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ABSTRACT

Objective: Comparison of the performance of two artificial intelligence models using the Decision
Tree algorithm for predicting HbA1c = 6.5% based on biochemical test results at Bac Kan General
Hospitalin 2026.

Methods: A cross-sectional study was conducted at Bac Kan General Hospitalin 2026, involving 880
patients who underwent HbA1c and biochemical testing. Two Decision Tree models were developed
using SPSS software based on the CART method, with a 70/30 training-to-testing data split. Model A
utilized the variables of age, glucose, total cholesterol, triglycerides, AST, and ALT; Model B utilized
age, total cholesterol, triglycerides, AST, and ALT (excluding glucose). The performance of both
models was evaluated based on accuracy, sensitivity, specificity, and risk estimate.

Results: Among the 880 patients studied, the group with HbA1c = 6.5% exhibited statistically
significantly higher glucose and triglyceride levels compared to the group with HbA1c < 6.5% (p
< 0.05). Model A demonstrated superior performance to Model B on the test set, achieving an
accuracy of 79.8% versus 57.5%; sensitivities of 63.0% and 12.7%, respectively; specificities
of 89.7% and 90.6%; and error estimates of 0.202 and 0.425. In Model A, glucose was the most
important variable and served as the initial splitting node of the decision tree; when glucose was
removed, triglycerides became the model’s most important variable in Model B.

Conclusions: The Decision Tree algorithm can assist in predicting HbA1c levels = 6.5% based on
biochemical test results. Incorporating the glucose variable significantly improves the model’s
predictive performance, underscoring the crucialrole of glucose in developing artificial intelligence
models to screen for patients at risk of elevated HbA1c.
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TOM TAT
Muc tiéu: So sanh hiéu nang ctia hai mo hinh tri tué nhan tao s dung thuat toan Decision Tree
trong du bao HbA1c = 6,5% tir cac xét nghiém hda sinh tai Bénh vién Pa khoa B4c Kan nam 2026.

Phuong phap nghién ctru: Nghién cliu cat ngang trén 880 ngudi bénh dugc thuc hién xét nghiém HbA1c
va cac xét nghiém hoa sinh tai Bénh vién Pa khoa B4c Kan nam 2026. Hai mé hinh Decision Tree dugc xay
dung bang phan mém SPSS theo phuong phap CART véi ty & chia it liéu huan luyén/kiém tra la 70/30.
M6 hinh A strdung céc bién tudi, glucose, cholesterol toan phan, triglycerid, AST va ALT; m6 hinh B strdung
c4c bién tudi, cholesterol toan phan, triglycerid, AST va ALT (khéng bao gbm glucose). Hiéu nang cla hai
mé hinh dugc danh gia théng qua doé chinh xac, dé nhay, dé dac hiéu va sai s6 phén loai.

K&t qua: Trong 880 ngudi bénh nghién cttu, nhém HbA1c = 6,5% c6 nong dé glucose va triglycerid
cao han c6 y nghia théng ké so véi nhom HbA1c < 6,5% (p<0,05). M6 hinh A cho hiéu néng vugt
trdi so v&i mo hinh B trén tap kiém tra, vSi do chinh xac dat 79,8% so véi 57,5%; do nhay [an luot la
63,0% va 12,7%; d6 dac hiéu la 89,7% va 90,6%; sai s6 phén loai la 0,202 va 0,425. Trong mo hinh
A, glucose la bién cé mic dd quan trong cao nhat va la ndt phan tach dau tién chia cay quyét dinh.
Khi loai bo bién glucose, triglycerid trd thanh bién quan trong nhat ciia mé hinh B.

K&t luan: Thuat toan Decision Tree c6 kha nang ho trg du bao tinh trang HbA1c = 6,5% tif cac xét
nghiém héa sinh. Viéc bé sung bién glucose gitip cai thién ré rét hiéu ndng du béo ctia mé hinh, gép
phan khng dinh vai trd quan trong cuia glucose trong xay dung mé hinh tri tué nhan tao hé trg sang

loc ngudi bénh c6 nguy co tang HbA1c.

T khéa: Tritué nhan tao, Decision Tree, HbA1c, glucose, xét nghiém hdéa sinh.

1. DAT VAN DE

Dai thdo duong (DTD) la bénh khéng lay nhiém cé ty
& m&c ngay cang gia tang va gay ganh nang (6n dé&i véi
hé théng y té trén toan cau [1]. HbA1c phan anh ndong do
glucose mau trung binh trong khoang 2-3 thang va dugc
str dung réng rai trong chan doan, theo dbi kiém soat
dudng huyét va danh gia hiéu qua diéu tri DTD [2]. Tuy
nhién, do chi phi va yéu cau vé trang thiét bj, xét nghiém
HbA1c chuwa dugc chi dinh thudng quy tai nhiéu co sGy
té. Trong khi do, cac xét nghiém hda sinh nhu glucose,
cholesterol toan phan, triglycerid, AST va ALT dugc thuc
hién h&ng ngay véi chi phi thap va san cé tai hau hét
cac phong xét nghiém. Viéc khai thac dir liéu tur cac xét
nghiém nay dé ho trg du bdo HbA1c cé y nghia trong sang
loc ngudi bénh va téi wu hda chi dinh xét nghiém.

Nhitng nam gan day, tri tué nhan tao (Artificial
Intelligence - Al), dac biét la cac thuat toan hoc may
(Machine Learning - ML), dugc (ng dung ngay cang nhiéu
trong y hoc nham hé trg chan doan va du bao bénh [3].
Trong dd, Decision Tree (c8y quyét dinh) la thuat toan co
uu diém dé dién giai, dé trién khai va phu hgp véi cac hé

*Tac gia lién hé

théng hd trg quyét dinh lam sang [4]. Mac du da c6 nhiéu
nghién cu &ng dung hoc may trong dy bao dai thao
dudng tir nhigu yéu té ldm sang [5], nhung cac nghién ctu
sr dung dir liéu xét nghiém hda sinh thudng quy dé du
béo HbA1c = 6,5% dac biét la so sanh truc ti€p hiéu nang
gitta mé hinh cé va khéng cé bién glucose van con han
ché. Xuat phat tir thuc tién dé, nghién cttu dugc thuc hién
nham so sanh hiéu ndng clia hai mé hinh Decision Tree
du bao HbA1c 2 6,5% tu cac xét nghiém hoda sinh thuong
quy va danh gia vai tro cua glucose trong viéc nang cao
hiéu nang du bao ctia mo hinh.
2. PHUONG PHAP NGHIEN CUU
2.1. Thiét ké nghién ciru

Nghién cltu cit ngang trén 880 ngudi bénh két hop xay
dungva danh gia mé hinh du'bdo bang thuat toan hoc may
Decision Tree(Classification and Regression Tree - CART).
2.2. Dia diém, th&i gian nghién cru va ddi tuong nghién ciru

Nghién cttu duoc tién hanh tai Bénh vién Pa khoa Bac
Kan trong thdi gian tlr thang 01/2026 dén thang 07/2026
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trén déi tuwong trén 880 ngudi, chon mau thuan tién. Tat
cé céc trudng hop dap Ung tiéu chuén lua chon trong thoi
gian nghién ctu déu dugc duwa vao phén tich.

Tiéu chuén lua chon:

- Ngudi bénh tir 18 tudi trg én.

- CO két qua xét nghiém HbA1c dong thai vdi cac xét
nghiém hda sinh gbm glucose, cholesterol toan phan,
triglycerid, AST va ALT.

- HO sa xét nghiém day du va hgp & trén hé théng
théng tin xét nghiém(LIS).

- Ngudi bénh dong y tham gia nghién ctru.

Tiéu chuén loai trir:

- Thiéu mét hodc nhiéu bién nghién clu.

- Ngudi bénh khéng déng y tham gia nghién clu.
2.3. Bién sé nghién ciru

Bién phu thudc: HbA1c dugc phan loai thanh hai
nhém: HbA1c < 6,5% va HbA1c = 6,5%.

Bién déc [4p: Tubi(ndm), glucose(mmol/L), cholesterol
toan phan(mmol/L), triglycerid(mmol/L), AST(U/L), ALT(U/L).

Bién dau ra ctia mé hinh: D6 chinh xac(accuracy), do
nhay(sensitivity), dd dac hiéu(specificity), sai s& phan loai(risk
estimate), muc do quan trong cua bién(variable importance)

2.4. Ky thuat, cdong cu va quy trinh thu thap sé liéu

D{ liéu dugc trich xuét tir hé théng quan ly thong tin
xét nghiém (LIS) ctia Bénh vién Da khoa Bac Kan.

Ldy 4 ml méau tinh mach va céac chi s6 glucose,
cholesterol toan phan, triglycerid, AST va ALT dugc thuc
hién trén hé théng xét nghiém hoa sinh ty déng AU 680
Beckman Coulter, HbA1c dugc dinh lugng trén may HA-
1500 Dagnostic GmbH.

Sau khi lam sach dif liéu, bd dit liéu dugc chia ngiu
nhién theo ty & 70% cho tap huén luyén (Training) va 30%
cho tap kiém tra (Testing).

Hai m6 hinh Decision Tree dugc xay dung va phan tich:

- M6 hinh A: s dung cac bién dau vao gom: tudi,
glucose, cholesterol toan phan, triglycerid, AST va ALT.

- M6 hinh B: st dung cac bién dau vao gom: tudi,
cholesterol toan phan, triglycerid, AST va ALT (khong bao
gdm glucose).

2.5. Xtr ly va phan tich sé liéu

Sé lieu dugce xir ly bAng phan mém IBM SPSS Statistics
26.0 sau khi ldam sach va ma hda. M6 hinh Decision Tree
duoc st dung nham phan tang nguy ca HbA1c = 6,5% dua
trén cac bién dau vao bao gém tudiva céc chisé hda sinh.
D liéu dugc phan chia thanh tap huén luyén (70%) va tap
kiém dinh (30%) dé xay dung va danh gia mé hinh. Hiéu
nadng mo hinh dugc danh gia théng qua cac chi sé bao
gbm do chinh xac (accuracy), do nhay (sensitivity), dé dac
hiéu (specificity), sai s6 phan loai (risk estimate), cac quy
tdc phan nhanh cia mé hinh dugc phan tich nhdm phuc
vu dién giai lam sang.

2.6. Pao dirc nghién ctru

Nghién ctru dugc sy chap thuan ctia Ban Giam déc
Bénh vién da khoa B4c Kan va Hoi déng khoa hoc S&'y t&
tinh Thai Nguyén theo quyét dinh s& 1339/QD-SYT ngay

15 thang 06 nam 2026. Nghién clru sir dung bo s6 liéu xét
nghiém, khéng can thiép truc ti€p vao ngudi bénh. Thong
tin ca nhan dugc ma hoa va bao mat tuyét déi chi phuc vu
cho nghién curu.

3. KET QUA NGHIEN CcU'U
Bang 1. Dac diém cua déi tuvgng nghién clru theo phan
loai HbA1c (n=880)

Dic didm HbA1c <6,5% | HbA1c 26,5% p
(n=544) (n=336)

Tudi (nam) 59,76 £12,71 | 60,86 +13,17 | 0,221

<
Glucose (mmol/L) 5,29+1,22 10,11 £ 6,24 0,001
Cholesterol (mmol/L) | 5,21 +1,20 5,28+1,53 |0,454
Triglycerid (mmol/L) 2,18+2,13 2,69+3,74 |0,024
AST (U/L) 30,11 +14,81 | 32,66+ 31,14 | 0,160
ALT (U/L) 27,17 £ 20,02 | 28,30+ 19,44 | 0,412

Bang 1 cho thdy nhém HbA1c 26,5% cé ndong do
glucose va triglycerid cao hon cé y nghia théng ké so vdi
nhém HbA1c <6,5% (p<0,05), trong khi tudi, cholesterol,
AST va ALT khéng khéc biét c6 y nghia théng ké.

Bang 2. So sanh hiéu nang du bao cta hai mé hinh

Decision Tree

Chisé M’6 hinh A I\A’|6 hinh B
(C6 glucose) | (Khong glucose)
S6 bién dau vao 6 5
Bi€n phan tach dau tién Glucose Triglycerid
D6 chinh xac tap huén luyén (%) 83,4 66,7
D06 chinh xac tap kiém tra (%) 79,8 57,5
D6 nhay tap kiém tra (%) 63,0 12,7
D6 dac hiéu tap kiém tra (%) 89,7 90,6
Sai s8 phan loai tap kiém tra 0,202 0,425
S6 murc phan chia cla céy 1 3

Bang 2 cho thdy mé hinh A dat d6 chinh xac trén tap
kiém tra 79,8%, cao hon ré rét so véi mé hinh B 57,5%,
dong thai cé sai s6 phan loai thap hon, cho thay kha nang
du bédo tét hon.

Bang 3. Th ty mirc dd quan trong cuia cac bién trong

hai m6 hinh
Gia tri Gia tri
TT| M6 hinh A (Mdre do Mo6 hinh B (Mtrc do
quan trong) quan trong)
1 Glucose (0,197 (100,0%)| Triglycerid |0,010 (100,0%)
2 | Triglycerid | 0,007 (3,5%) ALT 0,008 (72,9%)
3 AST 0,005 (2,4%) AST 0,007 (68,9%)
4 ALT 0,001 (0,5%) | Cholesterol | 0,006 (55,7%)
5 | Cholesterol | 0,001 (0,4%) Tudi 0,001 (10,0%)

Bang 3 cho thay trong mo hinh A, glucose la bién
quan trong nhat vdi mic do quan trong 100%. Khi loai bd
glucose khdi mo hinh, triglycerid trd thanh bién cé vai tro
du bao l&dn nhat(100%), ti€p theo la két hgp vai ALT, AST va
cholesterol, tuéi.
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Hinh 1. C4u tric cay quyét dinh ctia hai mé hinh Decision Tree A (trai) va B (phai)

Hinh 1 cho thdy mé hinh A sir dung glucose (& bién phéan
tach dau tién véi ngudng 6,65 mmol/L. Trong nhém ngudi
bénh cé glucose < 6,65 mmol/L, 83,5% thuéc nhém HbA1c
<6,5%; nguoc lai, ¥nhém co glucose > 6,65 mmol/L, 83,3%
thuéc nhém HbA1c = 6,5%. M6 hinh B st dung triglycerid
3 bién phan tach dau tién voi diém cat 1,625 mmol/L.
Céc nhanh tiép theo dugc phan tach bai AST (17,5 U/L) va
cholesterol (3,845 mmol/L), tao thanh 7 nut. Nhdm ngudi
bénh cé triglycerid < 1,625 mmol/L chll yéu thuéc nhém
HbA1c <6,5% (71,3%), trong khi & nhanh triglycerid > 1,625
mmol/L, mé hinhtiép tuc phan loai bdng AST va cholesterol.

4. BAN LUAN

Trong nghién ctru nay, nhém HbA1c = 6,5% c6 nong
dd glucose trung binh cao hon ré rét so véi nhém HbA1c
<6,5% (10,11 £ 6,24 mmol/L so v&i 5,29 = 1,22 mmol/L;
p < 0,001). K&t qua nay phu hop vdi co sd sinh hoc cua
HbA1c, vi HbA1c phan anh nong do glucose mau trung
binh trong khoang 2-3 thang trudc dé [2]. Theo Hiép hoi
Paithao dudng Hoa Ky (ADA), ca HbA1c va glucose huyét
tuong déu dugc st dung trong chan doan daéi thao dudng
[6]. Do dd, su khac biét ré rét vé glucose gitra hai nhém
trong nghién ctu nay la phu hgp va budc dau khng dinh
glucose la bién c6 gia tri quan trong trong du bao HbA1c
= 6,5%. Nong do triglycerid & nhom HbA1c = 6,5% ciing
cao han cé y nghia théng ké so véi nhém HbA1c < 6,5%
(p = 0,024). K&t qua nay phu hgp véi cac nghién cltu cho
thay tinh trang khang insulin va réi loan chuyén hda lipid
thudng di kem tang triglycerid & ngudi bénh dai théo
duong [7]. Tuy nhién, do triglycerid chi phan anh gian
tiép rdi loan chuyén hoa glucose va chiu anh hudng cla
nhiéu yéu to, gia tri duw bdo clia bién nay thap hon glucose.
Cholesterol toan phan, AST, ALT va tudi khéng khéc biét
c6 y nghia théng ké gitra hai nhom, cho thay cac bién nay
c6 kha nang phan biét han ché khi st dung riéng Lé.

148

Nghién cttu cho thdy mé hinh A (c6 glucose) dat hiéu
nang du bdo vugt trdi so véi mé hinh B (khong cé glucose),
vGi dé chinh xéac trén tap kiém tra dat 79,8% so vdi 57,5%
va sai s6 phan loai giam tlr 0,425 xudng con 0,202. Két
qua nay phu hgp véi céc téng quan gan day clia Fahed
va cong sy (2023), vé (rng dung hoc may trong du bao dai
thao dudng, trong do glucose (dac biét [a glucose huyét
tuong lac doi) luon dugc ghi nhan la mot trong nhirng bién
du bao quan trong nhét va dugc s dung phé bién trong
cac md hinh tri tué nhan tao [8]. Diéu nay khang dinh vai
tro trung tdm cua glucose trong nang cao hiéu nang mo
hinh Decision Tree.

Piém mdi clia nghién cltu khdng chi [a so sanh hiéu
nang gitta hai mdé hinh ma con lugng héa dnh hudng clia
bién glucose d&i vdi cau tric va hiéu nang cua thuat toan
Decision Tree. Trong m6 hinh A, glucose dugc lya chon
ldm nat phén tach dau tién va cé mic dd quan trong
cao nhat. Khi loai bo glucose, thuat toan phai st dung
triglycerid két hgp vdi AST va cholesterol dé xay dung cay
quyét dinh nhung hiéu nang van gidam dang ké. K&t qua
nay cho thay khéng c6 su két hop nao gilra cac chi sé hoa
sinh con lai c6 thé thay thé vai trd cua glucose trong du
bdo HbA1c = 6,5% [4].

Ngoai do chinh xac, m6 hinh A con dat dé nhay cao
hon nhiéu so véi mé hinh B (63,0% so véi 12,7%), trong
khi d6 dac hiéu cua hai mé hinh tuong duong (89,7% va
90,6%). D3i vdi muc tiéu sang loc, mo hinh c6 dd nhay cao
giup gidm nguy co bd sét ngudi bénh can duoc chan doan
vatheo déi. Dong thoi, sai s6 phan loai ctia mé hinh Athap
hon r6 rét (0,202 so vdi 0,425), cho thay kha nang phan
loai chinh xac t8t hon. M&c du hiéu ndng chua cao bang
mot s6 thuat toan hoc may phirc tap hon, Decision Tree
c6 uu diém la cau truc tryc quan, dé dién giai va thuan Loi
trién khai trong thu'c hanh ldm sang. V&i dé chinh xac gan
80% cung kha nang giai thich ré rang cac quy tdc phan
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loai, m6 hinh cé tiém nang hdé trg sang loc ngudi bénh
c6 nguy co HbA1c 2 6,5%, dac biét tai cdc co sdy té céd
nguon luc con han ché.

K&t qua nghién ctru cho thay trong m6 hinh A, glucose
cé mirc do quan trong chudn hda dat 100% va la bién
duy nhat dugc lwa chon dé phan tach cay quyét dinh vdi
ngudng 6,65 mmol/L, trong khi cac bién con lai chi dong
gop rat nho. Phu hgp nguyén ly hoat dong clia thuét toan
Decision Tree (CART), trong dé thuét toan sé uu tién lua
chon bién cé kha nang lam giam dd hén tap l6n nhat
tai m6i budc phan nhanh. Viéc glucose dugc chon lam
nut géc hoan toan phu hgp véi co ché sinh ly bénh cla
DTD. Chinh vi vy, chi vdi moét lan phan tach theo ngudng
glucose 6,65 mmol/L, mé hinh da phéan loai chinh xac
phéan l&n ngudi bénh. K&t qua nay cling phu hgp vdi nhiéu
nghién cru 'ng dung hoc may trong du bao BTD, trong do
glucose ludn dugc xép la bién du bdo quan trong nhat, bat
ké str dung mo hinh nao [9].

Khi loai bién glucose khdi mé hinh, thuat toan lwa chon
triglycerid lam nat goc do déy la bién con lai cé kha nang
phan biét hai nhém HbA1c t8t nhat. Diéu nay cé thé giai
thich bai tang triglycerid la hdu qua thudng gap cla tinh
trang khang insulin va rdi loan chuyén hda lipid & ngudi
bénh DTD. Tuy nhién, do triglycerid chi phan anh gian tiép
tinh trang r8i loan chuyén héa glucose, mé hinh phai tiép
tuc s dung thém AST va cholesterol dé hoan thién qua
trinh phan loai nhung hiéu ndng van thap hon rat nhigu so
v6i mo hinh cé glucose. K&t qua nay cho thay khong cé su
k&t hgp nao gitra céac chi s6 hda sinh con lai c6 thé vugt
tréi hon vai tro clia glucose trong du bao HbA1c. Mot uu
diém néi bat clia Decision Tree |4 kha nang dién giai truc
quan, khac vdi nhiéu thuat toan hoc may phuic tap hon,
cay quyét dinh cé cau tric minh bach va biéu dién ré rang
céac quy tc phan loai dudi dang cac ngudng xét nghiém
cu thé, giup bac si dé dang hidu co sd clia tirng quyét dinh
du bdo va tao thuan lgi cho viéc irng dung trong hé théng
hé trg quyét dinh ldm sang [10]. Diéu nay lam tang kha
nang i'ng dung trong thuc hanh lam sang, dac biét tai cac
bénh vién tuyén tinh hodc co s&y té€ c6 ngudn luc han ché,
noi cdc mo hinh cé kha nang giai thich cao thudng thuan
lgi hon trong hd trg ra quyét dinh. DAy (& mot trong s6 it
nghién ctru tai Viét Nam dénh gié truc ti€p su thay ddi cau
trdc va hiéu nang ctia mé hinh Decision Tree khi loai bd
bién glucose, qua do lugng héa vai tro clia glucose trong
du bdo HbA1c =2 6,5%.

Han ché ctia nghién ciru

Nghién clru dugc thyc hién trén dir liéu ciia mot bénh
vién va mdi danh gia mé hinh bdng phuong phap chia
tap huén luyén/kiém tra ndi bd (70/30), do dé can dugc

nghién cltu trén cac quan thé doc lap va da trung tam vdi
c& mau l&n hon dé khang dinh kha nang khai quat mo
hinh. Mac du vay, k&t qua da cung c&p nhirng bang ching
ban dau vé kha néng irng dung Decision Tree trong du bdo
HbA1c tir cac xét nghiém hda sinh thuong quy, tao co s&
cho céc nghién clru phét trién va hoan thién cdc mé hinh
da bién va phtrc tap hon.

5. KET LUAN

Nghién clru da xay dung va so sanh hai mé hinh
Decision Tree du bao HbA1c = 6,5% tU cac xét nghiém
hoéa sinh thuong quy trén 880 ngudi bénh. M6 hinh cé sur
dung bién glucose cho hiéu ndng vugt trdi so vdi mo hinh
khéng str dung glucose, dong thoi glucose (a bién quan
trong nhat va dugc lya chon lam nat phan tach dau tién
cula cay quyét dinh. Khi loai bd bién glucose, triglycerid tr&
thanh bién du bao quan trong nhat nhung khong thé thay
thé vai tro cua glucose. Két qua cho thdy Decision Tree
c6 tiem nang hd trg sang loc ngudi bénh cé nguy co ting
HbA1c tur cac xét nghiém hoa sinh thudng quy va la co
s& dé phét trién cac cong cu hd trg quyét dinh trong thuc
hanh ldm sang.
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