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Clinical implications of morphometric evaluation of the posterior tibial
curvature on the sagittal plane

Merve Kucuker ©* Nazli Ates © , Mehmet Ali Malas
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bBulent Ecevit University, Faculty of Medicine, Department of Anatomy, Zonguldak, Tiirkiye
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B MAIN POINTS B ABSTRACT
Aim: This study aimed to morphometrically examine the posterior tibial curvature (PTC) on the
sagittal plane in the proximal and distal tibia regions.

Materials and Methods: Forty-eight (21 right, 27 left) dry tibia bones were used. Both linear and
angular parameters were measured on ImageJ. Linear measurements: Tibiae were placed on a
horizontal surface on their posterior face. Tibiae were photographed from the medial aspect.
In the photographs, the distance between the proximal and distal contact points (proximal: COP,
distal: COD) of the tibia with the horizontal plane was divided into eight equal parts by 7 (C1-
C7) landmarks. From each landmark to the tibia, perpendiculars were drawn. The intersections
of the perpendiculars with the posterior margin of the tibia were determined (C1-C7'). The
distances between corresponding landmarks were measured (H1-H7). The heights of the tibiae
(L) were also measured. Angular measurements: Lines were drawn between each landmark on
the proximal tibia and the proximal contact point of the tibia (COP) for A1 to A3. Similarly, lines
were drawn between each landmark on the distal tibia and the distal contact point of the tibia
(CoD) for A5 to A7. Angles between these lines and horizontal lines measured (A1-A7).

Cite this article as: Kucuker M, Ates Results: There were no statistically significant differences between right and left for all para-
N, Malas MA. Clinical implications of meters. H1, H2 and H3 were statistically greater than the H7, H6 and H5, respectively. A1, A2
morphometric evaluation of the posterior and A3 were statistically greater than the A7, A6 and A5, respectively. Sagittal distances and
tibial curvature on the sagittal plane gangles in the proximal region were observed to be higher than the distal region.

. Ann Med Res. 2025;32(5):175--179. doi: L . . S . .
10,5455 Conclusion: Tibial morphometry is crucial for treating tibial fractures, planning regional sur-
. /annalsmedres.2024.12.261. ; . . - .
geries, assessing surgical outcomes, and preventing complications. We hope that the method
proposed in this study will be preferred for evaluating the morphometric characteristics of the
posterior curvature of the tibia, particularly in the context of tibial biomechanics or personalized
surgical planning.

* The posterior tibial curvature is sig-
nificantly greater in the proximal re-
gion than in the distal region.

* Understanding tibial curvature is es-
sential for accurate surgical plan-
ning and avoiding postoperative
complications.

+ This study presents a practical mor-
phometric method for evaluating
posterior tibial curvature on the
sagittal plane.

Keywords: Tibia, Posterior curvature, Morphometry, Anatomy
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@@@ Copyright © 2025 The author(s) - Available online at annalsmedres.org. This is an Open
Access article distributed under the terms of Creative Commons Attribution-NonCommercial-
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B INTRODUCTION

The tibia is essential for the lower extremity in carrying body
weight of the humans. It helps to distribute body weight
properly and keeps the body balanced. Previous studies have
included morphological features and curvatures of lower ex-
tremity bones [1-7]. Features such as cross-sectional geome-
try, cortical thickness, trabecular bone architecture, and lon-
gitudinal curvature of the diaphysis of long bones are among
the morphological features that ultimately affect the mecha-
nical performance of the lower extremities [8]. Curvatures of
long bones cause increased tension levels in the bone [1-4].

Studies have shown that curvatures of long bones are associ-
ated with activity level and movement, and even these curva-
tures cannot develop sufficiently without mechanical load [1].

While there are many studies about femoral curvature, stud-
ies on the causes and biomechanics of femoral curvature [6,
9] and characteristics of posterior tibial curvature (PTC) are
quitelimited. According to astudy examining tibial curvature
among Central European agriculturalists by the historical era,
there was a simultaneous decrease in tibial curvature and rigid-
ity seen in the medieval and iron ages compared to prehistoric
times. This difference was evident in the middle diaphysis re-

https://doi.org/10.5455/annalsmedres.2024.12.261
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gion [5]. In addition, although this study suggests that tibial
curvature may be more strongly associated with mobility than
body size, it also emphasizes that several complex factors play
arole in defining the tibial curvature of the diaphysis and re-
quire further study [5].

In rats deprived of mechanical function by unilateral sci-
atic neurectomy during the growth period, the curvature de-
creased on the side where the neurectomy was performed, but
the length of the tibia was not affected [10]. The distinc-
tion between the physiological or pathological curvatures of
the tibia is also discussed in the literature. Clinicians need to
know the normal range of PTC, especially since curvatures
seen in pathological conditions such as genu varum/valgum,
rickets, and osteogenesis imperfecta in children require treat-
ment such as osteotomy [11]. A radiographic study found
that the depth of sagittal tibia curvature decreases with age in
children, establishing age-related average values for physiolog-
ical tibial curvature [12].

Considering that the bone curvatures are affected by tension
on the bone, it is necessary to analyze the morphological char-
acteristics of the tibia well in plaque, screw or prosthesis ap-
plications to be placed in the region in surgical interventions
to be applied to the patient in cases such as bone fractures
or osteoarthritis. Studies emphasize the importance of un-
derstanding the details of tibia morphology in surgical inter-
ventions such as prostheses and screw applications to be ap-
plied on the proximal region of the tibia, especially in knee
joint surgery [13]. A comprehensive understanding of tibia
morphology may be important for optimizing treatment out-
comes and facilitating the healing process in tibial fractures,
pathologies, and associated surgical or prosthetic interven-
tions.The aim of this study was to morphometrically inves-
tigate the PTC and its associated angles, in the proximal and
distal regions of the tibia on the sagittal plane.

E MATERIALS AND METHODS

This study was performed on 48 (21 right, 27 left) dry tibia
bones in the Anatomy Laboratory of the Izmir Katip Celebi
University Faculty of Medicine. The bones with structural
deformities that could impact the study’s results were ex-
cluded. There were no age or gender records of the bones.
A match could not be made, indicating whether the right
and left tibia bones belong to the same individual. The
study was approved by our institutional review board for sci-
entific ethical conduct (Izmir Katip Celebi University Non-
Interventional Clinical Research Ethics Committee, Decision
No: 0312). Morphometric measurements were evaluated on
dry tibia bones and digital image of these bones.

Photograph acquisition

Two digital cameras, Canon EOS 800D and Nikon Coolpix
§570, were used to photograph the PTC. A water level gauge
ensured that the angle between the digital cameras and the
bone surfaces relative to the coronal plane was maintained

Original Article
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at 0°. The dry tibia bone was placed horizontally on a table
equipped with a water gauge, with the posterior margin fac-
ing the table edge, and stabilized using play dough (Figure 1).
The first camera was placed superior to the bone to observe
the superior articular surface of the tibia. The second camera
was placed atlevel of the table and medial to the bone at a fixed
distance and angle. A ruler was placed on the table to calibrate
the measurements. To standardize the position of the tibia,
the transcondylar axis (parallel to the table) passing through
the midpoint of the tibial condyles was aligned with the hor-
izontal grid line using the grid view mode of the first camera.
The tibia was then fixed with play dough. The second camera
was used to capture medial views of the bone (Figure 1). Mea-
surements were performed on the medical images obtained.

Figure 1. Image of the left dry tibial bone taken from the medial side.

Determination of sagittal neasurements

The measurement points were first identified by examining
medial view photographs of dry tibia bones. The tibiae were
placed on a horizontal surface on their posterior face to estab-
lish these points. The proximal point where the tibia made
contact with the horizontal surface was labelled "COP", and
the distal contact point was labelled "COD" (Figure 2).

T c1 c2 c3 4 5 [€3 c7 -
- L >
CoP Ccop

Figure 2. Schematic representation of the sagittal distances between
the posterior tibial curvature of left dry thia bone and the horizontal
plane. (COP: Proximal contact point, COD: Distal contact point. C1-C7:
Landmarks on the horizontal plane, C'1-C'7: Landmarks on the posterior
margin of the tibia, H1-H7: Sagittal distances, L: Height of the tibia).

The distance between the proximal and distal contact points
(proximal: COP, distal: COD) was considered the height (L)
tibia with the horizontal plane divided into eight equal parts
by 7 (C1-C7) landmarks (Figure 2). From each landmark to
the tibia, perpendiculars were drawn. The intersections of the
perpendiculars with the posterior margin of the tibia were de-
termined (C1’-C7’). The distances between corresponding
landmarks were measured (H1-H7) (Figure 2). The sagittal
distances between corresponding landmarks (H1-H7) were
measured separately (C1=C1’, H1; C2=C2’, H2; C3=C3’,
H3; C4=C4’, H4; C5=C5’, H5; C6=C¢’, H6; C7=C7’, H7)

https://doi.org/10.5455/annalsmedres.2024.12.261
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(Figure 2). H1, H2, and H3, representing the sagittal dis-
tances were considered proximal region distances. The H4
was classified as the median distance, while HS, H6, and H7
were considered distal region distances.

Determination of angular parameters

Lines were drawn from each proximal landmark (C1’-C3’) to
the proximal contact point (COP) to form the proximal region
angles A1-A3 (Figure 3). Similarly, lines were drawn from
each distal landmark (C5’-C7’) to the distal contact point
(COD) to form the distal region angles AS-A7 (Figure 3). The
angle between C4’ and the COP/CO0D points was symmetri-
cal, and these angles were considered equal (Figure 3). The
angles between these lines and the horizontal plane were mea-

sured (A1-A7).

T
c1 c2 c3 c4 5 C6 <7 1

cop coD

Figure 3. Schematic representation of the A1-A7 angles between the
posterior tibial curvature of left dry thia bone and the horizontal plane.
(COP: Proximal contact point, COD: Distal contact point. C1-C7: Land-
marks on the horizontal plane, C'1-C'7: Landmarks on the posterior mar-
gin of the tibia, A1: The angle between three points (C'1-COP-COD), A2:
The angle between three points (C'2-COP-COD)).

The Image ] program (Rasband, W.S., Image], U.S. National
Institutes of Health, Bethesda, Maryland, USA, https://im-
agej.nih.gov/ij/, 1997-2018) was used to perform the angular
and sagittal measurements. Two researchers independently
repeated these measurements, ensuring no intra- or inter-
observer variability. In addition, intra-observer and inter-
observer correlation coefficients were calculated to assess ob-
server consistency. The measurements were performed sepa-
rately by the researchers. There were no significant differences
in intra-observer and inter-observer measurements.

Statistical analysis

The data were analyzed using statistical software package for
social sciences version 25 (SPSS 25.0) (IBM Corp., Armonk,
New York, USA). Descriptive statistics for the variables were
presented as the number of observations, minimum and max-
imum values, and median (IQR). The normality of the data
was assessed using the Shapiro-Wilk test. An independent
samples T-test was used to compare side and proximal-distal
measurements for data with a normal distribution, while
the Mann-Whitney U test was applied for non-normally dis-
tributed data. Any p value < 0.05 was considered as statistical
significance. The analyses were performed using 95% confi-
dence interval.

Original Article
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B RESULTS

In this study, a total of 48 dry tibia bones were used, consist-
ing of 21 right and 27 left tibias. No significant difference was
found between right and left side in terms of tibial height (L)
as defined in our study (p > 0.05). The median tibial height
was 301,25 mm (Table 1). The median (interquartile range,
IQR), and range (minimum-maximum) of the sagittal dis-
tances (H1-H7) and angular parameters (A1-A7), categorized
by side (right/left) and tibial region (proximal/median/distal),
are presented in Table 1 and Table 2, respectively. All parame-
ters had no statistically significant differences between right
and left side (p > 0.05).

There was a significant difference in the comparison of the
H1-H7, H2-H6, and H3-HS parameters between the prox-
imal and distal sagittal distances on both the right and left
sides (p<0.001, Table 2). H4 is a median distance, and me-
dian (IQR) result is 19,35 (4,41) mm (Table 1). There was a
significant difference in the comparison of the A1-A7, A2-A6,
and A3-AS parameters between the proximal and distal sagit-
tal distances on both the right and left sides (p<0.001, Table
2). Sagittal distances and angles in the proximal region were
observed to be higher than the distal region.

B DISCUSSION

The tibia is one of the bones that is essential for carrying the
human body weight. It maintains the balance of the body by
distributing its weight evenly in the lower extremity. How-
ever, studies have shown that the curvatures of long bones de-
velop with activity level, movement and mechanical loading
[1]. Studies on posterior tibial curvature seen in the tibia are
quite limited. In our study, it was aimed to examine the PTC
and related angles morphometrically in the proximal and dis-
tal regions of the tibia in the sagittal plane in the limited num-
ber of tibial bones in our laboratory. We performed a prelim-
inary evaluation of the data regarding posterior tibial curva-
ture obtained in our study.

The results showed no significant difference between the right
and left sides in tibial height (L) or the sagittal distances (H1-
H?7), but the sagittal distances on the right side were greater
than on the left side (Table 1). A similar pattern was observed
in the angular measurements (A1-A7), where the angles on
the right side were greater than those on the left (Table 2).
These quantitative differences may be attributed to the small
sample size or the fact that the dry bones from each side did
not belong to the same individual. Additionally, the greater
sagittal distances and angles observed on the right side may in-
dicate that the dominant limb is subjected to different biome-
chanical forces, influencing bone curvature.

Macintosh et al. [5] comparatively examined the curvature of
farmers’ dry tibia bones at different ages in Central Europe.
Using a 3D modelling method, they reported that tibial cur-
vature in the middle diaphyseal region decreased from the Ne-
olithic age to the middle age. They also found that this change
was not affected by body size and tibia height. Their study

https://doi.org/10.5455/annalsmedres.2024.12.261
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Table 1. Median (Interquartile Range (IQR)) and minimum--maximum (min--max) values for sagittal distances (H) in the proximal, median, and distal

tibia regions of the right and left tibia (mm).

Tibia Regions
Tibial Height (L) Proximal** Median*** Distal**
H1 H2 H3 H4 H5 H6 H7
Right* (R)  Median (IQR)  294.10(37.58)  16.82(2.43) 18.58 (4.63) 20.74(4.52) 20.44(3.56) 18.60(2.81) 16.51(2.79) 12.83(3.28)
N=21 Min-max 271.57-349.27 8.32-22.97 7.99-25.14 9.32-26.62 9.66-25.88 8.99-25.52 7.66-22.92 5.33-18.49
Left* (L) Median (IQR) ~ 307.53 (42.59)  15.29(5.81) 17.11(3.69) 18.24(4.53) 18.57(4.26) 16.74(3.89) 14.03 (4.00) 10.69 (3.46)
N=27 Min-max 186.42-352.24  10.23-22.99  10.42-23.99  10.42-24.59  11.18-26.28  9.62-24.89 8.02-21.14 8.02-21.14
Total Median (IQR)  301.25(36.52)  16.44(4.27) 17.63(4.55) 19.03(5.12) 19.35(4.41) 17.94(3.95) 15.07(3.53) 11.48(3.50)
N=48 Min-max 186.42-352.24 8.32-22.99 7.99-25.14 9.32-26.62 9.32-26.62 8.99-25.52 7.66-22.92 5.06-23.55

*p>0.05: Comparison of sagittal distances (H1-H7) between right and left tibiae. **p<0.001: There was a significant difference in the comparison of the H1-H7,
H2-Hé, and H3-H5 parameters between the proximal and distal sagittal distances on both the right and left sides. *** p>0.05: There was no difference in the H4

sagittal distance measured from the median region on both the right and left sides.

Table 2. Median (Interquartile Range (IQR)) and minimum--maximum (min--max) values for sagittal distances (H) in the proximal, median, and distal

tibia regions of the right and left tibia (mm). for angles in the proximal, median, and distal tibia regions of the right and left tibia (mm).

Tibia Regions
Proximal** Median Distal**
Al A2 A4 A5 A6 A7
Right* (R) Median (IQR) 23.07 (4.91) 12.74 (3.61) 10.60 (2.88) 7.75(2.14) 9.50 (2.03) 12.13 (3.20) 18.98 (5.01)
N=21 Min-max 14.04-31.78 6.37-20.11 5.15-14.24 4.11-10.86 5.13-13.89 6.57-18.81 10.59-29.27
Left* (L) Median (IQR) 23.96 (5.32) 12.74 (3.61) 9.37(2.21) 7.01 (2.00) 8.63 (2.76) 10.45 (3.72) 16.16 (5.29)
N=27 Min-max 8.66-31.14 5.94-17.71 4.82-11.94 4.79-9.59 6.31-12.04 8.09-15.43 11.1021.65
Total Median (IQR) 23.49 (5.12) 13.48 (3.69) 9.86 (2.76) 7.20(1.99) 8.86 (2.25) 11.19 (3.01) 17.17 (4.76)
N=48 Min-max 8.66-31.78 5.93-20.10 4.81-14.24 4.11-10.86 5.13-13.88 6.57-18.81 10.58-29.26

*p>0.05: Comparison of angles (A1-A7) between right and left tibiae **p<0.001: There was a significant difference in the comparison of the A1-A7, A2-A6, and
A3-A5 parameters between the proximal and distal sagittal distances on both the right and left sides.

does not provide detailed data on PTC [5]. In our study,
the sagittal distances and angles of the posterior surface of the
tibia are detailed for the proximal, median, and distal regions
of the tibia.

A study comparing the curvature of the fibula diaphysis be-
tween the Jomon population, who were hunter-gatherers,
and the modern Japanese population found that the fibula in
modern individuals is significantly flatter [7]. This suggests
that bone curvature is influenced by mechanical loading asso-
ciated with daily activities.

Curvatures in long bones play a crucial role in managing bone
stress and stiffness during skeletal loading. The axial forces
and ground reaction forces from the muscles act around the
longitudinal curvature of the bone, generating multidirec-
tional bending moments [14]. It may be thought that the
difference in curvature between the proximal and distal re-
gions of the tibia may be due to the fact that the muscle in-
sertions in the proximal region are more than those in the dis-
tal region, and the weight force components loaded on the
bone are reflected more in the proximal region. Interven-
tions involving the proximal tibia region can lead to misalign-
ment, which may result in clinical problems due to tension
on muscle tendons [14,15]. Misalignment can increase me-

chanical stress on the bone and lead to postoperative compli-
cations. Research on tibial morphology and curvature high-
lights the importance of accounting for proximal and distal
variations during surgeries like total knee arthroplasty and in-
tramedullary nailing to avoid complications such as cortical
impingement and postoperative osteoarthritis [16]. Also, in
total knee arthroplasty, selecting the correct entry point for
the tibial alignment system is crucial because the tibial cur-
vature and the axis of the intramedullary canal influence this
entry point [17]. Therefore, we consider a thorough under-
standing of tibial morphometry essential for achieving opti-
mal surgical outcomes.

In addition, the proper design of tibial prostheses, includ-
ing alignment and stem insertion points, is essential for re-
ducing stress on the bone and preventing complications like
bone remodeling or implant loosening. Specifically, stem de-
sign for knee prostheses must consider tibial curvature and
load distribution to avoid issues like strain shielding in the
proximal tibia, which can affect postoperative outcomes [18].
For this reason, prostheses should also be designed by calcu-
lating these stresses. Accurate knowledge of tibial curvature
and morphometry helps in selecting appropriate prosthetic
designs that accommodate the natural biomechanics of the
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tibia [19].

Our study could not be directly compared with previous stud-
ies due to differences in measurement methods and variables
related to tibial curvature. Therefore, our data were evaluated
independently. The main distinction of our study from oth-
ers is the identification of regional variations in tibial curva-
ture.

There are some limitations of this study. The number of
bones available in our laboratory is limited; however, the aim
of our study was to determine the difference in the curvature
of the posterior border of the tibia in the proximal and distal
regions as a preliminary study. The bones analyzed do not be-
long to the same individuals, and the lack of information on
age and gender may affect the generalizability of the results.

B CONCLUSION

In conclusion, this study highlights the importance of un-
derstanding tibial morphology and curvature when perform-
ing surgical procedures such as total knee arthroplasty and in-
tramedullary nailing. Our findings demonstrate significant
variations in PTC between the proximal and distal regions,
which can influence the success of surgical outcomes. These
variations, likely related to muscle insertions and biomechani-
cal forces, underscore the need to account for tibial curvature
when selecting prosthetic designs and surgical entry points.
Future studies should aim to refine tibial morphometric data
turther to improve surgical precision and reduce postopera-
tive complications.

Large-scale radiological studies are required to confirm the
differences in posterior tibial curvature across genders, age
groups, and populations, offering critical insights into its
biomechanical and clinical implications.
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E MAIN POINTS

The study found a total hyperten-
sion prevalence of 32.5

Multiple regression analysis re-
vealed that Body Mass Index (BMI),
family history of hypertension,
maternal obesity, and paternal
coronary artery disease are signifi-
cant independent risk factors for
hypertension in this population.

There was a positive correlation (r:
0.468, p<0.001) between BMI and
hypertension detection, indicating
that higher BMI is associated with
increased hypertension risk, even in
children without other known risk
factors.

The findings suggest that routine
blood pressure screening for all
children aged 3-18 years is essen-
tial, even in the absence of risk fac-
tors, to prevent future cardiovascu-
lar issues.

B ABSTRACT

Aim: This two-year a cross-sectional study investigated the prevalence of hypertension in
asymptomatic children (ages 3-18) without known risk factors, hypothesizing that increased
screen time and sedentary lifestyles contribute to rising rates. The cross-sectional study, con-
ducted from January 1, 2021, to January 1, 2022, included children attending the General Pedi-
atrics clinic at inénii University Faculty of Medicine.

Materials and Methods: Of the 468 participants, 10.3% had prehypertension, 15.2% had stage 1
hypertension, and 7.1% had stage 2 hypertension, resulting in a total hypertension prevalence of
32.5%. The hypertensive group had a significantly higher BMI (19.315.4 vs. 17.6+3.6, p<0.001).
Paternal coronary artery disease was less prevalent in the hypertensive group (2.6% vs. 7.9%,
p=0.038), while maternal obesity was more prevalent (14.4% vs. 6.0%, p=0.003). Spearman'’s
correlation showed a positive association between BMI and hypertension (r: 0.468, p<0.001).

Results: Multiple regression analysis identified BMI (OR 1.154; p<0.001), family history of hy-
pertension (OR 1.543, p=0.040), paternal coronary artery disease (OR 0.282, p=0.026), and ma-
ternal obesity (OR 2.238, p=0.022) as independent risk factors. This translates to a 1.154- fold
increased risk of hypertension with higher BMI, a 1.543-fold increased risk with a family history,
a protective effect (0.282-fold) with paternal coronary artery disease, and a 2.238-fold increased
risk with maternal obesity.

Conclusion: This study found a higher prevalence of hypertension than previous research, likely
due to the inclusion of prehypertension and stage 1 hypertension. Despite excluding obese chil-
dren, hypertension correlated with increasing BMI, and family history, paternal coronary artery
disease, and maternal obesity were independent predictors. Given the rising prevalence of child-
hood hypertension, blood pressure measurement is recommended for all 3-18-year-olds, even
without known risk factors.
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B INTRODUCTION

According to both the American Academy of Pediatrics
(AAP)and the European Society of Hypertension guidelines,
normal blood pressure (BP) is defined as BP values lower than
the 90t percentile based on age, gender, and height [1, 2]. Be-
fore puberty, "prehypertension” was defined as systolic blood
pressure (SBP) and/or diastolic blood pressure (DBP) >90th
percentile and <95th percentile (according to age, gender, and
height tables). For adolescents, "prehypertension” was defined
as BP >120/80 mm Hg and <9sth percentile, or >90th and
<95 percentile (whichever is lower) [1]. Hypertension (HT)
is defined as clinically measured mean SBP and/or DBP >o9sth

percentile (based on age, gender, and height percentiles) [1].
It is also classified as stage 1 HT (>95™ percentile) and stage
2HT (>95% percentile + 12 mm Hg) [1].

Although hypertension is less common in children under 18
years of age, its prevalence is gradually increasing. According
to the Infant, Child, and Adolescent Monitoring Protocols
(ICAP) of the Public Health Institution of Turkey, Ministry
of Health, it is reported that the prevalence of high blood pres-
sure is 1-3% throughout childhood, but the prevalence of hy-
pertension is around 5%, in parallel with the increasing preva-
lence of obesity in adolescents [3]. In a study conducted in
our country in 2013, the prevalence of hypertension in chil-
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dren aged 5-18 years was found to be 6.1% [4]. It can be
said that the prevalence of hypertension in childhood is in-
creasing in our country as well as globally. Over the 15 years
from 2000 to 2015, it was found that the prevalence of child-
hood hypertension increased, with the rates of increase being
similar across all age ranges. Recent studies show the preva-
lence of hypertension as 4.32% in six-year-old children and
7.89% in 14-year-old children [5]. Clinical guidelines recom-
mend the inclusion of routine blood pressure measurement
in the health monitoring of children aged 3 years and above
[1]. Screenings are useful for the early recognition of asymp-
tomatic hypertension. The timely identification of abnormal
blood pressure values in pediatric and adolescent populations
is essential for mitigating the risk of cardiovascular disease and
mortality later in life.

We hypothesize that altered eating patterns and reduced phys-
ical activity due to increased screen time may be contributing
to the rising prevalence of hypertension in the pediatric popu-
lation. Accordingly, our study aimed to determine the preva-
lence of hypertension in asymptomatic children aged 3-18
years without identifiable risk factors.

E MATERIALS AND METHODS
Patients included in the study

Between January 1, 2021, and January 1, 2022, a cross-
sectional study was conducted; including children aged 3 to
18 years who had no identified risk factors for high blood pres-
sure. The number of patients who had their blood pressure
measured during their first visit is as follows. Blood pressure
measurements were taken for each patient during their initial
application. These children were seen at the pediatric general
outpatient clinic of Inénii University’s Faculty of Medicine.
Written informed consent was obtained from the participants
and their families after a thorough explanation of the study.

Definitions

Hypertension was diagnosed as a blood pressure value above
the 95 percentile based on age, gender, and height per-
centiles, or a value higher than 130/80 mmHg [1]. A stan-
dardized blood pressure measurement procedure was fol-
lowed for all patients attending the outpatient clinic: mea-
surements were taken on the right arm at heart level, after
at least five minutes of rest. The patient’s back was sup-
ported, feet were flat on the ground, and no impediments to
accurate measurement were present. The first sound heard
over the brachial artery while slowly releasing the cuff pres-
sure during auscultatory blood pressure measurement (Ko-
rotkoff phase 1) was accepted as systolic blood pressure (SBP),
and the moment when the sounds completely disappeared
(Korotkoff phase 5) was accepted as diastolic blood pressure
(DBP) [6,7,8].

Overweight and obesity were defined according to the Cen-
ters for Disease Control (CDC, 2000) criteria. According
to the body mass index (BMI) percentile tables, a BMI at or
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above the 85™ percentile was classified as overweight, and a
BMI at or above the 95 percentile was classified as obese [5].
Height and weight percentiles, based on age and gender, were
determined using growth curves prepared for Turkish chil-
dren [6]. Participants in this study were children aged 3 to 18
years who attended the general pediatrics outpatient depart-
ment and had no established risk factors for hypertension.

Data collection

The following variables were recorded for each participant:
age, gender, weight, BMI, blood pressure percentile, his-
tory of hypertension in parents, hypertension in other fam-
ily members, coronary disease in parents, coronary disease in
other family members, renal disease in parents, renal disease
in other family members, obesity in parents, and obesity in
other family members.

Exclusion criteria

* History of previously diagnosed hypertension

* History of preterm birth, low birth weight, or hospital-
ization in a neonatal care unit

* Use of medications that may increase blood pressure, in-
cluding antihypertensive drugs

* Presence of conditions such as diabetes mellitus, hyper-
lipidemia, obesity, congenital heart disease, recurrent
urinary tract infections, kidney disease, or anomalies
that may lead to increased intracranial pressure and hy-
pertension

* Chronic diseases such as organ transplantation or malig-
nancy

* Obesity (defined as a BMI >95th percentile)

* Patients with a history of hypertension or cardiovascular
disease in a first-degree relative were excluded from the

study.

Power analysis

In the power analysis conducted to evaluate the prevalence of
hypertension in asymptomatic children without risk factors,
we determined that the minimum required sample size was
450. This calculation was based on an alpha margin of error
of 0.05, an effect size of 0.15, power of 0.95, and a critical t-
value of 1.64.

Statistical analysis

Data analysis was performed using IBM SPSS Version 22.0
(Armonk, NY: IBM Corp.). Continuous data were summa-
rized using mean and standard deviation or median and range,
whereas categorical data were presented as counts (n) and pro-
portions (%), along with the median and interquartile range
(IQR), representing the 25" and 75™ percentiles. Chi-square

https://doi.org/10.5455/annalsmedres.2024.12.279


https://doi.org/10.5455/annalsmedres.2024.12.279

Arslan P. et al.

analysis (Pearson Chi-square) was used to compare categorical
variables between the groups, and the normality of continu-
ous variables was assessed using the Shapiro-Wilks Test. Inde-
pendent Samples t-test was employed to compare continuous
variables conforming to normal distribution between the two
groups. The Spearman correlation test was used to evaluate
the correlation between body mass index (BMI) and hyper-
tension detection. Multiple binary logistic regression analysis
(Backward LR model) was applied to determine the indepen-
dent risk factors for hypertension. A p-value of less than 0.05
was considered statistically significant for all analyses.

B RESULTS

The study ultimately included 468 children (220 females
[47%] and 248 males [53%)]) after excluding 32 participants
from the initial cohort of 500. Exclusions were made due to
subsequent diagnoses of chronic diseases (n=10), incomplete
data (n=20), and recurrent urinary tract infections (n=2).

As shown in Table 1, the median age of the participants was
9 years (range: 2 years to 17 years). The median body weight
was 33.5 kg (range: 11.5 kg to 88.0 kg). The median BMI was
17.05 (range: 1.0 to 36.6).

Regarding family medical history, 29 (6.2%) children’s moth-
ers, 38 (8.1%) children’s fathers, and 233 (49.3%) children
had a diagnosis of hypertension (HT). Additionally, 24(5.1%)
children’s mothers, 29 (6.2%) children’s fathers, and 197
(42.7%) children had a history of coronary artery disease
(CAD). Furthermore, 8 (1.7%) children’s mothers, 14 (3.0%)
children’s fathers, and 102 (21.8%) children had a history

Table 1. Demographic data of the patients included in the study.

Frequency (n %)

9(3-17)
33.5 (11.5 - 88.0)
17.05 (1.0 - 36.6)

Age (years) (min. - max.)
Body Weight (min. - max.)
Body Mass Index (min. - max.)

Maternal HT 29 (6.2)
Paternal HT 38(8.1)
Family HT 233 (49.3)
Maternal coronary artery disease 24 (5.1)
Paternal history of coronary artery disease 29 (6.2)
Family history of coronary artery disease 197 (42.7)
Maternal Kidney Disease 8(1.7)
Paternal Kidney Disease 14 (3.0)
Family history of kidney disease 102 (21.8)
Maternal Obesity 41 (8.8)
Paternal Obesity 32 (6.6)
Obesity in the Family 120 (25.6)

Table 2. Classification of cases according to blood pressure measure-
ment.

Blood pressure Frequency (n %)

Normal blood pressure 316 (67.5)
Pre-HT 48 (10.3)
Stage 1 71(15.2)
Stage 2 33(7.1)
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of kidney disease. Finally, 41 (8.8%) children’s mothers, 32
(6.6%) children’s fathers, and 120 (25.6%) children’s family

members (other than first-degree relatives) were diagnosed
with obesity (Table 1).

Of the 468 children included in the study, 316 (67.5%) had
normal blood pressure, 48 (10.3%) had prehypertension, 71
(15.2%) had stage 1 HT, and 33 (7.1%) had stage 2 HT (Table
2). The overall prevalence of hypertension in our study group
was calculated to be 32.5%.

The mean age was 9.1 * 4.1 years in the hypertensive group
and 9.9 + 4.2 years in the non- hypertensive group (p = 0.044).
However, a statistically significant difference was observed
in body mass index (BMI), with the hypertensive group ex-
hibiting a mean of 19.3 + 5.4 compared to 17.6 + 3.6 in the
non-hypertensive group (p < 0.001). A history of hyperten-
sion (HT) in family members other than first-degree relatives
was present in 86 (56.6%) patients in the hypertensive group
and 147 (46.5%) children in the non-hypertensive group (p =
0.048).

The fathers of 4 (2.6%) patients in the hypertensive group had
a history of coronary artery disease (CAD), while the fathers
0f 25 (7.9%) children in the non-hypertensive group had a his-
tory of CAD (p = 0.038). The mothers of 22 (14.4%) children
in the hypertensive group had a history of obesity, whereas the
mothers of 19 (6.0%) children in the non-hypertensive group
had a history of obesity (p = 0.003). A statistically significant
difference was observed in the presence of maternal obesity
between the two groups, with a higher proportion found in

the hypertensive group (Table 3).

Spearman’s correlation test performed to determine the corre-
lation between body mass index and HT detection revealed a
positive correlation between BMIand HT detection (r: 0.468
p<0.001) (Table 4).

In the binary multiple regression analysis (Backward LR
model), the following were identified as independent risk
factors for hypertension in children: body mass index (OR
1.154; p<0.001), a history of hypertension in family members
other than first-degree relatives (OR 1.543, p = 0.040), a his-
tory of coronary artery disease in the father (OR 0.282, p =
0.026), and the presence of obesity in the mother (OR 2.238,
p = 0.022) (Table 5).

According to these results, the risk of hypertension increased
by 1.154-fold for higher body mass index, 1.543-fold for a
family history of hypertension, 0.282-fold for a father’s his-
tory of coronary artery disease, and 2.238-fold for maternal
obesity. Furthermore, younger age appeared to increase the
risk of hypertension by 0.884-fold.

B DISCUSSION

Hypertension is a significant health issue that contributes to
a high number of deaths worldwide each year [9]. An increas-
ing number of studies suggest that the causes of hypertension

seen in adults often begin in childhood. Since childhood hy-
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Table 3. Comparison of demographic characteristics between the hypertension and non- hypertension groups.

Group with hypertension Group without hypertension p
(n=152) (n, %) (n-316) (n, %)
Gender (female/male)? 72/80 148/168 0.922
Age (years)P 9.1+4.1 9.9+4.2 0.044*
Body Weight (kg)® 38.0£19.0 36.3t16.5 0.323
Body Mass Index® 19.3¢5.4 17.643.6 <0.001*
Maternal HT? 12(7.8) 17 (5.3) 0.309
Paternal HT® 10 (6.5) 28 (8.8) 0.472
Family HTS 86 (56.6) 147(46.5) 0.048*
Maternal coronary artery disease? 9(5.9) 15 (4.7) 0.656
Paternal history of coronary artery disease? 4(2.6) 25(7.9) 0.038*
Family history of coronary artery disease?§ 1(0.6) 0(0.0) 0.163
Maternal Kidney Disease? 2(1.3) 6(1.8) 0.728
Paternal Kidney Disease? 3(1.9) 10(3.1) 0.410
Family history of kidney disease?§ 28 (18.4) 74 (23.4) 0.234
Maternal Obesity? 22 (14.4) 19 (6.0) 0.003*
Paternal Obesity? 12(7.8) 19 (6.0) 0.552
Obesity in the Family2§ 43 (28.2) 77 (24.3) 0.368

*p<0.05;, Pearson Chi-square test (number, %): , Independent Student T test (meanSD) , Family assessment includes family members other than mother and father.

Table 4. Correlation between body mass index and hypertension.

r p
0.468 <0.001*

BMI- Hypertension

pertension is a known risk factor for renal diseases, cardiovas-
cular conditions, and cerebrovascular diseases in adulthood,
early diagnosis and management are crucial [10]. Although
hypertension is less common in children than in adults, diag-
nosing it can be challenging. This study aimed to examine the
current prevalence of hypertension in children aged 3-18 years
who have no known risk factors.

A study conducted in China in 2018 found that the preva-
lence of prehypertension was 6% among children aged 7-15
years [10]. In a 2017 report by Larkins et al. in Australia,
the prevalence of hypertension in children aged 2-17 years was
reported as 15.6%, while the prevalence of prehypertension
was 12.3% [11]. Similarly, a 2010 study in Turkey reported a
7% hypertension prevalence among 1,963 children aged 7-16
years [12]. The lower figure in this study may be attributed to
the exclusion of prehypertension and stage 1 hypertension.

In our study, which included 468 children, the following dis-
tribution was observed: normal blood pressure in 316 chil-
dren (67.5%), prehypertension in 48 children (10.3%), stage
1 hypertension in 71 children (15.2%), and stage 2 hyperten-
sion in 33 children (7.1%). Thus, the total prevalence of hy-
pertension in our study group was calculated to be 32.5%.
This figure is higher compared to previous studies, which can
be attributed to the inclusion of prehypertension and stage 1
hypertension in our analysis. This highlights the importance
of considering these stages for a more accurate estimation of
hypertension prevalence in asymptomatic children without
identified risk factors.
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Different results have been reported in studies investigating
the relationship between hypertension and gender in chil-
dren. While many studies have shown no significant associ-
ation with gender, others conducted in various geographical
regions and among different ethnic groups have found that
hypertension is more common in males [13]. A study by M.
Kaplan, conducted at Istanbul University with 349 hyperten-
sive patients, reported a higher prevalence of hypertension in
males (58.2%), but this difference did not reach statistical sig-
nificance [14]. Similarly, a 2015 study by Yticel and Toprak
found no significant gender-based differences in hypertension
prevalence [15]. In our study, 72 (15.38%) of the hypertensive
patients were female, while 80 (17.09%) were male, and this
difference was not statistically significant.

Growth and development are directly related to blood pres-
sure. Itis known that blood pressure increases linearly in chil-
dren between the ages of 1 and 3 years, likely due to body de-
velopment rather than age alone. The differing growth pat-
terns between boys and girls as they mature also lead to cor-
responding changes in blood pressure levels. In children un-
der six years of age, blood pressure levels tend to be similar
between the sexes. However, research suggests that girls expe-
rience a more rapid increase in blood pressure during the 6-11
year age range compared to the 11-17 year age range, while
boys show a more pronounced rise in blood pressure between
the ages of 12 and 17 [16,17].

Bachmann et al., in a study conducted with 1,165 subjects
aged 4-18 years in the Essen region of Germany, found that
blood pressure increased with age, and adolescent boys had
higher blood pressure compared to preadolescent boys and
adolescent girls [18]. Similarly, Akis et al. [19] found a posi-
tive association between age and hypertension. However, our
study revealed a different trend: the mean age of the hyper-
tensive group (9.1 * 4.1 years) was lower than the mean age of
the normotensive group (9.9 + 4.2 years). We hypothesize that
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Table 5. Determination of independent risk factors increasing the risk of hypertension detection in children by multiple logistic regression analysis.

Beta OR %95 Cl p
Body Mass Index 0.144 1.154 1.089--1.224 <0.001*
History of hypertension in family members other than first degree 0.433 1.543 1.020 - 2.333 0.040*
Paternal history of coronary artery disease -1.267 0.282 0.092 - 0.861 0.026*
Maternal obesity 0.806 2.238 1.121 - 4.467 0.022*

*p<0.05; OR, odds ratio; 95% Cl, confidence interval.

the significantly lower mean age in the hypertensive group was
due to the exclusion of obese children from the study. As is
well known, obesity is more prevalent in adolescents.

In recent years, the increase in the prevalence of obesity, the
consumption of high-calorie, fatty, and salty foods, decreased
physical activity, and increased stress have contributed to the
rising prevalence of hypertension [20]. It has been reported
that the prevalence of obesity has increased by approximately
40% in the last 40 years [16]. In a study by Fuiano etal., which
measured blood pressure three times in 1,563 schoolchildren
aged 3-16 years, obesity was found in 23% of boys and 31.2%
of girls whose blood pressure exceeded the 95th percentile
[21]. These values were significantly higher than those in
children with normal blood pressure, and obesity was iden-
tified as a risk factor for hypertension. Similarly, Ak et al.
found a correlation between weight gain and hypertension
in a study involving 2,478 school- aged children aged 12-14
years in Bursa Province [22]. In their study, excess weight was
found to significantly increase the frequency of hypertension.

In our study, the body mass index (BMI) of the hyperten-
sive group was 19.3 £ 5.4, compared to 17.6 + 3.6 in the
normotensive group. The BMI was statistically significantly
higher in the hypertensive group compared to the normoten-
sive group. Although we did not include obese patients in
our study, the BMI was found to be higher in the hyperten-
sive group, which further supports the relationship between
weight gain and the prevalence of hypertension.

Additionally, a positive correlation was observed between
BMI and the detection of hypertension. These findings rein-
force the established link between excess weight and increased
risk of hypertension.

A family history of hypertension is considered an important
risk factor for the development of hypertension in both child-
hood and adulthood [23]. In a study by Bryl et al., which
examined 86 children diagnosed with primary hypertension,
39% had a history of hypertension in their fathers and 27% in
their mothers [24]. Similarly, a retrospective study by Robin-
son et al. found that 49% of the parents of children with
primary hypertension had hypertension, while 10% had sec-
ondary hypertension [23]. In a study by Akis et al., the preva-
lence of hypertension was 4.9% in children without a family
history of hypertension, whereas it was 10.9% in children with
a family history of hypertension [19]. Additionally, Anand
and Tandon found that in children aged 5-17 years, the preva-
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lence of hypertension was 5.9% in those with a family history
of hypertension and 0.14% in those without [25].

In our study, when examining family history, 7.8% of children
in the hypertensive group had a history of hypertension in
their mothers, compared to 5.3% in the normotensive group.
Likewise, 6.5% of children in the hypertensive group had a his-
tory of hypertension in their fathers, while 7.9% of the chil-
dren in the normotensive group had a family history of hy-
pertension in their fathers. Notably, 56.6% of the non-first-
degree family members of hypertensive children had a history
of hypertension, compared to 46.5% in the group without hy-
pertension. Although there was no significant difference be-
tween the two groups in terms of hypertension prevalence in
parents, the family history of hypertension in extended family
members (outside of the first degree) was significantly higher
in the hypertensive group. This finding is consistent with the
literature, which emphasizes the role of family history in the
development of childhood hypertension.

Gupta et al. conducted a study in 3194 children aged 5-15
years, finding that the presence of a family history of coronary
heart disease (CAD) was significantly lower in the families of
children with normal blood pressure compared to those with
hypertension [25]. In our study, the mothers of 9 children in
the hypertensive group had a history of CAD, while the moth-
ers of 15 children in the normotensive group had a history of
CAD. Similarly, the fathers of 4 children in the hypertensive
group had a history of CAD, compared to 25 fathers in the
normotensive group. Consistent with previous studies, our
findings suggest that a history of CAD in fathers was more
prevalent in children with hypertension.

Renal diseases are among the most common causes of sec-
ondary hypertension in children. In developing countries,
consanguineous marriages contribute to an increased fre-
quency of hereditary kidney diseases, such as polycystic kid-
ney disease [26]. In our study, the mothers of two children
in the hypertensive group had a history of renal disease, com-
pared to six mothers in the normotensive group. The fathers
of three children in the hypertensive group had a history of re-
nal disease, while ten fathers in the normotensive group had a
history of renal disease. When considering the entire family,
28 patients in the hypertensive group had a family history of
kidney disease, compared to 74 patients in the normotensive
group. Since we excluded children with chronic diseases or re-
current urinary tract infections from our study, no significant
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difference was observed between the two groups in terms of

family history of kidney disease.

In a study conducted in Canada with 15,245 participants, it
was reported that the likelihood of obesity in relatives was five
times higher when familial risk was considered, compared to
the general Canadian population [27]. Similarly, a study ti-
tled "Renal functions and inflammation markers in healthy
obese school children,” conducted in Adana, found that the
obesity rate in the parents of obese children was significantly
higher compared to the control group [28]. Furthermore, it
has been shown that if both parents are obese, the likelihood
of their children becoming overweight between the ages of 3
and 10 years exceeds 75%. In contrast, this probability drops
to 25-50% if only one parent is obese [8]. In our study, when
evaluating the families of children with hypertension, a his-
tory of maternal obesity was present in 22 children in the hy-
pertensive group, compared to 19 children in the normoten-
sive group. The presence of maternal obesity was statistically
significantly higher in the hypertensive group. Additionally,
12 fathers in the hypertensive group had a history of obesity,
while 19 fathers in the normotensive group had a history of
obesity. Moreover, 43 children in the hypertensive group had
a family history of obesity in relatives beyond the first degree,
compared to 77 children in the normotensive group.

Limitations

The exclusion of obese patients, who are already known to
have a risk factor for hypertension, strengthens the validity of
our study in determining the true prevalence of hypertension
(HT) in children without risk factors. This study is hospital-
based, which limits its ability to be generalized to the broader
population. The inclusion of patients from a single hospital
may not fully represent the entire pediatric population. Ad-
ditionally, the relatively small sample size further restricts the
generalizability of our findings.

B CONCLUSION

In conclusion, the prevalence of HT in our study was higher
compared to previous studies. We believe this result is due to
the inclusion of prehypertension and stage 1 HT in our study.
Although we excluded obese children, we found a correlation
between increasing body mass index (BMI) and the preva-
lence of HT. Additionally, a family history of HT, coronary
artery disease (CAD) in the father, and maternal obesity were
identified asindependent predictors of HT in children. Given
the rising prevalence of HT in children, we recommend that
blood pressure be measured during physical examinations for
all patients aged 3-18 years, even in those without apparent
risk factors. To further strengthen our findings, future stud-
ies should involve larger patient cohorts, including those from
primary care centers.
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E MAIN POINTS

* Psychological distress in the
mother has a negative effect on the
fetus.

* There has been a marked increase
in the prevalence of anxiety disor-
ders in Turkey in recent years.

* Anxiety disorders are associated
with adverse obstetric outcomes.
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EABSTRACT

Aim: To examine the obstetric and neonatal prognoses of women with pregestational anxiety
and contribute to maternal and neonatal health for pregnant women managing anxiety.

Materials and Methods: This retrospective study included 60 women with singleton pregnancies
aged between 18 and 45 years who presented to the Perinatology Clinic of Ankara City Hospital
between January 1, 2021, and December 1, 2024, and were diagnosed with anxiety disorders in
the psychiatry department of the same hospital during the prenatal period. We evaluated the
demographic characteristics such as age and gravidity, and clinical factors such as obstetric
complications, birth weight, first- and fifth-minute Apgar scores, and neonatal intensive care
requirements.

Results: The median age of pregnant women monitored for anxiety disorders was 31 years.
Generalized anxiety disorder was the most common diagnosis among the anxiety disorders.
Medical treatment was administered to 60% of the pregnant women. Of the patients diagnosed
with anxiety disorders, 12 experienced preterm delivery. Five patients were diagnosed with hy-
pertensive disorders of pregnancy, and one patient with substance-induced anxiety disorder un-
derwent emergency delivery due to placental abruption. Fetal anomalies observed in the study
group included cataract (n=1), microcephaly (n=1), ileal atresia (n=1), and agenesis of the cor-
pus callosum (n=1). Among newborns delivered by mothers with anxiety disorders, the median
gestational age at birth was 38 weeks, and the median birth weight was 3000 grams.

Conclusion: Anxiety disorders are associated with adverse obstetric outcomes, particularly
preterm delivery.
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B INTRODUCTION

among pregnant women managing anxiety.

According to the World Health Organization, the prevalence
of anxiety disorders (AD) is approximately 4%; however, only
one in four individuals suffering from this condition receives
treatment [1]. In Turkey, the Ministry of Health reports
a 22.9% increase in anxiety disorders in recent years, with a
higher prevalence among women [2]. The chronic stress en-
vironment created by this psychiatric condition, along with
neurochemical changes in the central nervous system, eating
disorders, and coagulation abnormalities caused by elevated
cortisol levels, may lead to adverse maternal and fetal out-
comes during pregnancy [3]. This study aimed to investigate
the obstetric and neonatal prognoses of women with pregesta-
tional anxiety and contribute to maternal and neonatal health
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B MATERIALS AND METHODS

This retrospective study was approved by the institutional re-
view board (IRB) for scientific ethical conduct (IRB approval
number: TABED 2-24-644). The study included women
aged 18-45 with singleton pregnancies who visited Ankara
City Hospital’s Perinatology Clinic between January 2021
and December 2024 and were diagnosed with anxiety disor-
ders during the prenatal period.

Anxiety, as defined in the Fifth Edition of the Diagnostic
and Statistical Manual of Mental Disorders (DSM-IV) by the
American Psychiatric Association, is characterized by persis-
tent and excessive worry or anxiety about various activities for
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at least six months. AD symptoms include restlessness, difhi-
culty concentrating, fatigue, irritability, muscle tension, and
sleep disturbances, with at least three of these six symptoms
being present. Subcategories of anxiety disorders include gen-
eralized anxiety disorder, social phobia, panic disorder, sepa-
ration anxiety disorder, mutism, and substance-induced anx-
iety.

The exclusion criteria for this study were pregnant women
who were not evaluated by the department of psychiatry,
those with confirmed fetal structural or chromosomal anoma-
lies, who underwent high-risk prenatal screening tests and in-
vasive procedures, and multiple pregnancies. We evaluated
demographic characteristics such as age and gravidity and
clinical characteristics such as obstetric complications, birth
weight, first- and fifth-minute Apgar scores, and neonatal in-
tensive care unit (NICU) admissions were evaluated.

Statistical analysis

The data were analyzed using IBM Statistical software Pack-
age for Social Sciences (SPSS)for Windows, Version 23.0 (Ar-
monk, NY: IBM Corp.). The Shapiro-Wilk test was used to
evaluate normality. Contiuous variables are expressed as me-
dians and range (minimum-maximum values). The categori-
cal variables were expressed as number of affected individuals
and the percentage of the study population. This retrospec-
tive study included all patients diagnosed with anxiety disor-
der over the past four years, reflecting the entire eligible popu-
lation rather than a sample size determined by a priori power
analysis.

B RESULTS

This study included 60 pregnancies diagnosed with AD based
on DSM-IV criteria and followed up during pregnancy. The
demographic characteristics of the study population are sum-
marized in Table 1. The median age of the pregnant women
evaluated for AD was 31 (range: 19-45) years. Among the
participants, 19 (31.6%) were nulliparous, and 14 (23.3%)
were single mothers. A total of 20 participants (33.3%) had
chronic illnesses, with the most common being asthma in
seven patients (11.6%) and chronic hypertension in six (10%).

Table 1. Demographic data of the participants.

n=60
Maternal age (years) 31 (19--45)
Gravity 2 (1-6)
Parity 1(0-5)
Nulliparity (n, %) 19 (31.6)
Single mothers (n, %) 14 (23.3)
Chronic disease (n, %) 20(33.3)

Mental disorder (n, %) 3(0.05)
Smoking (n, %) 7(11.6)

Note: Data given as median (Range: minimum-maximum) or number of
affected individuals (percentage of the study populations).
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Table 2. Psychiatric and medical history of the study group.

n=60
Generalized anxiety disorder 36 (0.60)
Panic disorder 19 (31.6)
Substance/medication-induced anxiety disorders 5(0.08)
Medical treatment medication 36 (0.60)
Suicidal intentios 7(11.6)

Note: Data given as number of affected individuals (percentage of the study
population).

Table 3. Outcomes of the patients regrading pregnancy and birth out-
comes of in the study group.

n=60

Obstetric complications (n, %)
Preterm labor 12 (20)
High blood pressure 5(0.08)

Diabetes 2(0.03)
Fetal growth restriction 1(0.01)

Gestational age at birth (week) 38 (31-40)
Emergency cesarean delivery (n, %) 18 (30)
Apgar score, first minute 7 (4-8)
Apgar score, fifth minute 9 (5-10)
Birth weight (q) 3000 (1710-4100)
Neonatal intensive care unit (n, %) 19 (31.6)
Refusal to take care of the neonate (n, %) 6 (10)
Breastfeeding (n, %) 48 (80)

Note: Data given as median (Range: minimum-maximum) or number
(percentage of the study population).

Three pregnant women had concomitant mental disorders
along with AD.

The subtypes of AD observed in our study groups are shown
in Table 2. Generalized anxiety disorder (GAD) was the most
common diagnosis in the study group. Nineteen participants
had panic disorder (PD), while five had substance-induced
anxiety disorder. Thirty-six (60%) of the pregnant women
were receiving medical treatment, and seven (11.6%) were un-
der close psychiatric monitoring due to suicidal intentions.
In total 28 patients were receiving medications for the treat-
ment of SD which included, selective serotonin reuptake in-
hibitors (SSRIs) (n=20), a combination of SSRIs and atypi-
cal antipsychotics (n=5), and serotonin-norepinephrine reup-
take inhibitors (n=3).

The outcomes regarding the pregnancy and delivery are of the
patients are summarized in Table 3. Twelve patients delivered
before 37 weeks of gestation. Five were diagnosed with hy-
pertensive disorders of pregnancy, and one participant with
substance-induced anxiety disorder underwent an emergency
delivery due to placental abruption. Fetal anomalies observed
in the neonates in our study werecongenital cataracts (n=1),
microcephaly (n=1), ileal atresia (n=1), and agenesis of the
corpus callosum (n=1). The median gestational age of new-
borns was 38 (range: 31-40) weeks, and the median birth
weight was 3000 (range: 1710-4100) grams. Among the
neonates requiring NICU care, 13 were monitored for respi-
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ratory distress, two for sepsis, and one died due to prematu-
rity. Six newborns were given to social services by the family.

B DISCUSSION

Maternal adaptation during pregnancy and the establishment
of a suitable intrauterine environment are essential for both
maternal and fetal health. It is well known that pregnancy af-
fects the hypothalamic-pituitary-adrenal axis. Corticotropin-
releasing hormone, produced in large amounts by the pla-
centa, a dynamic organ facilitating fetomaternal exchanges,
significantly increases during pregnancy. Maternal adreno-
corticotropic hormone levels rise, leading to physiological
hypercortisolemia [4]. In the fetus, adrenal glands become
prominent by the seventh week of gestation, and cortisol
production begins in the early weeks [S]. However, mecha-
nisms functioning harmoniously in utero can lose their home-
ostatic balance due to exogenous factors such as chronic
stress. Chronic stress disrupts the normal circadian ofplacen-
tal corticotropin-releasing hormone, potentially altering the
timing of delivery [6].

Numerous studies have investigated prenatal and postnatal
outcomes in mothers with chronic stress factors such as AD
and their offspring. Although the results vary, maternal psy-
chological distress is generally believed to have an adverse ef-
fect on the fetus. Prenatal stress has been associated with
changes in the placental transcriptome and impaired gene ex-
pression in trophoblasts [7]. Poor trophoblast development,
widely recognized in literature as linked to various pregnancy
complications, may contribute to the adverse fetal effects of
anxiety by inducing gene changes due to stress. Another study
found that mothers with high anxiety levels showed hyperme-
thylation of placental genes, which was linked to hypotonia in
their infants [8].

Maternal anxiety and anxiety disorders lead to epigenetic dif-
ferences that result in adverse postnatal neurodevelopmental
outcomes. Additionally, chronic anxiety was shown to en-
hance various neurotransmitter stimulations, increase mater-
nal procoagulant mediators, induce vasoconstriction, and dis-
rupt fibrinolytic activity, ultimately tipping the coagulation
balance toward a prothrombotic state [9]. Similarly, maternal
stress elevates interleukin-6 and tumor necrosis factor-alpha,
creating a hyperinflammatory environment [10]. Recent re-
search has demonstrated that prenatal stress and anxiety are
associated with altered postnatal microbiome diversity in the
neonates, that correlates with abnormal neurodevelopmental
outcomes [11].

In a study comparing maternal psychometric scores with am-
niotic glucocorticoid and brain-derived neurotrophic factor
(BDNF) levels, high glucocorticoid levels and elevated amni-
otic BDNF were associated with low birth weight and smaller
head circumference. There was no correlation between psy-
chometric scores and BDNF levels [12]. In a similar study on
the same subject, childhood trauma scores in mothers were
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found to be associated with higher amniotic BDNF levels dur-
ing pregnancy, but this was independent of glucocorticoid
levels [13]. The increased presence of this mediator in the am-
niotic fluid during maternal anxiety is notableand it has a crit-
ical role in neuronal development and differentiation.

A national cohort study in the UK involving over two million
participants found poor mental health to be associated with
neonatal mortality and low birth weight [14]. Similarly, a na-
tional study in Hungary reported higher preterm birth rates
among mothers with PD; however, no significant differences
in average birth weights were noted compared to the general
population [15]. Interestingly, anemia and polyhydramnios
were more common among mothers with PD. A comprehen-
sive study examining pregnancy outcomes with GAD, PD,
and medication use found no significant association between
GAD or PD and adverse outcomes. However, preterm birth
and preeclampsia were more frequent among mothers using
SSRIs, while low birth weight and increased cesarean deliv-
ery rates were linked to benzodiazepine use [16]. A retrospec-
tive cohort study in Australia involving over 50,000 pregnan-
cies observed higher risks of preterm birth, low birth weight,
and stillbirth in women hospitalized for psychiatric reasons
within five years before pregnancy [17]. Community studies
focusing solely on panic disorder have yielded similar findings
[18,19]. In the current study, while the median birth weight
of neonates from mothers with AD was within normal limits,
preterm labor and hypertensive disorders of pregnancy were
the most frequently observed complications.

A study conducted in Turkey reported NICU admission rates
of 9.1% for treated PD cases and 25% for untreated cases
[20]. In the current study, the number of newborns requir-
ing NICU admission was 19. Excluding six infants given to
social services and four admitted due to anomalies, the NICU
rate dropped to 16.6%. Four infants born with structural
anomalies had mothers who received medical treatment dur-
ing the prenatal period. Meta-analyses have demonstrated a
relationship between SSRI and antidepressant use, particu-
larly during the first trimester, and an increased risk of fetal
anomalies [21-23]. However, given the limited sample size of
our study, these anomalies may be incidental. It is also note-
worthy that we did not classify participants based on phar-
macological treatment. All pregnant women in our study
group were closely monitored by specialists for pharmacolog-
ical or psychotherapeutic interventions. The current study
indicates that 10% of mothers diagnosed with anxiety placed
their infants into social services. Existing literature shows that
Howard LM. et al. found that 70% of women with psychotic
disorders discharged from mother and baby units were re-
leased with their mothers without formal supervision. The
remaining 30% of infants were taken under supervision [24].
The study by Salmon et al. [25] found that 18% of mothers
admitted with a psychiatric diagnosis had their babies taken
into care by social services. Future nationwide research on ma-
ternal mental health and neonatal care is likely to offer more
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definitive insights into this matter. Despite preterm birth be-
ing the most frequent complication, as reported in other stud-
ies, the median birth weight and gestational age in our study
were within normal ranges. This outcome may reflect the
benefits of multidisciplinary follow-up and efforts by health-
care professionals to manage maternal anxiety effectively with
or without medication. Despite these findings, it is essen-
tial to note that some publications report no effect of anxi-
ety diagnosed before pregnancy or mental health conditions
on neonatal outcomes [26,27]. Proper monitoring of anxi-
ety disorders is essential to protect mothers and their babies
from adverse pregnancy outcomes and future developmental
issues. More research is needed to understand the effects of
anxiety and panic disorders on maternal and fetal health.

Limitations

Our study has several limitations. These include the lack of
postnatal follow-up for the developmental outcomes of in-
fants born from the patients in our study, and the absence of
subgroup classification for AD. Furthermore, we did not es-
tablish a control group from gravid individuals who did not
have AD.

B CONCLUSION

Anxiety disorders are associated with adverse obstetric out-
comes, particularly preterm birth.
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B MAIN POINTS B ABSTRACT

» The malignancy rate of repeat
cytologies was similar to those
directly operated after the first
FNA(86.17% vs 77.2%). This
suggests that the contribution of
the second FNA to clinical decision
making is limited.

The postoperative malignancy rate
was 83.45%, of which 36.8% were
papillary microcarcinomas, most of
which(<5 mm) may have been inci-
dentally detected in the resection
material. This may lead to an over-
estimation of the ROM.

Malignancy rates were higher in
single nodular goiters(45.5%) and
significantly lower in multinodular
goiters(14.1%) and cases with
concomitant thyroiditis(5%). This
suggests that  multinodularity
and chronic lymphocytic thy-
roiditis are associated with low
ROM(p=0.0033).

Aim: This study aimed to investigate the correlation between thyroid fine needle aspiration
biopsy (FNAB) and thyroidectomy materials diagnosed as atypia of undetermined significance
(AUS) with histopathological diagnoses over the last four years at our hospital.

Materials and Methods: This retrospective study included 251 thyroid FNAB cases with an AUS
diagnosis referred to our laboratory between January 1, 2020, and December 31, 2023, and 133
of these patients who subsequently underwent surgery at our hospital.

Results: A histopathological diagnosis was made in 133 cases. Ninety-four patients were di-
agnosed after the first AUS diagnosis, and 39 after at least one control aspiration. Of the
39 patients who underwent a second cytological control, 56.4%(n=22) were diagnosed again
with AUS. Of the surgical patients, 36.8%(n=49) were diagnosed with papillary microcarci-
noma, 33.83%(n=45) with papillary carcinomas, 9.02%(n=12) with adenomatous hyperplasia
and nodular hyperplasia, 6.7%(n=9) with invasive encapsulated follicular variant of papillary
thyroid carcinoma, 3.75%(n=5) with follicular carcinoma, 3%(n=4) with chronic lymphocytic thy-
roiditis, 2%(n=3) with follicular adenoma, 1.5%(n=2) with well differentiated thyroid tumor of
uncertain malignant potential, and 0.75%(n=1) each with medullary carcinoma, oncocytic carci-
noma, anaplastic carcinoma-not otherwise specified, and paraganglioma. Because the majority
(91.83%) of the cases diagnosed with papillary microcarcinoma were <5 mm in size, and there
were benign nodular structures in non-tumor areas, aspiration was performed from benign nod-
ules, and postoperative papillary microcarcinoma was detected incidentally.

Conclusion: In our study, most of the patients diagnosed with AUS had a diagnostic operation
by the clinician, and the patients who underwent repeat cytology were mostly persistently diag-
nosed with AUS. It was remarkable that the majority (36.8%) of the patients diagnosed with AUS
from an FNAB were diagnosed with incidental papillary microcarcinoma after resection. Since
papillary microcarcinoma tumors are smaller than 1 cm, these cells are not sufficiently included
in the cytology material from an FNAB.

Cite this article as: Demirtas R, Tamer
HD. Cytological and histopathological
correlations of the Bethesda 3 cat-
egories in thyroid cytopathology: A
4-year single-center experience. Ann
Med Res. 2025;32(5):192-198. doi:
10.5455/annalsmedres.2024.12.277.

o0eo

Keywords: Histopathology, FNAB, Atypia of uncertain significance, Thyroid
Received: Dec 25,2024 Accepted: Apr 18,2025 Available Online: May 26, 2025
Copyright © 2025 The author(s) - Available online at annalsmedres.org. This is an Open

Access article distributed under the terms of Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International License.

B INTRODUCTION

Thyroid function is crucial for maintaining growth, develop-
ment, and metabolic homeostasis [1]. A range of diseases are
commonly associated with the thyroid gland, such as goiter,
hyperthyroidism, hypothyroidism, thyroiditis, and neoplasms
[1]. Most neoplasms are considered benign; however, the rate
of malignant tumors in solitary nodules is 10% [1]. Although
thyroid cancers are relatively rare, they account for 90% of
all endocrine tumors [1]. A fine needle aspiration biopsy
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(FNAB) is an efficient and low-cost diagnostic technique that
can be applied to palpable or non-palpable thyroid nodules
suspected by radiologists [2,3]. FNAB is performed under ul-
trasound guidance in non-palpable lesions [2,3]. FNAB’s sen-
sitivity and specificity are 55%—98% and 73%-100%, respec-
tively; however, it has limitations including diagnostic prob-
lems in inadequate samples, demanding sampling technique,
and an overlap of benign and malignant cytologic features
[1]. Two systems are used worldwide for the cytologic clas-
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sification of thyroid lesions: the British Thyroid Association
and the Bethesda System for Reporting Thyroid Cytopathol-
ogy (TBSRTC) [2]. The TBSRTC classifies thyroid cytology
specimens into six categories for more efficient reporting ( Ta-
ble 1) [2,4]. Not only the numerical classification but also the
name of the category and numerical notation should be re-
ported to avoid confusion; for example, “Atypia of uncertain
significance (AUS) (Bethesda 3)” [4]. This has become the ac-
cepted mode of communication among the various specialties
that deal with thyroid nodule diseases [5].

The AUS category defined by the TRBSRTC is used for cases
without sufficient atypia for follicular neoplasia or malignant
tumor and for which a definite diagnosis of benign or malig-
nant is not made [4]. The term “follicular lesion of uncer-
tain significance” (FLUS) was included in the “AUS” group
to avoid confusion in the TBSRTC of 2023 [4].

Each category has a cancer risk, and the widespread adoption
of the TBSRTC provides an approach to determine the risk
of malignity (ROM) probability for each category [4]. Asa
result of a large-scale survey conducted in 2017, information
on the ROM for each category was updated [4], as presented
in Table 1.

The number of patients with cancer after subsequent surgery
was considered when calculating the ROM [1]. However,
the ROM is overestimated because the number of nodules re-
sected glands in nondiagnostic, benign, or AUS-diagnosed cy-
tologies is lower [4,5].

The effect of "Non-invasive follicular variant papillary thyroid
carcinoma” (NIFTP) on ROM is another issue [4]. NIFTP
is a surgical diagnosis that cannot be known for sure using
an FNAB [4]. The examination of NIFTP cytological fea-
tures indicates that these nodules tend to be classified as AUS
(Bethesda 3), follicular neoplasia (Bethesda 4), or suspected
malignancy (Bethesda 5) from an FNAB, which affects the
ROM results [4].

Compared with the histopathologic resection results of pa-
tients diagnosed with AUS, the ROM was 22% (range 20-
32%) (Table 1) [4]. ROM is also affected by whether the di-
agnosis of AUS is based on nuclear or structural atypia [4,6].
According to the most recently reported data, the ROM in
AUS cases diagnosed based on nuclear atypia was 59%, while
it was 6.5% in those diagnosed based on structural or onco-
cytic atypia, which is close to the ROM rate of cases with be-
nign cytology (1-3%) [4,6]. TBSRTC 2023 classified AUS
into two subcategories, “nuclear” and “other,” and empha-
sized the importance of cases diagnosed with nuclear atypia-
based AUS to improve patient management for clinicians and
cytopathologists [4]. In cases diagnosed with AUS, the ab-
sence of nuclear atypia should be considered to avoid unnec-
essary surgery [6]. The incidence of malignancy is similar be-
tween patients diagnosed with AUS from initial cytology and
those diagnosed with malignancy after consecutive cytology;
therefore, consecutive FNABs may not have a clear benefit
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in terms of clinical decision-making [S]. The present study
aimed to examine thyroid FNABs diagnosed with AUS in the
last 4 years at the hospital where the study was conducted and
to determine the correlation of these cases with postoperative
histopathologic diagnoses.

E MATERIALS AND METHODS

A retrospective study was conducted between 01.01.2020 and
31.12.2023, and cases with histopathological diagnosis data
among those diagnosed with AUS using an FNAB in our lab-
oratory were included in the study. Cases with histopatho-
logic right/left lobectomy or total thyroidectomy were in-
cluded. Core biopsies, recurrent malignancies, and comple-
tion thyroidectomy were excluded.

FNAB was performed by head and neck specialists, endocri-
nologists, and radiologists using ultrasound guidance or pal-
pation with a 25-or 27-gauge needle. Nodules diagnosed as
AUS for the first time underwent repeat FNAB or resection,
depending on the consent of the patient and the clinician fol-
lowing the patient. Patients who were diagnosed with AUS
repeatedly were resected for diagnosis and treatment, again
with the consent of the patient. Increased nodule size, large
multinodular appearance, clinical suspicion, and patient pref-
erence were among the operative criteria.

The evaluations were performed by two pathologists. The
diagnosis of AUS was evaluated according to the criteria de-
fined in the TRBSRTC guidelines, taking into evaluation
nuclear atypia (nuclear enlargement and contour irregular-
ity), architectural atypia (prominent microfollicles and onco-
cytic atypia (presence of predominant oncocytic features) [7].
Cases diagnosed with FLUS were reclassified according to the
2023 Bethesda system [4].

Pathology reports of each case were obtained digitally from
the hospital’s information record system. Approval was ob-
tained from the authorized units for files analysis in the digital
environment.

Statistical analysis

Statistical analysis was performed using IBM SPSS Statis-
tics, Version 26.0 (Armonk, NY). Power analysis was con-
ducted using F-tests and by calculating effect sizes to deter-
mine if the statistical tests had sufficient power. The nor-
mality of continuous variables was assessed using the Shapiro-
Wilk and Kolmogorov-Smirnov tests. Continuous measure-
ments were summarized as mean and standard deviation. Cat-
egorical variables were analyzed using Chi-square tests (in-
cluding Fisher-Freeman-Halton where appropriate), Kruskal-
Wallis, and ANOVA tests. The statistical significance level was
set at 0.05 for all tests.

Within this context, 251 FNAB cases with an initial diagno-
sis of AUS and 133 patients who underwent surgery were
included in the study. The rate of control cytology sam-
ples was analyzed in cases with an initial AUS diagnosis. Fi-
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nally, the correlation between the cytologic and correspond-
ing histopathologic diagnoses was evaluated.

B RESULTS

There were 251 patients diagnosed with AUS in our depart-
ment, and 133 of these cases had resection material available in
our unit. Of these cases, 73% (n=97) were female, 27% (n=36)
were male, and the female-to-male ratio was 2.69:1. These
cases were aged between 17 and 79 years, with a mean age of
48.6 = 12,3 years. According to the results of the analysis, the
mean age of the malignant group was 48.92 + 12.46 years, that
of the benign group was 49.15 * 10.50 years, and that of the
group with uncertain malignancy potential was 33.00 + 21.21
years (p = 0.193). The age range with the highest number of
cases was 41-50 (30.7%), followed by 54-60 (24.06%). The
patient sex and age distributions are shown in Figure 1.

Power analysis using the F-test revealed a statistical power of
99.99%, confirming that the analyses were adequately pow-
ered to detect statistically significant differences, should they
be present.

Following an initial diagnosis of AUS, a histopathologic di-
agnosis was reached in 70.6% of cases (n=94), while an addi-
tional 29.3% (n=39) received a histopathologic diagnosis af-
ter at least one control aspiration. Among the resected thy-
roid tissues with a single AUS diagnosis, 86.17% (n=81) were
malignant, 12.7% (n=12) were benign, and 1.06% (n=1) were
lesions of uncertain malignant potential (Figure 2). Of the
39 patients undergoing a second cytology control that had
resection material, 10.2% (n=4) were diagnosed with non-
diagnostic cytology, 15.3% (n=6) with benign cytology, 56.4%
(n=22) with recurrent AUS, 2.5% (n=1) with follicular neo-
plasia, 12.8% (n=5) with suspected malignancy, and 2.5%
(n=1) with malignant cytology. Compared with using the
resection material, 76.9% (n=30) of the patients undergoing
a second cytology were malignant, 20.5% (n=8) benign, and
2.5% (n=1) neoplasia of uncertain malignancy potential (Fig-
ure 3). The resection of 22 cases diagnosed with AUS after
the second cytology resulted in 77.2% (n=17) malignant and
22.8% (n=5) benign thyroid lesions.

Among the 133 patients who underwent surgery, 83.45%
(n=111) were histopathologically reported as malignant,
15.03% (n=20) as benign thyroid lesions, and 1.5% (n=2)
as uncertain malignant potential. The individual analysis
of the diagnoses revealed that 36.8% (n=49) of the patients
had papillary microcarcinoma, 33.83% (n=45) papillary car-
cinoma, 9.02% (n=12) follicular nodular disease, 6.7% (n=9)
invasive encapsulated follicular variant papillary thyroid car-
cinoma (IEFV-PTC), 3.75% (n=5) follicular carcinoma, 3%
(n=4) chronic lymphocytic thyroiditis(CLT), 2.2% (n=3) fol-
licular adenoma, and 1.5% (n=2) well-differentiated thyroid
carcinoma of uncertain malignant potential (WDT-UMP).
In addition, 0.75% (n=1) of the patients was diagnosed
with medullary carcinoma, oncocytic carcinoma, anaplastic
carcinoma-NOS, and paraganglioma.
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Table 1. 2023 Bethesda system for reporting thyroid cytopathology.

Diagnostic category ROM** mean % (range)

Category 1 Non-diagnostic 13 (5--20)
Category 2 Benign 4(2-7)
Category 3 AUS* 22 (13--30)
Category 4 Follicular neoplasia 30 (23-34)
Category 5 Suspicion of malignancy 74 (67--83)
Category 6 Malignant 97 (97-100)

*AUS: Atypia of Undetermined Significance **ROM: Risk of malignancy.

The analyses of the cases diagnosed with papillary microcar-
cinoma indicated that 45 of 49 were S mm or less in size,
and structures such as follicular nodular disease of the thy-
roid (n=25), chronic lymphocytic thyroiditis (n=16), follic-
ular adenoma (n=5), oncocytic adenoma (n=1), and neopla-
sia of uncertain malignancy potential (n=2) were observed in
non-microcarcinoma areas. Most of the cases (91.83%) diag-
nosed with papillary microcarcinoma were <5 mm in size,
and there were lesions observed in non-tumor areas; therefore,
it was concluded that aspiration was performed from other ac-
companying nodules and that papillary microcarcinoma was
detected incidentally postoperatively. When the incidental
papillary microcarcinoma diagnoses were excluded, a malig-
nant tumor rate of 49.62% was obtained. The histopathologic
classifications of the nodules resulting in the diagnosis of AUS
are presented in Table 2.

Twenty-two cases had nodular formation, 71 cases had
multinodular formation, 20 cases had chronic lymphocytic
thyroiditis, and 20 cases had no additional features in non-
tumor areas. In order to evaluate the malignancy rates ac-
cording to the criteria of nodular goiter (group 1), multinodu-
lar goiter (group 2), CLT and no feature in non-tumor areas,
and CLT and no feature (group 3) were included in a single
group, and statistical analysis revealed a significant difference
(p=0.0033). In the first group, the malignant tumor rate was
45.5%. In the second and third groups, this rate gradually de-
creased. The malignant tumor rates were 14.1% and 5% in the
second and third groups, respectively. When malignancy rates
were analyzed, it was seen that malignant tumor rates were sig-
nificantly higher in nodular goiter patients compared to other
groups. There was a significant decrease in malignant tumor
rates with an increase in the presence of multinodular forma-
tion, chronic lymphocytic thyroiditis, and cases with no fea-
tures.

When the median, minimum and maximum values were cal-
culated in the statistical Kruskal-Wallis test (p = 0.559) in
terms of TSH hormone level according to malignancy status,
the median TSH hormone values in the malignant group were
1. 491 mU/L (0.005 - 103.72) in the malignant group, 1.789
mU/L (0.398 - 8.470) in the benign group and 2.318 mU/L
(1.817 - 2.819) in the group with uncertain malignancy po-
tential. The mean T4 hormone levels calculated using one-
way ANOVA test was 0.977 £ 0.284 ng/dL in the malignant
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Figure 1a. Age distribution Figure 1b. Sex distribution
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Figure 1. a,b. The distribution of the age (a) and sex of the study population (b).

Figure 2. Bethesda 3 category in cytology; 40x, pap.
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Figure 3. Comparison of the histopathologic results of patients diagnosed with AUS after a single diagnosis of Atypia of Undetermined Significance
and cases diagnosed with AUS after repeated fine needle aspiration biopsy.
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Table 2. Histopathologic distribution of cases diagnosed with atypia of undetermined significance.

Histopathologic Papillary Papillary Follicular Medullary Anaplastic Oncocytic Other ** Benign ***
diagnosis carcinoma* microcarcinoma carcinoma carcinoma carcinoma carcinoma

Number of cases 54 49 5 1 1 1 3 19
Distribution (%) 40.6% 36.8% 3.8% 0.75% 0.75% 0.75% 2.25% 14.3%

*|EFV-PTC: included in papillary carcinoma ** WDT-UMP and paraganglioma were included in this group *** Follicular nodular disease of the thyroid, chronic

lymphocytic thyroiditis, and follicular adenoma were included in this group

group, 0.960 + 0.207 ng/dL in the benign group and 0.920 +
0.113 ng/dL in the group with uncertain malignancy poten-
tial (p = 0.927). According to these results, there was no sta-
tistically significant difference between the malignant, benign,
and certain malignant tumor potential groups in terms of
TSH hormone(p=0.887) and T4 hormone levels (p=0.927).

B DISCUSSION

Thyroid nodules are detected in 4—-8% of adults using physical
examination, 41% using radiological methods, and 50% dur-
ing autopsy [8]. The American Thyroid Association and the
National Comprehensive Cancer Network recommend the
use of FNAB as the first diagnostic test because of its diagnos-
tic reliability and cost-effectiveness [8]. FNAB avoids unnec-
essary surgery for benign nodules [8]. Cytopathologic data
obtained after FNAB are classified into six categories based on
the Bethesda system: non-diagnostic, benign, AUS, follicular
neoplasm, suspicion of malignancy, and malignant [4]. Our
department included cases diagnosed with FLUS classified ac-
cording to the pre-2023 Bethesda system, and these cases were
reclassified and evaluated according to the current Bethesda
classification.

The ages of the patients in this study ranged from 17 to 79
years, and the mean age was 48.6 years. Of these patients, 73%
(n=97) were female and 27% (n=36) were male, with a female-
to-male ratio of 2.69:1. The incidence of thyroid lesions was
higher in women than in men, a rate similar to the incidence
of higher thyroid lesion rates in women (77.34%) in the study
conducted by Machata et al. examining all Bethesda cate-
gories [9]. In addition, the age distribution of lesions in the
study by Machata et al was most frequently between 41 and
50 (25-59%), followed by those between 51 and 60 (22.35%).
In the present study, the age distribution was most frequent
in the fifth decade, followed by the sixth decade, which was
a similar range [9]. Furthermore, Machata et al. found that
the post-resection malignancy rate of cases in the Bethesda 3
category was 17.1% [9].

The study conducted by Ho et al. included 350 patients diag-
nosed with AUS who had immediate surgery, and the ROM
was 38.6%, whereas 31 patients underwent repeated FNAB,
and the ROM was 37.8% [5]. The majority of cases result-
ing in malignant cytology were diagnosed as papillary thyroid
carcinoma [5]. The cases with benign surgical results were di-
agnosed with nodular hyperplasia [S]. The rate of cases with
benign lesions in the resection material was 14.3% (n=19) in

the present study. Follicular nodular disease of the thyroid,
chronic lymphocytic thyroiditis, and follicular adenoma were
among them. Ho et al. also found incidental thyroid cancer
in 85 patients, of whom 76 (89.4%) had a diagnosis of papil-
lary microcarcinoma and the ROM rate was 57.2% with the
inclusion of incidental cases. In the present study, papillary
carcinoma and papillary microcarcinoma were the most com-
mon malignancies, followed by follicular carcinoma. More-
over, the ROM in the present study was 49.62%; with the
inclusion of incidental carcinoma cases (papillary microcarci-
noma), the ROM was 83.4%, which was higher than that in
theliterature. This shows thatincidental malignantlesions in-
crease the ROM rate in cases diagnosed with AUS and reveals
that this risk ratio is not clear in cases diagnosed with AUS.

VanderLaan et al. conducted a study with 331 cases and
found that the malignancy rate was 41% in cases diagnosed
with AUS after the first FNAB who underwent immediate
surgery and 43% in those cases after a repeated FNAB. They
determined the rthat the of malignant tumor after a single
AUS or recurrent AUS diagnosis was similar and higher than
40% [10]. However, in the present study, the postoperative
malignant tumor risk of cases with a first diagnosis of AUS
was 86.17% and that of cases with consecutive FNABs was
77.2%, which were close rates. These data suggest that con-
secutive FNABs do not provide a clear benefit in terms of
clinical resection decisions. In addition, VanderLaan et al re-
ported the malignant tumor rate of 45.7% in all surgical cases,
a rate higher than that reported in the literature [10]. In the
present study, the malignant tumor risk obtained by exclud-
ing incidental papillary microcarcinomas was 49.62%, which
was similar to that of that study. In the study conducted by
VanderLaan etal., 89% (n=81) of the cases diagnosed with ma-
lignancy were papillary carcinoma, followed by follicular car-
cinoma at a rate of 9% (n=8) [10]. The most common malig-
nant tumor was papillary carcinoma in the present study.
Bagceken et al evaluated the correlation between the diagnosis
of AUS and the histopathological correlation and found the
rate of malignant tumor was higher than the literature, with
arate of 43.5% [11]. In addition, another study conducted in
Turkey found that ROM was 49.1% in AUS cases [12]. These
results are similar to the ROM rates calculated in the present
study by excluding incidental cases.

In another study, although the risk of malignant tumor was
approximately 35% in cases diagnosed with AUS, it was 51.9%
in those with a second diagnosis of AUS. The study also re-
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ported that the ROM decreased to 5.3% if radiologic data did
not suggest malignant tumor when the results were evaluated
together with ultrasonographic data. In addition, the same
study emphasized that clinicopathological and ultrasound re-
sults should also be considered when evaluating the malignant
tumor rate in cases diagnosed with AUS [13].

In an analytical review of 47 studies including 4,475 cases of
AUS, Huhtamella et al reported the malignant tumor risk rate
of 27% (23-31%). Histopathologically confirmed ROM after
the first FNAB was 38.2%; however, the ROM after the sec-
ond FNAB was 21.7%. The study also found a significant cor-
relation between nuclear atypia, which we mentioned earlier,
and a higher ROM rate in cytology materials diagnosed with
AUS [14]. In addition, the authors reported ROM of 16.7%
with focal features suggestive of papillary carcinoma, 12.2%
with cytologic atypia, and 12% with architectural atypia [14].
These data show that cases with nuclear atypia have a higher
ROM rate and partially explain these variations in ROM rates
[14].

Of the 33 cases diagnosed with papillary microcarcinoma,
31%(n=10) had a cytologic diagnosis of AUS in the study con-
ducted by Seker et al. The study also emphasized that false-
negative results were obtained, especially in nodules smaller
than 5 mm, because of inadequate sampling [15]. In another
similar study, the resection result of papillary microcarcinoma
in cases with a false-negative diagnosis may have resulted from
the lack of optimal sampling of these areas or the presence of
other accompanying nodules and also attributed the reason
for resection in these cases to the result of evaluation with de-
tailed clinical, radiological, and pathological data [16]. In the
present study, 49 of the resected thyroidectomy materials had
a diagnosis of papillary microcarcinoma, and in 45 of these
cases, the carcinoma size was S mm or smaller. In addition,
benign lesions, such as follicular nodular disease and chronic
lymphocytic thyroiditis, were observed in the investigation of
thyroid tissue outside these carcinoma areas.

Some studies have excluded papillary microcarcinomas [3] or
have not included them in the ROM because they are de-
tected incidentally [S]. Some patients are not detected by clin-
ical examination or are diagnosed incidentally. In the present
study, it is thought that these tumors, which are incidental
and smaller than 1 cm in size, may not contribute cells to the
slides from an FNAB and should not be included because they
increase the ROM rate after resection. Accordingly, more re-
search is needed on this subject. In addition, clinical, radio-
logical, and pathological data should be considered by clini-
cians in cases diagnosed with AUS because many factors affect
ROM.

B CONCLUSION

This study determined that the patients diagnosed with AUS
in our unit were mostly taken to surgery directly, and in cases
with repeated FNABs, the cytopathologic result was mostly
AUS. In addition, the malignant tumor rates were similar in
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AUS cases that directly underwent surgery or surgery after
consecutive FNABs. In this study, most cases diagnosed as
AUS (84.9%) were malignant.

However, some papillary microcarcinomas are not detected
during clinical examination but are detected during the
pathologic examination of thyroid specimens after surgery.
Compared with the resection specimens in our unit, it is
noteworthy that papillary microcarcinoma (n=45), which was
detected in the resection specimens of patients diagnosed
with AUS, constituted a large proportion of the diagnoses
(33.83%). This suggests that because papillary microcarcino-
mas are tumors smaller than 1 cm, these cells may not be in-
cluded in the cytology material from an FNAB, and cytologi-
cal sampling is performed from other accompanying nodules.
The high ROM rate in the cases with AUS is attributed to
papillary microcarcinoma features. The rate of ROM was
49.62%, excluding incidental cases of papillary microcarci-
noma.

Tumoral cells may not be sampled on the slide from tumors
smaller than 1 cm in size and may be incidentally detected
in the resection material during FNAB. FNAB is a valuable
method that deserves the importance given to it in the diag-
nosis and follow-up of thyroid nodules; however, the most
appropriate decision should be reached by evaluating the pa-
tient’s clinical, radiological, and laboratory results as a whole.
In addition, there are many factors affecting ROM, and inci-
dental malignancies should not be included in the calculation
of ROM.
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B MAIN POINTS B ABSTRACT

+ Inflammatory (PIV, IBI) and athero-
genic (AIP) indices were signifi-
cantly elevated in manic and re-
mission phases of bipolar disorder
(BD), compared to healthy controls.

PIV and IBlI emerged as strong
predictors of manic episodes and
showed positive correlation with
episode severity.

AIP was significantly higher in the
remission group, suggesting an
underlying atherogenic tendency
possibly linked to treatment and
lifestyle.

Easily accessible markers (PIV, IBI,
AIP) may serve as novel, cost-
effective biomarkers for BD mon-
itoring and manic episode predic-
tion.

The study included drug-naive pa-

tients, enhancing the reliability of
biomarker-disease associations.

Aim: The pan-immune inflammation value (PIV), inflammation burden index (IBl), atherogenic
index of plasma (AIP), neutrophil/ high-density lipoprotein (HDL) ratio (NHR), lymphocyte/HDL
ratio (LHR), monocyte/HDL ratio (MHR), and platelet/HDL ratio (PHR) have recently been inves-
tigated as novel inflammatory and cardiovascular markers. Our study aimed to compare these
indices with the manic episode and remission period of bipolar disorder (BD) patients with con-
trols and to investigate the relationship between these indices and the clinical characteristics
of the patients and whether these indices can be biomarkers for the disease and manic episode.

Materials and Methods: In this retrospective observational study, we collected data from 66
patients in remission, 67 patients with manic episodes, and 70 controls. Differences in PIV, IB,
AIP, NHR, MHR, LHR, and PHR were investigated. We performed logistic regression analysis to
identify predictors of manic episodes, and the diagnostic potential of these parameters was
evaluated using ROC curves.

Results: Significant differences were found between the three groups in NHR (p<0.001), MHR
(p=0.001), LHR (p=0.013), AIP (p<0.001), PIV (p<0.001) and IBI (p<0.001). IBI (p<0.001) and PIV
(p:0.001) were found to be positive predictors of manic episodes. ROC analysis showed that IBI
(p<0.001) and PIV (p<0.001) can be used to define a manic episode; IBI (p<0.001), PIV (p<0.001)
and AIP (p:0.001) can be used to define BD.

Conclusion: Given the inflammatory and atherogenic processes involved in the etiopathogene-
sis, the novel biomarkers PIV, IBI, and AIP may be promising therapeutic targets for BD. In ad-
dition, these biomarkers can be used as easily accessible, inexpensive clinical tools to predict
illness and severity of manic episodes.

Pan-immune-inflammation value, Inflammatory burden index, Atherogenic
index of plasma, Bipolar disorder, Biomarker
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B INTRODUCTION

Bipolar Disorder (BD) is a recurrent and chronic illness char-
acterized by mania, hypomania, depression, and mixed-type
episodes leading to decreased quality of life, limitation, and
mood fluctuations [1]. The worldwide prevalence of BD is
reported to be between 2% and 5% [1]. In addition to the
hypotheses that genetic factors, disruption in calcium signal-
ing mechanisms, mitochondrial dysfunction, neuroplasticity,
and neurotrophic factor disorders, oxidative stress, and neu-

rotransmitter systems play a role in the etiology of BD, inflam-
matory reactions have recently been thought to play a role in
pathogenesis. Therefore, itis suggested that it may be possible
to consider BD as a multisystemic inflammatory disease [2].
The relationship between BD and inflammation has recently
been the subject of many studies, and the number of publi-
cations on the effects of inflammation on disease progression
and treatment efficacy is increasing. Studies have shown that
the incidence of diseases such as immune-related hyperthy-
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roidism, rheumatoid arthritis, and polymyalgia rheumatica is
higher in patients with BD compared to the healthy popula-
tion [3]. In addition, cardiovascular risks and activation of
atherogenetic mechanisms are increased in patients with se-
vere mental disorders due to both the lifestyle brought on by
the disease and the long-term use of antipsychotics and mood
stabilizers. The inflammation observed in BD may be a sec-
ondary physiological response that occurs during the course
of the disease rather than the primary cause of the disease.
However, since the markers used to prove and monitor these
conditions are expensive and laborious, indices that can be ob-
tained by routine examinations have recently been used to pre-
dict the prognosis of diseases with high inflammatory and car-
diogenic risk and cancers.

Studies on inflammation have focused on neutrophil, lym-
phocyte, platelet, platelet, platelet count, and C-reactive pro-
tein (CRP) levels, whereas studies on cardiovascular risk have
focused on lipid profiles. The neutrophil-to-lymphocyte and
platelet-to-lymphocyte ratios serve as convenient markers for
assessing inflammation in BD because of their derivation
from routine blood count tests. Research has identified no-
table disparities in these ratios when comparing patients with
BD to healthy individuals [4]. C-reactive protein (CRP), a
key acute-phase reactant, is produced in response to inflam-
matory triggers and is predominantly controlled by proin-
flammatory cytokines. Factors such as anemia, protein levels,
red blood cell morphology, age, or sex do not affect CRP lev-
els [S]. CRP is considered a reliable biomarker of inflamma-
tion and is frequently used to measure low-grade inflamma-
tion in both physical and mental health conditions. Research
indicates that CRP levels are consistently higher in individuals
with bipolar disorder (BD) than in healthy controls, regard-
less of episodic state, but they tend to rise significantly during
manic episodes [6].

The Pan-immune inflammation value (PIV) and inflamma-
tory burden index (IBI), which are based on these, are newly
defined biomarkers that can potentially reflect the body’s
immune response and systemic inflammation status. PIV,
initially introduced by Fuca et al., is calculated by dividing
the combined product of neutrophil, platelet, and monocyte
counts by the lymphocyte count [7]. This metric has been
linked to disease prognosis in various inflammation-related
conditions, including colorectal cancer, antineutrophil cyto-
plasmic antibody-associated vasculitis, and ST-segment eleva-
tion myocardial infarction [7-9].

The Inflammatory Burden Index (IBI) is an emerging marker
used to evaluate systemic inflammation and immune func-
tion. The value is calculated by multiplying C-reactive pro-
tein (CRP) by the neutrophil-to-lymphocyte ratio (NLR).
Initially introduced by Xie et al, IBI serves as a tool for measur-
ing the inflammatory burden in various cancers and predict-
ing patient prognosis [10]. A study involving patients with
Alzheimer’s disease, a condition in which inflammation is be-
lieved to play a role in its development, found that IBI levels
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were significantly higher in patients than in healthy controls
[11].

Recent evidence highlights the crucial role of inflammation
in the development of atherosclerosis. Research on chronic
inflammatory diseases such as systemic lupus erythematosus
and rheumatoid arthritis has demonstrated the contribution
of systemic inflammation to the progression of atheroscle-
rosis. These conditions are also linked to an increased risk
of cardiovascular disease and early-onset atherosclerosis [12].
Among the modifiable risk factors for atherosclerotic car-
diovascular disease, the lipid profile is particularly signifi-
cant [13]. Lipid profile assessments typically include to-
tal cholesterol (TC), high-density-lipoprotein (HDL), low-
density-lipoprotein (LDL), and triglycerides (TG).

HDL plays a vital role in the lipid profile by preventing the
buildup of free cholesterol and triglycerides (T'G) in blood
vessels. It shields endothelial cells from the harmful effects of
LDL and inhibits LDL oxidation. Additionally, HDL offers
numerous protective benefits, such as anti-inflammatory, an-
tioxidant, antithrombotic, anti-infective, and immunomod-
ulatory effects [14]. Studies suggest that HDL interacts with
immune cells like neutrophils, lymphocytes, monocytes, and
platelets, limiting neutrophil activation, adhesion, migration,
and monocyte-driven processes [15].

Considering the roles of neutrophils, monocytes, lympho-
cytes, platelets, and HDL in inflammatory processes, several
ratios, such as the neutrophil/HDL ratio (NHR), lympho-
cyte/HDL ratio (LHR ), monocyte/HDL ratio (MHR), and
platelet/HDL ratio (PHR), have recently been introduced as
novel markers of inflammation. These ratios have been pro-
posed as potential indicators of systemic inflammation and
oxidative stress under various inflammatory conditions [16,
17]. Studies have identified a strong association between these
ratios and the onset and prognosis of cardiovascular diseases,
Parkinson’s disease, and certain physical health conditions
[16,17].

Although studies investigating these ratios in psychiatric con-
ditions are scarce, a retrospective analysis of individuals with
severe mental illnesses demonstrated significant differences in
NHR, LHR, MHR, and PHR values in those with bipo-
lar disorder (BD) compared to healthy subjects. Considering
the intricate relationships among neutrophils, lymphocytes,
monocytes, platelets, and HDL, a composite marker incor-
porating NHR, LHR, MHR, and PHR may offer a more
comprehensive assessment of inflammation levels than indi-
vidual metrics. However, in cardiovascular conditions, TG
levels have been predominantly accepted as an independent
risk factor in various studies [18]. For this reason, the athero-
genic index of plasma (AIP), which is thought to be a more
objective indicator of atherosclerosis, was introduced. AIP
was calculated as the logarithm of the ratio of plasma triglyc-
eride (T'G) level to high-density lipoprotein (HDL) level with
base 10 [log (TG/HDL) ratio]. AIP reflects the balance be-
tween protective and atherogenic lipoproteins [19]. Recently,
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AIP has been reported to be a good marker for the early de-
tection of subclinical cardiovascular disease in diseases charac-
terized by chronic inflammation, such as Behget’s disease and
ankylosing spondylitis [20, 21]. There are also a few studies
on BD [22, 23].

Although there are many biomarkers indicating inflamma-
tion, since these biomarkers require additional financial re-
sources, we believe that it is more valuable to detect biomark-
ers that can be obtained during routine examinations.

When we look at the literature, studies on BD have many lim-
itations, especially regarding the use of drugs, and only the
acute phases of the disease have been addressed.

Itis thought that there is still a need to define specific and sen-
sitive markers that can show that the inflammatory process in
BD changes during the disease, during remission, and during
manic episodes, especially biomarkers that are easily measur-
able, cost-effective, and reproducible, reflect the dynamism
and clinical progression of the disease, and are easy to inter-
pret by clinicians.

In our study, we aimed to examine whether the hemogram
and biochemical parameters of patients with BD in the re-
mission and manic episode periods and healthy controls, who
were included in the study with strict exclusion criteria es-
pecially related to drug use and even naive manic episode
patients were included to observe the effects of drug use,
whether a difference that could be a biomarker could be de-
tected from these parameters, and to evaluate the relationship
between clinical variables and these parameters.

E MATERIALS AND METHODS
Procedure

Our study focused on the retrospective comparison of the
clinical, hemogram, and biochemical parameters of three
groups: patients in remission and manic episodes who applied
to the Erzurum City Hospital Psychiatry Outpatient Clinic
between December 2023 and December 2024, who were di-
agnosed with BD Type 1 according to DSM-S diagnostic cri-
teria, and controls who applied to the psychiatry outpatient
clinic for reporting purposes (starting work, single physician’s
report reporting status). Outpatient clinic and clinic records
will be used to obtain the data of patients and controls in-
cluded in the study.

The study was conducted in accordance with the Declara-
tion of Helsinki. This study was approved by the Health Sci-
ences University Erzurum Faculty of Medicine Scientific Re-
search Ethics Committee with the decision numbered BAEK
2024/12-215.

Research sample

Criterion sampling, a purposive sampling method, was used
in our study [24]. This sampling type is based on samples that
meet certain predetermined criteria. The criteria determined
by the researcher to explain the situations examined can be
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used for this type of sampling. In criterion sampling, the indi-
viduals planned to be included in the study are determined ac-
cording to certain criteria. The criteria or criteria used can be
created by the researcher, or a previously prepared list of crite-
ria can be used. For our study, the data of all patients with BD
type 1 who applied to our outpatient clinic within the speci-
fied date intervals were evaluated. Patients who did not meet
the inclusion criteria were excluded, and a sample was formed.
Healthy controls were selected from those who applied to our
outpatient clinic to confirm that they were healthy. When
their health records and interviews were examined, it was de-
termined that they had not previously consulted a psychiatrist
and had no known chronic or acute physical or mental illness.
When the hospital records were examined, it was confirmed
that the person did not have any psychopathology as a result
of the current mental status examination and psychometric
evaluations. The inclusion criteria for participants who were
evaluated in the psychiatry outpatient clinic in the desiganted
period are summarized in Table 1.

A flow diagram illustrating the recruitment process is summa-
rized in Figure 1.

Data collection tools

Sociodemographic and Clinical Data Form: Medical records
of all participants were analyzed. Characteristics such as age,
height, weight, BMI, and number of episodes were obtained
from hospital records.

Hamilton Depression Scale: This scale is not diagnostic but is
used to measure the severity of depression. The test is formed
on a three- and five-point Likert scale. Turkish validity and
reliability studies were conducted [26].

The Young Mania Rating Scale (YMRS): It is used to deter-
mine the severity of a manic episode. The test is constructed
on a five-point likert scale. A high score indicates that mania is

severe. A Turkish validity and reliability study was conducted
[27].

Complete blood count and biochemical analysis

Blood analyses were performed in the biochemistry labora-
tory using an automated hematological analyzer (Sysmex XN-
1000) and a biochemistry analyzer (Atellica, siemens Health-
ineers).

Normal reference ranges are as follows: neutrophils, 1,8-
6,98x10° /L: lymphocytes, 1,21-3,77x10” /L; monocytes,
0,29-0,95x10” /L; platelets, 152-383x10° /L; HDL, 35-55
mg/dL; LDL, 100-129 mg/dL; triglycerides, 0-200 mg/dL; to-
tal cholesterol, 0-200 mg/dL; and CRP, 0-5 mg/L.

The indexes used in our study were calculated using the fol-
lowing formulas:

NHR = neutrophil/HDL ratio; MHR = monocyte/HDL ra-
tio; LHR = lymphocyte/HDL ratio; PHR = platelet/HDL

ratio.
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Table 1. Comparison of sociodemographic data, clinical results, blood parameters and calculated indices of the groups.

Control Remission Manic episode
N:70 N:66 N:67 x? /F value p value
Mean+SD Mean+SD Mean+SD
Age 38.14 39.33 31.61 9.151 p<0.001
Gender 1.522 0.467
Women 26 30 24
Men 44 36 43
Marital Status 10.628 0.00
Single 28 42 43
Married 42 24 24
Smoking Status 10.782 5.005
No 42 48 30
Yes 28 18 37
Alcohol Use Status 9.118 0.010
No 62 66 58
Yes 8 15 9
BMI 25.11 28.29 26.60 26.899 p<0.001
Duration of disease(year) - 13.4246.32 8.46+10.38 3.328 0.001
Number of Episodes 6.03+2.91 4.70t4.57 1.999 0.048
Number of Manic Episodes 3+1.54 2.40+1.73 2.094 0.038
Number of Depressive Episodes - 3.03+1.43 1.8942.32 3.387 0.001
Neutrophil count x 10°/ L 3.9041.42 4.8111.94 6.2941.49 37.299 p<0.001
Monocyte count x 10°/ L 0.59+0.13 0.60+0.19 0.760.25 16.192 p<0.001
Lymphocyte count x 10°/ L 2.2810.59 2.6210.83 2.2120.74 6.247 p<0.001
Platelet count x 10°/ L 54.9216.56 95.53111.75 71.204.99 0.208 0.813
CRP (mg/L) 2.6612.06 3.47+3.00 5.2814.54 10.893 .000
Triglyceride (mmol/L) 1.26+0.58 1.84+0.81 1.57+0.79 10.375 p<0.001
Total Cholesterol (mmol/L) 4.5210.94 4.3110.66 3.88+0.90 9.875 p<0.001
HDL (mmol/L) 1.0510.26 0.99+0.38 1.0710.35 0.931 0.396
LDL (mmol/L) 3.23+0.93 3.0410.55 2.83+1.02 3.634 0.028
NHR 3.93+1.79 5.4513.19 6.48+2.55 17.107 p<0.001
MHR 0.600.21 0.67+031 0.810.42 7.883 0.001
LHR 2.3340.97 2.8841.14 2.4341.29 4.473 0.013
PHR 272.64480.21 291.794127.54 285.361116.69 0.541 0.583
AP 0.04110.26 0.24+0.27 0.120.33 8.219 p<0.001
PIV 289.22+151.43 387.351342.95 444.411338.04 28.324 p<0.001
IBI 5.4617.43 6.8116.48 17.56118.73 19.978 p<0.001

BMI: Body mass index, CRP:C-reactive protein, NHR:Neutrophil/HDL ratio, LHR:Lymphocyte/HDL ratio, MHR:Monocyte/HDL ratio, PHR:Platelet/HDL ratio, AlP:
Atherogenic Index of Plasma, PIV: Pan-immune inflammation value, IBI: Inflammation Burden Index, SD: Standard Deviation, N: number of participants, x2:

Chi-square, F: one-way ANOVA test value, p<0.05: statistical significance level.

PIV = Neutrophil (10°/L) x Platelet (10°/L) x Monocyte
(10°/L)/Lymphocyte (10°/L).

IBI = CRP x Neutrophil/Lymphocyte.

AIP: log1o(TG/HDL).

Statistical analysis

Statistical analyses were performed using the Statistical soft-
ware Package for Social Sciences version 26 (SPSS Statistics
version 26.0) (IBM, Armonk, USA). Descriptive statistics, in-
cluding means, standard deviations, and frequencies, were
calculated. Normality was assessed by examining skewness
and kurtosis values, with all variables falling within the accept-
able range of -2 to +2. Categorical variables were analyzed
using the chi-square test. For comparisons between two in-
dependent groups meeting normality assumptions, the inde-
pendent samples t-test was employed. Comparisons involv-
ing more than two independent groups with normally dis-
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tributed data were conducted using one-way ANOVA. Where
ANOVA yielded significant results, post hoc comparisons
were performed using the Bonferroni test for equal variances
and Tamhane’s T2 test for unequal variances. The relation-
ship between quantitative variables was assessed using Pear-
son’s correlation coeflicient. Binary logistic regression analy-
sis was used to identify significant predictors of the dependent
variable. Receiver operating characteristic (ROC) curve anal-
ysis was conducted to evaluate the diagnostic utility of contin-
uous variables and to determine appropriate cut-off values. A
p-value of less than 0.05 was considered statistically significant
for all analyses.

B RESULTS

The study included data from 66 patients with BD in re-
mission, 67 patients with a manic episode, and 70 healthy
controls. In the manic episode group, 32 patients experi-
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Acute phase
Assessed for eligibility
N:119

Remission phase
Assessed for eligibility
N:543

Healthy Controls
Assessed for eligibility
N:140

67 patients' data were included

52 excluded: 477 excluded:

66 patients' data were included

70 healthy people were included.

70 excluded:

21 presence in the acute phase
while taking medication in the last
6 months

4 have a diagnosed acute or
chronic physical illness

5 over 30 BMI

1 pregnant/postpartum period

362 use of antipsychotics in

addition to mood stabilizers or

antipsychotics alone

23 have a diagnosed chronic
physical illness

52 over 30 BMI

1 pregnant/postpartum period

33 CRP was not detected in routine

34 over 30 BMI

17 have a diagnosed acute or
chronic physical illness

15 CRP was not detected in routine
blood tests

4 no lipid profile detected in

routine blood tests

12 patients in depressive episode

* 9 patients in mixed episode blood tests

* 6 no lipid profile detected in

routine blood tests

Figure 1. A flow diagram summarizing the recruitment procedures.

Table 2. Posthoc analysis results of calculated indices.

p value
Control-Remission Control-Manic Manic Episode-
Episode Remission

NHR 0.003 p<0.001 0.126
MHR 0.326 0.001 0.072
LHR 0.009 0.944 0.98

PHR 0.657 0.843 0.987
AIP 0.045 0.051 0.052
PIV 0.103 p<0.001 p<0.001
1BI 0.593 p<0.001 p<0.001

NHR:Neutrophil/HDL ratio, LHR:Lymphocyte/HDL ratio, MHR: Monocyte/HDL
ratio, PHR:Platelet/HDL ratio, AIP: Atherogenic Index of Plasma, PIV:
Pan-immune inflammation value, IBI: Inflammation Burden Index.

enced their first manic episode and had not received psychi-
atric treatment before the study. Of the 66 patients in remis-
sion, 35 were on sodium valproate+valproic acid, 23 received
lithium carbonate, and 8 received both lithium carbonate and
sodium valproate+valproic acid. The drug blood levels of
patients using sodium valproate+valproic acid were approxi-
mately 60-80 ug/mL, whereas the drug blood levels of patients
using lithium carbonate were between 0.6 and 0.8 mEq/L.

The sociodemographic data, blood parameters, calculated in-
dices, and clinical characteristics of the patients are presented
in Table 1. The manic episode group had significantly lower
age, illness duration, and number of episodes compared to the
remission group (p: <0.001, <0.001, 0.001, respectively), as
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it included patients in their first episode. Significant differ-
ences in the calculated indices (NHR, MHR, LHR, AIP, PIV,
IBI) were observed among the three groups (p values: <0.001,
0.001, 0.013, <0.001, <0.001, <0.001, respectively). Post hoc
analyses for the indices are presented in Table 2. NHR was
significantly lower in the control group compared with both
the manic episode and remission groups (p: <0.001, 0.003).
MHR was significantly higher in the manic episode group
compared with the control group (p: 0.001). LHR and AIP
were higher in the remission group than in the control group
(p: 0.009 and 0.045). PIV and IBI values were significantly
higher in the manic episode group compared with both the

Table 3. Comparison of indices calculated from blood parameters of
bipolar disorder patients with drug naive first manic episode and recur-
rent manic episode.

First manic episode, Manic

drug-naive Episode t P
NHR 7.3513.03 5.67+1.71 -2.758 0.008
MHR 0.94+0.48 0.70031 -2.424 0.019
LHR 2.8741.30 2.0211.16 -2.808 0.007
PHR 322+137.48 251.87+82.34 -2.504 0.016
AIP 0.2140.32 0.0410.32 -2.095 0.040
PIV 590.884212.73 728.49+455.09 1.607 0.114
IBI 12.03412.93 22.61+21.76 2.388 0.020

NHR:Neutrophil/HDL ratio, LHR:Lymphocyte/HDL ratio, MHR: Monocyte/HDL
ratio, PHR:Platelet/HDL ratio, AIP: Atherogenic Index of Plasma, PIV:
Pan-immune inflammation value, IBI: Inflammation Burden Index, t:
independent samples t-test, p<0.05: statistical significance level.
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Table 4. Correlation of clinical characteristics and laboratory results in patients with Bipolar Disorder.

Age  BMI DOD NOE NDE NME NHR MHR LHR PHR AIP PIV IBI
nge |1 Q278" 07574 0545M 05825 0.540% 0013 0138 -0.060 0.115  0.146 0.002 0.036
S 0.001 0.000 0.000  0.000 0.000 0.879 0.114 0.490 0.187 0.093 0.981 0.679
o' 1 178* 0.015 0.040 0.059  0.478%  0.461%  0.506**  0.538**  0.435%  0.138 0.013
p 0.040 0.867 0.648 0.498 0.000 0.000 0.000 0.000 0.000 0.113 0.886
— 1 804%%  0.827%%  0.768%*  -0.069  -0.188%  -0.208*  -0.052  0.010 0134 0.181*
p 0.000  0.000 0.000 0.431 0.030 0.016 0.554 0.905 0.124 0.037

noE ! 1 0.960%**  0.958**  0.009  -0.112  -0.257*  -0.043  -0.047  0.256**  0.275%*
P 0.000 0.000 0.916 0.199 0.003 0.626 0.591 0.003 0.001
o 1 0.925%  -0.037  -0.159  -0.204*  -0.018  -0.035  0.111 0.203*
P 0.000 0.674 0.067 0.019 0.833 0.693  0.202 0.019

e T 1 0.046  -0.104  -0.217*  0.009  -0.008 0210+  0.177*
P 0.597 0.233 0.012 0.919 0.930 0.015 0.042
W 1 0.809%*  0.469%*  0.770%*  0.529%*  0.539%*  0.100
P 0.000 0.000 0.000 0.000 0.000 0.250

wir " 1 0.612%  0.610%  0.566%*  0.367**  0.126
P 0.000 0.000 0.000 0.000 0.149

TP 1 0.586%*  0.650%%  -0.252%%  -0.280%*
P 0.000 0.000 0.003 0.001
o 1 0.637%%  0.279%*  -0.150
P 0.000 0.001 0.085

r 1 -0.063  -0.250%*
AP 0.470 0.004

r 1 0.443%*
PV 0.000

Bl 1

BMI: Body mass index, NHR:Neutrophil/HDL ratio, LHR:Lymphocyte/HDL ratio, MHR:Monocyte/HDL ratio, PHR:Platelet/HDL ratio, AIP: Atherogenic Index of Plasma,
PIV: Pan-immune inflammation value, IBI: Inflammation Burden Index, **. Correlation is significant at the 0.01 level.*. Correlation is significant at the 0.05 level.,
DOD: Duration of Disease, NOE: Number of Episodes, NDE: Number of Depressive Episodes, NME: Number of Manic Episodes

Table 5. Predictive Factors for Manic Episode- Logistic Regression Bacward Conditional Model.

Variables in the 95% Cl for EXP(B)

Equation B SE P Exp(B) Lower Upper
LHR -1.486 14.135 0.916 0.226 0.000 25.318
PHR 0.019 0.124 0.881 1.019 0.799 1.299
AlP -0.605 1.021 0.553 0.546 0.074 4.041
Step 1 IBI 0.080 0.028 0.005 1.084 1.025 1.146
PIV 0.003 0.001 0.012 1.003 1.001 1.005
Age -0.045 0.038 0.241 0.956 0.888 1.030
Duration of disease -0.097 0.044 0.027 0.907 0.832 0.989
Constant 0.796 1.155 0.490 2.217 - -
IBI 0.094 0.027 0.000 1.099 1.042 1.159
Step 5 PIV 0.002 0.001 0.001 1.002 1.001 1.004
Duration of disease -0.137 0.031 0.000 0.872 0.820 0.927
Constant -0.709 0.428 0.098 0.492 - -

LHR:Lymphocyte/HDL ratio, PHR:Platelet/HDL ratio, AIP: Atherogenic Index of Plasma, PIV: Pan-immune inflammation value, IBI: Inflammation Burden Index,
p<0.05:Statistical significance level.
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Table 6. Bipolar Disorder remission -manic episod ROC analysis results.

Area Under the Curve

Asymptotic 95%
Confidence Interval

lower upper
Predictor Area Std. Error p value bound bound Cutoff value Sensivity Specifiicty
LHR 0.401 0.051 0.048 0.301 0.500
PHR 0.501 0.051 0.982 0.401 0.601
AlP 0.411 0.050 0.077 0.314 0.508 - - -
IBI 0.722 0.043 p<0.001 0.637 0.807 6.93 64.2% 66.7%
PIV 0.742 0.045 p<0.001 0.654 0.830 407.89 74.6% 69.7%

LHR:Lymphocyte/HDL ratio, PHR:Platelet/HDL ratio, AIP: Atherogenic Index of Plasma, PIV: Pan-immune inflammation value, IBI: Inflammation Burden Index,
p<0.05: Statistical significance level.

Table 7. Bipolar disorder patient-control ROC analysis results.

Area Under the Curve

Asymptotic 95%
Confidence Interval

lower upper
Predictor Area Std. Error Asymptotic Sig. bound bound Cutoff value Sensivity Specifiicty
LHR 0.565 0.041 0.130 0.484 0.645
PHR 0.510 0.040 0.819 0.431 0.588 - - -
AlP 0.639 0.039 0.001 0.562 0.716 0.85 62.4% 60%
IBI 0.678 0.038 p<0.001 0.603 0.753 4.37 63.9% 65.7%
PIV 0.673 0.037 p<0.001 0.601 0.746 293.55 65.4% 68.6%

LHR:Lymphocyte/HDL ratio, PHR:Platelet/HDL ratio, AIP: Atherogenic Index of Plasma, PIV: Pan-immune inflammation value, IBI: Inflammation Burden Index,
p<0.05: Statistical significance level.
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Figure 2. ROC analysis for distinguishing between manic episodes. Figure 3. ROC analysis for distinguishing bipolar disorder.

remission and control groups (p<0.001 for both). were found in NHR (p: 0.008), MHR (p: 0.019), LHR (p:

The calculated indices were also compared between patients ~ 0.007), and AIP (p: 0.040), all higher in patients with first
with first manic episodes who were not taking medicationand ~ manic episode. IBI (p: 0.020) was higher in patients with re-
those with recurrent manic episodes. Significant differences  current episodes, whereas PIV (p: 0.114) showed no signifi-
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cant difference between the two groups (Table 3).

A correlation analysis was performed to examine the rela-
tionship between clinical characteristics and calculated blood
indices. IBI was positively correlated with illness duration,
number of manic episodes, number of depressive episodes,
and total number of episodes. PIV was positively correlated
with the number of manic episodes and total episodes. AIP
showed a positive correlation with BMI, and LHR was posi-
tively correlated with BMI, illness duration, and the number
of manic and depressive episodes (Table 4).

Additionally, a correlation analysis was conducted between
the Young Mania Rating Scale (YMRS) score and calculated
blood indices in the manic episode group. Positive corre-
lations were found between the YMRS score and NHR (r:
0.294, p: 0.016), MHR (r: 0.334, p: 0.006), PIV (r: 0.375,
p: 0.002), and IBI (r: 0.380, p: 0.002).

Binary logistic regression (Backward Conditional Model) was
used to identify the predictors of episodes of manic episodes.
The presence of a manic episode was the dependent variable,
and age, illness duration, LHR, PHR, AIP, IBI, and PIV were
independent variables (Table 5). Due to multi-collinearity,
the number of episodes and other related variables was ex-
cluded. IBI (p<0.001) and PIV (p: 0.001) were identified as
positive predictors of manic episodes, whereas illness duration
was a negative predictor. A one-unit increase in IBI or PIV
doubled the risk of a manic episode (OR: 1.099 and 1.002,
respectively), whereas a one-year increase in illness duration
reduced the likelihood of a manic episode by 0.8 times (OR:
0.872) (Table 6). The risk of manic episodes decreased as the
illness duration increased.

ROC analysis was conducted to evaluate the potential of
LHR, PHR, AIP,IBI, and PIV values in distinguishing manic
episodes in BD and to establish cutoff values. IBI and PIV
were found to be useful for diagnosing manic episodes in BD,
with cut-off values of 6.93 for IBI and 407.84 for PIV (Figure
2, Table 6). Additionally, ROC analysis for BD differentia-
tion revealed that AIP, IBI, and PIV values above 0.85, 4.37,
and 293.55, respectively, were effective in identifying bipolar
disorder (Figure 3, Table 7).

B DISCUSSION

This study examined the relationship between NHR, MHR,
LHR, PHR, AIP, PIV, and IBI, which are evaluated together
with blood cell count and biochemical parameters as inflam-
matory, immunonutritive, and cardiovascular markers, and
BD periods and severity of manic episodes. In this study, the
primary endpoints were NHR, MHR, LHR, AIP, PIV, and
IBI. Blood parameters included neutrophils, monocytes, lym-
phocytes, platelets, HDL, TC, LDL, and TG, which were
used along with these calculated indices. Clinical features
included disease duration, number of episodes, BMI, and
YMRS score. Correlation analyses were conducted to exam-
ine the relationships between clinical features and the calcu-
lated indices, while binary logistic regression was utilized to
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determine the predictors of manic episodes. Receiver operat-
ing characteristic (ROC) analyses were conducted to evaluate
the potential of LHR, PHR, AIP, IBI, and PIV in distinguish-
ing manic episodes.

As expected, PIV and IBI were highest during the episodes,
and these two values were found to be associated with manic
episodes. Although there are many studies in terms of BD in-
flammation, to the best of our knowledge, there is no study
evaluating BD periods and severity in terms of PIV and IBI.
In a recent meta-analysis study, CRP levels were higher in pa-
tients in the manic period than in healthy controls and pa-
tients in depressive and euthymic states [6]. While there are
studies showing increased neutrophil and lymphocyte counts
in patients with BD compared with controls [28], there are
also studies in which no significant difference was found [7].
Again, in a study including 78 patients with manic and 88 re-
mission period BD and 101 controls, the monocyte/lympho-
cyte ratio was found to be high in the manic episode, while
no significant results were found in terms of platelet/lym-
phocyte and neutrophil/lymphocyte ratio [29]. Although it
is difficult to compare these findings with our study results,
they are consistent with studies showing inflammation in BD
and especially in manic episodes. In the same study, the lipid
profile was also examined, and triglyceride, LDL, and total
cholesterol levels were found to be higher in the remission
group, whereas HDL levels did not show a significant differ-
ence [29]. Inflammation during manic episodes may be a re-
flection of physiological stress and metabolic changes. Insom-
nia, excessive activity, high energy levels, and increased corti-
sol and sympathetic nervous system activation during manic
episodes may be factors that trigger this inflammation.

In our study, AIP was significantly higher in the remission pe-
riod. This was an expected finding due to the atherogenetic ef-
fect of long-term medications, eating patterns, and sedentary
lifestyles of the patients [30]. In a study conducted by Kale-
lioglu et al. with 68 patients with manic attack, it was shown
that while pre-treatment AIP values were similar to healthy
controls, post-treatment AIP values increased significantly
compared with pre-treatment values. This was interpreted as
that even short-term treatments may increase cardiogenic risk,
that the manic period may have a positive effect on athero-
genic risk or at least that it would not have any effect [23]. Al-
though only patients in the remission period who were using
mood stabilizers and not antipsychotics were included in our
study, AIP values were significantly higher than those of the
control group. AIP was significantly higher in patients with
a naive first manic episode. This finding suggests that people
who are predisposed to this disease are also structurally more
vulnerable to atherogenicity regardless of the drug. In a re-
view of 142 studies evaluating metabolism and cardiovascu-
lar diseases in BD, mortality rates from cardiovascular disease
and pulmonary embolism doubled compared with the general
population. Reduced exercise and poor diet, frequent depres-
sive episodes, comorbidity with substance abuse, and poor
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quality general medical care may contribute to the additional
risk of these medical problems in people with bipolar disor-
der. Contrary to popular belief, long-term treatment with
lithium, antipsychotics, and tricyclic antidepressants may re-
duce overall mortality [31]. These findings suggest that there
are mixed results regarding cardiovascular risk in patients with
BD and that conflicting results may have been found because
this may be related to many factors such as ethnic origin,
drugs used, anti-inflammatory eftects of drugs, genetic predis-
positions, sedentary lifestyle, and predisposition to drugs and
smoking.

Although LHR was significantly higher in the remission pe-
riod, MHR was significantly higher in the attack period, and
NHR was significantly lower in the control group, the ratio
of these leukocytes to HDL did not have a predictive effect
on disease or attack period. NHR was weakly correlated, and
MHR was strongly correlated with the severity of the attack,
determined by YMRS only during the attack period. Again,
PIV and IBI showed a strong relationship and positive cor-
relation with attack severity. Although no study has com-
pared PIV and IBI one-to-one, the relationship between CRP
and YMRS was examined in a study conducted by Kara et
al. with 35 patients in the manic period, but no relationship
was found [32]. In a study conducted with 116 patients with
BD using high-sensitive CRP, which was thought to be more
specific for inflammation, a positive correlation was found be-
tween YMRS scores and number of attacks and high-sensitive
CRP levels [33]. In the present study, IBI was higher in pa-
tients with recurrent attacks. IBI increased as the disease du-
ration and the number of episodes increased, whereas PIV in-
creased as the number of episodes, especially manic episodes,
increased.

In our study, PIV and IBI were associated with both a manic
episode and illness. AIP was also shown to be associated with
illness. Patients who were not taking medication during the
episode were included; however, patients in remission were
taking mood stabilizers. Studies are showing the antiinflam-
matory effects of mood stabilizers [34]. However, PIV, IBI,
and AIP were associated with both inflammation and athero-
genicity were high in patients in remission. These findings
suggest that the disease is inherently an inflammatory process,
although the mechanism of this inflammation has not been

fully elucidated.

Our study has some strengths and limitations. The fact
that our study sample included patients with a first episode
manic episode who had never taken any medication, that
those in manic episode were not taking medication for the
last 6 months, and that patients in remission were only tak-
ing mood stabilizers strengthens our study in terms of reduc-
ing the limitation of medication use. In addition, the fact
that patients with a BMI >30 were not included in the study
due toits effect on both inflammation and atherogenicity, and
other strict inclusion criteria, strengthens our study. Con-
founding factors that may have an impact on inflammatory
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states, such as sleep, exercise, nutrition, alcohol consumption,
smoking status, and lifestyle, were not included in the anal-
ysis. Since the manic episode group included patients with
their first episode, the age of this group was lower than that
of the other two groups. Although the effect of age was con-
trolled in the logistic regression analysis, another limitation
is that the ages of the groups were not similar. Although we
tried to minimize the effect of drugs on inflammation, the
fact that patients in the remission period were taking mood
stabilizers, and these drugs have known anti-inflammatory ef-
fects, is also a limitation of our study. The fact that inflamma-
tion indicators are still high, although patients in the remis-
sion period are using drugs known to have anti-inflammatory
effects, suggests that there may also be the effect of factors
such as alcohol, smoking, and lifestyle changes, which we can-
not exclude as a confounding effect in this group of patients.
The retrospective and cross-sectional design of the study is
an important limitation. This approach prevents the estab-
lishment of strong causal relationships between blood para-
meters, biomarkers, and disease-related outcomes. In addi-
tion, differences in the timing of blood collection and whether
blood was drawn under appropriate conditions (such as fast-
ing and postprandial) may have caused variations in some pa-
rameters (such as lipids). Although strict inclusion and ex-
clusion criteria were applied in this study, since the data were
obtained from hospital records, treatments and disease diag-
noses not included in hospital records may have been missed.
The administration of YMRS to participants by different psy-
chiatrists is both a limitation and an advantage. This may
have prevented possible bias. Evaluation of inflammatory and
atherogenic parameters in the same patients before the first
episode, during the episodes, and during the remission period;
analyzing these parameters by detailing the confounding fac-
tors will provide more accurate data and can be planned for
future longitudinal studies.

Given the inflammatory and atherogenic processes involved
in the etiopathogenesis, the novel biomarkers PIV, IBI, and
AIP may be promising therapeutic targets for BD. In addi-
tion, these biomarkers can be used as easily accessible, inex-
pensive clinical tools to predict disease, manic episodes, and
the severity of manic episodes. Given the limitations of our
study, further validation is needed to confirm the clinical va-
lidity of our results. Therefore, prospective follow-up of these
groups is important to assess progress in the patient and con-
trol groups. Longitudinal and well-designed studies involv-
ing larger patient groups should be conducted to ensure the
results of the study are generalizable. It should be noted that
in this study, which aims to reflect a real-world sample of the
population, our results may not be representative of the entire
population.
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B ABSTRACT

Aim: This study aimed to determine whether the peripapillary choroidal vascular index (pCVI)
can be used to diagnose and track retrobulbar optic neuritis (RBON) and to compare the clinical
and electrophysiological characteristics between patients with RBON and controls.

Materials and Methods: The study involved 60 eyes, and evaluations included magnetic reso-
nance imaging (MRI), optical coherence tomography (OCT), visual field (VF) testing, and pattern
visual-evoked potential (VEP) testing.

Results: Twenty eyes with RBON, twenty fellow eyes, and twenty healthy control eyes were en-
rolled. Age, gender, and axial length were not significantly different between the groups. Best-
corrected visual acuity (BCVA) was substantially lower in RBON eyes than in both fellow and
control eyes (p<0.0167). The peripapillary choroidal vascular index (pCVI) was also signifi-
cantly reduced in the RBON eyes compared with the control eyes (p<0.001). Although RBON
eyes showed longer P100 latency (p = 0.019) and reduced temporal peripapillary retinal nerve
fiber layer (pRNFL) thickness (p = 0.045), these differences did not reach statistical significance.

Conclusion: Our findings demonstrate a reduction in pCVI and visual acuity in RBON eyes com-
pared with controls, suggesting a potential role of vascular dysfunction in the disease process.
Although other structural and electrophysiological changes were observed, they did not remain
statistically significant.

Optic neuritis, Choroidal vascularity index, Retinal nerve fiber layer,
Visual evoked potential, Visual field
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B INTRODUCTION

head (ONH), has emerged as a promising tool for assessing

Retrobulbar optic neuritis (RBON), an inflammatory de-
myelinating disease that the optic nerve, is commonly asso-
ciated with multiple sclerosis (MS) and neuromyelitis optica
[1,2]. This disorder affects the part of the optic nerve be-
hind the eye, resulting in visual abnormalities, such as color
vision, blurred vision, and visual field deficiency [3]. Ongo-
ing advances in imaging technology have led to an unprece-
dented increase in the detailed visualization of ocular struc-
tures, with a particular focus on the choroidal vasculature [4].
The choroid, a critical supplier of blood to the outer retina, is
increasingly recognized for its role in several ocular patholo-
gies [5].

The peripapillary choroidal vascular index (pCVI), which

quantifies choroidal vessel density around the optic nerve

optic nerve health [6]. However, studies evaluating the po-
tential of pCVT for the diagnosis and monitoring of RBON
are lacking.

This study aimed to investigate clinical and electrophysiologi-
cal characteristics in patients with RBON and compare them
to controls. The study also evaluated visual field (VF) out-
comes, visual-evoked potential (VEP) tests, and changes in the
retinal nerve fiber layer (RNFL) and pCVI among patients
with RBON. This approach would help enhance our under-
standing of the disease’s impact on optic nerve health and the
potential role of choroidal vasculature in RBON.
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E MATERIALS AND METHODS

All methods employed in this research involving human par-
ticipants strictly followed the ethical norms of the Helsinki
Declaration. The research protocol received approval from
the Institutional Review for ethical scientific conduct (Erciyes
University Local Ethics Committee, N0:2023/39).

Study population

This study included patients who presented with acute vision
loss and were subsequently diagnosed with RBON at our in-
stitution. Comparisons were conducted between the affected
eye and the healthy fellow eye of each patient, as well as with a
randomly selected eye of a healthy patient attending the clinic.
We excluded patients with a history of other ophthalmologic
or neurologic diseases that could potentially influence the op-
tic nerve, individuals with a medical history of bilateral retrob-
ulbar neuritis, papillitis, and ischemic optic neuropathy, and
those with pre-existing conditions such as diabetes or hyper-
tension. Pediatric patients were also not included in this re-
search. In patients diagnosed with RBON, images were ob-
tained at least 3 months after the acute attack.

Clinical examination

All patients underwent a thorough ophthalmologic exam-
ination upon presentation, which included a dilated fun-
duscopic examination, intraocular pressure (IOP) measure-
ment, slit-lamp examination, and best-corrected visual acu-
ity (BCVA) assessment. Relative afferent pupillary deficit
(RAPD) was noted, and any aberrant findings were recorded.

Optical Coberence Tomography (OCT)

An ONH radial circle scan pattern and 24 continuous ra-
dial B-scans were obtained using the Spectralis OCT Glau-
coma Module software (version 1.9.17.0; Heidelberg Engi-
neering). The structures are arranged according to the axis
running from the fovea to the Bruch’s Membrane Opening
(BMO) center. Every location along a predefined-diameter
(3.5 mm) circle in a comprehensive area, as well as in the six
different sectors, was used to calculate the thickness of the
RNFL in the circumpapillary region (Figure 1).

VF test

We used the Octopus 900 perimeter (Haag-Streit, Switzer-
land) to perform the VF tests on our study participants. The
VF test uses the 30-2 white/white pattern. Each subject was
comfortably seated, and the test was performed in a dimly lit
room. The nontested eye was occluded, and patients were in-
structed to fixate on the central target throughout the test.
False-positive and false-negative responses and fixation losses
were carefully recorded during the test to assess the reliability
of the test results. Mean deviation (MD) is a measure quanti-
tying the overall reduction or defect in a patient’s visual field
(VF) relative to the normal visual field of individuals in their
age group. sLV measures the degree of localized VF loss.
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Pattern VEP test

The VEP recordings were performed using the Vision Mon-
itor by Metrovision (MonPack, France). This study was per-
formed following the recommended standard protocol by the
International Society for Clinical Electrophysiology of Vision
(ISCEV) [7]. A thorough explanation of the process was pro-
vided to each patient, and measures were taken to optimize
their visual acuity. The active electrode was positioned on
the visual cortex (Oz region as per the international 10-20
system), the reference electrode was positioned on the mid-
frontal head region (Fz region), and the ground electrode was
placed on the mastoid.

We employed a reversed checkerboard pattern as the stimu-
lus. The chosen field size was 15 minutes of visual arc. The
contrast level was kept equal to or above 85%, with an average
luminance of approximately 100 cd/m’. The temporal fre-
quency was set at 2 pattern reversals per second (1Hz). The
patient was situated a meter away from the screen. The pa-
tients” pupils were nondilated under ambient room illumi-
nation. The participants were instructed to maintain steady
fixation at the center of the stimulus field. Needle electrodes
were used. The recording time window was set for 250 mil-
liseconds, with at least 100 sweeps averaged for each response.
Furthermore, the bandpass was set at 1-30 Hz.

We measured the implicit time and amplitude of the positive
wave at approximately 100 ms (P100) and the negative wave
atapproximately 75 ms (N75). The P100 amplitude was mea-
sured from the N75 trough to the next peak, while the N75
amplitude was calculated from the baseline to the negative
trough. The time between the beginning of light and the peak

of the waves is known as the implicit time.

Magnetic Resonance Imaging (MRI), diagnosis, and treat-
ment

Patients with RBON based on clinical examination were re-
ferred for neuroimaging. The MRI of the craniocervical and
orbital region with gadolinium was performed to confirm the
diagnosis. The diagnosis of RBON is based on a combina-
tion of clinical findings, such as sudden unilateral visual loss,
the presence of RAPD and color vision loss, and a combina-
tion of test results of prolonged VEP implicit time and VF
defects. Patients diagnosed with RBON were treated with a
pulse prednisolone (Prednol-L, Gensenta, Turkey) therapy of
1g, administered over a period of 3—5 days.

OCT image processing procedure

The Choroidal Vascularity Index (CVI) was assessed using
a 3.5-mm ONH radial circle scan, facilitated by the Spec-
tralis Glaucoma Module software. Further information on
the method used to measure CVI can be found in other
sources [8-10]. Image binarization, the process of convert-
ing grayscale images to binary images, was performed using
Image] software (version 1.47, available freely at https://im-
agej.net/Citing).
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Figure 1. This figure shows the patient's SPECTRALIS Glaucoma Module scans with circumpapillary RNFL and optic disc imaging. The 3.5-mm RNFL

scan results were obtained using the TSNIT profile and 6-sector analysis.

The area between the upper boundary of the light pixels at
the Retinal Pigment Epithelium (RPE) and the lower bound-
ary at the choroid-scleral junction was determined to be the
choroidal area. The Total Choroidal Area (TCA), which is
the area between the RPE and the choroid-scleral junction,
was calculated after the picture color was changed to yellow
so that the color threshold tool could detect dark pixels. The
vascular region of dark pixels inside the choroid was identi-
fied as the Luminal Area (LA). Next, the LA was divided by
the TCA to determine the pCVTI (Figure 2).

Statistical analysis

All statistical analyses were performed using Statistical soft-
ware Package for Social Sciences version 22 (SPSS version
22.0) (IBM Corp., Armonk, NY, USA). Shapiro-Wilk test was
used as the test of normality. Homogeneity of variances was
assessed using Levene’s test. Based on these tests, statistical
differences between groups were evaluated using the relevant
parametric or nonparametric test. The Pearson chi-square
test was used to compare nominal data.

Non-normally distributed data were subjected to the
Wilcoxon signed-rank test. The Student’s t-test was used for
normally distributed data, whereas the Mann—Whitney U
test was used for data that was not for independent groups.
The results are displayed as mean + standard deviation (SD)
for normally distributed data and as median and interquar-
tile range (IQR: 25™ to 75% percentile) for nonnormally
distributed data.
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Comparisons among the three groups (RBON eyes, fellow
eyes, and control eyes) were performed using paired or inde-
pendent t-tests, as appropriate. To control for type I errors
caused by multiple comparisons, Bonferroni correction was
used. The significance threshold was adjusted to o = 0.05/3
~ 0.0167.

A post-hoc power analysis was conducted using G*Power
software (Heinrich-Heine-Universitit Disseldorf, Diissel-
dorf, Germany) to assess whether the sample size was suffi-
cient to detect differences in the peripapillary choroidal vascu-
larity index (pCVI) among the three groups. The analysis was
based on a one-way ANOVA (fixed effects, omnibus), with an
alpha level of 0.05, three groups, and an effect size (Cohen’s
f) derived from the observed means and standard deviations.
The resulting statistical power and Type II error probability
() were calculated accordingly.

B RESULTS

Twenty eyes with RBON, twenty buddy eyes, and twenty
healthy control eyes comprised the total number of eyes en-
rolled. The patient and control groups did not differ signifi-
cantly in terms of sex (p=0.185) or age [patient group: 41.0
(26.0-43.7, control group: 28.0 (30.0-32.0); p=0.056]. Eyes
with RBON, other eyes, and controls had comparable axial
lengths. However, compared with the controls and other eyes,
eyes with RBON showed a markedly lower BCVA (Table 1).
Nine members of the RBON group had relapsing-remitting
multiple sclerosis.
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Table 1. Demographic and clinical characteristics of patients.
Variables RBON eye Fellow eye Control eye

(n=20) (n=20) (n=20) p1 p2 p3
Age (year) 41.0 (26.0-43.7) 28.0 (30.0-32.0) 0.056
Sex (m/f) 5/15 9/11 0.185
BCVA (decimal) 0.95 (0.62-1.00) 1.00 (1.00-1.00) 1.00 (1.00-1.00) 0.007* 0.006* 0.289
Axial lenght (mm) 23.1+1.0 23.2£1.0 23.7+1.0 0.618 0.124 0.154

BCVA: best-corrected visual acuity; p1: RBON eye v fellow eye; p2: RBON eye v control eye; p3: fellow eye v control eye, RBON: retrobulbar optic neuritis,

*significant p value.

Table 2. Electrophysiological tests results of patients with RBON.

Variables RBON eye Fellow eye p
(n=20) (n=20)

N75_IT (ms) 61.2 (38.0-77.3) 72.9 (45.5-78.4) 0.455
N75_A (mV) 1.3(0.2-2.9) 0.5(0.2-1.9) 0.130
P100_IT (ms) 115.3413.5 104.619.3 0.019
P100_A (mV) 8.1t4.0 8.615.1 0.452
Visual Field (md) 6.1t4. 4.243.4 0.078
Visual Field (sLV) 64.9+2.1 4.141.8 0.051
RBON: retrobulbar optic neuritis, *significant p value.
Table 3. OCT test results of patients and controls.
Variables RBON eye Fellow eye Control eye

(n=20) (n=20) (n=20) p1 P2 p3
pRNFL_T (um) 59.8+18.8 64.9115.7 69.619.3 0.154 0.045 0.259
PRNFL_IT (um) 142.0+44.3 139.1430.8 146.8114.7 0.741 0.649 0.323
pRNFL_IN (um) 107.1425.8 103.3£21.7 106.0+18.4 0.434 0.878 0.625
pRNFL_N (um) 79.1£19.6 75.5¢22.1 84.5+14.2 0.348 0.330 0.135
pRNFL_SN (um) 122.5428.5 115.7425.9 118.8428.3 0.265 0.683 0.724
pRNFL_ST (um) 119.1433.7 118.6425.7 132.7423.0 0.928 0.145 0.323

RBON: retrobulbar optic neuritis; RNFL: retinal nerve fibre layer; p1: RBON eye v fellow eye; p2: RBON eye v control eye; p3: fellow eye v control eye, *significant p

value.

Table 4. CVI results of patients and controls.

Variables RBON eye Fellow eye Control eye

(n=20) (n=20) (n=20) p1 b2 p3
CVI (%) 67.912.3 68.311.3 69.813.3 0.323 0.042 0.070
TCA (mm?2) 4.1+1.2 4.0+0.9 2.3+0.5 0.469 <0.001* <0.001*
LA (mm?) 2.810.8 2.840.6 1.610.4 0.575 <0.001* <0.001*
SA (mm?) 1.310.5 1.310.3 0.7£0.2 0.338 <0.001* <0.001*
LA/SA (%) 0.48+0.05 0.4610.02 0.4440.07 0.240 0.047 0.102

CVI: choroidal vascularity index, TCA: total choroidal area, LA: luminal area, SA: stromal area, p1: RBON eye v fellow eye; p2: RBON eye v control eye; p3: fellow eye

v control eye, *significant p value.

The eyes with RBON and the other eyes were the only ones
whose VEP and VF test results were compared. The ampli-
tude of the P100 wave and the implicit timing and ampli-
tude of the N75 wave did not significantly differ between the
eyes with RBON and the other eyes. Although the eyes with
RBON showed a longer implicit time for the P100 wave (p
= 0.019), this difference did not reach statistical significance.
There was no significant difference in visual field (VF) be-
tween eyes with RBON and control eyes (Table 2).

The RBON eye had alower average peripapillary retinal nerve

fiber layer thickness (pPRNFL_T) than the control eye (59.8
wm vs. 69.6 um), but the difference was not statistically sig-
nificant (p = 0.045). The RBON, fellow, and control eyes did
not differ significantly in average pRNFL thickness across dif-
ferent sectors (Table 3).

CVI of the eyes with RBON was significantly lower than that
of the control eye (67.9% vs. 69.8%, p < 0.001); however, the
difference between the RBON and fellow eyes (p = 0.042) did
not reach statistical significance. TCA, LA, and SA of the eyes
with RBON were significantly lower in comparison to the fel-
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Figure 2. This sequence of images illustrates the process of image bi-
narisation using ImageJ software. (A) The total peripapillary choroidal
area was determined using the polygon tool in ImageJ software. (B)
The image was then converted to an 8-bit image and autolocal thresh-
olding was applied. (C) The Niblack method was selected to obtain a
clear segmentation of the choroidal black and white areas. (D) Finally,
the binarized image was converted back to an RGB image.

low normal eye (all p values < 0.001). The LA/SA ratio was
lower in RBON eyes than in controls, but the difference was
not statistically significant (Table 4).

A post-hoc power analysis was conducted to evaluate if the
sample size was sufficient to detect group differences in pCVL
The mean pCVI values were 67.9% in RBON eyes, 68.3% in
fellow eyes, and 69.8% in control eyes, with standard devia-
tions of 2.3, 1.3, and 3.3, respectively. A one-way ANOVA
was used to assess differences among the three groups. Based
on these values, the calculated effect size (Cohen’s f) was 0.44,
indicating a moderate-to-large effect. With a sample size of
20 participants per group and a significance level (o) of 0.05,
the probability of committing a Type II error (3) was approx-
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imately 0.155. Accordingly, the achieved statistical power was
84.5%, surpassing the conventional threshold of 80% required
for adequate power. These findings suggest that the study
was sufficiently powered to detect statistically significant dif-
ferences in pCVI among groups, thereby reinforcing the ro-
bustness of the reported outcomes.

B DISCUSSION

We aimed to elucidate the role of the choroidal vasculature in
the pathophysiology of RBON by evaluating pRNFL thick-
ness and pCVI in patients with RBON, fellow eyes, and
control eyes. Our results showed a decrease in both tempo-
ral pRNFL thickness and pCVI in eyes with RBON com-
pared with fellow and control eyes; however, these differences
did not reach statistical significance. Although this trend
may point to possible structural and vascular involvement in
RBON, the lack of statistical significance limits the strength
of this interpretation. The observed reduction in temporal
pRNFL thickness may indicate the potential involvement of
the papillomacular bundle. Nonetheless, the significant de-
cline in BCVA in RBON eyes supports a functional impact
on visual acuity, possibly reflecting a combination of inflam-
matory and microvascular processes.

The function of peripapillary choroidal microvasculature
dropout (MvD) in individuals with optic neuritis was exam-
ined in a recent study by Lee et al. [11]. According to their
research, MvD was more prevalent in the temporal quadrant
and was detected in 41.7% of eyes with optic neuritis. Our
findings of weakening of the temporal pRNFL in eyes with
RBON are comparable to this one. In his study, during the
6-month follow-up, a smaller ganglion cell inner plexiform
(GCIP) layer thickness was strongly correlated with the occur-
rence of MvD. MvD-affected eyes also exhibited reduced tem-
poral quadrant peripapillary retinal vascular density. These
results imply that MvD is linked to structural disturbance of
the macular GCIP in patients with optic neuritis, which may
result in poor visual prognosis. Notably, our results and those
of Lee et al. [11] demonstrate how crucial the choroidal vas-
culature in the pathophysiology of these conditions.

According to a different study by Lee etal. [12], glaucomaand
compressive optic neuropathy share MvD, but they present
and have different characteristics. In particular, MvD was
found in the temporal inferior and superior sectors of the tem-
poral peripapillary sector in glaucoma and compressive optic
neuropathy. In addition, MvD development in compressive
optic neuropathy was linked to a notable decrease in RNFL
thickness and retinal vascular density, which were not ob-
served in glaucoma.

Balci et al. [13] reported a mean macular CVI of 59.6% in af-
fected eyes compared with 61.7% in unaffected eyes in patients
with MS who had an optic neuritis attack, suggesting that
their attacks may lead to choroidal vascular damage. How-
ever, it is important to note that Balci et al found a reduction
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in macular CVTin affected eyes compared with unaffected fel-
low eyes, but not in healthy controls.

The fact that MS is commonly associated with optic nerve
inflammation [14]. The condition is typically character-
ized by brain lesions characterized by CD8" T-cell-mediated
inflammatory demyelination [15]. Perivascular accumula-
tions of activated complement proteins and immunoglob-
ulins are typically present within these affected lesions [16]
In addition, perivascular infiltration by myelin oligodendro-
cyte glycoprotein-laden macrophages and CD4" T cells has
also been observed in these lesions [16,17] Numerous OCT-
Angio studies have shown reduced macular superficial capil-
lary plexus vessel density in MS patients, suggesting that this
may be due to reduced oxygen and metabolite demand sec-
ondary to neuroaxonal degeneration and pRFNL and GCIP
atrophy [18]. However, other investigators have suggested
that MS- or ON-induced inflammation has a direct effect on
endothelial dysfunction [19]. Interestingly, previous stud-
ies have shown that changes in retinal vascular density share
the same characteristics as reduced blood flow in cerebral MS
lesions [20,21] This overlap highlights the potential impor-
tance of our findings regarding the choroidal vasculature in
RBON, as it suggests that the vascular changes we observed
may reflect global vascular changes.

One of our study’s weaknesses is the small number of pa-
tients, which could limit the broad applicability of our find-
ings. Larger cohort studies are necessary in the future to con-
firm and broaden our findings. In addition, our inability to
perform a sectoral analysis of the pCVT is a notable limita-
tion. Incorporating a pretreatment and posttreatment analy-
sis of pCVI could provide valuable insight into the treatment
effect on choroidal changes. Future research should consider
a sectoral approach to pCVT to identify sector-specific varia-
tions indicative of RBON. These steps are critical for advanc-
ing our understanding of RBON and may open avenues for
novel therapeutic strategies by more thoroughly exploring the
vascular aspects of this condition.

B CONCLUSION

In conclusion, our study demonstrated a reduction in pCVI
and visual acuity in eyes affected by RBON compared with
control eyes, supporting the potential role of vascular dys-
function in the disease process. Although reductions in tem-
poral pRNFL thickness and fellow-eye pCVI were observed,
these difterences did not reach statistical significance. These
findings suggest that choroidal vascular alterations, alongside
inflammatory mechanisms, may contribute to the pathophys-
iology of RBON and warrant further investigation in larger
cohorts.
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B MAIN POINTS

» The most common frenulum type
was found to be gingival frenulum,
while the least common was papil-
lary penetrating frenulum.

» There is a relationship between
frenulum type and diastema.

* Papillary penetrating frenulum can
cause median diastema.
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EABSTRACT

Aim: The aim of this study is to determine the frequency of different types of maxillary labial
frenulum in children aged 4-13 years and whether they have an effect on median diastema.

Materials and Methods: This study is a cross-sectional study conducted on 723 children aged
4-13 years who applied to the Department of Pedodontics, Faculty of Dentistry, Inonu University
for examination. The examination of the children participating in the study was performed by
sitting them upright under normal light. The patient's frenulum type was determined by perform-
ing the blanch test. The diastema between the maxillary central teeth was measured with an
orthodontic caliper and was recorded.

Results: The data were analyzed descriptively and analytically. 343 boys and 380 girls were
examined in this study. The most common maxillary labial frenulum type in the examined chil-
dren was found to be the gingival frenulum type (57%), and the least common maxillary labial
frenulum type was the papillary penetrating frenulum type (2%). When we looked at the amount
of diastema in our study, the median diastema was mostly between 0-2 mm in the primary den-
tition, while the median diastema was mostly not seen in the mixed and permanent dentition.

Conclusion: As a result, it was seen that there was a significant relationship between frenu-
lum type and median diastema, but there was no significant relationship between gender and

frenulum type.
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B INTRODUCTION

The maxillary labial frenulum is a thin strip or fold of mu-
cous tissue extending from the middle of the maxillary gum
to the middle of the upper lip. The height and location
vary from person to person [1]. During early childhood, it
is small, wide, and positioned more cervical, but undergoes
subsequent changes with the eruption of the deciduous in-
cisors, development of the maxillary sinus, and increase in
the alveolar vertical dimension [2, 3]. Alveolar crest height
increases with new bone apposition during deciduous denti-
tion, notwithstanding the consistent positioning of the frenu-
lum. While the upper central incisors commonly erupt with a
diastema in the mixed dentition period, the later pressure ex-
erted by the lateral incisors and canines usually diminishes this
gap, facilitating closer alignment of the central incisors [1].

The maxillary labial frenulum, despite being associated with
multiple complications, most notably causes a median di-

astema. This diastema presents challenges for orthodontic
treatment, potentially leading to relapse. Moreover, it has
been shown to contribute to caries in breastfed infants and
may impair future oral hygiene effectiveness [4, 5]. Dysfunc-
tion of the frenulum can further result in gingival recession,
aberrant tooth positioning, papillary loss, and an elevated
caries risk due to poor oral hygiene. This condition can also
exacerbate periodontal issues and contribute to psychological
disturbances [3, 6, 7].

Frenulum are classified according to their anatomical location
[4, 5]. In the frenulum 1974, Placek et al. classified the frenu-
lum into four types according to its location: mucosal, gingi-
val, papillary, and papillary penetrating [9]. This classification
gained acceptance among periodontists, orthodontists, and
pediatric dentists and continues to be utilized [2, 3, 10]. The
mucosal and gingival frenulum types are considered within
the normal range, whereas the papillary and papillary pene-
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trating types are deemed pathological. Notably, pathological
frenula are implicated in greater papilla loss, gingival prob-
lems, diastema development, and challenges in maintaining
interdental hygiene [11].

Existing literature includes several studies on the frequency
of maxillary labial frenula in adults, adolescents, and chil-
dren, employing diverse classification systems. However, the
distribution of maxillary frenulum types and their associa-
tion with median diastema in children specifically within the
Malatya region has not been explored. Consequently, this
cross-sectional epidemiological study was designed to ascer-
tain the prevalence of different labial frenulum types and their
relationship to median diastema in children across various
dentition stages living in Malatya province. The study’s null
hypothesis (HO) posited no association between labial frenu-
lum types and median diastema spacing, while the alternative
hypothesis (H1) suggested a relationship between these vari-
ables.

E MATERIALS AND METHODS

This observational, cross-sectional epidemiological study was
conducted at the Pediatric Dentistry Clinic of the Faculty of
Dentistry at Inonu University in Malatya, Ttrkiye. The study
received approval from the Clinical Research Ethics Commit-
tee of Malatya Inénii University (2024/66), and written in-
formed consent was obtained from the legal guardians of all
participating patients. Between May 20, 2024, and October
20, 2024, 723 systemically healthy children aged 4-13 years
who presented to the clinic for examination were included.

Children exhibiting orofacial anomalies (including cleft lip
and palate), a history of maxillary labial surgery, use of medi-
cations causing gingival overgrowth, congenital upper lip and
oral muscle deformities, or absence of maxillary central in-
cisors were excluded. Additionally, children with interprox-
imal caries or fillings in the upper central incisors, those with
size or shape alterations of the upper central incisors, a his-
tory of corrective orthodontic treatment, excessive rotation
of the upper central incisors, or the presence of supernumer-
ary teeth (mesiodens), odontomas, or other conditions in the
upper central region that could cause diastema were also ex-

cluded.

The required sample size was calculated using G Power 3.1.9
software. Based on a prior study by Seraj et al. [12], which
reported a low effect size (0.010-0.20) when examining max-
illary labial frenulum types and median diastema in 3—6-year-
old children, an a priori power analysis with an assumed effect
size of 0.20, a type I error rate () of 0.05, and a desired power
(1= /) of 0.99 indicated a minimum sample size of 542. Of
the 2,454 patients who visited the pedodontics clinic between
May 20 and October 20, 2024, 840 were examined, and 117
were excluded due to not meeting the inclusion criteria, re-
sulting in a final sample of 723 participants. Clinical exami-
nations were performed under unit light by two experienced
investigators. Frenulum classification followed Placek et al.’s
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method [9], involving stretching the upper lip with the index
and thumb of both hands. A frenulum attachment above the
mucogingival junction was classified as mucosal; attachment
in the attached gingiva apical to the papilla base was gingi-
val; attachment coronal to the papilla base but not palatally
was papillary; and a frenulum extending palatally into the
papilla was papillary penetrating. In cases of median diastema,
the spacing was measured in millimeters using an orthodon-
tic caliper. Patient age, gender, and dentition stage were also
recorded. Diastema size was categorized as 0 mm (absence),
0-2 mm (normal), and >2 mm (pathological) [2].

Statistical analysis

All data were analyzed using IBM SPSS Statistics for Win-
dows, version 22.0 (IBM, Armonk, NY, USA). Descriptive
statistics included percentages for gender, age, and frenulum
type. The relationships between variables were examined us-
ing appropriate statistical tests. The Pearson Chi-square test
was used to assess the association between upper lip frenu-
lum type, gender, and dentition period. The Fisher-Freeman-
Halton Exact Test was used to analyze the relationship be-
tween median diastema and dentition period, as well as frenu-
lum types. The significance level for all analyses was set at
p<0.05.

B RESULTS

A total of 723 children participated in this study, comprising
343 males and 380 females, with an age range of 4 to 13 years
(mean age * standard deviation: 9.4 £ 2.3 years). The preva-
lence of maxillary labial frenulum types is illustrated in Figure
1. The most frequently observed type was gingival (57%), fol-
lowed by mucosal (37%), papillary (4%), and papillary pene-
trating (2%). No statistically significant correlation was found
between maxillary frenulum type and sex (p = 0.063) (Table

1).

Frenulum Types

4% 2%

B Mucosal M Gingival ™ Papillary Papillary penetrating

Figure 1. Distribution of maxillary labial frenulum types.
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Table 1. The association between maxillary labial frenulum types and gender.

Frenulum types

Gender Mucosal Gingival Papillary Papillary penetrating Total P value
n (%) n (%) n (%) n (%) n (%)
Girl 125 (46.8) 226 (55) 22 (66.7) 7 (58.3) 380 (52.6)
Boy 142 (53.2) 185 (45) 11(33.3) 5(41.7) 343 (47.4) 0.063
Total 267 (36.9) 411 (56.8) 33 (4.6) 12(1.7) 723 (100)
Pearson Chi square test. Shows statistically significant differences at p<0.05.
Table 2. The association between maxillary labial frenulum types and dentition period.
Dentition period
Frenulum types Deciduous dentition Mixed dentition Permanent dentition Total P value
n (%) n (%) n (%) n (%)
Mucosal 9(17.6) 159 (33.5) 99 (50) 267 (36.9)
Gingival 36 (70.6) 281(59.3) 94 (47.5) 411 (56.8)
Papillary 4(7.8) 25(5.3) 4(2) 33 (4.6) 0.00
Papillary penetrating 2(3.9) 9(1.9) 1(0.5) 12(1.7)
Total 51(7.1) 474 (65.6) 198 (27.4) 723 (100)
Pearson Chi square test. Shows statistically significant differences at p<0.05.
Table 3. The association between median diastema and dentition period.
Dentition period

Median diastema - - - . " P value

Deciduous dentition Mixed dentition Permanent dentition Total

n (%) n (%) n (%) n (%)

There is no diastema 16 (31.4) 241 (50.8) 169 (85.4) 426 (58.9)
0-2 mm between diastema 28 (54.9) 119 (25.1) 23(11.6) 170 (23.5) 0.00
2 mm and above diastema 7(13.7) 114 (24.1) 6 (3) 127 (17.6) '
Total 51(7.1) 474 (65.6) 198 (27.4) 723 (100)

Fisher's Freman Halton Exact Test. Shows statistically significant differences at p<0.05.
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Figure 2. Relationship between maxillary labial frenulum types and max-
illary median diastema.

Table 2 presents the relationship between maxillary frenu-
lum type and dentition period, revealing a statistically signif-
icant correlation (p<0.001). The association between max-
illary labial frenulum type and diastema spacing is depicted

in Figure 2, which also demonstrates a statistically significant
relationship (p<0.001). The relationship between diastema
spacing and dentition period is detailed in Table 3.

B DISCUSSION

This study investigated the prevalence of maxillary labial
frenulum types, median diastema spacing, and their relation-
ship in 723 children aged 4-13 years in Malatya, Ttrkiye. Our
findings indicate that the most common frenulum type was
gingival (57%), and the least common was papillary penetrat-
ing (2%). These prevalence rates are generally consistent with
studies conducted in other Turkish regions, such as Izmir
(Kiling et al. [13]), Bolu (Gdiler et al. [10]), and Istanbul
(Taran et al. [14]), which also reported gingival frenulum
as the most prevalent (43.7%, 43%, and 45.8%, respectively)
and papillary penetrating as the least prevalent (7.2%, 11%,
and 13.1%, respectively). Boutsi and Tatakis [4] in their study
found a similar high prevalence of gingival frenulum (41.6%),
but a higher prevalence of papillary frenulum (22.1%) com-
pared to our findings. Placek et al. [9], whose classification
we adopted, reported mucosal frenulum as the most com-

mon (46.5%), followed by gingival (34.3%). These variations
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in prevalence across studies might be attributed to differences
in ethnic origin or geographical location.

Giiler et al. [10] observed a higher prevalence of gingival
frenulum during the deciduous and mixed dentition periods.
Our study aligns with this, finding gingival frenulum most
common in these stages, while mucosal frenulum was more
prevalent in the permanent dentition. Clinically, mucosal
and gingival frenula are considered normal, whereas papillary
and papillary penetrating types are pathological and associ-
ated with papilla loss, gingival problems, diastema, and dif-
ficulties in interdental cleaning [11].

In our study, no statistically significant relationship was found
between frenulum type and sex or age (p = 0.063), which is
consistent with the findings of Kiling et al. [13] and Placek
etal. [9]. While Giler et al. [10] and Kiling et al. [13] did
not find a significant association between frenulum type and
dentition period, our study revealed a statistically significant
relationship (p<0.001).

A diastema is defined as a gap exceeding 0.5 mm between teeth
[9], and while common in deciduous and mixed dentition,
these gaps often close with the eruption of canines [15]. A
persistent median diastema can be attributed to the maxillary
labial frenulum attachment [16]. In such cases, clinical and
radiographic evaluation is crucial. For frenulum-induced di-
astema in pediatric patients, treatment aims to close the gap
and eliminate the causative frenulum [17]. Careful exami-
nation of the frenulum is essential in pediatric dental assess-
ments. While a diastema during the "ugly duckling stage" of
mixed dentition (typically up to 2 mm) is often physiological,
gaps wider than 2 mm warrant consideration of the etiology,
as spontaneous closure is less likely, potentially requiring or-
thodontic intervention [2].

In our study, we examined frenulum types and measured me-
dian diastema spacing. Diastema gaps were most frequently
between 0 and 2 mm in the primary dentition and often ab-
sent in the mixed and permanent dentition. Notably, all chil-
dren with the papillary penetrating frenulum type had a me-
dian diastema of 2 mm or more. We found a statistically
significant relationship between frenulum type and diastema
gap (p<0.001), which is consistent with the findings of , Seraj
et al. otherwise (p=0.014) and Sekowska et al. (p<0.05), but
contrasts with the findings of Sagar et al. [12,16, 17]. These
discrepancies may arise from variations in frenulum classifica-
tions and the age ranges of the studied populations. We opted
for Placek et al.’s classification due to its ease of use for peri-
odontists, orthodontists, and pediatric dentists.

Clinicians should utilize the blanch test to aid in the visual de-
tection of abnormal frenula [14]. For patients with frenulum-
related concerns, monitoring until around 10 years of age is
advisable, at which point frenectomy (surgical blade or laser)
can be considered. In the absence of issues, regular follow-up
is recommended [18].

A limitation of this study is its focus on a single city in eastern
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Ttrkiye. Future research should encompass a broader geo-
graphical range to provide a more comprehensive understand-
ing of the relationship between frenulum type and diastema
spacing in Turkish children across different regions.

B CONCLUSION

In conclusion, while prior research has documented frenu-
lum prevalence in various populations, this study identified
gingival frenulum as the most common and papillary pene-
trating as the least common type in our Malatya cohort. Im-
portantly, we found a significant association between frenu-
lum type and median diastema. Therefore, meticulous frenu-
lum examination by dentists, particularly pediatric dentists, is
crucial. Patients should be educated about frenula potentially
contributing to diastema. A key implication of this study
is the need for timely and accurate frenulum assessment by
orthodontists and pediatric dentists, facilitating collaborative
intervention in cases of diastema caused by frenulum mor-

phology.
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Pleomorphic adenomas are the most common benign tumors of the salivary glands. Although
they frequently occur in the parotid gland, they are rarely observed in the trachea. Diagnosis can
be delayed because the symptoms may mimic those of asthma. In this case report, we present

case of pleomorphic adenoma in the tra- 3 case of pleomorphic adenoma in the trachea in a patient who had been experiencing inter-
chea. Ann Med Res. 2025;32(5):222-225. mittent urticaria for 2 years and had uncontrolled respiratory symptoms for the last 2 months
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despite clinical asthma treatment. This study aimed to raise awareness among clinicians about

differential diagnoses by highlighting the absence of asthma and urticaria symptoms following
tracheal lesion removal by thoracic surgery.
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B INTRODUCTION

Urticaria and asthma are commonly encountered conditions
in daily clinical practice. However, there are cases in which the
symptoms of these two diseases may indicate rarer and more
serious pathologies, necessitating careful differential diagno-
sis. Pleomorphic adenomas (PA) are benign tumors that typ-
ically arise in the salivary glands, albeit rarely observed in the
trachea [1], and they may cause symptoms that might resem-
ble those of asthma. The present case describes such a case of
PA and is presented to create awareness regarding the possibil-
ity of underlying serious pathologies that can manifest with
respiratory symptoms and chronic urticaria, even though it is
a rare occurrence.

B CASE REPORT

A 28-year-old female presented to our outpatient clinic of Im-
munology and Allergy Diseases with complaints of urticaria
that had been ongoing for 2 years but had worsened in the
last 2 months. She had been receiving asthma treatment for 2
years. The physical examination showed that there was stridor
and wheezing. There were no signs of urticaria or angioedema
during the physical examination.

222

The patient underwent a detailed evaluation of the etiology
of urticaria. Considering the reported history of uncon-
trolled asthma despite treatment with high-dose salmeterol-
fluticasone and montelukast, high-resolution computed to-
mography (HRCT) of the chest was performed. HRCT
revealed a suspicious lesion in the trachea (Figure 1). Pul-
monary function tests showed fixed obstruction in the flow-
volume curve (Figure 2). The patient was referred to an oto-
laryngologist for endoscopic evaluation, which revealed no
pathology. A bronchoscopy was then performed, revealing a
mass lesion at the level of the second cartilage ring, obstruct-
ing 80% of the tracheal lumen (Figure 3). The tracheal le-
sion was excised via thoracic surgery using rigid bronchoscopy
(Figure 4). The pathology report identified the lesion as PA.
After the lesion was removed, the fixed upper airway obstruc-
tion observed in the flow-volume curve improved (Figure 5).
A signed consent form was obtained from the patient on
28/06/2024.

B DISCUSSION

Urticaria is characterized by hyperemic, itchy, eczematous
papules or plaques on the surface of the skin and is classified

https://doi.org/10.5455/annalsmedres.2025.04.077
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Figure 1. Appearance of a lesion occupying 80% of the tracheal lumen
on high-resolution computed tomography.
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Figure 2. Flow-volume curve showing fixed upper airway obstruction,
represented by the characteristic plateau in the inspiratory and expira-
tory curves.

as acute (less than six weeks) or chronic (recurring or lasting
more than six weeks) [2]. Common causes of acute urticaria
include allergic factors such as infections, medications, insect
bites, and foods, as well as etiologies that directly activate mast
cells. Chronic urticaria, which is triggered by physical stim-
uli like heat, cold, exercise, pressure on the skin, water, vi-
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Figure 3. Intraluminal polypoid mass appearance in the trachea at the
level of the second cartilage ring during bronchoscopy.

Figure 4. Removal procedure of the polypoid mass occupying 80% of the
tracheal lumen at the level of the second cartilage ring.
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Figure 5. Resolution of fixed upper airway obstruction in the flow-volume
curve after lesion removal.
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bration, or sunlight, is called chronic inducible urticaria. If
no physical stimulus is present, it is termed chronic sponta-
neous urticaria (CSU). CSU has been associated with vari-
ous allergic causes, thyroid disorders, and autoimmune con-
ditions; however, the relationship between CSU and malig-
nancy remains unclear. Guidelines do not recommend ma-
lignant tumor screening unless specific symptoms or findings
are present [2-4]. In cases in which urticaria is associated with
malignancy, it has been theorized that proteins and hormones
secreted by tumor cells may cause urticaria as a part of a neo-
plastic syndrome [5]. Such cases of urticaria resolve following
cancer treatment [6]. However, it is crucial to note that CSU
was not determined to increase the risk of malignancy, as re-
ported by a study by Lindelof et al. [7], which carried out
long-term follow-up of 1155 Swedish patients with CSU.

A review of 29 studies involving 6462 patients with CSU iden-
tified underlying diseases that could be associated with the
condition in only 105 of these patients (1.6%) [8]. Of these,
60 had urticarial vasculitis, 17 had thyroid disease, 7 had lu-
pus, 16 had other connective tissue diseases, 3 had parapro-
teinemia, 4 had polycythemia vera, and 5 had various malig-
nancies (breast cancer, acute myeloid leukemia, renal cell car-
cinoma, and two unspecified cancers) as well as other malig-
nancies [8,9]. In a case report by Kartal et al. [10], a pa-
tient with urticaria was diagnosed with thyroid papillary can-
cer, and the regression of urticaria after thyroidectomy em-
phasized that the association between cancer and urticaria was
not a coincidence.

According to the International Urticaria Guidelines, antihis-
tamines (standard dose starting with 1 daily and increasing
up to 4) are used as the first step in the treatment of CSU.
In unresponsive cases, omalizumab (standard dose 300 mg/4
weeks, but if not sufficient 600 mg/2 weeks) is used as the sec-
ond step, and in cases that do not respond to these treatments,
cyclosporine (5 mg/kg dose) is used as the last step [2]. Al-
though it is not possible to say for sure whether urticaria and
PA are directly related in our case, the fact that she did not
use antihistamine treatment after the removal of the tracheal
lesion and did not have recurrent urticaria suggests a possible
connection.

Asthma is a heterogeneous disease characterized by chronic
airway inflammation. The condition is defined by symptoms
such as wheezing, shortness of breath, chest tightness, and
cough, which vary in frequency and time, along with variable
expiratory airflow limitation [11]. The diagnosis of asthma
is based on characteristic symptoms and the identification
of expiratory airflow limitation via pulmonary function test-
ing. Additional tests, including spirometry and laboratory
and imaging studies, may be required to confirm asthma or
exclude alternative diagnoses that could explain the respira-
tory symptoms. The goal of asthma treatment includes re-
ducing exacerbations, minimizing permanent airflow limita-
tion, and reducing medication adverse effects. In some pa-
tients, asthma control cannot be achieved despite appropri-
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ate treatment, and this may necessitate the reassessment of the
asthma diagnosis. In our case, HRCT was performed due to
uncontrolled asthma despite the Global Initiative for asthma
(GINA) step 4 treatment and to investigate the potential com-
mon underlying causes (infection, tuberculosis, bronchiecta-
sis, malignancy) for both asthma and urticaria. The patient
was diagnosed with a PA in the trachea following advanced
investigations prompted by the presence of a tracheal lesion
detected on HRCT.

Pleomorphic adenomas (PAs) are typically benign tumors of
the salivary glands, though they are also reported in the soft
palate, hard palate, upper lip, nasal septum, nasopharynx, or-
bital region, lower eyelid, buccal mucosa, cheek, external audi-
tory canal, eyelid, and, very rarely, the trachea [8]. A study by
Liao et al. examined 29 tracheal PA cases, finding a mean pa-
tient age of 48 years (range: 8—83 years) with no sex bias. Over
half of these lesions were located in the lower or upper trachea,
and the most common symptoms, depending on location, in-
cluded cough, shortness of breath, stridor, and wheezing [12].

Our patient, a 28-year-old female, presented with stridor,
shortness of breath, and wheezing caused by a near-complete
obstruction in her upper trachea. PA lesions generally
progress over 5.5 months to 10 years; our patient had expe-
rienced respiratory symptoms and urticaria for two years. Af-
ter the lesion’s removal, her respiratory symptoms resolved,
and the wheezing noted on physical examination completely
disappeared. During a 5-month follow-up period, she experi-
enced no recurrence of urticaria.

B CONCLUSION

Our case is significant for three reasons: First, the patient pre-
sented with urticaria and was diagnosed with a tracheal mass.
Second, the symptoms and findings caused by the tracheal
mass may have led to a misdiagnosis of asthma, potentially
delaying treatment. Third, the PA was found in the trachea,
a rare location for this type of tumor. Although PA is a be-
nign tumor, the resolution of urticaria symptoms after exci-
sion in our case suggests a possible relationship between PA
and urticaria, possibly through unknown tumor-related fac-
tors. This case highlights the importance for physicians to re-
assess patients with asthmatic symptoms who do not respond
to advanced treatments, as this is a crucial step in differentiat-
ing such rare pathologies.
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