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Abstract  

Background: Using Boolean algebra to assist in the diagnosis of hematologic disorders involves applying logical 

operations (AND, OR, NOT, etc.) to symptoms, lab values, and clinical findings to arrive at probable diagnoses.  

Aim: This study used Boolean algebra (mathematical logic) to calculate the diagnosis of hematologic disorders. 

Results: Each lab value and clinical finding was encoded as a Boolean variable. The solution of the Boolean equations was 

risking the of hematologic disorders. 

Conclusion: Boolean algebra can be used to precisely calculate the diagnosis of hematologic disorders. 
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Introduction 

Mathematics plays a vital and growing role in modern medicine, serving 

as the foundation for diagnostics, treatment planning, research, and 

healthcare systems. From modeling disease progression to interpreting 

medical images and optimizing healthcare delivery, mathematical 

techniques offer precision and predictive power. There are several key 

areas where Mathematics is used in Medicine. Medical Imaging. 

Mathematical algorithms are essential in CT, MRI, PET, and ultrasound 

reconstruction. Fourier transforms are applied in MRI and signal 

processing. Image segmentation and enhancement use linear algebra and 

differential equations. In epidemiology and public health mathematics 

helps model disease spread using SIR models (Susceptible-Infectious-

Recovered), differential equations, reproductive number (R₀) 

calculations. An example for statistical modeling for outbreak forecasting 

are the COVID-19 transmission dynamics, which were modeled using 

systems of nonlinear differential equations. Pharmacokinetics and 

Pharmacodynamics (PK/PD) describe, how drugs move through the body 

using compartmental models. Bayesian inference is applied for updating 

diagnostic probabilities based on new information.  Mathematical 

modeling in physiology has wide applications. It is used for modeling 

cardiovascular, respiratory, and neural systems, for simulating heart 

rhythms, lung function, and neuron firing patterns for example by the 

Hodgkin-Huxley model of nerve impulse transmission. In genomics and 

bioinformatics statistical genetics, machine learning, and information 

theory are used to analyze DNA sequences. Sequence alignment, gene 

expression clustering, and genome-wide association studies (GWAS). An 

example are hidden Markov models in gene prediction [1 -7]. 

Boolean algebra offers a structured logical framework for encoding 

diagnostic rules in medicine. In the context of hematologic disorders, 

Boolean algebra allows for the systematic use of clinical signs, symptoms, 

and laboratory results to guide diagnosis through logical operators like 

AND, OR, and NOT 8.  

Using only the OR operator (+) in Boolean algebra for medical 

diagnostics, especially for hematologic disorders, has benefits in early 

detection, screening, and rule-out models. Here's a detailed look at the 

advantages. The OR operator flags any case where at least one abnormal 

sign or symptom is present. This is ideal for early detection, where 

missing a diagnosis is riskier than a false positive 9. It ensures no potential 

cases are missed, a major concern in conditions like leukemia or acute 

anemia. The OR operator is safer in settings where underdiagnosis can 

lead to significant harm 10. OR - based algebra is easy to understand, 

teach, and implement 11. It can be used to create broad alerts when any 

combination of findings might relate to a family of disorders (e.g., 

anemia, leukemia, coagulopathies) and it helps flag non-specific findings 

for follow-up 12.  

In this study we use the OR – based algebra to develop a mathematical 

method of computational diagnosis in hematologic disorders. 

Materials and Methods 

The mathematical methods have been described in detail elsewhere 8.  

Symbols of Boolean Algebra (mathematical logic) 8 
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1.Variables: 

Each Boolean variable can take one of the values 1 or 0. 

2.Operations: 

Inclusive OR: 

• A + B or A ∨ B 

• The result is 1, if A or B or both are 1; if both are 0, the result 

is 0. 

• Example: 1 + 0 = 1 0 + 0 = 0 

Equal 

• A = B 

• The result is 1, if A and B are both 1 or both 0. 

• Example: 1 = 1, 0 = 0 

Examples of multiple Representations for the same operation7: 

• OR (Inclusive OR): 

• A + B: Traditional Boolean algebra 

• A v B Used in mathematical logic and theoretical fields 

• A OR B: Common in programming and textual representations 

Increased value ↑ 

Decreased value ↓ 

Unchanged value <-> 

We only use operator v and operator =. Finding x1 v finding x2 v finding 

x3 = disease (d) does not mean that the disease is defined by these findings 

but that there is risk, if they are present. This ensures high sensitivity in 

the diagnostic process.   

In the case of multiple variables, it is preferable to use the matrix system 

13. The matrix is useful in case findings are missing. In this study we 

define matrix A by findings available or not. Not available can mean, the 

parameters are not available, because the investigation or the tests have 

not been conducted, or they are missing. 1 means the data are available, 0 

means they are not available. Matrix X represents the findings. Matrix D 

shows the disorder. In matrix D value 1 means the disorder can be 

calculated. Value 0 means the disorder cannot be calculated.  In the 

equations value 1 means the parameter is present, the 0 means the 

parameter is absent [8]  

A  
 

X 

X(findings)  

 

= 

D (disorder) can be calculated 

1 1 1 x1 1 

1 0 1 x2 1 

1 0 0 x3 1 

 

The matrix is used as follows: 

The 1st value in the row is multiplied with the 1st value in the column. 

The 2nd value in the row is multiplied with the 2nd value in the column. 

The 3rd value in the row is multiplied with the 3rd value in the column. 

From the matrix the following equations follow: 

x1 v x2 v x3 = D 

x1 v x3 = D 

x1 = D 

In the result section we will provide one example of the matrix 

presentation.  

Results 

The findings defining the criteria of risk for the disorders were obtained 

from the latest current medical diagnosis and treatment 21. 

Anemia of chronic disease = normocytic anemia v microcytic anemia v 

ferritin ↑ v ferritin <-> v transferrin <-> v transferrin ↓ 

Aplastic anemia = pancytopenia v hypocellular bone marrow 

Autoimmune hemolytic anemia = IgG autoantibody v spherocytes v 

reticulocytes ↑ v positive Coombs test 

Cold agglutinin disease = reticulocytes ↑ v positive Coombs test v cold 

agglutin titer 

Folic acid deficiency = macrocytic anemia v hyper segmented neutrophils 

v folic acid ↓ 

Glucose – 6 phosphate deficiency = X – linked v hemolytic anemia v bite 

cells v blister cells v glucose – 6 - phosphate ↓ 

Iron deficiency = ferritin ↓ v bleeding v response to iron therapy 

Neutropenia = neutrophils < 1800/µl = 1.8 x 109 /L 

Neutropenia severe = neutrophils < 500/µl = 0.5 x 109 /L  

Paroxysmal nocturnal hemoglobinuria = episodic hemoglobinuria v 

thrombosis v hemolytic anemia v pancytopenia v CD55 ↓ v CD59 ↓ 

Sickle cell anemia = positive family history v sickled cells v hemolytic 

anemia  

Thalassemia = microcytic anemia v positive family history v red blood 

cell count ↑ v abnormal red blood cell morphology 

Vitamin B12 deficiency = macrocytic anemia v hyper segmented 

neutrophils v vitamin B12 ↓ 

 

A  
 
 
 

X 

X  

 

 

 

= 

D 

1 1 1 ferritin ↓ 1 

1 0 1 bleeding 1 

1 0 0 response to iron therapy 1 

1 1 0  1 

0 1 1  1 

0 0 1  1 

0 0 0  0 

0 1 0  1 

 

Iron deficiency as an example of matrix presentation 
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A = 1 (finding available), A = 0 (finding unavailable) D = 1 (disorder can be calculated), D = 0 (disorder cannot be calculated)  

The matrix is used as follows (see methods): 

The 1st value in the row is multiplied with the 1st value in the column. 

The 2nd value in the row is multiplied with the 2nd value in the column. 

The 3rd value in the row is multiplied with the 3rd value in the column. 

1 x ferritin ↓= 1, 1 x bleeding = 1, 1 x response to iron therapy = 1 

Then iron deficiency can be calculated as: 

Iron deficiency = ferritin ↓ v bleeding v response to iron therapy 

1 x ferritin ↓= 1, 1 x bleeding = 0, 1 x response to iron therapy = 1 

Then iron deficiency can be calculated as: 

Iron deficiency = ferritin ↓ v response to iron therapy 

1 x ferritin ↓= 1, 0 x bleeding = 0, 0 x response to iron therapy = 0 

Then iron deficiency can be calculated as: 

Iron deficiency = ferritin ↓  

1 x ferritin ↓= 1, 1 x bleeding = 1, 0 x response to iron therapy = 0 

Then iron deficiency can be calculated as: 

Iron deficiency = ferritin ↓ v bleeding  

0 x ferritin ↓= 0, 1 x bleeding = 1, 1 x response to iron therapy = 1 

Then iron deficiency can be calculated as: 

Iron deficiency = bleeding v response to iron therapy 

0 x ferritin ↓= 0, 0 x bleeding = 0, 1 x response to iron therapy = 1 

Then iron deficiency can be calculated as: 

Iron deficiency = response to iron therapy 

0 x ferritin ↓= 0, 0 x bleeding = 0, 0 x response to iron therapy = 0 

Then iron deficiency cannot be calculated as: 

Iron deficiency = not assessable  

0 x ferritin ↓= 0, 1 x bleeding = 1, 0 x response to iron therapy = 0 

Then iron deficiency can be calculated as: 

Iron deficiency = bleeding

Discussion: 

In this study we have applied OR – based Boolean matrices for diagnosis 

of hematologic disorders. These disorders present an ideal model for such 

an approach due to their clear diagnostic criteria. The OR – based algebra 

ensures high sensitivity and simplicity. This algebraic approach needs to 

be discriminated against a linguistic formal logic approach. Finding x1 v 

finding x2 v finding x3 = disease (d) does only mean, the risk of disease 

is present but not the disease per se. This distinction is crucial for 

accurately interpreting the results and understanding the implications of 

our findings 

Mathematics not only plays a role in medicine in general but also 

especially a crucial role in medical diagnostics by providing tools for 

modeling biological systems, analyzing medical data, and improving the 

accuracy and efficiency of diagnostic procedures.  

Algorithms based on linear algebra, calculus, and optimization are used 

to detect patterns in medical data for disease prediction. Deep learning 

models are widely applied in radiology, pathology, and dermatology [14]  

Techniques like Fourier transforms, wavelet analysis, and image 

reconstruction algorithms (e.g., filtered back projection in CT scans) rely 

heavily on mathematical models. Mathematics helps enhance image 

resolution, reduce noise, and improve diagnosis from MRI, CT, PET, and 

ultrasound 15.  

High-dimensional data from gene expressions, DNA sequencing, and 

proteomics are analyzed using multivariate statistics, clustering, and 

principal component analysis (PCA) [16] 

Thus, mathematics is integral to the evolution of medical diagnostics. 

From theoretical foundations to practical implementation in technologies 

and algorithms, it facilitates accurate, personalized, and data-driven 

diagnosis. As medical data becomes increasingly complex, the role of 

mathematics will only grow in significance. 

Boolean algebra is a powerful tool in medicine, providing a framework 

for decision-making, device control, and biological modeling. Its 

simplicity and precision make it ideal for applications where binary 

outcomes and rule-based reasoning are critical [17 -19] 
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A Boolean matrix is a matrix consisting only of binary values (0 and 1), 

representing the absence or presence of features (e.g., symptoms, test 

results). When using only the OR operator, diagnostic models identify 

conditions that require at least one of several possible criteria to be met to 

suggest a particular disease. 

Advantages of OR-Based Boolean Matrices in Diagnosis are simplicity, 

sensitivity, speed. They are easy to implement in clinical decision support 

tools. They ensure that cases are not missed due to overly restrictive 

criteria. They permit rapid processing for high-volume screening (e.g., in 

pandemics) [23]. 

Limitations are low specificity and lack of grading.  OR-Based Boolean 

matrices tend to produce false positives since any one symptom triggers 

a positive result. They cannot prioritize or weigh symptoms by 

importance without extending beyond Boolean algebra [20] 

Conclusion 

OR – based Boolean matrices offer a straightforward method for encoding 

and processing diagnostic rules, especially when high sensitivity is 

prioritized over specificity. They are particularly useful in initial 

screenings, syndromic surveillance, and rule-based triage systems. 
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