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Abstract 
Background & Aims: Diagnosis and treatment of patients with multidrug-resistant tuberculosis (MDR-TB) are very important. 

Hence, it is necessary to predict and diagnose these patients based on individual, demographic and clinical characteristics before 

starting treatment. This study aimed to predict MDR-TB in TB patients using the perceptron artificial neural networks (ANNs) 

model. 

Materials & Methods: This retrospective cohort study was conducted on 1,050 TB patients who have been treated in Masih 

Daneshvari Hospital, Tehran, Iran from 2005 to 2015. Data on personal and demographic information, as well as medical data such 

as drug therapy, final outcome of treatment, and the diagnosis of MDR-TB, were collected from the patients' medical records. 

Results: The results of this study indicated that the predictive power of MDR-TB for both training and testing groups was 85% and 

80%, respectively. Also, the variables of marital status, education, drug use, being imprisoned, extrapulmonary TB, history of 

comorbidities, AIDS, patients' age, and family size were identified as very effective factors. However, variables of residence, 

smoking history, contact with a TB person, pulmonary TB, drug side effects, nationality, and diabetes were found as effective factors 

in predicting the development of MDR-TB. 

Conclusion: Application of the perceptron ANNs model in the study of MDR-TB is able to create new horizons in the diagnosis of 

these patients due to high predictive accuracy.  
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Introduction  
Today, tuberculosis (TB) disease remains one of the 

world's major health issues, despite the discovery of 
the disease agents, vaccines, and effective medications. 
The basis of treatment for TB relies on drug therapy (1-
2). Without treatment, 25% of patients will die within 
two years, 50% within five years, and 25% will recover 
spontaneously (5-3). With drug therapy based on 
antibiotic susceptibility testing for each individual, 8% 
of patients die during treatment, 90% recover, and only 
2% have a positive sputum smear at the end of 
treatment and are considered patients with multidrug-
resistant tuberculosis (MDR-TB) (2-3). The 
development of MDR-TB is the result of inappropriate 
or single-drug therapy due to incorrect prescription or 
incomplete use of the drug by the patient. Anti-TB-
resistant strains are caused by a point mutation in the 
Mycobacterium gene that occurs sparingly but 
predictably. 

The MDR-TB is divided into two types, primary 
and secondary. The primary type occurs in a person 
who has no previous history of anti-TB treatment, but 
the second type occurs as a result of inappropriate 
treatment. Low initial resistance and resistance to 
isoniazid are more common in North America and 
Europe (6). In the U.S., although the primary resistance 
to isoniazid has remained stable at 7% to 8% in recent 
years, the rate of MDR-TB has dropped from 2.5% to 
1%. Globally, MDR-TB has become a major problem 
in some areas, especially in Russia and regions of Asia 
(6). The World Health Organization (WHO) estimated 
the prevalence of MDR-TB to be about 4.6% in the 
Eastern Mediterranean region. The MDR-TB 
prevalence was rated for 85.9% in Uzbekistan and up 
to 84.8% in Azerbaijan. According to some reports, the 
prevalence of MDR-TB was estimated at about 5% in 
Iran, and approximately 78% of Iranian patients with a 
previous history of TB treatment cases had at least one 
drug resistance (7). 

Due to the problems in the diagnosis and treatment 
of patients with MDR-TB, prediction and diagnosis of 

these patients before starting treatment based on 
individual, demographic and clinical characteristics are 
of great importance. Despite the promising reports that 
have been published in recent years about TB treatment 
in Iran and the world, the spread of MDR-TB continues 
to pose a serious challenge to TB control worldwide. 
Many methods are available in order to predict and 
diagnose patients with MDR-TB based on individual 
demographic and clinical characteristics of patients, but 
the study design based on these methods due to low 
flexibility and limitations are unable to accurately 
predict patients. 

Currently, treatment approaches have improved and 
patients' quality of life has ameliorated; thus, the use of 
modern methods, as opposed to outdated methods that 
cannot reliably predict disease status, has often been 
suggested (8-9). The model of perceptron artificial 
neural networks (ANNs), whose application has 
increased in recent decades, is one of the methods 
designed to predict and diagnose patients. Due to their 
high prediction accuracy, perceptron ANN models are 
superior tools in many applications related to complex 
processes and are widely used in various fields of 
medical sciences such as diagnosis, treatment, and 
prediction. The term ANN refers to a family of models 
inspired by human brain studies and is like a processor 
with a natural desire to store experimental knowledge 
and make it usable. The ANN is similar to the human 
brain in two ways, one is that knowledge is acquired 
through the learning process by the network, and the 
other is that knowledge is stored using the power of 
communication between neurons, known as synaptic 
weights. The neuron is the smallest processing unit in 
an ANN. These neurons are present in different layers 
of the ANN, such as the input, hidden, and output 
layers, and are connected by synaptic weights. One of 
the most widely used ANNs is perceptron. This 
network is a kind of ANN that is based on a 
computational unit called perceptron. The most 
common type of this ANN is a three-layer perceptron, 
which is shown in Figure 1. 
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Fig. 1. Schematic of a three-layer perceptron ANN. 
 
The perceptron ANNs evaluate information in two 

phases: training and testing. By receiving a random 
sample of data that is usually more than 50% of the 
information, network training learns how to relate data 
and variables studied, and after training for each input, 
provide appropriate output. After completing the 
training phase, the network performance and predictive 
power will be tested with the remaining observations. 
In the model of ANNs, there is no limit to the type of 
data studied; therefore, these models are able to present 
replies logically and plausible with missing data and 
data with a heavy censoring rate, as well as data with 
bias. Perceptron ANNs can be one of the best strategies 
to study health data. The application of the perceptron 
ANN model, due to the high flexibility and accuracy of 
prediction is able to create new horizons in the 
diagnosis of patients with MDR-TB. Hence, this study 
was aimed to predict MDR-TB by using the perceptron 
ANN model in TB patients who had been treated in 
Masih Daneshvari Hospital, Tehran, Iran. 
 
Materials & Methods 

This retrospective cohort study has been performed 
at Dr. Masih Daneshvari Hospital, Tehran, Iran from 
2005 to 2015. The data of this study were obtained 
from the medical records of 1,050 TB patients who 
referred to and were treated by the National Institute of 
TB and Lung Disease Research of the mentioned 

hospital. Diagnosis of MDR-TB for these patients was 
made through information recorded in patients’ 
medical records, as well as the clinical examination of 
patients. Patients whose latest information showed that 
they did not have MDR-TB, and later, no information 
was available about them, as well as patients whose 
information was complete and did not have MDR-TB 
by the end of this study, were considered as patients 
without TB resistance. 

In this study, the effects of gender, age, marital 
status, education, place of residence, nationality, family 
size, the adverse effect of drug, smoking, passive 
smoker, the drug user, contact to a patient with TB, 
imprisoned, pulmonary TB, extrapulmonary TB, 
diabetic mellitus, AIDS, and comorbidities were 
evaluated on the diagnosis and prognosis of MDR-TB. 
Also, a three-layer perceptron ANN was applied to 
predict the prevalence of MDR-TB in TB patients. 
According to the variables studied, 39 neurons were 
considered for the input layer and two neurons for the 
output layer. Also, the appropriate number of hidden or 
middle layer neurons was evaluated and determined 
during data analysis for the perceptron ANN. 

The effect of variables on the prediction and 
diagnosis of patients with MDR-TB in the model of 
perceptron ANN was also presented by the importance 
index and normalized importance. All analyzes were 
performed using SPSS19 software. The hyperbolic 
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tangent activation function was used for the middle or 
hidden layer, and the Soft-Max activation function was 
used for the output layer.  

 
Results 

This study was performed on 1,050 TB patients, of 
which 137 (13.05%) were diagnosed with MDR-TB, 

and 913 (86.95%) patients were considered as patients 
without TB resistance. To predict and diagnose patients 
with MDR-TB, the patients' individual, demographic, 
and clinical data sets as input layer variables and the 
status of MDR-TB were examined as output layer 
variables in the perceptron ANN model (Table 1). 

 
Table 1. Individual, demographic and clinical variables of tuberculosis patients and number of neurons for input and 

output layers in perceptron artificial neural networks model 
Layers Variables Category Number of neurons 

Output Multidrug-resistant tuberculosis No 
Yes 2 

Input Gender Female 
Male 2 

Input Age - 1 

Input Marital Status 

Single 
Married 
Widow 

Divorced 

4 

Input Education 

Illiterate 
Primary 

Secondary 
High school 

Higher education 

5 

Input Residency area Rural 
Urban 2 

Input Nationality Iranian 
Non-Iranian 2 

Input Family size - 1 

Input Adverse effect No 
Yes 2 

Input Smoker No 
Yes 2 

Input Passives smoker No 
Yes 2 

Input Drug user No 
Yes 2 

Input TB contact No 
Yes 2 

Input Imprisoned No 
Yes 2 

Input Pulmonary TB No 
Yes 2 

Input Extrapulmonary No 
Yes 2 

Input Diabetic mellitus No 
Yes 2 

Input HIV-positive No 
Yes 2 

Input Comorbidities No 
Yes 2 

 
In addition, 70% of the patients were randomly 

assigned to the training group and 30% to the study 
group to predict patients with MDR-TB using the 

perceptron ANN model. A collection of perceptron 
ANNs with different numbers of neurons was 
examined for the hidden layer to decide the best model 
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structure and determine the number of neurons 
appropriate for the hidden layer based on the training 
sample. These models were compared using indicators 
such as entropy error, the percentage incorrect 
prediction, and area below the ROC curve. According 
to these findings, the best structure of the perceptron 

ANN model with 39 neurons for the input layer, 25 
neurons for the hidden layer, and 2 neurons for the 
output layer was selected with the lowest entropy error, 
the percentage incorrect prediction as well as the 
highest area under the ROC curve among others (Table 
2). 

Table 2. Best structure for perceptron artificial neural networks model based on varing the number of neruns in 
hidden layer 

Perceptron ANNs structure 
(Input/hidden/output) Entropy error Percent incorrect predictions Area under the ROC curve  

39/5/2 119.32 16.1 0.57 
39/6/2 112.61 16.1 0.65 
39/7/2 122.76 16.1 0.59 
39/8/2 125.21 16.1 0.49 
39/9/2 118.07 16.5 0.60 

39/10/2 115.31 16.1 0.64 
39/11/2 119.59 16.1 0.60 
39/12/2 ١١٦.88 16.1 0.64 
39/13/2 110.74 16.5 0.68 
39/14/2 115.44 16.1 0.62 
39/15/2 129.03 16.1 0.46 
39/16/2 117.81 16.1 0.59 
39/17/2 114.82 16.1 0.66 
39/18/2 128.18 16.5 0.54 
39/19/2 104.63 15.8 0.70 
39/20/2 126.50 16.5 0.56 
39/21/2 105.17 16.1 0.71 
39/22/2 115.26 15.4 0.66 
39/23/2 116.06 16.8 0.67 
39/24/2 108.03 16.1 0.70 
39/25/2 104.23 15.0 0.71 

Results are based on training sample 

 
 
According to the results of this model, the correct 

predictive power of patients with MDR-TB for both 
training and testing samples was 85% and 80%, 
respectively. This model showed 15% and 20% errors 
in predicting the incidence of MDR-TB in patients with 
TB based on training and testing samples, respectively. 
The importance of the individual, demographic, and 
clinical factors in the prediction of MDR-TB in TB 
patients was assessed using a scale based on the 
normalized importance index. Variables with a 
normalized importance index of more than 60% were 
considered very effective factors, variables with a 
normalized importance index of 20% to 60% as 
effective factors, and variables with a normalized 
importance index of less than 20% as ineffective 

factors. Therefore, based on this scale, the results of the 
perceptron ANN model for selecting important 
variables in predicting MDR-TB showed that the 
variables of marital status, education, drug use, 
imprisoned being, extrapulmonary TB, history of 
comorbidities, AIDS, age of patients, and family size 
had the greatest effect on the prediction of MDR-TB 
and were among the most effective factors in the 
diagnosis and prognosis of MDR-TB. Also, the 
variables of residence, smoking, and history of contact 
with a person with TB, pulmonary TB, and adverse 
effect of drug, nationality, and diabetes were identified 
as the effective factors, and the variables of the 
patient's gender and passives smoker were among the 
least effective factors in the prediction of MDR-TB in 
TB patients (Table 3). 
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Table 3. Importance of the effect of individual, demographic and clinical variables based on perceptron artificial 
neural networks model 

Variables Importance Normalized importance% 
Gender 0.020 19.7 

Age 0.099 100 
Marital status 0.069 69.2 

Education 0.079 79.7 
Residency area 0.039 39 

Nationality 0.026 26.1 
Family size 0.074 74.9 

Adverse effect 0.041 40.8 
Smoker 0.040 40.3 

Passives smoker 0.015 15.2 
Drug user 0.077 77.6 

TB contact 0.037 36.9 
Imprisoned 0.066 66.2 

Pulmonary TB 0.020 20.2 
Extrapulmonary TB 0.072 72.7 

Diabetic Mellitus 0.057 57.6 
HIV Positive 0.079 79.2 
Comorbidities 0.090 90.7 

 
Moreover, to better understand the importance of 

the factors affecting the prediction of MDR-TB in 
patients with TB, information on the normalized 

importance and importance indices have been marked 
graphically (from the most to the least impact; Figure 
2). 

 

Fig. 2. Effect of individual, demographic and clinical variables on the prediction of MDR patients based on 
normalized importance and importance index. 
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Discussion 
In many chronic infectious diseases, such as TB, 

the issue of diagnosis and treatment of patients is of 
great importance. Despite the effective drugs and 
treatment mechanisms that have been introduced in 
recent years to treat TB, the problem of MDR-TB has 
caused the failure of treatment for this disease. 
According to various studies, part of this failure is 
related to the patient and part to the treatment. 
However, some studies have identified factors such as 
incomplete treatment of the disease, misdiagnosis, 
voluntary discharge, and temporary discharge as the 
causes of MDR-TB and treatment failure strategies 
(10-12). However, the cause of MDR-TB should not be 
considered in terms of treatment alone. Various studies 
have shown that approximately 70% to 85% of patients 
with a history of previous treatment with anti-TB drugs 
had at least one drug resistance (13). Studies have also 
shown that the cause of MDR-TB and the failure of TB 
treatment strategies can be related to individual, 
demographic and clinical characteristics of patients, not 
just their treatment (10-11,14-15). 

Despite studies conducted on MDR-TB so far, 
researchers do not have comprehensive information 
about the role of individual, demographic and clinical 
characteristics of patients with this type of TB. This 
problem can be due to the difficulties in the diagnosis 
and treatment of patients with MDR-TB and due to the 
low incidence of this type of TB. However, individual, 
demographic, and clinical characteristics of TB patients 
may play a significant role in MDR-TB diagnosis and 
prognosis. Understanding which characteristics of the 
TB patient can be effective in diagnosing and 
predicting MDR-TB will be helpful in treating TB 
patients. For instance, AIDS and drug use have been 
shown to play a significant role in the development of 
MDR-TB. Therefore, clinically, patients with AIDS 
and addicts have a higher chance of developing MDR-
TB than other patients. As a result, physicians can have 
a higher predictive power before starting anti-TB 
treatments with the view that these patients are more 
likely to develop MDR-TB and also prescribe anti-TB 
therapies more effectively for these patients. 

There are a variety of statistical methods for 
diagnosing and predicting MDR-TB, as well as 
understanding the significance of individual, 
demographic, and clinical characteristics in predicting 
these patients, but these methods may not be able to 
make accurate predictions in patients with MDR-TB 
due to limitations in patients' data structure, 
information, and characteristics. Therefore, for the 
current study, a perceptron ANN model was designed 
and implemented as a new method with high flexibility 
and accuracy in predicting patients' data structure, 
information, and characteristics. This perceptron ANN 
model with 39 neurons in the input layer, 25 neurons in 
the latent layer, and 2 neurons in the output layer was 
applied for the diagnosis and prediction of MDR-TB in 
TB patients. Based on the results of this model, the 
correct predictive power of MDR-TB patients for both 
training and testing samples was 85% and 80%, 
respectively, which is considered a high degree of 
accuracy in prediction. In other words, this model was 
able to accurately predict and diagnose MDR-TB for 
85 and 80 patients out of every 100 TB patients in the 
training and testing samples, respectively. Various 
studies have also shown that perceptron ANNs have 
higher predictive power compared to a range of 
conventional statistical methods (16-22). In this study, 
in addition to determining the effect of different 
variables on the diagnosis and prediction of MDR-TB, 
the order of their importance was also assessed 
graphically based on the indicators of importance and 
normalized importance. One of the advantages of using 
ANN models is presenting the order of importance of 
the effective factors in the prediction of MDR-TB in 
patients with TB. This is particularly critical in 
community-based health policy and prevention. 

In the present study, the variables of marital status, 
education, drug use, imprisoned being, extrapulmonary 
TB, history of comorbidities, AIDS, patients’ age, and 
family size with a normalized importance index of 
above 60% had the greatest impact on the prediction of 
MDR-TB in TB patients. Also, the variables of 
residence, smoking, and history of contact with a 
person with TB, pulmonary TB, and adverse effect of 
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drug, nationality, and diabetes with a normalized 
importance index between 20% and 60% was 
introduced as the effective factors in predicting the 
disease of MDR-TB. The findings of this study can be 
used to supplement previous research in terms of 
diagnosing and predicting MDR-TB. Several studies 
have shown that when diagnosing and predicting 
MDR-TB, researchers and physicians paid less 
attention to the individual, demographic, and clinical 
characteristics of patients. Treatment problems were 
found to be effective in developing MDR-TB in the 
majority of these studies (2,5,23). 

The authors of this article hope that with the results 
of this study, physicians will be able to predict which 
patients are more likely to develop MDR-TB than 
others before starting treatment for TB patients. The 
findings of this study showed that individual, 
demographic and clinical characteristics (such as old 
age of patients, history of other diseases (e.g. cancer, 
liver disorders, hyperthyroidism, heart disease, etc.)), 
the low level of education (especially illiterate patients 
with primary and secondary education), AIDS, history 
of drug use, number of household members 
(households one to five), extrapulmonary TB, marital 
status of patients (married patients, and widowed and 
separated patients) and having a history of being a 
prisoner were highly effective in predicting the 
development of MDR-TB. Therefore, in order to 
control and treat MDR-TB, clinicians should pay more 
attention to the characteristics of patients in the 
treatment of TB patients since the results of this study 
showed the individual, demographic and clinical 
characteristics of TB patients in addition to the way 
they are treated affect the risk of developing MDR-TB.  

 
Conclusion 

The use of the perceptron ANN model in the study 
of patients with MDR-TB due to high prediction 
accuracy and insensitivity to the data structure, 
information, and characteristics of patients is able to 
open new horizons in the diagnosis, prediction, and 
control of MDR-TB. 
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