-corticated 4(11.1)
Effect on surrounding structures
Effect on the impacted tooth 25 (69.4)
Displaced 22 (61.1)
Resorbed 2 (5.6)
Displaced and resorbed 1(2.8)
Expansion 29 (80.6)
Buccal 2 (5.6)
Lingual 14 (38.9)
Buccal and lingual 10 (27.8)
Coronal 3(8.3)
Cortical involvement 36 (100)
Effect on the inferior alveolar canal 29 (80.6)
Resorption 5(13.9)
Displacement 4(11.1)
Resorption and displacement 20 (55.6)
Effect on adjacent teeth 23 (65.7)
Resorption 10 (27.8)
LLD 11 (30.6)
Displacement and LLD 2 (5.6)
Cyst-to-crown relationship
Lateral 20 (55.5)
Central 15 (41.7)
Circumferential 1(2.8)
Impacted tooth position
Winter Classification Vertical 8(22.2)
Horizontal 8(22.2)
Buccal/lingual obliquity 9(25)
Inverse 6(16.7)
Mesioangular 2 (5.6)
Distoangular 2 (5.6)
Transverse 1(2.8)
Impacted tooth position
Modified Khojastepour Classification ~ Central 23 (63.9)
Lingual 10 (27.8)
Buccal 3(8.3)

Lesions dimensions

Mesio-distal direction
Bucco-lingual direction
Apico-incisal direction

Mean Values

23.08+9.80 mm
13.50£2.71 mm
20.42+7.33 mm

LLD: Loss of lamina dura
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Table 2: Detailed distribution of the relation between the expansion and effect on impacted tooth and adjacent tooth

Expansion Effect on impacted tooth
Absent Present Total

Absent 5(71.4%) 2 (28.6%) 0 (0%) Resorption 7 (100%)
2 (28.6%) Displacement
0 (0%) Resorption and displacement

. ) p=0.023*

Mild 1(9.1%) 10 (90.9%) 0 (0%) Resorption 11
10 (90.9%) Displacement (100%)
0 (0%) Resorption and displacement

Severe 5(27.8%) 13 (72.2%) 2 (11.1%) Resorption 18
10 (55.6%) Displacement (100%)
1 (5.6%) Resorption and displacement

Effect on adjacent tooth
Absent Present Total

Absent 4 (57.1%) 3 (42.9%) 2 (28.6%) Resorption 7 (100%)
1(14.3%) LLD
0 (0%) Displacement and LLD"

Mild 6 (60%) 4 (40%) 0 (0%) Resorption 10 p=0.011*
2 (20%) LLD (100%)
2 (20%) Displacement and LLD

Severe 2 (11.1%) 16 (88.9%) 8 (44.4%) Resorption 18
8 (44.4%) LLD (100%)

0 (0%) Displacement and LLD

One dentigerous cyst was excluded from this evaluation because although the adjacent tooth had resorption it also had periapical lesion, which could
be the reason of the root resorption, *p<0.005 statistically significant relation, LLD: Loss of lamina dura

(15-year-old female and 67-year-old male) had bilateral DCs,
thus 36 DCs were evaluated. Table 1 shows CBCT imaging fe-
atures of 36 DCs.

The median age of patients whose DCs associated with primary
teeth, permanent canine and premolars (12 years (6-75)) were
younger than patients whose DCs associated with permanent
molars (42.50 years (15-67)) (p=0.017). Although the median
age of the lateral type DC (42.45 years) was higher than the
central type (34.20 years) this wasn’t statistically significant.

There were 7 (19.4%) no expansion, 11 (30.6%) mild, and 18
(50%) severe expansion rates. The expansion rate and the ot-
her imaging features relations were examined and there was a
statistically significant relationship between the expansion rate
and its effect on the impacted tooth (p=0.023). The relationship
was statistically significant between the expansion rate and the
effect on the adjacent tooth (p=0.011). DCs with expansion
showed significantly more impacted teeth with displacement
and/or resorption and more adjacent tooth with lamina dura
loss than the DCs without expansion (Table 2). Also, there were
significant relationships between the expansion rate and me-
sio-distal and apico-incisal dimensions of the lesion (p=0.017
and p=0.001 respectively), however, there was no relationship
between expansion and the bucco-lingual dimension (p=0.07)
of the lesion. There was no relation between age and expansion
rate and mean ages were statistically similar among expansi-
on groups (no expansion 40.86+21.043 years, mild expansion
33.55+17.688 years, severe expansion 40.17+20.523 years)
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(p=0.638). Similarly, there was no relationship between age and
lesion dimensions. Table 3 shows the detailed characteristics
of expansion.

Among 15 central type DCs, the most common bucco-lingual
position was central (13 (86.7%)), while 1 (6.7%) was in the
buccal, and 1 was (6.7%) in the lingual position. Twenty late-
ral type DCs’ bucco-lingual positions were 10 (50%) central, 2
(10%) buccal and 8 (40%) lingual. There was only 1 circumfe-
rential type DC and it was in the lingual position. There was a
statistically significant relationship between the cyst-to-crown
relationship, the impacted tooth’s bucco-lingual position, and
central type DCs were commonly central in the bucco-lingual
position (p=0.031).

DISCUSSION

Dental professionals must be knowledgeable about jaw cysts
as they are common, and DCs are one of the most common
cysts of the jaw. Many jaw cysts have no clinical symptoms or
have similar symptoms like jaw expansion and missing teeth.
Radiographs provide useful diagnostic information about cysts
that influence the treatment plan (3, 4, 18). Usually, panoramic
imaging is the first imaging choice in the surgical treatment
planning of DC as it is easy to access and has low radiation
dose (19, 20). However, differential diagnosis of DC and odon-
togenic keratocyst (OKC) on panoramic images is difficult as
their radiographic features are similar. Expansion is a common
radiographic finding of DC and is widely used for differential
diagnosis of DC with OKC (4, 21). However, because of pano-
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Table 3: Detailed characteristics of expansion

Expansion
p-value
Absent Mild Severe
Gender
Female 2 (28.6%) 3(27.3%) 7 (38.9%) p=0.897
Male 5 (71.4%) 8 (72.7%) 11 (61.1%)
Total 7 (100%) 11 (100%) 18 (100%)
Localization
Ramus 3 (42.9%) 0 (0%) 0 (0%) p=0.005*
Posterior 4 (57.1%) 11 (100%) 17 (94.4%)
Inter-canine 0 (0%) 0 (0%) 1(5.6%)
Total 7 (100%) 11 (100%) 18 (100%)
Shape
Circular 3 (42.9%) 4 (36.4%) 2(11.1%) p=0.270
Oval 4(57.1%) 7 (63.6%) 15 (83.3%)
Scalloped 0 (0%) 0 (0%) 1(5.6%)
Total 7 (100%) 11 (100%) 18 (100%)
Perforation
Absent 2 (28.6%) 1(9.1%) 4(22.2%) p=0.633
Present 5(71.4%) 10 (90.9%) 14 (77.8%)
Total 7 (100%) 11 (100%) 18 (100%)
Thinning
Absent 2 (28.6%) 0 (0%) 1(5.6%) p=0.113
Present 5 (71.4%) 11 (100%) 17 (94.4%)
Total 7 (100%) 11 (100%) 18 (100%)
Effect on inferior alveolar canal
Absent 3 (42.9%) 2 (18.2%) 2 (11.1%) p=0.209
Present 4 (57.1%) 9 (81.8%) 16 (88.9%)
Total 7 (100%) 11 (100%) 18 (100%)
Bucco-lingual position
Central 7 (100%) 5 (45.5%) 11 (61.1%) p=0.051
Buccal 0 (0%) 0 (0%) 3(16.7%)
Lingual 0 (0%) 6 (54.5%) 4(22.2%)
Total 7 (100%) 11 (100%) 18 (100%)
Cyst-to-crown relationship
Central 4(57.1%) 3(27.3%) 8 (44.4%) p=0.620
Lateral 3 (42.9%) 8(72.7%) 9 (50%)
Circumferential 0 (0%) 0 (0%) 1(5.6%)
Total 7 (100%) 11 (100%) 18 (100%)

*p=0.005 statistically significant relation

ramic imaging, two-dimensional nature lesion expansion and
cortical involvement, its effect on surrounding structures could
not be properly evaluated. These radiographic features could
be more accurately evaluated with CBCT images (7, 8, 10). In
this study, besides DCs radiographic features on CBCT images,
relations among these features, especially lesion expansion,
were investigated. As jaw expansion could be the only clinical
symptom of DC and is critical for differential diagnosis of DC,
this study aims to evaluate the relation between lesion expan-
sion and other radiographic features.

In this study, 34 patients with 36 DCs (2 patients had bilateral
DCs) were evaluated and their mean age (38.12+19.01 years)
and gender distribution (female 32.4%, male 67.6%) was similar
with the literature (2, 5, 20, 22). Females (26.64+19,556) were
at a younger age compared to males (43,61+16,470 (p=0.013).
Also, the localization of legions, (88.9% posterior region), invol-

ved tooth (75% third molar), and shape (97.2% oval or circular)
were compatible with the literature (2, 15, 18). Previous studies
reported that DC is associated with permanent teeth (2, 23).
However, in this study, one DC was associated with a deciduous
tooth (Figure 4). The median age of patients whose DCs were

- AL

Figure 4: Cropped reconstructed panoramic image demonstra-
ting a DC with deciduous tooth
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associated with primary tooth, permanent canine and premo-
lars (12 years) were younger than patients whose DCs were
associated with permanent molars (42.50 years) (p=0.017). As
permanent third molars are the last teeth that develop in the
oral cavity, DCs associated with these teeth were seen in older
age groups. When age and cyst-to-crown relationships were
evaluated, it was seen that the median age of the lateral type
DC (42.45 years) was higher than the central type (34.20 years).
However, this wasn't statistically significant.

Terauchi et al. and Main analyzed DCs around the mandibular
third molar and reported that there was no relationship bet-
ween the lesion size and age (5, 24). Similarly, Akcicek et al.
analyzed 25 DCs, 5 in the maxilla and 20 in the mandible and
found no relation between lesion size and age (25). The present
study found similar results suggesting that lesion enlargement
is independent from age.

DCs are usually defined as unilocular radiolucent lesions around
the crown of an impacted or unerupted tooth with no septa or
loculation within the cyst (4, 21). In this study, most of the DCs
fit this definition. However, the internal structure of 2 (5.6%)
DCs were radiolucent with radiopaque foci and 1 (2.8%) was
multilocular. Although mixed internal structure is unexpected in
DCs, there are reports of DCs containing radiopaque foci (calci-
fications) in radiolucent lesions, as in this study (21, 23, 26, 27).
Another unexpected radiographic feature is septa formation
within the cyst and in this study, this feature was observed in
1 (2.8%) patient. There have been some studies that reported
multilocular appearance of DCs (5, 28, 29). Terauchi et al. in-
vestigated panoramic images of 257 DCs and there were 229
(89.1%) unilocular and 28 (10.9%) multilocular cysts (5). Occa-
sionally, trabeculations may be seen in DCs and this may cause
multilocular internal structure with an erroneous impression (3,
28). In this study, DCs were evaluated with CBCT images, while
Terauchi et al. used panoramic images (5). Therefore, it is pos-
sible that they classified trabeculations in DCs as multilocularity
on panoramic images. Similarly, Martinelli-Klay et al. reported
a DC that showed multilocular radiographic features on a pa-
noramic image. However, multi-slice computed tomography
revealed a unilocular lesion without septations (28).

As previously mentioned, expansion is a common radiographic
finding of DCs and is widely used for differential diagnosis of
DC with OKC (4, 21). A unilocular radiolucent OKC with an im-
pacted tooth has similar radiographic findings with DC except
for cortical expansion (4, 15). However cortical expansion could
not be adequately evaluated with panoramic images, the most
widely used dental imaging method, and could be properly
determined with CBCT images (7, 10). Meng et al. investigated
DCs in the maxilla and found 78.5% buccal expansion and 36.7%
lingual expansion (15). The present study investigated 36 DCs
in the mandible and found 33.3% buccal expansion and 69.4%
lingual expansion. The different results between Meng et al.
and the present study are because of different jawbones (15).
As the external oblique ridge is located on the buccal surface,
the buccal side of the mandible is denser than the lingual side

and this may restrict the expansion.

Expansion and the other radiographic features’ relations were
examined and there was a statistically significant relationship
between the expansion and its effect on the adjacent tooth (re-
sorption and loss of lamina dura) (p=0.011). The effect on the
adjacent tooth was seen on 23 (64%) DCs and this was higher
than the other studies (Meng et al. 10.1%, A¢ikgoz et al. 13.1%)
(15,18). Among these studies, different imaging methods used
and different effects were evaluated and these could cause
differences in the results too.

Also, there was a statistically significant relationship between
the expansion and the effect on the impacted tooth (p=0.023).
Among 25 (69.4%) impacted teeth the most seen alteration
was tooth displacement (22, 61.1%). Displaced teeth can af-
fect surrounding structures, can perforate the cortical plates
or inferior alveolar canal, as in this study, and consequently
complicate treatment. In this study, resorption of the impacted
tooth was only seen in DCs with severe expansion. However,
it is not possible to conclude that resorption of the impacted
tooth occurs only in DCs with severe expansion because of our
limited study sample. Further studies with larger samples are
needed. Nevertheless, in the cases with a displacement of the
impacted tooth, resorption and/or loss of lamina dura at the
adjacent tooth in panoramic images the thought that there
may be expansion should be considered.

DC expands the cortical boundary of the involved jaw as it
grows (4, 17). This property was obviously observed in the pre-
sent study; cortical expansion was seen in 29 (80.6%) cases.
There was a statistically significant relationship between the
expansion and lesion dimensions, especially the mesio-distal
and apico-insical dimensions (p=0.017 and p=0.001 respecti-
vely). This feature is important for differential diagnosis of DC
and OKC, as growing along the internal aspect of the jaws and
causing minimal expansion is characteristic of OKC (4, 17).

Impacted tooth displacement was 61.1% (22/36) in this study
and this was higher than in other studies (Agikgoz et al. 9.9%,
Lee et al. 19.15%) (18, 30). Similarly, expansion (80.6%) and
cortical perforation (80.6%) rates were higher than in other
studies (Lee et al. 67.3% expansion, 36.7% cortical perforation)
(30). Lee et al. used computed tomography imaging to identify
expansion and cortical perforation while in the present study,
CBCT imaging is used (30). Different imaging methods have
different resolutions and interval sections that could influence
the results, especially cortical perforation.

Many lesions in the mandible can affect the inferior alveolar
canal and DC is one of them (3, 4, 31). In the present study,
this effect was found in 29 (80.6%) of DCs and was higher from
Kauke et al. results (31). This may be due to our study only
included mandibular DCs and also most of them localized at
the posterior region.

Some lesions with unerupted teeth can have similar radiog-
raphic images to DC (22). In some studies, the cyst-to-crown
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relationship is used for differential diagnosis and it was stated
that DC attaches to the tooth at the cementoenamel junction
and this feature is important for differential diagnosis (4, 31).
Ikeshima and Tamura investigated the attachment point of le-
sions to the impacted tooth and reported that DCs’ attachment
points to the root were closer to the cementoenamel junction
than benign tumors (22). However, it was also reported that,
as in our former study, the cyst-to-crown relationship of DCs
shows several radiographic variations (15, 25). In this study only
15 (41.7%) DCs were central type, 20 (55.5%) were lateral and
1 (2.8%) was circumferential type. This was similar to our pre-
vious study that DCs cyst-to-crown relationship was categorized
as an attachment at the cementoenamel junction (40%) and
attachment the at root surface (60%) (25). Meng et al. reported
similar central type DC (44.3%), however, their lateral (38%)
and circumferential (11.4%) types were different (15).

In this study, Khojastepour classification is modified and the
epicenter of the crown is used for the impacted tooth bucco-
lingual position (16). There was a statistically significant rela-
tionship between impacted tooth buccolingual position and
cyst-to-crown relationship (p=0.031) and centrally positioned
DCs’ cyst-to-crown relationship was the most common central
type. This finding has critical importance while surgical treat-
ment is planned with panoramic images.

The biggest limitation of this study is the small sample size.
Although a total of 5974 CBCT scans were evaluated, only 34
patients were included in the study. Despite this limited samp-
le size DCs displayed varying imaging characteristics than ex-
pected. For a better understanding of these variations, future
studies with larger sample groups are needed.

CONCLUSIONS

In this study, resorption and displacement of impacted tooth
and resorption, displacement, and lamina dura loss of adjacent
tooth are related to DCs expansion rates. Therefore, these ra-
diographic features could be a sign of expansion and should
be carefully examined.
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ABSTRACT

Objective: The aim of this study was to examine the behavior of two
different modified release polymers at different concentrations in terms
of their similarity to a commercial product in the market, and to perform
optimization studies with these polymers using artificial intelligence to
find the most suitable formulation.

Materials and Methods: Hydroxypropyl methyl cellulose K100M and
sodium alginate polymers were compressed at three different
concentrations with the same pressing force. Tests for tablet weights,
tablet hardness, diameter/ thickness values and dissolution rate were
conducted. The results were evaluated with Minitab19 ™.

Results: Tablet weights were found to be between 0.2142 mg+0.039 mg
and 0.2974 mg+0.001 mg. Tablet thickness varied between 3.80 mm+0.00
mm and 5.00 mm+0.00 mm. Hardness values of formulations containing
the 20 mg polymer could not be measured. For other polymer
concentrations, they were between 22.6 N+10.11 N and 111.4 N+9.50 N.
The dissolution results of formulations prepared with HPMC were lower
than those of sodium alginate at the same concentration. The obtained
data was evaluated with Minitab19 ™, which suggested a 41% sodium
alginate concentration as the closest formulation to the reference
product.

Conclusion: The advantages of artificial intelligence applications are not to
be underestimated, and researchers are able to find and obtain results of
experiments that they might not be able to conduct. In the light of all
these findings, it would not be wrong to say that artificial intelligence will
become even more preferable in the coming years.

Keywords: Flurbiprofen, modified release, artificial intelligence, Minitab,
optimization
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Amag: Calismada iki farkli uzatiimig salim polimerinin farkli konsantrasyon-
larda ki davraniginin piyasada bulunan bir ticari Grtine benzerligi yoniinden
incelenmesi ve yapay zeka uygulamasi olan Minitab19 ™ kullanilarak bu
polimerlerle optimizasyon ¢alismasi yapilmasi ve en uygun formilasyonun
bulunmasi amaglanmistir.

Gereg ve Yontem: Hidroksipropil metil seliiloz K100 M ve sodyum aljinat
polimerleri tg farkli konsantrasyonda, her tablette 20 mg, 60 mg ve 100
mg polimer igerecek sekilde ayni baski kuvveti, 1000 psi‘da basiimistir ve
basilan tabletlerin tablet agirliklari, sertlik testleri, gap/ytkseklik degerleri
ve ¢ozlinme hizi testleri gergeklestirilmistir. Orijinal tirine benzer bir salim
profili gésterecek bir formilasyon yapay zeka programi olan Minitab19 ™
ile sonuglar degerlendirilmis ve optimizasyon galismasi yapiimistir.
Bulgular: Hazirlanan tabletlerin tablet agirliklari 0,2142 mg+0,039 mg ile
0,2974 mgt0,001 mg arasinda bulunmustur. Tablet caplari
3,80mm*0,00mm ile 5,00 mm+0,00 mm arasinda degiskenlik gostermek-
tedir. 20 mg polimer igeren formdilasyonlarin tablet sertlik degerleri 6lgu-
lememisken, diger polimer konsantrasyonlari igin 22,6 N+10,11 N ile 111,4
N+9,50 N arasinda bulunmustur. HPMC K100M ile hazirlanan formiilas-
yonlarin ¢6zlinme hizi testi sonuglari ayni konsantrasyonda ki sodyum
Aljinat sonuglarina gore daha dusiuk bulunmustur. Yapilan calismalar
sonucunda elde edilen veriler Minitab19 ™ ile degerlendirilmis ve yapay
zeka programi %41 oraninda sodyum aljinat konsantrasyonunu referans
Grtine en yakin formulasyon olarak 6nermistir.

Sonug: Yapay zeka uygulamalarinin sagladiklari avantajlar azimsanamaya-
cak diizeydedir ve bilim insanlarinin belki de deneme sansi olamayacak
sonuglari datalar arasindan bulup gikartabilmektedirler. Tum bu veriler
1siginda 6niimuzdeki stireclerde daha da tercih edilir hale gelecegini soyle-
mek yanlis olmayacaktir.

Anahtar kelimeler: Flurbiprofen, modifiye salim, yapay zeka, Minitab,
optimizasyon
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INTRODUCTION

Modified release (MR) formulations have been developed as an
alternative option, since multiple drug administration and the
need for repeated doses are a disadvantage in terms of patient
compliance. Thus, the frequency of dosing and fluctuations in
plasma levels are reduced and controlled (1). One of the groups
of excipients used to develop a modified release formulation is
hydrophilic polymers. By preparing matrix tablets with these
polymers, it is possible to develop a formulation that will allow
drug intake at the desired frequency (2). Among the polymers
that can be used for this purpose are cross-linked hydrophi-
lic polymers; sodium carboxymethylcellulose (CMC-Na), poly
(ethylene glycol) (PEG), hyaluronic acid, hydrophilic matrices
(such as hydroxypropyl methylcellulose (HPMC), hydroxypropy!
cellulose (HPC)), alginates, poly (hydroxyethyl methacrylate)
or poly (HEMA), and poly(vinyl alcohol) (PVA) (3). These poly-
mers swell when they come into contact with water, and the
drug begins to dissolve with the water that enters between
the polymer chains that swell and move away (4). Although
they show similar behavior in general, the specific behavior of
each polymer differs.

HPMC is one of the most preferred polymers in modified re-
lease tablets (5). Likewise, another polymer used as a release
retarder in modified release tablets is sodium alginate (6).

The disease groups in which modified-release drugs are most
preferred are chronic diseases or painkillers that require the
patient to take drugs several times a day (7). Flurbiprofen (FLB)
is a Non-Steroidal pain reliever that is a derivative of phenyl
propionic acid. Its solubility in water is low, therefore it shows
low bioavailability. It can be used up to 400 mg per day (8).
FLB is a pain-relieving agent preferred in acute musculoskeletal
diseases with the treatment of rheumatoid arthritis, osteoart-
hritis and ankylosing spondylitis signs and symptoms (9).

Today, artificial intelligence applications are used for a wide
variety of formulation studies (10, 11). It has also been de-
termined in different studies that it is very useful in the deve-
lopment of modified-release tablets and saves time, cost and
labor (12, 13).

This study aimed to evaluate the release properties of different
polymers with artificial intelligence in the development of a
modified release tablet of low solubility FLB, which is preferred
in the treatment of chronic pain, and to compare the health
effects of different types of polymers and concentrations.

MATERIALS and METHOD

Flurbiprofen was gifted from Santa Farma ilag San. A.S., Tirkiye,
and Pronatal pH 6160 (IMCD, Tirkiye), hydroxypropyl methyl
cellulose (HPMC) K100 M (Colorcon, ABD), magnesium sterate
(Parteck LUB, Merck, Sweden) were also gifted. All other rea-
gents were analytical grade.

Analytical method
The analyses of FLB tablets were performed using a UV spect-

rophotometer (Shimadzu UV-1280, Japan) at a wavelength of
248 nm (14). Accuracy, LOD and LOQ values were calculated.

Preparation of tablets

In order to evaluate the properties of HPMC and sodium al-
ginate, 200 mg of FLB was kept constant in each formulation.
Additionally, in order to compare the release properties of the
polymers, the amounts of the lubricant Parteck LUB that was
added to the formulation was also fixed at 3 mg in each for-
mulation. The amount of polymer added for each tablet in the
formulation and the formulation codes are given in Table 1.

Table 1: Formulation codes and polymer content ratios

Polymer ratio

Formulations

20 mg (-1) 60 mg (0) 100 mg (+1)
HPMC K100M F1 F2 F3
Sodium F4 F5 F6

alginate

HPMC: Hydroxypropyl methylcellulose

The active substance and excipients were weighed precisely
(Sartorius, France). The weighed powders were mixed in a cu-
bic mixer (Aymes, Turkiye) for 10 minutes by adding FLB and
polymers, then magnesium stearate for 5 minutes. The mixed
powders were printed on a manual tablet pressing machine
(Yener, Turkiye) with a 9.0 mm punch that has a pressing force
of 1000 psi.

Physicochemical properties

Diameter, height, hardness and weight deviations of the tablets
in each printed tablet formulation were checked (n=10). Mean
and SD values were calculated. Diameter and height measure-
ments were carried out with the help of a caliper (Werka, Swit-
zerland), weight deviation control was made with a precision
balance (Sartorius, France) and hardness test was done with
Sotax HT (Switzerland).

Dissolution studies

Dissolution rate test of the pressed tablets in phosphate buffer
(pH=6.8) was performed (Sotax AT7 Smart, Switzerland). 900
mL of dissolution medium was filled into each vessel and set
to 37°C+0.5°C. After 30 min., 1h,2h,3 h,4h,5h,6 h, 8 h, 10
h and 12 h, samples were taken and filtered through a 0.45
um nylon filter (GVS, USA) in the Shimadzu UV-1280 spectrop-
hotometer (Shimadzu, Japan) were analyzed (n=3, mean, SD).

Evaluation by artificial intelligence

Analysis results of the analyzed tablets were evaluated with
Minitab19™ (Minitab Inc., USA) program, and the p<0.05 signi-
ficance values of Pareto charts, R? and models were examined.
In addition, an optimization study was carried out for the selec-
tion of the polymer and the concentration that would allow to
obtain the physicochemical properties and the release profile
closest to the reference product.

RESULTS

Analytical method
The correct equation of the analytical method developed
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for the dissolution study of FLB tablets was calculated as
y=0.0783x+0.0015 and R?=0.9993. The LOD and LOQ values
were 0.7485 pg/mL and 2.2684 ug/mL, respectively.

At the end of the study, an analytical method meeting the ICH
Q2 (A) requirements and criteria was developed and used in
FLB analysis studies.

Physicochemical properties
The data obtained at the end of the physicochemical test analy-
ses are given in Table 2.

Table 2: Physicochemical test results of the tablets (n=10)

) Tablet Weight Thickness Diameter  Crushing

Formulation (mm) (mm) Force (N)
(g) (mean,
Code +5D) (mean, (mean, (mean,
- +SD) +SD) +SD)

F1 0.2142+0.039 3.85+0.00 8.8+0.00 -
F2 0.2564+0.002 4.39+0.03 8.8+0.00 73.6+10.11
F3 0.2974+0.001 5.00+0.00 8.8+0.00 111.4+9.50
Fa 0.2177+0.002 3.80+0.00 8.8+0.00 -
F5 0.2551+0.002 4.30+0.00 8.8+0.00 22.6+10.11
F6 0.2953+0.001 4.80+0.00 8.8+0.00  32.0+5.44

SD: Standard deviation

Dissolution studies

The findings of the reference product and formulation studi-
es as a result of the dissolution rate test performed in pH 6.8
phosphate buffer are given in Figure 1.

- Reference
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100 _ _ #
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F 7 F1
g a8 F5
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Figure 1: Formulation studies and dissolution rate data graph
of reference product

Evaluation by artificial intelligence
The findings obtained as a result of evaluating the obtained
data with Minitab19™ are given in Table 3.

These data of significance were also supported by Pareto
Charts. Pareto charts are one of the methods used to deter-
mine the input that most influences the findings (15). Pareto
graphs of these findings are given in Figure 2.

Matrix plots are used to see the relationships between several
pairs of inputs and outputs at once. A matrix plot is an array of

scatterplots. When you have many input and output variables
a matrix of plot becomes very effective to see relationships
among pairs of variables. In the Figure 3, the relationship of
each input with each other can be seen with the matrix plot
(Figure 3).

Table 3: Model R? values and p-value data of the outputs

R?value (%) Model p-value (<0.05)

Tablet weight 99.98 0.019
Crushing Force 99.57 0.099
Diss. 30 minutes 99.99 0.014
Diss. 1h 99.83 0.063
Diss. 2h 99.99 0.016
Diss. 3h 99.56 0.099
Diss. 4h 97.80 0.221
Diss. 5h 94.63 0.341
Diss. 6h 89.81 0.463
Diss. 8h 89.86 0.462
Diss. 10h 96.89 0.262
Diss. 12h 95.89 0.300

R?: Coefficient of determination, Diss: Dissolution

Pareto Chart of the Standardized Effects Pareto Chart of the Standardized Effects
response s Tablet weight (mgi: @ = 009 frsponse’s Dss Mbrirca

o @ B W a o oW b

Stndardized Efect Standardized Efect

Pareto Chart of the Standardized Effects

o w2 % 4

@ o % ¢
Standardized ffect

Figure 2: Pareto charts. a: Tablet weight; b: 30-minute dissolu-
tion; c: 2 hours dissolution

In the matrix plot, the effects of different polymer types and
concentrations on the % release at different time points in the
dissolution rate test are seen.

After all these evaluations, an optimization study was carried
out and Minitab19™ recommended to prepare a formulation
using 41% sodium alginate as the most suitable option. Disso-
lution rate test findings of the prepared formulation are given
in Figure 4.

In the developed optimum formulation, the R?value for zero
order release kinetics was 0.9836, and 0.9342 for the referen-
ce product.
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Matrix Plot of Diss. 30min; Diss.1h; Diss.2h; Diss.3h; Diss.4h
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Figure 3: Matrix plot graph. a: Dissolution 30 min to 4h; b:
Dissolution 5h to 12h.
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Figure 4: Dissolution rate data graph of the Optimum Formu-
lation and reference product

DISCUSSION

As a result of the physicochemical tests, the tablet weight and
thickness value increased due to the increased polymer amo-
unt, but there was no change in the tablet diameter despite
the different weights with different polymers. The crushing
force (N) values increased in proportion with the increase in
the amount of polymer in the tablets, but the tablet properti-
es of the two polymers differ at the same hardness values. In

the formulations, polymer concentrations varied while the FLB
and lubricant ratios were kept constant. The strength of tablets
prepared with 20 mgs of polymer were found to be insufficient
after tablet compression and thus could not provide sufficient
compressibility of the tablet. In addition, the thickness values
of the tablets prepared with HPMC K100M were higher than
the thickness values of the tablets containing sodium alginate.
However, this is not due to the looser binding of the tablet gra-
nules because the hardness test results of the tablets are also
greater for formulations containing HPMC K100M. This finding
is thought to be due to the different powder properties of the
two polymers. Further evaluations were made on Minitab19™.

It is a known fact that different polymers and their different
concentrations affect drug release and a parallel result was
obtained from the findings we obtained (16). When the two
polymers were compared, it was observed that HPMC further
reduced the release rate with increasing concentration com-
pared to sodium alginate. The viscosity value of HPMC K100M
(Colorcon, USA) used here is approximately 100,000 cp at 20
rpm, although it gives different results when measured at diffe-
rent speed and rpm for its 2% solution (17). The viscosity value
given for sodium alginate was determined as approximately
1000-1500 mPa for its 1% solution (18). It is possible to say that
these differences obtained in the dissolution profile depend on
the polymer viscosities.

After the evaluation by artificial intelligence program Mini-
tab®”, the R? value being above 85% means that the interaction
of the inputs and the outputs in the models is highly significant.
In addition, p-values below 0.05 indicate the usefulness of the
models (19). In the study, it is shown that the R? values of all
models were found to be high and that it was beneficial. Tablet
weight, p-value results of 30-minute dissolution and 2 hours
dissolution were found below 0.05, and it was revealed that
the polymer type and concentration were effective especially
at these points.

According to the Pareto charts, it has been found that the amo-
unt of polymer used in the input formulation has the most
effect on the output.

It is seen that the optimum formulation for a matrix structu-
red formulation shows a more favorable release kinetics (20).
Artificial intelligence was used in formulation optimization
in an alternative formulation study of the market product by
comparing HPMC and sodium alginate, two different polymers
that are used quite frequently, and a similar dissolution rate to
the reference product was obtained, in which an ammonium
methacrylate copolymer mixture was used as the polymer (9).

The mean crushing force of the formulation was found to be
44 N. When all these findings are evaluated, the closest ratio
to the original product is the previously untested 41% sodium
alginate value. When the general values are examined, HPMC
has a slower release rate, sodium alginate has a faster release,
and the release rate in formulations prepared with sodium algi-
nate has shown a more similar profile to the reference product.
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CONCLUSION

Interest in artificial intelligence applications is increasing day
by day and these algorithms are used for many different pur-
poses. In this study, artificial intelligence was used in formula-
tion optimization studies and a value that was not studied as
a formulation was proposed by the program. As can be seen,
these applications provide data to researchers, who cannot
obtain said data by conducting experiments one-by-one with
their estimations, thus saving time. In addition to that, they
also help reduce expenses, as the cost advantages they bring
are at a level that cannot be ignored.

In this study, a formulation that provides similar release cha-
racteristics to the market product containing FLB was deve-
loped. The polymer ratio at the concentration recommended
by artificial intelligence was not one of the ratios that were
originally tested in the experimental design. The program suc-
cessfully evaluated the dataset, filtered it and suggested the
most appropriate ratio.
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