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Phat trién m6 hinh du bao tir vong ¢ bénh nhan viém
phoi cong dong nhap vién dua trén hoc may

Development of a machine learning-based model for predicting

mortality in hospitalized patients with community-acquired pneumonia

DS Thanh Hoa', Nguyén Hai Ghi® va Lé Pirc Duin®*

Tom tat

Muc tiéu: Phat trién mé hinh du bao ti vong 30 ngay & bénh nhan viém phéi cdng déng nhap vién
bdng thuat toan riing ngau nhién (RF) va so sanh kha nang du bao vai thang diém CURB-65. Ddi tugng va
phuong phdp: Nghién ciru mé ta, hoi ctu tai Khoa Cap ctiu - Bénh vién TWQD 108 ti ndm 2021 - 2022 &
cac bénh nhan ngudi 16n nhap vién vi viém phdi cong déng. D liéu ban dau gém 21 bién 1am sang va
can 1am sang thu thap trong 24 gi¢ dau nhap vién. Cac bénh nhan chia ngau nhién thanh tap huan
luyén (70%) va tap kiém tra (30%). H6i quy LASSO dugc ap dung trén tap huan luyén dé chon bién du
bao doc lap, sau d6 dung dé xay dung mé hinh RF. Hiéu sudt mé hinh danh gia trén tap kiém tra qua céc
chi s8: AUC, Se, Sp, PPV, NPV va dé chinh xéac. Két qua: 350 bénh nhan viém phéi céng dong, tudi trung
binh 71,7+16,0 vai ty |é t&r vong 30 ngay la 6,3%. Hoi quy LASSO da chon ra 5 bién du bao doc lap (roi
loan y thic, tham nhiém da thuy, néng d6 uré, albumin va lactate mau). M6 hinh RF dugc xay dung tu 5
bién nay c6 hiéu suat vuot troi hon vai thang diém CURB-65 trén tap kiém tra, véi AUCg= 0,969 va
AUC ge6s = 0,703 (p=0,004). Mtic d6 quan trong clia cac bién trong mé hinh RF theo thi tu gidm dan la
ndng do lactate, albumin, uré, réi loan y thic va tham nhiém da thuy phéi. Két ludn: M6 hinh riing ngau
nhién st dung 5 bién [am sang va can 1am sang cho thay hiéu suat du bao ti vong 30 ngay & bénh nhan
CAP nhap vién t6t hon dang ké so véi thang diém CURB-65.

Keywords: Viém phéi cong déng, du bao ti vong, rimg ngau nhién.

Summary

Objective: To develop a 30-day mortality prediction model for hospitalized patients with
community-acquired pneumonia (CAP) using the Random Forest (RF) algorithm and compare its
predictive ability with the CURB-65 score. Subject and method: A descriptive, retrospective study
conducted at the Emergency Department of 108 Military Central Hospital from 2021 to 2022, involving
adult patients hospitalized due to CAP. Initial data included 21 clinical and paraclinical variables
collected within the first 24 hours of admission. Patients were randomly divided into a training set (70%)
and a testing set (30%). LASSO regression was applied to the training set to select independent
predictors, which were then used to build the RF model. Model performance was evaluated on the
testing set using metrics: AUC, Se, Sp, PPV, NPV, and Accuracy. Result: A total of 350 CAP patients were
included, with a mean age of 71.7£16.0 years and a 30-day mortality rate of 6.3%. LASSO regression
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selected 5 independent predictors: altered mental status, multilobar infiltrates, and blood urea nitrogen,
albumin and lactate levels. The RF model constructed from these 5 variables demonstrated superior
performance compared to the CURB-65 score on the testing set, with AUC=0.969 and AUCpg.cs=0.703
(p=0.004). The feature importance in the RF model in descending order was: lactate level, aloumin level,
blood urea nitrogen, altered mental status, and multilobar infiltrates. Conclusion: The Random Forest
model using 5 clinical and paraclinical variables showed significantly better performance in predicting
30-day mortality in hospitalized CAP patients compared to the CURB-65 score.
Keywords: Community-Acquired Pneumonia, Mortality prediction, Random Forest.

1. DAT VAN DE

Viém phdi cong déng (Community-Acquired
Pneumonia - CAP) la nguyén nhan tit vong hang dau
do nhiém khudn trén toan cau vdi ty lé t& vong 30
ngay & bénh nhan CAP khoang 7,5 - 9,8%'~. Viéc phan
tang nguy ca tl vong sém la rat quan trong dé quyét
dinh nai diéu tri va chién lugc quan ly bénh nhan.

Hién nay, thang diém CURB-65 (It 1an, uré mau,
tan s6 ho hap, huyét ap va tudi = 65) dugc sir dung
phé bién nhd tinh don gian va dé 4p dung tai phong
cap ctu. Tuy nhién, cac phan tich gan day cho thay
hiéu suat du bdo tir vong cta thang diém nay 0,67 -
0,75** va con ton tai nhiéu han ché nhu bd sét nhiéu
yéu té tién lugng quan trong khac nhu tinh trang
viém, suy da tang hay cac chi s6 sinh hoc mai néi (vi
du: lactate, albumin, D-dimer...). Diéu nay dan dén
dan dén d6 nhay va do dac hiéu con chua téi uu.

Nhiing nam gan day, Machine Learning da cho
thay tiém ndng vugt trdi trong phan tich di liéu I6n
va phuc tap, tU d6 xay dung cdc mé hinh du bao
chinh xac hon. Vi du mé hinh riing ngau nhién
(Random Forest) du bdo ti vong ndi vién & bénh
nhan viém phdi nang va cho thay hiéu suat tt hon
vGi cac thang diém truyén théng nhu APACHE I,
SOFA hay CURB-65°. Pong thdi mé hinh nay c6 thé
tan dung nhiéu bién sé khac nhau cung luc dé xac
dinh m6i quan hé phi tuyén tinh phuc tap gitp tién
lugng chinh xac hon®. Xuat phat tu thuc té do,
nghién cdu nay dugc thuc hién véi muc tiéu: Phat
trién mo hinh dy bao t& vong 30 ngay & bénh nhan
viém phdi cdng déng nhap vién bang thuat toan
Ring ngau nhién (RF) nham dua ra mét cong cu hd
trg quyét dinh 1am sang hiéu qua hon trong viéc
phan tang nguy co bénh nhan CAP.

1. DOI TUQNG VA PHUONG PHAP
2.1.Déi tuong

Nghién ctu ngudi 16n > 18 tudi

Tiéu chudn lua chon: Bénh nhan dugc chan doan
xac dinh la viém phéi cong déng (CAP) dua theo
hudng dan chdn doan va diéu tri viém phdi cong
déng ctia BYT nam 2020’. Bénh nhan dugc nhap
vién diéu tri tai khoa lam sang (hé hap, truyén
nhiém, khoa hoi stic tich cuc). Cé day du cac dit liéu
lam sang va can lam sang can thiét trong vong 24
giG dau nhap vién.

Tiéu chudn logi trir: Dugc chan doan ban dau la
viém phdi bénh vién hodc viém phdi thd may. Bénh
nhan ti vong trong vong 24 gi¢ dau. C6 bénh ly gay
t& vong khong lién quan truc tiép dén viém phdi
cdng déng (vi du nhu: chan thuong so ndo nang,
nhéi mau co tim cap...). Khdng day da dit liéu dé xay
dung mé hinh.

2.2, Phuong phdp

Thiét ké nghién ctu: Nghién cttu mé ta, hoi clu
tai khoa cap cdu - bénh vién Trung uong Quan doi
108 tir nam 2021 dén nam 2022.

Cac dir liéu lam sang va can lam sang: Thu thap
cac dir liéu tai thai diém chan doan tai khoa cép ctu
goém thoéng s6 l1am sang (tudi, gidi, mach, huyét ap
trung binh, tan sé thg, réi loan y thic, than nhiét),
xét nghiém mau (ndng d6 glucose, uré, creatinin,
natri, albumin, protein, lactate, s6 lugng bach cau,
neutrophil, lymphocyte, ti€u cau, RDW) va X-quang
phdi (thdm nhiém da thuy, tran dich mang phéi).

Binh nghia két cuc t&r vong 30 ngay: La cac bénh
nhan tir vong tai bénh vién hoac bénh nhan da ra vién
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dugc xac nhan la ti vong bang gidy bao td/goi dién
thoai. Thai gian tif vong dugc ghi nhan td khi bénh
nhan nhap khoa cap ctiu dén ngay ti vong.

Phdt trién mé hinh riing ngéu nhién (RF)

Chung t6i phan chia ngau nhién di liéu thanh 2
phan theo ty & 70:30. V&i 70% dé huan luyén mo
hinh (training set) va 30% dé kiém tra md hinh
(testing set).

Dé xac dinh cac yéu té du béo lién quan dén ti
vong 30 ngay, ching t6i 4p dung héi quy LASSO
(Least Absolute Shrinkage and Selection Operator)
bang goi gimnet trong R. M6 hinh gém 21 bién lam
sang va can lam sang. Tham sé phat t6i uu lambda
(\) dugc xac dinh thong qua kiém chiing chéo 10 lan
(10 fold cross-validation) véi hiéu suat danh gia
bang AUC. Phuong phép LASSO gilp gidam hién
tugng qua khdp (overfitting) va tao ra mét tap hop
cac bién du bdo c6 dong han bang cac dua hé sé
cla cac bién khéng quan trong vé 0. Cac bién c6 hé
s6 khac 0 dugc chon lam tap hgp bién du bao dau
vao dé xay dung mé hinh riing ngau nhién.

M6 hinh riing ngau nhién (RF) dugc xay dung
nham duy bao t vong 30 ngay. Thuat toan RF si
dung ky thuat bagging (Bootstrap Aggregating) dé
tao ra mot tap hgp cay quyét dinh dugc huan luyén
tU cac mau bootstrap va lua chon ngau nhién cac
bién dau vao dé giam hién tugng qua khdp va tang
tinh khai quat cia mé hinh. Qua trinh huan luyén va

t6i uu hda siéu tham sé (hyperparameter) dugc thuc
hién bang kiém ching chéo 5 lan (5 fold cross-
validation) sir dung géi caret trong R. Hiéu suat cla
mo hinh dugc t6i uu dua trén AUC. Mdc d6 quan
trong cla cac bién du bao dugc danh gia dua trén
chi s6 Gini.

Phan tich théng ké

Cac bién lién tuc dugc trinh bay duéi dang
trung binh (d6 1éch chudn) hodc trung vi (khodng tu
phan vi) tiy theo phan bé clia s6 liéu. Cac bién phan
loai trinh bay dudi dang s6 lugng (ty 1& phan tram).
So sanh gita cdc nhom thuc hién bang Student t
test hoac Mann-Whitney U test déi véi bién lién tuc
va kiém dinh y? hodc Fisher exact test d6i véi bién
phan loai tuy theo trudng hop cu thé.

Dénh gia hiéu suat cia mo hinh RF théng qua
cac metric: AUC, d6 chinh xac (accuracy), dé nhay
(Se), d6 dac hiéu (Sp), gia tri tién doan duong (PPV),
gia tri tién doan am (NPV). So sanh hiéu suat (AUC)
v3i thang diém CURB-65 trén cling testing set bang
Delong test.

Phan tich sé liéu bang phan mém R 4.4.1.

IIl. KET QUA

Nghién ctiu tuyén chon dugc 350 bénh nhan véi
dé tudi trung binh 71,7 + 16,0, nam gidi chiém 228
ngudi (65,1%), t& vong trong 30 ngay la 22 bénh
nhan (6,3%).

Bang 1. Mét s6 dac diém lam sang va can 1am sang theo két cuc

Bic diém Nhém tivong Nhém séng sét P
) (n=22) (n=328)

Tudi (nam) 79,8+9,5 72,2+158 0,020
Gigi nam (%) 18 (81,8%) 210 (64,0) 0,108
R6i loan y thiic, n (%) 16 (72,7%) 61 (18,6%) < 0,001
Tan s6 thé (lan/phut) 21,0(10,8) 18,0 (5,0) 0,077
Tan sé tim (lan/phut) 102,0 (46,0) 92,0 (25,0) 0,427
Huyét ap trung binh (mmHg) 84,0 (16,6) 95,0(17,4) 0,013
Than nhiét (@6 C) 37,8 (3,0) 37,0(1,1) 0,015
S6 lugng BC (G/L) 14,7 (5,1) 11,1 (6,8) 0,020
S6 lugng N (G/L) 16,0 (8,5) 9,3(8,3) < 0,001
S6 lugng L (G/L) 0,7 (0,8) 1,1(1,0) 0,018
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Dic didm Nhém tirvong Nhém séng sét p
’ (n=22) (n=328)

S6 lugng TC (G/L) 211(162) 257 (152) 0,052
RDW 16,9 (3,6) 13,9 (2,1) 0,001

Glucose (mmol/I) 7,6 (4,9) 7,1(3,9) 0,751
Uré (mmol/I) 11,5(10,8) 6,5 (4,7) < 0,001
Creatinin (umol/I) 96,5 (58,3) 74,0 (42,5) 0,020
Natri (mmol/I) 133(10,7) 134 (6,0) 0,979
Protein (mg/dl) 55,6 (14,0) 60,0 (8,0) 0,152
Albumin (mg/dl) 26,4 (5,5) 29,0(6,3) 0,051
Lactate (mmol/l) 2,8(2.1) 1,4(1,0) <0,001
Tham nhiém da thuy, n (%) 18 (81,8%) 134 (40,9%) <0,001
Tran dich mang phdi, n (%) 8(13,2%) 92 (28,0%) 0,403

Nhdn xét: C6 su khac biét c6 y nghia thdng ké vé dé tudi (p=0,020), réi loan y thiic (p<0,001), huyét ap
trung binh (p=0,013), than nhiét (p=0,015), s6 luogng bach cau (p=0,020), s6 lugng neutrophil (p<0,001), s6
lugng lymphocyte (P=0,018), RDW (p=0,001), ndng d6 uré (p<0,001), creatinin (p=0,020), lactate (p<0,001)
va tham nhiém da thuy phdi (p<0,001) gitta nhém t vong va nhém séng sot.

Cac bénh nhan dugc chia ngau nhién thanh 2 phan: tap huan luyén moé hinh (training set) c6 245 bénh
nhan (70%) va tap kiém tra mé hinh (testing set) c6 105 bénh nhan (30%). Tap huan luyén mé hinh dung dé
lua chon bién du bao doc 1ap bang phuong phap LASSO va xay dung mé hinh riing ngau nhién dudi day.
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Hinh 1. Biéu d6 kiém chiing chéo minh hoa su thay déi ctia AUC theo log A

Nhan xét: Hinh 1 cho thay gia tri log A cho AUC téi da la = -4,2 tuong Ung véi khoang 13 bién cé hé s6

khac 0. Chuing t6i chon gia tri log A 16n nhat ma hiéu suat AUC van nam trong mét dé l1éch chuan (1 SE) cta
gia tri AUC téi da (log A = -3). Tai log A nay, mé hinh LASSO chon ra 5 bién du bao doc lap cé hé s6 khac 0.
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Coefficients
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Hinh 2. Biéu d6 dudng di hé s6

Nhan xét: Hinh 2 cho thdy mét s6 bién (biéu thi bang dudng mau dé va xanh 1a cay) duy tri hé sé 16n va
khac 0 ngay ca khi muc phat cao (log A I6n). Cho thdy cac bién nay la yéu té du bao manh. Mét s6 dudng cé
hé s6 héi quy LASSO > 0 thé hién tang gia tri clia bién nay lam tang t& vong, ngugc lai mot s6 dudng c6 hé
s6 héi quy LASSO < 0 thé hién giam gia tri cac bién nay lam tang ti vong.

Bang 2. Cac bién du bao ddc lap dugc chon loc bang Héi quy LASSO

STT Tén bién Hé s6 LASSO
1 R6i loan y thiic +1,013
2 Tham nhiém da thuy phai +0,479
3 Nong d6 uré mau +0,017
4 Nong do Albumin mau -0,028
5 Nong do lactate mau + 0,053

Nhdn xét: C6 5 bién dugc lua trén dua trén mo hinh LASSO tai vi tri log A = -3. Trong d6 cac bién réi loan
y thic, tham nhiém da thly, néng d6 uré cao, ndbng dé lactate cao lién quan dén tang nguy co ti vong; ndbng do
albumin mau gidm lién quan dén tang nguy ca ti vong. Nam bién nay dugc dua vao xay dung mo hinh RF.
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Hinh 3. Dién tich duéi dudng cong so sanh hiéu suat mé hinh RF vgi thang diém CURB-65



TAP CHI Y DUOC LAM SANG 108

Tap 21-S6 1/2026

DOI: https://doi.org/10.52389/ydIs.v21i1.2931

Bang 3. So sanh hiéu suiat mé hinh RF va thang diém CURB-65

Mo hinh Accuracy AUC Se Sp PPV NPV P
RF 0,971 0,969 0,979 0,80 0,25 0,99 0.004
CURB-65 0,654 0,703 0,667 0,653 0,105 0,969 '

Nhdn xét: Sau khi xay dung mé hinh RF ti 5 bién doc 1ap, kiém tra mé hinh trén testing set (cutoff tai xac
xudt phan dinh 0,5) va so sanh cac metric v6i thang diém CURB-65 (tai cutoff la 2) cho thdy mé hinh RF ¢
hiéu suat t6t hon (AUC = 0,979) so vdéi thang diém CURB-65 vai (AUC = 0,703) ¢ y nghia thdng ké (P =

0,004).

Feature importance

Lactate
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Uré

Lu lan

Tham nhiém
da thav
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40

] T |
60 80 100
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Hinh 4. Phan bé tam quan trong clia cac bién du bao tirvong

Nhdn xét: Trong 5 bién dua vao mé hinh RF, muc
dod quan trong cla cac bién trong du bao ti vong
theo thu ty gidm dan la ndng d6 lactate -> nong do
albumin-> néng d6 uré -> réi loan y thic -> tham
nhiém da thuy phéi.

IV. BAN LUAN

Nghién ctu cta chung t6i da thanh cong trong
viéc xay dung md hinh dy bao t vong 30 ngay &
bénh CAP nhap vién bang thuat toan RF. M6 hinh RF
cho thdy kha nang phan biét vugt troi, dat AUC
0,969 va do chinh xac 0,971, cao hon dang ké so vdi
thang diém CURB-65 dat muc kha vai AUC 0,703
(P=0,004). Cac bién sé tién lugng quan trong nhat
dugc chon loc bang hoi quy LASSO la lactate mau,
albumin mau, uré mau, réi loan y thic va tham
nhiém da thuy phéi.

Hiéu suat du bao to6t cia mé hinh RF trong
nghién ctu nay phu hop véi xu huéng y van gan
day, von ung ho viéc ap dung cac thuat toan hoc
may dé cai thién kha nang tién lugng CAP so vGi cac
thang diém kinh dién. Nghién ciu cua tac gid Zhao
va cOng su (2025) vé mo6 hinh hoc mdy du bao ti
vong ndi vién do viém phdi nang cho thdy mé hinh
hoc may dat AUC 0,8779 (95% Cl, 0,738 - 0,974), tot
hon so véi cac thang diém truyén théng nhu
APACHE II, SOFA va CURB-65°.

M6t nghién ctiu st dung cdc md hinh hoc mdy
lam sang du bédo t& vong & bénh nhan viém phéi
cong dong & ngudi cao tudi cho thay kha nang du
bao t vong 180 ngay, 90 ngay va 30 ngay véi AUC
lan lugt la 0,829; 0,832 va 0,904. M6 hinh nay tot hon
c6 y nghia théng ké so véi thang diém CURB-65 vGi
AUC chi dat 0,573%.
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Nghién clu cula tac gia Yuan va cong su (2022)
st dung riing ngau nhién va XGBoost tich hgp hé
théng hoc m& réng dé tién lugng ti vong 28 ngay
bénh nhan viém phéi cdng déng cho thdy mé hinh
ring ngau nhién trén tap huan luyén dat AUC 0,979
(95% Cl: 0963 - 0,996) va tap kiém tra dat 0,962 (95%
Cl: 0,936 - 0,988)°. Cac két qua nay hoan toan phu
hop véi bao cdo cla ching toi, ciing c¢é nhan dinh
vé tiém nang ctia hoc may. Diéu nay cho thdy thuat
toan RF da téi uu hoa dugc moéi quan hé phi tuyén
tinh va tuong tac phuc tap gilta cac yéu to lién lugng
va thang diém CURB-65 khong thé nam bat dugc.

Nam bién sé dugc xac nhan la quan trong trong
nghién ctu nay déu lién quan rdé rang dén tién
lugng xau & bénh nhan CAP. Lactate mau cao la bién
quan trong hang dau. Lactate cao la chi diém cla
thi€u oxy mé va la mét trong chi diém tién lugng
xau trong viém phdi'®. Albumin déng vai trd quan
trong gilp diéu hoa can bang dich, duy tri ap luc
keo va hoé trg chiic nang mién dich va gidm albumin
la chi diém cta mic d& nang viém'. Néng do
albumin thap c6 lién quan déc lap dén suy tang va
tang ty lé t& vong'. Uré mau cao va I 1an chinh la 2
thanh t8 quan trong trong thang diém CURB-65,
phan anh tinh trang suy gidm chiic nang than hodc
mat nudc va tén thuong hé théng than kinh do
nhiém khuan hé théng hodc suy ho hap. Ton thuang
phdi da thuy lién quan truc ti€p dén mdc dé viém va
pha huy cdu tric phéi, lién quan truc ti€p dén nguy
co suy hdé hap cap va tir vong cao hon. Phan tich
téng hgp cla tac gia Xie va cdng su (2024) ciing chi
ra nhiéu yéu t6 tang nguy co ti vong & bénh nhan
viém phdi nang nhu s6¢ nhiém khuén, tén thuong
than cap, nhiém toan chuyén héa, tang uré mau lic
nhap vién, tang CRP, gidm albumin, tén thuong 2
bén hodc da thuy, nhiém khudn gram am",

M6 hinh du bao riing ngau nhién nay cé tiém
nang Ung dung cao trong lam sang. Tat ca 5 bién s6
du bao trén déu la cac théng s6 lam sang, can lam
sang co ban, dé dang thu thap trong 24 gio dau
nhap vién. Tuy nhién, nghién ctu nay cling cé moét
s6 han ché quan trong nhu dir liéu trich xuat héi ctu
va dan trung tam. Bién c6 ti vong thap do vay can
c¢& mau I6n hon dé dam bao kha nang téng quat

22

héa. M6 hinh nay con thiéu ngoai kiém trén quan
thé doc lap khac do d6 can thém nhimng nghién ciu
da trung tam dé c6 thé 4p dung mé hinh nay vao
thuc té 1am sang.

V. KET LUAN

M6 hinh Riing ngau nhién du béo ti vong 30
ngay & bénh nhan viém phdi cong déng nhap vién
da cho thay hiéu suat vuat troi (AUC = 0,969) so VGi
thang diém CURB-65 (AUC = 0,703, P=0,004). Cac
bién du bao quan trong nhat gém: tang lactate mau,
gidam albumin mau, tang uré mau, l4 lan va tham
nhiém da thuy phoi. M6 hinh RF la mot cong cu hd
trg 1am sang chinh xac hon dang ké, gitp tién luong
t6t bénh nhan CAP nguy ca cao.
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