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MAIN POINTS

• The SY-15 molecule demonstrated
significant cytotoxic effects in mul-
tiple myeloma cell lines, with the
lowest viability observed in the
RPMI 8226 cell line, while showing
no notable toxicity in normal fibrob-
last (L929) cells.

• The molecule exhibits high selectiv-
ity and a low toxicity profile, mak-
ing it a strong candidate for patients
with MM who have developed resis-
tance to existing therapies.

• Unlike classical benzamides, SY-
15 may also modulate alternative
apoptotic pathways, which high-
lights its potential for novel thera-
peutic combinations, particularly in
drug-resistant cell lines.

Cite this article as: Abdullayeva N,
Gayret K, Farhangzad N, Dumlupinar
E, Yilmaz Ozguven S, Sunguroglu A. A
novel benzamide derivative SY-15 inhibits
multiple myeloma cell proliferation. Ann
Med Res. 2025;32(10):421--428. doi:
10.5455/annalsmedres.2025.04.091.

ABSTRACT

Aim: Over the past two decades, the natural course of multiple myeloma (MM) has changed sig-
nificantly, primarily due to the emergence of novel therapeutic agents targeting the bone marrow
microenvironment (BMM). Despite these advancements, the underlying mechanisms of drug re-
sistance remain largely unclear. In this study, the effects of a novel benzamide derivative, SY-
15, on MM cell lines were investigated, and the findings suggest that this molecule could be a
promising anticancer drug candidate, warranting further research.
Materials andMethods: Multiplemyeloma (MM) cell lines (MM1S, U266, H929, RPMI8226) were
cultured, and the effects of various concentrations of a novel benzamide derivative on cell via-
bility were evaluated using the MTT assay.
Results: The anticancer activity of the SY-15 molecule was evaluated in multiple myeloma (MM)
cell lines following 72 hours of treatment, and for comparison, in the L929 normal fibroblast cell
line. A statistically significant difference in cell viability percentages was observed among the
five cell lines (p<0.001). The median cell viability percentage was 93.6247 for the L929 cell line,
44.4110 for theMM1S cell line, 22.4655 for H929, 31.7180 for U266, and the lowestmedian value
was recorded in the RPMI 8226 cell line at 13.0931. Notably, SY-15 did not exhibit significant
cytotoxicity in L929 fibroblast cells.
Conclusion: SY-15 has the potential to be an effective anticancer agent with high selectivity
and low toxicity for the treatment of MM. It may offer a novel therapeutic option, particularly for
patients who have developed resistance to other MM drugs.

Keywords: Multiple myeloma, SY-15 molecule, Anticancer drug
Received: Apr 24, 2025 Accepted: Jul 21, 2025 Available Online: Oct 24, 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.

INTRODUCTION

Multiple myeloma (MM) is a malignancy made up of B-
lymphocytes, and it originates in the bonemarrow. They usu-
ally have a poor prognosis. It leads to bone marrow suppres-
sion, destructive bone lesions, renal dysfunction, immuno-
suppression, and usually, death is imminent [1]. MM ac-
counts for approximately 1.3%of all cancer diagnoses and10%
of all hematological malignancies. It is the second most com-
mon and one of themost lethal hematological cancers. There-

fore, MM continues to be one of themost extensively studied
cancer types [2].

According to data from the American Cancer Society, ap-
proximately 36,110 new cases of multiple myeloma are ex-
pected to be diagnosed in theUnited States by 2025. Of these,
20,030will occur inmen and 16,080 inwomen. Additionally,
around 12,030 deaths are anticipated (6,540 men and 5,490
women). The lifetime risk of developing MM in the U.S. is
less than 1%, with an estimated risk of 1 in 103 for men and 1
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in 131 for women. However, individual risk varies depending
on personal risk factors [3].
MM is a heterogeneous disease, including progression
from asymptomatic precursor stages to active symptomatic
myeloma. Almost all MM patients progress from mono-
clonal gammopathy of undetermined significance (MGUS),
an asymptomatic pre-malignant stage of the disease. MGUS
is present in approximately 5% of individuals over the age of
50 and is nearly twice as common in Black individuals com-
pared to Caucasians. MGUS carries an annual risk of approx-
imately 1% for progression to MM or related malignancies.
Since MGUS is asymptomatic, over 50% of individuals diag-
nosed with the condition may unknowingly carry it for more
than a decade before clinical diagnosis.
In a significant portion of patients, smoldering multiple
myeloma (SMM), which is considered a clinically intermedi-
ate stage, can be identified. SMM is present in about 0.5%
of the general population over the age of 40 and progresses
to MM at an annual rate of 10% in the first five years, 3% in
the following five years, and 1.5% per year thereafter. The rate
of progression is associated with disease burden and underly-
ing cytogenetic abnormalities; t(4;14) translocation, del(17p)
deletion, and gain(1q) are considered significant risk indica-
tors for progression fromMGUS or SMM toMM [4].
Multiple myeloma (MM) is characterized by an increasing
number of abnormal plasma cells. These cells produce mon-
oclonal proteins (M-proteins), which are detectable in the
blood or urine and are key in diagnosing and monitoring the
disease. Beyond their diagnostic use, these abnormal proteins
can cause serious complications like kidney damage and bone
lesions. This highlights the need for early diagnosis and per-
sonalized treatment. In about 20%of cases, the disease spreads
from the bonemarrow to other organs and soft tissues, a con-
dition known as extramedullary disease (EMD). EMD is an
aggressive form of MM that complicates treatment and dis-
ease management [5].
High-resolution sequencing techniques have advanced our
understanding of clonal evolution in multiple myeloma, re-
vealing subclonal diversity and the disease’s dynamic nature
[6,7,8]. As knowledge of MM pathogenesis and the bone
marrow microenvironment improves, various adjunctive cell
therapies and new drugs have been developed. Despite recent
therapeutic progress, resistance to anticancer drugs remains a
major challenge in MM treatment [9]. Research efforts aim
to better understand the pathways and protein expressions
involved in drug resistance and to develop new therapeutic
strategies. Significant progress has been achieved through the
sequential or combined use of proteasome inhibitors (PIs),
immunomodulatory drugs (IMiDs), monoclonal antibodies
(mAbs), and autologous transplantation following high-dose
therapy. However,MM is still characterized as a disease that is
difficult to control, with alternating periods of remission and
relapse/progression, ultimately leading to drug-resistant dis-
ease [10].

Recent studies have highlighted that benzamide derivatives
induce apoptosis and reduce cell proliferation in various can-
cer cell lines. Benzamide derivatives are simpler chemical com-
pounds consisting of a phenyl ring directly attached to an
amide group, with various substituent groups on the phenyl
ring and amide nitrogen [11]. These compounds exhibit no-
table antibacterial, antifungal, anticancer, and antiallergic ac-
tivities and have become one of the commonly used inter-
mediates in the synthesis of aromatic ligands [12]. They are
known to be more effective against specific HDACs rather
than all HDAC classes. In particular, they were shown
to strongly inhibit Class I HDACs, including HDAC1,
HDAC2, and HDAC3. Benzamides have been reported to
induce P21WAF1 expression, cause cell cycle arrest, activate
numerous pro-apoptotic genes, and exert cytotoxic effects on
various cancer cell types even at very low doses. Some types of
benzamides have also been found to inhibit breast cancer, sim-
ilar to SAHA (suberoylanilide hydroxamic acid). Although
natural products of this HDAC inhibitor family have not yet
been identified, such drugs have shown promising results in
clinical studies on breast cancer and lymphomas [13].
The SY-15molecule (Figure 1) is a novel benzamide derivative
first synthesized by Yılmaz et al. (2013) at Ankara University
[14]. This compoundwas developed as a potential antitumor
agent. Structurally, SY-15 features a benzamide core linked
to a benzothiazole moiety through a phenyl group. The in-
clusion of the benzothiazole ring is particularly significant, as
it may enhance the molecule’s binding affinity to biological
targets. This enhancement could occur through hydrophobic
interactions, pi-pi stacking, and potential hydrogen bonding
with amino acid residues in target proteins. In this study, we
investigated the effects of the unique small molecule SY-15 on
multiple myeloma (MM) cell lines, including MM1S, U266,
H929, and RPMI 8226. Preliminary studies have shown that
SY-15 is effective against various types of cancer, suggesting
that it may possess significant anticancer activity for the treat-
ment ofmultiplemyeloma.Despite the effectiveness of benza-
mide derivatives in treating other cancers, there are few stud-
ies on their use in multiple myeloma (MM) cell lines. Conse-
quently, there is a significant need to develop new benzamide-
derived drugs forMM treatment that have novel targets, high
efficacy, andminimal side effects. This study aims to highlight
the potential of the small benzamide-derived molecule SY15
as a promising new antitumor agent forMM,which warrants
further investigation.

Figure 1. Structure of SY-15 molecule.
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MATERIALS ANDMETHODS
Cell culture
In this study, four different MM cell lines (MM1S, U266,
H929, and RPMI 8226) and the L929 normal fibroblast cell
line were used. All cell lines were cultured in Roswell Park
Memorial Institutemedium(RPMI-1640,withL-glutamine)
(Sigma, USA) supplemented with 10% fetal bovine serum
(FBS) (Sigma, USA) and antibiotics (Penicillin 100 U/mL
and Streptomycin 100 μg/mL) (Gibco, USA). The cells were
maintained under standard conditions in an incubator at
37°C with a gas mixture of 5% CO2 and 95% air. Myeloma
cells were maintained by adding 5 mL of fresh medium every
two days until reaching 80% confluency.
MM.1S and RPMI-8226 cell lines are semi-adherent; there-
fore, cells must be carefully scraped before passaging. L929
cells are adherent cells and were detached by incubating with
2–3 mL of Trypsin-EDTA for 4 minutes. Viable cell count-
ing was performed using the Trypan blue exclusion method
with a hemocytometer. When the percentage of viable cells
exceeded 85%, the cultures were considered ready for experi-
ments [15].

MTT assay
The cytotoxic effects of the SY15molecule were evaluated us-
ing the MTT (3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-
tetrazolium bromide) assay (Roche, Germany). Cells were
seeded into 96-well plates at a density of 5 × 104 cells per well
and incubated overnight. Then, different concentrations of
the SY15molecule (1, 5, 10, 15, 25, 50, 75, and 100 μM)were
applied to the cells and incubated for 72 hours. At the end
of the incubation period, 10 μL ofMTT solution (5mg/mL)
was added to each well. After a four-hour incubation, 100
μLof SodiumDodecyl Sulfate-Hydrochloric acid (SDS-HCl)
(0.01 M) solution was added to dissolve the formazan crys-
tals. Optical density was measured at 550 nm with a refer-
encewavelengthof 690nmusing a spectrophotometric reader
(Biotek,USA).Cell viabilitywas calculated as apercentage rel-
ative to the negative control (cells treatedwithDMSO). Small
changes in metabolic activity lead to significant changes in
MTT, allowing detection of cellular stress evenwithout direct
cell death caused by toxic agents. Thismethod is standardized
for adherent or non-adherent cells grown in multi-well plates
[16]. The data obtained at the end of 72 hours were analyzed.

Sample size
To detect an effect size of 0.31 (Cohen’s f) for vitality per-
centage among cell lines with a significance level of 0.05 and
a power of 0.80, a minimum total sample size of 130 (i.e., 26
for each cell line) is required. The sample size calculation was
performed using G*Power (version 3.1.9.4).

Statistical analysis
Descriptive statistics for continuous variables are presented as
the median (minimum, maximum). The Shapiro-Wilk test

Figure 2. Viability percentages among five cell lines.

was used to assess the normality of the data. To determine
significant differences between groups, the Kruskal-Wallis test
was employed, followed by the Dunn’s post hoc test for mul-
tiple comparisons. A p-value of less than 0.05 was considered
statistically significant. All analyses were conducted using the
Statistical Package for the Social Sciences (SPSS, version 30.0,
Chicago, IL) and JASP (version 0.18).

RESULTS
At the end of the 72nd hour, the activity of the SY-15
molecule in multiple myeloma cells was examined. A sta-
tistically significant difference was observed among the five
cell lines in terms of vitality percentages (p<0.001) (Figure
2). The median vitality percentage of the L929 cell line was
93.6247 (83.9708, 126.4116), that of the MM1S cell line
was 44.4110 (27.2785, 105.3916), H929 had a median of
22.4655 (12.4898, 103.4063), U266 had 31.7180 (27.2775,
103.9295), and RPMI 8226 showed the lowest median value
of 13.0931 (11.1188, 101.8358). Statistically significant dif-
ferences between groupswere observed for the following com-
parisons, RPMI 8226 vs U266 (p=0.003), RPMI 8226 vs
MM1S (p<0.001), RPMI 8226 vs L929 (p<0.001), RPMI
8226 vs MM1S (p=0.002), RPMI 8226 vs L929 (p<0.001),
H929 vs L929 (p<0.001) and U266 vs L929 (p=0.005) (Ta-
ble 1) (Figure 3).
A significant difference in vitality percentagewas observed be-
tween the doses in the L929 cell line (p=0.144) (Figure 4a).
Themedianvitality percentage at the 0µMdosewas 102.1857
(83.9708, 113.8433), 1 µM dose was 110.0182 (109.6539,
126.4116), 5 µM dose was 102.7322 (93.4426, 108.0145),
10 µM dose was 99.6357 (92.1675, 100.1821), 15 µM dose
was 93.2604 (91.8032, 95.0819), 25 µM dose was 92.1675
(91.4389, 100.7285), 50 µM dose was 92.7140 (88.7067,
93.6247), 75 µM dose was 93.0783 (92.5318, 97.2677) and
100 µM dose was 88.8888 (84.1530, 94.1712) (Table 2).
A significant difference in vitality percentagewas observed be-
tween the doses in theMM1S cell line (p=0.005) (Figure 4b).
Themedian vitality percentage at the 0 µM dose was 99.8684
(98.6285, 105.3916 ); at 1 µM, it was 99.1921 (92.9926,
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Table 1. Viability percentages among five cell lines.

Cell Lines p valueL929 MM1S H929 U266 RPMI 8226

Vitality Percentage 93.6247 44.4110 22.4655 31.7180 13.0931 <0.001αMedian (min-max) (83.9708-126.4116) (27.2785-105.3916) (12.4898-103.4063) (27.2775-103.9295) (11.1188-101.8358)
min: minimummax:maximum, α Kruskal-Wallis Test.

Table 2. Percentage of viability among all doses in all cell lines.

Doses Cell Lines
L929 MM1S H929 U266 RPMI 8226

0 µM 102.1857 99.8684 103.0819 99.4889 101.5240
(83.9708-113.8433) (98.6285-105.3916 ) (102.3519-103.4063) (99.3832-99.9118) (96.6401-101.8358)

1 µM 110.0182 99.1921 87.3479 97.1623 88.2230
(109.6539-126.4116) (92.9926-100.7702) (81.3463-90.9975) (83.3127-103.9295) (84.6899-93.4187)

5 µM 102.7322 58.9517 41.0381 59.3127 19.1201
(93.4426-108.0145) (56.4719-71.6888) (36.9018-44.4444) (55.8237-61.6387) (18.9123-21.1984)

10 µM 99.6357 46.1018 28.7915 34.0440 13.0931
(92.1675-100.1821) (44.4110-63.2350) (24.4120-29.4403) (31.7180-34.8898) (11.1188-13.9244)

15 µM 93.2604 44.0728 22.4655 32.6696 12.4696
(91.8032-95.0819) (35.6190-53.9921) (18.8158-25.7907) (30.6607-32.8810) (12.3657-12.9892)

25 µM 92.1675 43.9601 17.7615 29.4977 12.3657
(91.4389-100.7285) (33.2519-44.8619) (17.2749-19.0592) (27.2775-29.6035) (12.1579-12.3657)

50 µM 92.7140 38.0988 17.2749 28.1233 12.4696
(88.7067-93.6247) (33.3646-38.6624) (13.2197-21.5733) (27.9111-28.1233) (12.0540-12.5736)

75 µM 93.0783 31.8993 17.7615 28.4405 12.0540
(92.5318-97.2677) (27.2778-39.0000) (14.7607-18.4914) (28.2290-28.9691) (11.8462-12.2618)

100 µM 88.8888 33.3646 19.7891 27.2775 14.0284
(84.1530-94.1712) (29.8703-35.84444) (14.4898-20.5190) (27.2775-27.9118) (13.8205-15.0675)

p value 0.144α 0.005α 0.004α 0.002α 0.004α

min: minimummax:maximum, α Kruskal-Wallis Test. Descriptive statistics are presented as median (min-max).

100.7702); at 5 µM, it was 58.9517 (56.4719, 71.6888); at
10 µM, it was 46.1018 (44.4110, 63.2350); at 15 µM, it
was 44.0728 (35.6190, 53.9921); at 25 µM, it was 43.9601
(33.2519, 44.8619); at 50 µM, it was 38.0988 (33.3646,
38.6624); at 75 µM, it was 31.8993 (27.2778, 39.0000); and
at 100 µM, it was 33.3646 (29.8703, 35.84444). The lowest
vitality percentage was observed at the 75 µM dose. Statis-
tically significant differences between groups were found in
the following comparisons: 0 µM vs 25 µM (p=0.024), 0 µM
vs 50 µM (p=0.009), 0 µM vs 75 µM (p=0.002), 0 µM vs
100 µM (p=0.002), 1 µM vs 25 µM (p=0.035), 1 µM vs 50
µM (p=0.015), 1 µM vs 75 µM (p=0.003), 1 µM vs 100 µM
(p=0.004), 5 µM vs 75 µM (p=0.027), and 5 µM vs 100 µM
(p=0.029) (Table 2).

A significant difference in vitality percentage was observed
between the doses in the H929 cell line (p=0.004) (Figure
4c). The median vitality percentage at 0 µM was 103.0819
(102.3519, 103.4063), at 1 µM was 87.3479 (81.3463,
90.9975), at 5 µM was 41.0381 (36.9018, 44.4444), at
10 µM was 28.7915 (24.4120, 29.4403), at 15 µM was
22.4655 (18.8158, 25.7907), at 25 µMwas 17.7615 (17.2749,
19.0592), at 50 µM was 17.2749 (13.2197, 21.5733), at 75

µM was 17.7615 (14.7607, 18.4914), and at 100 µM was
19.7891 (14.4898, 20.5190). The lowest vitality percentage
was observed at the 50 µM dose. Statistically significant dif-
ferences between groupswere found in the following compar-
isons: 0 µM vs 25 µM (p=0.008), 0 µM vs 50 µM (p=0.006),
0 µM vs 75 µM (p=0.005), 0 µM vs 100 µM (p=0.012), 1 µM
vs 25 µM (p=0.01), 1 µM vs 50 µM (p=0.008), 1 µM vs 75
µM (p=0.006), 1 µM vs 100 µM (p=0.016), 5 µM vs 25 µM
(p=0.037), 5 µM vs 50 µM (p=0.031), and 5 µM vs 75 µM
(p=0.023) (Table 2).

A significant difference in vitality percentagewas observed be-
tween the doses in the U266 cell line (p=0.002) (Figure 4d).
Themedian vitality percentage at the 0 µM dose was 99.4889
(99.3832, 99.9118). At 1 µM, it was 97.1623 (83.3127,
103.9295), at 5 µM, 59.3127 (55.8237, 61.6387), at 10 µM,
34.0440 (31.7180, 34.8898), at 15 µM, 32.6696 (30.6607,
32.8810), at 25 µM, 29.4977 (27.2775, 29.6035), at 50 µM,
28.1233 (27.9111, 28.1233), at 75 µM, 28.4405 (28.2290,
28.9691), and at 100 µM, 27.2775 (27.2775, 27.9118). The
lowest vitality percentage was observed at 100 µM. Statisti-
cally significant differences between groups included 0 µM
vs 25 µM (p=0.01), 0 µM vs 50 µM (p=0.003), 0 µM vs

424 https://doi.org/10.5455/annalsmedres.2025.04.091

https://doi.org/10.5455/annalsmedres.2025.04.091


Abdullayeva N. et al. Original Article AnnMed Res 2025;32(10):421–428

Figure 3. Dose-response curves in all cell lines at all doses.

Figure 4. a) Percentage of viability between doses in L929 cell line; b) Percentage of viability between doses in MM1S cell line; c) Percentage of
viability between doses in H929 cell line; d) Percentage of viability between doses in U266 cell line; e) Percentage of viability between doses in
RPMI8226 cell line.

75 µM (p=0.013), 0 µM vs 100 µM (p<0.001), 1 µM vs 25
µM (p=0.016), 1 µM vs 50 µM (p=0.005), 1 µM vs 75 µM
(p=0.021), 1 µM vs 100 µM (p=0.001), 5 µM vs 50 µM
(p=0.029), 5 µM vs 100 µM (p=0.008), and 10 µM vs 100

µM (p=0.037) (Table 2).

A significant difference in vitality percentagewas observed be-
tween the doses in the RPMI 8226 cell line (p=0.004; Fig-
ure 4e). The median vitality percentage at the 0 µM dose

425 https://doi.org/10.5455/annalsmedres.2025.04.091

https://doi.org/10.5455/annalsmedres.2025.04.091


Abdullayeva N. et al. Original Article AnnMed Res 2025;32(10):421–428

was 101.5240 (96.6401, 101.8358), at 1 µM was 88.2230
(84.6899, 93.4187), at 5 µMwas 19.1201 (18.9123, 21.1984),
at 10 µM was 13.0931 (11.1188, 13.9244), at 15 µM was
12.4696 (12.3657, 12.9892), at 25 µMwas 12.3657 (12.1579,
12.3657), at 50 µM was 12.4696 (12.0540, 12.5736), at 75
µM was 12.0540 (11.8462, 12.2618), and at 100 µM was
14.0284 (13.8205, 15.0675). The lowest vitality percentage
was observed at the 75µMdose. Statistically significant differ-
ences between groups were noted for the following compar-
isons: 0 µM vs 10 µM (p=0.016), 0 µM vs 15 µM (p=0.017),
0 µM vs 25 µM (p=0.003), 0 µM vs 50 µM (p=0.007), 0 µM
vs 75 µM (p<0.001), 1 µM vs 25 µM (p=0.013), 1 µM vs 50
µM (p=0.027), 1 µM vs 75 µM (p=0.003), 5 µM vs 25 µM
(p=0.045), and 5 µM vs 75 µM (p=0.013) (Table 2).

DISCUSSION
The treatment of multiple myeloma (MM) involves us-
ing a combination of drugs, each producing different re-
sponses. These include corticosteroids, alkylating agents, an-
thracyclines, proteasome inhibitors (PIs), immunomodula-
tory drugs (IMIDs), histone deacetylase inhibitors (HDAC
inhibitors), monoclonal antibodies (mAbs), and nuclear ex-
port inhibitors [17]. For a long time, especially, the alkylating
agent melphalan and the corticosteroid prednisone were the
main cytotoxic drugs used in treatment [18]. Later, high-dose
melphalan chemotherapy followed by autologous stem cell
transplantation began to be used, and thismethodwas shown
to extend survival in younger patients compared to conven-
tional chemotherapy [19]. Various combinations of melpha-
lan and prednisone became the most common treatment for
elderly patients. Subsequently, thalidomide, bortezomib, and
lenalidomide were added to treatment protocols for these pa-
tients [20]. One of the most important drugs in MM treat-
ment, bortezomib, was the first proteasome inhibitor deemed
suitable for treating relapsed and refractoryMMpatients [21,
22]. The introduction of this PI has become the most ef-
fective treatment against multiple myeloma by preventing
pro-apoptotic protein degradation and promoting tumor cell
death. Using these drugs in different formats has improved
the average survival of patients with multiple myeloma [23].
However, adverse events have been noted in MM patients
who develop resistance to both first-generation IMIDs and
proteasome inhibitors [24].
Among the recently discovered anticancer drugs, various ben-
zimidazole derivatives have received particular attention. The
benzamide derivativeMS-247, synthesized by Yamori and col-
leagues, showed antitumor activity in 39 cancer cell lines and
many organ tissue cells. It binds to AT-rich regions in the mi-
nor groove of DNA, inhibits DNA synthesis, creates inter-
strand crosslinks (ICLs), blocks the cell cycle in the G2/M
phase, and induces apoptosis [25]. In a recent study, a new
benzamide derivative called VKNG-2 was shown to enhance
the effectiveness of chemotherapeutic drugs in colon cancer
cell lines by inhibiting the ABCG2 transporter [26]. In an-

other study, a novel benzamide derivative containing benza-
midophenyl and phenylacetamidophenyl scaffolds, known as
13f, exhibited strong anticancer activity and a potent PARP-
1 inhibitory effect against human colorectal cancer HCT116
andDLD-1 cells. This compound effectively inhibited colony
formation and migration in HCT116 cells [27]. In a sep-
arate study, N-(9H-purin-6-yl) benzamide derivatives were
reported to induce apoptosis and reduce cell proliferation
in cancer cell lines, showing cytotoxic and antitumor activ-
ity within the range of 3–39 μM [28]. In another recent
study, the effect of an imidazole derivative on A549 lung can-
cer cells was investigated. The compound was found to ex-
hibit anticancer activity by inhibiting cell proliferation and
accelerating apoptosis [29]. A new series of 2-amino-1,4-
naphthoquinone-benzamide derivatives, labeled 5a–n, was
tested across three different cancer cell lines. Results showed
that these compounds were most effective in the MDA-MB-
231 cell line, less effective in the SUIT-2 cell line, andmore ef-
fective than thepositive control cisplatin in theHT-29 cell line
[30]. Following the combined treatment of the benzamide
derivative XT5 and imatinib in K562 cell lines, an increase
in cytotoxicity was observed, along with Annexin V binding
and caspase 3/7 activation. Expression levels of pro-apoptotic
genes also increased in K562R and K562S cell lines treated
with XT5. While XT2B did not form hydrogen bonds, XT5
showed hydrogen bond interactions with the basic amino
acids of the BCR-ABL kinase receptor [31].
Recently synthesized (E)-N-phenyl-4-(pyridine-
acylhydrazone) benzamide derivatives were tested for
their antiproliferative activity against U266 and RPMI 8226
cell lines using the MTT assay. Compound 8b showed
excellent antiproliferative activity against RPMI 8226 cells,
had lower toxicity than imatinib, significantly halted the cell
cycle in the G0/G1 phase, and induced cell death in RPMI
8226 cells by increasing mitochondrial ROS release, thus
producing an antitumor effect [32].

CONCLUSION
Despite the potential of benzamide derivatives to serve as
highly effective antitumor drug candidates across various can-
cer types, few studies have been conducted onMM cell lines.
This research contributes to the development of new, po-
tent anticancer agents with high selectivity and low toxic-
ity. The SY-15 molecule exhibits several distinct features that
set it apart from other benzamide derivatives and traditional
HDAC inhibitors. Notably, it demonstrates significant cyto-
toxic activity in multiple MM cell lines, including those sen-
sitive to bortezomib. Structurally, SY-15 incorporates a ben-
zothiazole moiety linked to its benzamide core, which may
enhance binding affinity through hydrophobic interactions,
pi-pi stacking, and hydrogen bonding. This structural char-
acteristic could help explain its selectivity and potency. Ad-
ditionally, while most classical benzamide derivatives mainly
targetHDACenzymes, SY-15may exert antitumor effects not
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only by inhibiting HDACs but also by modulating alterna-
tive apoptotic pathways specific to multiple myeloma cells.
Its low cytotoxicity in normal fibroblast cells indicates that
SY-15 has a more favorable therapeutic index compared to
other existingHDAC inhibitors. This study lays a solid foun-
dation for further evaluation and target identification of SY-
15. Future research will focus on testing the efficacy of the
benzamide-derived compound in bortezomib-resistant MM
cell lines. This will be a highly exciting development, as it will
be the first study to target benzamide derivatives in resistant
MM cell lines. Detailed efficacy studies of this drug alone or
in combination with bortezomib in resistant cell lines could
yield better results and potentially offer a new treatment op-
tion as an effective anticancer drug forMMtherapy, especially
in resistant patients.
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MAIN POINTS

• Lung involvement of Rheumatoid
Arthritis affects the quality of mus-
cle.

• Computed tomography density is
a valuable method for determining
muscle quality.

• The muscle density/ aortic density
ratio allows assessment of muscle
quality without being influenced by
acquisition parameters.
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ABSTRACT

Aim: This study investigated the effect of lung involvement in Rheumatoid Arthritis (RA) on
sarcopenia.

Materials and Methods: A retrospective analysis was conducted on patients with RA diagnosed
between January 2020 and January 2024. Patients with non-contrast thoracic CT scans avail-
able in the hospital database were included. A control group consisting of individuals without
any inflammatory diseases was also selected. Muscle area (MA) and muscle-to-aorta density
(M/A density) ratio were compared between the RA and control groups, as well as between RA
patients with and without pulmonary involvement.

Results: A total of 187 individuals (156 women, 31 men) were included in the study, comprising
84 patients in the RA group and 103 in the control group. The M/A density ratio was significantly
lower in the RA group (p<0.001). Among RA patients, 30 (36%) had pulmonary involvement. The
M/A density ratio was significantly lower in RA patients with lung involvement compared to
those without (p = 0.016). However, the muscle area showed no significant difference among
the groups (p = 0.683).

Conclusion: This study found that RA lung involvement may be associated with increased mus-
cle adiposity. Prospective studies with large populations are needed to confirm this association.
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INTRODUCTION

Rheumatoid arthritis (RA) is a chronic inflammatory disease

that affects the joints. The prevalence of rheumatoid arthri-

tis varies worldwide, ranging from 0.25% to 1%. Women are

affected more [1]. Proinflammatory cytokines such as tu-

mor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), and

interleukin-1 (IL-1) play a key role in the pathogenesis of RA

[2]. In approximately half of the patients with RA, concomi-

tant extraarticular findings can be present. The respiratory

system is involved in 60-80%ofRApatients, which is themost

common extraarticular involvement [3].

Sarcopenia is a disease that reducesmuscle strength,mass, and

function. Usually, it occurs later in life [2]. A revised criteria

system, developed by the European Working Group on Sar-

copenia in Older People 2 (EWGSOP2) in 2018, updated the

definition of sarcopenia. EWGSOP2defined two types of sar-

copenia: primary sarcopenia associated with aging in adults

over 40 years old, and secondary sarcopenia related to chronic

inflammation, inactivity, or malnutrition. EWGSOP2 has

also identified Computed Tomography (CT) and Magnetic

Resonance Imaging (MRI) as the most suitable diagnostic

imaging methods for measuring muscle area [4]. In primary

sarcopenia, various factors, including physical inactivity, in-

flammation, andhormonal changes, contribute. These causes

are also effective in rheumatoid sarcopenia. Proinflamma-

tory cytokines in RA may accelerate muscle loss, leading to

the progression of rheumatoid sarcopenia. Additionally, de-

creased physical activity further increases this risk [5].

In the RA population, the number of studies using CT to

evaluate the muscle area or density of the RA is very scarce.

429 https://doi.org/10.5455/annalsmedres.2025.04.093

https://annalsmedres.org/index.php/aomr/article/view/4867
https://annalsmedres.org/index.php/aomr/issue/view/169
https://annalsmedres.org
https://orcid.org/0000-0002-5562-2697
https://orcid.org/0009-0007-8585-7490
https://orcid.org/0000-0002-9026-2076
https://orcid.org/0000-0002-7164-6592
https://doi.org/10.5455/annalsmedres.2025.04.093
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.5455/annalsmedres.2025.04.093


Gul E. et al. Original Article AnnMed Res 2025;32(10):429–435

Although the effect of RA on muscle tissue has been exam-

ined in the literature, the relationship between lung involve-

ment in RA and its relation withmuscle density has not been

previously evaluated. This study is one of the first to examine

how muscle density is affected in patients with RA lung in-

volvement. For these reasons, this study aimed to investigate

the relationship between sarcopenia and pulmonary involve-

ment inRA,which is common in the Turkish population, by

measuring the paraspinal muscle area on CT.

MATERIALS ANDMETHODS

Study design

This retrospective, observational case-control study was con-

ducted according to the STROBE guidelines.

Sampling method

Anon-probability purposive samplingmethodwas employed

to include RA patients with thoracic CT scans available be-

tween January 2020 and January 2024. After obtaining ethics

committee approval, patients diagnosed with RA in our hos-

pital were retrospectively screened. Among these patients,

those with non-contrast Thorax CT were included in the

study. Age- and sex-matched controls without inflammatory

diseaseswere selected using simple random sampling from the

hospital database. The control group was selected from pre-

diagnoses without widespread systemic effects such as trauma

or nodule follow-up. In both groups, a diagnosis of cancer,

a history of chronic diseases known to affect muscle health

(e.g., chronic kidney disease, liver disease, malabsorption syn-

dromes), or pregnancy was excluded. In addition, those

whose CT images had artifacts that were enough to affect

the evaluation were also excluded from the study. CRP, RF,

and anti-CCP values of patients withRAwere also examined.

Thorax CTs were evaluated for rheumatoid arthritis lung in-

volvement in the group diagnosed with RA. Lung involve-

ment patterns were determined as usual interstitial pneumo-

nia (UIP), non-specific interstitial pneumonia (NSIP), bron-

chiolitis obliterans (BO), rheumatoid nodule (RN), isolated

bronchiectasis, and lymphoid interstitial pneumonia (LIP)

[6].

Sample size

Due to the retrospective design, sample size was determined

by the availability of suitable patients and controls within the

hospital records. Sample size calculation was performed.

Measurement methods

Paraspinal muscle area (MA) was manually measured on ax-

ial thoracic CT images at the level of the 12th thoracic verte-

bra using the Sectra PACS (IDS7, Sweden) software. A region

of interest (ROI) was carefully drawn to encompass the outer

margin of the paraspinal muscles bilaterally. The aortic den-

sitywasmeasuredbyplacing anROIover the aorta at the same

level, using the widest circular area that fully enclosed the lu-

men without including surrounding tissues. In addition, the

degree of muscle adiposity was determined by the ratio of

the mean density of the muscle to the aortic density (M/A

density) (Figure 1). This ratio eliminated density differences

that may arise from shooting parameters. MA andM/A den-

sity ratio values were compared between the patient and con-

trol groups. In addition, those with and without parenchy-

mal lung involvement in the RA group were compared. All

measurements were performed with Sectra Workstation soft-

ware (PACS, Sectra Workstation IDS7, Sweden). Radiologi-

cal measurements were independently performed by two ex-

perienced radiologists who were blinded to the participants’

clinical status and group assignment.

Figure 1. Measurement of muscle area, muscle density, and aortic den-

sity.

Since the patient’s BMI was unknown, the area of subcuta-

neous adipose tissue was measured instead (Figure 2). Subcu-

taneous adipose tissue was evaluated by automatic measure-

ment on theAquarius iNtuitionViewer (V4.4.13, Terarecon)

workstation.

The CT scan was performed using a 128-detector scanner

(GE Revolution EVO, Milwaukee, USA). Slices were taken

from the lung apices to the bottom. The scan parameters are

0.625mm slice, 100 kV, auto mA (min 80 - max 250), large

FOV, 40mm coverage, rotation time 0,6 s, pitch 1,375. The

slice thickness was 2.5 mm.

Statistical analysis

Data were analyzed using IBM SPSS Statistics for Windows,

Version 23.0 (IBM Corp., Armonk, NY, USA). The nor-

mality of data distribution was evaluated using Kolmogorov-

Smirnov and Shapiro-Wilk tests. Normally distributed con-

tinuous variables were expressed as mean ± standard devi-

ation; non-normally distributed variables were presented as

median (min–max). Categorical variables were reported as
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Figure 2. Automatic measurement of subcutaneous fat tissue via work-

station.

frequency and percentage. The intraclass correlation coeffi-

cient (ICC) was used to assess the interobserver agreement of

the MA andM/A density ratio.

For hypothesis testing, the Student’s t-test was performed for

normally distributed variables, and the Mann–Whitney U

test was used for non-normally distributed variables. Spear-

man correlation analysis was used to assess relationships be-

tween continuous variables. Multiple linear regression was

used tomodel the relationship between lung involvement sta-

tus (dummy-coded) and each muscle outcome, with the con-

trol group as the reference category. A p-value < 0.05was con-

sidered statistically significant.

RESULTS

This study included 187 people; 156 (83%) were female and

31 (17%) were male. The patient group consisted of 84 in-

dividuals, comprising 71 women (85%) and 13 males (15%).

The control group consisted of 103 people, including 85

women (83%) and 18 males (17%). There was no significant

difference between the two groups in the gender comparison

(p = 0.867). The interobserver ICC values were 0.970 (95%

CI, 0.93–0.98) and 0.991 (95% CI, 0.97–0.99) for MA and

the M/A density ratio, respectively.

Comparison of data between groups

CRP values were available in 84 in the RA group and 73

in the control group. Age, CRP, MA, and M/A density ra-

tio data did not follow normal distribution in both groups.

Therefore, they were compared with non-parametric tests,

and the results are shown in Table 1. Although the median

muscle area was higher in the control group and the median

CRP in the RA group, no statistical difference was observed

(p=0.180, p=0.851, respectively). M/A density ratio value

was significantly lower in the RA group (p<0.001) (Figure

3). Subcutaneous fat tissue was normally distributed in both

groups. There was no significant difference between the nor-

mal and RA groups (p = 0.088, as determined by a student

t-test).

Table 1. Comparison of the MA and M/A density ratio between the RA

group and the control group.

RA Control

Median (min-max) Median (min-max) p

Age (year) 60 (26-78) 60 (26-78) 0.952

CRP (mg/dL) 5 (1-215) 5 (1-215) 0.851

MA (mm2) 3260.5 (1090-5347) 3260.5 (1090-5347) 0.180

M/A density ratio 0.52 (-1.60-1.60) 0.52 (-1.60-1.60) <0.001

p was obtained from theMann-Whitney U test.

Figure 3. Graphical comparison of RA and control group.

In the RA group, 82 people had Anti-CCP values and me-

dian=16 (min=0.5, max=500), 82 had RF values and me-

dian=20 (min=1, max=240). 30 (36%) people had lung in-

volvement, and 54 (64%) had no. The involvement pattern

was 3 UIP, 9 NSIP, 9 BO, 2 RN, 6 isolated bronchiectasis,

and 1 LIP. Isolated emphysema was observed in 2 individu-

als and was not considered as lung involvement. The patient

groupwas divided into two groups according to lung involve-

ment and compared. RF, CRP, anti-CCP, M/A density, and

age were not normally distributed in the patient group. The

muscle area and subcutaneous fat tissue followedanormal dis-

tribution. There was no significant difference between the

groups in terms of gender comparison (p = 1.000). There

was no significant difference between the patient subgroups

when comparing MA and subcutaneous fat tissue using the

Student’s t-test (p = 0.683, p = 0.779, respectively). The para-

meters of the patient sub-group comparison that do not fol-

low a normal distribution are shown in Table 2. In the com-

parison between those with and without lung involvement,
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the M/A density ratio was found to be significantly lower in

those with lung involvement (p < 0.05) (Figure 4).

Table 2. Comparison of non-normally distributed data of those with and

without lung involvement.

Lung involvement

Yes No

Median (min-max) Median (min-max) p

Age (year) 64 (26-78) 59 (26-74) 0.064

CRP (mg/dL) 4.5 (1-215) 5 (1-116) 0.683

RF (IU/mL) 25 (6-240) 20 (1-159) 0.125

Anti-CCP (EU/ml) 70 (0.5-500) 8.5 (0.5-500) 0.123

M/A density ratio 0.337 (-1.60-1.11) 0.551 (-0.84-1.60) 0.016

p was obtained from theMann-Whitney U test.

Figure 4. Comparison of groups according to the presence and absence

of lung involvement.

When gender was compared, the MA and M/A density ratio

were significantly higher in men; however, no significant dif-

ference was observed in age (p = 0.001, p = 0.019, p = 0.996,

respectively). The findings are summarized in Table 3.

Significance of the model with regression analysis

To further investigate the impact of lung involvement on

muscle characteristics, two separate multiple linear regression

analyses were conducted. In the first model, muscle area

(MA)was entered as the dependent variable, and lung involve-

ment status was coded using two dummy variables: "lung

involvement = yes" and "lung involvement = no," with the

control group (healthy individuals) as the reference category.

The overall model was not statistically significant, F(2, 184) =

1.315, p = 0.271, indicating that lung involvement status did

not significantly predict muscle area. The model explained

only 1.4% of the total variance (R² = 0.014; Adjusted R² =

0.003). In terms of individual predictors, neitherRApatients

without lung involvement (B = -181.61, p = 0.117) nor those

with lung involvement (B = -115.01, p = 0.420) showed a sta-

tistically significant difference in muscle area compared to the

control group.

In the second model, the M/A density ratio was used as the

dependent variable to evaluate changes in muscle quality.

Again, the predictor variables were the two dummy-coded

lung involvement groups, with the control group as reference.

This model was statistically significant, F(2, 184) = 15.684,

p<0.001, explaining 14.6% of the variance in theM/A density

ratio (R² = 0.146; Adjusted R² = 0.136), which is a moderate

effect size in clinical research.

In terms of regression coefficients, RA patients without lung

involvement had significantly lower M/A density ratio than

controls (B = -0.175, p = 0.011), suggesting a moderate de-

crease in muscle quality. RA patients with lung involvement

showed an even more pronounced reduction (B = -0.462,

p<0.001), highlighting the potential additive or synergistic ef-

fect of pulmonary involvement on intramuscular fat infiltra-

tion. These findings indicate that while muscle mass (area)

may not differ significantly across groups, muscle quality, as

reflected byM/A density ratio, is significantly reduced in RA

patients, especially in those with pulmonary manifestations.

The detailed coefficients and significance values are presented

in Table 4.

Correlation analysis between data

The data were analyzed using the Spearman correlation test.

MA and M/A density ratio correlation was statistically in-

significant (p=0.402).

No association between age and MA (p=0.289). A high neg-

ative correlation was observed between theM/A density ratio

and age (p<0.001, ρ = -0.489).

DISCUSSION

Sarcopenia is a significant comorbidity and extraarticular

finding in rheumatoid arthritis (RA), affecting about 25% of

individualswith the disease [7]. While lung involvement is the

most common extraarticular manifestation of RA [6], the re-

lationship betweenRA pulmonary involvement and sarcope-
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Table 3. Comparison of muscle area, muscle density, M/A density ratio, and age between genders.

Muscle Area (mm2) Muscle Density (HU) M/A Density Ratio Age (year)

Median Minimum Maximum Median Minimum Maximum Median Minimum Maximum Median Minimum Maximum

Male 3753 2467 5425 25 -40 55 0.75 0.05 1.43 61 21 86

Female 3280 1090 5300 30 2 52 0.60 -1.60 1.60 59 18 88

p-value 0.001 0.090 0.019 0.996

p was obtained from theMann-Whitney U test.

Table 4. Regression analysis predicting muscle area and M/A density ratio.

Dependent variable Predictor B SE β t p

Muscle Area (Constant) 3467.61 67.60 -- 51.30 <0.001

(Adjusted R² = 0.003, p = 0.271) Lung involvement = no -181.61 115.26 -0.12 -1.58 0.117

Lung involvement = yes -115.01 142.33 -0.06 -0.81 0.420

M/A Density Ratio (Constant) 0.709 0.040 -- 17.76 <0.001

(Adjusted R² = 0.136, p < 0.001) Lung involvement = no -0.175 0.068 -0.183 -2.57 0.011

Lung involvement = yes -0.462 0.084 -0.390 -5.50 <0.001

p-values are based on t-tests within the regression model.

niahasnotbeenwidely studied. To thebest of our knowledge,

this study is the first to investigate this link.

Muscle quality can be evaluated by muscle density obtained

fromCT, which indicates myocellular lipid content and fatty

infiltration [8]. In this study, we assessed muscle mass and

quality using CT, a widely accepted technique. To overcome

potential density variations caused by imaging parameters, we

calculated the ratio of muscle density to aortic density. This

approach ensures more precise measurements by eliminating

technical differences.

Measuringmusclemass and density viaCT is particularly use-

ful in RA because, unlike muscle strength tests, it is not af-

fected by joint inflammation [4]. Our findings support the

work of Khoja et al. [9], who demonstrated that skeletal

muscle fat infiltration increases in RA patients compared to

age-matched controls. We also found that this condition was

more pronounced in patients with lung involvement.

Skeletal muscle fat is associatedwith disease activity and nega-

tively impactsmuscle strength, physical performance, and dis-

ability, independent of muscle mass [9–11]. Our results align

with two studies involvingover 100participants, which found

that higher muscle density was associated with less disability

(measured by the Health Assessment Questionnaire (HAQ))

and greater physical function (measured by the Short Physi-

cal PerformanceBattery (SPPB)) [11, 12]. Furthermore, stud-

ies on non-RA patients have shown that low muscle density

is linked to adverse outcomes, including increased weakness,

mobility limitations, and a higher risk of hip fractures and

hospitalization [11]. The relationship between muscle den-

sity and strength is also stronger in RA patients compared to

healthy controls [12]. Consistent with the existing literature,

our findings suggest that pulmonary involvement in RAmay

impact muscle quality and contribute to these comorbidities.

Although our regression model was statistically significant in

predicting the muscle-to-aorta (M/A) density ratio, the ex-

plained variancewasmodest (AdjustedR² = 0.136). This sug-

gests that other unmeasured factors may contribute to mus-

cle adiposity in RA patients. Important covariates such as

BMI, metabolic disorders (e.g., diabetes mellitus, hyperlipi-

demia), insulin resistance, and physical activity levels were not

available due to the study’s retrospective nature. The absence

of these variables may have limited the explanatory power of

our models. Future prospective studies with comprehensive

clinical and metabolic profiling are warranted to better un-

derstand themultifactorial nature ofmuscle fat infiltration in

RA.

The accumulation of intramuscular fat in RA patients can be

caused by chronic systemic inflammation, physical inactivity,

excessive total and visceral adiposity, and the use of medica-

tions such as glucocorticoids [11]. Inflammatory cytokines,

such as IL-6 and tumor necrosis factor, have been associated

with decreased muscle density [13]. A study found that mus-

cle concentrations of IL-6 protein were significantly higher in

RA patients compared to controls [14]. When these findings

are considered together, it is clear that RA-related inflamma-

tion is a significant factor in muscle fat infiltration.

Similar to the study byBaker et al. [15], we observed lowmus-

cle density in the RA group. While muscle area was lower

in our RA group, this difference was not statistically signifi-

cant. This supports the findings ofKramer et al., who showed

that thigh muscle density, but not area, was associated with

less disability and greater physical functioning [11]. In our

study, RA and RA-related lung involvement significantly af-

fected muscle density, but not muscle area, suggesting a link

to greater disability and reduced physical activity.

Baker et al. found no significant relationship betweenmuscle

density and BMI in RA patients, suggesting that BMI may

be a limited indicator for assessing muscle density [15]. Con-

sistent with this, our study did not find a difference in sub-

cutaneous adipose tissue area between the groups. However,
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our study found a positive correlation between the area of the

psoasmajormuscle and abdominal subcutaneous and visceral

fat, which consistent with the literature [16], as well as a neg-

ative correlation between theM/A density ratio and subcuta-

neous fat area. This contradicts the idea that subcutaneous

adipose tissue reduces sarcopenia. Consistent with the litera-

ture, our study found that the paraspinal muscle area was sig-

nificantly lower in women [17]. While we found no signif-

icant difference in muscle density between men and women,

theM/Aratiowas significantly lower inwomen. This suggests

that the ratio is a more precise measurement, unaffected by

imaging parameters [18]. Unlike cadaveric studies [19], our

study found no significant correlation between muscle area

and age. This may be because sarcopenia is influenced by fac-

tors beyond age, such as inactivity, diseases, and medications.

However, consistent with existing literature, we did find a sig-

nificant negative correlation betweenM/A density and age.

The absence of a statistical difference in CRP values between

the patient and control groups may seem like a negative re-

sult at first glance. However, this can be considered a factor

increasing the study’s statistical power. In this way, more ho-

mogeneity was provided for the groups. The fact that there

was no significant difference between the groups in terms of

CRP values is thought to be due to increased CRP secondary

to trauma in the individuals in the control group included in

the study [20].

The findings of this study suggest that evaluatingmuscle den-

sity using CT in RA patients, particularly those with pul-

monary involvement, may provide a valuable non-invasive

tool for early identification of sarcopenia risk. This could

guide clinicians in initiating nutritional, physical activity, or

pharmacological interventions to mitigate muscle quality de-

terioration.

Limitations

This study has several limitations. First, due to its retrospec-

tive design, BMI, physical activity levels, and metabolic co-

morbidities could not be included in the analysis. Second, the

sample size was limited by the number of available CT scans

that met the inclusion criteria. Third, the high proportion of

female patients in our study may be explained by the fact that

RA is more common in women. However, this may restrict

the generalization of the findings to male patients.

CONCLUSION

In this study, unlike the existing literature, we found that RA

lung involvementmay also lead to increasedmuscle adiposity.

Webelieve that the primary reason for this is the increase in in-

flammation. However, immobility andmedications used due

to lung involvement can also cause this. To better understand

this relationship, larger prospective studies investigating the

effects ofRA-related lung involvementonmuscles are needed.
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MAIN POINTS

• Loneliness is a significant determi-
nant of chronic pain among the el-
derly, with higher loneliness levels
strongly associated with increased
pain scores.

• Frequent analgesic use is indepen-
dently linked to loneliness, regard-
less of age, sex, or current pain in-
tensity, suggesting that psychoso-
cial factors drive medication con-
sumption beyond physical symp-
toms.

• Integrating psychosocial assess-
ment into elderly care is essential,
as addressing loneliness and
strengthening social support sys-
tems may help reduce unnecessary
or excessive analgesic use and
improve overall pain management.

Cite this article as: Ozdemir AT, Korkmaz
Y, Beler M, Kayhan M. Role of loneliness
in the relationship between chronic pain
and analgesic use in the elderly. Ann
Med Res. 2025;32(10):436--442. doi:
10.5455/annalsmedres.2025.07.173.

ABSTRACT

Aim: Loneliness is more frequently observed in older adults than in other age groups and is as-
sociated with adverse health outcomes. This study aimed to examine the relationship between
loneliness, chronic pain, and analgesic use in the geriatric population.
Materials andMethods: This cross-sectional study included 384 elderly subjects who presented
to a family medicine outpatient clinic. The University of California, Los Angeles (UCLA) Lone-
liness Scale for the Elderly and the Geriatric Pain Measure were used to collect data on the
variables.
Results: The mean age of the 384 elderly participants included in the study was 74.91±7.12
years (range: 65--91). Of the participants, 52.9% were women and 11.7% were living alone.
Higher frequencies of analgesic use were associated with higher pain and loneliness scores
(p<0.001). Amoderate, positive, and statistically significant correlation was found between pain
and loneliness scores (r=0.478, p<0.001). In the multivariate linear regression analysis, each 1-
point increase in the loneliness score led to a 1.72-point increase in the pain score. Female
sex and chronic diseases were associated with 4.63- and 9.65-point increases in the pain score,
respectively. Multinomial logistic regression analysis showed that, independent of age, sex,
and pain score, each 1-point increase in the loneliness scale score was associated with a higher
likelihood of using analgesics ≥15 times/month (OR=1.29), 8--14 (OR = 1.24), and 2--7 (OR =
1.22) times/month. Age and sex did not have any significant effect on monthly analgesic use.
Conclusion: There is a positive relationship between loneliness, chronic pain, and frequent use
of analgesics in the elderly subjects Psychosocial assessment and support in elderly patients
may help reduce excessive analgesic consumption.
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INTRODUCTION

Loneliness is described as an emotional state arising from the
perception that one’s social network is narrower or less sat-
isfying than desired. It reflects a sense of deficiency result-
ing from the discrepancy between the level of emotional sat-
isfaction an individual seeks and the level they actually expe-
rience [1-3]. Today, loneliness is widely recognized as a real-
ity of life—an experience encountered by individuals at vari-
ous points in their lives and to varying degrees [4]. There is
no consensus regarding the relationship between loneliness

and age in the literature. Since loneliness is assessed based
on subjective perception, it is suggested that it tends to be
higher during adolescence—a period often marked by emo-
tional turbulence—declines in early and middle adulthood
and then increases again in older age, thus presenting a U-
shaped trajectory across the lifespan [4-6]. Loneliness causes
various physical, psychological, and cognitive problems in in-
dividuals. It is a significant factor contributing to deteriorated
health and reduced health related quality of life (HRQoL).
Given that loneliness is observed more frequently among the
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elderly—and that additional challenges faced by this popu-
lation may worsen the situation—addressing loneliness and
implementing effective intervention strategies becomes a cru-
cial necessity. Disorders caused by loneliness can also nega-
tively affect physical health [7]. During the aging process, a
decline in the function of bodily systems, reduced organ re-
serves, and weakened adaptation to the environment are ob-
served. These changes increase the susceptibility to diseases
and injuries, which in turn lead to higher rates of medica-
tion use [8]. Chronic pain is one of the leading causes of di-
minished HQoL in the geriatric population. The elderly of-
ten resort to over-the-counter analgesics without consulting a
physician to manage chronic pain [9]. Investigating the im-
pact of loneliness on chronic pain and its influence on anal-
gesic consumption among older adults may offer valuable in-
sights into this issue. This study aimed to examine the rela-
tionship between loneliness, chronic pain, and analgesic use
in individuals within the geriatric age group.

MATERIALS ANDMETHODS

Study design, sample, and ethics

This cross-sectional study was conducted in 2025 among pa-
tients aged 65 years who presented to the Family Medicine
Outpatient Clinic of the Faculty of Medicine, Izzet Baysal
Training and Research Hospital, Bolu Abant Izzet Baysal
University. The required sample size was calculated using
the formula n = [DEFF × N × p(1−p)] / [(d² / Z²1−α/2 ×
(N−1)) + p(1−p)] * with 80% power, 95% confidence inter-
val, d = 50%, andDEFF = 1. Accordingly, the minimum sam-
ple size was determined to be 384 individuals. Participants
were recruited through convenience sampling. Data were col-
lected through face-to-face interviews with patients who pre-
sented to the FamilyMedicine Clinic betweenApril and June
2025. All participants were informed about the study pro-
cedures and provided written informed consent. After com-
pleting the data collection tools, the researcher reviewed the
responses and provided necessary clarifications. Ethical ap-
proval for the studywas obtained from the Ethics Committee
of Bolu Abant Izzet Baysal University Faculty of Medicine,
Izzet Baysal Training and Research Hospital (Decision No:
2025/150, Date: 08.04.2025).

Exclusion criteria

• Participants with cognitive impairments (e.g., advanced
dementia, delirium) or neurological conditions (e.g.,
aphasia) that prevent them from understanding or re-
sponding to the questionnaire.

• Severe hearing impairment or speech disability preclud-
ing verbal or written communication despite assistance.

• Individuals younger than 65 years.

Data collection

Data were collected from 384 patients who visited the Fam-
ily Medicine Outpatient Clinic of Bolu Abant Izzet Baysal
University between April and June 2025. The data collection
form consisted of the following three sections:

• Demographic information (age, gender, marital status,
and analgesic use).

• UCLA Loneliness Scale for the Elderly.

• Geriatric Pain Measure.

TheUniversity of California, LosAngeles Loneliness Scale for
the Elderly

Originally developed in 1985 by De Jong Gierveld and Kam-
phuis to assess emotional loneliness and revised in 1999 by
Van Tilburg and De Jong Gierveld, the UCLA Loneliness
Scale for the Elderly is based on the cognitive-behavioral
framework [10]. Akgül et al. conducted the Turkish valid-
ity and reliability study in 2015. The Cronbach’s alpha of the
scale is α= .85. The test-retest result of the scale is r = .93 [11].
The scale employs a 3-point Likert-type response format (0 =
Yes, 1 = Maybe, 2 = No) to determine the extent to which
each item describes the experience of the respondents. Re-
spondents were asked to select the option that best reflected
their current state. The scale consists of 11 items, of which 6
are positively worded and 5 are negatively worded. Items 1, 4,
7, 8, and 11 are scored as follows: 0 = Yes, 1 =Maybe, and 2 =
No. Items 2, 3, 5, 6, 9, and 10 are reverse-coded: 2 = Yes, 1 =
Maybe, and 0 =No. The total score ranges from 0 to 22, with
higher scores indicating higher loneliness levels.

Geriatric Pain Measure

The Geriatric Pain Measure (GPM) was developed by Bruce
A in 2000. Ferrell et al. comprehensively assessed the func-
tional, psychological, and social effects of pain in older indi-
viduals [12]. The Turkish adaptation and validation study
was conducted by Dursun et al. in 2017, yielding a Cron-
bach’s alpha of 0.85 [13]. Item content and cultural adap-
tations were based on expert opinions. The scale consists of
five dimensions: pain-related withdrawal (Items 6, 17, 18, 19,
20, 21, and 24), pain intensity (Items 1, 2, 3, 4, 5, 22, and
23), pain with movement (Items 9, 10, 11, and 12), pain with
strenuous activities (Items 8, 13, and 14), and pain with other
activities (Items 7, 15, 16, 17, and 22). Two items (17 and 22)
are included in more than one subscale. The scale also con-
tains three open-endedquestions about pain. Of the 24 items,
22 are scored dichotomously (Yes/No), while the remaining 2
items are rated on a 0-10 scale. The total score is calculated by
summing the number of "Yes" responses, resulting in a raw
score ranging from 0 to 42. Each item score is thenmultiplied
by 2.38 to convert it to a scale of 0–100. The final score of the
Geriatric PainMeasure is calculated based on this 0-100 scale.
Scores between 0 and 30 indicate mild pain, scores between
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31 and 69 indicate moderate pain, and scores of 70 or above
indicate severe pain. TheGeriatric PainMeasure evaluates the
manner in which patients describe their pain and assesses the
physical, emotional, cognitive, and behavioral responses asso-
ciated with pain [12,13].

Statistical analysis
Statistical analyses were performed using IBM SPSS Statistics
version 21.0 (Armonk,NY: IBMCorp.) and JAMOVI 2.6.17
version software. The Kolmogorov–Smirnov test was used to
assess normality of the test. Multivariable linear regression,
one-way analysis of variance, multinomial logistic regression,
and Pearson correlation analyses were conducted. The Bon-
ferroni test was used in the post-hoc tests. A p-value of <0.05
was considered statistically significant.

RESULTS
The mean age of the 384 older adults included in the study
was 74.91 ± 7.12 years (min: 65, max: 91). Among the par-
ticipants, 52.9% were female, 30.7% were single or widowed,
and81.3%had at least one chronic illness. Regarding living ar-
rangements, 11.7% of the older adults lived alone, 65.4% lived
with their spouse, and 20.3% lived with their children.
Table 1 presents the sociodemographic characteristics of the
participants.
When examining the correlation between the scores obtained
from the pain and loneliness scales among elderly subjects
was statistically significant andmoderately positive (r = 0.478)
(Figure 1).

Figure 1. Correlation analysis.

The average score of the participants on the loneliness scale
was 10.13±5.20 (min: 0-max: 22), and the average score
on the geriatric pain scale was 43.42±21.64 (min: 4.76-max:

Table 1. Sociodemographic characteristics of participants.

n %

Sex Male 181 47.1
Female 203 52.9

Marital Status
Married 266 69.3
Single 10 2.6
Widowed 108 28.1

Educational Level

Literate (no formal education) 155 40.4
Primary School 127 33.1
Secondary School 50 13.0
High School 36 9.4
University 13 3.4
Master's Degree 3 .8

Income Status
Income is less than expenses 105 27.3
Income equals expenses 213 55.5
Income is more than expenses 66 17.2

Presence of Chronic Illity Yes 312 81.3
No 72 18.8

Cardiovascular Disease Yes 236 61.5
No 148 38.5

Endocrine Disease Yes 97 25.3
No 286 74.7

Neurological Disease Yes 61 15.9
No 323 84.1

Psychiatric Disorder Yes 25 6.5
No 359 93.5

Respiratory Disease Yes 31 8.1
No 353 91.9

Cancer Yes 11 2.9
No 373 97.1

Musculoskeletal Disorder Yes 38 9.9
No 346 90.1

Urological Disease Yes 36 9.4
No 348 90.6

Renal Failure Yes 15 3.9
No 369 96.1

Other Diseases Yes 33 8.6
No 351 91.4

Living Arrangement

With spouse 251 65.4
With children 78 20.3
With relatives or friends 10 2.6
Alone 45 11.7

Has a Caregiver Yes 27 7.0
No 357 93.0

Frequency of analgesic use

15 times or more per month 82 21.4
8-14 times per month 100 26.0
2-7 times per month 151 39.3
Once a month or less 51 13.3

Note: The total number of chronic diseases exceeded 385 because some participants
had more than one chronic condition.

95.20). A statistically significant difference was observed
when the scores from the loneliness and pain scales were com-
pared according to the frequency of analgesic use among older
adults. An increased frequency of analgesic usewas associated
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Table 2. Comparison of loneliness and pain scores at analgesic use
frequency.

Loneliness Pain

Mean±SD Mean±SD

15 times or more per montha,b,c 13.39±4.93 62.02±17.86
8-14 times per montha 10.88±4.38 47.71±16.93
2-7 times per monthb 9.43±4.63 35.79±19.36
Once a month or lessc 5.51±4.87 27.67±18.55

p <0.001 <0.001
Different superscript letters (a, b, c) indicate significant differences between groups
according to Bonferroni post hoc test (p<0.05).

withhigher scores onboth scales. Peoplewhoused 15ormore
painkillers per month had statistically higher scores on both
scales (Table 2).
Multivariable linear regression analysis was conducted to pre-
dict pain scores among older adults, and themodel was found
to be statistically significant (p<0.001). The coefficient of de-
termination for the model was R² = 0.283. The dependent
variable in the model was the total score from the pain scale,
whereas the independent variables were the loneliness scale
score, age, gender (reference: male), and presence of chronic
illness (reference: no). Among the variables included in the
model, loneliness score, gender, and presence of chronic ill-
ness significantly contributed to the prediction. It was found
that A one-point increase in the loneliness scale score was as-
sociated with a 1.72-point increase in the pain score. Female
sex was associated with a 4.63-point increase in the pain score
compared tomale sex. Having a chronic illness was associated
with a 9.65-point increase in the pain score compared with
those without a chronic illness (Table 3).
A multinomial logistic regression analysis was performed to
estimate the frequency of monthly analgesic use. The re-
sults indicated that the model was significant (model fitting
information, *p* < 0.001), exhibited adequate data fit (de-
viance, *p* = 0.393), and demonstrated sufficient goodness-
of-fit (Cox and Snell = 0.396). Independent of age, sex, and
pain score, each one-unit increase in the loneliness scale raised
the risk of using analgesics 15 or more times per month by
1.29-fold, the risk of using analgesics 8–14 times per month
by 1.24-fold, and the risk of using analgesics 2–7 times per
month by 1.22-fold, compared to the group using one or
fewer analgesics per month. Similarly, a one-unit increase in
pain score increased the risk of using analgesics 15 or more
times permonth by 1.073-fold and the risk of using analgesics
8–14 times per month by 1.035-fold, again relative to the
group using one or fewer analgesics per month. Additionally,
the presence of chronic disease elevated the risk of using anal-
gesics 15 ormore times permonth by 8.51-fold, the risk of us-
ing analgesics 8–14 times permonth by 9.95-fold, and the risk
of using analgesics 2–7 times per month by 2.77-fold, com-
pared to the group using one or fewer analgesics per month.
Finally, sex and age had no significant effect onmonthly anal-

gesic use (Table 4).

DISCUSSION

The high prevalence of multiple chronic conditions (comor-
bidities) among older adults is a primary factor contributing
to increased polypharmacy. Pietraszek et al. reported that
analgesics ranked second among the most frequently used
medications inelderly subjects, with a usage rate of 46.0%
[14]. This study investigated the relationships among lone-
liness, chronic pain, and analgesic use in the elderly subjects
Our findings demonstrated a moderate, positive, and signif-
icant correlation between loneliness and pain levels. Each
one-unit increase in the loneliness scale score corresponded
to a 1.72-unit increase in the pain score. The significance of
this finding, coupled with the lack of prior studies directly
comparing these two conditions (loneliness and pain), under-
scores the importance of this research and highlights the need
for further detailed investigations. Independent of age, sex,
and pain score, each unit increase in the loneliness score in-
creased the risk of using analgesics ≥15 times per month by
1.29 times; 8–14 times per month by 1.24 times; and 2–7
times per month by 1.22 times. In a study by Vyas et al. in-
volving 15,302 older adults, the prevalence of loneliness was
13.7%. Those living alone had higher rates of opioid (odds
ratio [OR] = 1.61) and benzodiazepine (OR = 1.66; 95%
confidence interval [CI]: 1.21–2.28) use, whereas no signif-
icant difference was observed for non-opioid analgesics (OR
= 1.05; 95% CI: 0.92–1.19). Additionally, loneliness was sig-
nificantly associated with intermittent medication use (OR
= 1.27) [15]. Various studies in the literature have also re-
ported that feelings of loneliness in this age group are particu-
larly linked to the regular use of opioids and benzodiazepines
[16,17]. International studies present mixed findings: for
instance, in the United States, living alone was not signifi-
cantly associatedwith increased use of thesemedications [18],
whereas a positive correlation was observed between loneli-
ness and analgesic use frequency in Germany [19]. How-
ever, these studies generally report the relationship mainly
for opioid analgesics, with nonopioid analgesics showing less
clear associations. Our study did not differentiate analgesic
use by opioid versus non-opioid categories; however, non-
opioid analgesics are presumed to be more commonly used
given that health policies in our country discourage opioid
use unless strictly necessary. Therefore, we believe that nono-
pioid medications also contributed to the significant findings
of our study. Differences in findings across studies may re-
flect varying national drug use policies. Im et al. analyzed
the relationship between loneliness and polypharmacy by sex
in a study including 2,348 older adults, revealing a stronger
association in women. The prevalence of polypharmacy was
highest in the severe loneliness group among women (44.1%)
andmen (42.5%). Moreover, antidepressant use was reported
to be more common in lonely women [20]. Sönmez et al.
also found that elderly individuals with polypharmacy had
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Table 3. Multivariate linear regression analysis for predicting pain scores.

Collinearity Statistics
Predictor Estimate SE t p VIF Tolerance

Intercepta -0.0842 10.001 -0.00842 0.993
Loneliness score 1.7201 0.191 8.98785 <.001 1.12 0.892
Age 0.2107 0.140 1.50156 0.134 1.13 0.886

Sex

Female--Male 4.6339 1.911 2.42494 0.016 1.03 0.971

Chronic Disease

Yes--No 9.6565 2.502 3.86001 <.001 1.08 0.927

Table 4. Multinomial logistic regression analysis for estimating the frequency of analgesic use.

95 percent CI for O.R.

Frequency of analgesic use B p O.R. Lower Bound Upper Bound

15 times or more per month

Intercept -11.331 <0.001
Age .063 0.067 1.065 .996 1.139
Loneliness .262 <0.001 1.299 1.168 1.446
Pain score .071 <0.001 1.073 1.046 1.102
[Sex=female] -.220 .629 .803 .329 1.959
[Sex=male, ref] 0b . . . .
[Chronic disease=yes] 2.142 0.001 8.515 2.348 30.883
[Chronic disease=no, ref] 0b . . . .

8-14 times per month

Intercept -6.367 0.008
Age .031 0.327 1.032 .969 1.099
Loneliness .218 <0.001 1.244 1.126 1.374
Pain score .035 .003 1.035 1.012 1.059
[Sex=female] -.119 .771 .888 .399 1.977
[Sex=male, ref] 0b
[Chronic disease=yes] 2.298 <0.001 9.952 3.380 29.303
[Chronic disease=no, ref] 0b . . . .

2-7 times per month

Intercept -2.008 .348
Age .011 .709 1.011 .954 1.071
Loneliness .206 <0.001 1.229 1.120 1.347
Pain score .006 .566 1.006 .985 1.027
[Sex=female] -.087 .812 .917 .448 1.876
[Sex=male, ref] 0b . . . .
[Chronic disease=yes] 1.022 .007 2.779 1.319 5.857
[Chronic disease=no, ref] 0b . . . .

a. The reference category is: Once a month or less. b. 0b indicates the reference category used in the multinomial logistic regression model.

higher loneliness levels, with loneliness being more prevalent
inwomen [21]. In contrast, our study found that the relation-
ship between loneliness and analgesic use was independent of
sex. Because our study assessed only analgesic use, the lack of a
sex effect might be due to this narrower scope. Svensson et al.
investigated the impact of polypharmacy on loneliness and re-
ported that individuals with polypharmacy had a significantly
higher likelihood of developing loneliness than those with-
out polypharmacy (odds ratio [OR]: 1.37). The probabil-
ity of loneliness was 28% and 35% in those without and with
polypharmacy, respectively, indicating that polypharmacy in-
creases the risk of loneliness and social isolation in older adults
[22]. These findings support the existence of a relationship
between polypharmacy and loneliness. While aging is an im-
portant risk factor for loneliness, polypharmacy is more com-

mon in older age. Although age could be a confounding fac-
tor, our results indicate that loneliness is strongly associated
with increased use of analgesics regardless of age. Thus, the
hypothesis that polypharmacy triggers loneliness is less clin-
ically plausible than loneliness influencing medication use.
Higher frequency of analgesic use correlates with higher lone-
liness scores. Lonelinessmay induce prolonged use ofmedica-
tions, including those with high addiction potential, among
older adults individuals. Clinicians should consider loneli-
ness as a significant factor when evaluating elderly patients
and exercise cautionwhen prescribingmedications. Compre-
hensive research is needed to elucidate the effect of loneliness
on medication-taking behaviors, with particular emphasis on
psychosocial factors.
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Limitations

This study has several limitations. First, the regression mod-
els classified chronic diseases as a single variable. This group-
ing included musculoskeletal conditions, which may inde-
pendently increase the use of analgesics and could have acted
as a confounding factor in the analysis. Second, the data were
collected between April and June 2025, which may not cap-
ture seasonal variations in loneliness andpain—bothofwhich
may be more pronounced during the winter months. Finally,
we did not collect data on mood status and polypharmacy,
which represents an additional limitation and suggests the
need for further, comprehensive studies on this topic

CONCLUSION
This study revealed a significant positive association between
loneliness and chronic pain. The data indicate that as loneli-
ness levels increase, self-reported pain scores also rise. More-
over, loneliness increases the frequency of analgesic use inde-
pendently, regardless of age, sex, and current pain intensity.
These results suggest that loneliness is notmerely a psycholog-
ical condition but may be a critical determinant in the man-
agement of chronic pain. Elevated loneliness levels may lead
tomore frequent and potentially unnecessary analgesic use in
older adults coping with chronic pain. Therefore, assessing
loneliness and strengthening social supportmechanisms in el-
derly populations may mitigate the indirect effects of lone-
liness and promote more rational pain management. Inte-
grating psychosocial evaluations into standard clinical prac-
tice is crucial for preventing inappropriate medication use. In
conclusion, loneliness, chronic pain, and excessive analgesic
use have a multifaceted and complex relationship. Prospec-
tive studies with large sample sizes are needed to better under-
stand the underlying mechanisms of these associations. Such
research can provide valuable insights that may guide both
clinical practice and health policy development.
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MAIN POINTS

• Unplanned ICU readmission was
strongly associated with increased
in-hospital mortality, with a mortal-
ity rate of 66.7% among readmit-
ted patients compared to 0% in con-
trols.

• Independent predictors of mortality
included higher APACHE II scores,
lower serum albumin levels, and the
presence of nosocomial infections.

• Dementia/Alzheimer’s disease and
cerebrovascular disease were sig-
nificantly more common among
readmitted patients, highlighting
vulnerable subgroups.

• Identifying high-risk patients
through clinical and laboratory
parameters may guide early
interventions, improve dis-
charge planning, and reduce ICU
readmission-related morbidity and
mortality.
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S. Evaluation of risk factors for mor-
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Res. 2025;32(10):443--449. doi:
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ABSTRACT

Aim: Unplanned readmissions to the intensive care unit (ICU) are associated with poor clinical
outcomes, prolonged hospital stays, and increased healthcare costs. Identifying the clinical
and laboratory predictors of ICU readmission and its impact on in-hospital mortality remains
critical for improving patient safety and optimizing utilization of the resources. This study aimed
to investigate the factors associated with ICU readmission and evaluate its relationship with
mortality in a tertiary-care hospital setting.

Materials andMethods: In this retrospective cohort study, data of 1347 patients followed in Pul-
monary ICU between 2016 and 2024 were retrospectively evaluated. Data of 153 patients (75
patients readmitted and 78 control cases selected randomly who were not readmitted during the
same hospitalization) were analyzed. The two groups -those with and without ICU readmission-
were compared in terms of demographic characteristics, clinical parameters, comorbidities, nu-
tritional status, and laboratory findings. Logistic regression analysis was used to identify pre-
dictors of mortality.

Results: Readmitted patients were older (p=0.001), had lower Glasgow Coma Scores (p<0.001),
higher APACHE II scores (p<0.001), and longer ICU and hospital stays (p=0.002, p=0.006 respec-
tively). They also required more vasopressors (p=0.004), mechanical ventilation (p=0.001), and
sedation (p<0.001). Nosocomial infections were more frequent in this group (p<0.001). Uni-
variate regression analysis revealed that ICU readmission, low serum albumin, nosocomial in-
fections, use of vasopressors, and comorbidities such as dementia and cerebrovascular disease
were significantly associated with mortality (p<0.05). In the BackwardWald model, albumin dur-
ing hospitalization, nosocomial infection and APACHE II scores were independent risk factors
for mortality (p<0.05).

Conclusion: ICU readmission is strongly associated with adverse clinical outcomes and in-
creased in-hospital mortality. Identifying high-risk patients based on clinical and laboratory
parameters---such as low serum albumin levels, presence of nosocomial infections, use of va-
sopressors, and comorbidities like dementia/Alzhiemer’s disease---may facilitate early interven-
tions and improve patient prognosis.

Keywords: Readmission, ICU care, Risk factors, Comorbidity, Mortality, Morbidity
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INTRODUCTION

Intensive care units (ICUs) are high-cost hospital settings

where critical illnesses and complications are managed using

advanced technologies and specialized staff. Their rational use

is essential due to the substantial financial burdenonhospitals

and the healthcare system [1].

ICU readmission refers to the return of a patient to the ICU

during the same hospitalization and is associated with adverse

outcomes and increased health care costs [2]. Additionally,

ICU readmissions result in longer hospital and ICU stays and

are linked to higher morbidity andmortality rates [3-6]. ICU

readmissions are also used as indicators of care quality. Al-

though many scoring systems have been developed to mini-

mize these readmissions, an optimal model has not yet been
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established [7].

In intensive care units, the decision to transfer to the ward is

made by intensivist. Despite the growing interest in decision

support tools, the timing of discharge remains largely based

on clinical judgment. This daily, complex process challenges

both the ICU team and the attending physician [8]. Provid-

ing information about reasons for ICU readmission is impor-

tant for preventingmorbidity andmortality in critically ill pa-

tients and reducing the clinician burden.

ICUreadmissions, adverse events inpatients, and their impact

on mortality are primarily studied in and supported by scien-

tific articles [2]. However, such data are lacking in with lim-

ited resources. Investigating this issue in our tertiary care hos-

pital, which treats many patients with chest diseases, is crucial

for establishing data for Turkey. Therefore, this study aimed

to identify risk factors formortality andmorbidity among pa-

tients readmitted to the pulmonary ICU.

MATERIALS ANDMETHODS

Study design

This retrospective observational study was conducted at Is-

tanbul Sultan AbdulhamidHan Training and ResearchHos-

pital. This study aimed to investigate the clinical, demo-

graphic, and laboratory factors associated with ICU readmis-

sion in patients in the pulmonary ICU between 2016 and

2024.

Study population

Atotal of 1,347patientswhowere admitted to thePulmonary

ICU between 2016 and 2024 were screened. Among them,

75 patients who were readmitted to the ICU within 48 h

after discharge during the same hospitalization were identi-

fied as the readmission group. Additionally, 78 patients who

were hospitalized in the pulmonary ICUonly once during the

same period were randomly selected and defined as the non-

readmission group. Random sampling was performed to en-

sure a balanced sample size between the readmission and con-

trol groups using IBM SPSS Statistics version 30. Under the

“Select Cases”module, the “Random sample of cases” option

was utilized, and a total of n=78non-readmitted patientswere

randomly selected from the dataset and included in the analy-

sis as the control group. Thismethodwas chosen tominimize

selection bias and enhance comparability between the groups.

Only patients aged 18 years were included in the study.

Although patients with conditions such as dementia or

Alzheimer’s disease requiring palliative care were included,

none of these patients were admitted from dedicated pallia-

tive care centers.

Patients who were admitted to other ICUs within the same

hospital or to ICUs in other hospitals were excluded from the

study. In addition, patients who were discharged upon their

request and those with terminal-stage malignancies were ex-

cluded from the study.

Study parameters

Age, gender, comorbidities such as diabetes mellitus (DM),

coronary artery disease (CAD), chronic obstructive pul-

monary disease (COPD), congestive heart failure (CHF),

arrhythmias, pulmonary and extrapulmonary malignancies,

dementia/Alzheimer’s disease, and cerebrovascular diseases

(CVD), demographic and clinical characteristics of the pa-

tients, and laboratory findings (hemogram, blood biochem-

istry, inflammatory markers, and blood gas) at the time of

admission and before discharge from the ICU to the ward

were recorded. In addition, the Glasgow coma scale (GCS),

APACHE II score, need for mechanical ventilation (MV),

non-invasive mechanical ventilation (NIMV), vasopressor

therapy, sedation, and dialysis during ICU stay were noted

in patients admitted to the ICU. The number of hospital

and ICU hospitalization days, number of MV and NIMV

days, nutritional characteristics, and nosocomial infections

were also recorded. The Prognostic Nutritional Index (PNI),

which determines the nutritional status of patients, and the

PIV, which reflects the inflammatory status of the patients,

were also checked during hospitalization. Patients who were

readmitted to the ICU (n = 75) and those who were not read-

mitted (n = 78) were compared in terms of thementioned pa-

rameters.

Statistical analysis

The data obtained in the study were analyzed using the Sta-

tistical Package for the Social Sciences software. Continu-

ous variables were presented as mean ± standard deviation

(mean ± SD), and categorical data were presented as the num-

ber of affected individuals and percentage of the study pop-

ulation (%). For group comparisons, an independent sam-

ples t-test was used for parametric data, and a Chi-square test

or Fisher’s exact test was used for categorical variables. The

Mann–Whitney U test was preferred for comparing variables

that were not normally distributed. Univariate andmultivari-

ate logistic regression analyses were performed to determine

the factors associated withmortality, and the effects of signifi-

cant variables were reportedwith odds ratios (ORs), 95% con-

fidence intervals (CIs), and p-values. The significance level

was accepted as any p-value being < 0.05. No bootstrap re-

sampling was performed in the statistical analysis.

Multivariable logistic regression analysis was performed us-

ing the backward Wald method. The relationships among

independent variables were assessed using the variance infla-

tion factor (VIF) values calculated under linear regression,

and all VIF values were below 5, indicating no significant

multicollinearity. Model calibration was evaluated using the

Hosmer-Lemeshowgoodness-of-fit test, whichdemonstrated

adequate fit (p>0.05). The discriminative ability of themodel

was assessed using a receiver operating characteristic (ROC)

curve, and the area under the curve (AUC) was calculated.

The sample size was estimated using G*Power 3.1 software,

assuming a 6% ICU readmission rate of 6%, a statistical power
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of 90%, a significance level of 5%, and three independent vari-

ables with a medium effect size (Cohen’s f² = 0.15). Based on

these parameters, a minimum of 1,243 patients and at least

75 ICU readmission events were required to achieve statisti-

cal significance.

RESULTS

General characteristics of the study population

The study included 153 patients, of whom 58.82% were fe-

male (n = 90) and 41.18% were male (n = 63). The mean

age was 71.43 ± 14.32 years. Hospitalization to the ICU oc-

curred in 54.9% of patients from the emergency department

and 45.1% from hospital wards. The most common admis-

sion diagnosis was pneumonia (33.3%), followed by COPD

exacerbation (20.9%) and pulmonary embolism (11.1%).

The need for vasopressors was observed in 35.95% of patients,

MV in 18.3%, NIMV in 56.21%, and oxygen with HFNC

in 16.45%. The following comorbidities were present: DM

(31.37%),COPD(43.79%),HT(58.17%),CHF (29.41%), ex-

trapulmonary malignancy (14.38%), lung cancer (9.15%), de-

mentia/AD (12.42%), and CVD (10.46%). The comorbidity

rate was high, with 94.12% of patients having at least one co-

morbid disease.

After the initial treatment, 70.59% of the patients was trans-

ferred to the ward within working hours. The most common

reason for ICU readmission was hypoxic respiratory failure

(64%), followed by hypotension/shock (22.7%). The mean

length of ICU stay was 7.97 ± 8.29 days, and the total hos-

pital stay was 1.92 ± 4.01 days. Patients were readmitted to

the ICU after a mean of 8.21 ± 8.84 days.

Demographic, clinical, and laboratory findings of patients
with and without ıcu readmission

Themean agewas significantly higher in the readmitted group

(75.25 ± 12.42 vs. 67.76 ± 15.13years; p=0.001). The GCS

scores measured at initial hospitalization and during ICU

discharge were significantly lower in the readmitted group

(p<0.001). In addition, patients in this group had higher

APACHE II scores at the time of hospitalization (23.75 ±

7.56 vs. 17.05 ± 6.20; p<0.001), higher rates of need for vaso-

pressors (48% vs. 24.36%; p = 0.004), MV (29.33% vs. 7.69%;

p = 0.001), and sedation (49.33% vs. 19.23%; p<0.001).

The duration of MV, ICU stay, and hospital stay was signifi-

cantly longer in this group (3.52 ± 8.78 vs. 0.29 ± 1.48 days;

p<0.001, 10.53 ± 10.89 vs. 5.51 ± 3.03 days; p = 0.002, and

2.79 ± 4.94 vs. 1.09 ± 2.62 days; p = 0.006, respectively).

Furthermore, the incidence of nosocomial infections was sig-

nificantly higher in the readmission group than in the non-

readmission group (52.70% vs. 5.13%; p<0.001). Themortal-

ity rate of these patientswas 66.67%,whereas nomortalitywas

observed in the group without readmission (p<0.001). The

overall mortality rate of the cohort was 32.68%. Among co-

morbid diseases, dementia/AD (p = 0.006) and CVD history

(p= 0.035)weremore common in the readmission group (Ta-

ble 1).

When laboratory findingswere examined, serumalbumin lev-

els during both initial admission and transfer to thewardwere

lower in the readmitted group (p<0.001, p<0.001, respec-

tively). Furthermore, the PNI was lower in the readmitted

group at discharge (p<0.001). In contrast, the blood urea ni-

trogen (BUN) level at the time of admission (p = 0.003) and

the fraction of inspired oxygen (FiO2) demand (p = 0.007)

were significantly higher in the readmitted group. The C-

reactive protein level (p = 0.006) and pH value (p = 0.028) at

the time of transfer to the ward were also higher in this group

(Table 2).

Univariate and multivariate logistic regression analyses

According to Univariate Logistic Regression analysis,

the variables found to be significantly associated with

mortality were as follows: initial hospitalization GCS

(OR=0.822, p<0.001), discharge before ICU GCS

(OR=0.669, p<0.001), APACHE II score (OR=1.108,

p<0.001), need for vasopressors (OR=2.433, p=0.013),

duration of hospitalization (OR=1.132, p=0. 012), du-

ration of ICU stay (OR=1.048, p=0.027), presence of

nosocomial infection (OR=4.919, p<0.001), low serum

albumin levels (OR=0.198, p<0. 001; OR=0.152, p<0.001

on transfer), high CRP (OR=1.004, p=0.046), history of

dementia/Alzheimer’s disease (OR=3.349, p=0.016) and

history of CVD (OR=4.042, p=0.011). The number of MV

days was significantly associated with mortality (OR = 1.051,

p = 0.085) (Table 3).

Multivariate logistic regression analysis was performed using

the backward Wald method. The initial model included the

following clinically relevant variables: age, GCS score at ICU

admission and discharge, APACHE II score, use of vasopres-

sors, length of hospital and ICU stay, presence of nosoco-

mial infection, serum albumin and CRP levels, and presence

of dementia/Alzheimer’s disease or CVD. After the stepwise

elimination of non-significant variables, 3 variables indepen-

dently affectedmortality: APACHEII score (odds ratio [OR]

= 1.095, 95%CI: 1.034-1.159, p=0.002), presence of nosoco-

mial infection (OR = 2.746, 95% CI: 1.177-6.408, p=0.019)

and albumin level measured during ICU admission (OR =

0.208, 95% CI: 0.095-0.459, p<0.001). These findings sug-

gest that a high APACHE score and the presence of nosoco-

mial infection increase mortality and that mortality increases

as serum albumin levels decrease (Table 3).

Themodel’s discriminative abilitywas assessed using anROC

curve, with an AUC value of 0.815. Model calibration was

evaluated using the Hosmer-Lemeshow goodness-of-fit test,

which yielded a p-value of 0.367, indicating an adequate fit.

All variance inflation factor (VIF) values ranged from1 to 4.3,

suggesting that no significant multicollinearity was present

among the independent variables.
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Table 1. Clinical and demographic characteristics of patients with and without ICU readmission.

Patients not requiring readmission (n=78) Patients requiring readmission (n=75) p-value*

Mean±SD or n (%) Mean±SD or n (%)

Gender 0.595

Male 30 (38.46) 33 (44)

Female 48 (61.54) 42 (56)

Age 67.76 ± 15.13 75.25 ± 12.42 0.001

Site of ICU admission 0.065

In-Patient Ward 29 (37.18) 40 (53.33)

Emergency Department 49 (62.82) 35 (46.67)

Initial admission GCS score 14.56 ± 1.41 11.83 ± 4.14 <0.001

GCS before discharge 14.87 ± 0.54 13.17 ± 2.63 <0.001

APACHE II 17.05 ± 6.20 23.75 ± 7.56 <0.001

The Need for Vasopressors 19 (24.36) 36 (48) 0.004

Need for more than one vasopressor 1 (1.28) 2 (2.67) 0.615

Need for an MV 6 (7.69) 22 (29.33) 0.001

Number of MV days 0.29 ± 1.48 3.52 ± 8.78 <0.001

Need for NIMV 44 (56.41) 42 (56.00) >0.999

Need for HFNC 12 (15.38) 13 (17.57) 0.886

Dialysis 3 (3.85) 4 (5.33) 0.716

Sedation 15 (19.23) 37 (49.33) <0.001

Feeding 0.048

None 1 (1.28) 1 (1.33)

Enterally 76 (97.44) 66 (88)

Parenterally 0 (0) 5 (6.67)

Enterally+Parenterally 1 (1.28) 3 (4)

DM 19 (24.36) 29 (38.67) 0.083

CAD 22 (28.21) 18 (24) 0.683

COPD 38 (48.72) 29 (38.67) 0.276

HT 42 (53.85) 47 (62.67) 0.346

CHF 20 (25.64) 25 (33.33) 0.386

Rhythm Disorders 12 (15.38) 17 (22.67) 0.346

CRF 6 (7.69) 12 (16) 0.179

Extrapulmonary Malignant tumor 7 (8.97) 15 (20) 0.087

Lung Cancer 4 (5.13) 10 (13.33) 0.096

Dementia/Alzheimer Disease 4 (5.13) 15 (20) 0.006

CVD 4 (5.13) 12 (16) 0.035

One or more comorbidities 71 (91.03) 73 (97.33) 0.167

Days of hospitalization 1.09 ± 2.62 2.79 ± 4.94 0.006

Days in the ICU 5.51 ± 3.03 10.53 ± 10.89 0.002

hospital-acquired Infection 4 (5.13) 39 (52.70) <0.001

Mortality 0 (0) 50 (66.67) <0.001

Discharge to the ward 0.05

On working hours 61 (78.21) 47 (62.67)

Out of Hours 17 (21.79) 27 (36.00)

Not Known 1 (1.33)

ICU: Intensive Care Unit, GCS: GlasgowComa Scale, APACHE: Acute Physiology and Chronic Health Evaluation, COPD: Chronic Obstructive Pulmonary Disease, MV:
Mechanical Ventilation, NIMV: Non-Invasive Mechanical Ventilation, HFNC: High-Flow Nasal Cannula, DM: Diabetes Mellitus, CAD: Coronary Artery Disease, HT:
Hypertension, CHF: Congestive Heart Failure, CRF: Chronic Renal Failure, CVD: Cerebrovascular Disease. *Pearson’s chi-squared test; Wilcoxon rank-sum test; Fisher’s
exact test.

DISCUSSION

In this study, patients who were readmitted to the ICU had

higher mortality rates, and mortality was associated with cer-

tain comorbidities and prognostic, clinical, and laboratory

findings.

In previous studies, the rate of re-admission to the ICU dur-

ing the same hospitalization was 10% [2, 4]. In our study, this

rate was as low as 5.56%, whichmay be due to the inclusion of

only the pulmonary ICU. Not all patients requiring readmis-

sion were admitted to the pulmonary ICU; some were sent to

other ICUs or hospitals, potentially lowering the readmission

rate.

Patient discharge from the ICU is based on the experience

and subjective assessment of the ICU physician [9]. There

has been an increasing interest in scoring systems in recent

days. Although scoring systems developed for the evalua-

tion of ICU readmission and mortality, such as the Stability

and Workload Index for Transfer (SWIFT), Sequential Or-

gan Failure Assessment (SOFA), and Therapeutic Interven-

tion Scoring System (TISS-28), have moderate accuracy [10],
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Table 2. Comparison of laboratory findings of patients with and without ICU readmission.

Patients not requiring readmission (n=78) Patients requiring readmission (n=75) p-value*

Mean±SD or n (%) Mean±SD or n (%)

At First Admission to the ICU

CRP 86.04 ± 92.94 95.86 ± 93.55 0.256

PCT 4.54 ± 16.05 0.85 ± 2.36 0.633

pH 7.37 ± 0.09 7.38 ± 0.10 0.185

PO2 104.91 ± 33.12 100.66 ± 33.86 0.409

PCO2 46.59 ± 16.80 47.07 ± 17.16 0.745

FiO2 55.71 ± 20.11 64.40 ± 22.56 0.007

Lactate 1.68 ± 0.72 1.77 ± 1.17 0.474

WBC 13,881.92 ± 12,127.87 14,183.07 ± 8,980.77 0.354

Neutrophil 12,237.82 ± 11,673.91 11,501.07 ± 6,638.79 0.762

Platelet 267,512.82 ± 95,791.54 264,760.00 ± 103,713.07 0.865

Albumin 3.46 ± 0.56 3.08 ± 0.54 <0.001

BUN 27.67 ± 18.21 37.51 ± 22.89 0.003

Cr 1.25 ± 1.34 1.18 ± 1.00 0.911

PNI 39.66 ± 7.11 40.76 ± 31.37 0.012

PIV 3,216.23 ± 7,470.75 2,549.58 ± 4,886.23 0.621

Before discharge from the ICU

CRP 39.56 ± 45.41 53.32 ± 43.72 0.006

PCT 0.58 ± 1.88 0.26 ± 0.33 0.096

pH 7.44 ± 0.04 7.45 ± 0.06 0.028

PO2 102.97 ± 29.38 104.59 ± 32.73 0.961

PCO2 46.58 ± 11.23 45.47 ± 10.56 0.584

FiO2 36.95 ± 8.52 36.73 ± 8.31 0.876

Lactate 1.32 ± 0.52 1.31 ± 0.53 0.635

WBC 9,642.44 ± 5,827.68 9,242.27 ± 4,765.75 0.969

Neutrophil 7,910.26 ± 5,844.76 6,974.40 ± 2,981.72 0.680

Platelet 255,435.90 ± 105,115.47 225,682.40 ± 117,752.56 0.063

Albumin 3.09 ± 0.47 2.75 ± 0.47 <0.001

BUN 23.06 ± 13.08 23.79 ± 14.86 0.964

Cr 0.91 ± 0.79 0.82 ± 0.70 0.169

PNI 36.27 ± 5.77 35.18 ± 18.70 <0.001

PIV 1,599.21 ± 3,057.26 1,014.54 ± 961.29 0.655

CRP: C-Reactive Protein, PCT: Procalcitonin, PO2: Partial Oxygen Pressure, PCO2: Partial Carbon dioxide Pressure, FiO2: Fraction of Inspired Oxygen, WBC: White
Blood Cell, BUN: Blood-Urea Nitrogen, Cr: Creatinine, PNI: Prognostic Nutritional Index, PIV: Pan-Immune Inflammation Value. *Wilcoxon rank sum test; Welch two-
sample t-test.

Table 3. Univariate and multivariate analysis results on the risk factors for mortality.

Variables
Univariate Multivariate*

OR (95% CI) p-value OR (95% CI) p-value

Age 1.042 (1.013-1.072) 0.005

GCS score at admission 0.822 (0.739-0.914) <0.001

GCS before discharge 0.669 (0.553-0.809) <0.001

APACHE II 1.108 (1.055-1.165) <0.001 1.095 (1.034-1.159) 0.002

The Need for Vasopressors 2.433 (1.210-4.893) 0.013

Need for an MV 1.181 (0.500-2.789) 0.705

Days of MV 1.051 (0.993-1.111) 0.085

Days of hospitalization 1.132 (1.027-1.248) 0.012

Days in the ICU 1.048 (1.005-1.093) 0.027

Nosocomial Infections 4.919 (2.308-10.482) <0.001 2.746 (1.177-6.408) 0.019

Albumin level (first admission) 0.198 (0.097-0.401) <0.001 0.208 (0.095-0.459) <0.001

Albumin level (before discharge) 0.152 (0.065-0.358) <0.001

CRP (first admission) level 1.004 (1.000-1.007) 0.046

PNI (before discharge) 0.994 (0.964-1.024) 0.682

Dementia/Alzheimer Disease 3.349 (1.252-8.960) 0.016

CVD 4.042 (1.377-11.866) 0.011

OR: Odds Ratio, SE:Standard Error, CI: Confidential Interval, GCS: Glasgow Coma Scale, APACHE: Acute Physiology and Chronic Health Evaluation, MV:Mechanical
Ventilation, CRP: C-Reactive Protein, PNI: Prognostic Nutritional Index, CVD: Cerebrovascular Disease. Note: Model fit assessed via Hosmer-Lemeshow test (p = 0.367).
AUC: 0.815. Multicollinearity was evaluated via VIF, all < 5. *BackwardWald method.
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the clinician’s opinion is still determinant in terms of easy ap-

plicability. In our study, we preferred the APACHE II score,

which can be easily applied during hospitalization in all pa-

tients. The APACHE II score was higher in the group requir-

ing readmission to the ICU, and mortality increased as the

APACHE score increased. Our results support the literature

[4, 11]. Therefore, we adjusted the APACHE II score for dis-

ease severity, which was included in the model as a potential

confounder.

Patients requiring readmission were older, which is consis-

tent with the literature [3, 4, 12]. Elderly patients tend to

have higher frailty scores and are at greater risk for comor-

bidities than younger adults [12]. In our study, dementia/AD

and CVD were particularly more common in the readmit-

ted group. Low GCS both during admission and discharge

to the ward was associated with neurological diseases. An-

other important question is whether these patients are bet-

ter treated in palliative care than treated and/or readmitted

to intensive care. Perhaps with improved palliative care cen-

ters, ICU admissions/readmissions can be reduced, together

with costs, and patients who really need intensive care can

be treated more effectively by reducing the length of stay in

emergency departments. ICU hospitalizations account for

25%–40% of all health expenditures [13, 14].

Nutritional status is alsomore limited in elderly patients than

in younger patients. Consistent with studies demonstrating

that nutritional status is a prognostic marker for mortality

[15], we observed lower albumin and PNI values in patients

who were readmitted. However, low albumin levels may also

be attributed to infection, as albumin is a negative acute-phase

reactant, and nosocomial infections were more frequent in

this group.

Vasopressor use increases in-hospital mortality, especially in

elderly patients [15]. In our study, vasopressor use in ICUs

was shown to increase mortality approximately 2.5-fold, in

support of the literature.

Early discharge in ICUsis important to prevent intensive care

infections and reduce costs. Prolonged ICU stay increases

the risk of developing nosocomial infections [10]. In our

study, both hospitalization duration and nosocomial infec-

tion rate were high in the readmission group. Klebsiella pneu-

moniae were the most common infectious agent, accounting

for 25.6% of cases.

Respiratory failure and pneumonia are frequent causes of

ICU readmission. Respiratory failure accounts for 18%–59%

of all ICU readmissions [16]. This rate was higher in our unit

because it is a pulmonary ICU. Because of hypoxic and hyper-

capnic respiratory failure, 70.7%of patientswas readmitted to

the ICU. We anticipate that such a high rate can be reduced

withmore participation of respiratory physiotherapists in the

treatment.

Studies indicate that being discharged from ICUs during out-

of-duty increases mortality [17]. Although we could not sta-

tistically prove this, the result supports this finding in our

study. This has been attributed to a decrease in the number of

staff and nurses working during off-duty hours. Another rea-

son may be that waiting patients to be admitted to the emer-

gency department may have led to early discharge from the

ICU. Lack of nursing care and inappropriate treatment are

among the preventable causes of ICU readmissions [18]. The

key decision of the clinician is the optimal time forward trans-

fer.

These data reveal that ICU readmitted patients have worse

clinical parameters and laboratory indicators, which are

strongly associated with mortality. However, future multi-

center randomized controlled studies with larger sample sizes

are needed because this study is retrospective and includes a

relatively small patient population.

Limitations

This study has certain limitations, the most notable being the

relatively small sample size (n = 153). A larger sample sizemay

benecessary inmultivariable logistic regressionmodels involv-

ing a large number of predictors to ensuremodel stability and

statistical power. Although a power analysis was performed,

the limited sample size may restrict the generalizability of the

findings. Moreover, due to the lack ofmatching in the control

group, differences may exist in certain confounding variables,

which could have influenced the interpretation of the results.

This retrospective single-center study included only patients

readmitted to the pulmonary ICU. Patients who were trans-

ferred to other ICUs were excluded, which may have led to

an underestimation of the true ICU readmission rate. There-

fore, the findings may reflect a limited perspective on overall

readmission patterns.

CONCLUSION

Parameters such as the APACHE II score, serum albumin

level, and the presence of nosocomial infection, which were

found to be associated with mortality, may serve as valuable

indicators for early risk stratification and the development of

clinical management strategies in critically ill patients. More-

over, patients readmitted to the ICUhad a higher risk ofmor-

tality, and readmission was closely associated with multiple

clinical risk factors. Elderly patients and those with higher

APACHE II and lower GCS scores and a history of demen-

tia/ADmay be at increased risk of readmission. Further mul-

ticenter studies should be performed to reveal risk factors for

readmission and the benefit of close monitoring of high-risk

patients, enhancing strategies for discharge planning, and im-

proving transitional care, whichmay reduce readmissions and

improve outcomes in critically ill patients more precisely.
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MAIN POINTS

• VL significantly improved glottic visualization in
patients with UDA, reducing the median Cormack-
Lehane grade from 3 (DL) to 1 (VL) (p<0.001).

• VL achieved a 97% success rate in patients who
could not be intubated with DL, suggesting its
strong effectiveness as more than just a rescue
tool.

• Compared to DL, VL was associated with signifi-
cantly lower rates of esophageal intubation (1.5%
vs. 9.8%) and oropharyngeal injury (2.3% vs.
11.9%) (p<0.001), demonstrating its potential to
reduce airway-related complications.

• The study supports the consideration of VL as a
first-line technique for airway management, espe-
cially in patients with normal airway assessment
but unexpected intubation difficulty.

• Routine use of VL may improve patient safety and
overall intubation success in UDA cases, warrant-
ing its broader integration into airway manage-
ment protocols.

Cite this article as: Genc A, Sahin AT, Gurler Balta M,
Kolukcu V, Tapar H, Karaman T, Karaman S. Should
videolaryngoscopy enter routine use? Unanticipated
difficult airway: A five-year experience in a tertiary care
hospital. Ann Med Res. 2025;32(10):450--456. doi:
10.5455/annalsmedres.2025.06.167.

ABSTRACT

Aim: An unanticipated difficult airway (UDA) can be very challenging for anesthe-
siologists in airway management and, if not managed appropriately, may lead to
increased morbidity and even mortality in patients. Because patients with normal
physical examination findingsmay also have a difficult airway, meticulous prepara-
tions are essential for every patient. Our study investigated the five-year outcomes
of a tertiary care hospital in patients with UDA.
Materials and Methods: We retrospectively reviewed the records of 143 patients
with UDA who underwent surgery under general anesthesia between January 2020
and March 2025. We evaluated their airway management: preoperative physi-
cal examination findings, demographics, comorbidities, mask ventilation, laryn-
goscopic visualization, and tracheal intubation success.
Results: We found that videolaryngoscopy (VL) improved glottic visualization
compared to direct laryngoscopy (DL) in patients with UDA (p<0.001). VL reduced
the risk of complications and accidental esophageal intubation compared to DL
(p<0.001, p<0.001, respectively). We also found that 129 out of 133 patients (97%)
who could not be intubated with DL were successfully intubated endotracheally
using VL.
Conclusion: VL improves glottic visualization, reduces the risk of complications,
and increases the rate of successful intubation compared to DL in patients with
UDA.

Keywords: Anesthesia, Airway management, Difficult airway,
Intubation, Laryngoscopy, Videolaryngoscopy

Received: Jun 26, 2025 Accepted: Aug 25, 2025 Available Online: Oct 24, 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.

INTRODUCTION

Airway management is a cornerstone of safe anesthesia prac-
tice and is usually achieved by endotracheal intubation. A dif-
ficult airway is defined as challenges inmask ventilation, laryn-
goscopic visualization, tracheal intubation, or the need for an
emergency surgical airway [1,2]. Among these,UDAispartic-
ularly critical, as it occurs in patients without identifiable pre-
dictors during preoperative evaluation [3,4]. If not promptly
recognized and managed, UDAmay result in hypoxemia, air-
way trauma, and even mortality [5].

Preoperative predictors such asMallampati classification, thy-
romental distance, interincisor gap, neck mobility, and upper
lip bite test are commonly used but have limited sensitivity
and specificity [6–8]. Thus, patients with apparently nor-
mal examinations may still present with unexpected difficul-
ties, highlighting the need for structured airway management
strategies and access to alternative devices [9,10].

When intubation fails, maintaining oxygenation becomes the
priority. International guidelines recommend adjuncts such
as VL, supraglottic devices, or flexible intubation scopes be-
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fore invasive techniques or awakening the patient [3,11]. VL
provides an indirect view of the glottis, improves visualization
in difficult cases, and reduces esophageal intubation and air-
way trauma [12–14]. However, limitations such as cost, re-
duced effectiveness in restrictedmouth opening, and tube de-
livery challenges remain [15].
VL has been incorporated into national and international dif-
ficult airway guidelines [4,16], but its role as a first-line tool
rather than a rescue device is still debated, especially in UDA
cases.
The present study analyzed a five-year experience in a tertiary
care center, focusing on the role of VL compared to DL in
UDA. Specifically, we investigated its effects on glottic visual-
ization, intubation success, and airway-related complications.

MATERIALS ANDMETHODS
Ethical approval for this study was received from Tokat
GaziosmanpaşaUniversityClinicalResearchEthicsCommit-
tee (25-MOBAEK-124) on April 8, 2025, and the retrospec-
tive observational study was registered at ClinicalTrials.gov
(NCT06972394) onMay 13, 2025. This study was designed
as a retrospective observational study and was conducted in
accordance with the STROBE guidelines for observational
studies and the principles of the Declaration of Helsinki.

Study population and sampling

Data on patients with UDA who underwent elective surgery
under general anesthesia between January 2020 and March
2025 were obtained by reviewing hospital automation sys-
tems, patient records, and difficult airway forms. All eligi-
ble cases during this periodwere included consecutively (non-
probability consecutive sampling). We excluded patients with
missing data, a history of difficult airway, or known diffi-
cult airway findings. No randomization or blinding was per-
formed due to the retrospective nature of the study.

Outcomes

The primary outcome was the success rate of tracheal intu-
bation with VL compared with DL. Secondary outcomes in-
cluded glottic visualization (Cormack–Lehane grade), com-
plications such as esophageal intubation and oropharyngeal
injury, and intubation difficulty scores (IDS).

Airway management protocol

In our clinic, preoperative airway evaluation includes assess-
ment ofMallampati classification, thyromental distance, ster-
nomental distance, interincisor gap, neck circumference, up-
per lip bite test, neck mobility, dentition, hoarseness, exer-
tional dyspnea, and history of previous difficult airway. Pa-
tients without predictors of a difficult airway underwent rou-
tine intubation using DL in the sniffing position.
Management of patients with UDA was carried out accord-
ing to a specific protocol. TheC-MAC®D-Blade (Karl Storz,

Tuttlingen,Germany)VLwith a hyper-angled bladewas used
as a rescue technique in patients who could not be intubated
with DL, provided that mask ventilation and oxygenation
weremaintained. If tracheal intubation could not be achieved
with VL and the patient was awakened, awake flexible intu-
bation scope (FIS) was planned when general anesthesia was
required.
Mask ventilation difficulty was classified as Class I–IV. IDS
was calculated by evaluating seven variables, and a score
greater than five indicated difficult intubation [16].

Statistical analysis

Statistical analyses were performed using IBM SPSS Statis-
tics for Windows, Version 21.0 (IBM Corp., Armonk, NY,
USA), licensed through Tokat Gaziosmanpaşa University.
The normality of distribution for quantitative variables was
assessed using the Kolmogorov–Smirnov and Shapiro–Wilk
tests. Normally distributed continuous variables were sum-
marized as mean ± standard deviation, while non-normally
distributed variables were expressed as median (minimum–
maximum). Categorical variables were presented as numbers
and percentages.
Comparisons of categorical variables such as intubation suc-
cess, esophageal intubation, and oropharyngeal injury be-
tween groups were performed using Fisher’s Exact Test or
Pearson’s Chi-Square Test, with continuity correction where
appropriate. Paired comparisons of Cormack–Lehane scores
between DL and VL in the same patients were conducted us-
ing the non-parametricWilcoxon Signed-RankTest. Correla-
tion analyses were performed using Spearman’s rho (r). How-
ever, due to the study design, inwhich all patients initially un-
derwentDL and only thosewith failedDLwere subsequently
managed with VL, the two groups were not statistically in-
dependent. Therefore, while group comparisons were per-
formed as described, the results should be interpreted with
caution given this dependency.
All tests were two-tailed, and a p-value <0.05 was considered
statistically significant. Exact p-values are reported in the re-
sults and tables.

RESULTS
We evaluated 355 patients for the study. 201 patients had a
difficult airway findings or history, while 11 hadmissing data.
The study included 143 patients. Figure 1 shows the study’s
flow chart. The median (min–max) patient age was 53 years
(18–75 years), with 57% beingmale. Fifty-eight patients were
smokers, 46 had hypertension, 32 had diabetes mellitus, and
22 had chronic lung disease. The patients’ demographic data
and descriptive characteristics are in Table 1.
In our study, DL was initially attempted in all 143 patients
with UDA. Among these, successful intubation was achieved
in 10 cases using DL. The remaining 133 patients, in whom
DL failed, were subsequently intubated using VL. VL was
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Figure 1. Flow diagram of the study.

Table 1. Baseline characteristics and clinical outcomes of the study pop-
ulation.

Age (years) 53 (18 -- 75)
Sex (Female / Male), n (%) 61 / 82 (43 / 57)
BMI (kg/m2) 27.77 (19.1 -- 29.78)
ASA (I /II / III), n (%) 42 / 84 / 17 (29 / 59 / 12)
Hypertension, n (%) 46 (32)
Diabetes, n (%) 32 (22)
Ischemic heart disease, n (%) 17 (12)
Chronic lung disease, n (%) 22 (15)
Thyroid disease, n (%) 7 (5)
Cerebral vascular disease, n (%) 3 (2)
Neoplasm, n (%) 13 (9)
Rheumatic disease, n (%) 20 (14)
Smoking, n (%) 58 (41)
Chronic kidney disease, n (%) 3 (2)
Mallampati classification (I / II), n (%) 54 / 89 (38 / 62)
Neck circumference (normal), n (%) 143 (100)
Upper lip bite test (1 / 2), n (%) 103 / 40 (72 / 28)
Thyromental distance (normal), n (%) 143 (100)
Neck mobility (≥80°), n (%) 143 (100)
Interincisor gap≥3.5 cm, n (%) 143 (100)
IDS 7 (6 -- 9)
Difficult mask ventilation (I /II / III), n (%) 85 / 52 / 6 (59 / 37 / 4)
BMI: body mass index; ASA: American Society of Anesthesiologists; IDS: intuba-
tion difficulty scale; quantitative data are given as median (minimum –maximum).

successful in 129 of these cases, while 4 patients could not be
intubatedwith eithermethod andwere awakened. These four
patients were awakened and prepared for elective awake intu-
bation with preservation of spontaneous breathing, and suc-
cessful tracheal intubation was achieved using the FIS.

The overall intubation success rate was 7% with DL and
97% with VL, and this difference was statistically significant
(p<0.001) (Table 2). However, it is important to emphasize
that the groups were not independent. Since VL was used
only in patients where DL had already failed, this indicates a
selection of more difficult cases in the VL group. Therefore,

the remarkably high success rate of VL, suggests not only a
statistically but also a clinically significant advantage of VL.
The median (min–max) Cormack-Lehane grade value was
three (2–4) in DL and one (1–3) in VL (Table 2). VL signifi-
cantly decreased the Cormack-Lehane grade compared toDL
(p<0.001), (Table 2). This supports the advantage of VL in
providing better visualization of the glottic structures.
Seventeen of 143 patients (11.9%) in DL and three of 133
patients (2.3%) in VL had oropharyngeal injury during at-
tempted endotracheal intubation (Table 2). VL significantly
reduced the risk of complications compared to DL (p<0.001)
(Table 2). We observed esophageal intubation during endo-
tracheal intubation attempts in 14 of 143 patients (9.8%)with
DL and two of 133 patients (1.5%)withVL (Table 2). VL sig-
nificantly decreased the risk of accidental esophageal intuba-
tion compared to DL (p<0.001) (Table 2).
The patients had a median (min-max) IDS value of seven
(6–9). All patients had an IDS score above five, indicating dif-
ficult intubation. In the current study, the incidence of diffi-
cult airway in elective surgeries was found to be 1.97%, while
the incidence of UDA was found to be 0.79%. In addition,
mask ventilation was easy in 85 patients (59.4%), moderately
difficult in 52 (36.4%), and highly difficult in six (4.2%), while
none had impossible mask ventilation.
The relationship between the parameters in airway manage-
ment was as follows (Table 3): We found a moderate posi-
tive correlation between IDS score andmask ventilation diffi-
culty, oropharyngeal injury inDL, and esophageal intubation
in DL; a weak positive correlation between IDS score and CL
score in DL, CL score in VL, esophageal intubation in VL,
and oropharyngeal injury in VL; and a weak negative corre-
lation between IDS score and intubation success in VL and
intubation success in DL.
There was a weak positive correlation between mask venti-
lation difficulty and CL score in DL, oropharyngeal injury
in DL, oropharyngeal injury in VL, esophageal intubation in
VL, and esophageal intubation in DL; and a weak negative
correlation between mask ventilation difficulty and intuba-
tion success in VL.
There was a good negative correlation between CL score
and intubation success in DL; a weak positive correlation
between CL score in DL and oropharyngeal injury in VL,
oropharyngeal injury in DL, esophageal intubation in VL,
and esophageal intubation in DL; and a weak negative corre-
lation between CL score in DL and intubation success in VL.
We found a moderate positive correlation between CL score
in VL and esophageal intubation in DL; a weak positive cor-
relation between CL score in VL and oropharyngeal injury in
VL, oropharyngeal injury inDL and esophageal intubation in
VL; and amoderate negative correlation between CL score in
VL and intubation success in VL.
There was a strong positive correlation between oropharyn-
geal injury in VL and esophageal intubation in VL; a moder-
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Table 2. Comparison of the effects of different laryngoscopes on airway management.

Direct Laryngoscopy Videolaryngoscopy p

CL score, median (min-max) 3 (2 - 4) 1 (1 - 3) <0.001a*
Successful intubation, n (%) 10 (7) 129 (97) <0.001b*
Esophageal intubation, n (%) 14 (9.8) 2 (1.5) <0.001c*
Oropharyngeal injury, n (%) 17 (11.9) 3 (2.3) <0.001c*
a: Wilcoxon Signed Ranks; b: Fisher’s Exact test; c: Pearson Chi-Square test; *: statistically significant; CL: Cormack-Lehane classification; Quantitative data are given as
median (minimum - maximum).

Table 3. Relationship between difficulties in airway management, tracheal intubation success and complications.
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IDS rho
p

Difficult mask ventilation rho 0.516*
p <0.001

CL score with DL rho 0.251* 0.231*
p 0.003 0.005

CL score with VL rho 0.368* -0.089 0.073
p <0.001 0.308 0.401

Oropharyngeal injury with VL rho 0.241* 0.246* 0.328* 0.360*
p 0.005 0.004 <0.001 <0.001

Oropharyngeal injury with DL rho 0.552* 0.380* 0.234* 0.271* 0.417*
p <0.001 <0.001 0.005 0.002 <0.001

Esophageal intubation with VL rho 0.206* 0.212* 0.208* 0.290* 0.813* 0.323*
p 0.022 0.006 0.016 0.001 <0.001 <0.001

Esophageal intubation with DL rho 0.455* 0.248* 0.229* 0.504* 0.443* 0.606* 0.360*
p <0.001 0.003 0.006 <0.001 <0.001 <0.001 <0.001

Successful intubation with DL rho -0.217* -0.072 -0.616* -0.101 -0.090
p 0.011 0.390 <0.001 0.231 0.283

Successful intubation with VL rho -0.266* -0.208* -0.297* -0.403* -0.566* -0.460* -0.340* -0.513*
p 0.002 0.013 0.001 <0.001 <0.001 <0.001 <0.001 <0.001

rho: Spearman’s rho correlation coefficient; *: p < 0.05. (IDS: intubation difficulty scale; DL: direct laryngoscopy; VL: videolaryngoscopy; CL: Cormack-Lehane
classification).

ate positive correlation between oropharyngeal injury in VL
and oropharyngeal injury in DL and esophageal intubation
in DL; and a moderate negative correlation between oropha-
ryngeal injury in VL and intubation success in VL.We found
a good positive correlation between oropharyngeal injury in
DL and esophageal intubation in DL, a low positive correla-
tion between oropharyngeal injury in DL and esophageal in-
tubation in VL, and a moderate negative correlation between
oropharyngeal injury in DL and intubation success in VL.
There was a weak positive correlation between esophageal
intubation in VL and esophageal intubation in DL; and a
weak negative correlation between esophageal intubation in
VL and intubation success in VL. We also found a moder-

ate negative correlation between esophageal intubation inDL
and intubation success in VL.

DISCUSSION
UDA presents a significant challenge for practitioners and is
one of the leading causes of increased morbidity associated
with anesthesia. Especially when not properly managed, it
can lead to complications that may result in patient death.
Our study showed that VL improves glottic visualization and
increases endotracheal intubation success compared to DL in
UDA. We also found that VL reduced the risk of oropharyn-
geal injury and esophageal intubation compared to DL.
A preoperative comprehensive airway evaluation, along with
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diagnostic imaging when necessary, assessment of the pa-
tient’s physiological status (including apnea tolerance, aspira-
tion risk, and hemodynamic status), and a review of the pa-
tient’s previous airway management history provide valuable
information for identifying potential difficult airways. How-
ever, a difficult airway can also be seen in patients with nor-
mal screening tests. The use of VL should be considered in
patients with difficult intubation onDL, as it facilitates endo-
tracheal intubation and increases the success rate [17].
VL has been included in airway management guidelines as
its benefits have become more recognized over time, and its
prevalence and familiarity with its use have increased [4,13].
Many studies have suggested including VL in routine clini-
cal practice in airway management rather than used in failed
intubation with DL [13,18,19]. VL is also an alternative
to flexible bronchoscopy in awake intubation of appropriate
patients [20]. Studies have reported that it provides advan-
tages in increasing intubation success, reducing the rate of
difficult laryngoscopy and improving glottic visualization, re-
ducing airway trauma and the risk of hypoxia, and defining
esophageal intubation better [17,21]. Nevertheless, the high
cost, lack of familiarity with its use, lens fogging, and secre-
tions and blood obstructing the camera’s view limit VL use
[9]. In addition, VL is not recommended if the mouth open-
ing is limited (<2.5 cm), the cervical spine is fixed in flexion,
and there is a tumor in or near the airway accompanied by
stridor [14]. Consistent with the literature, the present study
showed that VL improved glottic visualization, reduced the
risk of complications, and increased the rate of successful in-
tubation compared to DL in patients with UDA.
Patients with difficult or failed tracheal intubation are more
likely to have difficult mask ventilation, and patients with
difficult mask ventilation are more likely to have difficult or
failed tracheal intubation [22,23]. Similarly, patients with
failed supraglottic airway ventilation have been shown to have
a higher incidence of difficult facemask ventilation [24]. This
is referred to as "compound failure of airway management" as
tracheal intubation and mask ventilation share common pre-
dictors of difficulty [22]. In our study, 40.6% of the patients
experienced difficulty in mask ventilation (36.4% moderately
difficult, 4.2% highly difficult), which is higher than the liter-
ature [2,3]. This may be because all patients in the study had
difficult intubation [22,23].
Awake intubation with preservation of the patient’s sponta-
neousbreathing shouldbe considered as apotentially safer op-
tionwhendifficulty is anticipated in twoormoreof the airway
management stages. Intubation with awake FIS performed
by experienced people has been reported to have a high suc-
cess and low complication rate under appropriate conditions
and in appropriate patients [25]. We found four patientswith
failed tracheal intubationwith bothDL andVLwere success-
fully intubated using FIS, with no complications observed.
The risk of airway-related complications (esophageal intu-
bation, aspiration, and oropharyngeal damage) is higher in

patients with difficult intubation compared to others and
is reported to vary between 4.1% and 28% [26]. In the
present study, the rate of airway-related complications was
23.1% (esophageal intubation 9.1%, oropharyngeal injury
14%), consistent with the literature. Of these complications,
84.8% occurred in DL and 15.2% in VL.
In the study conducted by Norskov et al., the incidence of
UDA was reported as 1.87% [27]. Alemdar et al. found that
24.9% of adult patients with difficult airways had UDA [28].
Furthermore, Endlich et al. reported that in 10% of difficult
or failed intubation cases, no predictive factor could be iden-
tified [29]. In the present study, the incidence of difficult air-
way in elective surgeries was found to be 1.97%, while the in-
cidence of UDAwas 0.79%.

Limitations
Our study has some limitations worth mentioning. Firstly, it
was retrospective. However, a prospective study is unlikely
to be performed in these patients as difficult airways can-
not be predicted. Secondly, the airway evaluation was based
solely on the patient’s physical examination findings and anes-
thesia history. Advanced assessment methods such as ultra-
sound, awake nasal endoscopy, or oral videolaryngoscopy,
which could provide more detailed information regarding
airway anatomy and management, were not utilized in this
study. These imaging and evaluation techniques may offer
potential benefits in reducing the incidence of UDA. How-
ever, their routine use in many clinical settings is significantly
limited due to being time-consuming and cost-prohibitive.
Thirdly, this study focused solely on patients undergoing elec-
tive surgery. The incidence of difficult airways and associated
complicationsmay be higher in emergency surgical cases. An-
other limitation is that all patients were from a single center,
and only the C-MAC®D-Blade VL with a hyper-angled bar-
rel was used as a rescue technique for those with failed intu-
bation with DL. Further studies are needed to investigate the
effects ofVLswith different characteristics on airwaymanage-
ment in a larger patient population from various regions, es-
pecially in UDA.

CONCLUSION
The present study showed that VL improved glottic visual-
ization, reduced the risk of complications such as oropharyn-
geal injury and esophageal intubation, and increased the rate
of successful endotracheal intubation compared to DL in pa-
tients with UDA. Therefore, our results support VL as a rou-
tine technique rather than as a rescue method for failed DL.
It could significantly reduce the risk of adverse events in pa-
tients withUDA.However, we believe it should be confirmed
in more patient groups and with different VL types.

Ethics Committee Approval: This retrospective study involving
human participants was in accordance with the ethical stan-
dards of the institutional and national research committee
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MAIN POINTS

• This experimental study evaluates
the effects of a novel bioabsorbable
scaffold (Dermalix®), composed of
collagen, laminin, and resveratrol-
loaded microparticles, on tendon
healing in a rat Achilles tendon
model.

• Histological analysis demonstrated
reduced fibroblast proliferation in
the Dermalix® group compared to
controls.

• Biomechanical testing showed sig-
nificantly higher maximum load and
stiffness values in the Dermalix®
group at both 3 and 6 weeks post-
operatively.

• Dermalix® appears to reduce peri-
tendinous adhesions and may offer
a promising adjunct for tendon re-
pair surgeries by promoting orga-
nized healing.

Cite this article as: Gokalp O, Eken G,
Bilgin E, Yumusak E. A resveratrol-loaded
scaffold enhances tendon healing:
Histological and biomechanical analysis
in a rat Achilles tendon repair model. Ann
Med Res. 2025;32(10):457--464. doi:
10.5455/annalsmedres.2025.07.201.

ABSTRACT

Aim: This study aims to evaluate the effects of Dermalix® (Dx), a resveratrol-loaded, bioab-
sorbable scaffold composed of collagen, laminin, and hyaluronic acid, on tendon healing and
peritendinous adhesion formation following primary Achilles tendon repair in a rat model.
Materials and Methods: A total of 28 female Wistar Albino rats underwent bilateral Achilles
tendon injury and repair using the modified Kessler technique. The right legs were treated with
local Dx application over the repair site, while the left legs served as untreated controls. Animals
were randomly assigned to one of four groups (n = 7 per group). The groups were defined by
the evaluation time point (3 or 6 weeks) and the type of analysis (histological or biomechani-
cal). Assessments included macroscopic adhesion scoring, histological quantification (counts
of fibroblasts, fibrocytes, and vessels), and biomechanical testing (maximum load to failure and
elongation at rupture). Statistical comparisons were made using t-test, Mann-Whitney U, chi-
square, ANOVA, or the Friedman test, as appropriate for the data.
Results: Dx application significantly reduced severity of adhesion at both 3 and 6 weeks
(p<0.01). Histological analyses revealed significantly lower fibroblast and fibrocyte counts with
more organised collagen alignment in Dx-treated groups (p<0.05). Biomechanically, rupture
force was significantly higher in Dx groups at both time points (p<0.01 and p=0.029), while no
significant difference was found in elongation distance. The scaffold was resorbed by week 3,
without inducing any foreign body reaction or systemic side effects.
Conclusion: The local application of Dx enhanced tendon healing significantly and reduced peri-
tendinous adhesions without compromising biomechanical strength. Its bioabsorbable compo-
sition and local antioxidant properties make Dx a promising supportive local treatment option
in tendon repair surgery. This is particularly valid in cases with high adhesion risk.

Keywords: Resveratrol, Bioabsorbable scaffold, Tendon healing, Peritendinous adhesion,
Achilles tendon, Dermalix®

Received: Jul 24, 2025 Accepted: Sep 02, 2025 Available Online: Oct 24, 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.

INTRODUCTION

Tendon injuries are frequently encountered in clinical prac-
tice and may result in prolonged functional limitations, even
following technically successful repairs [1]. Multiple ther-
apeutic approaches have been investigated to enhance ten-
don regeneration. These approaches include biological agents

such as cytokines, growth factors, and stem cells, as well
as physical treatments like hyperbaric oxygen therapy. In
addition, various biomaterials have been studied, including
platelet concentrates, hyaluronic acid (HA), stem cell-derived
microvesicles, and zinc oxide nanoparticles [2–4]. Although
many adjuvant therapies have shown promise in both preclin-
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ical and clinical studies, none have improved tendon healing
consistently enough to justify routine adoption, highlighting
the urgent need for new research to reduce the risk of long-
term impairments [5,6].
Phytoalexins, found inmany vegetables, especially grapevines,
are protective substances synthesised by plants against ultra-
violet radiation, bacterial and fungal infections [7]. Resvera-
trol (RSV) is a phytoalexin and has many benefits that stems
from its potent antioxidant properties. Dermalix® (Abdi
İbrahim İlaç San. ve Tic. A.S., Turkey) (Dx) is a patented
bioabsorbable scaffold composed of collagen, laminin, and
RSV-loaded microparticles. Initially developed for treatment
of diabetic wounds. Its supportive role in the treatment of
chronicwounds, regenerative potential and antioxidant prop-
erties suggest Dx may also enhance tendon repair [8–10].
This study aimed to investigate the effects of Dx, used as an
adjuvant therapy, on the quality of tendon healing, healing
rate, and peritendinous adhesion formation following pri-
mary tendon repair.

MATERIALS ANDMETHODS
Study design

This prospective, controlled, experimental animal study was
approved by the Local Ethics Committee for Animal Exper-
iments (Approval Date-No: 21.03.2023, 2023-05/08). All
procedures were conducted in compliance with the Helsinki
Declaration and international guidelines for the care and use
of laboratory animals, including the ARRIVE guidelines.
Measures were taken to minimise animal suffering, pain, and
distress throughout the study. Housing, feeding, and care of
the experimental animals were conducted by the principles
outlined in the “Guide for the Care and Use of Laboratory
Animals”. Appropriate anaesthesia and analgesia protocols
were applied to reduce postoperative pain and ensure animal
welfare.
The sample size was determined based on previous studies
evaluating biomechanical outcomes in tendon healing mod-
els [11]. To detect a 25% difference in mean rupture force be-
tween groups, with a standard deviation of 20%, an α-error of
0.05, and 80% power, the minimum required sample size was
calculated as 7 tendons per group (effect size: 1.45). The anal-
ysis was performed using G*Power version 3.1.9.7 (Heinrich-
Heine-Universität Düsseldorf, Düsseldorf, Germany).

Surgical model and experimental groups

Twenty-eight female Wistar Albino rats (250–300 g; 3–4
months old) were acquired from Bursa Uludağ University’s
Experimental Animal Research Unit (BUÜ - DENHAB). A
convenience sampling method was used.
In each rat, a bilateral surgical procedure was performed on
the Achilles tendons. Under anesthesia, a midline skin inci-
sion was made to expose the Achilles and plantaris tendons.
The Achilles tendon was transected 0.3–0.5 cm proximal to

its calcaneal insertion. To create a critical-size defect that im-
pairs spontaneous recovery, a 3 mm segment of the tendon
was excised. The plantaris tendonwas left intact to serve as an
internal splint. The severedAchilles tendonwas then repaired
using a modified Kessler technique with 5/0 non-absorbable
suture.
A paired-limb design was used for treatment comparison. In
each animal, the right legwas designated the treatment group,
where Dx was applied to the repair line before skin closure
(Figure 1). The left leg served as the control group and re-
ceived no adjuvant therapy.

Figure 1. Intraoperative Photograph Demonstrating Dermalix® Appli-
cation Over the Surgically Exposed Rat Achilles Tendon. Intraoperative
view of the rat hind limb showing the exposed and surgically transected
Achilles tendon following repair. Dermalix® scaffold has been applied
over the repair site to facilitate healing and minimize peritendinous ad-
hesions.

Following surgery, animals were housed at 20–22°C and
50–55% humidity with ad libitum access to food and water.
The 28 rats were randomly allocated into four cohorts (n=7
per cohort) based on the planned endpoint analysis:

• Histology Week 3 (Hist3): Sacrificed at 3 weeks for his-
tological evaluation.

• Biomechanics Week 3 (Bmc3): Sacrificed at 3 weeks for
biomechanical testing.

• Histology Week 6 (Hist6): Sacrificed at 6 weeks for his-
tological evaluation.

• Biomechanics Week 6 (Bmc6): Sacrificed at 6 weeks for
biomechanical testing.
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Outcome assessments

To minimize observer bias, all histological and biomechani-
cal assessmentswere performedby investigators blinded to the
group allocations.

• Macroscopic Adhesion Scoring: Adhesion formation
was graded using a semiquantitative scale: grade 1
(none), grade 2 (filmy), grade 3 (mild), grade 4 (moder-
ate, 35–60% of area), and grade 5 (severe, >60% of area)
[12].

• Histological Analysis: Tendon samples were fixed in
10% formaldehyde, embedded in paraffin, and sectioned
at 5 µm. Sections were stained with haematoxylin
and eosin (H&E) to assess tissue morphology and Mas-
son’s trichrome (MT) to evaluate collagen organization.
Quantitative analysis included counts of fibroblasts, fi-
brocytes, and blood vessels oriented parallel to collagen
fibers.

• BiomechanicalTesting: Tendonsweremounted in a ten-
sile testing machine. After measuring the tendon diam-
eter with a digital caliper, a tensile load was applied at a
constant displacement rate of 10 mm/min until failure.
Themaximum rupture force and stiffness were recorded
(Figure 2).

Primary endpoints

The primary endpoints were the histological quality of ten-
don healing (collagen fiber alignment, cellular density) and
biomechanical tensile strength (maximum rupture force).

Statistical analysis

Statistical analysis was performed using SPSS version 25.0
(IBMCorp., Armonk,NY,USA). Continuous variables were
expressed as mean ± standard deviation (SD), and categori-
cal variables as frequencies and percentages. Normality was
assessed with the Shapiro-Wilk test. Between-group compar-
isons (Control vs. Dermalix) were made using the indepen-
dent samples t-test or Mann-Whitney U test, depending on
data distribution. The Chi-square test or Fisher’s exact test
was used for categorical variables. Intragroup comparisons
over time were analyzed using repeated measures ANOVA
or the Friedman test, with Bonferroni correction applied for
post-hoc analyses. Spearman’s correlation analysis was used
to assess relationships between histological and biomechani-
cal variables. P < 0.05 was considered statistically significant.
P values were reported with two digits, or three digits if start-
ing with zeros (e.g., P = 0.002). Values close to .05 were ex-
pressed to three decimals (e.g., P = 0.053); values < 0.001were
reported as P < 0.001.

Figure 2. Mounting of the Achilles Tendon Specimen for Biomechanical
Testing. Achilles tendon sample clamped between the opposing jaws of
the tensile testingmachine prior to biomechanical load-to-failure testing.

RESULTS

Macroscopic findings

Macroscopic evaluation revealed that the treatment signifi-
cantly reduced adhesion formation. At both the 3- and 6-
week time points, the control groups (CG) exhibited moder-
ate to severe adhesions, with no instances of mild or no adhe-
sions. In contrast, themajority of rats in the treatment groups
(DxG) developed either no or only mild adhesions. This dif-
ference between the control and treatment groups was statis-
tically significant (p<0.01, Table 2).

Histological evaluation

Histological analysis with H&E and MT staining demon-
strated superior collagenorganization in the treatment groups
(Figure 3). Tendons from the control groups were character-
ized by a disorganized, dense collagen pattern. Conversely,
tendons from the treatment groups showed a more regular
and aligned collagen fiber structure, indicative of more ma-
ture healing.
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Figure 3. Representative Histological Images of Tendon Healing at 3rd and 6th Weeks in Dermalix and Control Groups. Dermalix Group: (a) 3rd

Week Hematoxylin and Eosin Staining, (b) 3rd Week Masson’s Trichrome Staining, (c) 6th Week Masson’s Trichrome Staining. Control Group: (d) 3rd

Week Hematoxylin and Eosin Staining, (e) 3rd Week Masson’s Trichrome Staining, (f) 6th Week Masson’s Trichrome Staining. Thin red arrows indicate
fibroblasts; thick red arrows demonstrate areas of neovascularization.

Table 1. Grouping of samples and procedures to be applied.

Hist3 Bmc3 Hist6 Bmc6
n=7 Rat (=14 tendons) n=7 Rat (=14 tendons) n=7 Rat (=14 tendons) n=7 Rat (=14 tendons)

Hi
st
3-
Dx

G

Hi
st
3-
CG

Bm
c3

-D
xG

Bm
c3

-C
G

Hi
st
6-
Dx

G

Hi
st
6-
CG

Bm
c6

-D
xG

Bm
c6

-C
G

Number of tendons included in the study 7 7 7 7 7 7 7 7

Initial Procedures
Rupture model created X X X X X X X X
Repair X X X X X X X X
Dx Application X X X X

Week 3 Procedures
Histological Evaluation X X X X
(Healing and Adhesion)
Biomechanical Evaluation X X X X

Week 6 Procedures
Histological Evaluation X X X X
(Healing and Adhesion)
Biomechanical Evaluation X X X X

Dx: Dermalix®, Hist3-DxG: Dermalix Histology GroupWeek 3, Hist3-CG: Control Histology GroupWeek 3, Bmc3-DxG: Dermalix Biomechanics GroupWeek 3, Bmc3-
CG: Control Biomechanics Group Week 3, Hist6-DxG: Dermalix Histology Group Week 6, Hist6-CG: Control Histology Group Week 6, Bmc6-DxG: Dermalix Biome-
chanics GroupWeek 6, Bmc6-CG: Control Biomechanics GroupWeek 6.

Quantitative analysis showed that the treatment significantly
reduced cellular density at the repair site (Table 3). At week
3, the mean number of fibroblasts (p=0.032) and fibrocytes
(p<0.001)was significantly lower in theDxGcompared to the
CG. This reduction in cellularity persisted at week 6 for both
fibroblasts (p=0.002) and fibrocytes (p<0.001). No signifi-
cant differences in neovascularization were observed between
groups at either time point (p>0.05).

Biomechanical testing
Biomechanical testing demonstrated that the treatment sig-
nificantly improved the tensile strength of the repaired ten-
dons. At week 3, the maximum load to failure was signifi-
cantly higher in the DxG than in the CG (p<0.0001). This
enhanced strength was maintained through week 6, with the
DxG again showing a significantly greater maximum load
compared to the CG (p=0.029). Although the elongation
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Table 2. Macroscopic adhesion results of all groups.

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Hist3-CG 0 0 1 3 3
Hist3-DxG 1 3 3 0 0
Hist6-CG 0 0 0 3 4
Hist6-DxG 3 3 1 0 0
Hist3-DxG:DermalixHistologyGroupWeek 3,Hist3-CG:ControlHistologyGroupWeek 3,Hist6-DxG:DermalixHistologyGroupWeek 6,Hist6-CG:ControlHistology
GroupWeek 6.

Table 3. Mean number of fibroblasts, fibrocytes and neovascularisation of all groups.

Hist3-CG Hist3-DxG P Hist6-CG Hist6-DxG P

Fibroblast (n, SD) 218.51±65.92 188.37±47.82 0.032 141.05±22.32 100.62±35.89 0.002
Fibrocyte (n, SD) 32.11±26.58 13.22±13.20 <0.001 136.91±31.75 71.88±7.05 <0.001
Neovascularisation (n, SD) 5.08±2.01 6.82±4.30 0.655 4.60±2.42 3.45±1.72 0.870
Hist3-DxG:DermalixHistologyGroupWeek 3,Hist3-CG:ControlHistologyGroupWeek 3,Hist6-DxG:DermalixHistologyGroupWeek 6,Hist6-CG:ControlHistology
GroupWeek 6, SD: Standard Deviation.

Table 4. Mean force and distance values of the rupture moment.

Bmc3-CG Bmct3-DxG P Bmct6-CG Bmc6-DxG P

Force (Newton, SD) 9.11±0.91 15.40±3.35 <0.001 36.45±13.76 42.94±10.88 0.029
Distance (mm, SD) 3.74±0.76 3.86±0.78 0.998 4.05±1.72 5.49±1.67 0.204
Bmc3-DxG: Dermalix Biomechanics Group Week 3, Bmc3-CG: Control Biomechanics Group Week 3, Bmc6-DxG: Dermalix Biomechanics Group Week 6, Bmc6-CG:
Control Biomechanics GroupWeek 6.

at rupture was greater in the treatment groups at both time
points, these differences did not reach statistical significance
(Table 4).

DISCUSSION

This study investigated the efficacy of a bioabsorbable scaffold
loaded with resveratrol (RSV), laminin, and hyaluronic acid
(HA), referred to as Dermalix® (Dx), as an adjunctive treat-
ment for primary tendon repair in a rat model. Our findings
demonstrate that the local application of this scaffold signifi-
cantly enhanced the biomechanical strength and histological
quality of tendon healingwhilemarkedly reducing the forma-
tion of peritendinous adhesions.
Initially developed in 2014 by Eroğlu et al. as part of
a TUBITAK project, the formulation consists of RSV-
loaded hyaluronic acid/Dipalmitoyl phosphatidylcholine mi-
croparticles embedded in a 3D collagen-laminin matrix.
The patented product (PCT/TR2014/000251) was demon-
strated to accelerate wound healing in diabetic rats and was
subsequently commercialised in 2018. A prospective clinical
study conducted by Çetinkalp et al. confirmed that the local
application of Dx reduced oxidative stress in the wound area
and was absorbed entirely within 72 hours [8–10].
The positive outcomes align with a growing body of evidence
supporting the use of plant-derived bioactive agents in tis-
sue regeneration. Studies show the anti-inflammatory, cardio-
protective, neuroprotective, antidiabetic, antitumor, antiviral
and anticancer effects of RSV, the main active ingredient in

Dx [13,14]. Busch et al. linked the effect of RSV on teno-
cytes to the upregulation of SIRT-1 genes and the reduction
of inflammatory mediators, such as Interleukin-1 Beta. They
suggested that it couldbeused for tendonitis treatments in the
future [15]. An animal study reported the positive effects of
systemicRSVuse on tendonhealing [16]. There are also stud-
ies showing that it is effective and has no side effects, whether
used systemically or locally [17,18]. Recent studies have fur-
ther supported the therapeutic potential of RSV in tendon
healing, especially in metabolically compromised conditions.
In a 2021 experimental study, RSV treatment was shown to
have protective effects on tendons in an animal model of obe-
sity and insulin resistance by reducing the activity of matrix
metalloproteinases (MMP-2 and MMP-9) and maintaining
the protein content of tendon tissue. These findings empha-
size the role of RSV in preventing catabolism and stability of
tendons which is very important in tendon healing [19].
As highlighted in a recent review, RSV’s potent antioxidant
and anti-inflammatory properties are known to promote cel-
lular function and tissue repair. Our results support the hy-
pothesis that local delivery of RSV via a bioabsorbable ma-
trix can effectively modulate the healing environment [20].
These data align with the findings of the present study, which
showed that an RSV-loaded scaffold significantly enhanced
tendon healing quality and biomechanical strength, while
also reducing adhesion formation. This supports the hypoth-
esis that RSV, when delivered locally through a bioabsorbable
matrix, may represent a promising adjunctive strategy in ten-
don repair.
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Another molecule included in Dx is laminin, a protein asso-
ciated with the basal lamina that was shown to be positive
in murine tendon epitenon by Taylor et al [21]. As a key
component of the extracellular matrix, laminin plays a mul-
tifaceted role in fibrosis and tendon repair, mediating tissue
integrity, cell adhesion, migration, and differentiation. It has
been shown that the extracellular matrix is not only struc-
tural but also actively directs cellular behaviour during fibro-
sis development, and proteins such as laminin are decisive in
this process [22]. In tendon repair, laminin plays a critical
role in achieving biological success criteria such as the orien-
tation of scleraxis-expressing cells, axial collagen alignment,
and organization of the tendon-bone junction [23]. It has
been reported that laminin-211 provides mechanical stability
to the muscle-tendon junction through its association with
dystroglycan and integrin α7β1 receptors in cell-matrix inter-
actions, and its deficiency leads to functional loss [24]. Both
fibronectin and laminin staining are found in the granulation
tissue of healing tendons, indicating that these outer cells are
involved in the early healing process [25].
Furthermore, the inclusion of laminin and HA likely con-
tributed to the observed benefits. Laminin, a key extracellular
matrix (ECM) protein, is critical for cell adhesion, migration,
and the organization of the tendon-bone junction. Similarly,
HA iswell-established as an anti-adhesion agent that improves
tissue gliding without impairing healing. The multifaceted
composition of the Dx scaffold appears to create a synergistic
effect, enhancing multiple aspects of tendon repair.
Throughout the study, the scaffold was observed to be com-
pletely bioabsorbed by the 3-week time point, with nomacro-
scopic remnants or signs of a foreign body reaction. This con-
firms its suitability as a biodegradable local delivery vehicle
that does not require subsequent removal. No signs of sys-
temic side effects or foreign body reactions were observed in
any of the treated animals. Despite the lack of pharmacoki-
netic data, the absence of visible remnants supports the scaf-
fold’s complete degradation and localised effect profile.
In a study by Zeytin et al. tendon healing was evaluated his-
tologically and biomechanically on day 14 following systemic
RSV administration in diabetic rats. Although themaximum
tensile strength was higher in the RSV group, the difference
did not reach statistical significance. Histologically, better
healing patternswere observed in theRSV-treated group [16].
However, the study relied on semi-quantitative microscopic
assessments, and to our knowledge, no previous research has
performed quantitative histological evaluation. A key find-
ing of our study was the significant reduction in cellularity
(fibroblasts and fibrocytes) in the Dx-treated groups at both
3 and 6 weeks. While early fibroblast proliferation is essen-
tial for healing, excessive or prolonged cellular activity can lead
to disorganized fibrosis and adhesion formation. Our quan-
titative analysis, which contrasts with the semi-quantitative
methodsofprevious studies, suggests that theDx scaffoldpro-
motes a more regulated and efficient healing process. The

lower cell density, combined with the observed improvement
in collagen fiber alignment, indicates a favorable modulation
of the inflammatory andproliferative phases of healing,which
typically conclude by the third week in rats.
There is evidence demonstrating that Dx accelerates wound
healing by mechanically supporting the growth of healing
cells, as shown in a previous study. [9]. The biomechani-
cal data further support this interpretation. Tendons treated
with Dx demonstrated significantly higher rupture force at
both 3 and 6 weeks, suggesting an accelerated transition to
the remodeling phase and an earlier restoration of tensile
strength. This enhanced mechanical integrity may be due to
both the improved collagen organization and the initial struc-
tural support provided by the scaffold itself. Interestingly,
neovascularization did not differ between the groups, suggest-
ing the primary mechanism of action for Dx involves modu-
lating the cellular and ECM environment rather than directly
promoting angiogenesis. Further studies involving specific
angiogenicmarkers couldoffermoredetailed insights into this
aspect.
Since Dx also contains hyaluronic acid as part of its bioac-
tive scaffold, our findings are in line with previous stud-
ies that reported favourable outcomes with HA-based anti-
adhesion agents and high-molecular-weight HA injections
[26,27]. These agents were shown to improve range of mo-
tion and reduce peritendinous adhesions without impairing
tendon healing, which supports the potential of Dx as a mul-
tifunctional adjuvant in tendon repair.

Limitations
This study has several limitations. A paired-limb design was
used (treatment vs. control in the same animal), which carries
a potential risk of systemic crossover effects from the bioac-
tive agents. However, the localized application and significant
between-limbdifferences suggest this effectwasminimal. The
sample sizewas relatively small, whichmay limit the generaliz-
ability of our findings. The assessment of collagen alignment
was qualitative; future studies would benefit from quantita-
tive image analysis to confirm these observations. Finally, the
6-week follow-upperiod only covers the early-to-intermediate
stages of healing, and long-term studies are needed to assess
the final maturation of the tendon and the persistence of the
anti-adhesion effect.
This is the first study to use this specific scaffold for subcuta-
neous tendon repair, and further research is needed to com-
pare its efficacy against other anti-adhesion barriers.

CONCLUSION
This preliminary animal study demonstrated that the local
application of an RSV-loaded, bioabsorbable scaffold (Der-
malix®) significantly reduced peritendinous adhesion forma-
tion and enhanced tendon healing, without compromising
biomechanical strength. These results indicate that Dx may
be a promising adjunct in primary tendon repairs, especially
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when the risk of adhesion is high. Further research with
larger sample sizes, long-term follow-up, and comparisons
with other biomaterials is needed to confirm its clinical po-
tential.
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MAIN POINTS

• First-trimester screening test parameters (PAPP-
A,β-hCG, NT) show potential in predicting adverse
pregnancy outcomes. Low PAPP-A levels were
significantly associated with gestational diabetes
mellitus, fetal growth restriction, and preeclamp-
sia.

• NT values were significantly elevated in pregnan-
cies complicated by gestational diabetesmellitus.

• Elevated β-hCG levels were significantly associ-
ated with preterm birth and placenta accreta spec-
trum or placenta previa.

• ROC analysis revealed predictive thresholds:
PAPP-A <0.64 for preeclampsia (AUC=0.760), β-
hCG >1.01 for PAS/PP (AUC=0.814), and NT >0.75
for GDM (AUC=0.588).

• PAPP-A emerged as the most consistent
biomarker across multiple adverse pregnancy
outcomes.

Cite this article as: Dayanan R, Aktemur G, Tokgoz Cakir
B, Karabay G, Filiz AA, Vanli Tonyali N, Ayas Ozkan M,
Duygulu Bulan D, Bucak M, Ayhan H, Caglar AT. Efficacy
of combined screening tests used in the first trimester
in predicting adverse pregnancy outcomes. Ann Med
Res. 2025;32(10):465--473. doi: 10.5455/annalsme-
dres.2025.07.199.

ABSTRACT

Aim: This study aims to evaluate the predictive efficacy of first-trimester screen-
ing test parameters, including free β-human chorionic gonadotropin (β-hCG),
pregnancy-associated plasma protein-A (PAPP-A), and nuchal translucency (NT),
in identifying adverse pregnancy outcomes such as gestational diabetes mellitus
(GDM), fetal growth restriction (FGR), preeclampsia, preterm birth, and placenta
accreta spectrum (PAS) or placenta previa (PP).
Materials and Methods: A retrospective cohort analysis involved 776 pregnant
women who underwent first-trimester screening tests between January 2023 and
August 2024. Patients were categorized into two groups based on the presence
or absence of pregnancy complications.
Results: Pregnancy complications were identified in 36.6% of participants, with
GDM, FGR, and preterm birth being the most common. PAPP-A levels were sig-
nificantly reduced in pregnancies complicated by GDM (p=0.033), FGR (p=0.048),
and preeclampsia (p=0.001). NT values were notably elevated in GDM cases
(p=0.016). Free β-hCG levels were significantly higher in preterm birth (p=0.040)
and PAS/PP cases (p=0.016). ROC analysis revealed notable predictive thresh-
olds: PAPP-A <0.64 for preeclampsia (AUC=0.760, p=0.001) and β-hCG >1.01 for
PAS/PP (AUC=0.814, p=0.016).
Conclusion: First-trimester screening test parameters, particularly PAPP-A, NT,
and β-hCG, exhibit potential in predicting adverse pregnancy outcomes. Reduced
PAPP-A levels correlate with GDM, FGR, and preeclampsia, while elevated NT and
β-hCG levels are associated with GDM and PAS/PP, respectively. Although these
markers demonstrate promise, larger-scale prospective studies are needed to con-
firm their clinical utility and reliability in predicting pregnancy complications.

Keywords:
First trimester screening, Pregnancy complications,
Gestational diabetes mellitus, Preeclampsia, Fetal growth
restriction, Placenta accreta spectrum
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INTRODUCTION
Pregnancy induces substantial physiological and biochemical
alterations in the female body commencing with conception.
The physiological pressure and stress induced by pregnancy
may precipitate the early onset of chronic diseases in predis-
posed individuals. Increasing evidence indicates that preg-
nancy complications, includingGHT, PE, GDM, preterm la-

bor, and FGR, can adversely influencematernal and fetal out-
comes and may have enduring detrimental effects on mater-
nal and fetal health post-pregnancy. Notwithstanding several
studies, there remains inadequate data to anticipate and avert
poor pregnancy outcomes [1,2].

First-trimester examination Aneuploidy screening tests are
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the most prevalent assessments for predicting the delivery of
a child with chromosomal abnormalities during early preg-
nancy and for forecasting potential adverse pregnancy out-
comes. The procedure utilizes the characteristics of PAPP-
A, free β-hCG, and fetal NT [3]. The application of multi-
parameter tests to forecast adverse pregnancy outcomes re-
lies on biomarkers and ultrasound results. Predicting prob-
lems during pregnancy is important for taking precautionary
measures to reduce adverse outcomes, planning effective preg-
nancy follow-up, andmanaging care. It also involves referring
high-risk pregnant women to specialized centers or experts.
While adverse pregnancy outcomes are classified as distinct
clinical processes, it is a fact that they share common patho-
physiological mechanisms. Aberrant placenta implantation
is the common cause of FGR, preeclampsia, and placental
diseases, including placenta previa and the accreta spectrum.
GDMormaternal hyperglycemia is related with spontaneous
abortion, macrosomia, congenital abnormalities, stillbirth,
and maternal preeclampsia, similar to other adverse preg-
nancy outcomes [4]. PAPP-A, a component of this screen-
ing test, has been demonstrated in numerous studies to pos-
itively regulate insulin-like growth factors (IGF) and may be
linked to GDM. Likewise, diminished levels of 1st Trimester
PAPP-A have been correlated with abortion and low birth
weight [5,6]. Similarly, data indicates that elevated free β-
hCG levels in both the 1st and 2nd trimesters are correlated
with preeclampsia, gestational hypertension, and fetal growth
restriction [7,8].
Our study sought to examine the predictive efficacy of para-
meters utilized in thefirst trimester prenatal screening tests ad-
vised for all pregnant women concerning the spectrum of ges-
tational hypertension, preeclampsia, gestational diabetes mel-
litus, fetal growth restriction, and placenta previa or accreta.
We assert that our findings will assist doctors in forecasting
these adverse pregnancy outcomes, which bear significant im-
plications for bothmaternal andnewbornhealth, andmay en-
hance patient management.

MATERIALS ANDMETHODS
Study design

This retrospective cohort research encompassed patients who
received first-trimester combined tests at Etlik City Hospital
from January 2023 to August 2024. This study followed the
Declaration of Helsinki on Research Involving Human Sub-
jects and received approval from the hospital’s Ethics Com-
mittee (approval number: AESH-EK1–2024-913). Due to
the retrospective nature of the study data, informed consent
was not acquired from the patients.

Study participants

The study included 776 participants who performed first-
trimester combined tests. Patients who did not deliver at our
facility were excluded from the study. Subsequently, patients

were categorized into a control group comprising individu-
als without pregnancy complications, based on diagnoses of
GDM, FGR, preterm labor, polyhydramnios, oligohydram-
nios, GHT, threatened preterm labor, imminent abortion, fe-
tal anomaly, abortion, preeclampsia, intrauterine fetal demise,
and placenta accreta spectrum or placenta previa.
The first-trimester combined test, which includes PAPP-A, f-
βhCG, and nuchal translucency (NT), is performed around
11–14 weeks of gestation in our clinic. Demographic, clini-
cal, laboratory, and ultrasonographic data from the cases were
retrospectively obtained using the hospital data management
system.

Definition of pregnancy complications
Gestational diabetes mellitus

In our clinic, two different methods are used to diagnose
GDM during pregnancy: a single-stage 75-gram oral glucose
tolerance test (OGTT) or a two-stage process. In the single-
stage method, the fasting plasma glucose value should be be-
low92mg/dL, the 1st hour value should be below180mg/dL,
and the 2nd hour value should be below 153mg/dL in the 75-
gram OGTT performed between 24-28 weeks of pregnancy.
If any of these values are high, GDM is diagnosed.
The two-stage approach commences with the administra-
tion of a 50-gram OGTT. Consequently, patients exhibiting
plasma glucose levels of 130 mg/dL or higher undergo a 100-
gramOGTT. The reference values for this test are established
as 95 mg/dL for fasting, 180 mg/dL for the first hour, 155
mg/dL for the secondhour, and140mg/dL for the thirdhour.
GDM is diagnosed if aminimumof two out of these four val-
ues exceed the designated threshold values. These methods
seek to guarantee the precise and reliable diagnosis of gesta-
tional diabetes [9].

Gestational hypertension

Gestational hypertension is defined by the International So-
ciety for the Study of Hypertension in Pregnancy (ISSHP) as
hypertension that manifests after the 20th week of gestation,
lacking the distinctive features of preeclampsia. This diagno-
sis defines hypertension as a systolic blood pressure (SBP) of
140 mmHg or greater, or a diastolic blood pressure (DBP)
of 90 mmHg or greater. The differentiating characteristic of
preeclampsia is the lack of symptomsunique to the condition,
such proteinuria or organ dysfunction. Gestational hyper-
tension is regarded as a significant issue impacting maternal
health during pregnancy and necessitates vigilant monitoring
[10].

Pre-eclampsia

Preeclampsia is a multifaceted condition that arises through-
out gestation and is characterized by the emergence of novel
symptoms. This syndrome is marked by hypertension, typi-
cally arising after the 20th week of gestation, accompanied by
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different indicators of organ malfunction. Indicators of or-
gan dysfunction encompass proteinuria, compromised renal
or hepatic function, coagulopathy, or fetal growth limitation.
Preeclampsia is a significant pregnancy problem that requires
vigilant monitoring and management post-diagnosis, since it
may result in serious health issues for both themother and the
infant [11,12].

Preterm birth

Preterm birth is described as the delivery of an infant prior to
the conclusion of the 37thweek of gestation. The precise pro-
cess causing spontaneous preterm birth remains mostly un-
clear inmany instances. This syndrome is believed to possess a
complex composition. Factors contributing to preterm birth
encompass inflammation, uteroplacental ischemia or bleed-
ing, uteroplacental infections, uterine overdistension, stress,
and various immune system-mediatedmechanisms. This syn-
drome is regarded as a significant obstetric issue necessitating
thorough assessment and a multidisciplinary strategy due to
its intricate etiology [13].

Fethal growth restiriction

Thediagnosis of late-onset fetal growth restriction (FGR)was
evaluated according to the Delphi Consensus Criteria. Ac-
cordingly, the diagnosis of fetal growth restriction was made
when the abdominal circumference (AC) or estimated fetal
weight (EFW) fell below the 3rd percentile. At least two ad-
ditional criteria were required to make this diagnosis defini-
tive. These criteria were as follows: (1) AC or EFWbelow the
10th percentile, (2) AC or EFW decreased by more than two
quartiles, (3) Abnormalities were detected in Doppler ultra-
sound results. Among the Doppler abnormalities, the um-
bilical artery Doppler pulsatility index (PI) exceeding the 95%
percentile or the cerebro-placental ratio (CPR) falling below
the 5% percentile. The evaluation of these criteria together
was applied to increase the accuracy of the FGR diagnosis
[14].

Placenta accreta spectrum or placenta previa

Placenta previa refers to the presence of placental tissue that
obstructs the internal cervical os. An unusual placental lo-
cation may result in considerable antepartum, intrapartum,
and/or postoperative uterine bleeding. Further sequelae in-
clude the requirement for cesarean delivery and an increased
risk of preterm birth.
PAS denotes the abnormal infiltration of trophoblasts into
the myometrium, sometimes reaching or surpassing the
serosa. The clinical relevance is in the placenta’s inability
to detach spontaneously during delivery, with manual ex-
traction efforts resulting in hemorrhage, which may be life-
threatening and frequently necessitates hysterectomy. The
pathogenesis of most cases of PAS is thought to include pla-
cental implantation at a location of compromised decidual-
ization resulting from previous damage to the endometrial-

myometrial interface. The principal risk factor for PAS is the
existence of placenta previa subsequent to a prior surgical sec-
tion [15].

Statistical analysis

Statistical analyses were conducted utilizing IBM SPSS ver-
sion 22.0 (IBM Corporation, Armonk, NY, USA). Nor-
mality of the distribution was assessed separately for each
group. The Shapiro–Wilk test was applied for subgroups
with n<50, while the Kolmogorov–Smirnov test was used
for larger groups (n ≥ 50). Given that several adverse out-
come subgroups had small sample sizes, primary compar-
isons were conducted using non-parametric tests (Mann–
Whitney U), which are robust to non-normality. In addi-
tion, because no prospective sample size calculation was per-
formed at study initiation, a post-hoc power analysis was per-
formed using G*Power software (version xx, Universität Düs-
seldorf, Germany). Based on the observed effect sizes of our
strongest associations (e.g., PAPP-A predicting preeclampsia,
AUC=0.760; β-hCG predicting PAS/PP, AUC=0.814), the
achieved power was calculated as 94.5% and 80.2%, respec-
tively, at α=0.05. Endpointswith smallerAUCs (~0.58–0.59)
yielded more limited power (≈53–70%). Descriptive statis-
tics for continuous variables are presented as "mean ± stan-
dard deviation" for normally distributed data, and as "me-
dian (interquartile range)" for non-normally distributed data.
Categorical variables were analyzed using the chi-squared test
or Fisher’s exact test. Continuous variables, both normally
and non-normally distributed, were analyzed using the inde-
pendent sample t-test and the Mann-Whitney U test, respec-
tively. The receiver operating characteristic (ROC) curve was
utilized to compute and compare the areas under the curve
(AUC) and establish the optimal cutoff values. Statistical sig-
nificance for all tests was established as a P-value of less than
0.05.

RESULTS
The research examined the correlation between first-trimester
screening metrics and adverse pregnancy outcomes. A total
of 776 pregnancies were assessed, of which 492 (63.4%) were
uncomplicated, whereas 284 (36.6%) experienced at least one
problem. The prevalence of adverse pregnancy outcomes are
summarized in Table 1 and depicted in Figure 1. Common
problems comprised gestational diabetes mellitus (9.3%), fe-
tal growth restriction (6.3%), and premature delivery (5.9%).
Significantly, certain patients encounteredmultiple problems
concurrently.
A comparison of first-trimester screening parameters β-hCG,
PAPP-A, and NT between pregnancies with problems and
those without showed no significant difference in the to-
tal group analysis (Table 2). Nonetheless, subgroup stud-
ies revealed significant results for some problems. β-hCG
levels were markedly elevated in instances of preterm birth
(p=0.040) and placenta accreta spectrum (PAS) or placenta
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Figure 1. Distribution of adverse pregnancy outcomes.

previa (p=0.016) (Table 3). PAPP-A levels were markedly
reduced in pregnancies affected by GDM (p=0.033), FGR
(p=0.048), and preeclampsia (p=0.001) (Table 4). NT val-
ues weremarkedly elevated in pregnancies with gestational di-
abetes mellitus (p=0.016) (Table 5).
ROC analysis was conducted to evaluate the predictive sig-
nificance of these indicators for specific problems (Table 6).
Among the findings, NT with a cut-off value exceeding 0.75
predictedGDMwith an area under the curve (AUC) of 0.588
(p=0.016). PAPP-A <0.79 correlated with gestational dia-
betes mellitus (AUC=0.578, p=0.033), while PAPP-A <0.82
forecasted fetal growth restriction (AUC=0.585, p=0.048).
β-hCG >1.01 showed a moderate predictive value for PAS
or placenta previa (AUC=0.814, p=0.016), but PAPP-A
<0.64 exhibited significant predictive power for preeclampsia
(AUC=0.760, p=0.001).

Table 1. Rate of adverse pregnancy outcomes observed.

Pregnancy without adverse outcomes 492 (63.4%)

Gestational diabetes mellitus 72 (9.3%)
Fetal growth restriction 49 (6.3%)
Preterm birth 46 (5.9%)
Polyhydramnios 45 (5.8%)
Oligohydramnios 32 (4.1%)
Gestational hypertension 27 (3.5%)
Threatened preterm labor 21 (2.7%)
Abortus imminens 17 (2.2%)
Fetal anomaly 16 (2%)
Abortus 16 (2%)
Preeclampsia 13 (1.6%)
Intrauterine fetal demise 9 (1.1%)
Placenta accreta spectrum or placenta previa 5 (0.6%)
*More than one pregnancy complication can occur simultaneously in the same pa-
tient. When calculating the rates associated with adverse pregnancy outcomes, each
adverse outcome was calculated separately.

DISCUSSION
This study assessed the correlation between maternal free β-
hCG, maternal PAPP-A, and NT values—parameters ana-
lyzed in the first trimester combined test —and various con-
ditions including GDM, FGR, preterm labor, threatened
preterm labor, GHT, preeclampsia, threatened miscarriage,
intrauterine fetal demise, and placenta accreta spectrum or
placenta previa. Maternal serumPAPP-A levels were dramati-
cally reduced in individualswithGDM,FGR, andpreeclamp-
sia. We have found that NT MoM levels were markedly ele-
vated solely in patientswithGDM.Wedetermined that freeβ-
hCGmaternal levels were markedly elevated in the cohort ex-
periencing preterm labor and in patientswith placenta accreta
spectrumor placenta previa. Thesemetrics are universally rel-
evant across all centers, particularly those in poor countries,
due to their simplicity and practicality.
The association between GDM, a prevalent perinatal com-
plication, and PAPP-A, a parameter in the double test, has
been extensively studied. PAPP-A levels have been demon-
strated to be markedly reduced in GDM. Nonetheless, some
research indicate that there is no correlation between dual test
values and GDM [16,17]. A recent study by Yildiz et al. in-
dicated that PAPP-A and Free β-hCG levels were markedly
lower in the GDM group, but no significant change was ob-
served forNT[3]. PAPP-A is a protease of insulin-like growth
factor binding protein (IGFBP) that contributes to embry-
onic growth and development. Decreased PAPP-A levels are
regarded as a marker of placental dysfunction and are corre-
lated with FGR, preeclampsia, and chromosomal anomalies
[18,19]. Simultaneously, research has corroborated the asso-
ciation between PAPP-A and metabolic disorders. Nonethe-
less, its association with GDM remains ambiguous. Kan-
tomaa et al. conducted a study involving 4,697 pregnant
womenwith GDM and discovered that levels of PAPP-A and
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Table 2. Comparison of parameters used for first trimester screening in groups with and without adverse pregnancy outcomes.

Pregnancy with complication Pregnancy without complication p-valuen=284 (36.6%) n= 492 (63.4%)

β-hcg mom 0.83 (0.87) 0.81 (0.76) 0.982a
PAPP-A mom 0.87 (0.69) 0.95 (0.71) 0.054a
NT mom 0.76 (0.26) 0.72 (0.27) 0.102a
a: Mann-Whitney U, β-hcg: Beta-human chorionic gonadotropin, PAPP-A: Pregnancy associated plasma protein A, NT: Nuchal translucency, mom: A multiple of the
median.

Table 3. Comparison of β-hCG used for first trimester anomaly screening in groups with adverse pregnancy outcomes and those without adverse
pregnancy outcomes.

β-hcg mom p-value*

Pregnancy without adverse outcomes 0.81 (0.76)
Gestational diabetes mellitus 0.78 (0.75) 0.158a
Fetal growth restriction 0.79 (1.03) 0.991a
Preterm birth 0.99 (1.1) 0.040a

Polyhydramnios 0.87 (0.89) 0.288a
Oligohydramnios 0.70 (0.88) 0.144a
Gestational hypertension 0.85 (0.91) 0.529a
Threatened preterm labor 0.89 (0.62) 0.713a
Abortus imminens 0.82 (0.79) 0.787a
Fetal anomaly 0.70 (0.64) 0.091a
Abortus 0.71 (0.83) 0.078a
Preeclampsia 0.82 (1.31) 0.729a
Intrauterine fetal demise 0.84 (1.65) 0.724a
Placenta accreta spectrum or placenta previa 1.68 (1.07) 0.016a

* The given p values were found by comparing with the group that pregnancy without any adverse outcomes. β-hcg: Beta-human chorionic gonadotropin, mom: Amultiple
of the median.

Table 4. Comparison of PAPP-A used for first trimester anomaly screening in groups with adverse pregnancy outcomes and those without adverse
pregnancy outcomes.

PAPP-A mom p-value*

Pregnancy without adverse outcomes 0.95 (0.71)
Gestational diabetes mellitus 0.79 (0.58) 0.033a

Fetal growth restriction 0.77 (0.67) 0.048a

Preterm birth 0.88 (0.61) 0.713a

Polyhydramnios 1.08 (0.67) 0.352a
Oligohydramnios 0.85 (0.52) 0.134a
Gestational hypertension 0.89 (0.69) 0.928b
Threatened preterm labor 1.14 (1.11) 0.061a
Abortus imminens 1.18 (1.07) 0.427a
Fetal anomaly 0.89 (0.50) 0.284a
Abortus 0.77 (1.83) 0.348a
Preeclampsia 0.53 (0.35) 0.001a

Intrauterine fetal demise 0.85 (0.95) 0.473a
Placenta accreta spectrum or placenta previa 0.79 (0.38) 0.521a

* The given p values were found by comparing with the group that pregnancy without any adverse outcomes. PAPP-A: Pregnancy associated plasma protein A, mom: A
multiple of the median.

free β-hCGwere dramatically decreased, while NTMoM lev-
els were markedly elevated in the GDM cohort [20]. Con-
flicting data exist regarding the relationship between NT and
GDM. One study examined NT between insulin-dependent
and insulin-free GDM pregnant women, revealing no statis-
tically significant difference [21]. A study comparing nor-
mal pregnant women and those with GDM revealed no sta-
tistically significant change in NT [17]. Our investigation
foundno statistically significant difference inβ-hCG levels be-
tween the GDM group and the control group. Nonetheless,

PAPP-A levels were statistically considerably lower, whileNT
momvalues were significantly greater exclusively in theGDM
group among all adverse pregnancy outcomes.
Gestational hypertension and preeclampsia are significant
contributors tomaternal and neonatal morbidity andmortal-
ity, impacting 2-8% of pregnancies. Given the parallels in pla-
cental pathophysiology between FGR and the onset of GHT
and preeclampsia, it is anticipated that analogous biomark-
ers will forecast both conditions [22]. A study revealed that
PAPP-A and Free β-hCG levels were markedly reduced in pa-
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Table 5. Comparison of NT used for first trimester anomaly screening in groups with adverse pregnancy outcomes and those without adverse preg-
nancy outcomes.

NT mom p-value

Pregnancy without adverse outcomes 0.72 (0.27)
Gestational diabetes mellitus 0.78 (0.28) 0.016a

Fetal growth restriction 0.74 (0.19) 0.999a
Preterm birth 0.76 (0.35) 0.121a
Polyhydramnios 0.75 (0.23) 0.266a
Oligohydramnios 0.70 (0.22) 0.444a
Gestational hypertension 0.78 (0.33) 0.546a
Threatened preterm labor 0.68 (0.14) 0.388a
Abortus imminens 0.80 (0.29) 0.114a
Fetal anomaly 0.67 (0.21) 0.207a
Abortus 0.66 (0.61) 0.795a
Preeclampsia 0.78 (0.23) 0.247a
Intrauterine fetal demise 0.81 (0.33) 0.267a
Placenta accreta spectrum or placenta previa 0.76 (0.19) 0.631a

* The given p values were found by comparing with the group that without adverse pregnancy outcomes. NT: Nuchal translucency, mom: Amultiple of the median.

Table 6. Evaluation of first trimester screening parameters in predicting adverse pregnancy outcomes using ROC analysis.

LR+ Cut-off* Sensitivity Specificity AUC %95 CI P-value

NT mom (for GDM) 1.37 >0.75 58.3% 57.4% 0.588 0.52 -- 0.66 0.016
PAPP-A mom (for GDM) 1.28 <0.79 62.3% 51.4% 0.578 0.51 -- 0.65 0.033
PAPP-A mom (for FGR) 1.44 <0.82 60.1% 58.3% 0.585 0.50 -- 0.67 0.048
β-hcg mom (for PAS or Placenta previa) 2.13 >1.01 80% 62.6% 0.814 0.70 -- 0.93 0.016
β-hcg mom (for preterm birth) 1.35 >0.94 80% 62.6% 0.592 0.50 -- 0.68 0.040
PAPP-A mom (preeclampsia) 2.54 <0.64 78.4% 69.2% 0.760 0.62 -- 0.90 0.001
*Cut-off values were found according to Youden index. LR: Likelihood ratio, AUC: Area under the curve, CI: Confidence Interval, β-hcg: Beta-human chorionic
gonadotropin, PAPP-A: Pregnancy associated plasma protein A, NT: Nuchal translucency, mom: Amultiple of the median, GDM: Gestational hypertension, FGR: Fetal
growth restriction, PAS: Placenta accreta spectrum

tients with proteinuric GHT and FGR [23]. Tul et al. dis-
covered that only low levels of PAPP-A were linked to FGR.
Nevertheless, they asserted that all other indicators were inef-
fective in predicting GHT [16]. In a separate investigation,
PAPP-A and Free β-hCG levels were dramatically decreased
in patients with preeclampsia, FGR, and placental abrup-
tion [24]. D’Antonio et al. also identified markedly reduced
PAPP-A levels in pregnancies complicated by preeclampsia,
FGR and preterm birth [25]. PAPP-A is a metric utilized
in the first trimester preeclampsia risk assessment approach
employed by the Fetal Medicine Foundation (FMF) [26]. A
guideline issued by the Royal College of Obstetricians and
Gynaecologists in 2024 advised that patients with PAPP-A
values below 0.415 mom should get closer monitoring and
ultrasound follow-up for FGR [27]. In our investigation,
consistent with the existing literature, only PAPP-A levels
were significantly decreased in the FGR and preeclampsia co-
horts. The disparity in free β-hCG and NT maternal levels
was not statistically significant in these conditions The PAPP-
A level, a parameter of the second trimester screening test,may
serve as an additional finding or supportive data for select-
ing patients to initiate low-dose aspirin [28] which is utilized
for preeclampsia prophylaxis and has recently received strong
evidence-based recommendations.

Pretermdelivery is a prevalent pregnancy condition associated

with negativemother and newborn outcomes. The incidence
ranges from 7.8% to 12%, contingent upon the country, and
results in several complications impacting around 15 million
infants globally each year [29]. Numerous research has been
undertaken to forecast pretermbirth; however, no highly sub-
stantiated predictor has been identified to yet. The parame-
ters of first-trimester combined tests have been extensively ex-
amined for predictive purposes, although the findings remain
contentious. In a study, pregnant women who delivered at or
before 34 weeks were compared with those who delivered at
or after 37 weeks. Despite elevated levels of PAPP-A and Free
β-hCG in the preterm birth cohort, this disparity was not sta-
tistically significant [16]. One study indicated that PAPP-A
levels below 0.40 mom may be utilized for identifying FGR,
preterm birth, and GHT [30]. Yildiz et al. discovered that
only low PAPP-A levels were correlated with preterm labor
[31]. Swiercz et al. demonstrated a link between Free β-
hCG in the first trimester and lowPAPP-A, as well as preterm
birth [32]. In our investigation, preterm birth was statisti-
cally significant alone with elevated maternal β-hCG levels.
The inconsistent results indicate that the use of these mark-
ers, whether individually or in combination, remains insuffi-
ciently accurate for predicting premature birth. More com-
prehensive research are required for this purpose.

Currently, the rising incidence of cesarean sections, coupled
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with the escalation of placenta previa and accreta spectrum
instances, remain a significant worry for obstetricians. De-
spite numerous studies indicating that ultrasound may di-
agnose these placental diseases in the first and early second
trimesters, the inability to identify a substantial proportion
of them during these gestational periods is seen as a consider-
able issue [33–35]. Our investigation did not identify a link
between PAPP-A and the placenta accreta spectrum (PAS) or
placenta previa (PP) as reported in prior research [36,37]. A
2019 study revealed a strong link between PAPP-A levels and
the extent of bleeding in patients with PAS; however, it also
demonstrated no correlation between β-hCG levels and PAS
compared to the control group [38]. Büke et al. discovered
that elevated PAPP-A and β-hCG levels in the first trimester
correlated with PAS [39]. In another investigation, a differ-
ence in β-hCG levels was noted between the control group
and thePPgroup; however, this differencewasnot statistically
significant. When comparing the PAS group to the control
group, the disparity in both biochemical parameters was sta-
tistically significant, with the mean values being elevated for
the PP and PAS groups [40]. In our investigation, the eleva-
tion of β-hCG in mothers of PP and PAS patients was sub-
stantially different from that of the control group. Nonethe-
less, similar to other studies, the limited sample size in our re-
search is a challenge, necessitating larger investigations with
further meta-analyses to enhance the reliability of these data.

Limitations

This study has several limitations. Although the overall sam-
ple size was relatively large, the number of cases with some
rare outcomes (such as preeclampsia and PAS/PP) was lim-
ited, which may have affected the statistical power of these
subgroup analyses. Furthermore, since no prospective sam-
ple size calculation was performed at the beginning of the
study, we conducted a post-hoc power analysis. This revealed
adequate power for the strongest associations (94.5% for
PAPP-A and preeclampsia; 80.2% for β-hCG and PAS/PP),
while outcomes with modest AUC values had limited power
(~53–70%). This limitation may explain why some results
were not statistically significant andhighlights the importance
of larger, prospective studies. In addition, as this was a retro-
spective design, prospective power analysis could not be per-
formed. Finally, only univariable ROC analyses were con-
ducted; multivariable models could not be applied due to
case distribution. Future larger, prospective studieswithmul-
tivariable approaches are needed to validate and strengthen
these findings.

CONCLUSION
This study investigated the possible implications of biochemi-
cal indicators (free β-hCG, PAPP-A) andNT values obtained
in the first-trimester combined test in predicting adverse preg-
nancy outcomes .Our findings indicated that PAPP-A levels
were markedly reduced in problems such as GDM, FGR, and

preeclampsia, whereas NT exhibited a considerable elevation
correlatedwithGDM.Moreover, free β-hCG levels were con-
siderably elevated in instances of preterm labor and PAS/PP
cases. Consequently, the significance of forthcoming large-
scale and high-evidence investigations is underscored to en-
hance the efficacy of these biochemical parameters in clinical
applications. Screening test characteristics such as PAPP-A
may be associatedwith certain adverse outcomes, but their in-
corporation into routine clinical practice requires confirma-
tion in larger, prospective studies.
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