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Abstract

Background: Medical diagnostic tools have become increasingly complex in the last decade. Numerous permutations are
necessary to come to the correct decision on how to treat a patient.

Aim: This study used Boolean algebra to define laboratory parameters by disease entity. We assigned each parameter to a
group of disease entities. Since we did not want to give the impression that the respective list of diseases strictly determined
the laboratory parameters, we used the mathematical symbol = for approximation in the equations.

Results: A system of linear Boolean equations permitted assignment of each laboratory parameter to a set of disease
entities. Addition of the linear equations by use of the axioms of Boolean algebra resulted in assignment of a disease entities
to laboratory parameters.

Conclusion: Linear Boolean equations may have the potential to become part of diagnostics in medicine.
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Introduction

e The symbols of addition multiplication and equations are
worldwide accepted and known; therefore, they are not
explained in the list of abbreviations and symbols.

Precision medicine is a crucial condition for patient-tailored treatment
decisions. It enables exact definition of disease and risk-stratified
treatment guidelines. This is especially important for life-threatening
diseases, such as myocardial infarction or acute leukemia, which require
swift action. The international statistical classification of diseases and
related health problems (ICD) from the World Health Organization
(WHO) has been beneficial in developing a standardized approach to
disease management; the latest version is ID 11 (Cazzola and Sehn 2022).
In addition to the classical approach of anamnesis and physical
examination, numerous technical tools have become available for
decision-making on treating patients (Swerdlow et al. 2008, 2017,
Alaggio 2022, Cazzola and Sehn 2022). Boolean algebra is useful for the
definition of hematologic malignancies In this study, we have developed
a system of linear Boolean equations to (Zugmaier et al. 2019, 2021,
2023) enable assignment of laboratory parameters to disease entities and
vice versa.

Materials and Methods

e The result of an addition or multiplication can only be 1 or 0.
No other numbers are permitted.

e  Addition:

o 1+1+1..+1=1

o 14+40+0...+0=1

o 0+1+1..+1=1

o 04+0+0..+40=0

o 1+0=0...+1
e  Multiplication

e} Ixlxl...x1=1
1x0x0..x0=0
OxIx1..x1=0
0x0x0...x0=0
1x0=0x1

O O O O

The binary system, including 2 integers, is used. It can be easily

transferred from the decimal system (Hoffmann 2016): e instead of = for “equal” = for “approximately” equal is used, for

0=0, 1=1, 2=10, 3=11, 4=100, etc. reasons of practicality we still use the term “equation” Instead

f the term “ imation”
The following axioms are used as defined by Shannon (1940) O e Terhl -approximation

. . . o Abbreviations and Symbols
e  The rules of arithmetic for addition and multiplication apply.

AA aplastic anemia
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ACE angiotensin converting enzyme
ACTH adrenocorticotropic hormone
AG anion gap

ALL acute lymphocytic leukemia ALT alanine aminotransferase
AML acute myeloid leukemia

AP alkaline phosphatase
Approximate =~

AST aspartate aminotransferase
Ca?* calcium

ClI- chloride

CLL chronic lymphocytic leukemia
CML chronic myeloid leukemia
Decreased |

Ig immune globulin

Increased 1

K* Potassium
LDH lactate dehydrogenase

MDS myelodysplastic syndrome

Mg?* magnesium

MM multiple myeloma

Na* Sodium

NHL non-Hodgkin lymphoma

PV polycythemia vera

RA rheumatoid arthritis

SIDADH syndrome of inappropriate antidiuretic hormone secretion
SLE systemic lupus erythematosus

Results

AP? = hyperparathyroidism + acromegaly + hyperthyroidism + Paget +
hepatitis + sarcoidosis + cholestasis + mononucleosis + osteomyelitis +
malignant bone tumor + metastasis osteomalacia + albumin injection +
vitamin B12| | + phosphatet + weight| + dehydration + infarction +
osteomyelitis + cirrhosis + chlorpropamide + ergosterol +

AP| = hypothyroidism + osteoporosis + celiac disease + vitamin D1+
vitamin C|+ milk — alkali syndrome + vitamin B12]

AG = Na* - (CI + HCO3)

AG1t= ketoacidosis + salicylates + methanol + ethylene glycol +
propylene glycol + lactic acidosis + renal failure

AG| = MM + lithium

ALT? = hepatitis + mononucleosis + liver abscess + cholestasis + alcohol
+ malignant tumor

AST? = diabetes mellitus + muscular dystrophy + Paget + cholecystits +
hepatitis + pneumonia + hemolysis + polymyositis + pancreatitis + ileitis
+ exercise + tonic and clonic seizures + rhabdomyolysis + peptic ulcer +
uremia + vitamin B12| + myoglobulinemia + salicylates + alcohol +
dehydration + malignant tumor + infarction + ulcerative colitis + muscle
necrosis + intramuscular injections + hepatic necrosis + cholestasis +
uremia
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Bicarbonate? =~ aldosteronet + Cushing + hypothyroidism + metabolic
alkalosis

Bicarbonate| =~ Addison + ventilationt + metabolic acidosis

Ca?*t = hyperparathyroidism + hyperthyroidism + hypothyroidism +
Cushing + Addison + osteoporosis + Paget + sarcoidosis + immobilization
+ vitamin D1 + milk-alkali syndrome + thiazide diuretics + berylliosis +
malignant tumor

Ca?*| = hypoparathyroidism + pregnancy + pancreatitis + renal
insufficiency + fluids? + malabsorption + corticosteroids + vitamin D |+
corticosteroids

CL?1 = hyperparathyroidism + diabetes mellitus + diabetes insipidus +
respiratory alkalosis + metabolic acidosis

Cl | = ketoacidosis + Addison + aldosteronet + cardiac failure + pyloric
obstruction + metabolic acidosis + metabolic alkalosis + emphysema +
diuretics

LDH? =~ muscle disease + hypothyroidism + hepatitis + mononucleosis +
hemolysis + cholestasis + intestinal obstruction + celiac disease + vitamin
B12] + folic acid| + alcohol + NHL + Hodgkin + ALL + AML + CLL +
CML + infarction + polymyositis + dermatomyositis + muscle necrosis

Phosphate? ~ Fanconi + acromegaly + hyperparathyroidism + Paget +
sepsis + sarcoidosis + fracture + intestinal obstruction + renal failure +
vitamin D| + muscle necrosis + milk — alkali syndrome + respiratory
alkalosis + vitamin D1 + MM + osteolysis + AML + CML

Phosphate| = hypoparathyroidism + diabetes mellitus + Fanconi +
vitamin D| + diarrthea + vomiting + gout + ketoacidosis + respiratory
alkalosis + K*| + Mg?*| + androgens + epinephrine + glucagon + insulin
+ salicylates + antacids + alcohol + intravenous glucose + anabolic
steroids

K*1 = aldosterone| + Addison + rhabdomyolysis + hemolysis + urinary
obstruction + renal failure + acidosis + muscle necrosis + amiloride +
spironolacatone + triamterene + ACE inhibitors + food + status
epilepticus + hemorrhage + fruit juice + soft drinks + oranges + peaches
+ bananas + tomatoes + protein diet?

K*| ~ diabetes mellitus + Cushing + aldosterone? + ileus + vomiting +
metabolic acidosis + pyelonephritis + diuretics + estrogens + salicylates
+ corticosteroids + aldosteronoma + villous adenoma + colonic cancer +
Zollinger-Ellison syndrome + metabolic alkalosis

Albumin| = an albuminemia + diabetes mellitus + hepatitis + ulcerative
colitis + protein - losing enteropathy + glomerulonephritis + SLE +
polyarteritis + RA + rheumatic fever + peptic ulcer + congestive heart
failure + cirrhosis + nephrotic syndrome + estrogens + MM + Hodgkin +
ALL + CLL + macroglobulinemia

IgG?T = tuberculosis + hepatitis + osteomyelitis + SLE + RA + vasculitis
+ vasculitis + cirrhosis + MM

IgG| = agammaglobulinemia + lymphoid aplasia + common variable
immune deficiency + nephrotic syndrome + MM + CLL

IgA1 = Wiscott Aldrich + SLE + RA + sarcoidosis + cirrhosis + MM

[gA| = absent in 3 per 100,000 + hereditary telangiectasia + lymphoid
aplasia + nephrotic syndrome + Still + SLE + common variable immune
deficiency + agammaglobulinemia + cirrhosis + ALL AML + CLL +
CML

Na*t ~ diabetes insipidus + diabetes mellitus + hyperparathyroidism +
aldosterone? + corticosteroids + diuretics + thalamic lesion

Na*| = Addison + pneumonia + brain abscess + SIADH + congestive
heart failure + cirrhosis + lung cancer + meningitis
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Pancytopenia ~ AA + PNH + tuberculosis + hepatitis + SLE + irradiation
+ vitamin B12| + folate|+ chemotherapy + benzene + MM + MDS +
AML + ALL + myelofibrosis + Hodgkin + non-Hodgkin

Reticulocytes? =~ hemorrhage + hemolysis + response to treatment

Reticulocytes| ~ deprivation + anemia of chronic disease + bone marrow
failure + Fe| + vitamin B12| + folate|

Uric acid 1 = polycystic kidney + sickle cell anemia + Wilson + Fanconi
+ von Gierke + Down + Indians + Filipinos + Maoris + hypothyroidism
+ hypoparathyroidism + hyperparathyroidism + psoriasis + hemolysis +
sarcoidosis + renal failure + diuretic + salicylate + lead + berylliosis +
hypertension + metabolic syndrome + ALL + AML + CLL + CML + MM
+ PV + NHL + Hodgkin

Uric acid| = xanthinuria + Fanconi + Wilson + Dalmatian dog mutation
+ acromegaly + celiac disease + allopurinol + ACTH + contrast media +
carcinoma + Hodgkin

Diseases can easily be assigned to laboratory parameters. The laboratory
parameters of each row, in which the disease entity is listed, are added.
This is shown here by using SLE as example.

SLE = albumin| + IgA| + IgA?1 + pancytopenia. This example shows an
increased as well as a decreased IgA level can point to an SLE.

Discussion:

Boolean algebra is a mathematical basis of computer science. It uses a
binary system restricted to the integers 0 and 1. Permutations of various
inputs of binary numbers can only result in an output of either 1 or 0, not
both. Any other integer is not permitted. The gates in computer science
are defined by the mathematical operators of Boolean algebra. In this
study we used the AND gate and the OR gate. The AND gate is identical
to multiplication. The OR gate is identical to addition with one exception,
1 + 1 =1 (Shannon 1940). In regular binary arithmetic 1 + 1 = 10 would
account. This is not possible in Boolean arithmetic, since it can have only
1 or 0 as result of computations. This approach has the advantage of
simplifying arithmetic operations and enabling the calculation of complex
permutations. Since the equations do not claim a strict relation, the
mathematical symbol = for approximation has been used.

In this study, we used linear Boolean equations to standardize the
relationship between laboratory parameters and disease entities. Linear
equations in Boolean algebra have been investigated over decades (Melter
and Rudeanu 1984). To our knowledge, this system of linear Boolean
algebra study is used for the first time in medicine and has never been
applied before.

Mathematics in medicine. Become a crucial component of all exact
sciences, including medicine, physics, and chemistry. Clinical research
would not be possible without biostatistics and mathematical modeling
(Matthdus and Matthdus 2020).

Boolean algebra has successfully been used in various areas of medicine.
This application includes laboratory and clinical research (Albert and
Robeva 2015, He et al. 2015, Lin and Khatri 2014, Macauley and Young
2020, Varadan and Anastassiou 2005, DiAndreth 2022, Riede et al. 2008,
Palma et al. 2021, Zugmaier and Locatelli 2019, 2021 and 2022).

The term “mathematical logic” sometimes used instead of “Boolean
algebra” is misleading and should be abandoned. Logic is crucial for any
rational endeavor also for mathematics, but logic is not a mathematical
subdiscipline (Grattan-Guiness, 2000).

The definition of logic as part of mathematics leads to circular statements.
Misleading notions such as “truth values” should be avoided. We have
used numbers as done in arithmetic operations (Steffens et al. 2020). Our
approach is purely mathematical.
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The mathematical symbols in new mathematical areas are difficult to
understand since they lack standardization and standardization is often not
accepted, by part of the mathematical community (Vivaldi 2014). This is
especially true for Boolean algebra. There is no consensus on the symbols
to be used, resulting in the use of different symbols for the same
mathematical operations (Hoffman 2016). On the other hand, the same
symbols are used for various mathematical operations. In this study we
have only used symbols of ordinary arithmetic and algebra, which have
been accepted and used worldwide.

This study has limitations. The linear equations can provoke an
unjustified impression of certainty, which can rarely be achieved in
medicine. The linear equations used in this study are rather
approximations and not equations in the strict sense (see Materials and
Methods). The physician will always have the last word on how to apply
such a system. This holds true for any tool of diagnostics in medicine.

In conclusion, linear Boolean equations have been shown to be a useful
part of diagnostics in medicine. This is the first application of linear
Boolean equations in medicine.

References :

1. Alaggio, R., Amador, C., Anagnostopoulos, , I. et al. (2022).
The 5th edition of the World Health Organization Classification
of Haematolymphoid Tumours: Lymphoid Neoplasms.
Leukemia 36, 1720-1748 .

2. Albert R, Robeva R. (2015). Signaling Networks:
Asynchronous Boolean Models. Algebraic and Discrete
Mathematical Methods for Modern Biology: 65-91.

3. Cazzola M, Sehn LH. (2022) Developing a classification of
hematologic neoplasms in the era of precision medicine. Blood.
15;140(11):1193-1199.

4. DeGowin’s Diagnostic Examination (2020).11" Edition,
McGraw, Hill,

5. DiAndreth B, Hamburger AE, Xu H, Kamb A. (2022). The
TMOD Cellular Logic Gate as a Solution for Tumor-Selective
Immunotherapy. Clinical Immunology. 241: 1-8.

6. Grattan-Guinness I. (1999) .Mathematics and Symbolic Logics:
Some Notes on an Uneasy Relationship. History and
Philosophy of Logic. 20(3-4):159-167.

7. Hoffmann DW. (2016). Grundlagen der technischen
Informatik. 5. Auflage. Miinchen: Carl Hanser Verlag.

8. Macauley M, Young N. (2020). The Case for Algebraic
Biology: From Research to Education. Bulletin of
Mathematical Biology. 82(9):115. doi:10.1007/s11538-020-
00789-w

9. Matthdus F, Matthdus S, Harris S, Hillen T. (2020).The Art of
Theoretical Biology. Springer.

10. Palma A, lannuccelli M, Rozzo I, (2021) et al. Integrating
Patient-Specific Information into Logic Models of Complex
Diseases: Application to Acute Myeloid Leukemia. Journal of
Personalized Medicine. 11(2):117.

11. Riede U, Moore GW, Williams MB (1983). Quantitative
Pathology by Means of Symbolic Logic. CRC Critical Reviews
in Toxicology. 11(4):279-332.

12. Robeva, R. (2015), Algebraic and Discrete Mathematical
Methods for modern Biology, Edited by Raina S. Robeva.
Academic Press. Amsterdam and Boston (Massachusetts):
Elsevier. $106.25. xiii + 368 p.; ill.; index. ISBN: 978-0-12-
801213-0.

13. Shannon, CE. (1940).A Symbol of Analysis of Relay and
Switching Circuits. Massachusetts Institute of Technology
1940

14. Steffens HJ, Muehlmann K, Zoellner C. (2019). Mathematik fur
Informatiker fir Dummies, Verlag: Wiley-VCH.

15. Swerdlow, SH et al. (2008).WHO Classification of Tumours of
Haematopoietic and Lymphoid Tissues, World Health

Page 3 of 4


https://www.nature.com/articles/s41375-022-01620-2
https://www.nature.com/articles/s41375-022-01620-2
https://www.nature.com/articles/s41375-022-01620-2
https://www.nature.com/articles/s41375-022-01620-2
https://www.sciencedirect.com/science/article/pii/B9780128012130000046
https://www.sciencedirect.com/science/article/pii/B9780128012130000046
https://www.sciencedirect.com/science/article/pii/B9780128012130000046
https://ashpublications.org/blood/article-abstract/140/11/1193/485909
https://ashpublications.org/blood/article-abstract/140/11/1193/485909
https://ashpublications.org/blood/article-abstract/140/11/1193/485909
https://www.researchsquare.com/article/rs-2362872/latest
https://www.researchsquare.com/article/rs-2362872/latest
https://www.sciencedirect.com/science/article/pii/S1521661622001115
https://www.sciencedirect.com/science/article/pii/S1521661622001115
https://www.sciencedirect.com/science/article/pii/S1521661622001115
https://www.tandfonline.com/doi/abs/10.1080/01445349950044116
https://www.tandfonline.com/doi/abs/10.1080/01445349950044116
https://www.tandfonline.com/doi/abs/10.1080/01445349950044116
https://clinicsofoncology.org/wp-content/uploads/2024/04/COO-v7-1513.pdf
https://clinicsofoncology.org/wp-content/uploads/2024/04/COO-v7-1513.pdf
https://link.springer.com/article/10.1007/s11538-020-00789-w
https://link.springer.com/article/10.1007/s11538-020-00789-w
https://link.springer.com/article/10.1007/s11538-020-00789-w
https://link.springer.com/article/10.1007/s11538-020-00789-w
https://link.springer.com/book/10.1007/978-3-030-33471-0
https://link.springer.com/book/10.1007/978-3-030-33471-0
https://www.mdpi.com/2075-4426/11/2/117
https://www.mdpi.com/2075-4426/11/2/117
https://www.mdpi.com/2075-4426/11/2/117
https://www.mdpi.com/2075-4426/11/2/117
https://www.tandfonline.com/doi/pdf/10.3109/10408448309037457
https://www.tandfonline.com/doi/pdf/10.3109/10408448309037457
https://www.tandfonline.com/doi/pdf/10.3109/10408448309037457
https://books.google.com/books?hl=en&lr=&id=aOicBAAAQBAJ&oi=fnd&pg=PP1&dq=Robeva,+R.+(2015),+Algebraic+and+Discrete+Mathematical+Methods+for+modern+Biology,+Edited+by+Raina+S.+Robeva.+Academic+Press.+Amsterdam+and+Boston+(Massachusetts):+Elsevier.+%24106.25.+xiii+%2B+368+p.%3B+ill.%3B+index.+ISBN:+978-0-12-801213-0.&ots=3zfjSTxycT&sig=EoTKNH3ejlTEZ42EsYg89d8uDR4
https://books.google.com/books?hl=en&lr=&id=aOicBAAAQBAJ&oi=fnd&pg=PP1&dq=Robeva,+R.+(2015),+Algebraic+and+Discrete+Mathematical+Methods+for+modern+Biology,+Edited+by+Raina+S.+Robeva.+Academic+Press.+Amsterdam+and+Boston+(Massachusetts):+Elsevier.+%24106.25.+xiii+%2B+368+p.%3B+ill.%3B+index.+ISBN:+978-0-12-801213-0.&ots=3zfjSTxycT&sig=EoTKNH3ejlTEZ42EsYg89d8uDR4
https://books.google.com/books?hl=en&lr=&id=aOicBAAAQBAJ&oi=fnd&pg=PP1&dq=Robeva,+R.+(2015),+Algebraic+and+Discrete+Mathematical+Methods+for+modern+Biology,+Edited+by+Raina+S.+Robeva.+Academic+Press.+Amsterdam+and+Boston+(Massachusetts):+Elsevier.+%24106.25.+xiii+%2B+368+p.%3B+ill.%3B+index.+ISBN:+978-0-12-801213-0.&ots=3zfjSTxycT&sig=EoTKNH3ejlTEZ42EsYg89d8uDR4
https://books.google.com/books?hl=en&lr=&id=aOicBAAAQBAJ&oi=fnd&pg=PP1&dq=Robeva,+R.+(2015),+Algebraic+and+Discrete+Mathematical+Methods+for+modern+Biology,+Edited+by+Raina+S.+Robeva.+Academic+Press.+Amsterdam+and+Boston+(Massachusetts):+Elsevier.+%24106.25.+xiii+%2B+368+p.%3B+ill.%3B+index.+ISBN:+978-0-12-801213-0.&ots=3zfjSTxycT&sig=EoTKNH3ejlTEZ42EsYg89d8uDR4
https://books.google.com/books?hl=en&lr=&id=aOicBAAAQBAJ&oi=fnd&pg=PP1&dq=Robeva,+R.+(2015),+Algebraic+and+Discrete+Mathematical+Methods+for+modern+Biology,+Edited+by+Raina+S.+Robeva.+Academic+Press.+Amsterdam+and+Boston+(Massachusetts):+Elsevier.+%24106.25.+xiii+%2B+368+p.%3B+ill.%3B+index.+ISBN:+978-0-12-801213-0.&ots=3zfjSTxycT&sig=EoTKNH3ejlTEZ42EsYg89d8uDR4
https://books.google.com/books?hl=en&lr=&id=D5ezDwAAQBAJ&oi=fnd&pg=PT206&dq=Steffens+HJ,+Muehlmann+K,+Zoellner+C.+(2019).+Mathematik+f%C3%BCr+Informatiker+f%C3%BCr+Dummies,+Verlag:+Wiley-VCH.&ots=ODIli8A80W&sig=FzQ5btxEzSWMxw-pQzwmZNBQOFQ
https://books.google.com/books?hl=en&lr=&id=D5ezDwAAQBAJ&oi=fnd&pg=PT206&dq=Steffens+HJ,+Muehlmann+K,+Zoellner+C.+(2019).+Mathematik+f%C3%BCr+Informatiker+f%C3%BCr+Dummies,+Verlag:+Wiley-VCH.&ots=ODIli8A80W&sig=FzQ5btxEzSWMxw-pQzwmZNBQOFQ
https://cir.nii.ac.jp/crid/1573105975584259456
https://cir.nii.ac.jp/crid/1573105975584259456

J. Clinical Research and Reports

16.

17.

18.
19.

This work is licensed under Creative
Y Commons Attribution 4.0 License
To Submit Your Article Click Here: [SVenlig VRN gle]s

Organization Classification of Tumours. 4th ed. Lyon:
International Agency for Research on Cancer;

Swerdlow SH et al. WHO Classification of Tumours of
Haematopoietic and Lymphoid Tissues. Revised 4th ed. Lyon:
International Agency for Research on Cancer; 2017.Takeuti G.
(1987).Proof Theory. 2nd ed. Amsterdam, North Holland:
Dover Publications.

Varadan V, Anastassiou D. (2006). Inference of Disease-
Related Molecular Logic from Systems-Based Microarray
Analysis. PLoS Computational Biology. 2(6): 585-597.
Vivaldi F, (2014), Mathematical Writing, Springer

Zugmaier G, Locatelli F. (2019). Application of Mathematical
Logic for Immunophenotyping of B-Cell Precursor Acute

20.

21.

22.

Copy rights@ Gerhard Zugmaier,

Lymphoblastic Leukemia (BCP-ALL). Biomedical Genetics
and Genomics. 4: 1-3. doi:10.15761/bgg.1000148

Zugmaier G, Locatelli F. (2021), Application of Mathematical
Logic for Cytogenetic Definition and Risk Stratification of B-
Cell Precursor Acute Lymphoblastic Leukemia (BCP-ALL).
Medical Research Archives. 9(2):1-8.

Zugmaier G, Kerkmann S, Locatelli F. (2023), Application of
Boolean Algebra for Definition of Myeloid, Medical Research
Archives , Neoplasms,

Melter RA., Rudeanu S. (1984), Linear Equations and
Interpolation In Boolean Algebra.

Ready to submit your research? Choose Auctores and benefit from:

YV V VYV V VY

DO1:10.31579/2690-1919/381

fast, convenient online submission

rigorous peer review by experienced research in your field
rapid publication on acceptance

authors retain copyrights

unique DOI for all articles

immediate, unrestricted online access

At Auctores, research is always in progress.

Learn more https://www.auctoresonline.org/journals/journal-of-clinical-research-

and-reports

Auctores Publishing — Volume 16(1)-381 www.auctoresonline.org
ISSN: 2690-1919

Page 4 of 4


https://cir.nii.ac.jp/crid/1573105975584259456
https://cir.nii.ac.jp/crid/1573105975584259456
https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.0020068
https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.0020068
https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.0020068
https://link.springer.com/content/pdf/10.1007/978-1-4471-6527-9.pdf
https://m.script-one.com/pdf/BGG-4-148.pdf
https://m.script-one.com/pdf/BGG-4-148.pdf
https://m.script-one.com/pdf/BGG-4-148.pdf
https://m.script-one.com/pdf/BGG-4-148.pdf
https://esmed.org/MRA/mra/article/view/2328
https://esmed.org/MRA/mra/article/view/2328
https://esmed.org/MRA/mra/article/view/2328
https://esmed.org/MRA/mra/article/view/2328
https://esmed.org/MRA/mra/article/view/3456
https://esmed.org/MRA/mra/article/view/3456
https://esmed.org/MRA/mra/article/view/3456
https://esmed.org/MRA/mra/article/view/3456
https://esmed.org/MRA/mra/article/view/3456
file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://www.auctoresonline.org/submit-manuscript?e=72
https://www.auctoresonline.org/journals/journal-of-clinical-research-and-reports
https://www.auctoresonline.org/journals/journal-of-clinical-research-and-reports

