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Pe3rome.

Hctopus Bonpoca: undexuuss BI'B sBnsercs cepbe3Hoit npobiemoit st
3I0POBBSI, KOTOpPAst MOXKET OBITh onacHo# s ku3Hu. Butamun D (B/l) yaactByer
B Pa3JIMYHBIX NATO(PU3NOIOTHIECKUX MEXaHU3MAaX MPHU PA3INYHBIX 3a00JICBAHUSIX.
Takke ecTb OoJblIasi HEOOXOAUMOCTh B MPOTHO3UPOBAHUU €T0 CTETEHU TKECTU
Py TIOMOINU Pa3IMYHBIX METON0B. Harre wcciemoBanue ObUIO HAmMpaBlICHO Ha
onieHky addexktuBHOocTH DT Kak ogHOW M3 MOAENEH MAIIMHHOTO OOY4YeHHUs s

MPOTHO3WPOBAHUS CTENeHU aeduiuta Butamuna D.

MeTtoanl. Beero 66110 06cnenoBano 292 nanuenta ¢ XI'B, y KOTOpbIX ObUTH
oueHenbl ypoBuu BJl B cwiBopoTke. s mporHo3upoBanus aedunura BJ]
WCIIOJIb30BAINCh HE3aBUCHMBIE XapAaKTEPUCTUKHU, TAKWE KaK BO3pacT, MOJI, BEC,
poct, muHK, UMT, XupoBbIE OTIIOKEHUS, BO3JCHUCTBUE COJHEYHOTO CBETA M
noTtpebnenue mojioka. 60% u3 HUX ObUIM BHECEHBI B 00yYaroluii HaOOp JaHHBIX
ClydyailHbIM 00pa3oMm. [l OIIEHKHM NpPOU3BOAUTEILHOCTH JiepeBa pelieHun
octasiuecs 40% ObLIN UCTIOIB30BaHbI B KaUeCTBE HA0Opa JaHHBIX TECTUPOBAHUS.

Bamunanus moaenu onenuBanack kpuoit ROC.

Pe3yabTatsl. Pacipoctpanennocts Aehunuta BJl cpenu nanueHToB Obliia
BBICOKOI (63,0%). OKOHUYATENbHBIE PE3YNbTATHl 3KCIEPUMEHTOB IOKA3aId, YTO
knaccupukarop DT obecneunBaer myunryo TouyHOCTh 96% U TPEBOCXOAUT MO
IIPOU3BOAUTENILHOCTU IPU O0YUYEeHHUH U TecTUpoBaHMHU Habopa naHHbIX VD. Kpome
toro, miomanu noa kpuBor ROC AUC cocraBuna (0,78) mpu npuMeHeHUU
anmroputMa DT co 3HaYuMBIMU TTEpEMEHHBIMU MTyTEM MEPEKPECTHON TPOBEPKH, C

nosryaeruem 3Hadenuss AUC = 0,78 u touroctu 85,3%.

3akiroueHue. Mbl NPUIIIM K BBIBOAY, YTO YPOBEHb LIMHKA B CBIBOPOTKE
KPOBH SIBIISIETCS BaXHBIM COMYTCTBYIOIIMM (DAKTOPOM pHCKa 7S BBISBICHUS
ciydyaeB aeuuura ButamuHa D. Kpome Ttoro, puck nepuumra BJ[ moxHO

IpeJCcKa3aTh C BBICOKOW TOYHOCTBIO C HCIIOJNB30BAHMEM AallOPUTMa OOy4YeHUs
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JiepeBa peleHru, KOTOPhI MOXKHO MPUMEHSTH [ TPOTUBOBUPYCHOM Tepanuu y

naimenToB ¢ XI'B.

KaroueBble ciaoBa: nepunut ButamuHa D, nepeBo pemieHuii, MammHHOE

o0yueHue, pupyc renarura B, Buramun D, kpuBas ROC.

Abstract.

Background: HBV infection is a major health problem which may be life-
threatening. vitamin D (VD) is involved 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 testing 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 applied 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
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of VD deficiency could be predicted with high accuracy using decision tree learning

algorithm that could be used for antiviral therapy in CHB patients.

Key words: Vitamin D deficiency, Decision tree, Machine Learning,
Hepatitis B virus, Vitamin D, ROC curve
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Introduction

The liver is a basic place for vitamin Dssynthesis, where 25-hydroxylation
occurs and a large portion vitamin Dsbinding protein is manufactured(1). Vitamin
D3 plays an emerging role in inflammatory and metabolic liver diseases. There is
strong evidence about the association between vitamin Dsand various chronic liver
diseases in different stages (2). About 240 million individuals are infected with HBV
chronically in the whole world (3) It has been shown that vitamin Dshas very
important biologic effects. Vitamin D3 levels may affect the immune system and host
response to viral infections, like HBV infection(4).
Recent researches have shown a relationship between hematological factors and
vitamin D. As an example, a  study had shown that hematocrit (HCT) and
hemoglobin (HB) levels are increased by taking vitamin D significantly for a period
of 4 months in chronic kidney patients undergoing hemodialysis(5). Different
researches indicated that low levels of vitaminDj3 are associated with high levels of
HBV replication in CHB infection recently. Although, a study found a positive
correlation between HBs-Ag seroclearance and vitamin D3 levels. The other reported
a significant correlation between low levels of serum vitamin D3 and higher levels
of HBV replication (5). Recently, data mining techniques such as Classification trees
have been used as prediction, classification, and diagnosis tool(6). Alternating
decision tree (ADT) technique combines the simplicity and effectiveness of boosting
together in a single decision tree(7).
Therefore, in this study, at combining the serum biomarkers and clinical
information, our basic purpose was to determine the associated potential risk factors
related with vitamin D deficiency by using decision tree algorithms, in an Iranian

CHB patients in compare to healthy population.

Method
This study was undertaken in Khorasan Jonoobi province in 2019 in the one of

outpatient clinic of infection diseases.
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Patients were selected randomly according to consent to patriciate since the
beginning of the study. Finally, 292 patients with CHB (Hbs-Ag positive, anti-
HBs negative), were included in the study according to calculated sample size by
the following formula with power of 90%. In addition, 330 natural immunized
persons (HBsAg negative, anti HBs has normal liver enzymes who have not received
antiviral treatment were included. healthy group were selected from collected

samples of the master plan of the province(8).

2

Zl_g + Zl_ﬂ

n= ﬁ +3
0.5InC""
1-r

Written consent was obtained from the all of patients. Patients with any auto-
Immune diseases, cancer, severe renal disease, cardiovascular disorders, pregnancy,
diabetic disease, thyroid disorders, other viral hepatitis (HCV, HDV, HIV) and other
causes of liver disease, vitamin D, calcium supplement use or injection and hormone
therapy in the last six months were excluded.

The inclusion criteria for CHB patients were: patients who were admitted to the
infectious disease's outpatient clinic with the diagnosis of CHB with the approval of
the infectious specialist according to clinical and serological signs, age >18 years
and willingness to participate in the study. Finally, a total of 292 patients were met
the inclusion criteria.

In addition, 330 healthy subjects without a history of hepatitis B disease with any
auto-immune diseases, cancer, metabolic bone disease, cardiovascular
disorders, malabsorption or thyroid, adrenal diseases were selected as healthy
control group. The laboratory tests were performed with 10 cc of venous blood was
taken from patients and healthy controls (14 h overnight fast). The blood serum

was separated by centrifuging blood samples (Hettich model D-78532) and

stored at 80 ©C for future analysis. The serum levels of vitamin D3 were measured

using a COBAS e411 analyzer, manufactured by Mannheim Roch diagnostic Gmbh
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in Germany, with the Elecsys kit (REF 0589413). Complete blood count (CBC)
was measured in whole blood samples.

The data were including demographic characteristics such as age, sex, and also
clinical factors including: body mass index (BMI), grade and the activity of fibrosis,
and routine laboratory tests, like, alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alpha-fetoprotein (AFP), hemoglobin (Hb), levels of total
cholesterol, LDL, HDL, FBS platelet count, glycated hemoglobin (HbA;C),
creatinine, serology finding, glucose and platelet count. Total vitamin Dslevels were
measured in the serum samples. Based on the WHO, a level of 30 ng/mlor above is
considered as vitamin D5 sufficiency(9). Then, vitamin D status was classified as
normal (>30 ng/ml), insufficient (20-29.9 ng/ml), and deficient (<20 ng/ml)(10).

Decision Tree (DT)

Data mining technique is favorite for all researchers as a method to extract
unknown patterns. Decision tree algorithm is one of most popular procedure
which creates a tree-structured model(11). By using this method, cases divide
into separate groups or according to values of predictor variables, values of a
target variable predicts (12). This algorithm has three types of nodes, including,
the root, internal, and end nodes. By using all predictor variables, root node,
including the all dataset, is split into subgroups. This method makes the nodes
several times, up to form the homogenous subsets according to target
variable(13). Variables with the best rate of splitting criterion remain in the
model. Gini index is used as a splitting criterion(14). Decision nodes determine
a collection of features. By this procedure, progressively all leaves are created.
To confirm the reproducibility of the results, both internal and external validation

was used to validate the generality of the DT algorithm.
Internal validation was performed by 10- fold cross-validation which is used to

assess the performance of a model and a technique for evaluating how the results
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of a statistical analysis will generalize.
External validation was performed using samples collected from a collaborating
study by 150 patients which was independent from our dataset completely. With

no significant differences in the variables of these two groups(15).

Statistical Analysis

The analyses were done by R statistical software, ver (3.4.1). to construct the
decision tree, 60% of the data were chosen as training dataset. The remaining 40%
were used to assess the performance of the model as testing dataset. For the
multivariable analysis for factors associated with vitamin D deficiency, logistic
regression model was used. The significance in all of these tests was two-tailed with
a 5% significant level. The ROC curve sensitivity, specificity were measured for
comparison. Several types of decision tree learning techniques (CART) [24],
C4.5(16), were implemented on the datasets.

This study was approved by the ethics board committee of Birjand University of
Medical Sciences, reference number: IR.BUMS.REC.1398.324.

Results

Out of the all subjects who participated in the study, 48.6% were male in the
case group; with mean age 29 + 5.3; and 52.2% female with mean age (31.5 + 7.8);
also, of the 330 healthy subjects, 22.1% male; mean age 23.1+7.7; and 77.8% female
with mean age29.1+£11.7. So; distribution of gender was similar in patients' group.
Data expressed as mean + SD unless otherwise was stated. 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.
Variables such as age, sex, zinc, FBG, HDL, RBC, MCV, MCHC, and HCT were
entered to this model. These variables were different between two groups
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significantly. The training and test datasets were similar to each other roughly. The
results identified age, BMI and AST as independent predictors of vitamin D
deficiency, with significant correlation (P.value<0.001) (Table.1). Therefore, these
variables were used in model 1(DT for healthy subjects).

Decision tree was learned for the training dataset by using variables with significant
correlation with vitamin D deficiency (p.value<0.001) including variables such as
age, BMI, AST, ALT, and AFP.

Figure.1 shows the decision tree diagram of fitted model 1. In this figure,
vitamin D deficiency is the main variable as shown with YES while insufficiency
or sufficient vitamin D were shown as No in both groups. The patient and control
groups' vitamin D deficiency were scored using summing all of the prediction
nodes. If it is more than or equal to zero, then the case is high risked to have vit
D deficiency and conversely. Positive figure of prediction nodes raise the
probability of vit D deficiency or a negative one decreases it. Age group, Sex,
serum levels of ALT, ALP, AFP, histological stage of fibrosis were associated by
the standard univariate and multivariate analysis (Table 2).

Figure.3 showed the accuracy, ROC curve, sensitivity, specificity values for
predicting vit D deficiency in training set. The areas under the ROC curves is (0.78),
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.

The extracted rules from both DT algorithm for CHB patients and healthy groups

were shown in Table 3 and Table 4 respectively.

Discussion

This study was conducted for the first time in this region in East of Iran
regarding vitamin Dspattern in patients with CHB and healthy group to investigate
factors associated with vitaminDj3 deficiency by using DT algorithm technique.
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In a period (1990-2010), the prevalence of vitamin Dsdeficiency was studied in
Iranian society and according to the results, in all regions; both sexes had moderate
and significant vitamin Dsdeficiency(17, 18). Nghiem.et al showed that vitamin
Dsdeficiency existed in many CHB patients and this deficiency had a relationship
with the complications and outcome of the disease. Decreased liver function due to
HBV-induced injuries to liver cells can be one of the causes of vitamin D3 deficiency
in CHB(19, 20).

A substantial key finding of this study was exploring a new usage of the DT model
for analyzing the predicators associated with vitamin D deficiency, which has not
been studied formerly. In addition, the other major strong of this study was that it is
the first model that determine vitamin D deficiency by using blood count parameters
along with other variables as a component.

One of the interesting finding of this study was the pretense of serum zinc as a
substantial factor for vitamin D deficiency which is in line with other researches
(21).

A previous study has shown a significant correlation between serum level of vit D
and low serum levels of zinc among Iranian population aged 10-18 years old(22). In
addition, another study had reported a statistically association between serum level
of vit D and serum levels of zinc among Iranian pregnant women. Their findings
showed 37% vitamin D deficiency in pregnant women and 23% of them had zinc
deficiency(23, 24).

One other interesting obtained result, was the presence of FBG after serum zinc. If
FBG was <98 (mg/dl), then, hematological factors specify the other layers of tree.
In these persons MCV and MCHC were the other effective agents for vitamin D
deficiency. It has been made clear that deficiency of vitamin D can weaken insulin
secretion which is a major agent in the pathogenesis of T2DM(25). Despite of
vitamin D receptor, it was shown that the synthesis and secretion of insulin can be
induced by 250HD in islet beta cells(26). Another important finding of this model
was that for the individuals had FBG<98 (mg/dl), MCHC and MCV were the
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indicators of having or not having vitamin D deficiency. These findings are in line
with other studies reported a relationship between 250HD and hematological
factors(27).

Data mining analysis has been used to investigate hidden patterns in datasets , so it
can be applied to build prediction models(28). In the present study, the relationship
between AFP levels and chronic HBV patients was investigated. This finding that
AFP was obtained as a significant factor related with vitamin D deficiency in both
DT and the multivariate logistic models was interesting.

Antiviral therapy, the concomitant decrease in AFP and ALT levels indicated that
inflammation presence and hepatocellular injury were the most important reasons of
high AFP in these patients. This model have the potential ability to select patients
with Vitamin D deficiency based on the possibility of response against a various
factor. Moreover, it may provide a rationale to improve the efficacy of therapy.
Similarly, CART analysis recognized several variables which were not associated
with response by standard statistical model significantly(29). The fitted DT model
could identify few demographic characteristics such as age and sex as significant
factors associated with Vitamin D deficiency.

BMI higher than normal is considered to be an effective factor in the level of vitamin
D3stores. In this study, significant relationship was found between serum levels of
vitamin D3and BMI. This result was in line with other studies.

In the published studies on the prevalence of vitamin D3deficiency showed that
vitamin D3deficiency prevalence was significantly different based on geographical
regions in Iranian population(30, 31). In this study, however, vitamin D3deficiency
was not correlated with liver function parameters significantly, probably due to that
vitamin D3serum levels are affected by multiple factors (1, 32, 33), our results

confirm a correlation between HbA1C loads and vitamin D3levels in patients’

group.
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Some limitations of this study were: influencing of several factors on Serum
vitamin D3 levels; such as: seasonal variation, diet and geographical habitation.
However, any information about these affecting factors for study subjects was not
available. The authors aim to develop more sensitivity and specificity prediction
models, which be able to specify having vitamin D deficiency more exactly in their
future studies.

Conclusion

In this study, we used biochemical and hematological factors as input variables in
both CHB and healthy Iranian subjects and the findings specified the associated
factors to vitamin D deficiency. Current study acquires a convenient way to apply
classification rules for classifying potential factors related to vitamin D deficiency.
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FIGURES

Fig. 1. Decision tree with training dataset in healthy group (model.1)
Puc. 1. JlepeBo pemienuii ¢ 00yyaronmm HabopoM JaHHBIX B 3J0POBOM IpyTIIe
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Fig. 2. Decision tree with training dataset in CHB group (model.2)
Puc. 2. JlepeBo pemienuii ¢ o0ydaromum HabopoM JaHHbBIX B Tpyrime XI'B (moxensb
2)

(" Yes:200(68.4) ™
\\_ Nn:SEt(Sl.E]_/

b4

<40

Yes:75(71.4)
No:30(28.5)

Yes:125(66.8)
No:62(33.2)

=40 Yes:13(71.4)
No:9(28.5) *
Yes:87(66)
No:45(74) Yes:38(91.8)
¥

No:17(8.2)
Yes:62(74.6) <40 ¢ >40
No:21(25.4)
Yes:26(68.4)
Yes:28(64.7) Yes:59(85.1) Ne:12(31.6)
No:31(35.3) No:14(14.9)

<44 =44 Male

Yes:38(74.5) Yes:24(75) Yes:16(64)
No:13(25.5) No:8(25) No:9(36)

<40

Yes:12(93.5)
No:5(6.5)
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Fig 3. Roc curve of both decision tree models.

Puc. 3. Roc-kpuBas o6enx Mojelel 1epeBa pelieHHi.

DT for model.1 =s=s=uu:

DT for model.2 =

100 - Specificity
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TABLES

Table 1: Characteristics of variables

10.15789/2220-7619-A0T-1642

Tadauua 1: XapakTepuCTUKU TEPEMEHHBIX

Variables Training | Validation Pearson P value
IlepemeHHbIE dataset dataset correlation P
Ha6op Ha6op coefficients 3HAYeHHe
JaHHBIX aaHHbIX s | KoadpPpuumentor
st BaJIUAANNH KOPPpeJsIIuH
00y4yeHust IIupcona
Age 36+12 35+11 0.32 <0.01
Bospacr
Male (72.7%) (73.1%)
Sex Female | (27.3%) (26.9%) -0.03 -0.03
ox 0.008
BMI Zi%(_}L + %.58?12 + 0.10 <0.001
NMT
ARP D) B wE | w | o™
ajab(a-
(peronporenn
(en/n)
ASTUD) EAA ) S
ACT (en/a)
ALT (U/L) 63165.35191 g%% - 0.06 0.008
AJIT (ea/a)
Hemoglobin ﬂ%?% %_46-83 * -0.02 0.005
(HDb)
I'emori00un
(Hb)
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(*109/L)
KoaundecTrBO
TPOMOOIIUTOB

(* 109 / 1)

i 3.39+ 3.40 + 0.05 0.064
Albumin 0.47 0.53
(g/dL)
AJbOyMUH (T
/ 1o1)
216.48 21455 0.07 <0.12
Platelet count {536 oy
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Table 2: Multivariate logistic regression analysis for factors associated with vitamin

D deficiency in CHB patients
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Ta6auna 2: MHOrOMepHBIM JTIOTUCTUYECKUI PErpecCHOHHBIN aHamu3 (HakTopoB,

CBsI3aHHBIX ¢ AedunuTom BuTamuHa D y manmentoB ¢ XI'B

Parameter Odds SE 95% CI P
IMapamerp ratio cpen 95% AU
CootH HEK
OIIIEH! Bajl
e par
HIAHCO nye
B cKa
s
(0310041
OKa
Age > 40 1.0 0.1 0.8- 0.86
Bg3pacT > 40 3 1.%
AFF > 10 ng/ml 1.1 U0 Jl.U- <0.01
TE—ﬂ)qe/TonpOTenH > 1 1
MJI
.o/ V.U U.53-U0.85 U.U01
Male gender 8
My:xcko# 1moJ
0.47 0.0 0.37- 0.001
Hb<14 0 059
ALP (> 290 TU/L
o é> 290 ME/.]%) 0 1.3- <0.01
1.7 1 22
ALI1 (> 40 1U/ 1.0 U.0 U.99-0.99 V.Ul
ANT (540 META
AST (> 40 1U/l) 1.0 0.0 0.99-0.99 0.01

ACT (>40 ME/x)
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Table 3. The extracted rules through the DT model for healthy subjects (model.1)

R1: IF Zn < 88 (mg/dl), THEN class: subject with deficiency (89.2%0)

R2: IF Zn > 88 (mg/dl) and FBG <98, THEN class: subject with deficiency (91.8%)

R3: IF Zn >88 (mg/dl) and FBG < 98and MCV< 92, THEN class: subject without
deficiency (6.5%)

R4: IF Zn >88 (mg/dl), FBG <98 and MCV<92, and MCHC<32 THEN class: subject
with deficiency (75%o)

RS: IF Zn >88 and FBG <98, MCV<92 and MCHC=32, THEN class: subject with
deficiency (93.4%)

R6: IF Zn >88 and FBG>98 and Hb<14, THEN class: subject with deficiency (64.7%0)

R7: IF Zn >88 and FBG>98 and Hb>14, THEN class: person with deficiency (85.1%0)

R8: IF Zn >88 (mg/dl), FBG>98 and Hb>14 and HCT <41, THEN class: person
without deficiency (8.5%0)

R9: IF Zn >88 (mg/dl), FBG>98 and Hb>14 and HCT >41, THEN class: person with
deficiency (44.5%)

Ta6auna 3. [Ipasuna, u3BiaedeHHse ¢ ToMOIIBI0 Moaeau DT mist 3mopoBeIX CyOBEKTOB

(monens 1)

R1: ECJIA Zn <88 (mr / n1), TO knacc: moasep:ken nepuunty (89,2%)

R2: ECJIA Zn > 88 (mr / ni1) u BBP <98, TO kiaacc: noaBep:ken aepunury (91.8%0)

R3: ECJIM Zn =88 (mr / no1) u FBG <98 u MCV <92, TO kiacc: He moaBepKeH
nepuuuty (6.5%0)

R4: ECJIM Zn >88 (mr / ni), FBG <98 u MCV <92 u MCHC <32TO kJaacc:
noaBep:xkeH aepunuty (75%0)

RS: ECJIM Zn >88 u FBG <98, MCV <92 u MCHC=>32, TO kaacc: noaBep:xkeH
nepunurty (93.4%)

R6: ECJIN Zn >88 u FBG>98 u Hb <14, TO kaacc: moaBep:xkeH aegumury (64.7%0)

R7: ECJIN Zn >88 u FBG>98 u Hb>14, TO kaacc: moasep:xken nepumury (85.1%0)

R8: ECJIM Zn >88 (mr / ni1), FBG>98 u Hb>14 u HCT <41, TO kjacc: He NOABEPKEH
nepuuuty (8.5%0)
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R9: ECJIA Zn >88 (mr / ni), FBG>98 u Hb>14 u HCT> 41, TO kaacc: He MoABepKeH
nepunurty (44.5%)
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Table 4. The extracted rules through the DT model for CHB patients (model.2)

R1: IF Age>40, THEN class: subject with deficiency (66.8%0)

R2: IF Age>40and BMI>28, THEN class: subject with deficiency (91.8%o)

R3: IF Age>40, BMI>28 and AFP <8 THEN class: subject without deficiency (6.5%0)

R4: IF Age>40, BMI>28 and AFP >8 THEN class: subject with deficiency (75%o)

RS5: IF IF Age>40 AND BMI<28, THEN class: subject with deficiency (66%0)

R6: IF Age<40 and AST>40 THEN class: subject with deficiency (71.4%)

R7: IF Age<40, THEN class: person with deficiency (85.1%o)

R8: IF Age<40 and AST<40, THEN class: person without deficiency (25.4%0)

R9: IF Age<40, AST<40, and HbA1C<44 THEN class: person with deficiency (74.5%)

R10: IF Age<40, AST<40 and HbA:C>44 THEN class: person with deficiency (75%)

Tadaununa 4. [TpaBuiia, u3BiaedeHHble ¢ nomolbio Moaenu DT pis nanuentos ¢ XI'B

(Mmonenb 2)

R1: ECJIA Bo3pacrt 240, TO kaacc: noasep:ken aepunury (66.8%0)

R2: ECJIA Bo3zpacr >40 u UMT> 28, TO knacc: noaBep:ken gepunnty (91.8%)

R3: ECJIM Bo3pact >40, UMT> 28 u A®II <8TO kuacc: He moaBep:KeH AeUIIUTY
(6.5%)

R4: ECJIM Bo3pact >40, UMT> 28 u A®II >8TO kaacc: noaBep:keH gepuuury
(75%0)

R5: ECJIM ECJIM Boszpact =40 U UMT <28, TO kiacc: noasepskeH ae@uuury
(66%0)

R6: ECJIA Bo3zpact <40 u ACT> 40 TO kaacc: noasep:xken gepuuury (71.4%)

R7: ECJIA Bo3zpact <40, TO kaacc: yenoBek ¢ gepuurom (85.1%0)

R8: ECJIA Bo3zpact <40 u ACT<40, TO kxaacc: yesoBek 0e3 nepunura (25.4%0)

R9: ECJIA Bo3pacr <40, ACT<40 nu HbA1C <44TO kiacc: 4ej10BeK ¢ 1ePUIHTOM
(74.5%0)
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R10: ECJIM Bo3spact <40, AST<40 n HbA1C>44 TO kaacc: 4yesioBeK ¢ 1epUIATOM
(75%0)
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