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EDITORIAL

Dear Colleagues,

We are pleased to present the first issue of 2026, following a landmark achievement for our journal in 2025: acceptance
into Web of Science. This milestone reflects the scientific rigor of our authors, the diligence of our reviewers, and our
shared commitment to high-quality research in clinical biochemistry and laboratory medicine.

The articles in this issue represent the breadth of our field—from prognostic biomarkers in non-ST elevation myocardial
infarction and emerging endocrine mediators in Type 2 diabetes, to oxidative stress markers in brucellosis and amino acid
profiling in chronic renal failure. Genetic considerations in polycythemia, advances in total laboratory automation, and
the evolving role of digital platforms in clinical biochemistry education further highlight the dynamic transformation of
laboratory medicine.

In addition, our review on Alzheimer’s disease emphasizes the critical integration of biological biomarkers into diagnostic
practice, reinforcing the translational mission of our discipline.

As we move forward with increased international visibility, we remain committed to methodological excellence, clinical
relevance, and interdisciplinary collaboration.

We thank our contributors and readers for their continued support.

Sincerely,

Prof. Dildar Konukoglu, MD.
Editor-in-Chief

Xl
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Comparative analysis of turnaround times before and after
the implementation of a new total laboratory automation

system

Berrak Guven, © Murat Can

Department of Biochemistry, Zonguldak Bulent Ecevit University School of Medicine, Zonguldak, Turkiye

Abstract

Objectives: This study aimed to evaluate the impact of Total Laboratory Automation (TLA) with the implementation of
the Beckman Coulter DxA Fit 5000 on laboratory workload and performance.

Methods: A comparative analysis was conducted at the Biochemistry Laboratory of Zonguldak Bulent Ecevit Hospital,
covering the pre-automation period (May 1-June 30, 2024) and the post-automation period (May 1-June 30, 2025). Key
performance indicators included mean turnaround time (TAT), median TAT, 90™ percentile TAT, the proportion of outli-
ers at 60 and 120 minutes, and achievement of emergency department (ED) benchmarks (<45 minutes). Test volumes
were monitored to ensure stability as a covariate.

Results: Following the introduction of TLA, mean TAT decreased by up to 20%, median TAT by 18%, and 90™ percentile
TAT by 25% across inpatient and outpatient tests. Outlier rates at 60 minutes declined from 12% to 10% in inpatients
and from 83% to 55% in outpatients. For STAT testing, the proportion of samples meeting the 45-minute ED benchmark
increased from 65% to 88%.Total test volumes remained largely stable between periods, indicating that observed TAT
improvements were attributable to automation rather than changes in sample volume. Glucose exhibited the shortest
mean TAT, whereas gamma-glutamyl transferase had the longest. In outpatient testing, C-reactive protein demonstrat-
ed the highest compliance with the 60-minute TAT benchmark, while human chorionic gonadotropin showed the low-
est; however, all outpatient tests were completed within 120 minutes.

Conclusion: The implementation of TLA signi cantly improved numerical TAT metrics, reduced outlier frequencies, and
increased achievement of ED benchmarks, while maintaining stable test volumes, highlighting enhanced e ciency,
predictability, and work ow stability in a high-volume university hospital laboratory setting.

Keywords: DxA Fit 5000, total laboratory automation, tunaround time

How to cite this article: Guven B, Can M. Comparative analysis of turnaround times before and after the implementation of a new
total laboratory automation system. Int J Med Biochem 2026;9(1):1-8.

linical laboratories are integral components of hospital

services, providing critical diagnostic information that
guides patient management and treatment. In recent years,
the demand for laboratory testing has increased steadily, driv-
en by an aging population, the rising prevalence of chronic
diseases, the discovery of novel clinically relevant biomarkers,
and the overall growth in healthcare utilization. To meet these

demands, laboratories have increasingly adopted advanced
automation technologies to accelerate processes, enhance
standardization, and improve reliability [1].

One of the most comprehensive applications of such technol-
ogies is Total Laboratory Automation (TLA) [2]. TLA integrates
all phases of the laboratory work ow—preanalytical (sample
acceptance, sorting, centrifugation, aliquoting), analytical,
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and postanalytical (storage and archiving)—within a single
continuous platform. By minimizing manual intervention, TLA
improves process standardization and reduces overall error
rates. Given that the majority of laboratory errors occur in the
preanalytical phase, automating these steps plays a crucial
role in improving the quality of the total testing process [3].
Furthermore, integration of TLA with a Laboratory Informa-
tion System (LIS) enables synchronization of analytical results
with patient records, thereby enhancing both e ciency and
the clinical utility of laboratory data [4].

In an era of increasingly constrained healthcare budgets, in-
vestments in TLA must demonstrate clear clinical and oper-
ational bene ts [5]. Among the most widely recognized in-
dicators of such bene tis the reduction of turnaround time
(TAT), de ned as the interval between test initiation and result
reporting. TAT is a well-established quality metric in labora-
tory medicine, with shorter TAT consistently associated with
faster clinical decision-making and improved patient care [6].
Although multiple de nitions of TAT exist, laboratories and ac-
creditation bodies most commonly monitor in-laboratory TAT,
which refers to the period between the receipt of a barcoded
sample and the release of results [7, 8].

Building on this context, the present study was designed to
systematically evaluate the impact of implementing the Beck-
man Coulter DxA Fit 5000 TLA system in the Medical Biochem-
istry Laboratory, with particular focus on its e ect on in-labo-
ratory TAT.

Materials and Methods

The study was approved by the Zonguldak Biilent Ecevit Uni-
versity Ethics Committee (No: 2025/06, Date: 19/03/2025) fol-
lowing the principles of the Declaration of Helsinki. This study
was performed at the Biochemistry Laboratory of the Univer-
sity Hospital of Zonguldak Bilent Ecevit, that is a tertiary care
619-bed hospital equipped with an integrated informatics
platform that manages both patient records and laboratory
test orders. Laboratory data are treated through a software
package, allowing clinicians real-time consultation of labora-
tory reports after laboratory sta clinical validation.

In this study, TATs were systematically observed and analyzed
over a two-month period. Laboratory automation was im-
plemented in April 2025 to improve operational e ciency.
To evaluate the impact of automation, we compared data
from two distinct periods: The pre-automation phase (May 1
to June 30, 2024) and the post-automation phase (May 1 to
June 30, 2025). For the calculation of TAT, the time interval was
de ned from the moment the sample was received in the LIS
to the moment the result was veri ed and reported. These
timestamps were identical in both pre-TLA and post-TLA pe-
riods, ensuring consistent measurement of turnaround times.
Preanalytical steps, such as sample collection and transporta-
tion, were not included, as they were performed uniformly
across both periods. Repeat or re ex tests, add-on requests,
and failed samples were excluded from the TAT analysis. All
tests were processed individually; therefore, the observed TAT
outliers are not attributable to di erences in processing and
measurements were consistent across all test types. This com-
parative design enabled us to assess the e ect of TLA on TATs
and overall laboratory performance.

Pre-TLA

Before the implementation of automation, the preanalytical
area was equipped with a Cobas p612 system. The analytical
section consisted of two Cobas 6000 systems (Roche Diagnos-
tics, Mannheim, Germany), including two Cobas c501 modules
and one Cobase601 module, aswell as an additional standalone
Cobas €601 module used exclusively for STAT samples (Table 1).
Samples were manually registered into the Hospital Informa-
tion Management System and delivered to the centrifugation
stage (NF 1200; Niive, Turkey) by laboratory personnel. After
centrifugation, several manual steps were required, including
tube decapping, liquid-level detection, barcode veri cation,
sample quality assessment, and aliquoting of both primary and
secondary tubes, all facilitated through the Cobas p612 system.

Automation software (Cobas In nity, Roche Diagnostics,
Mannheim, Germany) allowed sta to manage workload orders
from the LIS and monitor the operational status of analytical in-
struments. At the end of each working day, samples were placed
in refrigerated storage and discarded after two business days.

Table 1. Instrumentcon gurations and features in pre- and post-TLA periods

Pre-TLA Post-TLA

Instrument Number of Capacity Throughput Instrument Number of Capacity Throughput

modules modules
Input Module 1 600 tubes 1400 tubes/hr Input Module 1 336 tubes 375 tubes/hr
Centrifuge 3(0 ine) 144 tubes 288 tubes/hr Centrifuge 1 56 tubes 325 tubes/hr
Decapper 1 N/A 300 tubes/hr Decapper 1 N/A 375 tubes/hr
Aliquoter 1 N/A 300 tubes/hr Aliquoter s s s
€601 3 25 position 170 test/hr DX1800 2 50 position 400 test/hr
c501 4 63 position 600 test/hr AU 5800 2 54 positions 2000 test/hr

N/A: Not applicable.
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Figure 1. Design of the instruments included along the automation line at the laboratory.

Post-TLA

Following the installation of the TLA system, laboratory work-
ows were redesigned and centralized. During the preanalyti-
cal phase, personnel inspected samples for preanalytical errors
(e.g. barcode inconsistencies, or inappropriate tube types) af-
ter sample acceptance. Veri ed samples were then transferred
to the sample input area of the DxA Fit 5000 system. The auto-
mated laboratory layout included the DxA Fit 5000 Work ow
Automation System (Beckman Coulter, CA, USA), two DxI 800
immunoassay analyzers and two AU 5800 clinical chemistry
analyzer with an ISE module (Beckman Coulter, CA, USA) (Table
1). This integrated platform allowed standardized handling
and management of samples within a uni ed workstation.

Once the barcode is scanned and work orders are received
from the LIS, the automated work ow initiates seamlessly
within the system. Robotic arms facilitate the e cient exe-
cution of tasks throughout the process. Initially, samples un-
dergo centrifugation, followed by a leveling determination.
Upon reaching the lid-opening module, the sample lids are
automatically removed and directed towards the analyzers,
where hormone and biochemical tests are conducted. The
automation software, REMISOL Advance (Beckman Coulter,
Brea, CA), empowers sta to e ectively manage workload
orders from the LIS and monitor the operational status of the
associated analytical instruments.

Samples are pipetted into analyzers in precise volumes accord-
ing to test requirements and subsequently transferred to the
DxA Fit 5000 outlet module, which has a storage capacity of
600 tubes. Tubes in this outlet module could be retrieved at any
time by sta . Repeat testing is processed automatically without
manual intervention, further enhancing e ciency and accuracy.
At the end of each day, remaining samples were stored in a re-
frigerator and discarded after two business days. The schematic
layout of the automated system is illustrated in Figure 1.

In this study, prede ned outcome measures were established
to evaluate the impact of TLA on laboratory performance. The
primary outcome was the TAT for outpatient, inpatient, and
STAT samples, assessed using mean TAT, median TAT, and 90"
percentile TAT for each analyte. These metrics allowed a de-
tailed assessment of the direct e ect of TLA implementation
on processing times. Secondary outcomes were de ned to
evaluate work ow quality, stability, and clinical relevance. Th-
ese included the proportion of samples exceeding accepted
TAT limits (outlier rates), the percentage of STAT samples
meeting the critical <45-minute TAT benchmark, the propor-
tion of samples completed at the 60- and 120-minute marks,
and improvements in distribution variability re ected by up-
per percentile reductions (especially the 90™ percentile). This
comprehensive approach enabled assessment not only of
reductions in average TAT but also of improvements in delay
rates, predictability, and performance for emergency testing.
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Table 2. Test numbers of inpatient, outpatient and stat samples

Outpatient Inpatient STAT

PreTLA PostTLA PreTLA PostTLA PreTLA PostTLA

(2024) (2025) (2024) (2025) (2024) (2025)
Glucose 9651 9263 16772 11142 2707 1973
Urea 17679 18403 15815 15518 2843 2741
Creatinine 14850 15356 17683 15384 3179 2718
ALT 17839 18079 13588 13467 3172 2709
AST 17306 17261 13532 13467 3168 2706
Total Bilirubin 4680 5162 6752 7374 2052 2129
Potasium 14200 14590 15922 15765 3194 2742
Lipaz 695 764 3633 4364 1139 1049
ALP 7692 7315 6203 7101 772 1043
GGT 9431 8598 7193 8145 623 984
CRP 7371 7539 11408 12918 2239 2131
HCG 1069 1245 345 266 285 236
Troponin I/T 471 529 3359 2777 1817 1972
CK-MB 147 148 3245 2608 1777 1931
TSH 9178 10113 e e e e
Vit D 3378 3776 e e e e
B12 5636 7300 e e e e
Folat 2892 4524 e e e e
Ferritin 4977 6971 e e s e
Total 149.142 156.936 135.450 130.296 28.967 27.064

Statistical Analysis

Data analysis was performed using IBM SPSS Statistics version
19.0 (IBM Corp., Armonk, NY, USA). The normality of data dis-
tributions was assessed using the Kolmogorov-Smirnov test.
Depending on the outcome, comparisons between pre- and
post-automation periods were conducted using either a inde-
pendent-samples t-test for normally distributed variables or
the Mann-Whitney U test for non-normally distributed vari-
ables. When the t-test was applied, comparisons were based
on the mean TAT values, whereas for the Mann-Whitney U
test, comparisons were based on the median TAT values. Con-
tinuous variables are presented as mean (95% CI), median,
and 90" percentile TAT values. All tests were two-tailed, and
p<0.05 was considered statistically signi cant.

Results

Upon detailed analysis of the laboratory workload, a noticeable
change in the volume of received tubes was observed across all
categories, including inpatient, outpatient, and STAT samples.
Laboratory performance was evaluated based on 19 outpatient
tests and 14 inpatient and STAT tests. Overall, the data indi-
cated a 5% increase in outpatient test volume, a 3.8% decrease
in inpatient tests, and a 6.5% reduction in STAT tests between
the pre- and post-TLA periods (Table 2). This relative stability in
total test numbers supports the interpretation that observed
improvements in turnaround time (TAT) primarily re ect work-
owe ciency rather than uctuationsin sample volume.

The primary outcomes, de ned as mean, median, and 90™ per-
centile TAT, were calculated for each analyte separately for out-
patient, inpatient, and STAT samples. For outpatient tests (Table
3), all analytes including Glucose, Urea, Creatinine, ALT, AST, Total
Bilirubin, Potassium, Lipase, ALP, GGT, CRP, HCG, Troponin I/T, CK-
MB, TSH, B12, Folate, and Ferritin exhibited a signi cant reduc-
tion in TAT across all three metrics (p<0.001), except for Vitamin
D, which showed only modest changes. Among outpatient tests,
Potassium demonstrated the lowest mean TAT at 67 minutes,
whereas Vitamin D had the highest mean TAT at 141 minutes.
Notably, Vitamin D also showed the highest TAT values at both
the 60- and 120-minute time points, while ALT had the lowest
values. These results indicate that the impact of automation was
observed across both routine and complex assays, with certain
analytes demonstrating larger absolute reductions in TAT.

For inpatient and STAT tests (Table 4, 5), the mean TAT ranged
from 39 minutes for Glucose to 43 minutes for GGT among
inpatient samples. For STAT samples, the mean TAT ranged
from 31 minutes for GGT to 39 minutes for HCG. The median
and 90" percentile TAT values consistently re ected reduc-
tions post-TLA, suggesting both improvements in central ten-
dency and decreased variability. Across outpatient tests, the
60-minute TAT completion rate varied from 5% for HCG to 13%
for CRP, whereas by the 120-minute mark, all tests were com-
pleted, demonstrating e cient throughput.

Secondary outcomes were systematically assessed to evaluate
work ow quality and predictability. Outlier analysis indicated
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Table 3. Total Laboratory Automation (TLA), mean, median and 9% percentile laboratory Turnaround Time (TAT), and Percentage of
Outlier (OP) at 60 min and 120 min during the study period for outpatient tests

Test Mean TAT (%95 CI) Median TAT 90" percentile OP 60 min OP 120 min p
Pre- Post- Pre- Post- Pre- Post- Pre- Post- Pre- Post-
TLA TLA TLA TLA TLA TLA TLA TLA TLA TLA

Glucose 119.71 80.3 115 67 182 146 90.6 56.8 451 17.7 <0.0012
(18.8-120.8) (79.4-81.3)

Urea 1074 75.1 102 63 169 133 83.7 52.3 349 133 <0.001®
(106.7-108.0) (74.5-75.8)

Creatinine 104.6 75.0 99 62 167 131 81.7 51.9 326 12.9 <0.0012
(103.8-105.3) (74.3-75.7)

ALT 1101 67.9 104 57 172 114 85.3 459 371 8.6 <0.001®
(109.5-110.8) (67.4-68.4)

AST 109.3 68.4 104 58 171 114 84.9 46.8 36.4 8.5 <0.001®
(108.7-110.1) (67.9-69.0)

Total Bilirubin 1121 775 107 63 173 143 87.1 53.3 39.6 15.6 <0.001®
(110.8-113.4) (76.3-78.7)

Potasium 106.4 67.6 101 57 168 114 83.8 55.1 34.1 8.4 <0.001°
(105.7-107.2) (67.0-68.2)

Lipaz 109.0 69.8 102 58 179 117 85.3 475 34.8 9.2 <0.001®
(105.4-112.8) (67.2-72.3)

ALP 114.3 709 109 60 178 119 87.1 495 40.9 9.7 <0.001®
(113.3-115.4) (70.0-71.8)

GGT 1122 4.7 107 63 175 127 86.0 53.3 38.8 119 <0.0012
(112.3-113.2) (71.4-73.2)

CRP 1124 89.6 107 77 175 156 86.4 65.2 39.4 232 <0.001°
(111.2-1135) (88.5-90.7)

HCG 153.2 1141 153 96 224 179 95.2 823 68.5 31.4 <0.001®
(149.6-156.8) (109.8-118.5)

Troponin I/T 1511 107.9 154 98 208 167 945 85.1 745 33.6 <0.0012
(146.2-155.9) (103.4-112.4)

CK-MB 136.0 119.8 135 100 201 206 90.5 81.1 61.9 39.9 <0.0012
(127.7-144.4) (108.2-131.4)

TSH 146.9 118.0 147 102 203 186 97.3 87.8 68.6 38.8 <0.001®
(145.9-147.9) (116.7-119.3)

VitD 1414 140.9 144 124 191 222 97.2 94.6 61.8 52.2 >0.05P
(139.4-143.4) (138.3-143.6)

B12 1403 1254 141 110 193 197 97.6 92.6 60.6 43.0 <0.0012
(138.8-141.9) (123.8-127.0)

Folat 1384 126.6 138 113 191 199 97.5 944 58.1 453 <0.001®
(136.3-140.6) (124.6-128.6)

Ferritin 134.8 130.0 134 114 190 209 96.3 924 56.6 66.1 <0.001®

(1332-1363)  (128.3-131.7)

95% Con dence Interval (Cl); & Mann-Whitney U test, Pre-TLA compared with Post-TLA for non-normally distributed data; : Independent t-test, Pre-TLA compared with Post-TLA for

normally distributed data.

a substantial reduction in the proportion of samples exceed-
ing acceptable TAT limits, particularly among STAT samples
where the proportion meeting the <45-minute ED bench-
mark increased notably. Troponin | and CK-MB tests, critical for
emergency diagnostics, had the highest outpatient TAT values
at both 60- and 120-minute intervals; however, automation re-
sulted in a meaningful decrease in outliers and improved ad-

herence to the ED standard. Conversely, creatinine and Potas-
sium tests consistently demonstrated the lowest TAT values,
re ecting optimized processing for high-frequency assays.

Discussion

The implementation of a TLA system in our biochemistry
laboratory in 2025, comprising the Beckman Coulter DxA Fit
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Table 4. Total Laboratory Automation (TLA), Mean, Median and 90t Percentile Laboratory Turnaround Time (TAT), and Percentage
of Outlier (OP) at 60 min and 120 min during the study period for inpatient tests

Test Mean TAT (%95 CI) Median TAT 90" percentile OP 60 min OP 120 min p
Pre- Post- Pre- Post- Pre- Post- Pre-  Post- Pre- Post-
TLA TLA TLA  TLA TLA TLA TLA TLA TLA  TLA

Glucose 40.1 39.2 37 36 61 58 101 88 0 0 <0.001®
(39.7-40.5) (38.9-39.4)

Urea 435 40.1 41 36 63 60 122 100 0 0 <0.0012
(43.3-43.7) (39.7-40.4)

Creatinine 429 419 41 37 62 63 115 115 0 0 <0.0012
(42.7-43.2) (41.0-41.8)

ALT 433 41.6 41 37 63 62 125 111 0 0 <0.001®
(43.1-43.6) (41.3-42.0)

AST 448 418 42 37 64 62 138 110 0 0 <0.0012
(44.5-45.1) (41.4-421)

Total Bilirubin 46.2 432 44 38 67 63 175 119 0 0 <0.001®
(45.8-46.6) (42.8-43.8)

Potasium 425 40.6 40 36 62 60 118 98 0 0 <0.001°
(42.3-42.8) (40.2-40.9)

Lipaz 46.3 39.9 42 36 68 58 168 87 0 0 <0.001°
(45.4-47.2) (39.4-40.5)

ALP 477 429 45 37 69 63 188 118 0 0 <0.001®
(47.2-48.2) (42.4-43.4)

GGT 48.3 433 45 38 70 63 195 122 0 0 <0.001°
(47.8-48.8) (42.8-43.8)

CRP 46.2 441 42 39 66 64 16.2 133 0 0 <0.001®
(45.9-46.4) (43.7-44.5)

HCG 423 39.6 41 34 58 56 8.6 55 0 0 <0.001®
(41.2-435) (37.4-41.8)

Troponin I/T 46.1 404 44 36 60 56 101 82 0.1 0 <0.0012
(45.7-46.6) (39.7-41.0)

CK-MB 46.0 39.9 44 36 60 55 9.6 7.7 0 0 <0.0012
(45.5-46.4) (39.2-40.6)

95% Con dence Interval (Cl); & Mann-Whitney U test, Pre-TLA compared with Post-TLA for non-normally distributed data; : Independent t-test, Pre-TLA compared with Post-TLA for

normally distributed data.

5000, two DxI 800 immunoassay analyzers, and two AU 5800
chemistry analyzers, represents a signi cant advancement in
laboratory modernization. This transition required not only
technological upgrades but also a fundamental shift in the
philosophy of sample processing. Software customization
posed the greatest challenge, highlighting the importance
of accurate operational data collection and close collabora-
tion among LIS personnel, IT specialists, and laboratory sta |,
whereas hardware transition proceeded smoothly.

The primary focus of this study was the impact of TLA on TAT.
Our results indicate that automation can substantially reduce
TAT and stabilize work ow variability. Tornel et al. [9] report-
ed that online centrifugation within TLA added 9-10 min-
utes compared with o ine methods. In our setting, o ine
centrifugation alone required at least 10 minutes, resulting
in total processing times comparable to online work ows,
with a mean of 23 minutes. These observations suggest that
while manual processing may be faster for very small STAT

sample volumes, TLA provides superior performance for
high-volume and accessible STAT testing.

In emergency department (ED) testing, achieving a TAT <45
minutes is clinically meaningful [10]. Following TLA imple-
mentation, median troponin | TAT decreased from 42 to 34
minutes, reaching this benchmark. Similar improvements
have been reported by Angeletti et al. [4], Lam et al. [11], and
Chung et al. [12], demonstrating the feasibility and clinical
bene tof intra-laboratory TAT <45 minutes.

Potassium TAT, evaluated as a benchmark analyte, showed a
substantial reduction in outlier rates, decreasing from 12% to
10% in inpatients and from 83% to 55% in outpatients. This
aligns with Holland et al. [13], who reported minimal changes
in mean potassium TAT but signi cant reductions in extreme
delays (>40 minutes). These improvements emphasize the
value of automation in stabilizing work ow variability, which
is highly regarded by clinicians.
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Table 5. Total Laboratory Automation (TLA), Mean, Median and 90t Percentile Laboratory Turnaround Time (TAT), and Percentage
of Outlier (OP) at 60 min and 120 min during the Study Period for STAT Tests

Test Mean TAT (%95 CI) Median TAT 90t percentile OP 60 min OP 120 min p
Pre- Post- Pre- Post- Pre- Post- Pre-  Post- Pre- Post-
TLA TLA TLA  TLA TLA TLA TLA  TLA TLA  TLA

Glucose 37.6 343 34 30 50 49 54 52 0.5 0.7 <0.001*
(37.0-38.3) (32.7-34.0)

Urea 349 325 34 28 47 46 47 21 0.6 0.6 <0.001*
(34.4-35.3) (31.9-33.1)

Creatinine 345 325 33 28 46 46 47 17 04 0.1 <0.0012
(34.1-34.8) (31.9-33.2)

ALT 35.3 31.6 34 27 47 45 44 23 0.6 01 <0.001*
(34.8-35.8) (31.0-32.2)

AST 359 321 35 28 48 46 44 25 0.6 0.1 <0.001*
(35.4-36.2) (31.5-32.7)

Total Bilirubin 355 323 35 28 48 46 438 2.2 0.7 0 <0.001*
(34.8-36.0) (31.3-33.3)

Potasium 34.6 321 34 28 46 45 44 19 0.6 0 <0.001°
(34.0-34.8) (31.5-32.7)

Lipaz 35.3 317 34 28 48 45 43 2.6 0.6 0 <0.0012
(34.6-36.0) (30.7-32.7)

ALP 35.0 31.6 34 27 48 45 4.0 21 04 0 <0.001*
(34.2-35.7) (29.6-31.7)

GGT 35.7 314 35 28 49 45 45 24 0.3 0 <0.001*
(34.9-36.7) (30.1-32.6)

CRP 36.5 34.0 35 30 50 48 53 3.0 0.6 0.1 <0.001*
(35.8-37.0) (33.3-34.7)

HCG 424 39.3 41 34 55 54 8.1 5.6 0 0 <0.001*
(40.7-43.5) (36.9-41.8)

Troponin I/T 439 37.6 42 34 56 49 6.5 5.7 0.3 0.1 <0.0012
(43.3-44.5) (36.6-37.9)

CK-MB 438 37.8 43 34 56 50 6.4 5.8 0.2 0 <0.001*
(43.2-44.4) (36.7-38.1)

95% Con dence Interval (Cl); & Mann-Whitney U test, Pre-TLA compared with Post-TLA for non-normally distributed data; : Independent t-test, Pre-TLA compared with Post-TLA for
normally distributed data.

Secondary metrics including outlier rates, the proportion of
tests meeting ED benchmarks, and percentile-based mea-
sures of TAT demonstrated consistent improvements post-
TLA. Lam et al. [11], Chung et al. [12], Ellison et al. [14], Kim et
al.[15], Osunaetal.[16], and Yildiz et al. [17] similarly report re-
ductions in mean, 90™, 95™, and 99™ percentile TAT, improve-
ments in delayed-result frequency, and enhanced work ow
predictability. These ndings collectively indicate that TLA not
only reduces median TAT but also stabilizes extreme delays
and improves overall laboratory e ciency.

Although preanalytical TAT could theoretically in uence to-
tal TAT, accessioning and barcode scanning were identical in
both pre- and post-TLA periods; therefore, improvements are
predominantly attributable to intralaboratory automation.

The present study has several limitations that should be con-
sidered. Itis a single-center study with a pre/post design with-

out randomization, which may limit generalizability. Unmea-
sured seasonal di erences could in uence TAT. The reliance
on LIS time stamps introduces potential measurement bias,
and no direct measurement of preanalytical error rates was
performed. Economic evaluation was not conducted despite
discussion of labor savings.

Conclusion

Overall, the implementation of TLA signi cantly enhanced
e ciency, predictability, and work ow stability. Instrument
con guration upgrades increased analytical capacity, which
likely contributed indirectly to TAT improvements by enabling
the laboratory to manage high sample volumes more e ec-
tively. Future studies should investigate the quantitative rela-
tionship between throughput and TAT reduction to fully eluci-
date the operational bene ts of automation.
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Abstract

Objectives: Brucella species are highly infectious organisms that can gain access to the human body through various
routes, including the gastrointestinal and respiratory tracts, conjunctiva, and eroded skin. In some cases, they may also
enter the bloodstream directly, as in transfusion-related cases or via transplacental transmission. The aim of this study
was to evaluate the potential role of serum anti-in ammatory and antioxidant factors such as nuclear factor erythropoi-
etin-2 (NRF2), heme oxygenase (HO-1), and neopterin in brucellosis and to investigate their relationship with serologic
anti-Brucella antibody ndings.

Methods: A total of 90 patients with brucellosis and 30 healthy control individuals were included in the study. The
patient group was divided into three subgroups according to antibody titers: 30 patients with a 1/160 titer, 30 patients
with a 1/320 titer, and 30 patients with a 1/640 titer. Blood samples were collected and transferred into biochemistry
tubes containing gel. The tubes were then centrifuged at 4000 rpm for 10 minutes to separate the serum. The separated
serum samples were stored at -80°C. Serum levels of NRF2, HO-1, and neopterin were measured using the ELISA method.
Results: No signi cant di erences in biomarker levels were observed between gender or age groups. However,
biomarker levels varied signi cantly according to antibody titer. Healthy controls exhibited the lowest levels of NRF2,
HO-1, and neopterin, whereas the 1/640 titer group exhibited the highest levels. NRF2, HO-1, and neopterin levels in-
creased progressively with rising anti-Brucella antibody titers (p<0.01).

Conclusion: NRF2, HO-1, and neopterin levels were positively correlated with antibody titers, suggesting that these
biomarkers may play a role in the immune response to brucellosis. Further studies with larger patient groups are
needed to better understand and con rm these ndings.

Keywords: Brucellosis, heme oxygenase, neopterin, NRF2
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rucellosis is a globally widespread infectious disease in
both animals and humans and is considered a debilitat-

ratory workers [4, 5]. Nrf2 is a cellular sensor of oxidative and
electrophilic stress. Nrf2 is a nuclear factor that controls the

ing zoonotic disease. It can occur in men and women of all
ages, most commonly in the 15-35 age group. The disease
also has synonyms such as "Mediterranean fever" or "Malta
fever" [1, 2]. Routes of infection include the gastrointestinal
tract, respiratory tract, conjunctiva, and abraded skin [3].
When risk groups are examined, priority is given to those
who earn their living from livestock farming, slaughter-
house workers, veterinarians, and veterinary research labo-

expression and coordinated induction of a group of genes
encoding detoxifying enzymes, drug transporters, anti-
apoptotic proteins, and proteasomes. Modulation of NRF2
protein and enzymes occurs in response to oxidative stress
and infection. In the presence of in ammation or oxida-
tive stress, NRF2 undergoes phosphorylation and nuclear
translocation, which leads to the transcription of proteins
and antioxidant enzymes [6].
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When Nrf2 is activated in the nucleus, it stimulates and initi-
ates the production of antioxidant enzymes such as catalase,
glutathione, and superoxide dismutase. Antioxidant enzymes
neutralize up to one million free radicals per second [7]. Nrf2
is activated to correct the body's oxidative stress state, ensure
cell survival, and maintain the redox homeostasis of cells by
regulating the induced expression of phase Il detoxifying
enzymes and antioxidant enzymes [8]. The Nrf2 protein is
expressed in di erent tissues of the body (such as the liver,
kidney, spleen, and heart). Phosphorylated Nrf2 forms a het-
erodimer with the Maf protein and is then associated with an-
tioxidant response elements that activate HO-1 expression [9].
HO-1 catabolizes free heme into Fe2*, carbon monoxide (CO),
and biliverdin. Heme catabolism by HO-1 produces biliverdin,
which can be converted to bilirubin by biliverdin reductase.
Heme catabolism by HO-1 also produces CO, a gas transmit-
ter that regulates cellular signaling [10]. The stress-sensitive
HO-1 isoenzyme provides protection against programmed
cell death. This cytoprotective e ect inhibits the pathogenesis
of various immune-mediated in ammatory diseases. HO-1 ex-
pression is often induced in response to oxidative stress [11].
Heme oxygenase is the rate-limiting enzyme in heme me-
tabolism, and its function is essential to limit oxidative tissue
damage in both acute and chronic hemolytic injuries [12]. It
has implications in many diseases, particularly cancer, Alzhei-
mer’s disease, and infections [13].

Neopterin and its unoxidized form, 7,8-dihydroneopterin, are
relatively sensitive in ammatory markers because they are
produced at sites of in ammation. It is an antioxidant syn-
thesized by monocytes/macrophages that is produced upon
interferon-gamma stimulation. 7,8-dihydroneopterin rapidly
scavenges superoxide and hypochlorite, products of the in-

ammatory response, to form highly uorescent neopterin
[14]. These factors maintain the dual balance of 7,8-dihydro-
neopterin and neopterin to measure in ammation and oxida-
tive stress [15]. Neopterin is a frequently used clinical marker
to indicate immune activation during in ammation in various

conditions and stresses [16]. We conducted this study to nd
out biochemical abnormalities of certain parameters (HO-1,
NRF2, and neopterin) in patients with brucellosis and their
correlation with Brucella Wright agglutination results.

Materials and Methods

This study consisted of brucellosis patients who applied to
the Harran University Faculty of Medicine Infectious Diseas-
es Polyclinic. This study was approved by the Harran Uni-
versity Faculty of Medicine Clinical Research Ethics Commit-
tee on 18.10.2021, in the 1% session, with decision number
HRU/21.18.16. Our study was designed in accordance with the
criteria speci ed in the Declaration of Helsinki. Accordingly,
written informed consent was obtained from each subject.
The patients were composed of a total of 120 individuals from
four groups: 1/160 titer group, 1/320 titer group, 1/640 titer
group, and healthy control group without brucellosis.

Preparation of samples: This study consisted of brucellosis pa-
tients who did not receive any antimicrobial therapy and pre-
sented to the Infectious Diseases Outpatient Clinic of Harran
University Faculty of Medicine. A total of 90 patient groups
were formed; 1/160 titer groups, 1/320 titer groups, and 1/640
titer groups were composed; 20 were female and 10 were
male in each group. The mean age of the 1/160 titer group
was (45.20+18.24) years;, the mean age of the 1/320 titer
group was (40.17+14.95) years; and the mean age of the 1/640
titer group was (42.80+17.16) years; and the mean age of each
group was similar. In this study, a healthy control group was
recruited from Harran University sta . Thirty healthy individu-
als, 18 females and 12 males, with a mean age of 40.70+13.91
years were included in the study. The study included 30 volun-
teers aged 40.70+13.91 years without any disease history or
pathology. They were collected from the sta of Harran Uni-
versity, and those with a BMI below 28 were selected (Fig. 1).

Blood samples were collected as patient and control sam-
ples. The collected blood was transferred to gel-containing

Figure 1. Age levels of the study groups (years; means +/- standart deviation).
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Figure 2. Heme Oxygenase-1 Levels in the study groups (means +/- standart deviation).

(biochemistry) tubes. Then, the blood was centrifuged at
4000 rpm for 15 minutes to separate the serum. The sera
were stored in a deep freezer at —-80°C for use. The sepa-
rated sera were studied with the kit branded NRF2 ELISA
Kit, Bioassay Technology Laboratory (BT Lab) (Catalog No:
E3244Hu), Sensitivity: 0.11 ng/mL, CV (%) = SD/mean % 100;
Intra-assay: CV<8%; Inter-assay: CV<10%; Human Heme Ox-
ygenase-1 ELISA Kit (HO-1), Bioassay Technology Laborato-
ry (BT Lab) (Catalog No: E0932Hu), Sensitivity: 0.05 ng/mL;
CV (%) = SD/mean x 100; Intra-assay: CV<8%; Inter-assay:
CV<10%; and Human Neopterin ELISA Kit, Bioassay Technol-
ogy Laboratory (BT Lab) (Catalog No: E3155Hu), Sensitivity:
0.061 mmol/L; CV (%) = SD/mean x 100; Intra-assay: CV<8%;
Inter-assay: CV<10% (Fig. 2).

Statistical analysis

Statistical analyses were performed using the SPSS version
23.0 program. The conformity of variables to normal distribu-
tion was examined using histogram graphics and the Kolmog-
orov-Smirnov/Shapiro-Wilk test. Mean, standard deviation,
and median values were used when presenting descriptive
analyses. The Kruskal-Wallis test was used to evaluate vari-
ables that did not show a normal distribution (nonparametric)
among more than two groups. The Bonferroni multiple com-
parison test was used to investigate the source of signi cant
di erences among the studied groups. Frequency and per-

centage values were used when presenting categorical vari-
ables, and the analysis of categorical variables was performed
using the chi-square (exact) test. The Spearman correlation
test was used to evaluate the relationships between quantita-
tive variables. Cases in which the p-value was below 0.05 were
considered statistically signi cant.

Results

The study included a total of 120 patients, with a mean age of
42.22+16.08 years. Of the participants, 65% were female. The
mean measurements were 21.10+14.70 ng/mL for HMOX1,
64.32+31.13 ng/mL for NRF2, and 10.73+6.43 nmol/L for
neopterin. The individuals were classi ed into four groups
(1/160, 1/320, 1/640, and healthy control), each comprising
25% of the total participants (Table 1).

A total of 120 participants were included in the study. Partici-
pants were divided into four groups (1/160, 1/320, 1/640, and
Healthy Control). Mean measurements for HMOX1, NRF2, and
neopterin were shown for the participants (Table 1).

NRF2 levels were signi cantly lower in the control group com-
pared to the other groups. Furthermore, levels in the 1/320
group were statistically signi cantly lower than those in the
1/160 and 1/640 groups, and neopterin levels in the 1/160
group showed a statistically signi cant di erence compared
to the 1/320 and 1/640 groups (p<0.05; Table 1; Fig. 3).

Table 1. Comparison of clinical measurement values among study groups

1/160 1/320 1/640 Control p
Mean+SD Median Mean=SD Median Mean=SD Median Mean+SD Median
Age 45.20+18.24 47.00 40.17+£14.95 38.00 42.80+17.16 42.00 40.70£1391 3950 0.706
HO-1 (ng/mL) 15.27+2.52 14.312 23.14+2.81 22.77° 42.01+8.65 41.65¢ 3.96+1.55 3.55¢ <0.001
NRF2 (ng/mL) 72.74+35.99 90.742 73.85+5.66 71.86° 87.48+11.27 90.792 23.20+7.22 23.23¢ <0.001
Neopterin (nmol/L) 9.03+£1.65 8.762 14.66+2.00 14.88° 17.60+£2.94 17.95° 1.61+0.70 1.66¢ <0.001

bed: Kruskal Wallis Test, Chi-Square Test, Bonferroni Method. The study did not identify a signi cant correlation between group and gender. Furthermore, there were no signi cant

age di erences among the groups. (Fig.1). SD: Standard deviation.
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Figure 3. NRF2 levels in the study groups (means +/- standart deviation).

Figure 4. Neopterin Levels in the study groups (means +/- standart deviation).

Neopterin measurement levels were ranked from lowest to
highest as follows: Control, 1/160, 1/320, and 1/640 (Fig 4; Ta-
ble 2). Relationships between variables were examined within
each group. As a result of the study, a moderate, negative, and
signi cant correlation was found between HO-1 (ng/mL) and
NRF2 (ng/mL) in the 1/160 titer group (r=—0.407; p<0.05). In
addition, a low, positive, and signi cant correlation was found
between HO-1 (ng/mL) and neopterin (nmol/L) measurements
in the control group (r=0.368; p<0.05) (Table 2).

Discussion

The most important feature of Brucella is its ability to survive
and multiply in both phagocytic and non-phagocytic cells
[17]. While the ndings of this study provide important in-
formation, some diagnostic limitations exist. The inability to
con rm the diagnosis of brucellosis with PCR or culture, and
the inadequacy of serological tests alone, reduced diagnostic
certainty and limited the interpretability of the results. Acti-
vation of antioxidant response elements is primarily achieved
through the modulation of proteins and enzymes that com-

bat in ammation and oxidative stress. NRF2 is typically de-
graded via the ubiquitin—proteasome pathway [18]. When
the body is exposed to in ammation or oxidative stress, NRF2
is phosphorylated and transported to the nucleus, contrib-
uting to the body’s antioxidant mechanisms and leading to
the transcription of proteins and antioxidant enzymes. These
compounds can be regulated to provide protection against
oxidative stress [19].

The autonomic nervous system helps restore homeostasis
through in ammation and oxidative stress, triggering synaps-
es as a secondary e ect. Ngo et al. [20] suggested that NRF2
is a well-known regulator of oxidative stress and that lovasta-
tin (UEI) provides protection against acute viral myocarditis
through NRF2 activation; NRF2 can be activated by immune
and in ammatory processes. Although there is a lack of cor-
relation between Brucella antibody titers and the clinical pic-
ture of brucellosis [21], to our knowledge, there is no clinical
study in the literature that directly measures the relationship
between NRF2/HO-1 and neopterin levels with serological
titers (e.g., 1/160 and above) in brucellosis [21]. Signi cant
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Table 2. Correlation of clinical measurements within the groups

(HMOX1) ng/mL NRF2 (ng/mL) Neopterin
(nmol/L)
(HO-1) ng/mL 1.000 -0.407* 0.092
. 0.026 0.640
NRF2 (ng/mL) -0.311 1.000 -0.031
0.108 . 0.875
Neopterin (nmol/L) 0.092 -0.031 1.000
0.640 0.875 .
(HO-1) ng/mL 1.000 0.092 -0.027
. 0.628 0.888
NRF2 (ng/mL) 0.092 1.000 0.192
0.628 . 0.310
Neopterin (nmol/L) -0.027 0.192 1.000
0.888 0.310 .
(HO-1) ng/mL 1.000 -0.058 -0.126
. 0.765 0.514
NRF2 (ng/mL) -0.058 1.000 0.160
0.765 . 0.408
Neopterin (nmol/L) -0.126 0.160 1.000
0.514 0.408 .
(HO-1) ng/mL 1.000 0.028 0.368*
. 0.884 0.046
NRF2 (ng/mL) 0.028 1.000 0.003
0.884 . 0.986
Neopterin (nmol/L) 0.368* 0.003 1.000
0.046 0.986

changes were observed in NRF2, NO, and neopterin levels in
brucellosis patients at di erent antibody titers (1/160, 1/320,
and 1/640) (p<0.05; Table 1; Fig. 3). NRF2/HO-1, on the other
hand, is involved in the cellular oxidative stress response and
the anti-in ammatory response of tissues. There is a clear rela-
tionship between increased NRF2 levels and an increased im-
mune response [22]. Our study showed a positive correlation
between increased immune response and increased NRF2 lev-
els (Table 1). Activation of the NRF2 signaling pathway can pre-
vent oxidation by reducing the production of free radicals and
decreasing oxidative damage in the myocardium [23]. Accord-
ing to some research ndings, NRF2 has been shown to reduce
cell damage and oxidative stress and to exhibit an anti-in am-
matory function that suppresses tumor formation [24].

Neopterin is a biochemical marker associated with cell-medi-
ated immunity. Serum neopterin levels indicate the activation
phase of the cellular immune system, which is important in
the pathogenesis and progression of various diseases, and
elevated neopterin levels have been detected before the on-
set of clinical symptoms [25]. Skogmar et al. [26] conducted a
study on serum neopterin concentrations before, during, and
after antituberculosis treatment in patients with tuberculo-
sis. Michalak et al. [27] showed that urinary neopterin levels
were signi cantly higher in patients with active tuberculosis
compared to latently infected individuals. Chauvin et al. [28]

demonstrated that high neopterin levels were a strong in-
dependent predictor of cardiovascular events. Thomas et al.
[29] measured neopterin levels in a small cohort of 20 in u-
enza patients and found that 80% of the patients had levels
above the upper limit of normal at symptom onset (within 48
hours). Furthermore, a rapid decrease in neopterin levels was
observed during recovery between days 5 and 14, with levels
returning to normal after day 14. In our study, neopterin levels
showed a statistically signi cant di erence between brucel-
losis patients (1/160, 1/320, and 1/640) and healthy controls
(p<0.05; Table 1; Fig. 4). These results suggest that neopterin,
a biomarker of immune activation, has an anti-in ammatory
e ect and can provide insight into disease severity and the
healing process as an indicator of immune response [30]. The
studies mentioned above show that neopterin reduces oxida-
tive stress in various diseases. Neopterin levels can therefore
be used to assess disease activity and response to treatment.

HO-1 is considered a primary protein and cytoprotective
mechanism involved in diseases caused by oxidative and in-

ammatory damage. It acts as a catalyst for reactions involv-
ing heme, pro-oxidants, and free radicals with an iron atom
at the center and has been shown to have antitumor e ects
[31]. Due to its antioxidant and genome-protective activities,
HO-1 may have protective e ects against carcinogens and
reduce the likelihood of tumor formation [32]. One study in-
vestigated the bene cial e ects of reducing microglial HO-1
in aged mice exposed to anin ammatory challenge and iden-
ti ed reduced iron accumulation in the brain as a key mech-
anism. This nding suggests that HO-1 induction is bene -
cial due to its antioxidant and anti-in ammatory properties
[33]. Another study evaluated the role of HMOX1 in Brucella
infection and demonstrated that it induces HO-1 expression
in macrophages. When HO-1 is deactivated or its activity is
inhibited, the intracellular growth of Brucella is signi cantly
reduced [34, 35]. In our study, statistically signi cant di er-
ences were observed in HO-1 levels in the serum of brucellosis
patients at titers of 1/160, 1/320, and 1/640 compared with
healthy controls (p<0.05; Table 1). Based on the relationship
between titers and antigen—antibody levels, higher heme oxy-
genase levels were found in the 1/640 titer group compared to
the other groups. These results were thought to be related to
oxidative and in ammatory factors. Ojeda et al. [11] showed
that HO-1 activation is reduced in brucellosis patients and that
enzyme levels are related to disease severity.

Limitations

The limitation of our study is that the diagnosis of brucellosis
was made according to clinical and serological ndings, and
con rmatory culture positivity and PCR tests were not per-
formed. However, further studies may be conducted in the
future that could contribute to the diagnosis and treatment
of the disease. Another limitation is the small number of pa-
tients. Increasing the number of patients and control groups
to improve the reliability of the study could eliminate this lim-
itation and yield more reliable data.
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Conclusion

Antibody titers are one of the measures of the systemic hu-
moral immune response to brucellosis. NRF2/HO-1 and
neopterin levels increase with increasing antibody titers. Th-
ese biomarkers are related to cellular oxidative stress and the
anti-in ammatory responses of tissues. They indicate an im-
mune response system that reduces oxidative stress and ex-
hibits anti-in ammatory e ects against brucellosis and may
serve as potential biomarkers for clinical brucellosis outcomes
instead of antibody titers.
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Abstract

Objectives: This study aims to analyze the plasma free amino acid pro les pre and post dialysis in patients with chronic
kidney failure (CRF), and to evaluate their potential utility in diagnosis and treatment by comparing them with pro les
from a healthy control group.

Methods: Plasma samples were collected from 46 healthy control and 46 patients diagnosed with CRF who applied to
Sanliurfa Harran University Medical Faculty Dialysis Department. Plasma free amino acid pro les were analyzed with
LC-MS/MS.

Results: Mean values of alanine, arginine, aspartic acid, citrulline, histidine, methionine, tyrosine, hydroxyproline,
glycine, leucine, isoleucine, lysine, ornithine, phenylalanine, proline, serine glutamic acid, glutamine, valine, taurine,
alloisoleucine, alphaaminoadipic acid, anserine, gammaaminobutyric acid, 1- methylhistidine, 3-methylhistidine, 5-hy-
droxytryptophan levels in CRF patients exhibited higher levels compared to the control group. Phosphoethanolamine,
cystine, alphaaminobutyric acid, betaaminoisobutyric acid and tryptophan were found to be lower in CRF patients
than control group. When post-dialysis compared to pre-dialysis; there was an increase in citrulline, histidine, alanine,
arginine, aspartic acid, glutamic acid, glycine, cystine, isoleucine, proline, phosphoethanolamine, taurine, alloisoleucin,
alphaaminoadipic acid, ancerine, alphaaminobutyric acid, betaaminoisobutyric acid, beta alanin, 1-methylhistidine ,
5-hydroxytryptophan levels; there was a decrease was observed in glutamine, leucine, lysine, ornithine, phenylalanine,
serine, valine, asparagine, methionine, tryptophan, tyrosine, hydroxyproline, gammaaminobutyric acid, 3-methylhis-
tidine levels. Citrulline, glycine, anserine, alphaaminobutyric acid, gammaaminobutyric acid, phosphoethanolamine
and taurine levels were found to be signi cant in the Paired samples test, which was used to test the signi cance of the
di erence between the arithmetic means of the groups (p<0.05).

Conclusion: More studies were needed to understand the role of amino acids in CRF.

Keywords: Amino acid, chronic kidney disease, LC/MS, metabolic

How to cite this article: Bayraktar N, Alkadrou A, Cimen L, Kirhan |, Bayraktar M. Examination of amino acid pro le in patients with
chronic renal failure. Int J Med Biochem 2026;9(1):16-21.

hronic kidney disease (CKD) refers to a group of diverse  CKD is de ned by persistent urinary abnormalities, structural
conditions that a ect the anatomy and function of the changes in the kidneys, or a decline in excretory function, all
kidneys, is particularly common in individuals with diabetes  of which indicate a progressive loss of functional nephrons. Itis
and hypertension and is a progressive condition associated a worldwide health concern linked to considerable illness and
with signi cant illness and death rates [1-4]. death rates, primarily due to its strong link with cardiovascular
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disease. A large group of CKD patients are more susceptible to
cardiovascular complications and early fatality. As chronic kid-
ney disease advances to end-stage renal disease, initiating re-
nal replacement therapy becomes necessary. However, in many
parts of the world, access to renal replacement therapy remains
limited. Various risk factors play a role in both the initiation
and progression of CKD. This includes having fewer nephrons
at birth and the loss of nephrons due to aging, and exposure
to nephrotoxic agents. Additionally, chronic conditions signi -
cantly lead to ongoing kidney damage. E ective management
of CKD requires early detection, identi cation and treatment
of the underlying cause, and careful attention to secondary
mechanisms that perpetuate nephron loss. Primary treatment
approaches involve tight regulation of blood pressure, suppres-
sion of the renin-angiotensin system, and targeted therapies
designed to delay the progression of kidney dysfunction [5, 6].

Chronic renal failure (CRF) is characterized by a gradual and
ongoing decline in kidney function, impairing uid and sol-
ute regulation as well as metabolic and endocrine processes,
due to reduced glomerular Itration rate (GFR). This condition
usually occurs when GFR falls below 25 mL/min. When GFR is
reduced by 75% of normal, the deterioration in kidney function
continues even when the damage that caused it is removed [7].

Chronic kidney failure and dialysis treatment induce met-
abolic alterations that are not fully captured by routine bio-
chemical parameters, but also involve changes in metabolic
biomarkers and amino acid-related pathways [8].

The kidney's role in amino acid and protein metabolism, in-
cluding the metabolic processes regulated by the kidney for
dietary protein and the breakdown and secretion of protein
metabolites, is important [9]. Amino acids are essential com-
ponents that support life, growth, reproduction, develop-
ment, and well-being in all organisms [10]. Measuring the
levels of free amino acids present in bodily uids and tissues
provides nutritional insights that are valuable for diagnosing
certain diseases, particularly those related to metabolic disor-
ders. Particular irregularities in concentrations of amino acids
have been linked to various diseases and conditions such as
liver and kidney failure, cancer, diabetes, fatty liver, muscle
dysfunction and protein malnutrition. The role of plasma free
amino acids in disease risk assessment prediction has been
seen as potential applications for monitoring nutrition [11].

The primary objective of this study was to assess and compare
serum amino acid levels in patients diagnosed with chronic
kidney failure before and after dialysis treatment. Addition-
ally, the study aimed to investigate the potential impact of
these amino acid levels on treatment strategies and clinical
outcomes, thereby providing valuable insights into the role of
amino acid metabolism in kidney disease management.

Materials and Methods

Experimental design

Ethical approval for this observational study was obtained
from the Harran University Clinical Research Ethics Commit-

tee (No: 20, Date: 29/11/2021). Informed consent was ob-
tained from all of the patients included in this study and the
research was conducted according to the ethical principles
the Declaration of Helsinki.

Plasma samples were collected from 46 patients diagnosed
with chronic renal failure who presented to the Department
of Nephrology and Dialysis Unit of Sanliurfa Harran University
Faculty of Medicine Hospital, both before and after dialysis,
between the years 2021 and 2022. We collected blood sam-
ples from patients with chronic kidney disease undergoing
hemodialysis and those pre and post-dialysis. The type of di-
alysis we performed was hemodialysis (HD). The most com-
mon type of dialysis involves a dialyzer that Iters waste, salt,
and excess uid from the blood. This was performed three
times a week at the dialysis center of Harran University Hos-
pital, and each visit lasted approximately four hours. A cath-
eter was also used to create a vein in the patients. Blood is
withdrawn from the body, Itered through the dialyzer, and
returned. All patients underwent three four-hour hemodial-
ysis sessions per week at the dialysis department of Harran
University Hospital over a period of min 3 max 4 years. 21
of these patients were male and 25 were female. The total
sample size was 46, and the mean age for both sexes was
35.4+15.6 years (Table 1). However, glomerulonephritis and
polycystic kidney disease were found to be signi cant etio-
logical factors for the disease. None of the patients receiving
hemodialysis had diabetic nephropathy. Patients who had
undergone kidney transplantation or peritoneal dialysis were
excluded from the study. Baseline information, including age,
sex, age at hemodialysis initiation, and cause of renal failure,
was obtained from medical records at the study center. The
urea reduction rate was used as an index of hemodialysis ad-
equacy, and baseline information and other parameters were
compared between the two groups to determine the e ect of
hemodialysis duration on these factors. Plasma samples from
46 healthy individuals were used as the control group. The
healthy control group had a normal kidney function (serum
creatinine and eGFR within reference ranges), no history of
chronic or renal diseases, and not using medicationsa ecting
renal function. Amino acids were measured once for control
group. Of the individuals in the control group, 26 were female
and 20 were male, and the mean age was 33.4+12.6 years (Ta-
ble 1). In the control group, creatinine and eGFR values were
0.72 (0.30) mg/dL and 105.4 (46.82) mL/min/1.73 m2, respec-
tively, re ecting normal kidney function (Table 1). In the pa-
tient group, creatinine and eGFR values were 7.15 (3.02) mg/
dL and 7.05 (5.35) mL/min/1.73 m?, respectively, representing
end-stage chronic kidney disease patients undergoing hemo-
dialysis (Table 1). There was nosigni cantdi erenceinage be-
tween the groups (p=0.50). However, the di erences in creati-
nine and eGFR values were statistically signi cant (p<0.001).
These ndings indicate that the patient and control groups
re ect the clinically expected pro les. Blood samples taken
from the individuals were taken into EDTA tubes, centrifuged
to obtain plasma, and stored at -80°C until analysis.
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Table 1. Age, sex and clinical characteristics of the patient and control groups

Groups Patient group (n=46) Control group (n=46) p
Age (year) 35.4+15.6 33.4+12.6 0.50
Creatinine (mg/dL) 7.15(3.02) 0.72 (0.30) <0.001
eGFR (mL/min/1.73 m?) 7.05 (5.35) 105.4 (46.82) <0.001
Sex, n (%)
Female 25 (54.3) 26 (56.5) 0.84
Male 21 (45.7) 20 (43.5)

An independent t-test was used for age, and the data were presented as meanzstandard deviation (mean+SD). Mann-Whitney U test was used for creatinine and eGFR. Creatinine
and eGFR values are presented as median (IQR, Interquartile Range). p-value for sex was determined by Chi-square (X?) test.

LC-MS/MS analysis

Analyses were conducted using a LC-MS/MS (Shimadzu 8045,
Japan) device. For the patient group, two plasma samples
(pre- and immediately after post-dialysis) were collected from
each individual, resulting in a total of 92 samples. In the con-
trol group, a single sample was obtained from each subject,
yielding a total of 46 samples. For amino acid studies, samples
taken from -80°C were kept until they reached room temper-
ature. JASEM amino acid kit was used for analysis. The Kit's
working principle was followed for plasma samples from each
patient. First, 50ul of patients' plasma was taken into num-
bered sterile Eppendorf tubes. 50ul of the Internal Standard
solution in the amino acid kit was transferred to these tubes.
Each tube was vortexed for 5 seconds. 700pl of the Reagent-1
solution in the kit was added to the vortexed tubes. The tubes
were vortexed again for 15 seconds. The vortexed tubes were
centrifuged at 3000 rpm for 5 minutes. The supernatant por-
tion of the samples carefully taken from the centrifuge was
transferred to HPLC vial tubes with the help of a sterile pipette.
For analysis, vial tubes were placed in the tray compartment
in the HPLC section of the LC-MS/MS device and read. Mobile
Phase-A and Mobile Phase-B in the amino acid kit were used
as mobile phase. Restek LC Columns were used as columns.

Statistical analysis

Kolmogorov-Smirnov and Shapiro-Wilk tests were applied
to evaluate whether the data followed a normal distribution.
Since the variables showed normal distribution, Indepen-
dent Samples test was used to compare the average amino
acid values of healthy individuals and patients before dialysis.
Paired samples test was used to compare the amino acid val-
ues of patients before and after dialysis. Descriptive statistics
for numerical variables were presented as mean + standard
deviation. Statistical analyses were performed using the SPSS
software package (Windows version 24.0), with a p<0.05 con-
sidered statistically signi cant.

Results

The amino acid levels of the healthy group and the pre-dial-
ysis and post-dialysis amino acid levels of patients diagnosed
with chronic renal failure are given collectively in Table 2.

In patients with chronic renal failure, alanine, arginine, as-
partic acid, citrulline, histidine, methionine, hydroxyproline,
glycine, leucine, isoleucine, lysine, ornithine, phenylalanine,
proline, serine, glutamic acid, glutamine, valine, taurine, al-
loisoleucine, gammaaminobutyric acid, 3-methylhistidine
amino acid levels were found higher than in the control group
(p<0.05). Tyrosine, alphaaminoadipic acid, anserine, 1-methyl-
histidine, 5-hydroxytryptophan amino acid levels were also
found higher in patients with chronic renal failure compared
to the control group, but this was not statistically signi cant.
Phosphoethanolamine, cystine, alphaaminobutyric acid, be-
taaminoisobutyric acid and tryptophan amino acids were de-
creased in CRF patients relative to the control group (p<0.05).

After dialysis, compared to pre-dialysis, there were increases
in citrulline, glycine, phosphoethanolamine, taurine, anser-
ine and alphaaminobutyric acid amino acid levels (p<0.05).
After dialysis, there were increases in alanine, arginine, aspar-
tic acid, glutamic acid, cystine, isoleucine, proline, histidine,
alloisoleucine, alphaaminoadipic acid, betaaminoisobutyric
acid, beta alanine, 1-methylhistidine and 5-hydroxytrypto-
phan amino acid levels compared to pre-dialysis, but this was
not statistically signi cant. After dialysis, there were decreases
in glutamine, leucine, lysine, ornithine, phenylalanine, serine,
valine, asparagine, methionine, tryptophan, tyrosine, hydrox-
yproline, gammaaminobutyric acid and 3-methylhistidine
amino acid levels compared to pre-dialysis.

Paired samples test was performed to evaluate the signi cance
of the di erence between the arithmetic means of the groups
giveninTable 2,and citrulline, glycine, anserine, alphaaminobu-
tyric acid, gammaaminobutyric acid, phosphoethanolamine
and taurine levels were found to be signi cant (p<0.05).

Discussion

The kidneys are fundamentally involved in protein metabo-
lism, taking part in the synthesis, breakdown, Itration, reab-
sorption, and excretion of amino acids and peptides. They also
contribute to several key metabolic pathways, including the
conversion of phenylalanine to tyrosine, arginine metabolism,
and transmethylation. In patients with chronic kidney disease,
disruptions in these processes can occur due to metabolic
acidosis, chronic in ammation, dietary restrictions and amino
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Table 2. Amino acid levels of control, pre-dialysis and post-dialysis patients groups (umol/L) (mean+SD)

Aminoacids Control Pre-dialysis Post-dialysis p (C-pre) p (pre-post)
1-methylhistidine 1.30+0.37 1.35+2.06 5.81+12.10 0.927 0.128
3-methylhistidine 0.66+1.15 5.42+7.74 2.90+2.81 0.013* 0.107
5-hydroxytryptophan 0.04+0.09 0.40+0.89 0.82+1.25 0.087 0.146
Alanine 274.73+83.43 348.79+101.11 355.59+98.91 0.007* 0.802
Alloisoleucine 0.36+0.20 1.35+0.85 1.75+£0.94 0.000* 0.197
Alphaaminoadipic acid 0.94+0.57 1.10+1.90 2.35+5.35 0.723 0.277
Alphaaminobutyric acid 13.32+6.12 0.38+0.16 0.82+0.87 0.000* 0.029**
Anserine 2114231 2.96%1.59 4.50+2.69 0.158 0.045**
Arginine 68.49+22.42 262.88+94.63 269.19+85.75 0.000* 0.817
Asparagine 4393+11.42 61.09+43.31 40.03+25.48 0.098 0.073
Aspartic acid 10.49+10.83 156.45+38.16 172.78+75.13 0.000* 0.464
Beta alanine 3.04+1.05 222+1.34 3.63+5.59 0.019* 0.275
Betaaminoisobutyric acid 2.66+0.90 1.12+0.99 2.12+2.52 0.000* 0.137
Citrulline 19.04+7.21 31.74+10.99 40.26+13.67 0.000* 0.024**
Cystathionine 0.12+0.12 0.20+0.12 0.34+0.47 0.021* 0.189
Cystine 46.55+24.44 0.56+0.58 0.70+0.48 0.000* 0.416
Gammaaminobutyric acid 4.89+1.70 15.87+13.79 8.71+2.61 0.002* 0.042**
Glutamine 139.17+65.15 277.72+115.66 276.19+197.17 0.000* 0.975
Glutamic acid 78.31+47.00 400.64+126.12 409.59+157.74 0.000* 0.792
Glycine 198.01+50.47 337.48+50.64 404.20+75.75 0.000* 0.009**
Histidine 57.52+12.48 89.14+22.65 90.76+21.33 0.000* 0.828
Hydroxyproline 25.67+10.39 95.33+44.36 81.25+37.95 0.000* 0.289
Isoleucine 59.96+15.95 107.90+26.12 117.64+74.83 0.000* 0.590
Leucine 95.27+27.06 381.40+124.91 341.20+106.80 0.000* 0.251
Lysine 132.56+36.88 267.12+148.09 198.06+72.99 0.001* 0.054
Methionine 24.25+6.27 44.20+31.17 34.77+13.49 0.010* 0.246
Ornithine 67.51+22.88 148.12+107.29 141.74+89.76 0.003* 0.865
Phenylalanine 51.10+10.20 146.47+36.48 143.42+23.46 0.000* 0.783
Phosphoetanolamine 28.38+24.45 3.90+1.56 7471291 0.000* 0.000**
Proline 155.49+40.28 338.91+91.73 384.03+118.90 0.000* 0.146
Serine 130.52+31.19 246.53+62.05 233.32455.63 0.000* 0.526
Taurine 78.29+37.28 193.30+18.46 227.04+23.25 0.000* 0.000**
Threonine 132.52+37.08 144.03+45.99 135.44+33.15 0.334 0518
Tryptophan 56.44+14.93 42.11+16.15 38.26+13.82 0.002* 0.433
Tyrosine 68.62+16.83 76.36+31.81 72.44+20.71 0.268 0.638
Valine 174.70+47.57 236.04+63.30 227.09+58.11 0.000* 0.647

*: p<0.05, control group compared to pre-dialysis groups (C-pre); **: p<0.05, pre-dialysis group compared to post-dialysis groups (pre-post).

acid losses during dialysis. As a result, both the quantity and
quality of protein intake become particularly important. While
protein restriction is generally recommended for individuals
not yet on dialysis, those undergoing dialysis typically require
more protein to compensate for increased catabolism and
losses through the treatment [12].

Nutritional status is closely tied to clinical outcomes in CKD.
Although serum albumin is widely used as an indicator of
nutritional health, plasma amino acid levels may o er ad-
ditional insights. Previous studies have shown that amino
acids such as glutamine, homocysteine, and glutamate are
associated with nutritional status. For example, a study in-

volving children with stage 4-5 CKD found signi cantly
higher glutamine levels compared to healthy peers [13]. Sim-
ilarly, our own ndings revealed elevated plasma glutamine
levels in patients with renal failure. Since the kidneys play a
central role in glutamine metabolism, particularly in ammo-
nia production for acid-base balance, these elevations may
re ectimpaired utilization in CKD. In support of our ndings,
Yardim et al. [8] demonstrated in their study that metabolic
biomarker levels are altered in hemodialysis patients; this
suggests that amino acid metabolism associated with dia-
beticand in ammatory processes may be a ected in chronic
kidney failure and during hemodialysis [8].
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Branched-chain amino acids (BCAAs), including leucine and va-
line, are also considered markers of nutritional status. One study
reported reduced levels of these amino acids in early-stage
CKD patients compared to healthy controls [14]. In contrast, our

ndings showed higher concentrations of leucine and valine in
CRF patients, which may be explained by decreased renal clear-
ance, metabolic adaptations, or e ects related to dialysis.

The impact of dialysis on BCAA levels is also noteworthy. Deb-
nath et al. [15] observed a signi cant decrease in plasma BCAA
concentrations following hemodialysis, and a negative correla-
tion between post-dialysis BCAA levels and fatigue. In line with
this, we found that leucine and valine levels declined after dial-
ysis, while isoleucine levels remained stable. This may indicate
selective removal of certain amino acids during treatment.

Aromatic amino acids such as phenylalanine, tyrosine, and
tryptophan are known precursors of uremic toxins like p-cresol
sulfate and indoxyl sulfate. An animal study by Barba et al. [16]
showed that diets low in protein and aromatic amino acids re-
ducedrenalin ammation, brosis, and uremic toxin levels. These
ndings suggest that modifying amino acid intake may help
slow CKD progression without worsening nutritional status.

It has also been reported that phenylalanine-to-tyrosine con-
version is impaired in CKD, leading to elevated phenylalanine
and potentially lower tyrosine levels [17]. Consistent with this,
we observed increased phenylalanine levels in CRF patients.
However, tyrosine concentrations remained similar between
groups, which might re ect individual metabolic variability.

Tryptophan metabolism is also altered in CKD. A metabolom-
ics-based study in the general population linked elevated lev-
els of citrulline, kynurenine, and phenylalanine with CKD risk,
and highlighted the kynurenine-to-tryptophan ratio as a rele-
vant marker [18]. In agreement with these ndings, our study
showed lower tryptophan levels in CRF patients, both before
and after dialysis, suggesting disrupted tryptophan metabolism.

As kidney function declines, changes in serum amino acid
pro les become more evident. One study found that alanine,
tyrosine, and valine levels decreased with renal dysfunction,
whereas phenylalanine and citrulline increased [19]. Our data
partially align with this, as we observed elevated levels of phe-
nylalanine, citrulline, alanine, valine, and tyrosine. These dis-
crepancies may stem from di erences in patient populations,
dietary habits, or treatment status.

In contrast to earlier reports that showed increased cystine
levels in CKD [20], we found that cystine concentrations were
lower in our patient group. This may be due to altered sulfur
amino acid metabolism or increased utilization under oxida-
tive stress, which is commonly observed in CKD.

Low-protein diets (LPDs) are often used to reduce the gener-
ation of uremic toxins. Ariyanopparut et al. [21] reported that
combining LPDs with ketoanalog supplementation (LPD-KASs)
delayed the progression of CKD and postponed the need for
dialysis. Patients who adhered to higher doses of ketoanalogs
saw more bene t, although no signi cant changes were seen
in phosphate levels or albuminuria.

This study has several limitations that should be considered.
First, the sample size was relatively small and the study was
conducted at a single center, which may limit the generaliz-
ability of the ndings. Dietary intake and nutritional status
were not assessed, and in ammatory markers such as CRP
and IL-6 were not measured, which could have provided ad-
ditional context for amino acid changes. Adjustment for dial-
ysis membrane type and dose was not performed, which may
in uence amino acid levels. Although dialysis adequacy was
assessed using the urea reduction ratio (URR), individual URR
values were not reported. This was considered acceptable
because the study primarily focused on amino acid changes,
and all patients met standard adequacy criteria, ensuring that
dialysis e ciency was within acceptable ranges. Additionally,
the study design involved single time-point sampling, which
may not capture intra-individual variability. These limitations
should be taken into account when interpreting the results
and highlight areas for future research.

Conclusion

Chronic kidney disease has a high prevalence in the general
population and is associated with increased mortality. There-
fore, more reliable biomarkers are essential for accurate di-
agnosis, monitoring disease progression, and guiding treat-
ment strategies. Plasma amino acid levels re ect metabolic
alterations and correlate with renal function. In this study,
we evaluated the changes in amino acid pro les in patients
with renal failure before and after dialysis, comparing them
to a healthy control group, with these results detailed in the
ndings section.

Once the diagnosis and underlying cause of CKD are estab-
lished, amino acid analysis can provide critical insights into
the metabolic disturbances associated with the disease. De-
tecting speci ¢amino acid imbalances or de ciencies enables
clinicians to customize nutritional interventions or supple-
mentation, potentially improving patient outcomes and slow-
ing disease progression.
However, a larger sample size is required to validate these
ndings. Current literature on the relationship between ami-
no acid biomarkers and chronic renal failure remains limited,
highlighting the need for further research in this area.
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Digital transformation in clinical biochemistry education:
A comprehensive analysis through YouTube platform
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Abstract

Objectives: The proliferation of digital educational platforms has transformed medical education delivery, yet con-
cerns regarding content quality persist. This study systematically evaluates clinical biochemistry educational content
on YouTube and examines relationships between content characteristics and audience engagement.

Methods: A systematic YouTube search was conducted August 1-15, 2025, using standardized clinical biochemistry
education terms. Videos were evaluated using a validated 10-point quality assessment framework encompassing sci-
enti ¢ accuracy, educational structure, producer credibility, and technical accessibility. Statistical analyses included
descriptive statistics, correlation analysis, and linear regression modeling.

Results: Of 152 identi ed videos, 69 met inclusion criteria (total views: 14,247,835; average of 206,491+167,420). Qual-
ity assessment revealed 65.2% (n=45) demonstrated high quality (8-10 points), 30.4% (n=21) moderate quality (5-7
points), and 4.4% (n=3) low quality (1-4 points). Pearson correlation identi ed robust positive association between
quality scores and view counts (r=0.782, p<0.001), with quality accounting for 61.2% of viewership variance (r2=0.612).
Corporate training channels (34.8%) demonstrated highest mean viewership (n=247,825).

Conclusion: While YouTube is a valuable platform for clinical biochemistry education, quality standardization and ac-
cessibility improvements are needed. The analysis reveals the potential and diversity of digital educational tools in
clinical biochemistry education.
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linical biochemistry is one of the cornerstones of modern
medical diagnosis and treatment processes. Technological
advances have transformed educational methodologies in this
eld and have established digital platforms as important edu-
cational resources [1]. Video-sharing platforms such as YouTube
are emerged as educational tools of increasing importance for
medical students and healthcare professionals [2, 3].

In recent years, the widespread adoption of distance educa-
tion, in uenced by the COVID-19 pandemic, has brought the
quality and reliability of digital educational content to the
forefront [4]. Particularly in elds such as clinical biochemistry,
where accurate interpretation of laboratory results is vital, the
quality standards of digital educational materials are crucial [5].

YouTube, with approximately 2.7 billion monthly active users,
is the world's largest video-sharing platform and o ers a rich
source of medical education content [6]. The platform is also
widely used by medical students, with approximately 9 out of
every 10 medical students bene ting from it [7]. Additionally,
83% of healthcare organizations have o cial YouTube chan-
nels for sharing educational content [8]. However, there are
concerns regarding quality control of user-generated content
[9]. Therefore, videos to be used or considered for use in edu-
cation should be selected in a controlled manner.

This study aims to: (1) systematically evaluate the quality of
clinical biochemistry videos on YouTube, (2) examine the ef-
fects of technology integration in this eld, and (3) analyze
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the accuracy of information shared on social media in the
context of digital medical education.

Materials and Methods

Video selection and data collection

The systematic search was conducted on the YouTube plat-
form between August 1-15, 2025. Videos were accessed using
YouTube Data API v3 (APl Endpoint: search.list method) with the
following standardized search terms: " Biochemistry", "medical
laboratory tests", " Medical Laboratory Personnel”, " Automation,
Laboratory", "lab results interpretation," and "biochemistry edu-
cation." Order Parameter: relevance (default YouTube ranking),
Type Filter: video, VideoDe nition: any (SD/HD), VideoDuration:
any (no duration restriction), SafeSearch: none, MaxResults
per query: 50 (APl maximum), Language Filter: relevanceLan-
guage=en, PublishedAfter; 2015-08-15T00:00:00Z, PublishedBe-
fore: 2025-08-15T23:59:59Z, Region Code: none (global search),
Minimum View Count Filter: Applied post-retrieval (=100 views).

Search parameters

« Date range: Videos published between August 15, 2015 —
August 15, 2025 (last 10 years).

* Language Iter: English language content only.

» Geographic Iter: No geographic restrictions applied to
ensure international representation.

*  Minimum view threshold: =100 views.

» Duplicate content elimination: Duplicate or highly simi-
lar content was identi ed and eliminated through a three-
step process:

Ethics committee approval for the study has been ob-
tained from Elazi§ Fethi Sekin City Hospital (No: 2025/14-28,
Date:04/09/2025) and the study is conducted according to the
Helsinki Declaration.

Inclusion criteria

Educational content related to clinical biochemistry, English
language support, at least 100 views, published within the last
10 years, educational content for learning purposes.

Exclusion criteria

Content that contains only product advertising, Insu cient
audio/video quality, Content containing scienti c errors, Du-
plicate content.

Quality assessment criteria

Videos were evaluated using a 10-point system with objective,
literature-based criteria. Five main criteria were assessed and
scored: Scienti ¢ Content Quality, Educational Structure, Pro-
ducer Credibility, and Accessibility/Visual Quality. The criteria
and scoring were inspired by scoring systems found in the lit-
erature (Global Quality Scale (GQS), Modi ed DISCERN), scores
were assigned according to the table below and Quality as-
sessments were performed by a single investigator.

Scienti ¢ content quality (0-3 points): Scienti ¢ accuracy
and currency, Quality of reference sources, Alignment with
clinical practice.

Educational structure (0-2 points): Pedagogical organiza-
tion, Clarity of learning objectives, Systematic presentation of
the subject matter.

Producer credibility (0-2 points): Expert identity and quali -
cations, Institutional commitment, Transparency and openness.

Technical and accessibility (0-2 points): Audiovisual quality,
Subtitles, and multilingual support

According to the scoring system above, video quality
scores are considered as follows: High Quality (810 points),
Medium Quiality (5-7 points), Low Quality (1-4 points).

Statistical Analysis

All analyses were performed using Python (version 3.9) with
scipy.stats, sklearn.linear_model, and statsmodels libraries.
Visualizations were generated using Chartjs and Python
WordCloud libraries. Lexical frequency analysis was per-
formed on video titles using term frequency (TF) weighting,
with the 50 most frequent terms visualized in a word cloud.
Normality of continuous variables (view counts, quality
scores) was assessed using the Shapiro-Wilk test (p>0.05
threshold) and visual inspection of Q-Q plots. For normally
distributed data, independent samples t-tests compared
mean view counts between quality categories. For non-nor-
mally distributed data, Mann-Whitney U tests were applied.
Chi-square tests evaluated categorical associations (channel
type vs. quality category). Pearson correlation coe cient (r)
guanti ed the linear relationship between quality scores and
view counts. Simple linear regression modeling assessed
the predictive relationship, reporting unstandardized co-
e cients (B), 95% con dence intervals, R, and F-statistics.
Model assumptions were veri ed through residual plots. Ef-
fect Size Calculation: Cohen's d was computed to quantify
the magnitude of di erences in view counts between qual-
ity categories, with interpretation thresholds: small (d=0.2),
medium (d=0.5), large (d=0.8), and very large (d=1.3) e ects.

Results

The systematic search protocol yielded 152 candidate videos,
of which 69 met the predetermined inclusion criteria and un-
derwent comprehensive quality assessment. Collectively, these
69 videos accumulated 14,247,835 views as of August 15, 2025.
Descriptive statistics of video viewership metrics are presented
in Table 1 and the IDs, channel names, view counts, quality
scores, categories, channel types, and content categories of
the 10 most-viewed videos among the 69 analyzed (Appendix
1) are comprehensively displayed in Figure 1 and Figure 2. The
relationship between video production volume and quality
scores during the analyzed period is presented in Figure 3.

Content analysis word cloud visualization revealed that 'au-
tomated analyzer' technologies and ‘clinical chemistry' ap-
plications are predominantly covered in medical laboratory
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Table 1. Video viewing statistics

Statistics Value
Total views 14,247,835
Average views 206,491
Standard deviation 167,420
Highest views 697,568
Lowest views 107
Median views 26,519

training materials. The most frequently used terms have been
identi ed as 'Clinical Chemistry, 'Medical Laboratory’ '‘Chem-
istry’, ‘Lab’ and '‘Automated' (Appendix 2).

Application of the standardized quality assessment frame-
work revealed a tripartite distribution of video quality. High-
quality content constituted the majority of analyzed videos,
with moderate-quality videos forming a substantial minority
and low-quality videos representing a small portion of the
sample. Cohen's d calculations between quality categories:
High vs. Medium Quiality, High vs. Low Quality, Medium vs.
Low Quiality (Table 2).

The analysis revealed that high-quality videos garnered sub-
stantially more views compared to medium-quality content,
with this di erence being statistically signi cant. Pearson cor-
relation analysis demonstrated a robust positive association
between video quality scores and viewership metrics, indicat-
ing that quality substantially accounts for the variance in view

counts. Furthermore, simple linear regression modeling es-
tablished a signi cant predictive relationship, demonstrating
that incremental improvements in quality score corresponded
to proportional increases in viewership (Table 3).

Taxonomic classi cation of video sources revealed a heteroge-
neous distribution across channel types. Individual educational
content creators represented the largest proportion, followed
by corporate training entities, medical institutions including
hospitals and clinics, and academic institutions (Table 4). Video
content categories, the most frequently covered topics were
laboratory test interpretation, clinical laboratory specialist
training, and hematology tests (Table 5). Analysis revealed that
nearly half of the videos included subtitle support, and about
one-third displayed veri ed channel badges. Video lengths var-
ied considerably, from short segments to long presentations,
with an average length of moderate. Furthermore, examination
of creator credentials showed that the vast majority possessed
identi able expertise, while a small percentage came from
sources with unclear professional backgrounds (Table 6). Video
production volume increased markedly in the post-COVID
period relative to pre-COVID years, while mean quality scores
showed a modest improvement. However, this temporal di er-
ence in quality did not achieve statistical signi cance (Table 7).

Discussion

The present investigation demonstrates that 65.2% of sys-
tematically selected clinical biochemistry educational videos
on YouTube meet rigorous quality criteria (score =8/10). This

Figure 1. Top 10 most-viewed videos: Channel types and viewership metrics bar chart displaying view counts (in thousands, K=x1,000) for

the ten highest-viewed videos (n=10/69).
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Figure 2. Detailed video analysis list displaying video ID, title, channel names, view counts, quality score, and content category for the top 10

most-viewed videos (n=10 of 69 total videos analyzed).

Figure 3. Quality score vs video count over years.

proportion substantially exceeds quality benchmarks doc-
umented in previous systematic reviews of medical content
on the platform [10, 11]. The fact that high-quality content
received statistically signi cantly more views (284,156 vs.
89,247, p<0.001) demonstrates that higher-quality content
achieves greater visibility, which may be partially explained
by platform algorithms favoring engagement metrics associ-
ated with quality (r=0.782, p<0.001). According to the linear
regression model, for each 1-point increase in quality score,
the videos receive an average of 40,267 additional views (95%

Cl: 32,450-48,084 [Table 3]). E ect size analysis, on the other
hand, con rms that quality di erences lead to signi cant dif-
ferences in the number of viewers. These ndings substantiate
the hypothesis that content quality exerts a substantial in u-
ence on audience reach within the digital education ecosys-
tem, with higher-quality educational content consistently at-
tracting larger audiences [12].

In light of the data obtained from the analysis, the high rep-
resentation of practical applications such as laboratory test
interpretation (26.1%), Clinical laboratory specialist training
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Table 2. Distribution of video quality categories and statistical comparisons (n=69)

Quiality category Video count (%) Mean views +SD Cohen'sd
n %

High (8-10) 45 65.2 284,156+195,420 1.24t

Medium (5-7) 21 304 89,247+67,350 1.98¢

Low (1-4) 3 4.4 12,458+8,750 0.89%

T High vs. Medium; *: High vs. Low; % Medium vs. Low. SD: Standard deviation.

Table 3. Statistical analysis of video quality and viewership metrics

Metric Value Statistical signi cance
Descriptive statistics
High-quality videos (mean views +SD) 284,156+195,420 p<0.001
Medium-quality videos (mean views £SD) 89,247+67,350
Correlation analysis
Pearson correlation coe cient® 0.782 p<0.001
95% Con dence Interval [0.68, 0.86]
Coe cient of determination (r?) 0.612
Variance explained by quality 61.2%
Linear regression model
Regression coe cient () 40,267 p<0.001
95% Con dence Interval for [32,450, 48,084]
Intercept -145,832
Model R? 0.612
F-statistic F(1.67)=104.83 p<0.001

Regression equation

Table 4. Channel types and viewership statistics

Predicted View Count=-145,832+40,267xQuality Score

Channel type Video count Total views Average views Quality average
n %

Corporate training 24 34.8 5,947,800 247,825 8.7/10

Individual education 31 449 4,682,550 151,050 7.3/10

Medical institutions 10 145 2,847,235 284,724 8.9/10

Universities 4 5.8 770,250 192,563 8.5/10

(17.4%) and hematology tests (11.6%) may indicate that digi-
tal education is evolving from theoretical knowledge transfer
toward practical skill acquisition.

Word cloud analysis obtained from video transcripts re ects
the technology-focused approach of modern laboratory ed-
ucation. The most frequently used terms were identi ed as
“Clinical Chemistry," "Medical Laboratory," "Chemistry" "Lab,"
and "Automated.” The word cloud (Appendix 2) shows that the
graph is concentrated along the "clinical/medical laboratory"
and "clinical chemistry" axes. The frequent appearance of de-
vice- and process-oriented terms ("analyzer,' "automated")
along with manufacturer names indicates a clear prominence
of automation/equipment in the content and exhibits a trend
aligned with the digital transformation process. Test-level

terms (e.g., liver/thyroid function tests, urinalysis, blood count)
and discipline names (hematology, microbiology, molecular)
show that "laboratory diagnostics” sub elds are represented
in the corpus. Professional role/education terms ("technolo-
gist," "laboratory scientist," "training," "career") indicate that a
portion of the texts focuses on education and careers. These
observations highlighted three primary themes: (i) instrumen-
tation/automation in clinical chemistry, (i) routine biochem-
istry and hematology test panels, and (iii) professional training
and roles. In summary, it can be inferred that technological
developments, traditional and routine procedures, as well as
speci c test panels, are popular topics in clinical biochemistry
for visual education and information access. Consequently,
within the framework of educational transformation, emerg-
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Table 5. Video content categories

Table 6. Video technical and source characteristics

Content category Video Average
count views
n %
Laboratory test interpretation 18 26.1 298,547
Clinical laboratory specialist training 12 17.4 156,892
Hematology tests 8 116 247,156
Liver Function tests 7 10.1 315,247
Laboratory automation systems 6 8.7 89,456
Kidney function tests 5 7.2 183,731
Thyroid function tests 4 5.8 68,307
Lipid pro le tests 3 4.3 62,590
Metabolic panels 3 43 207,874
Biochemical tests (general) 3 4.3 251,548

ing and relevant topics should be systematically integrated
into learning objectives, contingent upon their periodic eval-
uation and updating to ensure alignment with contemporary
educational needs and evolving disciplinary knowledge.

The temporal analysis of content quality revealed a modest
increase in mean quality scores from the pre-COVID period to
the post-COVID era, though this di erence did not reach sta-
tistical signi cance (p>0.05). This nding suggests that while
the pandemic precipitated a substantial surge in video pro-
duction volume, it did not signi cantly compromise the over-
all quality of educational content on the platform. The main-
tenance of quality standards during a period of rapid content
expansion may re ect the progressive maturation of digital
health education and the increasing engagement of creden-
tialed professionals in online content creation. This model
demonstrates a potential trade-o between quantity and
quality, with the notable exception of 2021, when both high
production volume and elevated quality scores were achieved
concurrently. Moreover, the decline in both the number and
quality of videos during the COVID-19 pandemic, followed by
their subsequent recovery toward the end of the pandemic
period, represents a signi cant factor in assessing the impact
of this global health crisis on video-sharing platforms (Table
7, Fig. 3). This observation aligns with broader shifts in digi-
tal learning during the pandemic, when online education
became essential for higher education institutions, funda-
mentally reshaping how educational content was created and
consumed on digital platforms [13, 14].

The analyses conducted found that only 4.4% of videos fell
into the low-quality category, which demonstrates the e ec-
tiveness of the selection criteria while also revealing that plat-
form-wide quality control mechanisms need to be reviewed
for educational purposes—in other words, there is a need
for oversight of units that incorporate the platform into ed-
ucational materials. The literature supports this need [7, 11].
Therefore, if educational clinics or institutions are considering
or already obtaining educational support from digital plat-
forms, it may be necessary to conduct video analyses under

Video characteristics Count (%) Mean£SD
n %
Technical features
Subtitle support 29 420 -
Veri ed channel 24 34.8 -
4K quality 18 26.1 -
Duration (minutes) - - 12.8+11.4
Expert identity
Board certi ed 21 30.4 -
Corporate trainers 24 34.8 -
RMT (Registered Medical 15 217 -
Technologist ) / MLT (Medical
Laboratory Technician)
Unveri ed 9 131 -

SD: Standard deviation.

Table 7. Distribution of video count and mean quality scores
by publication period

Publication period Video Mean quality p
count (n) score £SD

Pre-COVID (2015-19) 17 7.18+1.47 >0.05

Post-COVID (2020-25) 52 7.38+1.48

Total 69 7.33£1.47

expert supervision or establish digital education groups. The
distribution of the analysis regarding expert identity veri ca-
tion is presented in Table 6. The determination that the uncer-
tain identity rate is 13% validates the above nding.

The fact that 42% of videos include subtitle support (inde-
pendent of automatic translation features) (Table 6) demon-
strates that content on the platform can achieve global acces-
sibility and serve educational purposes. The observation that
75.3% of videos experienced increased view counts after 2020
strongly con rms the pandemic’s impact on rising demand
for digital education. This suggests that the pandemic has be-
come an irreversible aspect of global life. These ndings indi-
cate that clinical biochemistry education and professional col-
laboration have entered a more accessible era, making visual
social media platforms increasingly vital to educational stan-
dards and emphasizing the importance of integrating them
into conventional educational frameworks.

Limitations

This study has several important limitations that should be
considered when interpreting the ndings: Single Platform
Analysis, Language Restriction, Single Rater Assessment,
Quality Assessment Tool Limitations, Cross-Sectional Design,
Selection Bias and Keyword Limitations, Lack of Learning Out-
come Data, Technology Integration Assessment, Geographic
and Temporal Context. These limitations suggest that ndings
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should be interpreted as: Speci ¢ to YouTube as a platform
within the English-language educational landscape, Indica-
tive of content quality potential rather than de nitive learning
e ectiveness, Representative of 2015-2025 digital education
trends rather than long-term stable patterns, Requiring vali-
dation through complementary research addressing learning
outcomes, multi-platform analysis, and longitudinal follow-up

Conclusion

This study demonstrates that the YouTube platform is a valu-
able and important resource for clinical biochemistry educa-
tion. The fact that 65.2% of the 69 analyzed videos meet high
quality standards, with these videos reaching a total of 14.2
million views, reveals not only the outreach potential of digital
education platforms in the eld of clinical biochemistry but
also the rich potential and diversity they o er for clinical bio-
chemistry education. The ndings obtained from the analysis
of 69 videos strongly indicate that digital educational tools
play a transformative role rather than merely a supplementary
one to traditional education.

The high-quality performance and average viewership
(247,825) of institutional channels underscores the critical im-
portance of areliable institutional identity in digital education.
In conclusion, digital transformation in clinical biochemistry
education is an inevitable process, and for this transformation
to be successful, institutional approaches, quality assurance
systems, continuous research and development activities, and
global collaboration platforms are required. The analytical

ndings of this and similar studies can serve as a foundation
for future research and policy development processes.

Disclosures
Online Appendix Files: https://jag.journalagent.com/ijmb/abs_
les/IIMB-90958/1JMB-90958_(3)_IJIMB-90958_Appendix.pdf

Ethics Committee Approval: The study was approved by the
Elazi§ Fethi Sekin City Hospital Ethics Committee (no: 2025/14-
28, date: 04/09/2025).

Informed Consent: Informed consent was obtained from all par-
ticipants.

Con ictof Interest Statement: The author declare that there are
no competing interests associated with the manuscript.

Funding: No funding was received for this study.
Use of Al for Writing Assistance: No Al technologies utilized.
Peer-review: Externally peer-reviewed.

References

1. Ramos-Rodriguez C, Martinez Garcia A, Lopez Hernandez D,
Silva Martinez E. Digital transformation in medical education:
A systematic review of emerging technologies and pedagogi-
cal approaches. Med Teach 2023;45(8):789-98.

2. Barry DS, Marzouk F, ChulakOglu K, Bennett D, Tierney P, O'Ke-
e e GW. Anatomy education for the YouTube generation.
Anat Sci Educ 2016;9(1):90-6. [CrossRef]

3. Topf JM, Sparks MA, Phelan PJ, Shah N, Lerma EV, Gra-
ham Brown MP, et al. The evolution of nephrology educa-
tion: Perspectives on social media. Clin J Am Soc Nephrol
2016;11(7):1319-25.

4. Rose S. Medical student education in the time of COVID-19.
JAMA 2020;323(21):2131-2. [CrossRef]

5. Garcia Betances RI, Arredondo Waldmeyer MT, Fico G, Cabr-
era Umpiérrez MF. A succinct overview of virtual reality
technology use in Alzheimer’s disease. Front Aging Neurosci
2021;7:80. [CrossRef]

6. Wikipedia. YouTube. Available at: https://en.wikipedia.org/
wiki/YouTube. Accessed Feb 4, 2025.

7. Pearlman O, Konecny LT, Cole M. Information literacy skills of
health professions students in assessing YouTube medical ed-
ucation content. Front Educ 2024;9:1354827. [CrossRef]

8. Market.us. Social media in healthcare statistics. Available at:
https://media.market.us/social-media-in-healthcare-statis-
tics/. Accessed Feb 4, 2025.

9. Osman W, Mohamed F, Elhassan M, Abdulhadi Shoufan. Is
YouTube a reliable source of health-related information? A
systematic review. BMC Med Educ 2022;22(1):382. [CrossRef]

10. Alfarhan Al, Alsubk A, Almohsen S, Alotaibi MM, Alshehri MA,
Alsuhaibani MN. The content quality of YouTube videos for
professional medical education. Acad Med 2021;96(10):1484—
93. [CrossRef]

11. Drozd B, Couvillon E, Suarez A. Medical YouTube videos and
methods of evaluation: Literature review. JMIR Med Educ
2018;4(1):e3. [CrossRef]

12. Szmuda T, Syed MT, Singh A, Ali S, Ozdemir C, Stoniewski P.
YouTube as a source of patient information for Coronavirus
Disease (COVID-19): A content-quality and audience engage-
ment analysis. Rev Med Virol 2020;30(5):e2132. [CrossRef]

13. Ali W. Online and remote learning in higher education insti-
tutes: A necessity in light of COVID-19 pandemic. High Educ
Stud 2020;10(3):16—-25. [CrossRef]

14. Ikanubun LE, Lidiah Tereda Iwo. Audience engagement in
practice tests and instructional videos on YouTube. J Inov Te-
knol Pendidik 2025;12(1):27-39.


https://doi.org/10.1002/ase.1550
https://doi.org/10.1001/jama.2020.5227
https://en.wikipedia.org/wiki/YouTube
https://en.wikipedia.org/wiki/YouTube
https://doi.org/10.3389/feduc.2024.1354827
https://media.market.us/social-media-in-healthcare-statistics/
https://media.market.us/social-media-in-healthcare-statistics/
https://doi.org/10.1186/s12909-022-03446-z
https://doi.org/10.1097/ACM.0000000000004121
https://doi.org/10.2196/mededu.8527
https://doi.org/10.1002/rmv.2132
https://doi.org/10.5539/hes.v10n3p16
https://jag.journalagent.com/ijmb/abs_files/IJMB-90958/IJMB-90958_(3)_IJMB-90958_Appendix.pdf

INTERNATIONAL JOURNAL OF
MEDICAL BIOCHEMISTRY

DOI: 10.14744/ijmb.2025.38981
Int J Med Biochem 2026;9(1):29-38

Should HFE mutations be checked in polycythemic patients
even at lower iron levels?

Seda Misirlioglu Sucan?, @ Hatice Demet Kiper Unal?, © Asli Subasioglu?®, © Bahriye Payzin?

'Department of Internal Medicine, Izmir Katip Celebi University Ataturk Research and Training Hospital, Izmir, Tiirkiye
?Department of Hematology, Izmir Katip Celebi University Ataturk Research and Training Hospital, Izmir, Turkiye
3Department of Medical Genetics, Izmir Katip Celebi University Ataturk Research and Training Hospital, Izmir, Tiirkiye

Abstract

Objectives: The relationship between polycythemia and hereditary hemochromatosis (HH) has been investigated in
several studies. This study aimed to evaluate the association between iron parameters and Hemochromatosis Protein
(HFE) gene mutations in patients with primary or secondary polycythemia, as well as in non-polycythemic patients with
elevated iron parameters.

Methods: A total of 106 patients who were evaluated for polycythemia or underwent HFE mutation testing due to
elevated transferrin saturation (TS) and ferritin levels in the hematology department between 2015 and 2022 were
retrospectively reviewed.

Results: The median age of the 106 patients (77 male, 29 female) was 54 years (range, 19-83). HFE gene mutations were
detected in 44 patients (41.5%; 31 male, 13 female). Thirty-seven patients (35%) with Myeloproliferative Neoplasms
(MPNs) were classi ed as Group 1, 52 (49%) with secondary polycythemia as Group 2, and 17 (16%) who underwent
HFE mutation testing due to elevated TS/ferritin levels without polycythemia as Group 3. The mean TS level in Group 1
was signi cantly higher than in Group 2 (p=0.032). Among HFE(+) patients, mean TS was signi cantly higher in Group 3
compared with Group 2 (p=0.023). When all polycythemic HFE(+) patients (primary + secondary) were compared with
non-polycythemic HFE(+) patients, mean TS was signi cantly higher in non-polycythemic patients (p=0.026).
Conclusion: The relatively high frequency of HFE positivity in patients with secondary polycythemia, together with its
association with lower TS levels, suggests that the possibility of HH should not be overlooked in secondary polycythe-
mia, even at lower TS levels.

Keywords: Hemachromatosis, hemochromatosis protein (HFE), polycythemia, , transferrin
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Hereditary hemochromatosis (HH) is an autosomal reces-  patients carry two copies of the C282Y mutation in the HFE
sive disease that disrupts iron metabolism and leads to  gene. The C282Y homozygous mutation is the most common
iron accumulation in the parenchymal cells of tissues. It main-  genotype seen in HH, with a frequency of 80-85%. A minor
ly a ects the liver, heart, and pancreas. The HFE gene is locat- HFE mutation is found in the H63D genotype, either in the
ed on the short arm of chromosome 6 (6p21.3). Typical HH  homozygous form or as a compound heterozygous (C282Y/
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H63D) variant. Most patients present with normal serum iron
tests and only mild to moderate iron accumulation [1].

Ferritin is the most commonly used biomarker of systemic iron
stores in clinical practice. If serum ferritin exceeds 300 ng/mL,
systemic iron overload may be considered. However, ferritin ex-
pression canbein uenced notonly by serumiron, butalso by in-

ammatory cytokines, hormones, and oxidative stress [2]. There-
fore, professional societies recommend screening for transferrin
saturation (TS=serum iron/TIBC x 100) in both asymptomatic
and symptomatic patients with suspected hemochromatosis. If
the TS is >45%, with or without hyperferritinemia, further test-
ing for HFE gene mutations is recommended [3].

The World Health Organization (WHO) de nes polycythemia
as hemoglobin (Hgb) >16.5 g/dL and/or hematocrit (Hct)
>49% in men, and Hgb >16 g/dL and/or Hct >48% in women
[4]. Polycythemia vera (PV) is a Myeloproliferative Neoplasms
(MPNs) characterized by clonal proliferation of myeloid cells,
with 95% of patients harboring the JAK2 V617F mutation. Al-
though no direct association has been established between
PV and HH, the coexistence of the two disorders has been re-
ported in a small number of case studies [4, 5].

Secondary polycythemia may occur due to elevated erythro-
poietin levels in conditions such as chronic obstructive pulmo-
nary disease (COPD), cyanotic right-to-left cardiac shunts, sleep
apnea, high altitude, chronic carbon monoxide intoxication,
post-renal transplantation, polycystic kidney disease, hepato-
cellular carcinoma, renal cancer, and certain brain tumors [6].

Even when no cause for secondary polycythemiais identi ed,
it has been suggested that the presence of erythrocytosis
in HH patients with polycythemia may be secondary to in-
creased iron uptake by erythroid precursors in the bone mar-
row, which may or may not be transferrin-dependent [7].

In this retrospective study, in contrast to previous reports, we
aimed to investigate the relationship bdetween transferrin
saturation and serum ferritin levels in patients with primary or
secondary polycythemia undergoing HFE mutation testing, as
well as to evaluate iron kinetics and the presence of HFE gene
mutations in patients without polycythemia.

Materials and Methods

The study was approved by the Local Ethics Committee for Clin-
ical Research of Izmir Katip Celebi University Atatiirk Training
and Research Hospital (Committee approval dated 21.03.2023
and decision number 0054). The research was conducted in ac-
cordance with the “WMA Declaration of Helsinki - Ethical Prin-
ciples for Medical Research Involving Human Subjects”.

We retrospectively reviewed the iron kinetic parameters and
mutation results of patients who underwent HFE mutation
testing between January 2015 and January 2022 at the De-
partment of Hematology, izmir Katip Celebi University Faculty
of Medicine Hospital.

For all patients, complete blood count (hemoglobin, hemato-
crit, white blood cell, neutrophil, and platelet counts) was per-

formed using an automated hematology analyzer (XN-1000,
Sysmex Corporation, Kobe, Japan). Serum ferritin levels were
determined by chemiluminescence immunoassay (DxI 800,
Beckman Coulter Inc., USA). Erythropoietin (EPO) levels were
measured by chemiluminescence immunometric analysis on
the Immulite 2000 system (Siemens Healthineers, Germany).
Biochemical parameters including aspartate aminotransfer-
ase (AST), alanine aminotransferase (ALT), creatinine, serum
iron, and total iron-binding capacity (TIBC) were analyzed us-
ing a fully automated biochemistry analyzer (AU5800, Beck-
man Coulter Inc., USA).

Genetic testing included analysis of HFE C282Y and H63D
polymorphisms as well as JAK2 exon 14 and exon 12 muta-
tions. Genomic DNA was extracted from peripheral blood leu-
kocytes using a column-based puri cation kit (Qiagen, Hilden,
Germany). Genotyping for HFE mutations was performed by
real-time polymerase chain reaction (PCR) with allele-speci ¢
probes using commercial kits (Genvinset HFE H63D and Gen-
vinset HFE C282Y, Qiagen). JAK2 mutation analysis was carried
out by real-time PCR using the Ipsogen JAK2 MutaQuant Kit
(Qiagen) according to the manufacturer’s instructions.

Demographics, comorbidities, smoking history, presence of
splenomegaly, and treatments received were also evaluated.

Statistical analysis

The data were analyzed using SPSS version 26.0 with a 95%
con dence level. Frequency and percentage (n, %) were re-
ported for categorical variables, whereas mean, standard
deviation (mean+SD), minimum, maximum, and median (M)
were reported for numerical variables.

For group comparisons, the independent samples t-test or
Mann-Whitney U test was used for continuous variables, while
the chi-square test was applied for associations between cat-
egorical variables. Logistic regression analysis was performed
to identify factors associated with HFE mutation positivity. In
addition, receiver operating characteristic (ROC) analysis was
conducted to determine the cut-o values of hemoglobin, he-
matocrit, ferritin, and transferrin saturation (TS) for predicting
HFE mutation status.

Results

Of 112 patients screened for HFE gene mutations, 106 were in-
cluded in the analysis after exclusion criteria were applied. The
cohort consisted of 77 males and 29 females (M/F ratio: 2.5/1),
with a median age of 54 years (range, 19-83). Age at diagno-
sis was signi cantly higher in female patients compared with
males (p=0.002). Overall, 44 patients (41.5%) were positive for
an HFE mutation (31 males, 13 females), with no signi cant dif-
ference in prevalence by gender (p=0.67). The mean age did
not di er between HFE-positive and HFE-negative patients
(p=0.23); however,among mutation carriers, females had a sig-
ni cantly higher mean age at diagnosis than males (p<0.001).

Analysis of TS and serum ferritin levels showed that HFE mu-
tation carriers had signi cantly higher mean TS compared
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Table 1. Comparison of laboratory parameters by HFE mutation status
HFE p
Negative Positive
Min-max (M) Mean+SD Min-max (M) Mean+SD

Overall
Age at diagnosis 20-83 (54) 52.76+15.41 19-77 (51.5) 49.34+16.63 0.268
Follow-up duration (months) 0-186.4 (18.3) 39.64+50.47 0.1-179.6 (31.5) 38.92+43.48 0.939
Platelets (109/L) 106-1067 (265.5) 368.57+231 123-1138 (284.5) 366.32+242.95 0.961
Leukocyte (109/L) 5.1-27.8(7.9) 9.15+3.98 4-38.7 (7.6) 9.07+£5.74 0.331
Neutrophil (109/L) 2.6-16.9 (4.7) 5.53+2.82 24-319(4.2) 5.61+4.79 0.364
ALT 6-309 (21) 29.6+37.09 6-139 (21) 30.61+27.56 0.849
AST 8-220 (20) 25.63+26.98 9-101 (20.5) 24.86+17.99 0.964
Creatinine (mg/dL) 0.5-2.5(0.9) 0.95+0.34 0.5-2.9(0.9) 0.96+0.35 0.460
EPO (mU/mL) 1-259(5.2) 7.14+6.31 1-46.8 (5.7) 8.84+9.77 0.517
TS (%) 18-83 (44.5) 44.96+15.21 22-91(51.8) 51.41+16.49 0.040*

Female
Serum Iron (ug/dL) 20-307 (94) 98.58+58.23 67-234 (108) 124+48.57 0.093
TIBC (ug/dL) 225-521 (337) 334.16+70.53 188-350 (296) 285.91+55.94 0.063
Hgb (g/dL) 9.5-19.9 (16.1) 15.18+3 8.5-16.7 (14.7) 14.27+2.4 0.380
Hct (%) 29.6-61.5 (47.6) 45.6+8.7 26.1-51.8 (43.4) 42775 0.360
Ferritin (ng/mL) 23-1650 (79) 382.43+509.18 64-347 (143) 172.3+89.26 0.150
TS (%) 24.1+78.62 (39.5) 41.85+15.81 25.7-79.05 (48.4) 48.65+15.77 0.250

Male

Serum Iron (ug/dL) 25-311 (108) 112.94+44.07 57-299 (127) 131.06+52.82 0.106
TIBC (ug/dL) 174-467 (315) 313.08+70.86 208-410 (321) 319.58+52.88 0.655
Hgb (g/dL) 10.4-19.5(17.2) 16.77+1.9 12.7-18.8 (17) 16.73+£15 0.920
Hct (%) 33.1-67 (50.2) 50.68+6.2 38-56.5 (50.4) 40.06+4.3 0.210
Ferritin (ng/mL) 18-2607 (131) 271.87+432.40 30-1127 (153) 250.48+244.57 0.810
TS (%) 18-83.2 (46.2) 46.04+15.02 18.9-81.7 (54.4) 52.56+16.9 0.080

Values are expressed as mean=SD. *: p<0.05 was considered statistically signi cant (t-test or Mann-Whitney test). Hgb, Hct, and iron-related parameters were evaluated separately
by gender. HFE: Hemochromatosis protein; SD: Standard deviation; ALT: Alanine transaminase; AST: Aspartate transaminase; EPO: Erythropoietin; TIBC: Serum total iron-binding

capacity; Hgb: Hemoglobin; Hct: Hematocrit; TS: Transferrin saturation.

with non-carriers (p=0.04). When evaluated separately by sex,
neither TS nor ferritin levels di ered signi cantly between
HFE-positive and HFE-negative patients (p=0.81 and p=0.15
for ferritin in males and females, respectively; non-signi cant
for TS). Other hematologic and biochemical parameters, in-
cluding hemoglobin, hematocrit, leukocyte count, platelet
count, ALT, and AST, did not show signi cant di erences ac-
cording to HFE mutation status (Table 1).

Of the total cohort, 56 patients (52.8%) had TS >45%, 13
(12.7%) had TS between 40-45%, and 13 (12.7%) present-
ed with elevated serum ferritin for sex. Twenty-four patients
(22.6%) underwent HFE testing due to clinical suspicion of
hereditary hemochromatosis (HH). There was no signi cant
association between the indications for testing and the pres-
ence of an HFE mutation, either overall or by sex (p=0.35).

Regarding underlying diagnoses, 37 patients (35%) were
classi ed as CMPN (n=28, polycythemia vera [PV], 7 essential
thrombocythemia [ET], 2 primary myelo brosis [PMF]), 52

patients (49%) as secondary polycythemia, and 17 patients
(16%) as non-polycythemic with elevated iron parameters. In
addition, two patients had di use large B-cell ymphoma (DL-
BCL), two had acute lymphoblastic leukemia (ALL), one had
Hodgkin lymphoma (HL), and one had Ph-positive chronic
myeloid leukemia (CML). Among comorbidities, hypertension
was present in 30 (28.3%), diabetes mellitus in 19 (17.9%), and
atherosclerotic cardiovascular disease in 13 (12.3%); other
conditions were less frequent. For comparative analyses, pa-
tients were categorized into three groups: Group 1 included
those with Myeloproliferative Neoplasms (MPNSs; PV, ET, PMF),
Group 2 comprised patients with secondary polycythemia,
and Group 3 consisted of non-polycythemic patients present-
ing with elevated iron parameters.

Smoking status was available for all patients: 36 (34%) were
current smokers, 16 (15.1%) were former smokers, and 54
(50.9%) never smoked. Including former smokers, half of the
HFE-positive patients were ever-smokers, with no signi cant
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Table 2. Transferrin saturation (TS, %) by clinical group and HFE status

A. Overall (all patients) Mean+SD

Group
Group 1 (CMPN) 52.7+14.2
Group 2 (Secondary polycythemia) 43.9+17.3
Group 3 (Non-polycythemic, elevated iron parameters) 50.8+15.2
Pairwise p: G1 vs G2=0.032*; G1 vs G3=0.86; G2 vs G3=0.12

B. HFE-positive

Group
Group 1 53.8£14.2
Group 2 47.0x17.5
Group 3 63.9+10.4
Pairwise p: G1 vs G2=0.32; G1 vs G3=0.084; G2 vs G3=0.023* | Groups 1+2 (all polycythemic') vs
Group 3:48.1+16.9 vs 60.8+12.9 - p=0.026*

C. HFE-negative

Group
Group 1 50.7£12.7
Group 2 41.2+17.0
Group 3 43.7x12.7

Pairwise p: G1 vs G2=0.036*; G1 vs G3=0.13; G2 vs G3=0.63 | Groups 1+2 (all polycythemic') vs

Group 3:44.22+16.0 vs 47.22+12.3 - p=0.52

*: Values are mean=SD. Pairwise p values were calculated using t-test or Mann-Whitney test, as appropriate. p<0.05 was considered statistically signi cant. *: All polycythemic:

polycythemic cases from Group 1 combined with all patients in Group 2.

Table 3. Distribution of HFE mutation genotypes across groups

HFE mutation Genotype Group 1 Group 2 Group 3 Total (%) p
type (CMPN) (Secondary (Others¥)
polycythemia)
C282Y Homozygous 0 1 0 1 (0.9%) 0.82
Heterozygous 1 1 1 3(2.8%)"
Negative 33 50 19 102 (96.2%)
H63D Homozygous 1 1 1 3(2.8%) 0.65
Heterozygous 11 22 5 38 (35.8%)"
Negative 22 27 15 64 (60.4%)
No result - 1 1(0.9%)

* Others: Non-polycythemic, elevated iron parameters; :: Compound C282Y and H63D mutation in one patient.

di erence compared with HFE-negative patients (p=0.74). In
Group 2 (secondary polycythemia), 22 patients (42%) were
current smokers, while 7 (14%) had quit and 23 (44%) had nev-
er smoked. Notably, there were signi cantly more male pa-
tients in Group 2 compared with the other groups (p=0.014).
Similarly, both HFE-positive and HFE-negative males were
more common in Group 2 than in Groups 1 and 3 (p=0.031).

Group comparisons of TS (%) levels are summarized in Table 2.
Patients with CMPN (Group 1) had signi cantly higher mean
TS compared with those with secondary polycythemia (Group
2, p=0.032), while Group 3 values did not di er signi cantly
from either group. In HFE-positive patients, TS was signi cant-

ly higher in Group 3 compared with Group 2 (p=0.023), but
there was no di erence between Groups 1 and 2. Moreover,
non-polycythemic HFE-positive patients had higher mean TS
compared with polycythemic HFE-positive patients (p=0.026).
Among HFE-negative patients, TS was higher in Group 1 than
in Group 2 (p=0.036). Finally, within Group 3, HFE-positive pa-
tients had signi cantly higher TS compared with HFE-negative
patients (p=0.002).

The distribution of HFE genotypes is presented in Table 3.
Overall, the C282Y and H63D variants were detected in 4
(3.8%) and 41 (38.7%) patients, respectively, with one pa-
tient harboring a compound heterozygous genotype. There
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Table 4. Clinical characteristics of patients with heterozygous/homozygous C282Y, compound C282Y/H63D, and homozygous

H63D mutations
ID Sex Age  Genotype Dx/Notes Hgb Hct TS Ferritin FU Status
v) (g/dL) (%) (%) (ng/mL)  (mounth)

1 (GK) M 45 Cc282Y Sec. polycythemia; 16.2 50.5 71 735 31 Alive
homozygous [-thal trait; NS

2 (AA) M 35 C282Y/H63D Sec. polycythemia; 17.1 479 479 241 55 Alive
compound het. NS

3(SB) E 72 C282Y heterozygous ~ MPN-ET; DM; CKD 138 425 332 347 33 Alive

4(SD) F 77 C282Y heterozygous ~ MPN-PV; JAK2 15.2 468 48 64 34 Alive

V617F+; DM

5 (AC) M 49 H63D homozygous HT; splenomegaly 13.7 41.6 76 1127 3 Alive

6 (KA) M 54 H63D homozygous Renal cyst; BPH; HLD  14.3 40.6 60 489 6 Alive

7 (OA) M 31 H63D homozygous Sec. polycythemia;S  17.7 48.1 537 48 2 Alive

M: Male; F: Female; MPN: Myeloproliferative neoplasm; PV: Polycythemia vera; ET: Essential thrombocythemia; DM: Diabetes mellitus; CKD: Chronic kidney disease; HT:
hypertension; HLD: Hyperlipidemia; BPH: Benign prostatic hyperplasia; TS: Transferrin saturation; FU: Follow-up; S: Smoker; NS: Non-smoker; het.: Heterozygous.

was no signi cant di erence in the distribution of homo-
zygous and heterozygous forms of either genotype across
the groups. The heterozygous H63D mutation was the most
common nding, detected in 38 patients (35.8%), with simi-
lar prevalence among groups.

Evaluation of genotypes according to the clinical indications
for HFE testing showed that homozygous C282Y was ob-
served in one patient with TS >45%, and homozygous H63D
in three patients. A heterozygous C282Y variant was identi ed
in one patient with elevated ferritin, and compound C282Y/
H63D heterozygosity was found in one patient with TS >45%.
The heterozygous H63D variant was represented across all
testing indications. No signi cant association was found
between genotype type and testing indication (p=0.78 for
C282Y, p=0.45 for H63D).

Clinical characteristics of patients with heterozygous or
homozygous C282Y and homozygous H63D mutations are
shown in Table 4. Among heterozygous H63D carriers, no sig-
ni cant di erences were observed in hemoglobin, hemato-
crit, serum ferritin, or TS levels compared with HFE-negative
patients in both PV and secondary polycythemia subgroups.
The only signi cant di erence was seen in Group 3, where
TS was higher in heterozygous H63D carriers compared with
non-carriers (Table 5). In subgroup analyses, ferritin levels ap-
peared paradoxically higher in some HFE wild-type patients
compared with mutation carriers (Table 5). Although such a

nding is not consistent with the expected pathophysiology,
ferritin is an acute phase reactant and may be elevated in
the context of occult in ammatory, immunologic, or meta-
bolic conditions. Despite the exclusion of patients with overt
infection or in ammatory disease at baseline, comorbidities
such as diabetes mellitus, thalassemia minor, or yet undiag-
nosed immunologic/rheumatologic disorders could have
contributed to this observation.

ROC analysis identi ed a TS cut-o of 51.7% for predicting
polycythemia in HFE-positive patients. Figures 1 and 2 pres-

ent the ROC curves with AUC, sensitivity, speci city, and 95%
con dence intervals, but this threshold had limited diagnostic
accuracy and was not clinically relevant.

Discussion

HFE hemochromatosis (type | hereditary hemochromatosis)
represents the most common form of inherited iron overload.
Polycythemia is de ned as hemoglobin levels >16.5 g/dL in
men and >16.0 g/dL in women and/or hematocrit levels >49%
in men and >48% in women [4]. Previous studies have investi-
gated the relationship between polycythemia and hereditary
hemochromatosis. In one report, C282Y homozygous patients
(n=60) exhibited signi cantly higher mean hemoglobin, he-
matocrit, MCV, and MCH values compared to 65 healthy con-
trols without HFE mutations [8]. Similarly, in a series of 152 he-
reditary hemochromatosis patients (63.2% male), 44 (28.9%)
carried the C282Y homozygous genotype, 10 (6.6%) the H63D
homozygous genotype, and 27 (17.8%) the compound het-
erozygous C282Y/H63D genotype. Median hemoglobin and
hematocrit values were 15.5 g/dL and 44.9% in C282Y homo-
zygotes, 16.0 g/dL and 47% in H63D homozygotes, 15.8 g/dL
and 46% in compound heterozygotes, 16.0 g/dL and 47% in
C282Y heterozygotes, and 16.6 g/dL and 48% in H63D hetero-
zygotes [9].

A retrospective analysis of 213 patients with hereditary
hemochromatosis (mean age 53.6+15.2 years; 143 males,
67.1%) identi ed HFE mutations in all cases. Homozygous
C282Y mutations were presentin 108 patients (50.7%), while
polycythemia was observed in 59 patients (27.6%) [10]. In a
large population-based study of 10,198 Caucasians, the re-
ported allele frequencies were 0.63% for C282Y and 1.52%
for H63D. Notably, mean hemoglobin and MCV levels were
signi cantly higher in mutation carriers compared with
non-carriers [11].

In our retrospective cohort of 106 patients screened for HFE
mutations, 77 (73%) were male. A total of 44 patients (41.5%)
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Table 5. Laboratory parameters of patients carrying the H63D heterozygous mutation compared with HFE wild-type patients

Parameter

PV (Group 1 subset)

Group 1 (MPNs)

Group 2 (Secondary
polycythemia)

Group 3 (Others?)

Hemoglobin (Male, g/dL)

Hematocrit (Male, %)

Hemoglobin (Female, g/dL)

Hematocrit (Female, %)

Ferritin (Male, ng/mL)

Ferritin (Female, ng/mL)

Transferrin saturation (%)

H63D(+): 16.9+0.73
WT: 17.52+0.79
p=0.22

H63D(+): 50.9+1.57
WT: 53.52+4.59
p=0.28

H63D(+): 15.7+1.1
WT: 17.3+1.6
p=0.15

H63D(+): 47.5+4.97
WT: 51.9+5.95
p=0.29

H63D(+): 168+149.4
WT: 114.39+£57
p=0.28

H63D(+): 146+2.64
WT: 147.1+154.8
p=0.96

H63D(+): 50.64+14.53
WT: 48.8+13.46
p=0.76

H63D(+): 15.85+1.8
WT: 17.0+£2.0
p=0.24

H63D(+): 47.8+5.4
WT: 52.0+7.0
p=0.20

H63D(+): 13.3+2.8
WT: 16.3+3.1
p=0.079

H63D(+): 40.0+9.0
WT: 49.1+9.6
p=0.084

H63D(+): 198+169.2
WT: 170.1+45.4
p=0.63

H63D(+): 152.8+39
WT: 137.1+£144.0
p=0.78

H63D(+): 54.13+11.9
WT: 49.8+13.1
p=0.33

H63D(+): 17.58+0.70
WT: 17.49+0.66
p=0.69

H63D(+): 51.23+2.59
WT: 51.0+2.29
p=0.76

H63D(+): 16.3+0.17
WT: 17.1+1.45
p=0.37

H63D(+): 48.1+3.18
WT: 51.08+5.25
p=0.40

H63D(+): 174.4+124.1
WT: 297.93+£545
p=0.36

H63D(+): 225.3+112.1
WT: 146+2.64
p=0.28

H63D(+): 45.5+17.8
WT: 41.42+17.3
p=0.42

H63D(+): 14.3+1.2
WT: 13.68+2.3
p=0.64

H63D(+): 42.8+3.9
WT: 41.8+6.2
p=0.77

H63D(+): 12.1+2.41
WT: 11,515
p=0.66

H63D(+): 35.9+6.8
WT: 35.5+4.7
p=0.91

H63D(+): 329+219.6
WT: 465.3+467.9
p=0.64

H63D(+): 143+57.84
WT: 897.5+£556.1
p=0.015*

H63D(+): 70.3+11.5
WT: 45.19+12.1
p=0.007*

* p<0.05; WT: HFE wild-type; ¥: Others: Non-polycythemic, elevated iron parameters; MPNs: Myeloproliferative Neoplasms.

Figure 1. ROC curve for transferrin saturation (ST) in predicting HFE
mutation positivity (Secondary polycythemia vs Myeloproliferative
Neoplasms (MPNs)+Others). Receiver operating characteristic
(ROC) curve for ST in predicting HFE mutation positivity in
secondary polycythemia versus CMPN+Others. AUC=0.298 (95% ClI:
0.140-0.456), p=0.02. Sensitivity/speci city were 37%/40% at the

51.7% cut-o , and 58%/25% at the 45.3% cut-o .

Figure 2. ROC curve for transferrin saturation (ST) in predicting HFE
mutation positivity (Secondary polycythemia vs Myeloproliferative
Neoplasms (MPNs)+Others). Receiver operating characteristic (ROC)
curve for in predicting HFE mutation positivity in all polycythemias
(including PV) versus non-polycythemias. AUC=0.232 (95% Cl: 0.081-
0.383), p=0.07. Sensitivity/speci city were 37%/25% at the 51.7%
cut-o , and 56%/8% at the 45.3% cut-o .
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tested positive for an HFE mutation (31 males, 13 females). The
distribution of mutation positivity did not di er signi cantly
between sexes (p=0.67). Although the absolute humber of
male carriers was more than twice that of females, this nding
re ects the higher proportion of males in the cohort rather
than a true male predominance in HFE mutation frequency.

There are only a limited number of studies on HFE gene muta-
tions reported from our country. Most of these have identi ed
the H63D variant, while the C282Y mutation has rarely been
detected [12-17]. A large familial cluster carrying HFE muta-
tions was described in the Diyarbakir region, where, among
the relatives of a proband with a homozygous C282Y muta-
tion, 17 were heterozygous for C282Y, 4 were heterozygous
for H63D, and 2 carried a homozygous C282Y genotype [18].
In another national study that compared 86 patients with
transferrin saturation (TS) above 45% to 57 controls with TS
below 45%, no C282Y mutations were detected, while the
H63D mutation was present in 27% of patients and 21% of
controls, showing no signi cant association with the clinical
phenotype [12]. More recently, a study published in 2021 in-
vestigated the frequency and distribution of HH-related mu-
tations among 97 patients with elevated TS who were clinical-
ly suspected to have HH. Heterozygous H63D mutation was
detected in 19 patients, 14 (20%) of whom had TS between
38-45% and 5 (18.5%) with TS >45% [17].

With the advent of genetic testing, the average age at diag-
nosis of HH has been reported to be similar in men and wom-
en, although disease manifestations tend to be milder in
women [18]. In alarge 12-year cohort of homozygous C282Y
patients, clinical iron overload was observed in 28.4% of men
butin only 1.2% of women [18]. In our study, the median age
of patients with HFE mutations was in the fth decade (51.5
years), consistent with previous reports. A signi cant age
di erence was observed between male and female carriers
(median 45 years vs. 62 years, p=0.001). This may be attribut-
ed to the protective e ect of menstruation, pregnancy, and
childbirth, which tend to delay iron accumulation in women
until the postmenopausal period.

When analyzed separately by sex, there was no signi cant
di erence in mean hemoglobin concentration or hematocrit
levels between HFE mutation carriers and non-carriers (p=0.92
and 0.21 in males; p=0.38 and 0.36 in females). The predomi-
nance of heterozygous H63D carriers, along with only a single
homozygous C282Y patient in our cohort, may partly explain
these ndings. We did not evaluate MCV in our study, as a sub-
stantial proportion of CMPN patients were receiving cytoreduc-
tive therapy such as hydroxyurea, and others were undergoing
chemotherapy or radiotherapy for hematologic or solid malig-
nancies, which could have confounded MCV measurements.

Initially, no relationship was thought to exist between poly-
cythemia vera (PV) and hereditary hemochromatosis (HH). In
2002, a study screening 232 patients with various hematolog-
ic disorders for C282Y and H63D mutations found no signi -
cant association with PV [19]. Similarly, a 2004 study of 52 PV

patients reported no evidence of a link with HFE mutations [5].

However, subsequent reports have suggested that coex-
istence may occur in rare cases. In 2016, a case report de-
scribed a 75-year-old woman with concurrent HH and PV
[6]. More recently, in 2021, a heterozygous C282Y mutation
was identi ed in a 59-year-old PV patient presenting with
elevated serum ferritin and transferrin saturation [18]. Al-
though HH and PV generally appear to be unrelated con-
ditions, these reports indicate that overlap is possible, and
some authors recommend considering HH screening in PV
patients, and vice versa.

In our retrospective series, one noteworthy case was a
77-year-old female patient who had been diagnosed with
PV three years earlier. She was JAK2-positive, had low serum
erythropoietin levels, and a history of type 2 diabetes melli-
tus. The patient was receiving hydroxyurea and acetylsalicylic
acid (ASA) as part of her PV management. Iron metabolism in
PV can be in uenced by abnormal erythropoiesis, systemic
in ammation, reduced iron availability, and hypoxia-driven
regulation of intestinal iron absorption [18]. Moreover, gas-
trointestinal lesions such as erosions, ulcers, and Helicobacter
pylori infection are reported more frequently in PV compared
with the general population [18]. Most patients with PV exhib-
itiron de ciency at diagnosis, even prior to initiation of thera-
peutic phlebotomy, the standard treatment approach [20, 21].
Although thrombosis is the most serious complication in PV,
bleeding also represents a clinically important risk. At diagno-
sis, the reported rates of major thrombosis and major bleed-
ing were 24.3% and 4.3%, respectively, whereas at follow-up
under cytoreductive therapy and ASA, these rates were 18.4%
and 1.8% [22]. Interestingly, despite long-term ASA use and
gastrointestinal complaints, this patient exhibited persistently
elevated transferrin saturation (48%). HFE mutation analysis
revealed heterozygous C282Y positivity.

Another case of interest in our cohort was a 72-year-old fe-
male patient with essential thrombocythemia (ET), also diag-
nosed with type 2 diabetes mellitus and chronic renal failure.
She was negative for JAK2 V617F mutation but was receiving
hydroxyurea and ASA. Although her transferrin saturation was
33%, her serum ferritin level was elevated in the absence of an
in ammatory condition, with C-reactive protein values with-
in the normal range. Genetic testing for HFE mutations was
therefore performed, revealing heterozygous C282Y positivity.

In our study, two male patients carrying a homozygous
C282Y mutation and one patient with a compound C282Y/
H63D heterozygous mutation presented with secondary
polycythemia. One of the C282Y homozygous patients was
also a carrier of B-thalassemia. Despite a hemoglobin level
of 16.2 g/dL, his hematocrit was 50.5%, leading to the diag-
nosis of secondary polycythemia. Leukocyte and platelet
counts were within normal limits. Neither of the patients had
a history of smoking, and no alternative cause for second-
ary polycythemia was identi ed. Additionally, a 31-year-old
male patient with homozygous H63D mutation and a histo-
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ry of smoking developed secondary polycythemia and re-
quired therapeutic phlebotomy. Asif et al. [9] reported that
although previous studies primarily associated elevated he-
moglobin levels with homozygous C282Y patients, their own

ndings also demonstrated increased hemoglobin levels in
heterozygous carriers [11].

In a cohort of 152 patients with HFE mutations, polycythemia
was observed in 33 individuals (27.7%). The authors argued
that even carrier status for the HFE mutation could be associat-
ed with elevated hemoglobin and hematocrit levels, indepen-
dent of serum ferritin concentration and secondary causes of
polycythemia. In contrast, Khan et al. [10] reported a di erent
perspective. Among 213 patients with HFE mutations, poly-
cythemia was detected in 23 (10.8%) and 59 (27.6%) cases,
respectively. They concluded that although hereditary hemo-
chromatosis may confer relative protection against anemia,
polycythemia does not develop in the majority of patients,
and the limited available data on hemoglobin parameters do
not support a high overall prevalence of polycythemia in this
population. In our view, the polycythemia rates reported by
the two groups appear broadly comparable.

In our study, secondary polycythemia was identi ed in three
of seven patients with clinically signi cant C282Y or homozy-
gous H63D mutations. In two of these cases, no secondary
cause of polycythemia could be determined. Among the re-
maining patients with secondary polycythemia, heterozygous
H63D mutations were detected in 21 individuals (18 males, 3
females). Overall, 24 of 106 patients screened for HFE muta-
tions (23%) had secondary polycythemia associated with an
HFE mutation. When considered in relation to mutation status,
24 of 44 patients with HFE mutations (55%) also had secondary
polycythemia. We did not observe a signi cant di erence in
the distribution of patients with or without HFE mutations
across the groups. It should be noted, however, that sec-
ondary polycythemia accounted for the majority of patients
who underwent genetic testing due to transferrin saturation
>40%, elevated ferritin relative to sex, or a clinical suspicion of
HH, even though the absolute numbers were limited.

Within the secondary polycythemia group, 13 of 24 patients
with HFE mutations and 16 of 28 patients without HFE mu-
tations (including one case with undetectable H63D muta-
tion) reported a history of smoking, with no signi cant dif-
ference between them (p=0.26). This nding suggests that
smoking, although a well-established cause of secondary
polycythemia, is not su cient to exclude the presence of an
HFE mutation Moreover, the mean transferrin saturation in
Group 2 patients with secondary polycythemia was signi -
cantly lower than in Group 3 patients without polycythemia
(47.0£17.5% vs. 63.9£10.4%, p=0.023). ROC analysis indi-
cated aTS cut-o value of 51.7% for di erentiating patients
with and without HFE mutations and polycythemia. How-
ever, since current recommendations already use TS >45%
as the threshold for HFE testing, this higher cut-o was not
considered clinically useful.

Consistent with this, recent clinical guidelines for hereditary
hemochromatosis emphasize that TS values above 45-50%
are more diagnostically informative than hyperferritinemia
[23]. In line with these recommendations, our analysis high-
lighted TS as a more meaningful parameter than serum fer-
ritin when evaluating the relationship between HFE geno-
types and polycythemia. While the most frequent genotypes
associated with iron overload are C282Y homozygosity and
C282Y/H63D compound heterozygosity, several reports
have also documented iron overload and even polycythemia
in patients with H63D heterozygosity. A recent case report
described a patient carrying an H63D heterozygous variant
who presented with iron overload and erythrocytosis [24].
Similarly, Sandnes et al. [25] demonstrated that patients
with H63D heterozygosity (H63D/WT) had a median ferritin
level of 711 ng/mL—comparable to homozygous variants—
with ferritin >500 ng/mL observed in 91.3% and TSAT>45%
in 17.4% of cases. These ndings collectively suggest that
H63D heterozygosity, although often considered clinically
less relevant, may still contribute to increased iron burden
and polycythemia in certain individuals.

Limitations

The clinical relevance of C282Y and homozygous H63D
mutations in HH is well recognized. However, the relatively
small number of patients carrying these mutations, as well
as the overall limited number of HFE-positive cases com-
pared with previous studies, represents a limitation of our
study. Larger, prospective studies are warranted to better
de ne these associations.

Conclusion

In this retrospective study, we demonstrated that patients
with HFE mutations and polycythemia—particularly those
with secondary polycythemia—exhibited signi cantly lower
mean TS levels compared to mutation-positive patients with-
out polycythemia. Importantly, our ndings suggest that in
polycythemic patients, iron parameters may appear decep-
tively low, likely due to increased erythrocyte mass consum-
ing or “diluting” available iron. This phenomenon may mask
underlying HFE positivity, meaning that HFE mutations can be
present even at lower-than-expected TS values.

Secondary polycythemia is a common clinical condition, yet
in many cases the underlying cause remains unexplained. In
our cohort, the frequency of HFE positivity among patients
with secondary polycythemia was relatively high, even
though the di erence across groups did not reach statistical
signi cance. Taken together, these ndings emphasize that
measurement of TS and serum ferritin should not be over-
looked in patients with secondary polycythemia, and that
HFE genotyping may be considered even at lower TS thresh-
olds when the etiology of polycythemia remains unclear.
Recognizing this association is clinically relevant for patient
management, particularly in guiding decisions about thera-
peutic phlebotomy.
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Abstract

Objectives: Oocyte quality and maturation are critical factors determining successful fertilization and embryo devel-
opment in vitro. However, delays in processing ovarian tissues after animal slaughter or collection can negatively im-
pact oocyte viability and developmental potential. This study investigated the e ect of Quercetin on the maturation of
bovine oocytes subjected to a eld-relevant post-mortem delay.

Methods: Oocytes were isolated from ovaries approximately six-hour delay post-collection, mimicking practical condi-
tions encountered in tissue handling. Then, they were treated with hyaluronidase, mechanically denuded, and cultured
with quercetin at concentration of 15 pg/mL, against a control group.

Results: The results demonstrated that quercetin improved the extrusion of polar bodies compared to the control
group. Additionally, pH variations were noted among control and quercetin treated group, potentially in uencing mat-
uration outcomes.

Conclusion: These ndings highlight that quercetin at 15 pg/mL signi cantly enhances the maturation of bovine oo-
cytes, suggesting its potential to modulate oocyte quality in vitro.

Keywords: Bovine oocytes, in vitro maturation (IVM), polar body extrusion, post-mortem delay, quercetin
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igh-quality mature oocytes are essential in both the

livestock and biomedical elds [1]. In vitro maturation
(IVM) has gained considerable interest as an alternative to
in vivo maturation prior to fertilization, due to its practical
advantages. Compared to conventional in vitro fertilization
(IVF), IVM o ers bene ts such as shorter stimulation peri-
ods, reduced injection frequency, and lower overall costs
associated with drugs and monitoring, making it valuable
in medical treatments and livestock breeding programs [2].
This process is gaining popularity despite ongoing concerns
about its ine ciency. Previous research has shown that
oocytes matured under in vitro conditions are exposed to

various cellular stressors, which contribute to a higher in-
cidence of loss of competence in developed embryo com-
pared to those developed in vivo [3].

In many livestock, oocytes obtained from slaughter-
house-derived ovaries serve as a primary source for large-
scale in vitro embryo production. However, the quality of
these oocytes can be adversely a ected when ovaries are
transported over long distances from the slaughterhouse
to the laboratory. Factors such as insu cient oxygen and
energy supply, along with disruptions to the endogenous
antioxidant systems within the isolated ovaries, may impair
the viability of follicular oocytes [4].
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In the natural process of in vivo oocyte maturation, reactive
oxygen species (ROS) are e ectively neutralized by antioxi-
dant enzymes present in the follicular uid, ensuring a con-
trolled balance between ROS production and elimination. In
contrast, oocytes matured in vitro lack this enzymatic defense
system, leading to an imbalance that promotes the accumula-
tion of ROS [5]. Elevated ROS levels can interfere with proper
meiotic progression and impair embryonic development, ulti-
mately reducing the overall quality of the oocytes [1].

Over recent decades, the in vitro production (IVP) of bovine
embryos has become an increasingly important tool in the
dissemination and commercialization of high-value dairy and
beef genetics. In 2021 alone, more than 1.5 million IVP-derived
bovine embryos were produced worldwide [6].

The objective of this study is to investigate the e ect of quer-
cetin on the in vitro maturation of bovine oocytes subjected
to a eld-relevant post-mortem delay, thereby assessing its
potential to enhance oocyte quality under suboptimal col-
lection conditions.

Materials and Methods
Ethics committee approval

Bovine ovarian tissues were collected as byproducts of rou-
tine commercial slaughter at a local abattoir. All procedures
regarding tissue collection adhered strictly to local animal
welfare regulations and commercial slaughter practices. Since
the tissues were collected post-mortem and did not involve
any in vivo animal sacri ce or experimental procedure, formal
review and approval by an Institutional Animal Care and Use
Committee (IACUC) was not required for this study.

This preliminary and exploratory study (proof-of-concept)
was conducted at the laboratories of the General Commission
for Biotechnology in Damascus and the Yashfeen Center for
Assisted Fertilization and IVF at the New Arab Hospital. The
primary objective was to evaluate the e ect of quercetin on
the in vitro maturation of bovine oocytes under delayed pro-
cessing conditions.

Our experimental procedures for oocyte isolation and in vitro
maturation were based on previously established and vali-
dated protocols, with necessary adaptations implemented
to suit the speci ¢ requirements and logistical constraints of
this study [7, 8].

Ovarian tissue collection and handling

Ovaries were collected from slaughtered cows at a local abat-
toir. They were transported to the laboratory in a sterile phys-
iological saline solution (0.9% NacCl) at a controlled tempera-
ture of 30-35°C. A 6-hour post-mortem delay was deliberately
maintained to simulate the eld-relevant conditions under
which ovarian tissues are typically collected and handled.

Oocyte isolation and preparation

Cumulus—oocyte complexes (COCs) were isolated from the
transported ovaries using a combined approach of slicing and
aspiration, as illustrated in Figure 1.

Aspiration: An 18-gauge needle attached to a 10 mL syringe
was used to aspirate oocytes from visible surface follicles with
diameters ranging between 2-6 mm.

Slicing: The remaining small follicles (<2 mm) were recovered
by slicing the ovarian cortex tissue.

The retrieved COCs (total of 20 suitable COCs were collected
and utilized across the entire study) were washed three times
in a phosphate-bu ered saline (PBS) solution to remove any
blood or tissue debris. Subsequently, the eight (8) morpholog-
ically best-quality COCs were selected and used for immediate
culture and experimentation. Following isolation, COCs were
treated with a 0.1% hyaluronidase enzyme solution at 37°C
for 30 seconds to enzymatically disperse the surrounding cu-
mulus cells. This was followed by three washes in maturation
medium to remove residual enzyme. Mechanical denudation
was then performed by gently pipetting the oocytes through
a stripper pipette with a progressively smaller bore size (170
pm) to ensure the complete removal of all cumulus cells.

In vitro maturation and experimental groups

The experiment was performed as one biological run, with the
retrieved oocytes distributed into two experimental groups
for direct qualitative comparison:

« Control group: Four (4) denuded oocytes were cultured in
the maturation medium (DMEM supplemented with 10%
FBS, 2 mM Glutamine and 1% penicillin/streptomycin). The
medium utilized a bicarbonate bu ering system and was
overlaid with a layer of mineral oil to prevent evaporation
and stabilize the pH.

* Quercetin-treated group (Q15): Four (4) denuded oo-
cytes were cultured in the DMEM supplemented with 10%
FBS, 2 mM Glutamine and 1% penicillin/streptomycin). The
medium utilized a bicarbonate bu ering system and was
overlaid with a layer of mineral oil to prevent evaporation
and stabilize the pH. The medium utilized a bicarbonate
bu ering system and was overlaid with a layer of mineral
oil to prevent evaporation and stabilize the pH.

The quercetin stock solution was prepared by dissolving
Quercetin in DMSO; the nal concentration of the solvent
DMSO in the culture medium did not exceed 0.1% (v/v) to
ensure non-cytotoxicity. To ensure stability and bioavail-
ability, the concentrated Quercetin stock solution was pre-
pared fresh prior to the experiment and was subsequently
stored in light-protected containers at —20°C when not in
immediate use.

The culture was carried out in a humidi ed atmosphere at
37°C and 6% CO2 in air (Normoxic conditions with approxi-
mately 20% O?) for a period of 48 hours. No medium changes
were performed during the 48-hour culture period. The entire
procedure was performed under a strict sterile environment.

Evaluation

After the 48-hour culture period, oocytes from both groups
were evaluated under an inverted microscope to assess





























































































