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Real-world efficacy of ramucirumab plus paclitaxel with or without nivolumab
in patients with advanced gastric and gastroesophageal junction cancers
Bahadır Köylüa, ,∗, Cevat İlteriş Kıkılıa, , Fatih Kemika, , Nazan Demira, , Özkan Alanb, ,
Şahin Laçina, , Fatih Selçukbiricika,
aKoç University, Faculty of Medicine, Department of Internal Medicine, Division of Medical Oncology, Istanbul, Türkiye
bİstanbul University-Cerrahpaşa, Faculty of Medicine, Department of Internal Medicine, Division of Medical Oncology, Istanbul, Türkiye
*Corresponding author: bkoylu@ku.edu.tr (Bahadır Köylü)

MAIN POINTS

• Ramucirumab plus paclitaxel
demonstrates consistent efficacy
as a second-line treatment for
advanced gastric/GEJ cancers in
real-world settings.

• Although response rates were nu-
merically higher with the addition of
nivolumab to this combination, no
statistically significant clinical ben-
efit was observed.

• Ramucirumab plus paclitaxel
(±ICI) may serve as an effective
third-line treatment option in
patients with good performance
status.

Cite this article as: Köylü B, Kıkılı
Cİ, Kemik F, Demir N, Alan Ö, Laçin Ş,
Selçukbiricik F. Real-world efficacy of
ramucirumab plus paclitaxel with or with-
out nivolumab in patients with advanced
gastric and gastroesophageal junction
cancers. Ann Med Res. 2026;33(3):91--98.
doi: 10.5455/annalsmedres.2025.10.310.

ABSTRACT

Aim: This study primarily aimed to assess the efficacy of second-line ramucirumab (RAM) plus
paclitaxel (PTX) in patients with advanced gastric and gastroesophageal junction (GEJ) cancers
and to compare its outcomes with those of RAM+PTX plus immune checkpoint inhibitor (ICI) in
real-world practice. The secondary objective was to assess the safety of RAM+PTX (±ICI) and
to explore its efficacy in later-line settings.
Materials and Methods: This single-center study retrospectively analyzed the clinicopathologic
data of patients with advanced gastric/GEJ cancer treated with RAM+PTX, with or without an
ICI, in second-line or later settings between January 2018 and September 2024. Efficacy was
evaluated based on the objective response rate (ORR), disease control rate (DCR), progression-
free survival (PFS), and overall survival (OS). We analyzed efficacy outcomes by treatment line.
Results: We identified 46 patients (female, 54.3%) who received RAM+PTX (±ICI). In the second-
line setting, 27 patients (58.7%) received RAM+PTX, and 10 patients (21.7%) received RAM+PTX
plus nivolumab. The ORRs were 18.5% and 30.0% (p=0.66), and the DCRs were 55.6% and 80%
(p=0.26), respectively. The addition of nivolumab did not significantly improve survival out-
comes (median PFS, 4.3 vs. 3.1 months; HR, 0.93; 95% CI, 0.44-1.98; p=0.85; median OS, 7.8 vs.
9.6 months; HR, 0.82; 95% CI, 0.35-1.91; p=0.64). Age ≥50 years (HR, 2.90; 95% CI, 1.24-6.78;
p=0.014) and the presence of ascites (HR, 2.86; 95% CI, 1.14-7.16; p=0.025) were independently
associated with poorer OS.
Conclusion: The real-world efficacy of RAM+PTX as second-line therapy in advanced gas-
tric/GEJ cancers is consistent with the results of randomized trials, though grade ≥3 adverse
events were more frequent. While adding nivolumab did not confer a statistically significant
benefit, a numerical improvement in ORR and DCR indicates potential value that warrants fur-
ther prospective evaluation.

Keywords: Immunotherapy, Stomach neoplasms, VEGFR-2, Ramucirumab
Received: Oct 16, 2025 Accepted: Nov 28, 2025 Available Online: Mar 25, 2026

Copyright © 2026 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

Globally, gastric and gastroesophageal junction (GEJ) can-
cers are the fifth most common cause of cancer-related death
[1]. Current first-line systemic therapy for advanced gas-
tric/GEJ cancers consists of platinum- and fluoropyrimidine-
based chemotherapy, with the addition of human epidermal
growth factor receptor 2 (HER2)-targeted agents and/or im-
mune checkpoint inhibitors (ICIs) for selected patients [2].
Following failure of first-line therapy, subsequent systemic
therapies demonstrate limited efficacy, and only 14–27% of

patients are able to receive third-line systemic therapy in real-
world practice [3,4]. The development of more effective
second-line therapeutic options and combination strategies
is essential to improve oncologic outcomes in advanced gas-
tric/GEJ cancers.

Ramucirumab (RAM) is a fully human IgG1 monoclonal
antibody that specifically binds to and blocks vascular en-
dothelial growth factor receptor-2 (VEGFR-2) [5]. In the piv-
otal phase III RAINBOW trial, second-line treatment with
RAM plus paclitaxel (PTX) improved overall survival (OS)
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compared with PTXmonotherapy, and this combination has
become one of the recommended second-line treatment op-
tions for advanced gastric/GEJ cancers [2,6]. The efficacy
and safety of incorporating immune checkpoint inhibitors
(ICIs) into this regimen remain unclear and have been inves-
tigated only in small early-phase studies [7,8]. Despite the en-
couraging results of early-phase studies combining ICIs with
RAM+PTX, evidence regarding their efficacy in the second-
line treatment of advanced gastric/GEJ cancer remains lim-
ited. We conducted a retrospective study to explore the po-
tential benefit of adding ICI to RAM+PTX. The primary
objective of this study was to evaluate the efficacy of second-
line RAM+PTX and to compare its outcomes with those
of RAM+PTX combined with an ICI in real-world clinical
practice. The secondary objective was to assess the safety pro-
file of this regimen and to explore the efficacy of RAM+PTX
in later-line settings.

MATERIALS ANDMETHODS

In this single-center study, we retrospectively analyzed the
clinical and pathological data of patients with metastatic gas-
tric/GEJ adenocarcinoma treated with RAM+PTX, with or
without an ICI, in second-line or later settings between Jan-
uary 2018 and September 2024. Adult patients aged ≥18
years with metastatic gastric/GEJ adenocarcinoma who had
experienced disease progression during first-line therapy were
included. Patients who received RAM+PTX (±ICI) in later
lines were also included. ICI was added to RAM+PTX at
the discretion of the treating physicians, particularly for pa-
tients with programmed cell death ligand-1 combined posi-
tive score (PD-L1 CPS) ≥ 1, based on the results of early-
phase studies [7,8]. As RAM and nivolumab are not reim-
bursed for second-line or later treatment of metastatic gas-
tric/GEJ adenocarcinoma in Türkiye, only a limited number
of patients are able to access RAM+PTX (±ICI). All eligible
patients receiving these regimens in the second-line or later
settings were included in the study. Patients were adminis-
tered RAM at 8 mg/kg on days 1 and 15, PTX at 80 mg/m²
on days 1, 8, and 15, and nivolumab at 3 mg/kg on days 1
and 15 of each 4-week cycle, continuing until disease pro-
gression or unacceptable toxicity. Each 4-week interval was
counted as one treatment cycle. Data collected from these
patients included baseline characteristics, treatment details,
tumor response, treatment-related adverse events (TRAEs),
laboratory results, and survival status. Efficacy was deter-
mined using the objective response rate (ORR), disease con-
trol rate (DCR), progression-free survival (PFS), andOS. Tu-
mor responses were evaluated by investigators following the
Response Evaluation Criteria in Solid Tumors (RECIST),
version 1.1 [9]. ORR represented the proportion of patients
achieving a complete response (CR) or partial response (PR),
while DCR included those with CR, PR, or stable disease
(SD) as their best overall outcome. PFS was measured from
the initiation of RAM+PTX (±ICI) to the date of disease

progression or death. OS was measured from the initiation
of RAM+PTX (±ICI) to death or the date of last follow-up
for surviving patients. For patients with unknown survival
status, survival data were censored at the most recent date on
which the patient was confirmed to be alive based on medi-
cal documentation. Safety was assessed through TRAE anal-
ysis. All TRAEs were categorized and graded according to
the National Cancer Institute Common Terminology Crite-
ria for Adverse Events (version 5.0) [10]. We analyzed efficacy
outcomes by treatment line, whereas TRAEs were evaluated
across the entire study cohort.
This study adhered to the principles of Good Clinical Prac-
tice and was approved by the local institutional review
board (Koç University Ethics Committee, Approval ID:
2025.096.IRB2.044). The institutional review board ex-
empted the study from the requirement to obtain individual
informed consent given the retrospective design of the study.

Statistical analysis

All statistical analyses were performed using the Statistical
Package for the Social Sciences software version 25.0 (IBM
SPSS Inc., Chicago, IL, USA). Continuous variables were re-
ported as medians with interquartile ranges (IQR), whereas
categorical variables were presented as frequencies with per-
centages. Chi-squared or Fisher’s exact tests were applied to
compare percentages, as appropriate, basedon sample size and
expected cell counts. The follow-up durationwas determined
by the reverse Kaplan–Meier method, and PFS and OS were
assessed via Kaplan–Meier estimates. Cox proportional haz-
ards regression was used for the univariate and multivariate
analyses. Variables showing an association at p<0.10 in uni-
variate analysis, as well as the treatment arm (the primary ex-
posure variable), were entered into the multivariate model to
adjust for potential confounders while minimizing the risk of
overfitting. A two-sided p value <0.05 was statistically signif-
icant.

RESULTS

We identified 46 patients (female, 54.3%) withmetastatic gas-
tric/GEJ adenocarcinoma who received RAM+PTX (±ICI)
as second-line or later therapy. In the second-line setting, 27
(58.7%) patients received RAM+PTX alone, and 10 (21.7%)
patients received RAM+PTX combined with nivolumab. In
the third-line setting (n=9, 19.6%), 7 (15.2%) patients received
RAM+PTX alone, whereas 2 (4.3%) received the same regi-
men combined with nivolumab.
In the second-line setting, the median (IQR) age was 50 (44-
59) years for patients treated with RAM+PTX alone and
49 (38-62) years for those treated with RAM+PTX plus
nivolumab (p=0.62) (Table 1). The majority of patients had
tumors with diffuse histology (66.7% in the RAM+PTX
group vs. 80.0% in the RAM+PTX+nivolumab group;
p=0.73) and HER2-negative disease (88.9% vs. 100.0%;

92 https://doi.org/10.5455/annalsmedres.2025.10.310

https://doi.org/10.5455/annalsmedres.2025.10.310


Köylü B. et al. Original Article AnnMed Res 2026;33(3):91–98

Table 1. Patient characteristics in the second-line and third-line groups and comparison of these features among the second-line treatment arms.

Variables
2L 3L

RAM+PTX RAM+PTX+ICI P value All patients
(n = 27) (n = 10) (n = 9)

Age, median (IQR) 50 (44-59) 49 (38-62) 0.62a 51 (46-58)
Female, n (%) 14 (51.9) 6 (60.0) 0.73b 5 (55.6)

ECOG PS, n (%)
0-1 24 (88.9) 9 (90.0) 1.0b 9 (100.0)
≥2 3 (11.1) 1 (10.0) 0

Primary tumor location, n (%)
Cardia 9 (33.3) 2 (20.0) 1 (11.1)
Corpus 11 (40.7) 4 (40.0) 0.63c 3 (33.3)
Antrum 7 (25.9) 4 (40.0) 4 (44.4)
Unknown 0 0 1 (11.1)

Histological subtype, n (%)

0.73cDiffuse 18 (66.7) 8 (80.0) 5 (55.6)
Intestinal 4 (14.8) 1 (10.0) 0
Unknown 5 (18.5) 1 (10.0) 4 (44.4)

HER2 status, n (%)
Negative 24 (88.9) 10 (100.0) 0.55b 9 (100.0)
Positive 3 (11.1) 0 0

MMR status, n (%)

0.56cpMMR 23 (85.2) 10 (100.0) 8 (88.9)
dMMR 0 0 1 (11.1)
Unknown 4 (14.8) 0 0

PD-L1 status, n (%)

0.059cCPS<1 19 (70.4) 5 (50.0) 3 (33.3)
CPS≥1 4 (14.8) 5 (50.0) 5 (55.6)
Unknown 4 (14.8) 0 1 (11.1)

Time to metastasis, n (%)
Synchronous 18 (66.7) 7 (70.0) 1.0b 9 (100.0)
Metachronous 9 (33.3) 3 (30.0) 0

Peritoneal metastases, n (%)

0.097cYes 14 (51.9) 9 (90.0) 5 (55.6)
No 9 (33.3) 1 (10.0) 4 (44.4)
Unknown 4 (14.8) 0 0

Liver metastases, n (%)

0.094bYes 5 (18.5) 5 (50.0) 3 (33.3)
No 22 (81.5) 5 (50.0) 6 (66.6)
Unknown 0 0 0

a Mann–Whitney U test, b Fisher’s exact test, c Chi-square test. CPS, combined positive score; dMMR, deficient MMR; ECOG PS, Eastern Cooperative Oncology Group
performance status; HER2, human epidermal growth factor receptor 2; ICI, immune checkpoint inhibitor; IQR, interquartile range; MMR, mismatch repair; PD-L1,
programmed cell death ligand-1; pMMR, proficient MMR; PTX, paclitaxel; RAM, ramucirumab.

Table 2. The best overall response.

2L 3L

RAM+PTX RAM+PTX+ICI P value All patients
(n = 27) (n = 10) (n = 9)

Best overall response, n (%)
Complete response (CR) 0 0 1 (11.1)
Partial response (PR) 5 (18.5) 3 (30.0) 2 (22.2)
Stable disease (SD) 10 (37.0) 5 (50.0) 3 (33.3)
Progressive disease (PD) 12 (44.4) 2 (20.0) 3 (33.3)

Objective response rate, n (%) 5 (18.5) 3 (30.0) 0.66a 3 (33.3)
Disease control rate, n (%) 15 (55.6) 8 (80.0) 0.26a 6 (66.7)
a Fisher’s exact test.
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Table 3. Univariate and multivariate analyses assessing factors influencing overall survival in patients treated with second-line ramucirumab plus
paclitaxel, with or without an immune checkpoint inhibitor.

Variables Median OS, Univariate Analysis Multivariate Analysis
months (95% CI) HR (95% CI) P valuea HR (95% CI) P valuea

Gender
0.74 (0.35-1.57) 0.43Female 9.6 (3.8-15.4)

Male 8.9 (4.7-13.1)

Age
2.53 (1.11-5.76) 0.027 2.90 (1.24-6.78) 0.014<50 years 11.0 (8.6-13.4)

≥50 years 6.3 (4.5-8.1)

ECOG PS
2.88 (0.96-8.66) 0.059 2.71 (0.85-8.65) 0.0910-1 9.0 (5.2-12.9)

≥2 4.4 (2.8-5.9)

Peritoneal metastases
1.24 (0.52-2.96) 0.63Yes 8.9 (5.3-12.5)

No 9.0 (5.2-12.9)

Liver metastases
1.62 (0.71-3.68) 0.25Yes 7.8 (2.3-13.3)

No 8.9 (5.7-12.0)

Ascites
2.81 (1.23-6.43) 0.014 2.86 (1.14-7.16) 0.025Yes 6.3 (4.1-8.5)

No 11.0 (7.9-14.1)

CEA, µg/L
0.65 (0.28-1.50) 0.31<ULN 9.6 (4.2-14.9)

≥ULN 9.0 (4.7-13.4)

CA 19-9, U/mL
1.13 (0.49-2.63) 0.77<ULN 9.6 (7.1-12.1)

≥ULN 5.5 (2.9-8.1)

Treatment arm
0.82 (0.35-1.91) 0.64 1.51 (0.56-4.08) 0.42RAM+PTX 7.8 (4.2-11.3)

RAM+PTX+ICI 9.6 (7.6-11.5)

PIV
1.16 (0.55-2.43) 0.70<460.46 9.6 (3.1-16.1)

≥460.46 7.8 (4.9-10.6)

PNI
0.61 (0.29-1.29) 0.19<37.01 6.3 (5.2-7.4)

≥37.01 11.0 (8.3-13.7)
a Cox proportional hazards regression. CEA, carcinoembryonic antigen; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; HR,
hazard ratio; ICI, immune checkpoint inhibitor; OS, overall survival; PIV, pan-immune inflammation value; PNI, prognostic nutritional index; PTX, paclitaxel; RAM,
ramucirumab; ULN, upper limit of normal.

Table 4. Treatment-related adverse events during treatment with ramucirumab plus paclitaxel, with or without immune checkpoint inhibitor.

Adverse events Any grade, n (%) Grade≥3, n (%)

Anemia 42 (91.3) 18 (39.1)
Neutropenia 24 (52.2) 15 (32.6)
Thrombocytopenia 24 (52.2) 6 (13.0)
AST/ALT increased 27 (58.7) 5 (10.9)
Infection 12 (26.1) 9 (19.6)
Nausea-diarrhea 3 (6.5) 2 (4.3)
Neuropathy 2 (4.3) 0
Thrombosis/bleeding 7 (15.2) 4 (8.7)
Perforation/Fistula 3 (6.5) 2 (4.3)
Others 6 (13.0) 4 (8.7)
ALT, alanine aminotransferase; AST, aspartate aminotransferase.

p=0.55). Mismatch repair deficiency (dMMR) was not de-
tected in any patient. PD-L1 CPS was <1 in most patients
(70.4%) treated with RAM+PTX alone, whereas it was ≥1

in half of the patients (50.0%) treated with RAM+PTX
plus nivolumab (p=0.059). The percentages of patients with
synchronous metastases were 66.7% and 70.0%, respectively
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Figure 1. Progression-free survival and overall survival analyses of patients who received ramucirumab plus paclitaxel and those who received
ramucirumab plus paclitaxel plus nivolumab as second-line treatment.

(p=1.0). Patients treated with RAM+PTX plus nivolumab
showed higher frequencies of peritoneal (51.9% vs. 90.0%;
p=0.12) and liver (18.5% vs. 50.0%; p=0.094) metastases, al-
though not statistically significant. The median age in the
third-line setting was 51 (46-58). Diffuse histology was ob-
served in 55.6% of the patients, and all patients had HER2-
negative disease. dMMR was observed in only one patient
(11.1%), while 55.6% of patients had a PD-L1CPS of≥1. All
patients had synchronous metastases, including peritoneal
metastases in 55.6% and liver metastases in 33.3%.
In the second-line setting, the median follow-up duration
was 20.1 months (95% confidence interval [CI], 8.1-32.1).
The median (IQR) numbers of RAM and PTX cycles were
both 4 (3-5) in RAM+PTX group. The median (IQR)
numbers of cycles among those treated with RAM+PTX
plus nivolumab were 5 (3-6) for RAM, 4 (3-6) for PTX,
and 4 (3-6) for nivolumab. No significant differences in re-
sponse rates or survival outcomes were observed between pa-
tients treated with RAM+PTX alone and those receiving
RAM+PTX plus nivolumab. The ORRs were 18.5% and
30.0% in the RAM+PTX and RAM+PTX plus nivolumab
groups, respectively (p=0.66) (Table 2). The DCRs were
55.6% and 80.0% in the RAM+PTX and RAM+PTX plus
nivolumab groups, respectively (p=0.26). The median PFS
was 4.3 months (95% CI 3.7-4.9) in the RAM+PTX group
and 3.1 months (95% CI 2.8-3.4) in the RAM + PTX plus
nivolumab group (hazard ratio [HR], 0.93; 95% CI, 0.44-
1.98; p=0.85) (Figure 1). The median OS was 7.8 months
(95%CI, 4.2-11.3) in the RAM+PTX group and 9.6months
(95%CI, 7.6-11.5) in the RAM+PTX plus nivolumab group
(HR, 0.82; 95% CI, 0.35-1.91; p=0.64).
The median follow-up duration in the third-line setting was
10.0months (95%CI, 0.0-36.5). Themedian (IQR)numbers
ofRAMandPTXcycleswere 4 (3-7) and 4 (3-6), respectively.
TheORR andDCRwere 33.3% and 66.7%, respectively (Ta-

ble 2). The median PFS was 6.6 months (95% CI, 0.0-17.1),
and the median OS was 7.4 months (95% CI, 2.0-12.7).
In multivariate analyses of patients receiving second-line
RAM+PTX (±ICI), age≥50 years (HR, 2.90; 95%CI, 1.24-
6.78; p=0.014) and the presence of ascites (HR, 2.86; 95%
CI, 1.14-7.16; p=0.025) were independently associated with
worse OS (Table 3).
The most common (>10%) grade 3 TRAEs while receiv-
ing RAM+PTX (±ICI) were anemia (39.1%), neutropenia
(32.6%), infections (19.6%), thrombocytopenia (13.0%), and
alanine aminotransferase and/or aspartate aminotransferase
increase (10.9%) (Table 4). Seven patients (15.2%) experi-
enced any-grade thrombosis and/or bleeding, while three pa-
tients (6.5%) experienced any-grade gastrointestinal perfora-
tion and/or fistula formation. Four patients (10.8%) receiv-
ing second-line treatment and two patients (22.2%) receiving
third-line treatment discontinued therapy due to TRAEs.

DISCUSSION

Our results indicate that the real-world efficacy of
RAM+PTX as second-line therapy for advanced gas-
tric/GEJ cancers is consistent with the outcomes observed in
randomized clinical trials. Nevertheless, grade ≥3 TRAEs
were more common in our cohort. Our results also showed
no clear benefit from adding an ICI to this regimen, despite
numerically higher ORR and DCR in patients who received
RAM+PTX plus ICI. Furthermore, our results indicate
that RAM+PTX (±ICI) may serve as an effective third-line
treatment option in patients with good performance status.
The therapeutic landscape of advanced gastric/GEJ cancers
has been rapidly evolving in recent years with the incorpora-
tion of ICIs based on PD-L1 expression, microsatellite insta-
bility, and tumormutational burden, as well as novel targeted
agents directed against HER2, Claudin 18.2 (CLDN18.2),
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and fibroblast growth factor receptor 2 (FGFR2) [11]. How-
ever, available treatment options are still limited following
progression on first-line platinum- and fluoropyrimidine-
based chemotherapy with or without ICIs and/or targeted
therapy, especially for patients ineligible for targeted agents
or ICIs [2,11]. The phase III REGARD trial demonstrated
that second-line RAMmonotherapy significantly prolonged
both PFS and OS compared with placebo (median PFS, 2.1
vs. 1.3 months; HR, 0.48; p<0.0001; median OS, 5.2 vs.
3.8months; HR, 0.78; p=0.047), confirming the clinical rele-
vance ofVEGFR-2 inhibition in advanced gastric/GEJ cancer
[12]. In the pivotal phase III RAINBOW trial, the combina-
tion of RAM+PTX significantly improved both PFS andOS
compared with PTX monotherapy (median PFS, 4.4 vs. 2.9
months;HR,0.64; p<0.0001;medianOS, 9.6 vs. 7.4months;
HR, 0.81; p = 0.017), establishing this regimen as one of
the recommended second-line treatments for advanced gas-
tric/GEJ cancers [13]. In our cohort, while the median PFS
was comparable to that observed in the RAINBOW trial, the
ORR, DCR, and median OS were numerically lower, with
the RAINBOW trial reporting ORR and DCR of 28% and
80%, respectively [13]. Differences in histological subtype dis-
tribution may partly explain these findings. In the RAIN-
BOW trial, the clinical benefit of adding RAM to PTX was
more pronounced in patients with intestinal-type histology
[13]. Consistently, in a real-world analysis, Fountzilas et al. re-
ported that theOS advantage of second-lineRAM+PTXwas
confined to the intestinal subtype, with no significant benefit
in diffuse or mixed histologies [14]. In our study, intestinal-
type tumors represented only 14.8% of patients in the second-
line RAM+PTX group, compared with 44% in the RAIN-
BOW cohort [13].

Based on the results of the CheckMate-649 and KEYNOTE-
859 trials, the addition of nivolumab for patients with PD-
L1 CPS ≥ 5 or pembrolizumab for patients with PD-L1
CPS≥ 10 to first-line platinum- and fluoropyrimidine-based
combination chemotherapy has become the standard of care
in advanced gastric/GEJ cancers [15,16]. However, the ef-
ficacy and safety of adding ICI to second-line RAM+PTX
in patients who did not receive ICI in the first-line setting
remain under investigation. A phase I/II trial reported en-
couraging efficacy with the combination of RAM+PTX and
nivolumab, particularly amongpatientswith PD-L1CPS≥1,
representing 60.5% of the study population (n = 43) [7].
Patients with PD-L1 CPS ≥1 showed higher ORR (46.2%
vs. 30.8%), longer median PFS (6.4 vs. 5.1 months), and
longer median OS (13.8 vs. 8.0 months) than those with
CPS <1. Notably, grade ≥3 TRAEs occurred in 90.7%
of patients. Another phase II study investigating the effi-
cacy and safety of avelumab with RAM+PTX as second-
line treatment reported a 6-month OS rate of 71.2% and a
median OS of 10.4 months [8]. The ongoing phase II/III
SWOG S2303 (PARAMUNE) trial is assessing the efficacy
and safety of adding nivolumab to RAM+PTX compared

with RAM+PTX alone in patients with advanced-stage gas-
tric and esophageal cancers with PD-L1 CPS≥1 [17]. To the
best of our knowledge, our study is the first retrospective anal-
ysis comparing the efficacy of second-line RAM+PTX versus
RAM+PTX plus nivolumab. Despite the absence of a sta-
tistically significant clinical benefit with the addition of an
ICI, we observed numerically higher ORR, DCR, and me-
dian OS in the RAM+PTX plus nivolumab group. The lack
of statistical significance may be partly explained by the small
sample size and the fact that only 50% of the patients in the
RAM+PTX plus nivolumab group had PD-L1 CPS ≥1, as
the benefit of adding nivolumab appears to be primarily con-
fined to patients with PD-L1 CPS ≥1 in the previous phase
I/II study [7]. The median PFS was numerically lower in the
RAM+PTX plus nivolumab group than in the RAM+PTX
group. This may be partly explained by the modest ORR of
30%, as ICIs may prolong PFS by inducing durable responses
in a subset of patients, and by the small sample size in this co-
hort. This finding might also reflect assessment-time bias be-
cause unscheduled early imaging (e.g., due to adverse events
or comorbidities) could have led to the earlier documentation
of progression than planned.
In our study, older age (≥50 years) and the presence of ascites
were identified as independent poor prognostic factors for
OS.These findings are consistentwith those of previous stud-
ies. The exploratory analysis of the RAINBOW trial demon-
strated that themedianOSwas shorter in patients with ascites
(medianOS for the RAM+PTX group: 7.2 vs. 11.4months)
[18]. However, the efficacy of the RAM+PTX combination
was comparable between patients with and without ascites
[18]. Similarly, in a real-world study, Chen et al. reported
that the presence of ascites was associated with worse OS in
both the RAMmonotherapy group (median OS: 3.9 vs. 6.8
months) and theRAM+PTXgroup (medianOS: 7.3 vs. 15.5
months) [19]. Our results support previous evidence indicat-
ing that the presence of ascites before RAM+PTX treatment
is a poor prognostic factor.
In our cohort, we observed higher rates of grade ≥3 anemia
and thrombocytopenia in real-world practice than in clini-
cal trials [13]. Moreover, thromboembolic events, gastroin-
testinal perforation, andfistula formationweremore frequent
in our cohort. These findings underscore the importance of
close clinical monitoring to enable early detection and man-
agement of potentially life-threatening adverse events associ-
ated with RAM+PTX combination.

Limitations

This study has several limitations. The primary limitations of
this study are the small sample size in the second-line treat-
ment arms and the retrospective, single-center design. Cur-
rently, RAM and ICIs are not reimbursed for second-line
treatment of advanced gastric/GEJ cancers in Türkiye, which
largely explains the limited number of patients who could re-
ceive these combinations. Nevertheless, our real-world data
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may serve as supportive evidence for future prospective stud-
ies in this patient population, where therapeutic options re-
main limited.

CONCLUSION
In conclusion, the real-world efficacy of RAM+PTX as
second-line therapy in advanced gastric/GEJ cancers is con-
sistentwith the results of pivotal randomized trials. However,
grade≥3 TRAEs were more frequent in clinical practice. Al-
though the addition of an ICI did not yield a statistically sig-
nificant benefit, the ORR and DCR numerically improved.
Further prospective studies, particularly in patients with PD-
L1–positive tumors, are needed to clarify the potential benefit
of adding an ICI. Moreover, RAM+PTX (±ICI) appears to
be a reasonable third-line treatment option for patients with
preserved performance status.
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MAIN POINTS

• Celecoxib and tramadol were well
tolerated by all patients with N-ERD.

• Both agents showed significantly
lower adverse reaction rates com-
pared with other analgesics.

• Negative skin tests alongside pos-
itive aspirin challenges indicate a
non–IgE-mediated mechanism.

• Tramadol may be considered a safe
alternative analgesic for patients
with NSAID hypersensitivity.

• Individualized provocation testing
remains essential prior to clinical
use.
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ABSTRACT

Aim: This study aimed to determine which analgesic agents can be safely administered to pa-
tients with nonsteroidal anti-inflammatory drug--exacerbated respiratory disease (N-ERD) and to
evaluate the safety of tramadol as a potential alternative.
Materials and Methods: A total of 51 patients (34 females, 17 males; mean age 39.5 ± 14.2
years) with a history of NSAID hypersensitivity were retrospectively analyzed. All patients un-
derwent oral drug provocation tests with celecoxib, paracetamol, nimesulide, meloxicam, and
tramadol. In patients with a history of hypersensitivity to a single NSAID, negative skin test
results were followed by an oral aspirin challenge to confirm N-ERD. Reaction rates among anal-
gesics were compared using Cochran’s Q test, followed by Dunn--Bonferroni pairwise analysis.
A p-value <0.05 was considered statistically significant.
Results: Eleven patients (21.6%) had hypersensitivity to a single NSAID; all demonstrated neg-
ative skin test results but positive aspirin challenge outcomes, indicating a non--IgE-mediated
mechanism. Celecoxib and tramadol showed significantly lower reaction rates compared with
nimesulide, paracetamol, and meloxicam (p<0.001). More than half of the cohort (52.9%) re-
quired moderate- or high-dose inhaled corticosteroids, while 25.5% of patients with severe
asthma were receiving biologic therapy.
Conclusion: Celecoxib and tramadol were well tolerated in all patients with N-ERD, suggesting
that these agents are safe and effective analgesic alternatives. Individualized evaluation and
supervised provocation testing remain essential to ensure safety before clinical use.

Keywords: Celecoxib, Nonsteroidal anti-inflammatory drug–exacerbated respiratory
disease, Safe alternative analgesic, Tramadol
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INTRODUCTION
In susceptible individuals with asthma, chronic rhinitis, or
nasal polyposis, the administration of aspirin or other nons-
teroidal anti-inflammatory drugs (NSAIDs) may trigger up-
per or lower airway symptoms. These reactions typically
present with nasal obstruction, watery rhinorrhea, sneezing,
cough, wheezing, dyspnea, or, in severe cases, bronchospasm;
systemic manifestations such as urticaria, angioedema, gas-
trointestinal discomfort, or hypotensionmay also occur [1,2].
This condition has historically been described using various
terms—such as Samter’s triad, Widal syndrome, and aspirin-
sensitive asthma—but the designation NSAID-Exacerbated
Respiratory Disease (N-ERD) is now widely accepted in clin-
ical and academic practice [3]. Current guidelines clas-

sify NSAID hypersensitivity into four major phenotypes:
NSAID-induced cutaneous reactions, NSAID-exacerbated
cutaneous disease, NSAID-exacerbated airway disease, and
single-agent–induced cutaneous reactions [4,5].
The underlying pathophysiology of N-ERD primarily re-
flects dysregulated arachidonic acid metabolism rather than
IgE-mediated allergy. In most patients, inhibition of
cyclooxygenase-1 (COX-1) alters eicosanoid balance and pro-
motes leukotriene-driven airway inflammation, resulting in
characteristic respiratory symptoms [6]. In contrast, single-
agent reactions may involve drug-specific IgE but are far less
common.
Given the clinical burden associated with N-ERD and the
high frequency of analgesic requirements in this population,
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identifying safe and well-tolerated alternatives to traditional
NSAIDs is essential. This study aimed to determine which
analgesics can be safely used in patients with N-ERD and to
evaluate the safety of tramadol as a potential alternative op-
tion.

MATERIALS ANDMETHODS

Study design and participants

This retrospective study included 51 patients whowere evalu-
ated for suspectedNSAIDhypersensitivity between 2024 and
2025 at the Department of Allergy and Immunology. Eligi-
ble participants had a documented history of hypersensitivity
to at least one NSAID, whereas individuals with incomplete
medical records were excluded. Ethical approval was granted
by the İnönüUniversityMedical Ethics Committee (Decision
No: 2025/8382, Date: 30 September 2025). All procedures
adhered to theDeclaration ofHelsinki, andwritten informed
consent was obtained from each participant.

Drug provocation protocol

All provocation tests were performed under continuous su-
pervision by an allergist, with full emergency preparedness
including access to resuscitation equipment and emergency
medications. Baseline assessments—including physical exam-
ination, peak expiratory flow (PEF), bloodpressure, and heart
rate—were obtained prior to each dose. Testing was con-
ducted between 09:00 and 12:00, and patients were moni-
tored until 17:00 if no reaction occurred or until complete re-
covery in cases of a positive response. Incremental doses were
administered at 30-minute intervals.
Patients with a history of hypersensitivity to a single NSAID
first underwent skin testing to evaluate possible IgE-mediated
mechanisms. If the skin test was negative, an oral aspirin
challenge was performed to determine whether the reaction
pattern represented true single-drug hypersensitivity or cross-
intolerance consistent with N-ERD.
After determining the aspirin challenge outcome, oral provo-
cation tests were conducted with alternative analgesic agents,
including celecoxib (a selective COX-2 inhibitor), paraceta-
mol, nimesulide, meloxicam (partial COX-2 inhibitors), and
tramadol (a centrally acting opioid analgesic with low depen-
dency potential).
A negative aspirin challenge indicated drug-specific hypersen-
sitivity or limited cross-reactivity, permitting cautious substi-
tution with alternative agents. Conversely, a positive reaction
confirmed NSAID-exacerbated respiratory disease (N-ERD)
or broad COX-1 cross-intolerance, necessitating strict avoid-
ance of allCOX-1 inhibitors. This structured, stepwise proto-
col enabled individualized risk assessment and evidence-based
selection of safe analgesics. The diagnostic and management
algorithm for evaluatingNSAIDhypersensitivity is presented
in Figure 1.

Table 1. Demographic and clinical characteristics of the patients (n =
51).

Parameter Value

Age (years), mean ± SD 39.5 ± 14.2
Female / Male 34 (66.7%) / 17 (33.3%)
Asthma 47 (92.2%)
Chronic rhinosinusitis with nasal polyps 38 (74.5%)
Moderate/high-dose inhaled corticosteroids 27 (52.9%)
Receiving biologic therapy 13 (25.5%)
Hypersensitivity to a single NSAID 11 (21.6%)
Positive aspirin provocation test 51 (100%)

Statistical analysis

Statistical analyses were performed using IBM SPSS Statis-
tics version 26.0 (IBMCorp., Armonk, NY, USA). Categori-
cal variables were presented as numbers and percentages, and
continuous variables as mean ± standard deviation (SD).
Because each patient underwent multiple analgesic provoca-
tion tests, reaction rate comparisons were conducted using
Cochran’s Q test, which is appropriate for repeated categori-
cal measurements within the same subjects. WhenCochran’s
Q indicated statistical significance, pairwise comparisonswere
performed using Dunn’s post-hoc test with Bonferroni cor-
rection.
A post-hoc power analysis was performed usingG*Power ver-
sion 3.1.9.7 based on the observed effect size (Cohen’s w =
0.41). Using α = 0.05, a confidence level of 0.95, and a sample
size of 51, the achieved power (1–β) was 0.87, indicating suf-
ficient statistical power to detect medium-to-large effect size
differences. A p-value < 0.05 was considered statistically sig-
nificant.

RESULTS
Among the 51 patients included in the study, 17 (33.3%)were
male and 34 (66.7%) were female, with a mean age of 39.5 ±
14.2 years. Allergic rhinitiswas present in 21patients (41.1%),
chronic urticaria in 17 patients (33.3%), and atopy in 24 pa-
tients (47%). Demographic and clinical characteristics are
summarized in Table 1.
According to the Global Initiative for Asthma (GINA) clas-
sification [7], 27 patients (52.9%) were receiving step 4
or 5 treatment. Thirteen patients (25.5%) met the cri-
teria for severe asthma, and among these, 4 were treated
with omalizumab, 4 with mepolizumab, and 5 with benral-
izumab. Eleven patients (21.6%) reported a reaction to a
single NSAID. All single-NSAID reactions showed negative
skin test results but positive oral aspirin challenge outcomes,
confirming a non–IgE-mediated cross-intolerance pattern.
Eight patients required aspirin desensitization due to recur-
rent nasal polyps.
The most frequently implicated culprit NSAIDs were dexke-
toprofen (n = 36), diclofenac (n = 22), and ibuprofen (n =
14).
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Table 2. Drug challenge test results

Drug Tested Type of Inhibitor Positive n (%) Observed Reactions

Celecoxib Selective COX-2 inhibitor 0 (0%) None
Tramadol Non-NSAID analgesic 0 (0%) None
Nimesulide Partial COX-2 inhibitor 6 (11.7%) Dyspnea, urticaria, nasal congestion
Meloxicam Partial COX-2 inhibitor 4 (7.8%) Wheezing, urticaria, rhinitis
Paracetamol Weak COX-1 inhibitor 3 (5.8%) Dyspnea, rhinitis, urticaria
Abbreviations: COX, cyclooxygenase; NSAID, nonsteroidal anti-inflammatory drug.

Figure 1. The diagnostic and management algorithm for evaluating
NSAID hypersensitivity.

Drug Provocation Outcomes

Celecoxib and tramadol were tolerated by all patients un-
dergoing provocation testing. In contrast, partial COX-2
inhibitors such as nimesulide, meloxicam, and paracetamol
elicited significantly higher reaction rates.
Overall comparison of reaction frequencies among tested
analgesics using Cochran’s Q test demonstrated a significant
difference (p<0.001). Post-hoc pairwise analyses using the
Dunn–Bonferroni method showed that celecoxib and tra-
madol had significantly lower reaction rates than nimesulide,
paracetamol, and meloxicam (p<0.001 for all comparisons).
The detailed provocation outcomes are presented in Table 2.

DISCUSSION
In this study, all 11 patients who initially reported hypersen-
sitivity to a single NSAID demonstrated negative skin test
results but positive aspirin challenge outcomes. This find-
ing suggests that these reactions were not IgE-mediated but
instead reflected COX-1–related cross-intolerance [8]. Clin-
ically, this is an important observation: even patients who
appear to react to only one NSAID may have underlying
NERD, and objective aspirin provocation remains essential
for accurate classification [8].
The universal positivity of the aspirin challenge in this sub-
group also highlights a major diagnostic pitfall. Without
provocation testing, these individuals could be misclassified
as “single-drug reactors,” potentially leading clinicians to as-
sume a drug-specific IgE mechanism. Our results emphasize
that single-NSAID histories should not be equated with true
selective allergy and that broad cross-reactivity remains likely
unless proven otherwise [8–10]. This has significant implica-
tions for analgesic selection and long-termmanagement.
Consistent with current evidence, none of the patients re-
acted to celecoxib. SelectiveCOX-2 inhibitors arewell known
for their high tolerability in NERD, and our findings sup-
port celecoxib as a reliable and safe analgesic when COX-1 in-
hibitors must be avoided. The complete absence of reactions
in our cohort aligns with previously reported tolerability rates
[11–16], reinforcing celecoxib as the preferred first-line alter-
native.
Tramadol also demonstrated excellent tolerability. Although
opioids rarely provoke respiratory reactions in NERD, pseu-
doallergic responses can occur, particularly withmorphine or
codeine. A prior study reported codeine reactions in 7.3%
of NERD patients [13], underscoring the need for caution
when selecting opioid analgesics. The absence of tramadol re-
actions in our population supports its role as a practical and
safe option, especially when non-opioid analgesics are con-
traindicated or poorly tolerated.
The clinical characteristics of our cohort are consistent with
the established NERD phenotype. More than half of the
patients required moderate-to-high-dose inhaled corticos-
teroids, and nearly one-third were receiving biologic ther-
apy, underscoring the heavy disease burden associated with
NERD [17–20]. As in previous studies, chronic rhinosinusi-
tis with nasal polyps—a hallmark of NERD—was common
and severe, suggesting that patients frequently require inter-
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ventions that may increase the likelihood of analgesic expo-
sure [21,22].
These findings collectively highlight the real-world challenge
of pain management in patients with NERD. Because many
analgesics carry a substantial risk of cross-reactivity, safe alter-
nativesmust be identified through structured, supervised test-
ing. Our results show that celecoxib and tramadol can reliably
serve this purpose.

Limitations

This study has some limitations, including its retrospective
design and relatively small sample size. However, the uniform
tolerability findings observed for both celecoxib and tramadol
provide clinically meaningful guidance for everyday practice.
Larger prospective studies incorporating molecular pheno-
typing could help clarify patient subgroups and further refine
individualized analgesic strategies. Overall, our findings add
to the growing evidence supporting the safety and practicality
of celecoxib and tramadol for patientswithNERDconfirmed
by provocation testing.

CONCLUSION
Celecoxib and tramadol were well tolerated by all patients
with NSAID-exacerbated respiratory disease in this cohort,
indicating that these agents may serve as safe and practical
analgesic options when NSAID avoidance is required. The
universal positivity of aspirin challenge among single-NSAID
reactors underscores the importance of objective testing to ac-
curately classify hypersensitivity patterns and guide individu-
alized treatment. Although our findings support the use of
celecoxib and tramadol in routine clinical practice, supervised
drug provocation testing remains essential to confirm toler-
ability on a patient-specific basis. Larger prospective studies
are needed to further validate these observations and refine
evidence-based analgesic strategies for this challenging popu-
lation. These findings support incorporating celecoxib and
tramadol into standardized analgesic algorithms for patients
with N-ERD.
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MAIN POINTS

• Subclinical autistic traits are signif-
icantly associated with disordered
eating behaviors in children with
ADHD.

• Food fussiness is significantly
higher in children with ADHD who
also exhibit autistic traits than in
those without autistic traits.

• The findings underscore the impor-
tance of a dimensional approach
to clinical assessment, moving be-
yond categorical diagnoses.
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ABSTRACT

Aim: The literature highlights the overlap between Attention-Deficit/Hyperactivity Disorder
(ADHD) and Autism Spectrum Disorder (ASD), yet the impact of subclinical autistic traits on
feeding behavior in ADHD populations remains underexplored. This study aims to investigate
eating behaviors in children diagnosed with ADHD compared with those of typically developing
peers, and to assess how elevated autistic traits influence eating behaviors within the ADHD
group.
Materials and Methods: A cross-sectional comparative design was employed, involving 67 chil-
dren with ADHD and 75 healthy controls. Data were collected using the Children’s Eating Behav-
ior Questionnaire (CEBQ) and the Social Responsiveness Scale (SRS). Within the ADHD group,
participants were stratified by the presence of autistic traits. Group comparisons and corre-
lational analyses were conducted to examine associations between autistic traits and feeding
behaviors.
Results: Compared with controls, children with ADHD exhibited significantly higher Desire to
Drink scores and lower Emotional Under-Eating scores. Within the ADHD group, those with
autistic traits had significantly higher Food Fussiness scores than those without autistic traits.
Correlation analyses revealed significant associations between total SRS scores and multiple
CEBQ subscales, including Emotional Overeating, Desire to Drink, Satiety Responsiveness, and
Food Fussiness. Subscales, such as Pathognomonic Autistic Behaviors and Reciprocal Social
Behavior, were especially predictive of disordered eating patterns.
Conclusion: Findings suggest that autistic traits---even at subclinical levels---are significantly
associated with maladaptive eating behaviors in children with ADHD. These results emphasize
the importance of transdiagnostic approaches in clinical assessments, moving beyond categor-
ical diagnoses. Understanding the dimensional interplay between ADHD symptoms and autistic
traits may improve early nutritional interventions and individualized treatment strategies.

Keywords: Autism spectrum disorder, Attention-deficit/hyperactivity disorder, Children,
Eating behavior, Subclinical traits, Social responsiveness

Received: Sep 02, 2025 Accepted: Jan 12, 2026 Available Online: Mar 25, 2026

Copyright © 2026 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

Attention Deficit/Hyperactivity Disorder (ADHD) is char-
acterized by symptoms of inattention, hyperactivity, and im-
pulsivity that are inconsistent with the individual’s age and
developmental level. In contrast, Autism Spectrum Disorder
(ASD) is defined by impairments in social communication,
restricted interests, and repetitive behavioral patterns [1]. Al-
though ADHD and ASD have historically been conceptual-
ized as distinct conditions, converging neurobiological and
genetic findings highlight shared etiological mechanisms be-

tween ADHD and ASD. Both disorders involve disruptions
in large-scale neural circuits responsible for executive func-
tioning, reward processing, and sensory regulation, support-
ing a dimensional rather than strictly categorical conceptual-
ization of neurodevelopmental symptoms [2,3].

Clinical observations and epidemiological data further sup-
port this overlap. This overlap is not limited to full syndromal
comorbidity but also encompasses subclinical traits. Studies
report that 59–83% of children with ASD exhibit clinically
significantADHDsymptoms,while 30–60%of childrenwith
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ADHD display autistic-like traits [4,5]. Moreover, some in-
dividuals may exhibit pronounced autistic features without
fully meeting the diagnostic criteria for ASD. These features,
often referred to as "subclinical autistic traits," include milder
yet clinically meaningful difficulties in social reciprocity, flex-
ibility, sensorymodulation, and communication [6]. Increas-
ing evidence indicates that these traits exertmeasurable effects
on children’s emotional, behavioral, and regulatory function-
ing, even in the absence of a formal ASD diagnosis. A trans-
diagnostic, dimensional framework is therefore essential for
understanding how these overlapping features shape clinical
presentations [3]. These autistic traits may play a particularly
significant role in complex domains such as feeding behavior,
where sensory sensitivities, emotional regulation, and behav-
ioral inflexibility intersect.
Feeding behavior represents a complex domain frequently im-
paired in both ADHD and ASD, attracting growing research
interest regarding its underlying neurocognitive mechanisms
[7,8]. In individuals with ADHD, impulsivity, heightened
reward sensitivity, and inattention contribute to maladaptive
eating patterns such as emotional overeating, a preference for
rapidly consumed, high-calorie foods, irregularmeal routines,
anddifficultymaintaining attentionduringmeals [9–14]. Ex-
ecutive dysfunctionmay further impair the recognition of in-
ternal hunger and satiety cues, leading to behaviors such as
prolonged mealtimes or forgetting to eat [9,15]. In ASD,
feeding difficulties are typically driven by sensory hypersen-
sitivity (e.g., aversions to specific textures, smells, or temper-
atures), cognitive rigidity, insistence on sameness, and strict
mealtime routines, leading to food selectivity, limited dietary
variety, and increased caregiver stress. Gastrointestinal symp-
toms, which are more prevalent in ASD, may further compli-
cate feeding patterns [16–19].
Critically, whenADHDandASDsymptomatology co-occur,
even at subclinical levels, the impact on eating behavior
appears to be more severe than in either condition alone
[20–22]. For example, sensory hyperreactivity linked to
autistic traits can intensify food fussiness, while ADHD-
related impulsivity and reward-driven eating may contribute
to emotional overeating or an excessive preference for palat-
able foods. Cognitive rigidity associated with autistic traits
may restrict dietary variety, whereasADHD-related disinhibi-
tion may promote inconsistent mealtime behaviors. Despite
strong theoretical justification for these interaction effects,
existing research has largely excluded diagnostically complex
cases or focused solely on categorical ASD–ADHD comor-
bidity, leaving the contributionof subclinical autistic traits in-
sufficiently examined [23,24].
This study was designed to address the identified gap by pur-
suing two primary objectives: first, to compare the eating be-
haviors of drug-naïve childrenwithADHDwith those of typ-
ically developing peers; second, to investigate whether varying
levels of autistic traits (low vs. high)within theADHDgroup
are associated with distinct feeding patterns. By incorporat-

ing a dimensional assessment of autistic symptomatology, the
studymoves beyond categorical diagnostic boundaries and re-
sponds directly to the need for transdiagnostic approaches.
This methodology provides a clear framework for elucidating
how cross-diagnostic features shape eating behaviors in chil-
dren with ADHD. Ultimately, the findings aim to enrich the
limited literature on this topic and to offer a novel, clinically
relevant perspective by focusing on symptom severity, which
may, in turn, inform more individualized interventions and
nutritional counseling strategies.

MATERIALS ANDMETHODS

Participants and procedure

This study was designed as a preliminary, cross-sectional,
comparative investigation. This study was reviewed and ap-
proved by the Non-Interventional Clinical Research Ethics
Committee of Recep Tayyip Erdoğan University on June 13,
2024 (Decision No: 2024/135). Written informed consent
was obtained from the parents of all participating children.
The study was conducted in accordance with the principles
of the Declaration of Helsinki. Participants were recruited
from children presenting to the Child and Adolescent Psy-
chiatry Outpatient Clinic of Recep Tayyip Erdoğan Univer-
sity Training and Research Hospital between July 2024 and
February 2025. The ADHD group consisted of 67 drug-
naive children aged 6–12 years who met the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition (DSM-
5) diagnostic criteria for ADHD. Drug-naïve status was con-
firmed through multiple sources, including detailed parental
interviews, review of electronic medical records, and verifi-
cation that no stimulant or non-stimulant ADHD medica-
tions (e.g., methylphenidate, atomoxetine) had ever been pre-
scribed. Diagnoses were established by a child and adolescent
psychiatrist using clinical interviews, academic performance
records, teacher reports, and standardized psychometric eval-
uations. A total of 85 children were initially screened. Fol-
lowing comprehensive evaluation, 18 children were excluded
due to atypical autism (n = 2), intellectual disability (n =
2), or incomplete parent/teacher questionnaire forms (n =
14).The final ADHD sample comprised 67 eligible partici-
pants. The control group included 75 typically developing
children aged 6–12 years with no history of neuropsychiatric
disorders or chronic medical conditions, evaluated as psychi-
atrically healthy through structured clinical interviews. The
ADHD and control groups were matched on age and major
sociodemographic variables to ensure comparability.

All participating children provided assent and written in-
formed consent was obtained from their parents. Each child
was administered a Sociodemographic Data Form, the Chil-
dren’s EatingBehaviorQuestionnaire (CEBQ), and the Social
Responsiveness Scale (SRS). All scales were completed by the
children’s parents.
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Assessment tools

Sociodemographic data form: This form includes basic infor-
mation such as the participant’s age, gender, grade level, and
parental education levels.
All participantswere evaluated for psychiatric comorbidity by
a specialist in child and adolescent psychiatry using the Sched-
ule for Affective Disorders and Schizophrenia for School-Age
Children-Present and Lifetime Version, Turkish Adaptation
(K-SADS-PL-DSM-5-T) [25]. The K-SADS-PL-DSM-5-T
is a comprehensive interviewer-administered assessment tool
that allows evaluation of 23 diagnostic categories.
The Children’s Eating Behavior Questionnaire (CEBQ),
developed by Wardle and colleagues, is a 35-item parent-
reported instrument that uses a five-point Likert scale to as-
sess children’s appetite characteristics and various eating be-
haviors [26]. Higher scores indicatemore frequent expression
of the related behaviors (e.g., food responsiveness, emotional
overeating, food fussiness). The original internal consistency
coefficients of the scale range between 0.74 and [upper bound
missing]. 0.91. In the Turkish adaptation, internal consis-
tency coefficients were reported to range from 0.61 to 0.84
for the subscales and 0.69 for the total scale [27].
The Social Responsiveness Scale (SRS) is a 65-item parent-
report measure that assesses their child’s social interactions
and responsiveness over the past sixmonths. It consists of five
subscales: social awareness, social cognition, social commu-
nication, social motivation, and autistic mannerisms. Higher
scores reflect greater impairment in social functioning. The
scale has been shown tobe significantly associatedwith autism
diagnoses and is widely used to assess autistic traits [28,29].
Although a Turkish validation study has not yet been pub-
lished, a large-
A scale study conducted by Ünal and colleagues on school-
aged children reported a Cronbach’s alpha of 0.86 and a test-
retest reliability coefficient, Pearson r = 0.53 (p = 0.001) [30].
The total SRS scores range from 0 to 195. Scores between 60
and 80 indicate mild-to-moderate impairment in social reci-
procity, while scores above 80 reflect severe impairment. In
this study, children with SRS scores of 80 or higher were cate-
gorized into the “ADHDwith autistic traits” group, whereas
those with lower scores were categorized into the “ADHD
without autistic traits” group.

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics
version 25.0. The Shapiro–Wilk test was used to assess the
normality of continuous variables. For normally distributed
variables, means and standard deviations were reported; for
non-normally distributed variables, medians with minimum
andmaximumvalues were reported. In comparisons between
theADHDandcontrol groups, independent t-testswereused
for normally distributed continuous variables (e.g., height),
Fisher’s exact test for categorical variables (e.g., gender), and

Mann–Whitney U tests for non-normally distributed vari-
ables. The ADHD group was further subdivided into two
subgroups based on the presence or absence of autistic traits,
and the same statistical methods were applied for between-
subgroup comparisons. To assess the relationship between
the CEBQ subscales and the SRS total and subscale scores in
the ADHD group, Spearman’s correlation analysis was con-
ducted. Only CEBQ subscales showing statistically signifi-
cant correlationswith SRS scoreswere subsequently included
in the generalized linearmodel (GLM)analyses. Todetermine
whether autistic traits independently predicted eating behav-
iors after accounting for potential confounders, age and sex
were included as covariates in all multivariable GLMs. Be-
cause theCEBQsubscale scores displayed a non-normal, posi-
tively skeweddistribution, aGammaAdistributionwith a log
link function was used in these models. A p-value of less than
0.05 was considered statistically significant for all analyses.

RESULTS

A total of 67 children diagnosed with ADHD and 75 age-
matched healthy controls were included in the analyses. The
groups did not differ significantly in age, height, weight, or
BMI (all p>0.05). However, gender distribution differed sig-
nificantly between the groups, with a higher proportion of
boys in the ADHD group (Table 1).
No significant differences between groups were observed on
the eating-behavior subscale scores: Enjoyment of Food,
Emotional Overeating, Satiety Responsiveness, Slowness in
Eating, Food Fussiness, and Food Responsiveness (p>0.05).
However, the Desire to Drink score was significantly higher
in the ADHD group. Conversely, the Emotional Under-
Eating subscale was significantly higher in the control group.
Regarding social functioning, the ADHD group scored sig-
nificantly higher on the SRS total score and its subscales
Reciprocal Social Behavior, Social Use of Language, and
Pathognomonic Autistic Behaviors, compared with the con-
trol group. These differences were statistically significant and
are presented in Table 1.
Within the ADHD group, comparisons were made between
those with autistic traits (n=12) and those without (n=55).
No significant differences were found between these sub-
groups in terms of age, height, weight, or BMI. Although the
gender distribution (6 males/6 females vs. 37 males/18 fe-
males) differed between groups, this difference was not statis-
tically significant (p=0.211).
Regarding the subscales of eating behavior, no significant dif-
ferences were observed between ADHD children with and
without autistic traits in the domains of Enjoyment of Food,
Emotional Overeating, Desire to Drink, Satiety Responsive-
ness, Slowness in Eating, Emotional Under-Eating, and Food
Responsiveness (p>0.05). However, the Food Fussiness sub-
scale scores were significantly higher in children with autistic
traits. These results are presented in Table 2.
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Table 1. Comparison of demographic data and scale scores between the ADHD group and the control group.

Variable ADHD (n = 67) Control (n = 75) p

Age 9 (7-14) 9 (7-13) 0.834*
Sex (Male/Female) 43 /24 33 / 42 0.012**
Height (cm) (mean ± SD 132±10.8 133±11.2 0.337***
Weight (kg) 30 (20-70) 30 (18-60) 0.888*
BMI 17.7 (12.2-31.2) 17.2 (12.5-32.6) 0.378*
Enjoyment of Food 16 (6-25) 16 (6-25) 0.817*
Emotional Overeating 6 (4-19) 5 (4-14) 0.246*
Desire to Drink 10 (3-39) 6 (3-14) <.001*
Satiety Responsiveness 20 (7-50) 19 (8-33) 0.874*
Slowness in Eating 8 (4-20) 8 (4-20) 0.329*
Emotional Under-Eating 9 (4-19) 11 (4-20) 0.046*
Food Fussiness 7 (3-14) 8 (3-17) 0.122*
Food Responsiveness 10 (5-25) 8 (5-21) 0.150*
SRS-Reciprocal Social Behavior 40 (15-84) 35(21-60) 0.009*
SRS-Social Use of Language 7 (0-17) 7 (2-12) 0.046*
SRS-Pathognomonic Autistic Behaviors 16 (1-39) 9 (2-22) <.001*
SRS- Total Score 64 (16-127) 52 (27-80) <.001*
BMI: BodyMass Index, SD, standard deviation.SRS: Social Responsiveness Scale. Data are presented as median (minimum–maximum) or mean ± SD, as appropriate.
Mann–Whitney U test unless otherwise stated; Fisher’s exact test for sex; independent t test for height.

Table 2. Comparison of ADHD children with and without autistic traits

Variable ADHD with Autistic Trait (n = 12) ADHD without Autistic Trait (n = 55) p

Age 10 (7-13) 9 (7-14) 0.278*
Sex (Male/Female) 6 M / 6 F 37 M / 18 F 0.211**
Height (cm) (mean ± SD 135.8±8.9 131.6±11.2 0.448***
Weight (kg) 32.5 (22-48) 30 (20-70) 0.572*
BMI 17.5 (14-21.6) 17.7 (12.2-31.2) 0.671*
Enjoyment of Food 15.5 (7-25) 16 (6-25) 0.600*
Emotional Overeating 8 (4-16) 6 (4-19) 0.274*
Desire to Drink 9 (3-39) 10 (5-15) 0.549*
Satiety Responsiveness 22.5 (15-32) 20 (7-50) 0.527*
Slowness in Eating 8.5 (4-15) 8 (4-20) 0.164*
Emotional Under-Eating 10.5 (7-15) 9 (4-19) 0.282*
Food Fussiness 9 (5-14) 6 (3-13) 0.042*
Food Responsiveness 10 (5-25) 10 (5-25) 0.838*
BMI: BodyMass Index, SD, standard deviation.SRS: Social Responsiveness Scale. Data are presented as median (minimum–maximum) or mean ± SD, as appropriate.
Mann–Whitney U test unless otherwise stated; Fisher’s exact test for sex; independent t test for height.

Spearman correlation analyses examining the relationships
between SRS subscales and eating behaviors revealed sev-
eral significant associations. The Reciprocal Social Be-
havior subscale was positively and significantly correlated
with Emotional Overeating (p=0.002), Desire to Drink
(p=0.023), Emotional Undereating (p=0.004), and Food
Fussiness (p=0.017). A positive correlation with Food Re-
sponsiveness (p=0.083) was also observed, though this did
not reach statistical significance. The Social Use of Language
subscale showed a significant positive correlation only with
Emotional Under-Eating (p=0.011), whereas other correla-
tions with eating behaviors did not reach statistical signifi-
cance. The Pathognomonic Autistic Behaviors subscale was
significantly and positively associated with Desire to Drink
(p=0.016), Satiety Responsiveness (p=0.015), Emotional
Under-Eating (p=0.015), and Food Fussiness (p=0.045). Al-
though a positive correlation with Food Responsiveness was
also noted, it did not reach statistical significance (p=0.385).

Finally, the total SRS score was positively and significantly
correlated with Emotional Overeating (p=0.008), Desire to
Drink (p=0.008), Satiety Responsiveness (p=0.039), Emo-
tionalUndereating (p<0.001), and FoodFussiness (p=0.018).
The correlationwith FoodResponsiveness approached statis-
tical significance (p=0.062). These findings are summarized
in Table 3.

GLMswere conducted in the ADHD group (n=67) to exam-
ine the predictive power of subclinical autistic traits (SRS To-
tal Score) on various CEBQ subscales, controlling for poten-
tial confounding variables, namely sex and age (gamma distri-
bution with a log link

function). The results of the four separate GLM analyses re-
vealed that the SRS Total Score significantly predicted three
out of the four examined CEBQ subscales.

Satiety Responsiveness: The SRS total score was the strongest
predictor (χ²(1) = 7.069, p=0.008). This finding indicates
that an increase in the severity of autistic traits is associated
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Table 3. Correlation between CEBQ and SRS in the ADHD group.
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Emotional Overeating r .294*
p (.016)

Desire to Drink r .290* .338**
p (.017) (.005)

Satiety
Responsiveness

r -.393** .016 .254*
p (.001) (.898) (.038)

Slowness in Eating r -.029 .022 -.020 .114
p (.815) (.861) (.873) (.357)

Emotional
Under-Eating

r .141 .377** .283* .261* .236
p (.255) (.002) (.020) (.033) (.055)

Food Fussiness r .208 .132 -.005 -.163 -.158 -.104
p (.092) (.288) (.968) (.187) (.201) (.402)

Food
Responsiveness

r .643*** .646*** 581*** -.229 .021 .298* .194
p (<.001) (<.001) (<.001) (.062) (.868) (.014) (.116)

Reciprocal Social
Behavior

r -.001 .375** .278* .206 .090 .350** .290* 213*
p (.991) (.002) (.023) (.094) (.469) (.004) (.017) (.083)

SRS-Social Use of
Language

r .061 .153 .204 .108 .067 310* .012 214 .426***
p (.621) (.215) (.097) (.386) (.590) (.011) (.923) (.082) (<.001)

SRS-Pathognomonic
Autistic Behaviors

r .048 .150 294* .295* .004 295* 245* .108 .634*** 515***
p (.700) (.225) (.016) (.015) (.976) (.015) (.045) (.385) (<.001) (<.001)

SRS- Total r .038 322** 321** 252* .105 .395 *** 289* .229 911*** 624*** .860***
p (.762) (.008) (.008) (.039) (.396) (<.001) (.018) (.062) (<.001) (<.001) (<.001)

SRS: Social Responsiveness Scale, Correlation coefficients (r) and p-values (in parentheses) are shown *: p < .05, **: p < .01, ***: p < .001.

Table 4. Predictive power of subclinical autistic traits on CEBQ subscales: generalized linear model results in the ADHD Group.

Dependent Variable (CEBQ Subscale) Omnibus Test χ²(df) Model p Predictors Wald χ2 p

Satiety Responsiveness χ²(3) = 7.802 0.05 SRS Total Score 0.008
Sex 0.372
Age 0.291

Food Fussiness χ²(3) = 8.992 0.029 SRS Total Score 0.017
Sex 0.418
Age 0.104

Desire to Drink χ²(3) = 10.766 0.013 SRS Total Score 0.016
Sex 0.016
Age 0.324

Emotional Overeating χ²(3) = 5.535 0.137 SRS Total Score 0.057
Sex 0.217
Age 0.418

CEBQ: Children’s Eating Behavior.

with a significantly reduced response to satiety signals (i.e.,
lower Satiety Responsiveness scores). The overall model fit
was at the boundary of marginal significance (χ²(3) = 7.802,
p=0.050).

Food Fussiness: The SRS Total Score also significantly pre-
dicted Food Fussiness (χ²(1) = 5.719, p=0.017). This evi-
dence established that increasing severity of autistic traits re-
sulted in a significant increase in Food Fussiness behavior,
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which is related to sensory sensitivity and rigidity (Omnibus
Test: χ²(3) = 8.992, p = 0.029).
The SRSTotal Scorewas also found to have a significant inde-
pendent effect on Desire to Drink (χ²(1) = 5.792, p=0.016).
This behavior is associated with oral sensory seeking or exces-
sive thirst, demonstrating that autistic traits influence behav-
iors in this domain as well.
Conversely, Emotional Overeating behavior was marginally
predicted by the SRS Total Score (χ²(1) = 3.608, p=0.057),
which falls just below the conventional threshold for sta-
tistical significance, suggesting a trend-level association be-
tween Emotional Overeating and autistic traits (Omnibus
Test: χ²(3) = 5.535, p=0.137). Among the control variables
included in the model, the effects of Age and Sex were gen-
erally non-significant. Age was not identified as a signifi-
cant predictor of any of the four eating behaviors examined
(p>0.291). Sex had a significant effect only onDesire toDrink
(χ²(1) = 5.753, p=0.016), but not on the other three eating be-
haviors (Table 4).

DISCUSSION
This preliminary study aimed to compare the eating behaviors
of children diagnosedwithADHDwith those of healthy con-
trols and to examine the impact of subclinical autistic traits
on eating behaviors within the ADHD group. The findings
indicate that ADHD is associated with specific alterations in
eating behavior and that autistic traits—even below the di-
agnostic threshold—contribute meaningfully to feeding dif-
ficulties.
In the present study, the Desire to Drink score was sig-
nificantly higher in the ADHD group, whereas Emotional
Under-Eatingwasmore prevalent in the control group. Previ-
ous literature has consistently reported a higher prevalence of
abnormal eating behaviors in children with ADHD than in
their typically developing peers [9,11]. Studies in preschool
and school-aged samples show positive associations between
ADHD symptoms and emotional overeating, desire to drink,
food responsiveness, and irregular eating patterns [12,13].
Our finding of an increased Desire to Drink may reflect
heightened reward sensitivity and impulsive reward-seeking,
well-documented features of ADHD that often lead chil-
dren to prefer rapidly consumed sweetened beverages [13,31].
Conversely, higher Emotional Under-Eating in the control
group may suggest that children with ADHD are less re-
sponsive to internal emotional states duringmeals, potentially
due to impaired interoceptive awareness and impulse control
[11,32].
In the ADHD group, the SRS subscale scores were signif-
icantly higher, indicating that these individuals experience
considerable difficulties in social functioning[28]. When in-
dividuals with ADHD were further stratified based on the
presence of autistic traits, a significant difference emerged
only in the Food Fussiness subscale. Food selectivity was more

common among children exhibiting autistic traits [7,21].
This finding aligns with previous research suggesting that
sensory sensitivities and a tendency toward routine—features
commonly associated with ASD—may contribute to in-
creased food selectivity [16,17,33].

The number of studies examining eating behaviors in
ADHD–ASD comorbidity remains limited. Prior research
has shown that children with both ADHD and ASD differ
from typically developing peers in domains such as food re-
sponsiveness, enjoyment of food, satiety responsiveness, slow-
ness in eating, and picky eating [21,22]. Our study differs in
that it highlights similar disruptions even when autistic traits
are subclinical, suggesting that the influence of autistic fea-
tures on feeding behavior is dimensional and not restricted to
formal ASD diagnoses.

Correlation analyses revealed that higher levels of autistic
traits were associated with more pronounced eating prob-
lems, including emotional overeating, desire to drink, sati-
ety responsiveness, emotional undereating, and food fussi-
ness. These associations support the hypothesis that autis-
tic traits contribute to dysregulated eating through mecha-
nisms such as sensory processing atypicalities, social commu-
nication deficits affecting emotion regulation, and behavioral
rigidity influencing dietary variety [17,34].

Previous research [7,35,36] has highlighted the role of sen-
sory sensitivity— a diagnostic feature of ASD that is also fre-
quently observed in children with ADHD — in contribut-
ing to food selectivity. The significant association between
Emotional Under-Eating and both the total SRS score and
all subscale scores mirrors findings from samples with ASD-
only or ASD–ADHD comorbidity [12,21,22,34]; this study
demonstrates that the same association holds in childrenwith
ADHD who exhibit subclinical autistic traits. Difficulties
with emotion regulation, a commonly reported factor in both
ADHD and ASD, are thought to underlie emotional eating
behaviors [23,24].

The observed positive correlations between the Pathog-
nomonic Autistic Behaviors subscale and the Satiety Respon-
siveness and Desire to Drink subscales may indicate a promi-
nent role for hedonic hunger mechanisms in this population.
This is a critical finding in terms of both increased obesity risk
and reduced nutritional quality [9,37].

To directly test our primary hypothesis and control for con-
founding variables, GLM analyses controlling for the effects
of sex and age were performed and provided evidence that
subclinical autistic traits (SRS Total Score) are independent
and significant predictors of several problematic eating behav-
iors in children diagnosed with ADHD (see Table 4). This
finding supports the presence of a transdiagnostic mecha-
nism, given the high comorbidity anddimensional overlapbe-
tween ADHD and ASD [38]. Our analyses showed that the
SRS Total Score significantly predicted three of the four pri-
mary eating behaviors: Satiety Responsiveness, Food Fussi-
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ness, and Desire to Drink.
The influence of autistic traits on eating behavior appears to
be concentrated in two key areas. First, a significant nega-
tive effect on satiety responsiveness suggests that childrenwith
high autistic traits have an impaired ability to perceive and re-
spond to satiety signals. The literature suggests that intero-
ceptive awareness deficits, commonly reported in ASD [39],
hinder appropriate regulation of eating in response to physi-
ological cues in these children. Second, the positive effects on
picky eating and drink cravings are consistent with sensory-
seeking and sensory-avoidant behaviors frequently associated
with ASD [36]. These children may be selective eaters be-
cause of hypersensitivity to the texture, temperature, or taste
of foods, or they may engage in oral-gratification-seeking be-
havior (Drink toDesire). These findings indicate that autistic
traits trigger eating problems in the ADHD population that
are particularly related to sensory andphysiological signal pro-
cessing, whereas their contribution to emotion-regulation-
related eating problems (emotional overeating) is marginal.
Furthermore, the limited independent effects of the control
variables (age and gender) on overall eating behavior — ex-
cept for a significant effect of gender on ’Drink to Desire’ —
confirm that the observed effect is specific to the severity of
autistic traits.
This study makes a valuable contribution to the limited liter-
ature exploring the relationship between ADHD and autistic
traits in the context of eating behavior. It is among the few
studies that specifically examine the influence of subclinical
autistic traits on the feeding behaviors in children diagnosed
with ADHD. While there is substantial literature on feeding
behaviors in childrenwith eitherADHDorASD, research ad-
dressing their comorbidity and overlapping symptomatology
remains scarce. By evaluating autistic traits through a trans-
diagnostic lens and examining their behavioral implications,
this study adopts an approach that more accurately reflects
clinical reality and highlights the importance of features be-
yond categorical diagnoses. Furthermore, the inclusion of a
healthy control groupmatched on age and sociodemographic
characteristics enhances the comparative strength of the anal-
ysis and allows for contextual interpretation of feeding behav-
ior deviations within the framework of neurodevelopmental
disorders. Stratifying the ADHD group by SRS scores and
conducting secondary analyses according to the presence of
autistic traits add dimensional depth to the study. This en-
abled not only diagnosis-based evaluation but also interpreta-
tion based on symptom severity, clarifying the specific associ-
ations between autistic features and distinct eating behaviors.
This study, which presents a preliminary evaluation of the im-
pact of eating behaviors and autistic traits in children diag-
nosed with ADHD, is subject to several methodological and
sampling limitations. Notably, the number of participants in
the ADHD group who exhibited autistic traits (n = 12) was
relatively small compared to the rest of the sample. This may
have limited the statistical power of subgroup comparisons

and hindered adequate representation of variance. Given that
this study was conceived as a preliminary investigation to ex-
plore initial patterns and guide future hypothesis-driven re-
search, no a priori power analysis was conducted. As a result,
the study may be underpowered to detect small-to-moderate
effects, particularly in subgroup analyses. Furthermore, the
samplewas drawn from a single clinical center, which restricts
the generalizability of the findings to the broader ADHD
population. Longitudinal studies are necessary to assess how
these variables influence one another over time. All assess-
ment tools used in the study were parent-report question-
naires and therefore may be subject to systematic biases, in-
cluding social desirability bias, recall bias and perceptual dis-
tortion. The absence of direct access to the child’s inter-
nal experiences—particularly for insight-dependent behav-
iors like emotional eating—represents an important limita-
tion. Additionally, autistic traits were classified based on SRS
scores, and cases meeting the diagnostic criteria for ASDwere
excluded. Although participants were screened for ASD us-
ing diagnostic criteria, the SRS, while highly sensitive and
valid, measures the severity of autistic traits rather than pro-
viding a diagnosis. Therefore, the clinical significance of in-
tergroup differences must be interpreted with caution. Eat-
ing behaviors were assessed exclusively through questionnaire
data. Apart from BMI, no other objective anthropometric
measures, biochemical indicators (e.g., leptin and ghrelin lev-
els), or dietary logs were collected, limiting the ability to relate
findings to physiological outcomes. Lastly, there was a signif-
icant difference in gender distribution between groups.

CONCLUSION

In conclusion, this study suggests that autistic traits may sig-
nificantly affect eating behaviors in individuals with ADHD.
In recent years, there has been a growing body of research ex-
amining the relationship between ADHD, obesity, and dis-
ordered eating, with particular emphasis on the roles of neu-
robiological factors and emotional symptoms. On the other
hand, the association between ASD symptoms and feeding
behavior is well established. Given our findings, it becomes
evident that clinical evaluations should not rely solely on cate-
goricalDSMdiagnoses but should also account for spectrum-
based traits, underscoring the importance of a transdiagnostic
approach. Considering the high prevalence of co-occurring
ADHDandASD, understanding how these conditions inter-
act in the context of feeding behavior is essential for designing
more effective and developmentally timely intervention pro-
grams. Future longitudinal studies with larger and more di-
verse samples will be instrumental in establishing causal rela-
tionships and deepening our understanding of these complex
interactions.
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MAIN POINTS

• Allergen sensitization among
adults with rhinitis is characterized
by a dynamic, age-dependent
pattern, with sensitization rates
declining with advancing age.

• Pollen and pet dander predominate
among young adults, whereas mite
sensitization persists and intensi-
fies among middle-aged and older
adults.

• The coexistence of asthma and ur-
ticaria becomes more frequent with
advancing age and is often associ-
ated with sensitization to mites.

• Nearly one-third of sensitized
adults exhibit complex poly-
sensitization across multiple
allergen groups, underscoring the
heterogeneity of allergic disease.

• These findings highlight the impor-
tance of age-adapted diagnostic,
preventive, and therapeutic strate-
gies in adult allergic rhinitis.

Cite this article as: Onalan T, Colkesen
F, Gerek ME, Akkus FA, Kilinc M, Sadi
Aykan F, Arslan S. Age-related patterns
of allergen sensitization and clinical
phenotypes in adults with rhinitis. Ann
Med Res. 2026;33(3):113--120. doi:
10.5455/annalsmedres.2025.10.322.

ABSTRACT

Aim: Allergic rhinitis (AR) is a common chronic condition that frequently coexists with asthma or
urticaria. Allergen sensitization patterns vary by geography, environmental exposure, and age;
however, data on adult and elderly populations remain limited. Understanding age-related sen-
sitization trends is essential for optimizing diagnosis, prevention, and allergen immunotherapy
(AIT) strategies.
Materials and Methods: This retrospective study included 1,982 adults diagnosed with rhinitis,
drawn from 7,000 patients who underwent skin-prick testing at a tertiary allergy clinic in Türkiye.
Patients were categorized by age as young (18--39 years), middle-aged (40--64 years), or elderly
(≥65 years), and further classified according to clinical presentation as rhinitis alone, rhinitis
with asthma, rhinitis with urticaria, or rhinitis with both asthma and urticaria. Polysensitization
was defined as sensitization to ≥2 allergens, and complex polysensitization as sensitization
across distinct allergen groups.
Results: Overall, 58.5% (n=1160) of patients demonstrated sensitization, with rates declining
with age (62.0%, 52.7%, and 29.5%, respectively; p<.001). Among sensitized patients, 53.4%
showed monosensitization and 46.6% showed polysensitization, of whom 63.3% exhibited com-
plex patterns. Young adults, who most frequently presented with rhinitis alone (86.0%), were
mainly sensitized to grass (29.5%), weed pollen (24.7%), and cat dander (13.0%); these rates
were all significantly higher than those in middle-aged and elderly adults (p<0.01). Middle-
aged and elderly adults, in contrast, showed significantly higher rates of mite sensitization than
younger adults (up to 66.7%; p<.001 for both age groups). In these age groups, rhinitis wasmore
frequently accompanied by asthma (10.3%) or urticaria (14.6%) (p<.01).
Conclusion: Allergen sensitization among adults with rhinitis demonstrates a dynamic, age-
dependent pattern. Sensitization to pollen and pets predominates in younger adults, whereas
sensitization to mites persists and intensifies with advancing age and comorbidities. These
findings highlight age as a key determinant, whose effects are shaped by both immunologic
and behavioral and environmental factors, underscoring the need for personalized, age-adapted
approaches in allergy management.

Keywords: Allergic rhinitis, Allergen sensitization, Polysensitization, Asthma, Urticaria
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INTRODUCTION
Allergic rhinitis (AR) is one of the most prevalent chronic
allergic disorders, affecting 10–40% of the adult population

worldwide [1]. It is associated with significant impairment in
quality of life, reduced work productivity, and frequent co-
morbidities [2]. Among these, asthma is a major comorbidity
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and a significant risk factor among patients with rhinitis, re-
flecting their frequent coexistence and shared inflammatory
mechanisms [3]. Urticaria, although not a classical comor-
bidity, may also coexist with rhinitis as an associated allergic
condition. Prevalence studies indicate a significant overlap,
which contributes further to disease burden [4].
Patterns of allergen sensitization exhibit substantial variability
across environmental exposures, geographic regions, and age
groups [5, 6]. While pediatric studies often report a predomi-
nance of pollen sensitization, adult studies sometimes empha-
size sensitization to mites or molds. However, these patterns
are not universal and may shift depending on geographic lo-
cation or comorbidity status, such as asthma [6, 7]. Further-
more, data from large, longitudinal adult cohorts remain lim-
ited.
Another important clinical challenge is polysensitization, de-
fined as sensitization to multiple, often unrelated, allergen
groups [8]. Polysensitization and complex combinations,
such as simultaneous pollen and indoor allergen reactivity,
are frequently encountered in clinical practice and complicate
therapeutic decisions, particularly in allergen immunother-
apy (AIT) [9].
Despite the high prevalence and clinical impact of AR, there
is a lack of large-scale studies systematically evaluating age-
related differences in allergen sensitization among adults with
rhinitis. Moreover, the interplay among rhinitis, asthma (its
major comorbidity), and urticaria (an associated allergic con-
dition) across different age groups has not been fully eluci-
dated.
Therefore, this study aimed to analyze age-specific patterns of
inhalant allergen sensitization in a large cohort of adult pa-
tients with clinically diagnosed rhinitis and to assess coexist-
ing asthma and urticaria.

MATERIALS ANDMETHODS
Study design and population
This retrospective, single-center study was conducted at the
Adult Allergy and Clinical Immunology outpatient clinic of
Necmettin ErbakanUniversity Faculty ofMedicine, a tertiary
referral hospital in Türkiye. Between 2022 and 2024, 7,000
adults underwent skin-prick testing (SPT) for suspected al-
lergic diseases. Of these, 1,982 patients were diagnosed with
rhinitis based on clinical history andphysical examination and
included in the analysis.
Study for ethical approval was obtained from the Clinical
Research Ethics Committee of Necmettin Erbakan Univer-
sity (Approval No: 2025/5660). All procedures were carried
out in accordance with the principles of the Declaration of
Helsinki. Patient identities were anonymized, and data pro-
tection regulations were strictly observed.

Clinical assessment
The diagnosis of rhinitis was established based on clinical
symptoms (nasal obstruction, rhinorrhea, sneezing, and/or

itching) persisting for at least 12 months and supported by
allergen sensitization results. Coexisting asthma and urticaria
were identified based on medical history, physician diagnosis,
and clinical documentation. Asthma was considered a major
comorbidity of rhinitis, whereas urticaria was classified as an
associated allergic condition.

Skin prick testing

SPT was performed using a standardized panel of inhalant
allergens, from which the following were selected for eval-
uation: pollens (grass mix, tree mix, weed mix); mites
(Dermatophagoides farinae, Dermatophagoides pteronyssi-
nus); mold (Alternaria alternata); cockroach (Blattella ger-
manica); and pet dander (cat, dog). Histamine (10 mg/mL)
and saline were used as positive and negative controls, respec-
tively. A test was considered positive when the mean wheal
diameter was at least 3 mm greater than that of the negative
control after 15 minutes. All procedures were performed by
trained allergy nurses under physician supervision.

Age grouping

Patients were categorized into three age groups: young adults
(18–39 years), middle-aged adults (40–64 years), and older
adults (≥65 years), consistent with commonly used epidemi-
ologic classifications [10].

Definition of polysensitization and complex polysensitiza-
tion

Polysensitization was defined as sensitization to two or more
allergens on the skin-prick test panel. Complex polysensi-
tization was defined as sensitization across different allergen
groups, such as pollen, indoor arthropods (mites and cock-
roaches), mold, or pet dander.

Statistical analysis

Data were analyzed using IBM SPSS Statistics, version 22
(IBM Corp., Armonk, NY, USA). Descriptive statistics were
presented as frequencies and percentages. Group compar-
isons were performed using chi-square tests. A p-value < 0.05
was considered statistically significant. All p-values were ad-
justed for multiple comparisons using the Bonferroni correc-
tion and are reported as adjusted p-values.

RESULTS

Study population

Of the 7,000 adults screened, 1,982 patients were clinically
diagnosed with rhinitis and included in the analysis. The
median age was 32 years (IQR 24–43), with 62% classified
as young adults (18–39 years), 32% as middle-aged adults
(40–64 years), and 6% as elderly adults (≥65 years).
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Figure 1. Age-related distribution of inhalant allergen sensitization in adults with rhinitis. Bars represent the percentage of positive cases for each
allergen among young, middle-aged, and elderly adults. Red asterisks indicate statistically significant differences among age groups (Bonferroni-
adjusted p<0.05).

Figure 2. Distribution of allergen combinations among polysensitized patients based on individual allergens and grouped allergen categories. The left
panel shows combinations based on individual allergens, and the right panel shows grouped combinations categorized as indoor arthropods (mites
or cockroach), pollens (grass, tree, weed), pet dander (cat or dog), and molds (Alternaria). Bars indicate the percentage of patients, with the number
of patients shown in parentheses.

Overall sensitization rates
Overall, 58.5% (n=1160) of patients demonstrated sensitiza-
tion to at least one inhalant allergen. An age-related pat-
tern emerged, with sensitization rates declining across age
groups: 62.0% in young adults, 52.7% in middle-aged adults,
and 29.5% in elderly adults (p<.001 for all pairwise com-

parisons). Among those sensitized, 620 individuals (53.4%)
demonstrated monosensitization, indicating sensitivity to a
single allergen. Polysensitization was present in 540 patients
(46.6%). Of these, 342 (29.7% of all sensitized patients)
demonstrated complex polysensitization, defined as sensitiza-
tion across multiple distinct allergen groups. No significant
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Figure 3. Age-related differences in allergen sensitization among patients with rhinitis, rhinitis with asthma, rhinitis with urticaria, and rhinitis with
both asthma and urticaria. Heatmap colors indicate the level of statistical significance across age groups (0 = not significant, 1 = trend, 2 = significant,
3 = highly significant). Statistical significance indicated in the figure is based on Bonferroni-adjusted p values.

Table 1. Comparison of demographic and allergen sensitization characteristics across age groups.

Variable Young adults (n=1352) Middle-aged (n=586) Elderly (n=44) p-value Age-related trend

Female 966 (71.4%) 385 (65.7%) 27 (61.4%) .020 Young > Middle
Any sensitization 838 (62.0%) 309 (52.7%) 13 (29.5%) <.001 Young > Others Middle > Elderly
Polysensitization 408 (48.2%) 129 (41.9%) 8 (61.5%) 0.13 NS
Complex polysensitization 262 (31.3%) 79 (25.6%) 6 (46.2%) .09 NS
Values are presented as n (%). Adjusted post-hoc comparisons (Bonferroni correction) were applied. NS = not significant.

Table 2. Symptom distribution by age group.

Symptom Group Young adults Middle-aged Elderly p-value Age-related trend
(n=1352) (n=586) (n=44) (Bonferroni)

Rhinitis 1161 (86.0%) 426 (72.7%) 36 (81.8%) <.001 Young > Middle
Rhinitis + Asthma 82 (6.1%) 60 (10.2%) 3 (6.8%) .001 Middle > Young
Rhinitis + Urticaria 93 (6.9%) 85 (14.5%) 1 (2.3%) <.001 Middle > Young
Rhinitis with both asthma and urticaria 14 (1.0%) 13 (2.2%) 4 (9.1%) <.001 Elderly > Others
Unclassified phenotype 2 (0.1%) 2 (0.03%) - - -
Values are presented as n (%). Bonferroni-adjusted post-hoc comparisons applied.

differences were observed across age groups (p=0.13 and 0.09,
respectively). Baseline demographic and sensitization charac-
teristics across age groups are summarized in Table 1.

Age-related allergen sensitization patterns

Age-specific analysis revealed distinct sensitization trends.
Young adults exhibited significantly higher sensitization rates
to grass pollen (29.5% vs. 18.8% vs. 13.6%, p< .001), weed
pollen (24.7% vs. 18.6% vs. 11.4%, p= .001), cat (13.0% vs.
4.9% vs. 0%, p< .001), and dog (6.5% vs. 2.4% vs. 0%, p=.003)
than those in themiddle-aged and elderly groups. In contrast,
sensitizations to house dust mites (Dermatophagoides farinae

andD. pteronyssinus) andmold (Alternaria) did not differ sig-
nificantly across age categories (p>0.05; Figure 1).

Age related mono- and polysensitization patterns

Among monosensitized patients (n=620), sensitization was
most frequently directed against house dust mites (Der-
matophagoides pteronyssinus andD. farinae; n = 260, 41.8%),
followed by grass pollen (n=120, 19.3%) and cat dander
(n=35, 5.6%). Other allergens, including tree pollen, cock-
roach allergens, mold, and dog dander, were observed in a
small minority of patients. Sensitization to mites alone was
significantly more frequent in middle-aged adults compared
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with young adults (36.3% vs. 24.5%, p=0.013), a difference
primarily driven by D. farinae (p<0.001). Grass pollen was
the secondmost commonmonosensitization pattern and sig-
nificantly more frequent in young adults than inmiddle-aged
adults (22.9% vs. 11.7%, p=0.007), while no significant differ-
enceswere observed between the elderly and other age groups.
Among patients with polysensitization, the most frequent
combinations of individual allergens were grass andweed pol-
lens (28.5%), followed by mite and cockroach (15.3%) and
weed, grass, and tree pollens (15.3%) (Figure 2, left). Age-
stratified analysis showed that Pollen-based combinations pre-
dominated in young adults, whereas mite-plus-cockroach
combinations were more common inmiddle-aged adults. Al-
though the overall Chi-square test indicated a significant dif-
ference across age groups (p=0.045), the results should be in-
terpreted with caution because of small cell counts.
When allergens were analyzed in grouped categories, the
most common complex patterns were pollen with pet dander
(26.3%) and pollenwith indoor arthropods (25.8%), followed
by pollen with mold (12.9%) and pollen with indoor arthro-
pods plus pet dander (13.4%) (Figure 2, right). No significant
differences were observed in the distribution of complex pol-
ysensitization patterns across age groups (p>.05).
Age-related distribution of clinical phenotypes and allergen
sensitization patterns
When participants were stratified by clinical phenotype, dis-
tinct age-specific allergen sensitization profiles were observed,
with significant differences across age groups highlighted in
the heat map (Table 2, Figure 3).

Rhinitis alone

Rhinitis without comorbidities was more common in young
adults than in middle-aged adults (86.0% vs. 72.9%, P_adj <
.001). In this group, sensitizations predominantly involved
grass (28.9% vs 17.1% vs 11.1%, Padj <.001), weed (25.1%
vs 17.9% vs 5.6%, Padj =.001), and tree pollens (12.5% vs
9.0% vs 2.3%, Padj =.037), as well as cat (12.3% vs 4.2%
vs 0%, Padj <.001) and dog dander (6.6% vs 2.6% vs 0%,
Padj=.003), all of which were significantly more frequent in
young adults. Amongmiddle-aged adults with rhinitis alone,
weed (17.9%) and grass (17.1%) represented the leading sen-
sitizations, whereas in elderly adults D. farinae (13.9%) and
grass pollen (11.1%) were most frequent (Table 2, Figure 3).

Rhinitis with asthma

The coexistence of rhinitis and asthma was more frequent
in middle-aged adults than in young adults (10.3% vs. 6.1%;
p=.001). In young adults with this phenotype, sensitizations
to cat dander (12.7% vs 5.0%, p = .01) and dog dander (7.8%
vs 2.3%, p=.005) were significantly more common. By con-
trast, in middle-aged adults, the most common sensitizations
were to house dust mites (19.7% for D. farinae; 18.9% for
D. pteronyssinus), followed by grass pollen (15.4%). Among

elderly adults, sensitizations were again largely confined to
house dust mites, with D. farinae (66.7%) and D. pteronyssi-
nus (33.3%) constituting the only positive allergens identified
(Figure 3).

Rhinitis with urticaria

The co-occurrence of rhinitis and urticaria was more com-
mon in middle-aged adults than in young adults (14.6% ver-
sus 6.9%; p<0.001). In this group, sensitizations were mainly
directed against house dust mites (D. farinae, 50.6%; D.
pteronyssinus, 31.8%) and grass pollen (27.1%), whereas cat
(19.4% vs. 9.4%) and dog dander (7.5% vs. 1.2%) sensi-
tizations were more common in young adults (p=.002 and
p=.007, respectively). In older adults with rhinitis and ur-
ticaria, sensitizations were again confined to house dust mites
(100% for bothD. farinae andD. pteronyssinus; Figure 3).

Rhinitis with both asthma and urticaria

This phenotype was rare overall, but was more prevalent
among elderly adults than in other age groups (9.1%, 2.2%,
and 1.0%; p<0.001). In this group, sensitizations were largely
limited to house dust mites (D. farinae, 22.7%;D. pteronyssi-
nus, 20.5%), whereas sensitizations to pollen and animal dan-
der were negligible (Figure 3). In contrast, cases of rhinitis
with both asthma and urticaria were rare among young and
middle-aged adults, and no consistent sensitization pattern
was observed.

DISCUSSION
This large-scale study of approximately 2,000 adultswith clin-
ically diagnosed rhinitis characterizes age-related patterns of
allergen sensitization and associated clinical phenotypes.
Our findings address this gap by demonstrating that allergen
sensitization and disease expression in adults are not static
but rather evolve with age, reflecting both environmental
exposures and immunologic changes. Younger adults were
more frequently sensitized to pollen and pet dander, typically
presenting with isolated rhinitis, whereas middle-aged adults
more often exhibited rhinitis accompanied by asthma or ur-
ticaria, with sensitization shifting toward house dust mites.
Among elderly adults, sensitization patterns were almost ex-
clusively limited to mites, while comorbid conditions fre-
quently persisted. Across all age groups, polysensitizationwas
common, and nearly one-third of sensitized patients demon-
strated complex polysensitization involving multiple allergen
groups, further highlighting the heterogeneity and evolving
complexity of allergic disease in adulthood. Collectively, these
results emphasize that age influences not only the prevalence
but also the pattern and clinical complexity of allergic disease,
underscoring the dynamic and multifactorial nature of aller-
gen sensitization throughout adulthood.
Our findings showed that, with advancing age, comorbidi-
ties such as asthma and urticaria became more frequent, sug-
gesting that chronic inflammation and long-term allergen ex-
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posure may sustain disease activity despite a general decline
in sensitization diversity. Consistent with this, house dust
mite sensitization remained stable and even became relatively
more prominent in later decades, whereas sensitization to pol-
lens and animal dander declined. These age-related shifts
likely reflect the combined effects of immunosenescence, ep-
ithelial remodeling, and behavioral factors and are consistent
with previous reports indicating persistence of sensitization
to perennial allergens but waning of sensitization to seasonal
allergens in older adults [11,12]. While this pattern may
partly reflect immunologic mechanisms such as immunose-
nescence and reduced generation of new sensitizations, it may
also be influenced by behavioral and environmental factors.
Age-related remodeling of immune regulation—including re-
ducedTh2polarization, impaired dendritic cell function, and
alterations in IgE memory responses—may weaken sensitiza-
tion tonewly encountered aeroallergenswhilemaintaining re-
activity to persistent indoor antigens such as mites [13,14].
In addition, lifestyle and environmental factors may reinforce
these patterns, as younger adults are more likely to own pets
and spend time outdoors, increasing exposure to pollen and
animal dander, whereas middle-aged and elderly adults tend
to remain indoors and have greater contact with dust mites.
This concept is further supported by observations during the
COVID-19 pandemic, when prolonged indoor confinement
was associatedwith increased sensitization to indoor allergens
such as mites and molds ]15,16].
In younger adults, where pollens and animal dander are the
predominant allergens, early recognition and timely initiation
of immunotherapy may prevent disease progression and im-
prove long-term outcomes. In clinical practice, as demon-
strated in our study, dual positivity for grass pollen and cat
dander is frequently observed in young adults with rhinitis.
This pattern is generally interpreted as true co-sensitization
rather than cross-reactivity, particularly when clinical mani-
festations are consistent with both exposures—such as wors-
ening of symptoms during grass pollen seasons and persis-
tence of symptoms indoors in households with a cat. Al-
though cat removal is theoretically recommended to reduce al-
lergen exposure, adherence to this measure remains low, with
studies reporting implementation rates ranging from approx-
imately 4% to 35% [17,18]. In these patients, conventional
intranasal or systemic antiallergic therapy often provides sub-
optimal symptomcontrol, underscoring theneed for allergen-
specific interventions. In co-sensitized adults, allergen im-
munotherapy remains effective when the clinically dominant
allergen is targeted. However, robust evidence specifically ad-
dressing the outcomes of pollen immunotherapy in patients
with a household cat and a concurrent clinically relevant cat
allergy is scarce. Moreover, this coexistencemay contribute to
additive epithelial stress and
Inflammation occurs because both pollen and cat dander
are known to induce innate oxidative and inflammatory re-
sponses in the airway epithelium [19]. The optimal manage-

ment strategy for this frequently encountered co-sensitization
pattern remains an open and largely unexplored area of re-
search.
In middle-aged adults, asthma was more commonly associ-
ated with rhinitis, and mite sensitization was dominant, un-
derscoring the central role of indoor allergen exposure in sus-
taining allergic airway disease. This pattern may reflect cu-
mulative allergen exposure over time, as well as structural and
immunologic remodeling of the airway epithelium, which
could favor persistent sensitization to perennial allergens such
as mites [20]. Similarly, in elderly adults, sensitization was
largely confined to mites, while comorbid conditions such as
asthma and urticaria frequently persisted in association with
rhinitis [21,22]. Taken together, these findings suggest that
early identification andmite-targetedmanagement inmiddle-
aged adults may not only improve symptom control at that
life stage butmay also help prevent the persistence or progres-
sion of comorbid allergic conditions in later decades. Further-
more, the present finding that mites were the most frequent
allergens among monosensitized patients particularly when
comorbid conditions are present—suggests that mite sensiti-
zationmay represent a consistent and effective target for aller-
gen immunotherapy across all age groups.
In our study, Polysensitization was observed in nearly half
of the sensitized adults, with one-third of these individuals
exhibiting complex patterns across multiple allergen groups.
Comparable findings have been reported in a Korean adult
cohort (prevalence of polysensitization, 41.3%), in a Finnish
cohort (sensitization to more than three allergens observed in
up to 56% of participants), and in a German cohort (polysen-
sitization rates as high as 81%) [23-25]. The clinical impor-
tance of such broad sensitization profiles is further supported
by multicenter data showing that increasing disease severity
is linked to higher polysensitization rates, contributing to the
heterogeneity of allergic rhinitis [26]. At the diagnostic level,
discrepancies between skin prick testing and component-
resolveddiagnostics havebeendemonstrated, highlighting the
need for molecular characterization in polysensitized patients
[27]. Collectively, these findings indicate that polysensitiza-
tion is both common and clinically relevant, and that precise
molecular identification of the dominant allergen may be es-
sential for optimizing diagnosis and therapy.
In Turkiye, studies of aeroallergen sensitization in adults have
primarily reported the frequencies of common allergens, with
pollens and house dust mites variably identified as the most
prevalent sensitizing agents, even within studies conducted
within the same geographic regions [28-30]. However, such
frequency-based reporting alone provides limited insight into
allergen–disease relationships. In a cohort from Şanlıurfa, Er-
bay demonstrated that while pollen sensitization was com-
mon among patients with allergic rhinitis, house dust mite
sensitization was significantly more frequent in patients with
isolated asthma [31]. Similarly, in the SouthMarmara region,
Ediger et al. reported that pollen sensitization predominated
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in patients with rhinitis alone, whereas house dust mites were
more frequent among those with concomitant rhinitis and
asthma [29]. Our study expands this limited national liter-
ature by not only confirming phenotype-dependent sensiti-
zation patterns observed in previous studies, such as the pre-
dominance of house dust mite sensitization in patients with
asthma, but also integrating age-stratified allergen sensitiza-
tion, polysensitization profiles, and associated clinical pheno-
types in a single, large adult cohort.
This approach allows for a dynamic and clinically relevant un-
derstanding of allergic disease that goes beyond simple preva-
lence reporting.

Limitations
Limitations of our study include its retrospective design,
single-center setting, and reliance on skin prick testing with-
out complementary molecular diagnostics such as CRD. The
relatively small number of elderly patients also limits the gen-
eralizability of findings in this subgroup. Nevertheless, the
large overall sample size, systematic age-stratified evaluation,
and incorporation of comorbid allergic symptomprofiles rep-
resent key strengths of this study.

CONCLUSION
This study demonstrates that allergen sensitization patterns
and clinical phenotypes in adults are dynamic and age-
dependent. Isolated rhinitis in young adults is primarily
driven by pollen and animal dander, whereas mite sensitiza-
tion predominates in middle-aged and older adults, and is of-
ten accompanied by asthma and urticaria. In this context, the
high burden of polysensitization underscores the need for ad-
vanced diagnostic approaches and supports a more personal-
ized, age-tailored strategy in allergy practice, integrating phe-
notypes and sensitization patterns to guide diagnostic, pre-
ventive, and therapeutic decisions.
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MAIN POINTS

• First-trimester PAPP-A levels below
0.65 MoM were significantly asso-
ciated with adverse perinatal out-
comes (CAPO) in isolated SUA preg-
nancies.

• β-hCG MoM levels were signifi-
cantly higher in SUA cases com-
pared to controls, but were not pre-
dictive of adverse outcomes.

• PAPP-A showed moderate predic-
tive value (AUC=0.704) and may
aid in risk stratification and closer
third-trimester surveillance in iso-
lated SUA cases.
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ABSTRACT

Aim: This study aimed to evaluate the association between first-trimester biochemical
markers---pregnancy-associated plasma protein A (PAPP-A) and beta-human chorionic go-
nadotropin (β-hCG)---and adverse perinatal outcomes in pregnancies complicated by isolated
single umbilical artery (SUA).
Materials andMethods: This retrospective case-control studywas conducted at atertiary perina-
tology center between January 2023 and January 2025. The study group included 266 pregnant
women diagnosed with isolated SUA, and the control group included 266 healthy singleton preg-
nancies. First-trimester serum PAPP-A and β-hCG MoM values were compared between groups.
Composite adverse perinatal outcome (CAPO) was defined as the presence of at least one of
the following: preterm birth, fetal growth restriction (FGR), oligohydramnios, polyhydramnios,
intrauterine fetal demise (IUFD) or NICU admission.
Results: Although PAPP-A MoM levels were not significantly different between the SUA and
control groups, PAPP-A values were significantly lower in SUA cases that developed CAPO
(p<0.001). ROC analysis revealed that a PAPP-A cut-off <0.65 predicted CAPO with 71.2% sensi-
tivity and 72.2% specificity (AUC=0.704, p<0.001). β-hCG MoM levels were higher in SUA cases
than controls (p<0.001), but no significant difference was found between SUA cases with and
without CAPO (p>0.05).
Conclusion: Low first-trimester PAPP-A levels may serve as a moderate predictor of adverse
perinatal outcomes in isolated SUA pregnancies. PAPP-A may help guide risk stratification and
antenatal surveillance intensity in this population.

Keywords: Single umbilical artery, Pregnancy-associated plasma protein-A, Beta-human
chorionic gonadotropin, Pregnancy outcome
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INTRODUCTION

Single umbilical artery (SUA) is a condition in which the um-
bilical cord, which normally contains two arteries and one
vein, contains only one artery and one vein [1]. After diag-
nosis, a detailed fetal anatomical scan should be performed
[1,2]. SUA can occur either without any accompanying fe-
tal anomalies (isolated SUA) or with accompanying anoma-
lies. It is observed in approximately 0.5–1.3% of pregnancies
[3,4]. SUAfrequently coexistswith genitourinary and cardiac
anomalies [4,5]. In addition, itmay also coexist with chromo-

somal anomalies [4]. Isolated SUA cases have been associated
with perinatal outcomes such as low birth weight, preterm
birth, and amniotic fluid abnormalities [3,6,7]. Although it
is thought that pregnant women with isolated SUA can be
monitored with routine obstetric follow-up in clinical prac-
tice, some approaches recommend increased fetal monitoring
during the third trimester [7].

Pregnancy-associated plasma protein-A (PAPP-A) and the
beta subunit of human chorionic gonadotropin (β-hCG) are
important glycoproteins secretedby theplacenta in early preg-
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nancy [8]. PAPP-A begins to be secreted by trophoblasts af-
ter implantation, and its level continues to increase through-
out pregnancy. Insufficient PAPP-A levels may reduce the
effect of insulin-like growth factor, leading to impaired pla-
cental development and restricted fetal growth [8]. β-hCG
is also a hormone secreted by syncytiotrophoblasts after im-
plantation. It reaches its highest levels at the end of the first
trimester and then gradually decreases [9]. High β-hCG lev-
els are associated with increased trophoblast proliferation and
invasion, while low β-hCG levels may indicate trophoblastic
insufficiency. This condition may increase the risk of compli-
cations such as fetal growth restriction (FGR) in later weeks
of pregnancy [9]. Recent studies have shown that PAPP- A
and free β-hCG may be meaningful biomarkers for the early
detection of various pregnancy complications [8,10,11].
Approximately two-thirds of SUA cases are isolated, with no
accompanying structural or chromosomal abnormalities. Al-
though isolated SUA is generally considered to have a bet-
ter prognosis, recent evidence suggests that even in isolated
SUA cases, the risk of certain complications due to placen-
tal insufficiency may be increased [3,12]. However, the num-
ber of studies specifically examining the relationship between
first-trimester PAPP-A and β-hCG values in isolated SUA
cases and subsequent perinatal outcomes is extremely limited.
Therefore, this study aims to evaluate the perinatal prognostic
significance of first-trimester biochemical markers in isolated
SUA cases.

MATERIALS ANDMETHODS
This study is a retrospective case-control design conducted
at a tertiary perinatology center where approximately 15,000
births occur annually, between January 2023 and January
2025. The study group consisted of women with singleton
pregnancies who were diagnosed with isolated single umbil-
ical artery (SUA) during detailed fetal anomaly screening at
20–24 weeks of gestation. The control group was selected
from the database at a 1:1 ratio from healthy, structurally
unanomalous singleton pregnancies with similar gestational
characteristics following these patients. Ethical approval for
the study was obtained from the Ankara Etlik City Hos-
pital Scientific Research Evaluation and Ethics Committee
No. 2 (decision number: AEŞH-BADEK2-2025/069 dated
13/05/2025). The study was conducted in accordance with
the principles of the Declaration of Helsinki.
Inclusion criteria were defined as being between 18 and 40
years of age, having completed first trimester screening tests
between 11+0 and 13+6 weeks, and having complete peri-
natal records. Maternal systemic diseases, fetal aneuploidy
or major congenital malformations, suspected congenital in-
fection, tobacco or alcohol use, discontinuation of hospital
follow-up, or incomplete data were accepted as exclusion cri-
teria.
All ultrasound examinations, including the diagnosis of iso-
lated single umbilical artery, were performed by experienced

perinatologists at our tertiary center using standardized imag-
ing protocols. Although examinations were conducted by
more than one operator, formal interobserver variability anal-
ysis was not performed. All maternal, obstetric, and neonatal
variables were obtained from the hospital’s electronic infor-
mation management system. In this context, maternal age,
body mass index, gravida-parity information, obstetric and
medical history, and pregnancy complications such as FGR,
preterm delivery, amniotic fluid pathologies, and intrauterine
fetal death that developed during pregnancy were recorded.
First trimester biomarkers PAPP-A and β-hCG MoM lev-
els were obtained from routine screening tests performed be-
tween 11+0–13+6weeks, in accordancewith national screen-
ing protocols.
Neonatal data includedgestational age at delivery,modeofde-
livery, birth weight, ultrasound-based estimated fetal weight,
1- and 5-minute Apgar scores, neonatal intensive care unit
(NICU) admission, and Composite Adverse Perinatal Out-
come (CAPO). CAPO was defined as the presence of at
least one of the following: preterm birth (<37 weeks), fetal
growth restriction (birth weight <10th percentile), oligohy-
dramnios, polyhydramnios, NICU admission, and intrauter-
ine fetal death.
First-trimester serum PAPP-A and β-hCG levels were ob-
tained from routine prenatal screening tests performed at
the institutional laboratoryusing standardized automated im-
munoassay systems in accordance with national screening
protocols.
The sample size was estimated a priori using G*Power soft-
ware, assuming an alpha level of 0.05 and a statistical power
of 80%, which indicated that a minimum of 116 participants
per groupwould be sufficient. Ultimately, a total of 532 preg-
nancies were included in the study, comprising 266 isolated
SUA cases and 266 healthy controls. The precision of the
study findings is reported using effect estimates and their cor-
responding 95% confidence intervals, rather than post-hoc
power calculations.

Statistical analysis
Statistical analyses were performed using IBM SPSS Statis-
tics for Macintosh, Version 25.0 (IBM Corp., Armonk, NY,
USA). The distribution characteristics of continuous vari-
ableswere assessedusing theKolmogorov–Smirnov test. Vari-
ables showing a normal distribution were defined as mean ±
standard deviation, while variables not showing a normal dis-
tribution were defined as median (interquartile range). Stu-
dent’s t-test orMann–WhitneyU testwas used for intergroup
comparisons depending on the distribution characteristics.
Categorical variables were expressed as numbers and percent-
ages, and comparisons were made using Pearson’s chi-square
test or Fisher’s exact test when appropriate. ROC curve anal-
ysis was performed to evaluate the predictive performance of
first-trimester biomarkers, particularly PAPP-A MoM levels,
for CAPO development in isolated SUA cases. The cutoff
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Table 1. Demographic and clinical characteristics of the groups.

SUA group Control group p-valuen=266 n=266

Maternal age (years) 28.9±4.6 28.01±4.9 0.296a
Gravidity 2(2) 2(2) 0.256b
Parity 2(2) 2(1) 0.165b
BMI (kg/m2) 30.94±4.8 30.05±4.9 0.793a
Gestational age at delivery (weeks) 38 (1) 39.1 (1.6) <0.001b

Birth weight (g) 3006.9±475.4 3268.5±360.4 <0.001a

Cesarean section, n(%) 110 (41.3) 119 (44.7) 0.135c
Apgar score at 1st minute 9 (1) 9 (0) <0.001b

Apgar score at 5th minute 10 (1) 10 (0) <0.001b

Fetal growth restriction, n (%) 11 (4.1) 0 (0) <0.001d

Preterm labor, n (%) 32 (12.0) 0 (0) <0.001d

Oligohydramnios, n (%) 15 (5.6) 0 (0) <0.001d

Polyhydramnios, n (%) 20 (7.5) 0 (0) <0.001d

IUFD, n (%) 4 (1.5) 0 (0) <0.001d

NICU admission, n (%) 25 (9.4) 34 (12.7) 0.226c
Composite adverse outcomes, n (%) 91 (34.2) 53 (19.9) <0.001c

Data are expressed as n (%), mean ± SD, or median (interquartile range), where appropriate. A p value of <0.05 indicates statistical significance. Statistically significant values
are in bold. a: Student’s t test, b: Mann–Whitney U test, c: Pearson χ² test, d: Fisher’s exact test (where appropriate). BMI: body mass index, IUFD: intrauterine fetal
demise, NICU: neonatal intensive care unit.

value showing the best discriminatory power was determined
using the Youden index. p<0.05was accepted as the threshold
for statistical significance in all analyses. Patients withmissing
data were not included in the analyses.

RESULTS
The demographic and clinical characteristics of the study
population are summarized in Table 1. Maternal age, gravida,
parity, and BMI did not differ significantly between the SUA
and control groups (p>0.05). However, gestational age at
delivery was significantly earlier in pregnancies with SUA

Table 2. Comparison of parameters used for first trimester screening in
groups.

SUA group Control group p-valuen=266 n=266

GA at screening (weeks) 12.1 (1) 12.1 (1) 0.996b
β-hCG MoM 1.08 (0.84) 0.80 (0.78) <0.001b

PAPP-A MoM 0.97 (0.77) 0.97 (0.76) 0.308b
NT MoM 0.79 (0.17) 0.71 (0.26) <0.001b

b: Mann-WhitneyU, β-hCG: Beta-human chorionic gonadotropin, PAPP-A: Preg-
nancy associated plasma protein A, NT: Nuchal translucency, mom: A multiple of
the median.

Table 3. Comparison of parameters used for first-trimester screening in
SUA cases with andwithout adverse neonatal outcome.

SUA group Control group p-valuen=266 n=266

GA at screening (weeks) 12 (0) 12 (1) 0.184b
β-hCG MoM 1.16 (0.74) 1.18 (1.84) 0.713b
PAPP-A MoM 0.63 (0.85) 1.19 (0.82) <0.001b

NT MoM 0.77 (0.16) 0.79 (0.17) 0.830b

b: Mann-WhitneyU, β-hCG: Beta-human chorionic gonadotropin, PAPP-A: Preg-
nancy associated plasma protein A, NT: Nuchal translucency, mom: A multiple of
the median.

(38.0 [1.0] weeks vs. 39.1 [1.6] weeks, p<0.001). Simi-
larly, birthweight was significantly lower in the SUA group
(3006.9±475.4 g vs. 3268.5±360.4 g, p<0.001). Several
obstetric complications—including fetal growth restriction
(4.1% vs. 0%), preterm labor (12.0% vs. 0%), oligohydramnios
(5.6% vs. 0%), polyhydramnios (7.5% vs. 0%), and intrauter-
ine fetal demise (1.5% vs. 0%)—occurred more frequently in
the SUA group (all p<0.001). The 1st- and 5th-minute Ap-
gar scores were also significantly lower among SUA pregnan-
cies (p<0.001). NICU admission rates were similar between
groups (p=0.226). Composite adverse perinatal outcomes
were significantly more common in the SUA group (34.2%
vs. 19.9%, p<0.001).

First-trimester screening parameters are presented in Table 2.
The gestational age at the time of screening did not differ be-
tween groups (p=0.996). β-hCG MoM levels were signifi-
cantly higher in the SUAgroup comparedwith controls (1.08
[0.84] vs. 0.80 [0.78], p<0.001). PAPP-A MoM values were
comparable between groups (p=0.308). Nuchal translucency
MoM, however, was significantly higher in the SUA group
(0.79 [0.17] vs. 0.71 [0.26], p<0.001), indicating altered early
fetal and placental characteristics in SUA pregnancies.

A comparison of SUA cases with and without composite ad-
verse perinatal outcome is shown in Table 3. Screening ges-
tational age and β-hCG MoM levels did not differ signif-
icantly between CAPO-positive and CAPO-negative SUA
pregnancies (p>0.05). In contrast, PAPP-AMoMvalueswere
markedly lower in pregnancies that experienced CAPO (0.63
[0.85] vs. 1.19 [0.82], p<0.001). NTMoM values were simi-
lar between the groups (p=0.830). These findings suggest that
lower first-trimester PAPP-A levels may serve as an early indi-
cator of adverse perinatal outcomes in isolated SUA cases.

The diagnostic performance of first-trimester PAPP-AMoM
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Table 4. Diagnostic performance of first-trimester PAPP-A MoM levels for predictingcomposite adverse perinatal outcomes in isolated SUA pregnan-
cies.

Cut-off* Sensitivity Specificity PPV NPV AUC p-value(95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

First trimester PAPP-A (MoM) <0.65 71.2% 72.2% 63.3% 78.8% 0.704 <0.001(61.8--78.8) (64.9--78.7) (54.4-71.4) (71.4-84.6) (0.634-0.774)
*Cut-off value determined by Youden’s index. AUC: area under the curve; CI: confidence interval; PPV: positive predictive value; NPV: negative predictive value; PAPP-A:
pregnancy-associated plasma protein A; β-hCG: betahuman chorionic gonadotropin; CAPO: composite adverse perinatal outcome; SUA: single umbilical artery.

Figure 1. Receiver operating characteristic (ROC) curve for first-trimester PAPP-A levels inpredicting CAPO among pregnancies with SUA.

levels for predicting CAPO is presented in Table 4 and illus-
trated in Figure 1. ROC analysis demonstrated that a PAPP-
A cutoff of <0.65 yielded a sensitivity of 71.2% and a speci-
ficity of 72.2%, with anAUCof 0.704 (95%CI: 0.634–0.774,
p<0.001). These results indicate a moderate predictive capac-
ity of first-trimester PAPP-A levels for identifying SUA preg-
nancies at increased risk for adverse perinatal outcomes. At
the selected cut-off value (PAPP-A <0.65), the corresponding
positive and negative predictive values were 63.3% and 78.8%,
respectively.

DISCUSSION
This study investigated the importance of first-trimester
screening parameters (β-hCG & PAPP-A) in predicting peri-
natal outcomes in patients diagnosed with isolated SUA. Iso-
lated SUA usually progresses to delivery without complica-
tions. However, predicting which patients are at risk for
poor perinatal outcomes can be very helpful to clinicians.
In this regard, our study showed that low PAPP-A levels
in patients with isolated SUA are associated with the de-
velopment of CAPO (p<0.001). In the advanced analysis
(ROC), it was shown that a PAPP-A MoM below 0.65 can
predict CAPO with 71.2% sensitivity and 72.2% specificity
(AUC=0.704), indicating that this biomarker has moderate
predictive value from a clinical perspective. In contrast, al-

thoughβ-hCGMoMvalueswere higher in isolated SUAcases
compared to the control group, no significant difference was
found between β-hCG levels in predicting CAPO develop-
ment (p>0.05). These results suggest that PAPP-A levels in
the first trimester may be a stronger marker for perinatal risk
classification in isolated SUA pregnancies.

Although a statistically significant difference inNTMoMval-
ues was observed between isolated SUA pregnancies and con-
trols, the measured values remained within the normal refer-
ence range. Therefore, this finding may not necessarily indi-
cate a clinically relevant abnormality. Mild variations in NT
measurements have been reported in association with placen-
tal or hemodynamic adaptations in early pregnancy, even in
the absence of structural or chromosomal anomalies [13]. In
isolated SUA cases, such subtle changes may reflect physio-
logical variability rather than pathological processes. Never-
theless, the clinical implications of this finding are uncertain,
and further prospective studies are needed to clarify its signif-
icance.

PAPP-A is a placenta-derived glycoprotein secreted by syncy-
tiotrophoblasts and plays a critical role in placental develop-
ment and fetal growth [14]. Low PAPP-A levels in the first
trimestermaybe associatedwith insufficient trophoblast inva-
sion and incomplete transformationof theuterine spiral arter-
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ies. These alterations may result in increased resistance in the
uteroplacental circulation and chronic placental hypoperfu-
sion. Consequently, reduced placental volume and impaired
nutrient exchange may contribute to adverse outcomes such
as fetal growth restriction [8,9]. Parallel to this mechanism,
Turner et al. found that low PAPP-A levels were associated
with preeclampsia, preterm birth, and low birth weight [14].
Similarly, Livrinova et al. also demonstrated a relationship be-
tween low PAPP-A and these pregnancy complications [15].
Pummara et al. also emphasized that the risk of preterm de-
livery is high in patients with low PAPP-A [16].
Morris et al. showed that low PAPP-A levels increased the de-
velopment of CAPO by 3.31 times. In this large-scale meta-
analysis, which included data from more than 175,000 preg-
nancies, it was emphasized that although low PAPP-A in the
first trimester was significantly associated with complications
such as preeclampsia and FGR, its positive predictive value
alone remained low [17]. In our study, PAPP-A levels did not
show a significant difference was observed between the con-
trol group and the isolated SUA group. However, when eval-
uating SUA cases individually, low PAPP-A levels were found
to be associated with adverse perinatal outcomes. The AUC
value of 0.704 obtained from theROCanalysis in our study is
consistent with existing evidence indicating that PAPP-A has
limited predictive power when used alone. However, PAPP-
A may still be a valuable tool for identifying high-risk preg-
nancies among patients diagnosedwith isolated SUA. Its clin-
ical utility may be enhanced when used in combination with
other clinical and biochemical parameters. In this context,
first-trimester PAPP-A demonstrates a moderate discrimina-
tive performance (AUC = 0.704). Accordingly, PAPP-Amay
be a valuable adjunct for identifying high-risk pregnancies
among patients with isolated SUA, particularly for early risk
stratification and tailoring antenatal surveillance rather than
serving as a standalone predictor.
In our study, mean first-trimester β-hCG levels in isolated
SUA cases tended to be higher than in healthy pregnancies.
The number of studies directly comparing first-trimester β-
hCG values with SUA cases in the literature is quite limited.
A study including 56 patients diagnosed with SUA or ve-
lamentous placenta (27 SUA, 29 velamentous placenta) re-
ported that maternal serum β-hCG values may be relatively
high compared to the control group [18]. The increase in
β-hCG levels observed in isolated SUA cases may reflect en-
hanced trophoblast activity within the placenta as a compen-
satory response to the presence of a single umbilical artery
[19]. This adaptive mechanism may stimulate syncytiotro-
phoblast function and lead to increased β-hCG secretion. In
contrast, Tulek et al. found isolated SUA cases to be associ-
ated with low PAPP-A, but showed no significant difference
in β-hCG levels [19]. A study published in 2023 showed that
low initial β-hCG levels after transfer in IVF pregnancies were
associated with subsequent placental abnormalities, and that
the incidence of SUA was significantly higher in this group

[20]. However, in that study, β-hCG levels were measured at
the time of initial pregnancy detection rather than during the
first-trimester screening period. Therefore, the discrepancy
between their findings and ours may be attributable to differ-
ences in the timing of measurement.
In our study, β-hCG levels were not found to be significantly
predictive of adverse perinatal outcomes in cases with SUA.
This finding is consistent with the general consensus in the
literature; the use of free β-hCG as a predictor of placental
problems is unclear and has not been found to be reliable on
its own [21]. Parry et al. showed that levels of many placen-
tal proteins, including β-hCG, in early pregnancy are associ-
ated with adverse pregnancy outcomes. However, they em-
phasized that these analytes alone are not sufficient to predict
CAPO in regression models [22]. Although elevated β-hCG
levels may be observed in isolated SUA cases, available data
suggest that this finding alone is not indicative of poor perina-
tal outcomes. In conclusion, the current literature agrees that
β-hCG changes observed in isolated SUA cases are largely due
to placenta- derived physiological/pathophysiological mecha-
nisms. Prospective studies are needed to better understand
these mechanisms.
A strength of this study is that it focused exclusively on preg-
nancies with isolated single umbilical artery and compared
them with a control group of pregnancies without identified
structural anomalies. This approach allowed us to evaluate
perinatal outcomes associated with isolated SUA while mini-
mizing the influence of major confounding conditions. Pre-
vious studies investigating the relationship between isolated
SUA and first-trimester biochemical markers such as PAPP-
A and β-hCG are limited. In this context, our findings add
to the existing literature by providing additional data on the
potential association between these markers and adverse peri-
natal outcomes in isolated SUA pregnancies.
Nevertheless, the retrospective and single-center nature of this
study represents an important limitation and may restrict
the generalizability of the findings. In addition, although
the diagnosis of isolated single umbilical artery was based on
standardized ultrasound protocols and performed by expe-
rienced perinatologists, ultrasound-based assessment may be
operator-dependent, and a formal evaluation of interobserver
variability was not conducted. First-trimester biochemical
markers were obtained from routine laboratory records, and
therefore potential measurement variability related to labora-
tory conditions and assay performance cannot be entirely ex-
cluded. Furthermore, composite adverse perinatal outcome
(CAPO) was used as a composite endpoint, and the relative
contribution of each individual component may differ. Fi-
nally, although data regarding the association between iso-
lated SUA and first-trimester biochemical markers such as
PAPP-A and β-hCG remain limited in the literature, the pro-
posed cut-off values derived from this study should be in-
terpreted with caution. Therefore, prospective, multicen-
ter studies with larger and more diverse populations are war-
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ranted to validate these cut-off values, confirm their clinical
applicability, and establish robust evidence- based recommen-
dations for the management of isolated SUA pregnancies.

CONCLUSION
This study demonstrates that low first-trimester PAPP-A lev-
els in pregnancies complicated by isolated single umbilical
artery are associatedwith an increased risk of adverse perinatal
outcomes. Although the predictive performance of PAPP-A
ismoderate, it may serve as a useful adjunct for early risk strat-
ification and guiding antenatal surveillance intensity in this
population. In contrast, first-trimester β-hCG levels were not
predictive of adverse perinatal outcomes in isolated SUApreg-
nancies. Further prospective, multicenter studies are war-
ranted to validate these findings and clarify their clinical ap-
plicability.
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MAIN POINTS

• As the level of mindfulness in parenting in-
creases among mothers of children with
autism spectrum disorder (ASD), deper-
sonalization — one dimension of burnout
— decreases and the sense of personal ac-
complishment — another dimension — in-
creases, thereby reducing overall burnout.

• Helpless and submissive coping stylesme-
diate the protective effect of mindfulness
in parenting on depersonalization. Mind-
fulness has a protective effect against de-
personalization by reducing negative cop-
ing styles.

• The absence of a substantial direct cor-
relation between mindfulness in parenting
and the emotional exhaustion dimension of
burnout may be explained by mindfulness
exerting its influence on different dimen-
sions of burnout through distinct mecha-
nisms.

• The positive effect of mindfulness in par-
enting on personal accomplishment is di-
rect: it strengthens the parent's sense of
competence rather than altering coping
strategies.

• Targeting negative coping styles in par-
enting interventions may increase the
effectiveness of mindfulness-based ap-
proaches in reducing parental burnout.

Cite this article as: Kocaman O, Kara T. The
mediatory role of coping styles in the relationship
between mindfulness in parenting and burnout
in mothers of children with autism spectrum
disorder. Ann Med Res. 2026;33(3):128--135. doi:
10.5455/annalsmedres.2025.10.330.

ABSTRACT

Aim: The purpose of this study was to examine the relationship between mindfulness in
themothers of children with autism spectrum disorder(ASD)and coping with stress styles
and parental burnout, and to test the mediatory role of coping with stress styles.
Materials and Methods: The research was performed using a cross-sectional design.
Seventy-one mothers of children with ASD were included in the study. The participants
were administered theMindfulness in Parenting Questionnaire, Ways of Coping Question-
naire, and Maslach Burnout Inventory. Relationships were examined using correlation
analysis, and mediating effects were examined using the bootstrap method.
Results: Mindfulness in parenting exhibited a negative correlation with the burnout de-
personalization subdimension (r = -0.337, p = .008) and a significant positive correlation
with the personal accomplishment subdimension (r = 0.548, p < .001). Mediation anal-
ysis showed that the helpless approach (b= -0.045, BootSE=0.029, 95% BCa CI [--0.117,
--0.003]) and submissive approach (b= 0.031, BootSE=0.018, 95% BCa CI [0.002, 0.073])
coping styles played amediating role in the protective effect of mindfulness on deperson-
alization. However, coping styles did not have a statistically significant mediating role in
the effects of mindfulness on emotional exhaustion or personal accomplishment.
Conclusion: The results suggest that mindfulness-based interventions may be effective
in reducing burnout in mothers of children with ASD by targeting negative coping strate-
gies. Therefore, integrating psychoeducational components into intervention programs
to help mothers recognize nonfunctional coping styles is recommended.

Keywords: Autism spectrum disorder, Mindfulness in parenting, Parental burnout,
Coping styles, Mediation analysis
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INTRODUCTION

The neurodevelopmental illness known as autism spectrum
disorder (ASD) is typified by limited and repetitive behaviors
as well as fundamental deficits in social communication [1].

Parents caring for childrenwith ASD experience elevated psy-
chological stress due to their children’s intensive care needs
and difficulties with communication and behavioral prob-
lems. Research has indicated that parents ofASDhave notice-
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ably higher levels of stress than parents of children with usual
development [2]. Studies have also reported that the chronic
stress experienced by the parents of ASD can lead to burnout
in the long term [3].
Burnout has been defined as a three-dimensional structure re-
sulting from chronic stress, its components being emotional
exhaustion, depersonalization, and personal accomplishment
[4]. Althoughburnout has traditionally beendefined froman
occupational perspective, the literature also considers it from
a parental perspective, as parental burnout. The relevant liter-
ature largely focuses on burnout resulting from chronic stress
specific to parenthood [3]. According to current research,
mothers of children with ASD have higher levels of parental
burnout thanmothers of generally developing children [5,6].
In addition to stress levels in the context of parental burnout,
how individuals cope with stress is also important. When an
individual encounters a stressor, they evaluate its threat po-
tential. If the event is perceived as exceeding the individual’s
resources, he will re-interpret it and endeavor to develop ap-
propriate coping strategies [7]. Mindfulness affects cognitive
evaluation in this process by allowing the individual to focus
on current experiences in an open and non-judgmental man-
ner, as well as permitting them to adoptmore effective coping
strategies [8].
Mindfulness is defined as focusing on the current situation
with a non-judgmental and accepting approach [9]. Mindful-
ness in parenting involves understanding the child’s needs in
an empathetic manner, responding to behaviors with aware-
ness, and adopting a more conscious presence in parent-child
interactions [10]. Surprisingly, the number of studies exam-
ining the efficacy of mindfulness-based interventions aimed
at preventing parental burnout is limited [11–13]. Parental
stress and burnout can be decreased by mindfulness-based
interventions aimed at parents who have kids with chronic
illnesses, according to the findings of earlier research [11].
However, research onwhether interventions aimed at increas-
ing mindfulness have a direct or indirect effect on parental
burnout is limited.
The term "coping" refers to behavioral and cognitive tech-
niques used to balance internal and external demands on
oneself when under pressure. Within the framework of the
‘Mindful CopingModel’ mindfulness suggests that individu-
als can regulate negative thoughts and emotions in a health-
ier manner and will adopt more adaptive coping strategies
[7,14]. Studies involving health professionals and teachers
have reported that mindfulness affects burnout via coping
styles [15,16]. These findings suggest that mindfulness in
parenting can indirectly affect burnout levels by shaping cop-
ing styles [11,17]. However, the psychological mechanisms
underlying the positive impact of mindfulness, particularly
the mediating role of coping styles within that relationship,
have not been empirically investigated in mothers of children
with ASD. Therefore, studies are needed to test this relational
model in this special population. The aim of the current in-

vestigation is to close this gap in the literature.
Accordingly, this study aimed to examine the relationships
among mindful parenting, coping styles, and dimensions of
burnout in mothers of children with ASD. Additionally, we
aimed to testwhether coping styles statisticallymediated these
relationships.

MATERIALS ANDMETHODS
Study design and participants
The studyused a cross-sectional design. Theparticipantswere
mothers of children with ASD, aged 2-15, who presented to
the child and adolescent psychiatry clinic and were identified
using the consecutive samplingmethod. During the study pe-
riod, all mothers and children who met the inclusion crite-
ria and presented to the child and adolescent psychiatry clinic
with an ASD diagnosis were assessed. Those who consented
toparticipatewere enrolled in the study. All participating chil-
dren underwent DSM-5-TR-based psychiatric evaluations.
Exclusion criteria;

• The presence of any neurological, genetic, or metabolic
disease in the participating children or siblings thereof,

• The presence of adults requiring care within the family,

• Children not living with their mothers,

• Mothers with severe psychiatric disorders who were un-
able to reliably complete the psychometric scales or who
were receiving active treatment for these disorders were
excluded from the study.

An analysis performed using G*Power 3.1 software revealed
that the required minimum sample size was 55, based on a
medium effect size (f² = 0.15), α= 0.05, and 80%power. After
applying the exclusion criteria, the study retained a sufficient
sample size of 71 participants. The Alanya Alaaddin Keyku-
bat University Clinical Research Ethics Committee approved
the study (dated 26.03.2025; decision no. 06-03). Before the
study started, the participants were informed of its purpose,
and their verbal and written agreement was obtained.

Psychometric instruments
Data for the study were collected through face-to-face inter-
views with mothers when they presented at the clinic. The
severity of the children’s ASDwas evaluated using the Child-
hood Autism Rating Scale (CARS). A sociodemographic
data form, the Ways of Coping Questionnaire (WCQ), the
Mindfulness in Parenting Questionnaire (MIPQ), and the
Maslach Burnout Inventory (MBI) were administered to the
children’s mothers.
Childhood AutismRating Scale: This behavioral scale was de-
veloped to evaluate the severity of symptoms in children with
ASD [18]. Sucuoğlu et al. validated the scale’s Turkish lan-
guage version [19]. CARS consists of 15 domains; relation-
ships to people, emotional response, adaptation to change,
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imitation, body use, object use, taste, smell, and touch re-
sponse, visual response, listening response, verbal communi-
cation, non-verbal communication, fear or nervousness, ac-
tivity level, level and consistency of general impressions, and
intellectual response. The disease’s severity is indicated by the
overall score [18].
Ways of Coping Questionnaire: The Ways of Coping Ques-
tionnaire (WCQ) was originally developed by Folkman and
Lazarus. This questionnaire assesses coping styles. TheTurk-
ish short version of the scale, adapted and validated by Şahin
and Durak, consists of 30 items rated on a 4-point Likert
scale [20]. The scale includes five subscales: Self-Confident
Approach (SCA), Optimistic Approach (OA), Seeking So-
cial Support (SSS), Helpless Approach (HA), and Submissive
Approach (SubA). There are no reverse-scored items. Higher
total scores indicate a greater use of the relevant coping style
[20].
Mindfulness in Parenting Questionnaire: McCaffrey et al.
created this 28-item Likert-type measure to assess mindful-
ness in parent-child interactions [10]. Gördesli et al. trans-
lated it into Turkish, using 24 items and two subdimensions
from the validity and reliability study [21]. There is no cut-off
point for theMIPQ. The total scale score and sub-dimension
scores are used to assess mindfulness levels. The total scale
score was employed in the present study. Higher total scores
indicate higher mindfulness levels.
Maslach Burnout Inventory: The Maslach Burnout Inven-
tory (MBI) is a 22-item Likert-type scale developed to mea-
sure individuals’ levels of burnout [4]. The Turkish valid-
ity and reliability study of the MBI was conducted by Er-
gin et al [22]. Emotional exhaustion(MBI-EE),depersonaliza-
tion(MBI-DP),and personal accomplishment(MBI-PA)con-
stitute its three subscales. Positive responses were found on
the personal accomplishment subscale, whereas negative re-
sponses were found on the emotional exhaustion and deper-
sonalization subscales. There is no cut-off point for theMBI.

Statistical analysis

Descriptive statistics were expressed as frequencies, percent-
ages, means, standard deviations, medians, and Q1-Q3 val-
ues. The Kolmogorov-Smirnov test was applied to deter-
mine whether normality assumptions were violated. Skew-
ness and kurtosis analysiswas performed, with values between
-2 and +2 being regarded as indicating normal distribution
[23]. Correlations were determined using Pearson’s correla-
tion test when normality assumptions were not violated; oth-
erwise, Spearman’s correlation analysis was used. Following
the theoretical framework and preliminary analyses, a model
was established in whichMBI sub-dimension scores were the
outcome variable and MIPQ scores were the predictor. The
mediating effects of WCQ sub-dimensions were then exam-
ined in that model. Child age, maternal age, education, and
employment status were included as control variables in the

model. Bootstrapping, a non-parametric resampling proce-
dure, is recommended for testing mediation that does not
impose the normality assumption of the sample distribution
[24]. The evaluation is robust to deviations from normal-
ity, and asymmetric confidence intervals were obtained by
bootstrapping. The mediation analysis in this study was con-
ducted using the PROCESS 4.2 beta in SPSS. Themediation
modelswere tested using the bootstrapmethod. In these anal-
yses, the mediation effect was considered statistically signif-
icant if no 0 value was present between the lower and upper
limits of the 95%bias-corrected and accelerated confidence in-
tervals (BCa CI) of the indirect effect (IE) obtained based on
5000 bootstrap sampling [25]. The analyses were conducted
using IBM SPSS Statistics version 26.0 (Armonk, NY: IBM
Corp.), and p-values below 0.05 were considered statistically
significant.

RESULTS
Seventy-one participants were included in the research, of
whom 76.1% were boys and 23.9% were girls. In terms of
parental education, 40.8% of the mothers had an elementary-
level education, and 59.2% had a high-school education or
above. The majority of the participating mothers were em-
ployed (84.5%), while 15.5% were housewives. The detailed
distribution of other demographic characteristics is presented
in Table 1.

Descriptive statistics
Evaluation of MBI subscale scores across participants’ so-
ciodemographic variables revealed no significant differences
in mean EE, PA, or DP scores by gender, maternal educa-
tion, maternal employment status, paternal education, pater-
nal employment status, monthly income, or family structure
(Table 1).
The mean age of the children in the study was 7.06±6.0 years
(range: 2-16). Descriptive statistics were calculated for the
scales applied. These were evaluated using the the distri-
butions of the results, skewness and kurtosis, and graphical
methods (Table 2).

Correlation analyses
Correlation analysis was used examine relationships among
variables. Accordingly, the MIPQ exhibited significant pos-
itive correlations with the SCA (r = 0.454, p < .001) and OA
(r = 0.412, p= .001) stress-coping styles, and a significant cor-
relationwith SubA(r = -0.376, p = .003).MIPQalso exhibited
a significant negative correlation with the DP burnout subdi-
mension(r = -0.337, p = .008), and a significant positive cor-
relationwith PA (r = 0.548, p ¡ .001). Correlation analysis be-
tween coping with stress styles and burnout subdimensions
revealed a significant negative correlation between the EE di-
mension and OA (r = -0.358, p=0.002) and a significant pos-
itive correlation with HA (r = 0.352, p = .003). The PA di-
mension exhibited significant positive correlations with (r =
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Table 1. A comparison of Maslach burnout inventory subscale score distributions according to sociodemographic variables.

N % Emotional Exhaustion Personal Accomplishment Depersonalization

Mean±SD/ Mean±SD/ Mean±SD/
Median (Q1-Q3) p Median (Q1-Q3) p Median (Q1-Q3) p

Gender

Female 17 23.9 7 (5-10) 0.71b 26 (24-28) 0.71a 3 (2-5) 0.83bMale 54 76.1 6 (4-14) 25 (21.3-29) 3 (1-7)

Maternal education

Elementary 29 40.8 7 (4-11) 0.97b 24 (21-28) 0.99b 3 (1-7) 0.93bHigh school or above 42 59.2 6 (4-13) 24 (24-30) 3 (1-6)

Maternal employment status

Housewife 11 15.5 7 (4-14) 0.26b 25 (22-29) 0.59b 3 (1-7) 0.41bWorking 60 84.5 5 (8-14) 25 (22-27) 1 (0.5-5)

Paternal education

Elementary 34 47.9 6 (4-10.8) 0.35b 25.1±4.74 0.76a 3 (0-6) 0.31bHigh school and above 37 52.1 8 (4-13) 25.4±4.22) 3 (1-7)

Paternal employment status

Not working 5 7.1 4 (4-8) 0.28b 25 (25-29) 0.50b 4 (3-4) 0.63bWorking 65 92.1 7 (4-14) 26 (22-29) 3 (1-7)

Monthly family income

≤ MW 20 28.2 8.40±6.06
0.41c

24.7±5.44
0.49c

4.45±4.24
0.37c2-3 MW 44 62 8.43±5.43 25.2±4.09 3.75±3.10

≥ 4 MW 7 9.8 6.14±6.28 27.1±3.48 2.71±4.64

Family structure

Nuclear 62 91.2 7 (4-12.8) 0.57b 25.0±4.54 0.489a 3 (1-7) 0.89bExtended 6 8.8 5 (3.5-8.25) 26.3±2.88 3 (2.25-3.75)
aStudent’s t, bMannWhitney U, cKruskal Wallis, MW:Minimumwage.

Table 2. Descriptive statistics for ages and psychosocial scales.

Mean±SD Median (Q1-Q3) Skewness Kurtosis

Age (child) 7.06±6.00 6 (4.33-9.04) - -
Mother Age 36.91±8.95 36 (32-42) - -
Father Age 40.91±8.84 39 (36-45) - -
CARS 44.06±10,17 45 (35-53) - -
MIPQ 78.75±9.66 80 (72-85.3) -0.483 -0.392

WCQ Subdimensions

SCA 23.93±2.88 24 (21.5-26) -0.389 -0.415
OA 16.10±2.49 16 (15-18) -0.627 0.738
HA 17.69±4.01 17 (15-20) 0.297 -0.076
SubA 12.62±3.44 12 (10-15) 0.470 0.393
SSS 11.89±1.92 12 (11-13) -0.574 1.803

MBI Subdimensions
EE 8.20±5.65 7 (4-13) 0.596 -0.547
PA 25.23±4.45 25 (22-29) -0.325 -0.713
DP 3.85±3.59 3 (1-6.5) 0.827 -0.110

MIPQ:Mindfulness in Parenting Questionnaire, WCQ:Ways of Coping Questionnaire, SCA: Self-Confident Approach, OA: Optimistic Approach, HA: Helpless
Approach, SubA: Submissive Approach, SSS: Seeking Social Support, MBI: Maslach Burnout Inventory, EE: Emotional Exhaustion, DP: Depersonalization, PA: Personal
Accomplishment.

0.382, p = .001) and OA (r = 0.377, p = .001), and signifi-
cant negative correlations with HA (r = -0.249, p = .037) and
SSS (r = -0.29, p = .014). The DP dimensions was powerfully
negatively correlatedwith theOAand SCAcopingwith stress
styles (r = -0.258, p = .03 and r = -0.465, p < .001, respec-
tively). HA and DP showed a substantial positive correlation
(r = 0.488, p <.001) (Table 3).

Mediation analyses
Mediation analyses were conducted in which MIPQ scores
represented the predictor variable, MBI subdimensions rep-
resented the outcome variables, and coping-with-stress styles
represented themediator. Child age,maternal age, education,
and employment status were included as control variables in
the analysis.
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Table 3. Correlations between mothers' parenting mindfulness, coping strategies, and burnout levels.

MIPQ SCA OA HA SubA SSS EE PA DP

MIPQ ---

WCQ

SCA 0.454*** ---
OA 0.412** 0.627*** ---
HA -0.242 -0.252* -0.337** ---
SubA -0.376** -0.141 -0.063 0.405*** ---
SSS 0.033 0.209 0.167 0.025 -0.072 ---

MBI
EE -0.211 -0.226 -0.358** 0.352** 0.210 -0.023 ---
PA 0.548*** 0.382** 0.377** -0.249* -0.290* 0.178 -0.190 ---
DP -0.337** -0.258* -0.465*** 0.488*** 0.067 0.010 0.640*** -0.294* ---

*p<0.05, **p<0.01, ***p<0.001. CARS: Childhood Autism Rating Scale, MIPQ:Mindfulness in Parenting Questionnaire, WCQ:Ways of Coping Questionnaire, SCA:
Self-Confident Approach, OA: Optimistic Approach, HA: Helpless Approach, SubA: Submissive Approach, SSS: Seeking Social Support, MBI: Maslach Burnout
Inventory, EE: Emotional Exhaustion, DP: Depersonalization, PA: Personal Accomplishment.

Table 4. The mediatory effects of coping with stress styles in the relationship between mindfulness in parenting and burnout.

Bootstrap BC at 95%
CI for indirect effect

Type Predictor Mediator Outcome b SE Lower Upper p

MIPQ SCA DP 0.011 0.031* -0.045 0.078 -
MIPQ OA DP -0.038 0.031* -0.111 0.011 -

Indirect MIPQ SSS DP -0.001 0.006* -0.014 0.011 -
MIPQ HA DP -0.045 0.029* -0.117 -0.003 -
MIPQ SubA DP 0.031 0.018* 0.001 0.073 -

Direct MIPQ - DP -0.093 0.047 -0.188 0.002 0.06
Total MIPQ - DP -0.134 0.043 -0.220 -0.049 0.003

MIPQ SCA EE -0.042 0.070* -0.217 0.061 -
MIPQ OA EE -0.063 0.075* -0.245 0.048 -

Indirect MIPQ SSS EE 0.001 0.014* -0.031 0.028 -
MIPQ HA EE -0.053 0.041* -0.149 0.005 -
MIPQ SubA EE -0.023 0.031* -0.094 0.028 -

Direct MIPQ - EE -0.034 0.092 -0.151 0.218 0.71
Total MIPQ - EE -0.146 0.077 -0.301 -0.008 0.04

MIPQ SCA PA -0.001 0.046* -0.078 0.107 -
MIPQ OA PA 0.039 0.047* -0.039 0.151 -

Indirect MIPQ SSS PA -0.001 0.011* -0.016 0.030 -
MIPQ HA PA -0.003 0.022* -0.044 0.048 -
MIPQ SubA PA 0.005 0.025* -0.040 0.066 -

Direct MIPQ - PA 0.201 0.066 0.074 0.342 0.003
Total MIPQ - PA 0.249 0.049 0.149 0.385 <0.001
BC, bias-corrected; CI, confidence interval; SE, standard error, LLCI = Lower Limit Confidence Interval, ULCI = Upper Limit Confidence Interval. MIPQ:Mindfulness in
Parenting Questionnaire, WCQ:Ways of Coping Questionnaire, SCA: Self-Confident Approach, OA: Optimistic Approach, HA: Helpless Approach, SubA: Submissive
Approach, SSS: Seeking Social Support, MBI: Maslach Burnout Inventory, EE: Emotional Exhaustion, DP: Depersonalization, PA: Personal Accomplishment.
* The standard error for the indirect effect was calculated with bootstrap (5000 repetitions). Bootstrapping (with 5000 samples) was used in all mediations at a 95% CI. The
mediating effect is significant when the values between the lower and upper CI contain no zeroes.Raw coefficient (b) given for total, direct and indirect effects.

The total effect of the MIPQ burnout subdimension on de-
personalization was significant (b = –0.134, p = .003). When
coping styles were simultaneously included in the model, the
direct effect of MIPQ on depersonalization was attenuated
and no longer statistically significant (b = –0.093, p = .06), in-
dicating an indirect-only mediation pattern. HA (b = -0.045,
95%CI [-0.117, -0.033]) andSubA(b=0.031, 95%CI [0.002,
0.073]) stress copingg styles exhibited significant mediating
effects (Figure 1). Bootstrap analyses confirmed that these in-
direct effects were significant for HA (b= -0.045, BootSE =
0.029, 95% BCa CI [–0.117, –0.003]) and SubA (b = 0.031,
BootSE = 0.018, 95% BCa CI [0.002, 0.073]) (Table 4). The
modelwas statistically significant (F(10, 46) = 4.65, p < 0.001,

R² = 0.503).

Mediation analysis showed that MIPQ exerted a significant
total effect on the burnout EE subdimension(b = -0.146, p
= 0.04).When coping styles were added to the model, the di-
rect effect remained insignificant(b = -0.034, p = 0.71),but
the total indirect effect was significant (BootLLCI = –0.365,
BootULCI=–0.065). Examinationof specific indirect effects
revealed that none of the individual coping styles exhibited
a statistically significant mediating effect on their own. The
model was significant overall (F(10, 46) = 2.54, p = 0.02, R² =
0.36) (Table 4).

MIPQ exhibited a significant total effect on the burnout PA
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Figure 1. Direct and indirect effects of mindfulness in parenting on depersonalization.

subdimension (b = 0.249, p < 0.001). When coping styles
were added to the model, the direct effect decreased but re-
mained significant (b = 0.201, p = 0.003). Themodel was sta-
tistically significant overall (F(10, 46) = 3.65, p = 0.001, R² =
0.442). However, in the bootstrap analysis, no coping style
exhibited a significant mediating effect. This shows that the
effect of mindfulness in parenting on personal achievement is
direct, but coping styles do not play a mediating role in this
relationship (Table 4).

DISCUSSION
This study examined the relationship between mindfulness
in parenting and burnout in mothers of children with ASD,
and the mediating role of mothers’ stress-coping styles. The
findings showed significant relationships between mindful-
ness in parenting among mothers of children with ASD and
the burnout subdimensions DP and PA, but no significant
association with EE. In addition, analyses showed that HA
and SubAmediated the negative effect of mindfulness in par-
enting on the depersonalization subdimension of burnout
in parents. Styles of coping with stress did not mediate the
effects of mindfulness in parenting on personal accomplish-
ment and emotional exhaustion. The results of this study par-
tially corroborate the first hypothesis, which states thatmoth-
ers of children with ASDwill experience less burnout as their
mindfulness in parenting increases. They also partially sup-
port the second hypothesis that the coping styles of mothers
with ASD mediate the relationship between burnout subdi-
mensions and mindfulness in parenting. This study makes
important contributions to the literature on factors affecting
maternal burnout.
Research into burnout has generally focused on occupa-
tional contexts, and studies examining parental burnout that
emerges alongside chronic stress specific to parenthood are

scarce. Anclair et al. found that parents of children with
chronic illnesses who participated in a mindfulness program
saw a significant reduction in stress and burnout [11]. Pau-
sick et al. also investigated parents in a non-clinical sample
and showed that mindfulness in parenting levels predicted
parental burnout [26]. Consistent with earlier studies, moth-
ers of children with ASD in this study experienced a decrease
in the depersonalization subdimension of burnout as atten-
tive parenting increased. Mindfulness in parenting enhances
parents’ ability to facemoments of difficulty concerning their
children (such as a child crisis) in a calmer and more non-
judgmental manner, rather than in an automatic and reactive
one [9]. This mechanism contributes to reducing deperson-
alization toward the child.

One significant conclusion of the study is that stress-coping
strategies, such as helplessness and submissiveness, buffered
the effect ofmindful parenting on depersonalization, a subdi-
mension of burnout. Our findings show that greater mind-
fulness leads parents to use helpless and submissive coping
styles less, and that this reduction contributes to decreased
depersonalization levels. Helplessness and submissiveness are
negative coping styles [20]. It has been noted that these cop-
ing mechanisms act as a moderator in the relationship be-
tween preschool instructors’ burnout and mindfulness [17].
The results of another study involving a non-clinical popu-
lation showed that mindfulness was significantly associated
with negative, rather than positive, coping styles [8]. From
this perspective, mothers of children with ASDwho have low
mindfulness may be more likely to adopt a negative coping
style in stressful situations.

Themediation analysis in this study showed that, whilemind-
fulness in parenting had no effect on any mediating variable
with respect to the emotional exhaustion subdimension of
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burnout, it exhibited a negative total (protective) effect on
emotional exhaustion. This apparent inconsistency may de-
rive from the complexity of the mechanisms underlying this
relationship. Previous research in the literature suggests that
the protective effect of mindfulness-based parenting may be
mediated by other psychological processes than the coping
stylesmeasured in this study [17,26,27]. Pausick et al. showed
that the self-compassion and rumination type played a me-
diatory role in the effect of mindfulness on parental exhaus-
tion [26]. Another study found that the association between
burnout and mindfulness was mediated by perceived stress
and sleep quality [27]. There is also research showing that
emotional intelligence plays a mediating role in the effect of
mindfulness onburnout [15,28]. In conclusion, the results of
this study support the idea that mindfulness-based parenting
can help mothers of children with ASD experience less emo-
tional exhaustion, but they also point to the need for further
research to better understand the fundamental psychological
processes that underlie this effect.
One of the study’s key conclusions is that mindfulness in the
mothers of children with ASD has both a direct and a to-
tal effect on personal accomplishment, although coping styles
play no mediating role. Parental self-efficacy reflects parents’
awareness of themselves in the parent-child relationship [10].
Powerful maternal parental self-efficacy can reduce burnout
in the mother by enhancing personal accomplishment [29].
Lippold et al. reported more positive parenting cognitions
in parents with high mindfulness in parenting levels [30].
Another study reported that parental self-efficacy exerted a
negative effect on parental burnout [31]. Similarly, a study
of preschool teachers reported that participants with high
self-efficacy exhibited lower occupational burnout [32]. Par-
ents with high levels of mindfulness may be more likely to
pause before reacting to children’s behavior and to feel com-
passion for themselves, both of which may help them feel
more competent in their roles [10]. From that perspective,
the present finding shows that the effect of mindful parent-
ing on increasing feelings of personal achievement functions
directly through emotional awareness, acceptance, and non-
judgmental attention processes. However, stress-coping do
not contribute significantly to that relationship. Rather than
altering coping strategies, mindful parenting may therefore
support feelings of personal achievement by enabling parents
to adopt a more accepting and non-judgmental perspective
when coping with stressful situations.
From a clinical perspective, the present findings suggest that
mindful parenting approaches may be meaningfully inte-
grated into routine pediatric follow-up and family support
services for children with ASD. The integration of brief
mindfulness-based psychoeducational modules, emphasizing
awareness, acceptance, and recognition of dysfunctional cop-
ing strategies, has the potential to assist mothers in reducing
depersonalization-related burnout. Such interventions could
be incorporated into multidisciplinary care models alongside

behavioral and developmental approaches, thereby support-
ing parental well-being as part of comprehensive ASD man-
agement strategies.
This research has some limitations. Specifically, because of its
cross-sectional design, the associations between variables can-
not be construed as causal. Furthermore, because the data
were derived from participants’ self-reports, there could be a
response bias. Given the number of correlation analyses con-
ducted, no formal correction for multiple comparisons was
applied. This may have increased the risk of Type I error, and
the findings should therefore be interpretedwith caution. Be-
cause the studywas restricted tomothers withASD in a single
facility, the findings may not be widely generalizable. Finally,
the assessment of gender disparities in parental burnout was
not possible because fathers were omitted.

CONCLUSION
Amongmothers of childrenwithASD, higher levels ofmind-
fulness in parenting were associated with lower levels of
parental burnout, particularly in the depersonalization di-
mension. The findings further suggest that helpless and sub-
missive coping styles statistically mediate this relationship.
These results contribute to understanding the psychological
mechanisms linking mindful parenting to burnout in this
population and highlight coping styles as an important ex-
planatory pathway for reducing burnout.
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MAIN POINTS

• The CA 19-9 elimination rate is
a strong prognostic biomarker in
metastatic pancreatic cancer.

• Patients with a high elimination rate
have significantly longer overall sur-
vival.

• CA 19-9 kinetics provide more infor-
mative risk stratification than base-
line CA 19-9 levels alone.

• Dynamic biomarker monitoring can
complement radiologic response in
treatment evaluation.

Cite this article as: Okten IN, Bay-
das T. Prognostic value of CA 19-9
elimination rate for mortality in
metastatic pancreatic cancer. Ann
Med Res. 2026;33(3):136--142. doi:
10.5455/annalsmedres.2026.01.018.

ABSTRACT

Aim: To evaluate the prognostic value of the CA 19-9 elimination rate on survival in patients with
metastatic pancreatic cancer.
Materials and Methods: This single-center retrospective cohort study included 103 adult pa-
tients with metastatic pancreatic ductal adenocarcinoma who received systemic therapy. The
CA 19-9 elimination rate was calculated using baseline and 3-month values. The optimal cut-off
value was determined using maximally selected rank statistics. Overall survival was analyzed
using the Kaplan--Meier method and compared using the log-rank test.
Results: The mean age of the patients was 64±10.1 years, and the overall mortality rate during
follow-up was 87.4%. No significant differences were observed between mortality groups with
respect to demographic, clinical, or pathological characteristics (all p>0.05). The optimal cut-off
value for the elimination rate (ER) was 2.33 (ER ≥ 2.33: high elimination; < 2.33: low elimina-
tion). Median overall survival was 25 months (95% CI: 17--31) in the high-elimination group and
8 months (95% CI: 7--14) in the low-elimination group (p = 0.043). The 12-, 36-, and 60-month
survival rates were 80.4%, 18.3%, and 11% in the high-elimination group, compared with 37.6%,
2.2%, and 0% in the low-elimination group.
Conclusion: The CA 19-9 elimination rate is a significant prognostic biomarker for survival in pa-
tients with metastatic pancreatic cancer. A higher elimination rate is associated with improved
short- and long-term survival outcomes, suggesting its potential utility for risk stratification and
for assessing treatment response in clinical practice.

Keywords: Pancreatic cancer, CA 19-9, Elimination rate, Metastatic disease, Prognostic
biomarker
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INTRODUCTION

Pancreatic cancer remains one of the most lethal malignan-
cies worldwide and continues to pose a major challenge for
healthcare systems. According to recent global cancer statis-
tics, more than 450,000 new cases are diagnosed each year,
with incidence and mortality rates showing substantial geo-
graphic variation [1,2]. The highest rates are observed in Eu-
rope and North America, whereas much lower rates are re-
ported in Southeast Asia. These differences are largely ex-
plained by variations in demographic structure, environmen-
tal exposures, lifestyle factors, and access to diagnostic facili-
ties [3]. Because mortality closely follows incidence, pancre-
atic cancer ranks among the leading causes of cancer-related
death globally [1,4].

Despite ongoing progress inmedical oncology, long-term sur-
vival for pancreatic cancer remains poor. Five-year survival
rates are below 10%, largely because most patients are diag-
nosed at an advanced stage when curative treatment is no
longer possible. Clinical outcome is influenced not only by
disease stage but also by tumor biology, molecular features,
and patient-related factors such as functional status and co-
morbidities [5,6]. These elements together determine treat-
ment tolerance, response to therapy, and overall prognosis.

Carbohydrate antigen 19-9 (CA 19-9) is themost widely used
serum biomarker in pancreatic cancer. Elevated CA 19-9 is
detected in approximately four out of five patients, making it
a useful marker for monitoring disease activity during treat-
ment and follow-up. However, CA 19-9 lacks tumor speci-
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ficity andmay be increased in benign biliary disease, liver dys-
function, and other gastrointestinal malignancies, which lim-
its its value for screening or early diagnosis [7].
For this reason, increasing attention has been directed toward
the dynamic behavior of CA 19-9 rather than its absolute
value at a single time point. Changes in CA 19-9 during sys-
temic therapy may better reflect treatment response and dis-
ease activity. Several clinical studies have suggested that the
pattern and speed of CA 19-9 decline after therapy initiation
are more closely associated with patient outcomes than base-
line levels alone.
Based on this concept, we investigated whether the CA 19-
9 elimination rate, calculated using baseline and three-month
measurements, could serve as a prognostic indicator of mor-
tality in patients with metastatic pancreatic ductal adenocar-
cinoma.

MATERIALS ANDMETHODS
Study design and patients

This single-center, retrospective cohort study used the med-
ical oncology archive and digital patient record systems at a
tertiary oncology center. Patients aged 18 years or older who
were diagnosed with metastatic pancreatic ductal adenocarci-
noma (PDAC) and who initiated systemic therapy between
2016 and 2025 were evaluated.
This study was approved by the Göztepe Prof. Dr. Süleyman
Yalçın Training and Research Hospital Non-Interventional
Clinical Research Ethics Committee (date: January 8, 2026;
approval no: 2026/0009).
A total of 318 patient records were screened. Based on pre-
defined eligibility criteria, 103 patients were included in the
final analysis. Sample size estimation was performed assum-
ing a type I error of 0.05, a power of 80%, and an effect size
(d) of 0.5, resulting in aminimum required sample size of 102
patients.

Inclusion criteria

Patients meeting all of the following criteria were included:

• Age: ≥18 years at diagnosis

• Diagnosis: Histopathologically confirmed pancreatic
ductal adenocarcinoma

• Stage: Radiologically confirmed metastatic disease
(stage IV) at diagnosis or during follow-up

• Treatment and follow-up: Receipt of at least one line of
systemic therapy with available clinical follow-up data

• CA 19-9 measurements:

- Available baseline CA 19-9 level before treatment
initiation

- At least one follow-up CA 19-9 measurement after
treatment initiation

- Measurements performed using the same laboratory
or a standardized method

• Elimination rate calculability: Availability of paired CA
19-9 time-value data to allow calculation of elimination
rate

• Outcome data: Known vital status with date of death or
last follow-up.

Exclusion criteria

Patients were excluded if any of the following applied:

Diagnosis-related

• No histopathological confirmation of pancreatic cancer

• Neuroendocrine tumors, acinar cell carcinoma, or other
rare pancreatic tumor subtypes

• Non-metastatic disease(stages I–III)

CA 19-9–related

• Absence of baseline CA 19-9 measurement

• Absence of post-treatment CA 19-9 measurement

• Insufficient or irregularCA19-9measurements prevent-
ing elimination rate calculation

• Known Lewis antigen–negative status with inability to
produce CA 19-9 (if data available)

Biochemical or clinical conditions

• Active cholestasis, obstructive jaundice, or acute cholan-
gitis affectingCA19-9 levels at the time ofmeasurement

• Presence of another concurrentmalignancy likely to sig-
nificantly affect CA 19-9 levels

Treatment and follow-up

• No systemic therapy received

• Missing or insufficient treatment or follow-up data

• Unknown vital status

Other

• Age <18 years

• Missing essential clinical, pathological, or laboratory
data
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Table 1. Comparison of demographic and clinical characteristics according to mortality status.

Variable Exitus Alive p value(n = 90, 87.4%) (n = 13, 12.6%)

Age, median (IQR) 65.0 (59.0--69.0) 68.0 (64.0--71.0) 0.261

Sex Female 44 (48.9) 8 (61.5) 0.578Male 46 (51.1) 5 (38.5)

ECOG Performance Status

0 33 (36.7) 9 (69.2)

0.1691 40 (44.4) 3 (23.1)
2 16 (17.8) 1 (7.7)
3 1 (1.1) 0 (0.0)

Timing of Metastasis De novo 71 (78.9) 10 (76.9) 1.000Metachronous 19 (21.1) 3 (23.1)

Smoking Yes 46 (51.1) 6 (46.2) 0.970No 44 (48.9) 7 (53.8)

Alcohol use Yes 16 (17.8) 2 (15.4) 1.000No 74 (82.2) 11 (84.6)

Tumor location Head 50 (56.2) 9 (69.2) 0.556Body--tail 39 (43.8) 4 (30.8)

T stage

T1 4 (4.5) 2 (15.4)

0.365T2 29 (33.0) 4 (30.8)
T3 26 (29.5) 2 (15.4)
T4 29 (33.0) 5 (38.5)

N stage
N0 26 (29.9) 5 (38.5)

0.336N1 23 (26.4) 1 (7.7)
N2 38 (43.7) 7 (53.8)

Lymphovascular invasion Present 22 (91.7) 5 (83.3) 1.000Absent 2 (8.3) 1 (16.7)

Perineural invasion Present 22 (91.7) 6 (100.0) 1.000Absent 2 (8.3) 0 (0.0)

Tumor grade Grade 1--2 19 (48.7) 6 (85.7) 0.162Grade 3 20 (51.3) 1 (14.3)

Liver metastasis Present 68 (75.6) 6 (46.2) 0.061Absent 22 (24.4) 7 (53.8)

Lymph node metastasis
Regional 33 (36.7) 1 (7.7)

0.116Distant 29 (32.2) 6 (46.2)
None 28 (31.1) 6 (46.2)

Peritoneal metastasis Present 24 (26.7) 7 (53.8) 0.094Absent 66 (73.3) 6 (46.2)

Lung metastasis Present 15 (16.7) 3 (23.1) 0.859Absent 75 (83.3) 10 (76.9)

Bone metastasis Present 7 (7.8) 2 (15.4) 0.702Absent 83 (92.2) 11 (84.6)

Treatment regimen

Folfirinox 19 (21.1) 4 (30.8)

0.153Gemcitabine + Nab-paclitaxel 33 (36.7) 3 (23.1)
5-FU based 10 (11.1) 4 (30.8)
Gemcitabine based 28 (31.1) 2 (15.4)

Baseline CA 19-9, median (IQR) 547.5 (38.9--5747.2) 491.0 (160.0--2442.0) 0.846
3-month CA 19-9, median (IQR) 233.0 (21.0--3655.0) 332.0 (89.2--1601.0) 0.996
Elimination rate, median (IQR) 1.1 (0.5--3.4) 1.7 (0.5--6.5) 0.872
Abbreviations: ECOG, Eastern Cooperative Oncology Group; FU, fluorouracil; FOLFIRINOX, 5-fluorouracil + leucovorin + irinotecan + oxaliplatin; IQR, interquartile
range; LVI, lymphovascular invasion; PNI, perineural invasion.

Data collection

Demographic, clinical, and pathological data; disease stage at
diagnosis; metastatic sites; treatment regimens; and survival
outcomes were obtained from electronic medical records and

archival files. Baseline and follow-up CA 19-9 levels were
recorded; efforts were made to ensure consistency in labora-
tory methodology. Overall survival was calculated from the
date of diagnosis to the date of death or last follow-up.
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Table 2. Kaplan--Meier survival analysis.

CA 19-9 Elimination Rate Number of Patients Events Mean Survival SE Median Survival 95% CI for Median p value(months) (months) (Lower--Upper)

High 31.0 26 27.7 4.01 25.00 17.00-31.0 0.043
Low 62.0 55 12.1 1.18 8.00 7.00-14.0

Table 3. Survival rates at 1, 3, and 5 years according to CA 19-9 elimination rate.

Elimination Rate Time (months) Patients at Risk Deaths (n) Survival (%) Lower Limit (%) Upper Limit (%)

High 12 23 6 80.4 67.5 95.8
High 36 5 17 18.3 8.3 40.3
High 60 2 2 11.0 3.8 31.8
Low 12 23 37 37.6 27.0 52.4
Low 36 2 17 2.2 0.3 14.9
Low 60 0 1 0.0 NaN NaN

Calculation of CA 19-9 elimination rate
The CA 19-9 elimination rate was calculated using baseline
and 3-month CA 19-9 values.
Elimination Ratio=BaselineCA19−9level−3rdmonthCA19−9 level

BaselineCA19−9 level

Statistical analysis
All statistical analyses were performed using JAMOVI ver-
sion 2.6.17. The distributions of continuous variables were
assessed using the Shapiro–Wilk test. Normally distributed
variables were expressed as mean ± standard deviation, and
non-normally distributed variables as median (interquartile
range). Categorical variables were presented as numbers and
percentages.
Comparisons between groups were performed using the
Mann–Whitney U test for continuous variables and the Chi-
square test or Fisher’s exact test for categorical variables, as
appropriate. Survival analyses were conducted using the
Kaplan–Meier method, and group differences were evaluated
using the log-rank test. The optimal cut-off value for the
CA19-9 elimination rate was determined usingmaximally se-
lected rank statistics. A p-value < 0.05 was considered statisti-
cally significant.

RESULTS
Patient characteristics
The mean age of the study population was 64 ± 10.1 years
(range: 24–84 years). During the follow-up period, 87.4%
of the patients died. Of 103 patients, survival analysis based
on elimination rate was performed in 93 patients due to avail-
ability of complete paired CA 19-9 measurements for cut-off
classification. Baseline demographic, clinical, and pathologi-
cal characteristics were compared by mortality status.
Median age did not differ significantly between patients who
died during follow-up and those who remained alive (p =
0.261). Similarly, no significant differences were observed
between mortality groups in sex distribution (p = 0.578),
ECOG performance status, timing of metastasis (de novo vs.

metachronous), smoking or alcohol use, or primary tumor lo-
cation (all p>0.05). Surgical resection status was not associ-
ated with mortality (p = 0.190).
Tumor stage–related parameters, including T stage, N stage,
and stage grouping, did not differ significantly between mor-
tality groups (p = 0.365, p = 0.336, and p = 1.000, respec-
tively). The presence of lymphovascular invasion (LVI) and
perineural invasion (PNI) were also not associated with mor-
tality (both p = 1.000). Tumor grade did not differ signifi-
cantly between groups (p = 0.162).
Regarding metastatic patterns, the presence of liver, lymph
node, and peritoneal metastases was not significantly associ-
atedwithmortality; however, a borderline associationwas ob-
served for liver metastases (p = 0.061). Lung and bone metas-
tases were not associated with mortality (p = 0.859 and p =
0.702, respectively).
Treatment-related variables, including receipt of adjuvant
chemotherapy and the type of chemotherapy regimen admin-
istered, were not significantly associated with mortality (all
p>0.05). Baseline and 3-month CA 19-9 levels, the absolute
change in CA 19-9, and the CA 19-9 elimination rate also did
not differ significantly between mortality groups (all p>0.05)
(Table 1).

Determination of the optimal cut-off for CA 19-9 elimina-
tion rate
Figure 1 shows the distribution of CA 19-9 elimination
rate values and the results of maximally selected rank statis-
tics. Lower elimination-rate values occurredmore frequently,
whereas higher values spanned a wider range.
Using maximally selected rank statistics, the optimal cut-off
value for the CA 19-9 elimination rate was determined to be
2.33; at this value, the standardized log-rank statistic reached
itsmaximum, indicating the greatest separation in survival be-
tween groups. Patients with an elimination rate ≤2.33 were
classified as having a low elimination rate, whereas those with
values >2.33 were classified as having a high elimination rate.
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Figure 1. Elimination rate (according to cut-off group).

Figure 2. Survival according to elimination rate.

Survival according to CA 19-9 elimination rate

Median overall survival in the high-elimination group was 25
months (95%CI: 17–31), compared with 8months (95%CI:
7–14) in the low-elimination group (p = 0.043) (Table 2, Fig-
ure 2).

Patients with a high CA 19-9 elimination rate had a substan-
tially lower risk of death during follow-up compared with
those with a low elimination rate.

Long-term survival outcomes

In the high-elimination group, the 12-, 36-, and 60-month
survival rates were 80.4%, 18.3%, and 11.0%, respectively. In
contrast, in the low-elimination group, the corresponding
survival rateswere 37.6%, 2.2%, and0%, respectively (Table 3).

These findings demonstrate a marked and persistent survival
advantage in patients with a high CA 19-9 elimination rate
across short-, intermediate-, and long-term follow-upperiods.
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DISCUSSION

CA19-9 is themost widely used biomarker in pancreatic can-
cer and plays an important role in routine clinical monitor-
ing. Numerous studies have established its diagnostic and
prognostic relevance, as well as its usefulness for evaluating re-
sponse to treatment [8].In addition to reflecting tumor bur-
den, CA 19-9 has also been shown to correlate with surgical
resectability, pathological stage, and likelihood of achieving
complete tumor removal [9].
In this study, we demonstrated that the rate of decline in CA
19-9 after initiation of systemic therapy has a strong associa-
tion with survival in patients with metastatic pancreatic duc-
tal adenocarcinoma. Patients with a high CA 19-9 elimina-
tion rate experienced significantly longer overall survival and
markedly better long-term survival rates comparedwith those
with low CA 19-9 elimination rate. These findings indicate
that CA 19-9 kinetics provide clinically meaningful prognos-
tic information beyond baseline measurements.
Previous investigations have highlighted the importance of
CA19-9 dynamics. In a prospective study of locally advanced
pancreatic cancer, Vainshtein and colleagues showed that
both baselineCA19-9 level and increases during chemoradio-
therapy were independent predictors of progression-free and
overall survival [10]. Notably, changes in CA 19-9 were more
closely associated with outcome than radiologic progression,
suggesting that biochemical markers may capture biologic tu-
mor activity that is not fully reflected by imaging.
Similarly, Yoo et al. demonstrated that combining contrast-
enhanced computed tomography (CT), 18F-FDG Positron
emission tomography (PET)/MRI, and CA 19-9 improved
the prediction of treatment response and resectability in pa-
tients receiving neoadjuvant therapy [11].These data support
the concept that serum biomarkers and advanced imaging
modalities provide complementary information, particularly
in pancreatic cancer, where fibrosis and desmoplastic reaction
can obscure viable tumor tissue on conventional CT.
Our results are consistent with these observations, but extend
them to metastatic disease by applying a quantitative kinetic
parameter, rather than static CA 19-9 values. Instead of cat-
egorizing patients simply as responders or non-responders,
clinicians can use the elimination rate to continuously strat-
ify tumor behavior and prognosis.
The clinical importance of integrating CA 19-9 with radi-
ologic findings was clearly demonstrated by Kim et al. In
patients treated with first-line FOLFIRINOX, radiologic re-
sponse based onRECISTcriteria alonewas insufficient to dis-
tinguish survival between patients with partial response and
stable disease [12]. When CA 19-9 response was added, sur-
vival differences became evident, with the best outcomes ob-
served in patients who achieved both disease control on imag-
ing and biochemical normalization. This finding highlights a
key limitation of morphology-based imaging and emphasizes
the value of biochemical monitoring.

Our data further refine this approach by showing that the
rate ofCA19-9declinehas importantprognostic significance.
Patients with rapid biomarker elimination had substantially
longer survival, suggesting that CA 19-9 kinetics may reflect
underlying tumor sensitivity to chemotherapy and biological
aggressiveness more accurately than absolute values.
Accurate assessment of disease extent remains challenging
in pancreatic cancer, as micrometastatic spread and true tu-
mor burden are often underestimated by imaging alone [12].
In this setting, biomarkers that capture systemic tumor ac-
tivity become particularly valuable. In resectable pancre-
atic cancer, Jeong et al. reported that a preoperative risk
model incorporating CA 19-9, CT, and 18F-FDG PET/CT
predicted recurrence-free survival with accuracy comparable
to pathological staging [13]. Likewise, Zhong et al. devel-
oped nomograms combining CT features and CA 19-9 to
estimate progression-free survival in locally advanced disease
[14]. However, these models relied on static CA 19-9 mea-
surements, whereas our findings indicate that dynamic CA
19-9 elimination provides additional prognostic information
in metastatic disease.
Early combined assessment of CA 19-9 and imaging has also
been shown to improve prediction of outcomes. Kim et al.
demonstrated that CT together with CA 19-9 response at
eight weeks was superior to RECIST criteria alone for pre-
dicting survival in non-metastatic pancreatic cancer [15] Our
study builds on this concept by demonstrating that contin-
uous biomarker kinetics remain prognostically informative
even in advanced-stage disease.
CurrentNCCNguidelines recommend interpretation ofCA
19-9 in conjunction with imaging when assessing treatment
response in pancreatic cancer [16]. Our results support this
recommendation and suggest that incorporating theCA19-9
elimination rate into routine follow-upmay improve early risk
stratification and help guide treatment decisions for patients
with metastatic pancreatic cancer.

Limitations

This study has several limitations. First, its single-center de-
sign and the cohort’s high mortality rate may introduce selec-
tion bias. Second, the retrospective nature of the study and
reliance onmedical recordsmay result in informationbias due
to missing or incomplete data. In addition, variations in the
timing of CA 19-9 measurements and in treatment regimens
may have influenced biomarker dynamics. Another limita-
tion of this study is the absence of multivariable Cox regres-
sion analysis. Due to the retrospective design and the lim-
ited sample size, adjustment for potential confounders was
not performed. Therefore, the findings should be interpreted
as demonstrating an association rather than independence.
However, a major strength of this study is the evaluation of
CA 19-9 using a dynamic kinetic parameter, the elimination
rate, rather than relying solely on static absolute values. This
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approach provides a more nuanced assessment of treatment
response and tumor behavior and constitutes a novel contri-
bution compared with most previous studies.

CONCLUSION
In conclusion, dynamic changes inCA19-9 after initiation of
systemic therapy are a significant prognostic factor for mor-
tality in patients with metastatic pancreatic cancer. A higher
CA 19-9 elimination rate is associated with superior short-,
intermediate-, and long-term survival outcomes. These find-
ings suggest that the CA 19-9 elimination rate may serve as
a useful complementary tool for risk stratification and treat-
ment response monitoring in clinical practice. Prospective
studies integrating CA 19-9 kinetics with imaging-based pa-
rameters are warranted to further refine individualized treat-
ment strategies in pancreatic cancer.
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