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Abstract. Background. HBV infection is a major health problem which may be life-threatening. Vitamin D (VD) is in-

volved in various pathophysiological mechanisms in a plethora of diseases. And also, there is a strong demand for the 

prediction of its severity using different methods. The study aims to evaluate performance of DT as one of the machine 

learning models in the prediction of severity in vitamin D deficiency. Methods. In total, data containing serum VD levels 

were collected from 292 CHB patients. The independent characteristics such as: age, sex, weight, height, zinc, BMI, body 

fat, sunlight exposure, and milk consumption were used for prediction of VD deficiency. 60% of them were allocated 

to a training dataset randomly. To evaluate the performance of decision-tree the remaining 40% were used as the test-

ing dataset. The validation of the model was evaluated by ROC curve. Results. The prevalence of VD deficiency was high 

among patients (63.0%). The final experimentation results showed that DT classifier achieves better accuracy of 96 % and 

outperforms well on training and testing of VD dataset. Also, the areas under the ROC curve AUC is 0.78, when we ap-

plied DT algorithm with the significant variables by cross validation, the values of AUC = 0.78 and 85.3% accuracy were 

obtained. Conclusion. We concluded that the serum level of Zn is an important associated risk factor for identifying cases 

with vitamin D deficiency. Also, the risk of VD deficiency could be predicted with high accuracy using decision tree learn-

ing algorithm that could be used for antiviral therapy in CHB patients.
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ПРОГНОЗНЫЙ АНАЛИЗ ЭФФЕКТИВНОСТИ ДЕФИЦИТА ВИТАМИНА D С ИСПОЛЬЗОВАНИЕМ 

МОДЕЛИ ДЕРЕВА РЕШЕНИЙ

Османи Ф.

Исследовательский центр инфекционных заболеваний, Бирджандский университет медицинских наук, г. Бирджанд, Иран

Резюме. Актуальность. Печень является основным местом синтеза витамина D (ВД), участвующего в раз-

личных патофизиологических механизмах при различных заболеваниях. Поэтому важно спрогнозировать 

степень дефицита ВД при помощи различных методов. Наше исследование было направлено на оценку эф-

фективности дерева решений (DT) как одной из моделей машинного обучения для прогнозирования степени 

дефицита ВД. Методы. Всего было обследовано 292 пациента с ХГВ. У каждого из них определен уровень ВД 

в сыворотке. Для прогнозирования дефицита ВД использовались независимые характеристики, такие как 

возраст, пол, вес, рост, содержание цинка, индекс массы тела, жировые отложения, частота и продолжитель-

ность воздействия солнечного света и потребление молока. Информация 60% пациентов была внесена в об-

учающий набор данных случайным образом. Для оценки эффективности дерева решений результаты иссле-
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дований оставшихся 40% пациентов были использованы в качестве набора данных тестирования. Валидация 

модели оценивалась кривой ROC. Результаты. Распространенность дефицита ВД среди пациентов была вы-

сокой (63,0%). Окончательные результаты экспериментов показали, что классификатор DT обеспечивает точ-

ность 96% и превосходит по производительности при обучении и тестировании набора данных о ВД. Кроме 

того, площади под кривой ROC AUC составила (0,78) при применении алгоритма DT со значимыми перемен-

ными путем перекрестной проверки, с получением значения AUC = 0,78 и точности 85,3%. Заключение. Мы 

пришли к выводу, что уровень цинка в сыворотке крови является важным сопутствующим фактором риска 

для выявления случаев дефицита ВД. Кроме того, риск дефицита ВД можно предсказать с высокой точно-

стью с использованием алгоритма обучения дерева решений. Полученные данные можно применять в ходе 

противовирусной терапии у пациентов с ХГВ.

Ключевые слова: дефицит витамина D, дерево решений, машинное обучение, вирус гепатита B, витамин D, кривая ROC.

Introduction

HBV infection is a major health problem which 

may be life-threatening due to its frequent severe 

complications. In the other hand, VD is an essential 

vitamin that has powerful influence on several parts 

of the human body. Nearly one billion people highly 

suffered from VDD across the globe [4].

Most chronic conditions such as autoimmune dis-

eases and infectious diseases can be affected by VD 

levels. VDD is a public health problem and is highly 

prevalent worldwide, so that, it’s prevalence is report-

ed 79% in Iranian adults [5].

There is strong evidence about the association be-

tween VD and various chronic liver diseases in dif-

ferent stages [29]. Previous studies have reported 

that there is an association between vitamin D and 

hematological factors [3]. Machine learning models 

will be useful in discovering new patterns of the etiol-

ogy and thus preventive public health measures can 

be applied effectively. The traditional severity predic-

tion of VDD have used questionnaires with statistical 

models such as Linear Regression (LR) [9].

In previous studies, the results were compared be-

tween the statistical models and they have not used 

the machine learning algorithms for the severity pre-

diction. The traditional statistical model like LR is used 

to predict the severity of VDD but its performance 

is deprived due to its predictive performance limit and 

many parameters [7, 10]. Currently, the analysis of VD 

status is highly expensive, and it is identified using 

the biochemical methods. The research gap identified 

urges to condense the cumbersome analytical proce-

dures in identifying VDD among the patients [28].

So, the main objective of this study is to evalu-

ate the DT classifier in the prediction of severity 

in VDD. And also determine the associated risk fac-

tors related with VDD by using DT algorithm, in an 

Iranian CHB patients.

Method

Two hundred and ninety-two HBV-infected pa-

tients were enrolled for this cross-sectional study. 

Patients were selected randomly according to con-

sent to participate. In this study, we used input pa-

rameters such as age, sex (male/female), weight (kgs), 

height (m), BMI (kg/m), grade and the activity of fi-

brosis, Sunlight Exposure/Day (hrs.).

Written consent was obtained from the all of pa-

tients. Patients with any auto-immune diseases, oth-

er viral hepatitis (HCV, HDV, and HIV) and other 

causes of liver disease, VD, calcium supplement use 

or injection in the last six months were excluded.

The inclusion criteria were: patients who were 

admitted to the infectious disease’s outpatient clinic 

with the diagnosis of CHB with the approval of the 

infectious specialist and willingness to participate 

in the study.

The laboratory tests were performed with 10 cc 

of venous blood was taken from patients (14 h over-

night fast). The serum levels of VD were measured 

using a COBAS e411 analyzer, manufactured by 

Mannheim Roch diagnostic Gmbh in Germany, 

with the Elecsys kit (REF 0589413). CBC was meas-

ured in whole blood samples.

Total VD levels were measured in the serum 

samples, then, VD status was classified as normal 

(≥ 30 ng/ml), insufficient (20–29.9 ng/ml), and de-

ficient (< 20 ng/ml) [27, 31].

Decision Tree (DT). DT Classifier is a well-known 

supervised ML tool that is used for solving classifica-

tion problems and it has a tree-like model or graphs. 

The DT can capture the decision-making knowledge 

from the given data [12]. In DT that every branch in-

dicates the output of the test set and every leaf node 

represents the particular label. The classification 

rules are represented by the path from the root node 

to the leaf node.

For our VDD severity modeling, each node in the 

tree predicts the deficiency severity and each branch 

indicates the states of the variable [19].

ROC curve. ROC curves are used to evaluate 

the performance of multiclass classifier problems. 

The ROC curve has false positive rate on X-axis and 

true positive rate on Y-axis. In the ROC curve top-

most left edge of the plot considered to be the ideal 

point and the steepness of the curve also very im-

portant since the TPR value should maximize and 

the FPR should be minimized [20].

Statistical analysis. All statistical analyses were 

carried out using R version 3.4.2. The significance 
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in all of these tests was two-tailed with a 5% sig-

nificant level. The ROC curve sensitivity, specificity 

were measured for comparison. Several types of DT 

learning techniques (CART) [15], C4.5 [26], were 

implemented on the datasets.

Results

Generally, 48.6% were male; with mean age 

29±5.3; and 52.2% female with mean age (31.5±7.8). 

The data were divided into a training and testing 

dataset (60% vs 40%) respectively. A decision tree 

was built on the training dataset. The testing dataset 

were used to assess the model. Gini index was used 

for selecting the variables in the algorithm to achieve 

final tree. The training and test datasets were simi-

lar to each other roughly. The results showed that, 

age, BMI as potential predictors of VDD (P va-

lue < 0.001) (Table). Hence, these variables were used 

in DT model.

DT was learned for the training dataset by us-

ing variables with significant correlation with VDD 

(P value < 0.001).

The final DT, with size 17, 9 leaves and 6 layers 

is shown in Fig. 1

Fig. 2 showed the accuracy, ROC curve, sensitiv-

ity, specificity values for predicting VDD in train-

ing set. The areas under the ROC curves is (0.78), 

Table. Characteristics of variables

Variables Training dataset Validation dataset
Pearson correlation 

coefficients
p value

Age 36±12 35±11 0.32 < 0.01

Sex
Male 72.7% 73.1%
Female 27.3% 26.9% –0.03 0.008

BMI 24.20±4.21 25.32±2.84  0.10 < 0.001
AFP (U/L) 6.56±16.51 6.69±21.49 0.10 < 0.001
AST (U/L) 54.17±23.73 55.78±31.62 0.12 < 0.001
ALT (U/L) 61.84±36.89 61.84±38.19 0.06 0.008
Hemoglobin (Hb) 14.03±1.47 14.03±1.62 –0.02 0.005
Albumin (g/dL) 3.39±0.47 3.40±0.53 0.05 0.064

Platelet count (× × 109/L) 216.48±53.64 214.55±55.5 0.07 < 0.12

Figure 1. Decision tree with training dataset in CHB group (model 2)
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When we applied DT algorithm with the significant 

variables by cross validation, the values of 0.78 ROC 

and 85.3% accuracy were obtained, which is similar 

to the obtained results of applying training and test 

sets one by one.

Discussion

The main objective of this study is to evaluate 

the performance of machine learning model in the 

prediction of VDD. The prediction accuracy was cal-

culated and compared with the training and testing 

set. We have used various parameters in the severity 

prediction.

A main strength of the current study was that it has 

explored a new application of the DT model for exam-

ining and evaluating the predicators related to VDD 

among CHB Iranian population. Result of this study 

showed that the serum zinc as a potential factor 

of VDD which is similar with previous studies [21, 23].

This study shows that insufficiency of VD occurs 

more frequently among CHB patients.

A high prevalence of VDD (> 80 %) in chronic 

liver disease has been reported to be associated with 

liver disease progression [25]. VDD occurs rather of-

ten among the elderly population[22].

In the current study, deficiency and severe VDD 

were observed more frequently in patients with HBV-

related liver disease and were found significantly as-

sociated with the end-stage of liver cirrhosis; so, our 

study is in line with previous studies which have in-

dicated an association of VD levels with CHB [5]. 

The results of this research work proved that the ma-

chine learning models especially the random forest 

classifier accurately predict the severity of VDD [14]. 

This machine learning classifier will have a greater 

opportunity in the real-world medical domain which 

would assist experts to efficiently identify the severity 

of VDD.

The future direction of our research is to validate 

the model with a different type of VD datasets of all 

age groups.

In a period (1990–2010), the prevalence of VDD 

was studied in Iranian society and according to the 

results, in all regions; both sexes had moderate and 

significant VDD [2, 32]. A study showed that VDD 

existed in many CHB patients. Decreased liver func-

tion due to HBV-induced injuries to liver cells can be 

one of the causes of VDD in CHB [24, 30].

One of the interesting finding of this study was 

the pretense of serum zinc as a substantial factor 

for VDD which is in line with other researches [15].

A previous study has shown a significant correla-

tion between serum level of VD and low serum levels 

of zinc among Iranian population aged 10–18 years 

old [6]. In addition, another study had reported a sta-

tistically association between serum level of VD and 

serum levels of zinc among Iranian pregnant women. 

Their findings showed 37% VDD and 23% of them 

had zinc deficiency [8].

Data mining analysis has the potential ability 

to select patients with VDD based on the possibil-

ity of response to treatment against a various fac-

tors. Moreover, it may provide a rationale to improve 

the efficacy of therapy. Similarly, CART analysis 

recognized several variables which were not associ-

ated with response by standard statistical model sig-

nificantly [18]. The fitted DT model could identify 

few demographic characteristics such as age and sex 

as significant factors associated with VDD.

In this study, significant association was found 

between serum levels of vitamin D3 and BMI. In the 

different studies on the prevalence of VDD showed 

that VDD prevalence was various based on regions 

and Iranian population [1, 16]. In this study, however, 

VDD was not related with liver function parameters, 

probably due to that VD serum levels are affected by 

different factors [11, 13, 17].

One of the limitations of this study was influencing 

factors such as seasonal variation, diet and geographi-

cal habitation on Serum VD levels. We recommend 

more sensitivity and specificity prediction models, 

which be able to specify having VDD exactly.

Conclusion

This study provides an easy to use classification 

rules for classifying risk factors related with VDD that 

can be useful to improve programs for its management.
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Figure 2. ROC curve of both decision tree models
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