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Abstract

Objectives: Assessment of disease activity is essential for treatment and follow-up in in�ammatory bowel disease (IBD). 
Colonoscopy is the gold standard but it is invasive and costly for frequent monitoring. Therefore, simple and non-inva-
sive biomarkers are needed. To evaluate fecal occult blood (FOB) testing in assessing disease activity in patients with 
ulcerative colitis (UC) and Crohn’s disease (CD).
Methods: A total of 115 patients (56 UC, 59 CD) were included. Clinical activity was assessed using the Modi�ed Mayo 
Score for UC and the Harvey–Bradshaw Index for CD. FOB testing was performed in all patients and endoscopic activity 
was evaluated in 59 patients. Associations between FOB test and disease activity were analyzed.
Results: Clinically active disease was present in 30.4% of UC and 25.4% of CD patients. FOB positivity was signi�cantly 
associated with clinical activity in UC (p=0.009), but not in CD (p=0.109). In UC, FOB showed 88.2% sensitivity and 48.7% 
speci�city for detecting clinical activity and was also associated with endoscopic activity (p=0.031). No signi�cant as-
sociation was observed in CD.
Conclusion: FOB testing may represent a simple, inexpensive, and non-invasive tool for assessing disease activity in UC, 
but appears limited in CD.
Keywords: In�ammatory Bowel Disease, Fecal Occult Blood Test, Colitis, Ulcerative, Crohn Disease
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In genetically predisposed individuals, in�ammatory 
bowel disease (IBD) arises from a disordered immune 

response against the microbiota induced by environmen-

tal factors.[1] IBD is a chronic in�ammatory disease of the 

gastrointestinal tract that can undergo phases of activation 

and remission, resulting in a high rate of morbidity and 

death. Ulcerative colitis (UC) and crohn’s disease (CD) are 

the two primary categories.

The choice of treatment for IBD depends in part on the activa-

tion and location of the illness. Disease activity was assessed 

using clinical activity indices as well as laboratory, endoscopic, 

and histological tests. Laboratory tests such as CRP, ESR, and fe-

cal calprotectin (FC) are commonly performed. Nevertheless, 

FC is not an a�ordable test available at every facility around 

the nationwide. Active mucosal in�ammation is often pres-

ent in asymptomatic individuals, and clinical indicators are 
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not necessarily correlated with actual in�ammation with IBD. 
Even with adequate medication, the majority of IBD patients 
experience illness exacerbations as a result of symptoms in-
cluding diarrhea and bloody stools, and it can be challenging 
to anticipate these exacerbations in advance of symptom on-
set. If recurrences can be detected in the asymptomatic stage, 
the treatment of relapse may be commenced early, and pa-
tients can be given an easier remission phase.

Colonoscopy is widely recognized as the gold standard 
for assessing mucosal in�ammation and disease activity in 
patients with IBD. However, the colonoscopic examination 
is sometimes challenging to perform because of expense 
and patient discomfort.[2]

Currently, all IBD patients in clinical and laboratory remis-
sion undergo endoscopic mucosal repair as the goal of their 
applied therapy. However, colonoscopy should be used in 
patient with IBD in clinical and laboratory remission in or-
der to achieve the aim of endoscopic mucosal repair in dai-
ly practice.  Colonoscopic examination can sometimes be a 
burden because of the above-mentioned disadvantages. In 
this setting, endoscopic mucosal healing is increasingly de-
termined by biomarkers rather than by colonoscopy. Pre-
vious research has demonstrated that fecal indicators are 
predictive of prognosis, particularly clinical recurrence, and 
represent endoscopic mucosal in�ammation and mucosal 
healing in the FC and fecal occult blood (FOB) tests. Con-
sequently, fecal markers can be used to track individuals 
in clinical remission to assess mucosal repair and disease 
recurrence without the need for colonoscopy.[3,4]

The FOB test is currently used in the general population 
for colorectal cancer screening. In the protocol conducted 
by the Ministry of Health for screening CRC in our country, 
it is recommended to perform a two-year FOB test and a 
colonoscopy every 10 years (https://hsgm.saglik.gov.tr/tr/
kanser-tarama-standartlari/listesi/kolorektal-kanser-tara-
ma-program%C4%B1-ulusal-standartlar%C4%B1.html).

The FOB test measures the amount of blood in stool sam-
ples automatic equipment, simply and quickly.[5] Given 
the limitations of invasive endoscopic procedures and the 
need for simple, cost-e�ective, and non-invasive biomark-
ers in the follow-up of in�ammatory bowel disease, fecal 
markers have gained increasing attention. Although fecal 
calprotectin is widely used, its limited availability and high 
cost restrict its routine use in daily practice. Fecal occult 
blood testing is an inexpensive, easily accessible, and rapid 
stool-based test; however, data regarding its role in assess-
ing disease activity in in�ammatory bowel disease, particu-
larly in Crohn’s disease, remain limited. Therefore, this study 
aimed to evaluate the utility of fecal occult blood testing in 
assessing both clinical and endoscopic disease activity in 

patients with ulcerative colitis and Crohn’s disease. 

Methods

Study Population

This study included 115 patients included with clinical, en-
doscopic, radiological, and histopathological con�rmed 
IBD diagnosis in the Department of Gastroenterology at 
Dokuz Eylul University Hospital.

Exclusion criteria for patients;

• History of colorectal surgery history due to IBD

• History of colorectal cancer

• History of alcohol and substance abuse

• Pregnancy

The study was approved by the Institutional Non-Inter-
ventional Research Local Ethics Committee on 15 February 
2018 (Approval No: 2018 / 05-36) and in accordance with 
the precepts established by the Declaration of Helsinki, and 
informed consent was obtained from all the participants.

Demographic and Laboratory Data

Age, sex, type, and duration of the disease, the area of the 
disease in the intestine, and drugs used for the treatment 
of IBD, smoking, routine hemogram (hemoglobin, hema-
tocrit, and platelet values), and CRP values, which are in-
�ammatory markers, were obtained from the records in the 
database of the Hospital Information Management System 
(HBYS) (Probel version V1).

Clinical Activity Index Data

Patients were evaluated for remission and activation by us-
ing speci�c clinical activity indices. Modi�ed Mayo Scoring 
was used to evaluate the clinical activity of UC, and Harvey 
Bradshaw Index (HBI) was used to evaluate the clinical ac-
tivity of CD.

Mayo score, including stool frequency, rectal bleeding, 
endoscopic �ndings, and 4 criteria including global as-
sessment by the clinician (0, normal; 1, mild; 2, medium; 
3, heavy). Each criterion is scored between 0 and 3. In this 
study, we used the Modi�ed Mayo Clinic score, which did 
not include endoscopic evaluation. Accordingly, patients 
who received 2 points or less were in remission. HBI; It in-
cludes �ve criteria; general well-being, abdominal pain, 
daily �uid defecation count, abdominal mass, and compli-
cations. Accordingly, patients who received 4 points or less 
were considered to be in remission.

Endoscopic Activity Index Data

Endoscopic activity was examined in 59 (51.3%) of the pa-
tients (27/59 CH, 32/59 UC, 18/59 �exible sigmoidoscopy, 
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41/59 colonoscopy). The Mayo endoscopic sub-score was 
used for endoscopic activity scores in patients with UC. For 
CD, the presence of an ulcer was considered as an active 
disease, and no endoscopic scoring was performed.

Fecal Occult Blood Testing

Stool samples of patients were taken, and FOB was exam-
ined within 20 h. An HM-Jack stool secret blood autoana-
lyzer was used (Extel Hemo-Auto). In this test, the change 
in agglutination caused by the hemoglobin in latex parti-
cles coated with antibodies against human hemoglobin 
was determined in terms of turbidity, and the amount of 
blood in stool was quanti�ed. Results were evaluated as 
either positive or negative. (Normal values: 0-12 ng/ml, re-
sults above 12 ng/ml were considered positive).

We compared the results of the FOB test in clinically and 
endoscopically active and remission IBD patients, thus 
demonstrating the role of the FOB test in determining the 
clinical and endoscopic activity of the disease.

Statistical Analyses

All analyses were performed using SPSS 17 statistical 
package program. The normal distribution suitability of 
the numerical variables was tested using the Shapiro-Wilk 
Test. Numerical variables were described using the mean 
and standard deviation, and categorical variables were 
described using frequency and percentage values. The 
correlation between categorical variables, Chi-square test, 
and the relationship between numerical variables were 
investigated by Spearman correlation analysis. Two inde-
pendent means were compared using the Mann-Whitney 
U test. Again, the independent mean was compared using 
the post-hoc Dunn’s test after the Kruskal-Wallis test. Statis-
tical signi�cance was de�ned as a value of p < 0.05.

Results
The study groups were categorized as UC (n = 56) and CD 
(n = 59). A total of 115 patients, 44 of whom were female 
(38.3%) and 71 of whom were male (61.7%), were includ-
ed in the study. The UC and CD subgroups were similar in 
terms of age and sex distributions (p=0.20, p=0.079). There 
was no signi�cant di�erence between the mean hemoglo-
bin, hematocrit levels, platelet values, and CRP levels of the 
patients (p=0.20, p=0.20, p=0.194, and p=0.301, respec-
tively). No signi�cant di�erences were observed between 
the two groups in terms of smoking and disease duration 
(p=0.206 and p=0.524 respectively). While 12.5% proctitis, 
64.3% left colitis, and 23.2% pancolitis involvement were 
observed in the UC group; 25.4% ileal, 28.8% colonic, and 
45.8% ileocolonic involvement were observed in the CD 
group. In the UC group, 5-ASA use was more frequent, 
whereas immunomodulatory therapy was more frequent 

in the CD group (p < 0.001).

Based on the Modi�ed Mayo Score, 17/56 (30.4%) UC pa-
tients had clinically active disease; based on the HBI, 15/59 
(25.4%) CD patients had clinically active disease. There 
was no signi�cant di�erence in clinical activation status 
between the two groups (p=0.555). At the same time, no 
signi�cant di�erence was found between the CD and UC 
groups in terms of FOB test positivity (p=0.981) (Table 1).

In the UC group, clinical activity was not associated with 
age, sex, platelet count, CRP level, smoking status, disease 
duration, disease location, or treatment (all p > 0.05); how-
ever, hemoglobin and hematocrit levels di�ered between 
active and remission groups (p = 0.020 and p = 0.026, re-
spectively), with lower values in active disease (Table 2).

In the CD group, clinical activity was not associated with 
age, hemoglobin, hematocrit, platelet count, smoking sta-
tus, disease duration, disease location, or treatment (all 
p>0.05); CRP levels were higher in active disease than re-
mission (16.6± 19.1 vs 7.4± 11.2 mg/L; p=0.017) (Table 2).

In the UC group, FOB positivity was not associated with 
age, sex, hemoglobin, hematocrit, platelet count, CRP level, 
or smoking status (all p>0.05), but was associated with the 
activation score (p = 0.001). The activation score was 2.4± 
2.2 in FOB-positive patients and 0.5 ± 1.0 in FOB-negative 
patients (Table 3).

In the CD group, FOB positivity was not associated with 
age, sex, hemoglobin, hematocrit, platelet count, or acti-
vation score (all p>0.05), but was associated with CRP level 
and smoking status (p = 0.038 and p = 0.049, respective-
ly). CRP levels were higher in FOB-positive CD patients 
than FOB-negative patients (11.7± 15.3 vs 6.4± 11.3 mg/L; 
p = 0.038). Smoking history was more frequent among 
FOB-positive patients (p=0.049) (Table 3).

According to the Modi�ed Mayo score in the UC group, 17 
patients (30.3%) were clinically active and 15 of these pa-
tients had a positive FOB test. There was a statistically sig-
ni�cant di�erence between FOB test positivity and clinical 
activation (p = 0.009) (Table 4). The sensitivity, speci�city, 
positive predictive value, and negative predictive value 
of the FOB test for UC were 88.23%, 48.71%, 42.85%, and 
90.47%, respectively.

In the CD group, 15 patients (25.4%) were clinically active 
according to HBI and the FOB test was positive in 12 of 
these patients. There was no signi�cant relationship be-
tween FOB test positivity and clinical activation (p=0.109) 
(Table 4). The sensitivity, speci�city, positive predictive val-
ue, and negative predictive value of the FOB test for CD 
were 80.00%, 43.18%, 32.43%, and 86.36%, respectively.

The current endoscopy of a total of 59/115 patients (UC, 
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32/56; CD, 27/59) were examined. In the UC group, 21/32 pa-
tients had endoscopically active disease; FOB was positive in 
18/21. There was a signi�cant correlation between FOB test 
positivity and endoscopic activation (p = 0.031) (Table 4). The 
sensitivity, speci�city, positive predictive value, and negative 
predictive value of the FOB test in demonstrating endoscop-
ic activation in patients with UC were 85.7%, 63.6%, 81.8%, 
and 70.0%, respectively. In the CD group, 22/27 patients had 
endoscopically active disease; FOB was positive in 16/22. In 

this group, no signi�cant correlation was found between 

FOB test positivity and endoscopic activation (p=0.295) (Ta-

ble 4). The sensitivity, speci�city, positive predictive value, 

and negative predictive value of the FOB test in demonstrat-

ing endoscopic activation in patients with CD were 72.7%, 

60.0%, 88.8%, and 33.3%, respectively.

Associations between FOB positivity and clinical and endo-

scopic disease activity di�ered between UC and CD (Table 4–6).

Table 1. Demographic characteristics of the participants

UC  (n=56) CD (n=59) Total (n=115) p

Age (Mean ± SD) 47.4± 3.1 48.5±13.9 47.9±13.5 0.200

Gender [n (%)] 0.079

Woman 26 (46.4) 18 (30.5) 44 (38.3)

Man 30 (53.6) 41 (69.5) 71 (61.7)

Hemoglobin, gr/dL 13.4±0.1 15.2±1.7 14.3±0.9 0.200

Hematocrit, % 40.3±0.5 51.9±7.9 46.2±4.2 0.200

Platelet value, 10³/uL 281250±13110 292593±15514 287069±14343 0.194

CRP, mg/L 9.2±2.3 9.7±1.8 9.4±2.0 0.301

Smoking [n (%)] 0.206

Yes 13 (23.2) 20 (33.9) 33 (28.7)

No 43 (76.8) 39 (66.1) 82 (71.3)

Disease duration [n (%)] 0.524

≤ 5 years 28 (50.0) 26 (44.1) 54 (47.0)

> 5 years 28 (50.0) 33 (55.9) 61 (53.0)

Disease location (UC)

Proctitis 7 (12.5) - -

Left Colitis 36 (64.3) - -

Pancolitis 13 (23.2) - -

Disease location (CD)

Ileal - 15 (25.4) -

Colonic - 17 (28.8) -

Ileocolonic - 27 (45.8) -

Treatment [n (%)] <0.001

5-ASA 36 (64.3) 10 (16.9) 46 (40.0)

Systemic Steroids 1 (1.8) 3 (5.1) 4 (3.5)

Immunomodulatory 3 (5.4) 27 (45.8) 30 (26.1)

5-ASA + Immunomodulatory 16 (28.5) 19 (32.2) 35 (30.4)

FOB Test [n (%)] 0.981

Pozitif 35 (62.5) 37 (62.7) 72 (62.6)

Negatif 21 (37.5) 22 (37.3) 43 (37.4)

Clinical activation [n (%)] 0.555

Remission 39 (69.6) 44 (74.6) 83 (72.2)

Active 17 (30.4) 15 (25.4) 32 (27.8)
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Discussion

IBD is characterized by numerous episodes of clinical re-

mission and acute exacerbations, necessitating ongoing 

medication and monitoring of the disease status. More 

speci�cally, a later acute exacerbation can be predicted by 

identifying the disease activity during asymptomatic inter-

vals.[6] Selecting the most e�ective course of therapy for pa-

tients with IBD requires the identi�cation of in�ammatory 

activity. Therefore, investigators have actively focused on 

identifying ideal disease markers. Optimal markers should 

be speci�c to the disease, correctly re�ect disease activity, 

be easily applicable in clinical practice, and be able to iden-

tify patients at risk of relapse.

Table 2. Relationship between disease activation with clinical features in UC and CD subgroups

UC - Remission UC - Active p (UC) CD - Remission CD - Active p (CD)

Age (Mean ± SD) 47.6±13.0 47.0±13.8 0.782 50.5±13.6 42.7±13.5 0.59

Gender [n (%)] 0.950 0.355

Woman 18 (69.2) 8 (30.7) 12 (66.7) 6 (33.3)

Man 21 (70.0) 9 (30.0) 32 (78.0) 9 (22.0)

Hemoglobin, gr/dL 13.7±1.3 12.7±1.4 0.02 13.5 ± 1.5 13.2±1.8 0.695

Hematocrit, % 41.2±3.6 38.4±4.0 0.026 40.3 ± 4.7 40.9±9.0 0.896

Platelet, 10³/uL 270000±840074 305000± 123984 0.417 279000 ± 85413 331000±184334 0.595

CRP, mg/L 5.5±6.0 17.0±28.9 0.202 7.4 ± 11.2 16.6±19.1 0.017

Smoking [n (%)] 0.468 0.226

Yes 8 (61.5) 5 (38.5) 13 (65.0) 7 (35.0)

No 31 (72.1) 12 (27.9) 31 (79.5) 8 (20.5)

Disease duration 0.771 0.713

≤ 5 years 20 (71.4) 8 (28.6) 20 (76.9) 6 (23.1)

> 5 years 19 (67.9) 9 (32.1) 24 (72.7) 9 (27.3)

Treatment [n (%)] 0.324 0.385

5-ASA 26 (76.5) 8 (23.5) 8 (80.0) 2 (20.0)

Systemic steroids 1 (100.0) 0 (0.0) 1 (33.3) 2 (66.7)

Immunomodulatory 1 (33.3) 2 (66.7) 20 (74.1) 7 (25.9)

5-ASA+Immunomod 10 (62.5) 6 (37.5)

Table 3. Relationship between FOB test positivity with clinical features in UC and CD subgroups

UC-positive UC-negative p (UC) CD-positive CD-negative p (CD)

Age (Mean ± SD) 45.4±12.9 50.8±13.1 0.157 47.0±13.8 51.0±13.9 0.319

Gender [n (%)] 0.333 0.317

Woman 18 (69.2) 8 (30.7) 13 (72.2) 5 (27.7)

Man 17 (56.6) 13 (43.3) 24 (58.5) 17 (41.5)

Hemoglobin, gr/dL 13.1±1.5 13.9±1.1 0.115 13.3±1.6 13.9±2.2 0.206

Hematocrit, % 39.5±4.1 41.7±3.2 0.117 40.2±4.4 42.4±4.2 0.221

Platelet value, 10³/uL 284000±101604 275000±94111 0.571 390000±128066 264000±98993 0.085

CRP, mg/L 9.7±19.6 8.3±12.9 0.202 11.7±15.3 6.4±11.3 0.038

Activation score 2.4±2.2 0.5±1.0 0.001 3.0±2.4 2.4±1.8 0.421

Smoking [n (%)] 0.935 0.049

Yes 8 (61.5) 5 (38.5) 16 (80.0) 4 (20.0)

No 27 (62.7) 16 (37.2)
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Colonoscopy is currently the gold standard procedure for 
assessing the state of the mucosa in patients with IBD. 
However, colonoscopy is painful for patients and has the 
potential to worsen their condition. Additionally, even 
in remission, research has found that colonoscopy alone 
might exacerbate the condition.[7] Thus, it is challenging 
to perform regular colonoscopies, which are necessary for 
su�cient monitoring of the IBD status, because of the ex-
pense and discomfort to patients. To address this clinical 
issue, research has been conducted on non-invasive mark-
ers. Numerous non-invasive techniques have been devel-
oped in recent years to assess intestinal in�ammation, but a 
simple test that is widely recognized and has a high success 
rate has not been discovered.[8,9] Despite being utilized as 

traditional indicators of in�ammation, ESR and CRP values 
have limited therapeutic use because they are indicative of 
systemic in�ammation rather than mucosal in�ammation.
[10,11] Compared to individuals with CD, people with UC have 
a lower correlation between CRP level and disease activity.
[12] Similarly, in our study, although there was a signi�cant 
relationship between CRP levels and disease activity in pa-
tients with CD, no statistical signi�cance was found in pa-
tients with UC. 

Kochan et al.[12] demonstrated that laboratory measure-
ments helped to illustrate clinical activity, but they did not 
�nd any appreciable improvement in endoscopic follow-up 
or mucosal healing. Therefore, fecal markers are therefore 
more accurate and promising[13]

Table 4. Relationship between clinical and endoscopic activation status and FOB test in UC and CD subgroups

BD Type FOB Test Clinical activation: Remission Clinical activation: Active Total p

UC Positive 20 (51.3%) 15 (88.2%) 35 (62.5%) 0.009

Negative 19 (48.7%) 2 (11.8%) 21 (37.5%)

Total 39 (100.0%) 17 (100.0%) 56 (100.0%)

CD Positive 25 (56.8%) 12 (80.0%) 37 (62.7%) 0.109

Negative 19 (43.2%) 3 (20.0%) 22 (37.3%)

Total 44 (100.0%) 15 (100.0%) 59 (100.0%)

Total Positive 45 (54.2%) 27 (84.4%) 72 (62.6%) 0.003

Negative 38 (45.8%) 5 (15.6%) 43 (37.4%)

Total 83 (100.0%) 32 (100.0%) 115 (100.0%)

IBD type FOB Test Endoscopic activation: Remission Endoscopic activation: Active Total p

UC Positive 4 (36.4%) 18 (85.7%) 22 (68.8%) 0.031

Negative 7 (63.6%) 3 (14.3%) 10 (31.2%)

Total 11 (100.0%) 21 (100.0%) 32 (100.0%)

CD Positive 2 (40.0%) 16 (72.7%) 18 (66.7%) 0.295

Negative 3 (60.0%) 6 (27.3%) 9 (33.3%)

Total 5 (100.0%) 22 (100.0%) 27 (100.0%)

Total Positive 6 (37.5%) 34 (79.1%) 40 (67.8%) 0.041

Negative 10 (62.5%) 9 (20.9%) 19 (32.2%)

Total 16 (100.0%) 43 (100.0%) 59 (100.0%)

Table 5. Relationship between clinical activation and endoscopically activation in UC and CD groups

IBD type Clinical activation status Endoscopic: Remission Endoscopic: Active Total p

UC Remission 9 (81.8%) 8 (38.1%) 17 (53.1%) 0.132

Active 2 (18.2%) 13 (61.9%) 15 (46.9%)

Total 11 (100.0%) 21 (100.0%) 32 (100.0%)

CD Remission 5 (100.0%) 13 (59.1%) 18 (66.7%) 0.136

Active 0 (0.0%) 9 (40.9%) 9 (33.3%)

Total 5 (100.0%) 22 (100.0%)
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In this study, we aimed to investigate the relationship be-
tween the clinical, laboratory (CRP), and endoscopic activ-
ities of the FOB test and to investigate the clinical bene�t 
of the FOB test, which is a non-invasive, easy-to-use, easy-
to-reach and cheap stool examination. In our study, while 
a signi�cant relationship was found between disease ac-
tivation and FOB test results clinically and endoscopically 
in patients with UC, there was no signi�cant relationship 
between CD and FOB test results. When we compared the 
clinical and endoscopic activations of the patients, there 
was no statistically signi�cant di�erence between them.

The FOB test has been mentioned as an additional biomark-
er in a few recent investigations.[8] The FOB test in UC patients 
may be a non-invasive and useful biomarker for assessing 
clinical and endoscopic activity, according to a literature re-
view by Ryu et al.[14] Currently, FC shows great promise as a 
noninvasive indicator of mucosal in�ammation, and several 
studies have linked it to mucosal violence.[15] In the course 
of monitoring and treating the condition, FC was discov-
ered in a study by Satwik et al.[16] to potentially serve as an 
alternate marker for colonoscopy potentially. In another UC 
patient trial, the FOB test was shown to indicate treatment 
e�ectiveness in patients with active endoscopic activation 
and mucosal improvement following therapy, even though 
FC was better than the FOB test in representing disease ac-
tivation. However, FC is often only useful in tertiary facilities, 
taking a long time to obtain �ndings, and most signi�cantly, 
is a costly testing approach. Furthermore, it has been shown 
that stool samples taken on the same day from the same pa-
tient may provide signi�cantly di�erent FC �ndings.[17]

According to Nakarai et al.[15], the FC and FOB tests demon-
strated important characteristics in the clinical relapse pre-
diction of UC patients. The FOB test is the most economical 
option. In a related investigation, the FOB test had 92% 
sensitivity and 71% speci�city in predicting mucosal repair 
in UC patient.[18] Individuals in UC remission who have a 

negative FOB test have a recurrence risk that is six times 
lower than that of those who have a positive result.[19]

According to Takashima et al.[3], individuals with UC may 
predict mucosal healing with both the FC (82% sensitivity, 
62% speci�city) and FOB tests (95% sensitivity, 62% speci-
�city). Similarly, our study showed that the FOB test could 
predict endoscopic activation with 85% sensitivity and 
63% speci�city in the patients group with UC. Ma et al.[4] 
conducted a study that revealed that individuals with IBD, 
particularly those diagnosed with UC, showed similar re-
sponses to the FOB and FC tests in de�ning mucosal heal-
ing. Chang et al.[17] demonstrated that FC and FOB tests suc-
cessfully predict changes in the mucosa along the course of 
the disease and strongly correlate with endoscopic activity 
in patients with UC. As the FOB test is inexpensive and has a 
high positive predictive value, it is recommended for track-
ing disease activity following mucosal healing following 
induction treatment. They maintained that positive FOB 
test results during stable patient follow-up would facilitate 
additional research and decision-making.

Di�erent studies including UC patients found that the FOB 
test had a sensitivity of 63% speci�city of 81% for demon-
strating clinical activation, and 73% speci�city of 81% for 
endoscopic activation. According to these �ndings, endo-
scopic activation rather than clinical activation may be pre-
dicted by a positive FOB test result.[14] Similarly, in our study, 
a signi�cant correlation was found between the degree of 
clinical and endoscopic activity calculated using the Modi-
�ed Mayo Scoring in the UC group and the positivity of the 
FOB test. These results are compatible with those of studies 
in this �eld. In the CD group, according to the Harvey Brad-
shaw Index, there was no signi�cant relationship between 
the clinical activity evaluation and FOB test positivity.

Our study shows that these parameters may be useful in 
re�ecting the clinical disease activity and mucosal healing 

Table 6. Evaluation of all results in UC and CD Groups

IBD type FOB test Clinical  
remission

Clinical  
active

p  
(Clinical)

Endoscopic  
remission

Endoscopic  
active

p  
(Endoscopic)

UC Positive 20 (51.3%) 15 (88.2%) 0.009 4 (36.4%) 18 (85.7%) 0.031

Negative 19 (48.7%) 2 (11.8%) 7 (63.6%) 3 (14.3%)

Total 39 (100.0%) 17 (100.0%) 11 (100.0%) 21 (100.0%)

CD Positive 25 (56.8%) 12 (80.0%) 0.109 2 (40.0%) 16 (72.7%) 0.295

Negative 19 (43.2%) 3 (20.0%) 3 (60.0%) 6 (27.3%)

Total 44 (100.0%) 15 (100.0%) 5 (100.0%) 22 (100.0%)

Total Positive 45 (54.2%) 27 (84.4%) 0.003 6 (37.5%) 34 (79.1%) 0.041

Negative 38 (45.8%) 5 (15.6%) 10 (62.5%) 9 (20.9%)

Total 83 (100.0%) 32 (100.0%) 16 (100.0%) 43 (100.0%)
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in patients with IBD. Therefore, the FOB test can provide an 
“easily accessible” method for assessing mucosal status to 
assess the e�ectiveness of treatment aimed at establishing 
disease remission in patients with IBD. In this case, patients 
will be able to monitor IBD more readily and regularly be-
cause of the FOB test’s quick �ndings and a�ordable costs 
to physicians.[9,12] Repeated analysis of several samples is 
believed to lower the possibility of mistakes and may be 
helpful in monitoring disease activity. The FOB test high 
false-positive values demand caution in misinterpreting 
the results.[14]

The limitations of this study are that some demographic 
data were retrospectively accessed from the patient re-
cords. The FOB test could not be compared with other fecal 
biomarkers such as FC. Although the clinical activity index 
was evaluated in all patients, the most valuable method 
providing information about mucosal in�ammation and 
healing was applied to 59 patients, not to all patients. Since 
the FOB test examined in our hospital is not a numerical 
result, the statistics were made according to the positive 
and negative results. A cost analysis of the FOB test was not 
conducted.

Conclusion

In this study, the FOB test was used to determine disease 
activity as an alternative to a more expensive fecal indica-
tor such as FC.

The FOB test was compatible with endoscopic activity in-
dices rather than the clinical activity indices used to deter-
mine disease activity.

In this study, unlike in previous publications, the FOB test 
was examined in both UC and CD and contributed to the 
literature.

Disease activity in IBD can be determined using the FOB 
test, which is an inexpensive, simple, and easy method.
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Abstract

Objectives: The aim of this study is to assess the relationship between stress and eating disorders in young adults, 
which may be the initial symptom or result of many diseases today.
Methods: SCOFF and PSS tests were applied to 313 women in order to assess eating disorders (ED) and stress disorder 
(SD). According to the results of the questionnaire tests, the participants were divided into subgroups according to their 
ED status and body mass index (BMI). Subgroups were compared to investigate the relationship between ED and SD. 
The e�ect of SD on adipocytokine levels was compared among the 4 subgroups.
Results: The ED rate was 46.6%, and the SD rate was 34.5%. The SD rate was observed to be higher in the ED(+) group 
when compared with the ED(-) group (54.1% vs. 17.4%, p<0.001). In all three groups (BMI<18.5 and ED(+), BMI>25 and 
ED(+), and 18.5≤BMI≤25 and ED(+)), SD risk was observed to be higher than in the 18.5≤BMI≤25 and ED(-) group (OR 8.56, 
7.34, and 3.59; p=0.001, p=0.002, and p=0.012, respectively). Leptin levels were lower, and ghrelin and adiponectin levels 
were higher in the SD(+) subgroup compared with the SD(-) subgroup in the group with ED(+) and BMI<18.5. Leptin levels 
were higher, and ghrelin and adiponectin levels were lower in the SD(+) subgroup compared with the SD(-) subgroup in 
the group with ED(+) and BMI>25.
Conclusion: Perceived stress signi�cantly in�uences leptin, ghrelin, and adiponectin levels and is associated with eat-
ing disorders in young adults.
Keywords: Adiponectin, Eating Disorders, Ghrelin, Leptin, Stress Disorder
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Stress is a term that is frequently used in various social, ac-
ademic, and employment settings. It is well known that 

everyone needs a certain amount of motivating pressure to 
do their best. However, when pressure exceeds a person’s 
ability to cope, it causes stress. Moreover, stress can cre-
ate a cycle of distress and reduce the ability to cope, even 
in ordinary situations. Many stress factors are encountered 
frequently today. In today’s competitive teaching and study 
environment, students are faced with more stress than ever 
before. The source of stress can be education, exams, peers, 
teachers, or parents.[1] College students frequently encounter 
stressful situations that can cause negative academic, emo-
tional, and health consequences.[2] They are also subjected 
to a number of stressful causes, such as gradual overload, 
constant pressure to succeed, competition with colleagues, 
and, in some countries, �nancial burden and concerns about 
the future.[3] As all these can lead to psychopathology, the 
health of college students, especially healthcare students, 
has been the subject of increasing focus in recent years.[4,5] 
Voltmer et al.[6] reported a decrease in health quality and an 
increase in risk patterns, indicating the need for prevention 
and health promotion focusing on individual behaviour.

Eating disorders (ED) are important health problems that 
may occur as a result of the interaction of genetic, endocri-
nological, hypothalamic, and environmental factors such 
as stress. Stress factors can a�ect a person’s eating habits. 
The change in eating habits paves the way for conditions 
called nutritional disorders. Nutritional disorders include 
Anorexia Nervosa (AN), Bulimia Nervosa (BN), binge ED, 
reactive binge eating disorders, evening eating syndrome, 
and nonspeci�c nutritional disorders.[7] Nutritional disor-
ders cause insu�cient and/or disproportionate intake of 
carbohydrate, protein, and fat, as well as insu�cient intake 
of vitamins, minerals, and trace elements in the body. Lack 
of prodromic symptoms and diagnostic criteria in the ear-
ly stages of ED often causes delayed diagnosis. In the later 
stages of malnutrition, it can lead to more serious diseases 
such as severe depression, epilepsy, hair loss, muscle loss, 
bone loss, dental caries, growth retardation, anemia, and 
gastrointestinal and cardiac problems. Intervention for 
malnutrition with early diagnosis can eliminate the risk of 
future negative consequences.[8]

The aim of this study was to determine the prevalence of 
eating disorders among college students at Celal Bayar 
University Faculty of Medicine and Faculty of Nursing and 
to investigate the relationship between eating disorders 
and perceived stress in order to contribute to the develop-
ment of appropriate preventive strategies for improving 
public health. Also, this study aimed to evaluate the e�ects 
of stress disorder on metabolic parameters such as leptin, 
ghrelin, and adiponectin.

Methods

Patients and Study Design

A total of 313 volunteer students and research assistants 
aged between 18 and 30 years from the Faculties of Medi-
cine and Nursing of Celal Bayar University were enrolled in 
this study between 2014 and 2016. Patients with conditions 
that may lead to malabsorption, including ulcerative colitis, 
Crohn’s disease, celiac disease, cystic �brosis, chronic pan-
creatitis, and chronic liver or kidney disease, were exclud-
ed. In addition, individuals with a history of gastrointestinal 
surgery, including gallbladder, esophagus, stomach, small 
intestine, large intestine, liver, or pancreatic resection, were 
not included in the study.

The study protocol was approved by the Ethics Commit-
tee of Celal Bayar University (Approval No: 232; Approval 
Date: June 04, 2014). All procedures were conducted in ac-
cordance with the ethical principles of the Declaration of 
Helsinki. Written informed consent was obtained from all 
participants prior to blood sampling.

All 313 individuals completed the SCOFF questionnaire 
and the Perceived Stress Scale (PSS) to evaluate eating 
disorders and perceived stress levels, respectively.[9,10] The 
questionnaires were translated into Turkish by the authors, 
and a preliminary validity assessment was conducted pri-
or to the study.[11,12] Following the questionnaire assess-
ments, anthropometric measurements, including height 
and weight, were recorded. Age, medical history, and the 
presence of any comorbid diseases were also documented.

Participants included in the study had no comorbid diseas-
es and were not receiving hormonal therapy. According to 
the literature, a body mass index (BMI) between 18.5 and 
25 kg/m² was accepted as the normal range.

Based on the SCOFF questionnaire results, participants 
were categorized according to eating disorder (ED) status 
(SCOFF ≥2 positive vs. SCOFF <2). In addition, participants 
were grouped according to BMI categories (BMI >25 kg/
m², BMI <18.5 kg/m², or 18.5≤BMI≤25 kg/m²). Compari-
sons were performed to evaluate the relationship between 
these parameters and stress levels according to PSS score 
levels among the subgroups.

For biochemical analyses, blood samples were obtained 
from a total of 120 volunteers distributed among the fol-
lowing subgroups: ED(+) and BMI <18.5 (n=25), ED(+) 
and BMI >25 (n=25), 18.5≤BMI≤25 and ED(+) (n=30), and 
18.5≤BMI≤25 and ED(-) (n=40).

Serum Analysis

Blood samples were collected from volunteers into vacu-
um tubes without anticoagulants for biochemical analyses. 
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Samples were centrifuged at 300×g for 10 minutes, and se-
rum fractions were separated. The obtained serum samples 
were stored at −80°C until batch analysis.

The following biochemical parameters were measured: 
fasting glucose, fasting insulin, cortisol, lipid pro�le, sodi-
um (Na), potassium (K), chloride (Cl), calcium (Ca), phos-
phorus (P), aspartate aminotransferase (AST), alkaline 
phosphatase (ALP), gamma-glutamyl transferase (GGT), 
blood urea nitrogen (BUN), creatinine, thyroid-stimulating 
hormone (TSH), free triiodothyronine (free T3), free thyrox-
ine (free T4), anti-gliadin IgA, anti-gliadin IgG, tissue trans-
glutaminase IgA, and hemogram levels. Insulin resistance 
was evaluated using the homeostatic model assessment 
for insulin resistance.

In accordance with the study by Fontbonne et al.[13], insulin 
resistance was de�ned as HOMA-IR values above 1.80 for 
women and 2.12 for men.

All biochemical parameters were analyzed at the Celal 
Bayar University Biochemistry Laboratory. Adiponectin, 
leptin, and ghrelin plasma levels were measured using en-
zyme-linked immunosorbent assay (ELISA) methods.

Adiponectin levels were determined using commercial ELI-
SA kits (Assaypro Human Adiponectin ELISA Kit, Missouri, 
USA). The mean intra-assay coe�cient of variation (CV) of 
the kit was 3.0%, while the inter-assay CV was 8.3%.

Leptin levels were measured using ELISA kits (DRG Instru-
ments GmbH, Marburg, Germany). The analytical sensitiv-
ity of the assay was 1.0 ng/mL. The intra-assay CV values 
were 5.95% at 3.15 ng/mL and 6.91% at 24.62 ng/mL. The 
inter-assay CV values were 11.55% at 2.71 ng/mL and 8.66% 
at 26.15 ng/mL.

Ghrelin levels were measured using commercial ELISA kits 
(Human Ghrelin Total, EMD Millipore Corporation, Missou-
ri, USA). The analytical sensitivity of the assay was 50 pg/
mL. The intra-assay CV values were 1.26% at 384 pg/mL and 
0.90% at 904 pg/mL. The inter-assay CV values were 7.81% 
at 384 pg/mL and 6.28%.

Statistical Analysis

All statistical analyses were performed using SPSS for Win-
dows, version 15.0 (IBM Corp., Armonk, NY, USA). The distri-
bution characteristics of continuous variables were evalu-
ated using descriptive statistics and normality assessments. 
Continuous variables were expressed as mean±standard 
deviation (SD), while categorical variables were present-
ed as frequency (n) and percentage (%). Comparisons be-
tween categorical variables were performed using the chi-
square test. For comparisons between two independent 
groups, Student’s t-test was applied for normally distribut-
ed variables. When the data did not meet the assumptions 

of normal distribution, the Spearman correlation test was 
used. For comparisons involving more than two groups, 
one-way analysis of variance (ANOVA) was applied where 
appropriate. All statistical tests were two-tailed, and a p val-
ue of <0.05 was considered statistically signi�cant.

Results

The average age of the study population was 24.62 years 
(range, 18–30 years). According to the results of the SCOFF 
Test (Sick, Control, One Stone, Fat, Food) and the Perceived 
Stress Scale (PSS) questionnaire test, the rate of SD was 
34.5% (n=108), and the rate of ED was 46.6% (n=146).

While 54.1% (n=79) of individuals in the ED group (n=146) 
had SD, the SD rate in the non-ED population was 17.4% 
(n=29) (p<0.001) (Table I). It was observed that individuals 
with BMI<18.5 or BMI>25 had more SD than individuals 
with normal BMI (64.3% vs. 35.7%, 61% vs. 39%, and 24.3% 
vs. 75.7%; p<0.001, p<0.001, and p<0.001, respectively) 
(Table 2).

Four subgroups were de�ned as BMI<18.5 and ED(+) 
(n=42), BMI>25 and ED(+) (n=23), 18.5≤BMI≤25 and ED(+) 
(n=63), and 18.5≤BMI≤25 and ED(-) (n=167) according to 
BMI levels and ED status. Subgroup analysis was performed 
for SD among the four subgroups. The 18.5≤BMI≤25 and 
ED(-) subgroup was determined as the control group. A 
comparison was made between these subgroups to as-
sess the relationship between stress levels. It was observed 
that the stress rates were signi�cantly higher in the three 
groups with eating disorders when compared with the con-
trol group (BMI<18.5, p=0.001 for the ED(+) group; BMI>25, 
p=0.002 for the ED(+) group; and 18.5≤BMI≤25, p=0.012 
for the ED(+) group). It was determined that the risk of SD 
was higher in the BMI<18.5 and ED(+) group, BMI>25 and 

Table 1. The relationship between eating disorders and stress 
disorder

Groups SD (+) SD (-) p

ED (+) 79 (%54.1) 67 (%45.9) <0.001

ED (-) 29 (%17.4) 138 (%82.6)

BMI: Body mass index; ED: Eating disorders; SD: Stress disorder.

Table 2. SD rates according to BMI

SD (-) SD (+) p

BMI<18.5 35,7% 64,3% <0.001

18.5≤BMI≤25 75,7% 24,3% <0.001

BMI>25 39% 61% <0.001

BMI: Body mass index; SD: stress disorder.
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ED(+) group, and 18.5≤BMI≤25 and ED(+) group than in 
the 18.5≤BMI≤25 and ED(-) subgroup (OR 8.56, 7.34, and 
3.59, respectively). In addition, there was a signi�cantly 
higher risk of stress in the BMI<18.5 or BMI>25 and ED(+) 
subgroups than in the 18.5≤BMI≤25 and ED(+) subgroup 
(p=0.014 and p=0.021) (Table 3).

Blood analysis was performed on a total of 120 volunteers 
among the people participating in the survey study. These 
volunteers were divided into four subgroups according 
to their BMI and ED status: BMI<18.5 and ED(+) (n=25), 
BMI>25 and ED(+) (n=25), 18.5≤BMI≤25 and ED(+) (n=30), 
and 18.5≤BMI≤25 and ED(-) (n=40). Fasting glucose, fasting 
insulin, HOMA-IR score, cortisol, lipid pro�le, Na, K, Cl, Ca, 
P, hemogram, AST, ALT, ALP, GGT, BUN, creatinine, TSH, free 
T3, free T4, anti-gliadin IgA, anti-gliadin IgG, tissue trans-
glutaminase IgA, ACTH, cortisol, and HOMA values were 
compared between the four subgroups of 120 participants. 
There was no statistically signi�cant di�erence in biochem-
ical values between the groups. It was observed that SD(+) 
was higher in subgroups that had ED(+), similar to the gen-
eral population participating in the survey study (p=0.002, 
p=0.019, p=0.002) (Table 4).

Adipocytokine levels were studied in these four subgroups, 
and the di�erences between parameters are shown in Ta-

ble 5. Leptin levels were lower, and ghrelin and adiponec-
tin levels were higher in the SD(+) subgroup when com-
pared with the SD(-) subgroup in the group with ED(+) and 
BMI<18.5 (p<0.001, p=0.011, and p=0.001, respectively). 
Leptin levels were higher, and ghrelin and adiponectin 
levels were lower in the SD(+) subgroup compared with 
the SD(-) subgroup in the group with ED(+) and BMI>25 
(p<0.001, p<0.001, and p<0.001, respectively). In the sub-
group with normal BMI, no such relationship could be es-
tablished in terms of SD (p>0.05) (Table 5).

Discussion

Eating disorders are important health problems that can 
occur as a result of the interaction of genetic, endocrino-
logical, hypothalamic, and environmental factors. The rate 
of ED investigated with the SCOFF test varies between 
11.8% and 48.8% among the young population.[14] The rate 
of ED in the population included in our study was found 
to be 46.6%. In the analysis using PSS among college stu-
dents, the rate of SD in women was found to be 48%.[15] In 
a study conducted with other stress scales, it was observed 
that the rate of students under intense stress among medi-
cal students was up to 52%.[16] In another study conducted 
among female students, this rate was reported to be 43%.
[17] The rate of SD in the population included in our study 
was found to be 34.5%.

Fairburn et al.[18] highlighted that the inability to cope with 
stressful situations properly is an important factor for the 
emergence and continuation of ED symptoms. Psychologi-
cal stress was evaluated with a scale by Darby et al.[19], and 
in this study, it was stated that SD was related to ED symp-
toms. Sassaroli et al.[20] put forward a hypothesis that stress 
is related to some cognitive factors that predispose to ED, 
and as a result of the study, they obtained data supporting 
this. Indeed, the empirical demonstration of this mechanism 
has been more reliably supported, showing that important 
stress is at the source of eating disorders. It has been shown 
that acquired stress a�ects eating habits and contributes to 
obesity in the literature.[21] In another study, it was stated that 
the risk of a quality-of-life score related to mental health is 
low in women with altered eating behaviour.[22] There are 
also studies showing that the desire to lose weight, which 
did not exist before, is revealed by stress and a�ects eating 
behaviour. A decrease in ED symptoms has been shown in 
participants when the stress factor disappears.[23] In a study 
comparing patients with obesity with and without ED, it was 
found that acquired stress scores were higher in those with 
ED.[24] These �ndings show that measures should be taken 
to reduce stress in individuals with ED. In our study, it was 
investigated whether psychosocial stress is related to ED 
symptoms. While 54.1% of those in the ED group had SD, the 

Table 3.  Distribution of study groups and stress rates

Subgroups SD (+) SD (-) OR  
(Lower-upper) p

BMI<18.5 and ED (+) 64.3% 25.7%
8.56 (4.05-

18.09)
0.001

BMI>25 and ED (+) 61% 39%
7.34 (3.53-

15.63)
0.002

18.5≤BMI≤25 and 
ED (+)

42.9% 57.1% 3.59 (1.88-6.77) 0.012

18.5≤BMI≤25 and 
ED (-)

17.4% 82.6%

BMI: Body mass index; OR: Odds ratio; SD: Stress disorder.

Table 4.  Distribution of volunteer participants who donated 
blood for serum adipocytokine among groups and SD rates

Subgroups SD (+) SD (-) p

BMI<18.5 and ED (+) 
(n=25)

64.0% 36% 0.002

BMI>25 and ED (+) 
(n=25)

60.0% 40% 0.019

18.5≤BMI≤25 and ED 
(+) (n=30)

43.3% 56.7% 0.002

18.5≤BMI≤25 and ED (-) 
(n=40)

17.5% 82.5%

BMI: Body mass index; SD: Stress disorder.
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rate of SD in the non-ED population was found to be 17.4%. 
As a result, it was seen that the presence of SD was a factor 
a�ecting the development of ED. This situation can be ex-
plained by the fact that intense anxiety, perfectionism, and 
low self-esteem, which can be seen in stress disorders, can 
trigger eating disorders by directing the individual’s atten-
tion to restriction or an increase in eating. In conclusion, ear-
ly detection of individuals with stress disorders and medical 
intervention to this e�ect are important in terms of prevent-
ing eating disorders.

In a study, it was observed that overweight or underweight 
individuals were in similar psychological conditions, and 
they were also under more stress than individuals with nor-
mal BMI.[25] Looking at the distribution of BMI in stressed indi-
viduals in our study, it was observed that BMI was generally 
lower or higher than normal in stressed individuals. How-
ever, it has been found that the BMIs of individuals without 
stress disorder are mostly normal. Similarly, there are studies 
in the literature claiming that stress experience triggers eat-
ing disorders and a�ects BMI in a low or high way.[26] Stress 
disorder may develop in individuals who are thin or fat due 
to thoughts such as being withdrawn due to their external 
appearance and feeling inadequate. We think that, by orga-
nizing diet and exercise programs for these people, stress 
disorder can be prevented. Eating behaviour and metabolic 
parameters are a re�ection of acquired stress.

Our study is one of the most comprehensive studies con-
ducted to determine the relationship between leptin, adi-
ponectin, ghrelin, and anthropometric values of ED and SD 
according to the recent literature. As a result of our study, 
a direct relationship was found between eating disorders 
and leptin, ghrelin, and adiponectin among women aged 

between 18 and 30. When the individuals with a BMI above 
25 and those with eating disorders who have positive 
stress disorder are compared with those who are negative, 
in those with SD(+), it was observed that leptin levels were 
signi�cantly high, and ghrelin and adiponectin levels were 
low. Leptin levels were lower, and ghrelin and adiponectin 
levels were higher in the SD(+) subgroup compared with 
the SD(-) subgroup in the group with ED(+) and BMI<18.5. 
No such relationship was found in those with normal BMI. 
Psychological stress can a�ect adipocytokine levels, lead-
ing to changes in eating habits and nutritional disorders. 
In today’s societies, it is thought that stress can contribute 
to obesity by increasing the concentration of leptin. In a 
study, it was observed that leptin increased in individu-
als with high stress perception, and this was found to be 
statistically signi�cant.[27] Declining leptin is an important 
indicator of energy de�ciency, and it is thought to be a 
mechanism developed by the body against a decrease in 
energy consumption or production capacity. While leptin 
was positively correlated with fat mass, it was found to 
be negatively correlated with ghrelin.[28] Conversely, in 
low-weight participants, increased ghrelin and decreased 
leptin levels are present. Low body weight develops due 
to increased metabolic rate and decreased appetite. High-
er ghrelin levels have been found in women with intense 
stress exposure. Here, it is thought that stress disorder may 
be caused by the increase in ghrelin by activating the hy-
pothalamo-pituitary-adrenal axis and sympathetic nervous 
system.[29] There is also a relation between adiponectin lev-
els and psychological stress. It is known that, in premeno-
pausal and postmenopausal women, changes in levels of 
adiponectin cause changes in eating behaviour and BMI.[30]

Tablo 5. Relationship between stress and adipocytokine SD; Stress disorders

Group Average SD (+) SD (-) p

BMI<18.5 Leptin 3.83±2.56 2.41±1.25 6.36±2.37 <0.001

Ghrelin 1261.57±481.11 1438.75±506.16 946.56±198.97 0.011

Adiponectin 25.68±1.78 26.71±1.22 23.86±0.96 0.001

BMI>25 Leptin 24.06±9.13 28.7±8.86 17.11±3.29 <0.001

Ghrelin 200.50±86.12 144.42±40.18 284.61±64.54 <0.001

Adiponectin 19.49±1.99 18.26±0.94 21.32±1.72 <0.001

18.5≤BMI≤25 and ED (+) Leptin 8.89±6.89 11.62± 9.76 6.8±2.0 0.104

Ghrelin 389.38±163.95 379.88±217.22 396.64±114.90 0.804

Adiponectin 21.94±1.54 21.90±0.94 21,96±1.90 0.524

18.5≤BMI≤25 and ED (-) Leptin 8.17±1.82 8,26±1.32 8.16±1.93 0.895

Ghrelin 454.43±132.00 403.35±134.88 465.26±130,89 0.265

Adiponectin 21.29±0.79 21.45±0.79 21.26±0.80 0.565

BMI: Body mass index; ED: Eating disorders; SD: Stress disorder.
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Conclusion

In conclusion, as a result of our study, a direct relation was 
found between eating disorders and leptin, ghrelin, and 
adiponectin in women aged 18–30 years. However, it was 
found that stress both contributes to eating disorders and 
a�ects adipocytokine levels. This study was conducted 
with 313 volunteers and only in a limited age group in the 
female population. It is necessary to expand the study pop-
ulation and conduct further research. The root causes and 
e�ects of eating disorders and stress disorder, which are 
among the most important problems that concern espe-
cially the young age group, should be investigated in more 
extended studies.
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Abstract

Objectives: Paroxysmal nocturnal hemoglobinuria (PNH) is a rare disease that could accompany aplastic anemia (AA) 
and myelodysplastic syndrome (MDS). In this study, we wanted to share our experiences about PNH clone positivity 
rates and the clinical e�ects in patients who were being followed up with diagnoses of AA and MDS.
Methods: We investigated 30 people in our study, 22 of whom had MDS and 8 of whom had AA. The PNH scan was car-
ried out using the FLAER method, which is considered the gold standard today.
Results: PNH clone positivity rates were 4.5% in MDS and 62.5% in AA. Two of the patients initiated eculizumab treatment.
Conclusion: It is important to detect a PNH clone because of its e�ect on the course of other bone marrow diseases, 
especially AA and MDS.
Keywords: Complement system, Paroxysmal nocturnal hemoglobinuria, Thrombosis

Cite This Article: Davarcı SE, Berber İ, Toraman A, Miskioğlu M, Buran T, Altuntaş F, et al. Paroxysmal Nocturnal Hemoglobin-
uria Associated Myelodysplastic Syndrome and Aplastic Anemia: A Single Center Experience. EJMA 2025;5(2):55–58. 

PNH is a rare disorder with di�erent clinical manifesta-
tions.[1] It is caused by a somatic mutation in a hema-

topoietic stem cell that inactivates the PIG-A gene (phos-

photidylinositol glycan anchor biosynthesis, class A). This 

mutation is concluded with a de�ciency of the glycosyl-

phosphatidylinositol (GPI) molecule.[2] GPI-linked proteins, 

CD55 (decay accelerating factor, DAF) and CD59 (mem-

brane inhibitor of reactive lysis, MIRL), are involved in the 

regulation of the complement system.[3] De�ciency of 

these proteins results in increased complement sensitivity 

of PNH cells.[4] The International PNH Interest Group (I-PIG) 

has proposed a working diagnostic classi�cation with the 
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following three categories: classical PNH, PNH accompany-
ing other bone marrow failure conditions (aplastic anemia, 
myelodysplastic syndrome), and subclinical PNH.[1,5,6]

Myelodysplastic syndrome (MDS) is a group of bone marrow 
disorders that arise from a defective stem cell. It results in pe-
ripheral blood cytopenias.[7,8] In patients with MDS, PNH clone 
positivity has been reported as 1.1%–8%, and in the MDS-re-
fractory anemia subtype, it has been reported as 17.6%–53.3%. 
The underlying cause of erythrocyte transfusion dependence 
in patients with MDS could be PNH clone positivity.[7]

Aplastic anemia is derived from a decrease or absence of 
hematopoietic precursors in bone marrow and is also char-
acterized by peripheral blood cytopenias.[8,9] PNH clones 
could be detected in AA; however, most patients express 
only a small PNH clone size (<10%).[10] It was observed that 
PNH-associated AA had a better response to immunosup-
pressive treatment.[10–12] Also, it was shown that 10%–25% 
of PNH clone-positive AA patients undergo clonal expan-
sion and develop clinical PNH in the future.[12]

In this study, we wanted to share our experiences about PNH 
clone positivity rates and the clinical e�ects in our patients 
who were being followed up with diagnoses of AA and MDS.

Methods

Patients who were admitted to the Department of Hema-
tology of Manisa Celal Bayar University Hospital between 
May 15, 2015, and January 31, 2018, were included in our 
work. The PNH test is routinely performed for patients who 
are followed up in our clinic and diagnosed with MDS and 
AA. We scanned these patients retrospectively. All patients 

with aplastic anemia and MDS with hypoplastic or refracto-
ry cytopenia or no blast increase were included.

Blood samples were collected from selected patients into 
two ethylenediaminetetraacetic acid (EDTA) tubes, 2 ml 
per tube, and were studied within 48 hours. A PNH clone 
search was performed on a FacsCanto II �ow cytometry 
instrument. Evaluation was performed using CD56, CD24, 
CD16, and �uorescent aerolizine (FLAER) antibodies that 
bind to the binding site of GPI, CD45, CD15, and CD64 gat-
ing antibodies. CD59 was used to detect type II and type III 
PNH cells in erythrocytes. For con�rmation, CD24 was used 
in granulocytes, and CD14 was used in monocytes. Com-
plete blood count, LDH, and indirect bilirubin values of the 
patients included in the study were recorded.

The study was conducted in accordance with the Declara-
tion of Helsinki.

Statistical Analysis

Statistical analysis was performed with SPSS Statistics v18.0 
software (Armonk, New York: IBM Corp.). In the study, de-
scriptive statistics were performed by determining the mean, 
median, and ratios of the variables related to the results. A 
p-value of <0.05 was considered statistically signi�cant.

Ethics Approval and Consent to Participate

Manisa Celal Bayar University Ethics approval was received 
for this study on 13.05.2015 with number 20478486.220.

Results

A total of 30 people were included in our study, 22 of whom 
had MDS and 8 of whom had AA. Fifteen of the participants 

Table 1. Age-sex-hemogram and biochemical parameters and the first positive clone percentages of patients with PNH clone positivity

Patient 1 2 3 4 5 6

Age 62 65 50 76 55 31

Gender Female Female Female Female Female Female

Diagnosis PNH, MDS PNH, AA AA AA AA AA

PNH clone size, granulocytes (%) 93.75 2.42 0.53 0.13 0.34 0.23

PNH clone size, monocytes (%) 96.9 6.73 1.93 1.55 0.87 0.47

Hb (g/dL) 8.4 6.5 13.3 9.8 11.7 9.6

WBC (/mm³) 3400 3200 3700 4700 3200 4000

Neu (/mm³) 2400 2600 1100 1900 1500 2300

Plt (x10³/ mm³) 85 16 60 48 155 43

LDH (IU/L) 845 407 237 231 202 190

Indirect Bilirubin (mg/dL) 0.7 0.3 0.36 0.5 0.4 0.4

Time of PNH clone positivity (year) 2016 2016 2017 2017 2015 2016

PNH: Paroxysmal Nocturnal Hemoglobinuria; MDS: Myelodysplastic Syndrome; AA: Aplastic anemia; Wbc: White blood cell; Hb: Hemoglobin; Plt: Platelet; LDH: Lactic 
dehydrogenase.



57EJMA

were female, and 15 were male. A PNH clone was detected 
positive in 6 patients, and all of them were female (Table 
1). When the PNH clone was diagnosed as positive, none of 
the patients had PNH-related complications, such as infec-
tions, thrombosis, and renal insu�ciency.

Fourteen of the patients included with the diagnosis of MDS 
were male, and 8 were female. In 1 (4.5%) of 22 patients di-
agnosed with MDS, the PNH clone was positive. The PNH 
clone-positive patient was female, and her clone size was 
over 10% (Patient 1, Table 1). This patient received transfu-
sion support, methylpredinizolone, and intravenous immu-
noglobulin (IVIG) therapy before the PNH clone was detect-
ed positive. Because of continued transfusion requirement 
and increased lactic dehydrogenase (LDH) levels, PNH was 
tested, and high clone levels were detected (Table 1). An-
ti-C5 monoclonal antibody treatment had initiated.

One of the patients included with the diagnosis of AA was 
male, and 7 were female. In 5 (62.5%) of 8 patients with 
aplastic anemia, the PNH clone was positive. All of these 
5 patients were female. Patient 2 was treated with meth-
ylprednisolone and cyclosporine, and transfusion support 
was provided before the PNH clone was detected positive. 
The �rst PNH clone-detected positive patient was followed 
up. Anti-C5 monoclonal antibody treatment had initiated 
due to the patient’s non-response to immunosuppressive 
treatment, transfusion dependence, and clone progres-
sion (11.2% in granulocytes and 8.17% in monocytes). The 
patient’s transfusion dependence disappeared. Other pa-
tients had minor PNH clones (Patients 3, 4, 5, and 6, Table 1), 
and they were also followed up for clone progression, and 
no clone progression had occurred yet. Also, all patients 
were alive.

Discussion

In many non-PNH situations, such as AA and MDS, testing 
for PNH can be informative. Patients with AA or MDS with 
unexplained cytopenia should be tested for PNH at the 
time of diagnosis for di�erential diagnosis.[1] Depending on 
the case selection criteria among MDS patients, the rate of 
PNH-positive cases varies in the literature, ranging between 
1.8% and 41%. GPI-de�cient cells are found more common-
ly in low-grade MDS patients with hypoplastic bone mar-
row characteristics than in other MDS subtypes.[11]

In our study, we found PNH clone positivity in 4.5% of 
patients who were diagnosed with MDS. In patients with 
MDS, the PNH clone positivity rate was reported as 9.8% 
by Morado et al.[11] and 5% by Mercier et al.[13]. Our rates 
were similar to those in these studies. Raza et al. found 
that when all MDS subgroups were included, the detection 
rate of a PNH clone size above 1% was 1.1% in their pro-

spective multicenter study. Also, there were di�erences be-
tween MDS subtypes: refractory anemia, 1.3%; unclassi�ed, 
1.5%; refractory anemia with excess blasts type 1 and type 
2, 0.3%; 5q- syndrome, 0%; and refractory cytopenia with 
multilineage dysplasia, 1%.[14] We found higher rates com-
pared with this study. Consequently, because of the dif-
ferences in the literature and between MDS subtypes, we 
need well-designed studies according to the guidelines.

Although the rate of PNH-positive AA cases varies signi�-
cantly in the literature, ranging from 22% to 89%, it is cur-
rently estimated to be about 40% of cases. According to 
their data, Morado et al.[11] emphasized the importance of 
testing for PNH in patients diagnosed with AA at any age. In 
aplastic anemia, we found a clone positivity rate of 62.5%. 
According to their research, PNH clone positivity rates in 
patients with AA were described as 45% by Morado et al.[11] 
and 47% by Mercier et al.[13]. Compared with these studies, 
we found a higher rate of clone positivity. However, accord-
ing to the literature, in acquired AA, small-sized PNH clone 
positivity rates are about 70% at the time of diagnosis.[1] 
Compared with the literature, our results were similar. We 
found that a PNH clone size ≥1% was prevalent in 12.5% of 
patients with AA, which was reported as 18.5% by Raza et 
al.[14] and 21% by Dunn et al.[15]. Our results were compatible 
with these studies. As a result, considering these rates, it 
is worth testing the PNH clone in patients diagnosed with 
AA.

All of our patients in whom PNH clone positivity was de-
tected were alive. One of our patients received anti-C5 
monoclonal treatment because of transfusion dependence, 
while the other patients were followed up for clone pro-
gression. Wang et al. showed that patients who had minor 
populations of PNH-positive cells had a better response to 
immunosuppressive treatment than PNH cell-negative pa-
tients. Also, none of the PNH-positive patients progressed 
to acute myeloid leukemia. Furthermore, some patients’ 
pancytopenia remained stable or improved spontaneous-
ly without any treatment.[16] Maciejewski et al.[17] studied 
the relationship between bone marrow failure syndromes, 
GPI-A protein de�ciency, and response rates to immuno-
suppressive treatment, which were higher in patients who 
had PNH clones. Considering all these studies and the fact 
that our patients who had minor clones of PNH are still 
alive without disease progression, the presence of minor 
PNH clones increases survival in MDS and AA.

Our study has some limitations. PNH is such a rare disease 
that its prevalence is estimated to be approximately 16 per 
million.[18] Our center is small, so the number of patients 
tested for PNH has been low for this rare disease. In addi-
tion, since this study is single-centered, PNH clone positiv-
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ity and its e�ect on MDS and AA were evaluated only in 
terms of patients in a speci�c region.

Conclusion

In conclusion, we shared our data about a rare disease that 
could accompany AA or MDS. Our knowledge of MDS and 
AA has also improved since we started using the FLAER test. 
It is important to detect a PNH clone because of its e�ect on 
the course of other bone marrow diseases, especially AA and 
MDS. Since PNH is a rare disease, more studies are needed to 
determine the frequency of PNH accompanying MDS and AA.
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Abstract

Objectives: Türkiye has pursued policies to reduce external dependence on medical technologies; however, physi-
cian-level evidence on domestically manufactured coronary devices is limited. We evaluated self-reported utilization, 
satisfaction, and future-adoption attitudes toward locally manufactured diagnostic catheters, guiding catheters, PTCA 
balloons, and coronary stents among interventional cardiologists in Türkiye and explored whether these views varied 
according to selected practice characteristics.
Methods: We conducted a web-based cross-sectional survey between May and June 2020. The questionnaire was dis-
tributed through professional e-mail lists and yielded 147 responses. All close-ended items were mandatory, and no 
missing responses were observed for the variables included in the primary quantitative analyses. Results are reported as 
n (%). Key proportions are accompanied by 95% Wilson con�dence intervals. Exploratory subgroup comparisons used 
Fisher's exact test after prespeci�ed category collapsing to limit sparse cells.
Results: Respondents came from all seven geographic regions of Türkiye. Of the respondents, 76/147 (51.7%) worked in 
training and research hospitals, and 61/147 (41.5%) reported a daily PCI volume of 5-10 cases. Low domestic-device use 
was common across all device classes and was most pronounced for coronary stents, for which 93/147 (63.3%) reported 
use in ≤20% of cases. Low stent satisfaction (≤20%) was reported by 66/147 (44.9%). For the future-use item, 111/147 
physicians (75.5%, 95% CI 68.0-81.8) selected the response "I would use domestic products if quality were su�cient," 
and 29/147 (19.7%, 95% CI 14.1-26.9) selected "I actively prioritize domestic products." In an exploratory binary analysis, 
137/147 respondents (93.2%, 95% CI 87.9-96.3) expressed at least some openness to greater domestic-device use. Per-
ceived import dependency above 75% was reported by 91/147 (61.9%, 95% CI 53.8-69.4). Supportive future attitudes 
were more frequent among physicians with >10 years in specialist practice than among those with ≤10 years (98.6% vs. 
88.3%, p=0.019). No clear association was found with institution type, academic title, or PCI volume.
Conclusion: In this 2020 physician sample, domestically manufactured coronary devices were used infrequently and 
were rated modestly, especially in the stent category. At the same time, future resistance was not absolute: most re-
spondents indicated willingness to increase use if quality standards were met. The pattern is consistent with a quality-
trust gap rather than categorical rejection. The �ndings remain useful as a pre-acceleration baseline, but they should 
be interpreted in light of self-reporting, non-response bias, and the time gap between data collection and submission.
Keywords: Interventional cardiology, coronary stents, medical devices, domestic manufacturing, physician survey, Tür-
kiye, health services research
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Many health systems seek to reduce dependence on 
imported medical devices because supply vulnerabil-

ity a�ects continuity of care, a�ordability, and strategic re-
silience. The pandemic period made this dependence more 
visible by exposing bottlenecks in device and equipment 
supply chains and by renewing interest in local production 
capacity.[1-6]

Türkiye has long had an import-dominated medical-device 
market. O�cial trade guidance has described the sector as 
heavily dependent on imported products, while more re-
cent country guidance still reports that roughly three-quar-
ters of the market is import-based, despite growth in do-
mestic manufacturing incentives and exports.[7-8] At the 
same time, the national policy framework has increasingly 
emphasized local capability, from the Eleventh Develop-
ment Plan to the current Twelfth Development Plan, along-
side regulatory alignment with European medical-device 
legislation and domestic product-rule frameworks.[8-12]

In interventional cardiology, adoption decisions are made 
in a high-consequence technical environment. Operators 
judge devices on deliverability, trackability, radial strength, 
recoil, visibility, and con�dence in real-world performance. 
These considerations are especially pronounced for coro-
nary stents, where design features and platform character-
istics can in�uence procedural handling and longer-term 
outcomes.[13-15] Procurement systems also shape uptake be-
cause physician preference, institutional purchasing rules, 
and cost containment intersect in device selection.[3,4,16]

Di�usion of Innovations provides a useful interpretive 
framework for this problem. Within that framework, tech-
nologies with uncertain performance di�use slowly, 
whereas technologies perceived as advantageous, reliable, 
and compatible with clinical work�ow are more readily 
adopted.[17] Physician adoption research in other settings 
likewise suggests that acceptance depends on perceived 
utility and trust rather than on novelty alone.[18] Against 
this background, we surveyed interventional cardiologists 
in Türkiye during May-June 2020. The aim was to describe 
self-reported use of domestically manufactured coronary 
devices, satisfaction with those devices, and attitudes to-
ward future adoption, while treating the 2020 dataset as a 
baseline snapshot captured before the more recent phase 
of policy acceleration in domestic medical-technology pro-
duction.[8-11]

Methods

Study Design and Setting

This study was a cross-sectional, internet-based physician 
survey reported with reference to the STROBE and CHER-
RIES frameworks.[19-21] Data collection was performed be-

tween 1 May and 30 June 2020. The target population was 
interventional cardiologists practicing coronary angiogra-
phy and/or PCI in Türkiye.

Questionnaire Scope and Variable

The original questionnaire covered cath-laboratory prac-
tice more broadly, including institutional characteristics 
and selected procedural habits. The present report focus-
es on the domestic-device component of that question-
naire. The analyzed variables included geographic region, 
institution type, academic title, years in specialist practice, 
daily PCI volume, self-reported use of domestically manu-
factured diagnostic catheters, guiding catheters, PTCA bal-
loons, and coronary stents, satisfaction with those device 
classes, future willingness to increase domestic-device use, 
and perceived national import dependency. The question-
naire was investigator-developed for this study. A formal 
psychometric validation study was not performed.

Survey Administration and Data Handling

The survey was distributed through professional e-mail 
lists, reaching approximately 600 physicians directly. Re-
sponses were collected through Google Forms. Close-end-
ed items were mandatory. Two free-text questions were 
optional and asked about perceived material shortages 
and suggestions to reduce external dependency; these 
items were not included in the quantitative analyses. Goo-
gle Forms was con�gured to limit duplicate responses 
through single-account submission. Participation was vol-
untary and anonymous.

Statistical Analysis

Categorical variables were summarized as n (%). Analyses 
were planned using an available-case approach at the item 
level. In practice, no missing responses were observed in 
any close-ended item included in the primary quantitative 
analyses, so the denominator was 147 throughout those 
analyses. Missingness occurred only in the two optional 
free-text items, which were not entered into the quanti-
tative dataset. Utilization and satisfaction were recorded 
as ordered percentage bands (≤20%, 20-40%, 40-60%, 60-
80%, >80%). For descriptive interpretation, the ≤20% band 
was treated as a low-use or low-satisfaction category. Key 
proportions are presented with 95% con�dence intervals 
calculated by the Wilson method.

To address reviewer concerns that purely univariate report-
ing would underuse the dataset, we performed explor-
atory bivariate analyses for three prespeci�ed outcomes: 
supportive future adoption attitude, low coronary-stent 
use, and low coronary-stent satisfaction. Supportive fu-
ture adoption was de�ned as selection of either ‘I active-
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ly prioritize domestic products’ or ‘I would use domestic 
products if quality were su�cient.’ For these exploratory 
analyses, institution type was collapsed into tertiary pub-
lic/academic centers (university, training and research, and 
city hospitals) versus state/private hospitals; academic title 
was collapsed into specialist versus academic rank; years 
in specialist practice were collapsed into ≤10 versus >10 
years; and daily PCI volume was collapsed into <10 versus 
≥10 cases/day. Fisher’s exact test was used for these 2×2 
comparisons. Because these subgroup analyses were ex-
ploratory, no multiplicity correction was applied, and the 
�ndings are interpreted cautiously. All tests were two-sid-
ed, and p<0.05 was considered statistically signi�cant. Sta-
tistical analyses were performed using IBM SPSS Statistics 
for Windows, version 26.0 (IBM Corp., Armonk, NY, USA).

Ethics

Institutional academic board approval for the research topic 
was documented (Decision No. 6; 19 January 2018). Under 
the local institutional framework in place at the time, a Health 
Sciences University, Istanbul Bagcılar Training and Research 
Ethics Committee application was not sought because the 
survey was anonymous, voluntary, limited to physician opin-
ions, and involved no patients, patient data, or biological 
material. Electronic informed consent was obtained through 
the survey introduction statement, and questionnaire com-
pletion was accepted as implied consent.

AI Statement

AI tools were not used to generate data, perform statistical 
analyses, select results, or determine scienti�c conclusions.

Results

Participant Characteristics

A total of 147 interventional cardiologists responded. Par-
ticipants represented all seven geographic regions of Türki-
ye. The largest proportion practiced in the Marmara region 
(40.8%), and the most common institution type was train-
ing and research hospital (51.7%). Specialists accounted for 
53.7% of respondents, 36.7% had 5-10 years of specialist 
experience, and the most common daily PCI volume was 
5-10 cases (41.5%) (Table 1). All close-ended items included 
in the quantitative analysis were complete (Fig. 1).

Domestic-Device Utilization

Low domestic-device utilization was common in all four 
device categories (Table 2A). The ≤20% use band was se-
lected by 64/147 respondents (43.5%) for diagnostic cath-
eters, 81/147 (55.1%) for guiding catheters, 62/147 (42.2%) 
for PTCA balloons, and 93/147 (63.3%) for coronary stents. 
The stent category showed the least penetration of domes-

tic products: only 29/147 respondents (19.7%) reported 
stent use above the 40% threshold, compared with 51/147 
(34.7%) for diagnostic catheters, 33/147 (22.4%) for guiding 
catheters, and 57/147 (38.8%) for PTCA balloons.

Satisfaction with Domestic Devices

Satisfaction followed a similar pattern (Table 2B). Low satis-
faction (≤20%) was reported by 47/147 physicians (32.0%) 
for diagnostic catheters, 62/147 (42.2%) for guiding cathe-
ters, 53/147 (36.1%) for PTCA balloons, and 66/147 (44.9%) 

Table 1. Participant and practice characteristics (N=147)

Characteristic n (%)

Geographic region

Marmara 60 (40.8)

Mediterranean 31 (21.1)

Mediterranean 31 (21.1)

Central anatolia 16 (10.9)

Southeastern anatolia 12 (8.2)

Aegean 11 (7.5)

Black Sea 10 (6.8)

Eastern anatolia 7 (4.8)

Institution type

Training and research hospital 76 (51.7)

University Hospital 34 (23.1)

City Hospital 19 (12.9)

Private Hospital 12 (8.2)

State Hospital 6 (4.1)

Academic title

Specialist physician 79 (53.7)

Associate professor 49 (33.3)

Professor 19 (12.9)

Years as cardiology specialist

<=5 years 23 (15.6)

5-10 years 54 (36.7)

10-15 years 35 (23.8)

15-20 years 15 (10.2)

>20 years 20 (13.6)

Daily average PCI volume

<5 cases 32 (21.8)

5-10 cases 61 (41.5)

10-20 cases 39 (26.5)

20-30 cases 10 (6.8)

>30 cases 5 (3.4)

PCI: Percutaneous coronary intervention. All denominators are N=147.
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for coronary stents. Satisfaction above the 40% threshold 

was reported by 63/147 (42.9%), 42/147 (28.6%), 50/147 

(34.0%), and 45/147 (30.6%) respondents, respectively.

Future Adoption Attitudes and Perceived Import 
Dependency

For the future-use item, the most frequently selected re-

sponse was “I would use domestic products if quality were 

su�cient,” chosen by 111/147 respondents (75.5%, 95% CI 

68.0-81.8). A further 29/147 (19.7%, 95% CI 14.1-26.9) se-
lected “I actively prioritize domestic products.” In a binary 
exploratory summary, 137/147 respondents (93.2%, 95% 
CI 87.9-96.3) expressed at least some openness to greater 
domestic-device use. Perceived import dependency re-
mained high: 54/147 respondents (36.7%) estimated de-
pendency at 75-90%, and 37/147 (25.2%) at >90%, for a 
combined 91/147 (61.9%, 95% CI 53.8-69.4) who perceived 
dependency above 75% (Table 3).

Figure 1. Distribution of domestic-device utilization, satisfaction, and future-use openness. Panel A 

shows the distribution of self-reported domestic coronary stent utilization across ordinal percentage 

bands (≤20%, 20-40%, 40-60%, 60-80%, >80%). Panel B shows the corresponding satisfaction 

distribution for domestically manufactured coronary stents. Panel C shows the proportion of 

respondents expressing willingness to increase domestic-device use if quality were su�cient. Values 

are based on 147 respondents.

Table 2. Domestic device utilization and satisfaction by device category (N=147)

Measure Band Diagnostic catheter n (%) Guiding catheter n (%) PTCA balloon n (%) Coronary stent n (%)

Utilization <=20% 64 (43.5) 81 (55.1) 62 (42.2) 93 (63.3)

20-40% 32 (21.8) 33 (22.4) 28 (19.0) 25 (17.0)

40-60% 34 (23.1) 29 (19.7) 35 (23.8) 23 (15.6)

60-80% 9 (6.1) 3 (2.0) 12 (8.2) 3 (2.0)

>80% 8 (5.4) 1 (0.7) 10 (6.8) 3 (2.0)

Satisfaction <=20% 47 (32.0) 62 (42.2) 53 (36.1) 66 (44.9)

20-40% 37 (25.2) 43 (29.3) 44 (29.9) 36 (24.5)

40-60% 43 (29.3) 31 (21.1) 35 (23.8) 31 (21.1)

60-80% 10 (6.8) 4 (2.7) 8 (5.4) 11 (7.5)

>80% 10 (6.8) 7 (4.8) 7 (4.8) 3 (2.0)

Values are n (%). Response bands reproduce the original questionnaire categories and are therefore ordinal descriptive bands rather than exact interval measurements. 
All denominators are N=147
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Exploratory Subgroup Analyses

Exploratory bivariate analyses are shown in Table 4. Sup-
portive future adoption attitudes were more frequent 
among physicians with >10 years in specialist practice than 
among those with ≤10 years (69/70 [98.6%] vs 68/77 [88.3%], 
p=0.019). No statistically signi�cant association was ob-
served between supportive future attitude and institution 
type, academic title, or daily PCI volume. Low coronary-stent 
use and low coronary-stent satisfaction were not signi�cant-
ly associated with the collapsed institution, title, experience, 
or PCI-volume groups, although numerically low stent use 
was more common in state/private hospitals than in tertiary 
public/academic centers (83.3% vs 60.5%, p=0.070).

Discussion

This survey identi�ed a consistent pattern across four cor-
onary device classes. Current use of domestically manufac-
tured products was low, satisfaction was also limited, and 
the stent category was viewed least favorably. At the same 
time, the dominant future-use response was conditional 
rather than rejectionist: most physicians indicated that they 
would increase local-device use if quality were su�cient. 
That combination is best interpreted as a quality-trust gap. 
Di�usion of Innovations theory predicts that adoption 
slows when a technology’s relative advantage and reli-
ability remain uncertain.[17] Physician adoption studies in 
other technology domains show a similar dependence on 
perceived usefulness, compatibility, and trust.[18] In device 
procurement, cost alone rarely resolves this problem. Pur-
chasing structures can widen or narrow adoption by deter-
mining whether physicians can test, compare, and repeat-
edly use products that meet their clinical expectations.[3,4,16] 
The stent �ndings deserve particular attention. Coronary 

stents are not interchangeable commodities from the 
operator’s perspective. Platform design, strut architec-
ture, visibility, radial strength, longitudinal integrity, and 
deliverability all a�ect procedural con�dence and down-
stream performance.[13-15] Against that background, it is 
unsurprising that the stent category combined the low-
est domestic use with the lowest satisfaction. The survey 
does not identify which technical attributes drove those 
perceptions, but it does show that the barrier was stron-
gest in the most performance-sensitive device class. 
The exploratory subgroup analyses add modest analytical 
depth to an otherwise descriptive survey. The only clear as-
sociation was that physicians with longer specialist experi-
ence more often expressed a supportive future attitude to-
ward greater domestic-device use. This pattern can be read 
in more than one way. More experienced operators may be 
less polarized and more willing to incorporate alternative 
products if quality is documented. Another possibility is 
that greater exposure to procurement cycles makes senior 
physicians more familiar with the trade-o� between ideal 
preference and realistic supply constraints. These interpre-
tations remain inferential because the survey was not de-
signed to test mechanisms.

The temporal context is central to interpretation. These 
data were collected in early 2020, when pandemic-relat-
ed supply stress was beginning to reshape health-system 
thinking about industrial resilience.[5,6] Since then, Türkiye’s 
policy language on medical technologies has moved fur-
ther toward domestic capability, as re�ected in successive 
development plans and current o�cial trade guidance.[8-11] 
Regulatory alignment with European device rules has also 
advanced.[7,11,12] Even so, recent o�cial sources still describe 
the Turkish market as heavily import-dependent, with 
around 75% of the market composed of imported devices 
as of the end of 2024.[8] For that reason, the present dataset 
should not be read as a current market estimate. Its value 
lies in providing a documented 2020 baseline from before 
the more recent phase of policy acceleration.

Several limitations should be acknowledged. First, the sam-
ple was assembled through professional e-mail distribution 
rather than a formal national sampling frame. A response 
rate of roughly 24.5% can be estimated only against the ap-
proximately 600 physicians directly reached, and no indi-
vidual-level information was available for non-responders. 
A formal non-response bias analysis, therefore, could not 
be performed, which limits inference about national repre-
sentativeness.[22-24] Second, all quantitative measures were 
self-reported and were not externally validated against 
procurement records or cath-lab inventories. Third, the 
questionnaire was author-developed and did not under-
go formal psychometric validation. Fourth, the data were 

Table 3. Key adoption attitudes and perceived import 
dependency (N=147)

Item n/N (%) 95% CI

Willing to increase domestic device use if 
quality is sufficient

108/147 
(73.5)

65.8-
79.9

Perceived import dependency >75%
91/147 
(61.9)

53.8-
69.4

Perceived import dependency 75-90%
54/147 
(36.7)

29.4-
44.8

Perceived import dependency 50-75%
47/147 
(32.0)

25.0-
39.9

Perceived import dependency >90%
37/147 
(25.2)

18.8-
32.8

Perceived import dependency 20-40% 8/147 (5.4) 2.8-10.4

Perceived import dependency 0-20% 1/147 (0.7) 0.1-3.8

CI: confidence interval (Wilson method).
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collected in 2020, so current attitudes may di�er. Fifth, the 
subgroup analyses required category collapsing because 
of cell sparsity and should be viewed as exploratory rather 
than de�nitive.

The study also has strengths. Respondents were drawn 
from all seven geographic regions of Türkiye, all close-end-
ed items used in the primary analyses were complete, and 
four distinct coronary device classes were assessed within 
the same respondent pool. The questionnaire captured not 
only current use and satisfaction but also forward-looking 
attitudes and perceived system-level dependency. That 
combination allows a more policy-relevant reading than a 
simple prevalence survey.

In summary, domestically manufactured coronary devices 
were used sparingly and rated modestly in this 2020 phy-
sician sample, especially in the stent category. Yet, the sur-
vey does not support a narrative of absolute clinician re-
sistance. The prevailing attitude was conditional openness 
tied to quality. That �nding provides a practical message 
for industrial and procurement policy: adoption is more 
likely to move through quality assurance, transparent per-
formance evidence, and operator con�dence than through 
origin labeling alone.

Conclusion

Among interventional cardiologists responding to this 
2020 web-based survey, domestically manufactured coro-
nary devices had low reported utilization and modest sat-
isfaction, with coronary stents showing the least favorable 
pro�le. Most respondents nevertheless indicated at least 
conditional openness to greater use if quality standards 
were met. The results support interpretation in terms of a 
quality-trust gap and provide a baseline reference for fu-
ture surveys conducted after the more recent phase of do-
mestic medical-device policy development in Türkiye.
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Abstract

Objectives: This study aimed to evaluate Lipocalin-2 (Lcn-2) expression in patients with locally advanced triple-nega-
tive breast cancer (TNBC) and to investigate its association with pathological response following neoadjuvant chemo-
therapy (NACT), as well as its prognostic relevance in relation to established clinicopathological parameters.
Methods: Fifty-six patients with locally advanced TNBC treated at the Medical Oncology Department of SBÜ Dr. Abdur-
rahman Yurtaslan Ankara Oncology Training and Research Hospital were retrospectively analyzed. Lcn-2 expression was 
assessed immunohistochemically. Associations between Lcn-2 expression and demographic, laboratory, clinical, and 
histopathological characteristics, as well as response to NACT, were evaluated using appropriate statistical methods.
Results: Lcn-2 expression was detected in 53.6% of patients (n=30). Lcn-2 positivity was signi�cantly associated with a 
high Ki-67 proliferation index (p=0.032), advanced clinical tumor stage (cT3–T4; p=0.043), and stage III disease (p=0.029). 
However, no signi�cant association was observed between Lcn-2 expression and pathological complete response fol-
lowing NACT (p=0.666). Additionally, Lcn-2 expression was not correlated with age at diagnosis, menopausal status, co-
morbidities, lifestyle factors, baseline CA15-3 levels, in�ammatory markers, including the neutrophil-to-lymphocyte ratio, 
histologic subtype, presence of ductal carcinoma in situ, or lymph node involvement.
Conclusion: Lcn-2 expression appears to be associated with features indicative of tumor aggressiveness in locally ad-
vanced TNBC. Larger prospective studies are warranted to clarify its prognostic value and potential role as a therapeutic 
target.
Keywords: Biomarker, Neutrophil Gelatinase-Associated Lipocalin, Pathological Complete Response
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Breast cancer remains the most commonly diagnosed 
malignancy worldwide.[1] In 2020, it was responsible for 

approximately 6.9% of all cancer-related deaths globally, 
ranking as the �fth leading cause of cancer mortality.[2,3]

Triple-negative breast cancer (TNBC) accounts for nearly 
15% of all breast cancer cases worldwide and is generally 
associated with an unfavorable prognosis, with an estimat-
ed 200,000 new cases reported each year.[4] TNBC is typically 
characterized by younger age at diagnosis, larger primary 
tumor size, higher histological grade, extensive tumor ne-
crosis, and frequent lymph node involvement.[5] Moreover, 
this subtype is known for its aggressive clinical behavior, 
with increased risks of distant metastasis, recurrence, and 
mortality compared with other breast cancer subtypes.[6,7]

In patients with locally advanced breast cancer (LABC), the 
likelihood of both locoregional and systemic recurrence 
is substantially higher.[8–10] Neoadjuvant chemotherapy 
(NACT) has become the standard treatment strategy for 
patients with locally advanced TNBC. Achieving a patho-
logical complete response (pCR) after NACT is strongly as-
sociated with improved disease-free survival and favorable 
long-term outcomes in this population.[11–13] Nevertheless, 
identifying reliable biomarkers that can predict which pa-
tients will achieve pCR remains a major clinical challenge.

Accumulating evidence suggests that chronic in�am-
mation and the presence of in�ammatory cell in�ltration 
play important roles in cancer initiation and progression. 
Members of the lipocalin protein family are involved in in-
�ammatory responses and detoxi�cation processes within 
the immune system and have been implicated in tumor-
igenesis.[14] Lipocalin-2 (Lcn-2), also known as neutrophil 
gelatinase-associated lipocalin (NGAL), siderocalin, 24p3, 
or uterocalin, is overexpressed in a variety of pathological 
conditions, including malignancies.[15,16] Increased Lcn-2 ex-
pression has frequently been linked to tumor stage, tumor 
size, and invasive potential. Experimental and clinical stud-
ies indicate that Lcn-2 may contribute to tumor progres-
sion through several mechanisms, including enhancement 
of cellular proliferation, inhibition of apoptosis, and induc-
tion of epithelial–mesenchymal transition.[14,17–19]

Previous research has also demonstrated that Lcn-2 gene 
expression is higher in luminal epithelial cells than in myo-
epithelial cells in normal breast tissue. Because most breast 
carcinomas originate from luminal epithelial cells, Lcn-
2 may play a signi�cant role in the progression of breast 
cancer.[19,20] Elevated Lcn-2 levels have been associated 
with lymph node metastasis, higher histological grade, in-
creased proliferative activity, and poor clinical outcomes in 
patients with breast cancer.[21] Considering the limited ther-
apeutic options for aggressive subtypes such as TNBC, Lcn-

2 has emerged as a potential biomarker and therapeutic 
target.

The present study aimed to investigate the association 
between immunohistochemically determined Lcn-2 ex-
pression and pathological response to neoadjuvant che-
motherapy in patients with locally advanced TNBC. Patho-
logical response was evaluated using the Residual Cancer 
Burden (RCB) scoring system based on surgical specimens 
obtained after NACT. In addition, we examined the rela-
tionship between Lcn-2 expression and various clinico-
pathological characteristics, as well as other established 
predictive and prognostic factors in this patient cohort.

Materials and Methods

This study included 56 voluntary patients diagnosed with 
locally advanced triple-negative breast cancer (TNBC) who 
were followed up and treated with neoadjuvant chemother-
apy (NACT) at the Medical Oncology Clinic of the Universi-
ty of Health Sciences Dr. Abdurrahman Yurtaslan Ankara 
Oncology Training and Research Hospital. The TNBC group 
consisted of patients who were negative for both hormone 
receptors and HER2. HER2 negativity was con�rmed by 
immunohistochemistry (IHC) and/or �uorescence in situ 
hybridization (FISH). Patients with absent HER2 protein ex-
pression or with scores of +1 or +2 on IHC were evaluated 
as HER2-negative. Cases with HER2 scores of +1 or +2 by 
IHC were further assessed using FISH, and HER2 negativi-
ty was con�rmed. Locally advanced breast cancer (LABC) 
was de�ned based on the literature as including stage IIB 
(T2N1, T3N0) and stage IIIA–IIIB–IIIC breast cancers.

Data on patients’ date of diagnosis, blood test results at di-
agnosis, histopathological features of biopsy samples, Ki-
67 index, TNM staging, echocardiographic evaluation be-
fore NACT, and date of surgery after NACT were obtained 
from the hospital’s electronic medical records.

Archival diagnostic pathology specimens were retrieved 
for all patients. The para�n-embedded tissue blocks from 
these cases were processed using a Leica Bond Max im-
munohistochemistry system, including incubation and 
depara�nization steps. Sections of 3 μm thickness were 
prepared, followed by heat-induced epitope retrieval us-
ing EDTA for 20 minutes. Tissue sections were incubated 
for 30 minutes with anti-Lipocalin-2/NGAL antibody (cata-
log no.: rabbit monoclonal [EPR19912], Abcam, Cambridge 
Biomedical Campus, CB2 0AX, UK) at a 1:2000 dilution. For 
secondary detection, a Leica HRP-conjugated polymer de-
tection kit (DS9800, Newcastle, United Kingdom) was used. 
The protocol included 10 minutes with hydrogen peroxide, 
8 minutes with post-polymer, 8 minutes with polymer, 8 
minutes with DAB chromogen, and 10 minutes with hema-
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toxylin. Slides were washed at each step, dehydrated, and 
mounted using Entellan. Colon tissue was used as a posi-
tive control.

Stained sections were evaluated under a light microscope 
based on staining intensity (0–3; 0=negative, 1=weak, 
2=moderate, 3=strong) and staining extent (0–4; 0=neg-
ative, 1=0–25%, 2=26–50%, 3=51–75%, 4=76–100%), as 
described in the literature. Representative immunohisto-
chemical staining patterns of Lipocalin-2 (Lcn-2) observed 
in tumor tissues from patients included in the study are 
presented in Figures 1–4. Figure 1 demonstrates the ab-
sence of Lcn-2 staining in triple-negative breast cancer tis-
sue (×40 magni�cation). Weak Lcn-2 staining is illustrated 
in Figure 2 (×100 magni�cation), whereas Figure 3 shows 
moderate staining intensity (×100 magni�cation). Strong 
Lcn-2 expression is demonstrated in Figure 4 (×400 magni-
�cation). Colon adenocarcinoma tissue was used as a posi-
tive control for Lipocalin-2 staining, as shown in Figure 5. A 
composite expression score was calculated by multiplying 
intensity and extent scores; scores of 0–1 were classi�ed as 
negative, and scores of 2–12 as positive. Comparisons were 

made between the Lcn-2-negative and Lcn-2-positive ex-
pression groups in terms of patients’ age at diagnosis, co-
morbidities, menopausal status, CA15-3 levels, neutrophil 
counts and neutrophil-to-lymphocyte ratio (NLR), Ki-67 
index, presence of accompanying ductal carcinoma in situ 
(DCIS), T and N classi�cation at diagnosis, stage, tumor size, 
and chemotherapeutic response evaluated in post-NACT 
surgical specimens.

The histopathological assessment of the surgical specimens 
after NACT was based on the Residual Cancer Burden (RCB) 
index to evaluate treatment e�cacy and tumor response. 
The RCB index classi�es residual disease as follows: RCB-
0 (no residual disease; pathological complete response, 
pCR), RCB-1 (minimal residual disease), RCB-2 (moderate 
residual disease; partial response), and RCB-3 (extensive re-
sidual disease; non-response or minimal response/chemo-
resistance). Additionally, pathological complete response 
(pCR) was de�ned as the absence of invasive tumor in both 
the breast and axilla after NACT.

Figure 1. Absence of lipocalin-2 expression in tumor cells (×40).

Figure 3. Moderate (intensity 2) lipocalin-2 staining in tumor cells 

(×100).

Figure 4. Strong (intensity 3) lipocalin-2 staining in tumor cells (×400).Figure 2. Weak (intensity 1) lipocalin-2 staining in tumorcells (×100).
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This study was approved by the Dr. Abdurrahman Yurtaslan 
Ankara Oncology Training and Research Hospital Ethics 
Committee (Approval No: 2021-09/1361, Date: 09.09.2021). 
The study was conducted in accordance with the ethical 
principles of the Declaration of Helsinki.

All statistical analyses were performed using IBM SPSS Sta-
tistics version 23.0 (IBM Corp., Armonk, NY, USA). Categor-
ical variables were presented as numbers and percentag-
es, and continuous variables were summarized as means 
and standard deviations. The Shapiro–Wilk test was used 
to determine the normality of distribution for continu-
ous variables. For variables with non-normal distribution, 
comparisons between two groups were made using the 
Mann–Whitney U test, while normally distributed variables 
were compared using the independent samples t-test. The 
Kaplan–Meier method was used to evaluate associations 
between variables and disease-free survival. A p-value of 
≤0.05 was considered statistically signi�cant.

AI-assisted technology (ChatGPT, OpenAI, GPT-5.3) was 
used solely for language editing and improving the clarity 
of the manuscript. The authors take full responsibility for 
the accuracy, integrity, and originality of the content.

Results

The mean age at diagnosis among patients was 50±12.5 
years (range: 29–75). Demographic, comorbid, clinical, and 
histopathological characteristics of the patients are sum-
marized in Table 1. A total of 12 patients (21.4%) had hyper-
tension (HT), and 14 (25%) had diabetes mellitus (DM). Half 
of the patients (50%, n=28) were premenopausal.

According to the 8th edition of the AJCC TNM staging 
system, 35 patients (62.5%) were classi�ed as T2 and 13 
patients (23.2%) as T3. Most of the patients (75%, n=42) 

Figure 5. Lipocalin-2 staining in colon adenocarcinoma used as 

control tissue.

Table 1. Demographic, comorbid, clinical, laboratory, and 
histopathological characteristics of patients with locally advanced 
triple-negative breast cancer

Frequency (n) %

Comorbidity

None 41 73.2

Present 15 26.8

Hypertension 12 21.4

Diabetes Mellitus 14 25

Coronary Artery 
Disease

3 5.4

Heart Failure 0 0

Smoking 18 32.1

Alcohol Consump-
tion

2 3.6

ECOG PS

0 20 35.7

1 36 64.3

Menopausal Status

Premenopausal 28 50

Postmenopausal 28 50

Stage

2B 36 64.3

3A 13 23.2

3B 5 8.9

3C 2 3.6

NLR

< 2.85 35 62.5

≥ 2.85 21 37.5

Grade

2 4 7.1

3 51 91.1

T

1 3 5.4

2 35 62.5

3 13 23.2

4 5 8.9

N

0 3 5.4

1 42 75

2 9 16.1

3 2 3.6

Histopathology

NOS 40 71.4

İDC 15 26.8
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were found to be N1. The median tumor size was 35.5 mm 
(range: 5–130 mm). In total, 36 patients (64.3%) were cate-
gorized as stage IIB and 13 (23.2%) as stage IIIA. Addition-
ally, 4 patients (7.1%) were diagnosed with in�ammatory 
breast cancer (Table 1).

Histopathologically, 40 patients (71.4%) were classi�ed as 
invasive carcinoma of no special type (NST/NOS), while 15 
patients (26.8%) were identi�ed as invasive ductal carcino-
ma (IDC). A total of 51 patients (91.1%) were found to have 
grade 3 tumors (Table 1). Moreover, ductal carcinoma in 
situ (DCIS) was present in 19 patients (33.9%). The median 
Ki-67 index was 80% (range: 20–100%).

Patients with Lcn-2 positivity had a signi�cantly higher 
mean Ki-67 index compared to Lcn-2-negative patients 
(p=0.032). Lcn-2 positivity was signi�cantly more frequent 
in patients in the cT3–T4 tumor category (p=0.023). When 
disease stage was grouped as stage IIB versus stage III, in-
cluding IIIA, IIIB, and IIIC, Lcn-2 positivity was signi�cantly 
higher in the stage III group (p=0.017).

No statistically signi�cant association was found between 
Lcn-2 expression and the presence of DM, HT, smoking or 
alcohol use, or menopausal status. Similarly, there was no 
signi�cant relationship between Lcn-2 expression and the 
presence of DCIS (p=0.992) or histological subtype (NST vs. 
IDC) (p=0.508).

When nodal status at diagnosis was grouped as N0 (no 
nodal involvement) versus N1–3 (nodal involvement pres-
ent), Lcn-2 expression showed no signi�cant di�erence 
between the groups (p=0.554). Likewise, no signi�cant 
association was found between Lcn-2 expression and the 
presence of in�ammatory breast cancer (p=0.615).

Neutrophil and lymphocyte counts at diagnosis were mea-
sured, and the neutrophil-to-lymphocyte ratio (NLR) was 
calculated. The mean neutrophil count was 4,815±1,474 
cells/μL (range: 2,320–8,490), and the median lymphocyte 
count was 1,855 cells/μL (range: 1,000–4,670). The median 

NLR was 2.32 (range: 0.99–4.92), which was used as the NLR 
cuto� value in the study. The median CA15-3 level at diag-
nosis was 20.46 U/mL (range: 4.2–610).

Lcn-2 immunohistochemical staining of pathology speci-
mens revealed Lcn-2 positivity in 30 patients (53.6%). The 
associations between Lcn-2 expression and patients’ de-
mographic, clinical, and histopathological �ndings, along 
with the corresponding p-values, are presented in Table 2.

The mean age at diagnosis was 48.6 years in patients with 
positive Lcn-2 expression and 51.65 years in those with 
negative Lcn-2 expression. No statistically signi�cant dif-
ference was found between the groups in terms of Lcn-2 
expression (p=0.368) (Table 3).

There was no signi�cant relationship between Lcn-2 ex-
pression and mean neutrophil count, lymphocyte count, 
or neutrophil-to-lymphocyte ratio (NLR) at diagnosis 
(p=0.339, p=0.511, and p=0.724, respectively). Even when 
using 2.32 as the NLR cut-o� value, the association with Lcn-
2 expression remained statistically insigni�cant (p=0.595).

No statistically signi�cant di�erence was found in Lcn-2 ex-
pression between patients who demonstrated an objective 
response to neoadjuvant chemotherapy (RCB 0: complete 
response and RCB 1: partial response) and those who did not 

Table 1. Continue

Frequency (n) %

DCIS

Present 19 33.9

Absent 36 64.3

Lcn-2

Positive 30 53.6

Negative 26 46.4

ECOG PS: Eastern cooperative oncology group performance score; NLR: Neutro-
phil-to-lymphocyte ratio, NOS: Not otherwise specified; IDC: Invasive ductal car-
cinoma; DCIS: Duktal carcinoma in-situ, Lcn-2: Lipocalin2.

Table 2. Associations between Lcn-2 expression and comorbidities, 
smoking–alcohol habits and menopausal status, along with 
corresponding p-values

 

Lcn-2 Score

pNegative  
n (%) 

Positive  
n (%)

Comorbidities

DM Present 8 (14.3) 6 (10.7)
0.353

Absent 18 (32.1) 24 (42.9)

HT Present 7 (12.5) 5 (8.9) 0.351

Absent 19 (33.9) 25 (44.6)

DM and HT Present 7 (12.5 ) 5 (8.9) 0.351

Absent 19 (33.9) 25 (44.6)

At Least One 
Comorbidity 
(DM. HT. CAD)

Present 18 (32.1) 23 (41.1) 0.531

Absent 8 (14.3) 7 (12.5)

Smoking Present 7 (12.5) 11 (19.6) 0.436

Absent 19 (33.9) 19 (33.9)

Alcohol Present 1 (1.8) 1 (1.8) 0.918

Absent 25 (44.6) 29 (51.8)

Menopausal 
Status

Premenopausal 11 (19.6) 17 (30.4) 0.284

Postmenopausal 15 (26.8) 13 (23.2)

DM: Diabetes mellitus; HT: Hypertension; CAD: Coronary artery disease.
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(RCB 2: minimal response and RCB 3: no response) (p=0.666).

In addition, our study compared demographic, labora-
tory, clinical, and histopathological parameters between 
patients who achieved a pathological complete response 
(pCR; RCB 0) and those who did not (RCB 1–3). A patholog-
ical complete response was observed in 30.4% of patients 
(n=17). The pCR rate was signi�cantly higher in the group 
that received dose-dense anthracycline-based (ddA) neo-
adjuvant chemotherapy (p=0.047). Likewise, patients with 
tumors classi�ed as T1–T2 had signi�cantly higher pCR 
rates compared to those in the T3–T4 group (p=0.013). 
Moreover, patients with an NLR ≥2.32 had signi�cantly 
poorer pathological response to NACT (p=0.042). No signif-
icant association was found between Lcn-2 expression and 
pCR (p=0.950) (Table 4). No other demographic, comorbid, 

laboratory, clinical, or histopathological variables showed a 
statistically signi�cant association with pCR.

Additionally, disease recurrence was observed in 13 pa-
tients (23.2%). The median disease-free survival (DFS) was 
calculated as approximately 60 months (range: 25–94 
months). No statistically signi�cant association was found 
between Lcn-2 expression and DFS (p=0.693). Similarly, no 
signi�cant relationship was observed between DFS and 
NLR values when strati�ed by the cut-o� of 2.32 (p=0.202). 
DFS also showed no statistically signi�cant di�erence be-
tween the T3–4 vs. T1–2 or grade 3 vs. grade 2 tumor groups 
(p=0.515). However, patients who achieved a pathological 
complete response (pCR) had signi�cantly longer DFS. 
While DFS could not be estimated in the pCR group due to 
the absence of events, it was calculated as 36 months in the 
non-pCR group (p=0.036).

Discussion

In the present study, Lcn-2 expression was signi�cantly 
more frequent in larger tumors classi�ed as T3–T4 com-
pared with T1–T2 tumors (p=0.023). However, previous 
studies have reported inconsistent �ndings regarding the 
relationship between tumor size and Lcn-2 expression.
[22,23] For example, Kurozumi et al.[22] demonstrated that in-
creasing tumor size was associated with reduced nuclear 
Lcn-2 expression, whereas no signi�cant association was 
observed for cytoplasmic staining.

Our results also showed that Lcn-2 expression was signi�-
cantly higher in patients with stage III breast cancer com-
pared with those with stage IIB disease (p=0.017). This 
observation is consistent with several previous reports 
indicating that Lcn-2 expression is associated with more 
advanced disease stages.[24,25] Similarly, Hu et al.[25] report-
ed increased Lcn-2 expression in patients with advanced 
breast cancer.

In addition, we identi�ed a signi�cant association be-
tween Lcn-2 expression and a high Ki-67 proliferation in-
dex (p=0.032). Ki-67 is widely recognized as an important 
prognostic biomarker in breast cancer, re�ecting tumor 
proliferative activity. Previous investigations have likewise 
reported a relationship between elevated Ki-67 levels and 
increased Lcn-2 expression.[23,26]

In our cohort, Lcn-2 positivity was observed in 30 patients 
(53.6%). Nevertheless, no statistically signi�cant relation-
ship was detected between Lcn-2 expression and age at 
diagnosis, menopausal status, comorbid conditions such 
as diabetes mellitus or hypertension, or lifestyle-related 
factors, including smoking and alcohol consumption.

Although breast cancer is most commonly diagnosed in 
postmenopausal women, it can develop across a wide age 

Table 3. Associations between Lcn-2 expression and age at 
diagnosis, neutrophil and lymphocyte counts, neutrophil-to-
lymphocyte ratio (NLR), CA15-3 level and tumor size at diagnosis, 
along with corresponding p-values

                Lipocalin-2

pNegative 
(n=26)

Positive 
(n=30)

Age at Diagnosis (Mean, years) 51.65 48.6 0.368

Neutrophil Count (Mean, cells/µL) 4610.7 4992.3 0.339

Lymphocyte Count (Mean, cells/µL) 2033 2162 0.511

NLR <2.32 [n (%)] 14 (25) 14 (25) 0.595

≥2.32 [n (%)] 12 (21.4) 16 (28.6)

CA15-3 (Mean, U/mL) 33.14 62.29 0.470

Tumor Size (Mean, mm) 40.96 46.93 0.882

NLR: Neutrophil-to-lymphocyte ratio; CA 15-3: Cancer antigen 15-3.

Table 4. Associations between pathological complete response 
(pCR) and demographic, laboratory, clinical and histopathological 
variables, with corresponding p-values

pCR
p

Yes n (%) No n (%)

ddA Used 5 (8.9) 3 (5.4) 0.047

Not Used 12 (21.4) 36 (64.3)

T T1-T2 15 (26.8) 24 (42.9) 0.013

T3-T4 2 (3.6) 15 (26.8)

NLR ≥2.32 5 (8.9) 23 (41.1) 0.042

<2.32 12 (21.4) 16 (28.6)

Lcn-2 Positive 9 (16.1) 21 (37.5) 0.950

Negative 8 (14.3) 18 (32.1)

ddA: “dose dense” anthracycline; T: Tumor stage; NLR: Neutrophil-to-lymphocyte 
ratio; Lcn-2: Lipocalin-2; pCR: Pathological complete response.
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range.[27] Approximately three-quarters of breast cancer 
cases occur after the age of 50, whereas fewer than 5% are 
diagnosed in women younger than 35 years.[28,29] In a study 
conducted by Rao et al.[30] involving 50 TNBC patients, the 
mean age at diagnosis was reported as 46.8 years. In agree-
ment with these �ndings, the mean age at diagnosis in our 
study population was 50 years (range: 29–75).

Consistent with several previous reports, our analysis did 
not demonstrate a signi�cant association between Lcn-2 
expression and patient age (p=0.368) or menopausal sta-
tus (p=0.284). Although certain studies have suggested 
that higher Lcn-2 expression may be more common in 
younger patients with breast cancer, many investigations 
have failed to con�rm a clear relationship between age 
and Lcn-2 expression.[21,24] Likewise, Tsakogiannis et al., 31] in 
a study of 73 patients with breast cancer, reported no sig-
ni�cant correlation between Lcn-2 expression and meno-
pausal status.

Similarly, we found no signi�cant associations between 
Lcn-2 expression and diabetes mellitus (p=0.353) or smok-
ing status (p=0.436), �ndings that are consistent with pre-
viously published reports.[31] In addition, no relationship 
was observed between Lcn-2 expression and hypertension 
(p=0.351) or alcohol consumption (p=0.918).

The majority of triple-negative breast cancers are classi-
�ed histologically as invasive carcinoma of no special type 
(NST/NOS).[32] Our results were consistent with this obser-
vation, as the distribution of histological subtypes in our 
cohort was similar to that reported in previous studies. For 
instance, Thike et al.[5] reported that 606 out of 653 TNBC 
cases (92%) were classi�ed as invasive carcinoma, NOS. 
Likewise, Rao et al.[30] reported that 31 of 50 TNBC cases 
(84%) belonged to the NOS category.

In the present study, no signi�cant di�erence in Lcn-2 ex-
pression was detected between invasive ductal carcinoma 
(IDC) and NOS subtypes (p=0.508). Bauer et al.[21] evaluating 
multiple breast cancer subtypes, reported Lcn-2 expression 
in 94% of IDC/NOS tumors. In contrast, Villodre et al.[24] ob-
served signi�cantly increased Lcn-2 expression in IDC/NOS 
tumors and reported particularly high expression levels in 
in�ammatory breast cancer, which were associated with a 
poorer prognosis. However, in our cohort, no statistically 
signi�cant relationship was found between Lcn-2 expres-
sion and in�ammatory breast cancer (p=0.615).

We also found no signi�cant association between Lcn-2 ex-
pression and tumor grade (grade 2 vs. grade 3; p=0.335). 
While some studies have reported increased Lcn-2 expres-
sion in higher-grade tumors,[21,25,26] others, including the 
large cohort study by Wenners et al.[33] (n=650) and the 
work by Cramer et al.,[34] did not observe such an associa-

tion.

Similarly, Lcn-2 expression was not associated with nodal 
involvement (N0 vs. N1–3; p=0.554) in our study. Although 
several reports have suggested potential associations be-
tween Lcn-2 and lymphovascular invasion or lymph node 
metastasis,[21−23] Wenners et al.[33] did not �nd such relation-
ships. The absence of a signi�cant association in our study 
may partly be explained by the relatively small sample size.

Furthermore, we did not observe any signi�cant relation-
ships between Lcn-2 expression and serum CA15-3 lev-
els, neutrophil count, lymphocyte count, or the neutro-
phil-to-lymphocyte ratio (NLR). Likewise, no association 
was found between Lcn-2 expression and the presence of 
ductal carcinoma in situ (DCIS) (p=0.992). To the best of our 
knowledge, the relationship between Lcn-2 expression and 
DCIS has not previously been examined in the literature.

No signi�cant correlations were identi�ed between Lcn-
2 expression and NLR (p=0.595), CA15-3 levels (p=0.470), 
neutrophil count (p=0.339), or lymphocyte count (p=0.511). 
Although previous studies have not directly investigat-
ed these relationships, Qiu et al.[35] demonstrated that an 
elevated baseline NLR (cut-o�: 2.85) was associated with 
poorer prognosis in a cohort of 406 TNBC patients.

Pathological response following neoadjuvant chemothera-
py represents a key prognostic indicator in TNBC, an aggres-
sive breast cancer subtype characterized by high rates of 
recurrence and metastasis.[30] While several studies have sug-
gested that Lcn-2 overexpression may be associated with 
poor prognosis in TNBC,[24,25] our �ndings did not demon-
strate a signi�cant association between Lcn-2 expression 
and pathological response to NACT (p=0.666). In contrast, 
Yau et al.[36] in a large pooled analysis of 5,161 patients with 
breast cancer, reported that higher Residual Cancer Burden 
(RCB) scores were strongly associated with worse long-term 
outcomes. The lack of a signi�cant association in our study 
may be related to the relatively limited sample size.

Conclusion

In conclusion, our �ndings did not demonstrate a signi�-
cant relationship between Lcn-2 expression and response 
to neoadjuvant chemotherapy in patients with locally 
advanced TNBC. Nevertheless, Lcn-2 expression was as-
sociated with several clinicopathological features that are 
generally considered indicators of poor prognosis. These 
results suggest that Lcn-2 may still have potential clinical 
relevance in TNBC.

Previous studies have proposed Lcn-2 as a potential inde-
pendent prognostic biomarker due to its associations with 
several clinical and pathological parameters, including age 
at diagnosis, tumor type, tumor size, histological grade, 
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disease stage, hormone receptor status, Ki-67 proliferation 
index, lymphovascular invasion, lymph node involvement, 
and metastatic spread. However, larger prospective studies 
are required to con�rm these relationships and to better 
clarify the potential clinical utility of Lcn-2 in breast cancer.
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