20 B4 72 s K224, 2025,47(1) http : //aammt. tmmu. edu. cn

DOI: 10. 16016/j. 2097-0927. 202408110

= JE & R fE & A XUBE Tl R B A 2 5 6 E

T FUEEFEY SHEH RERT K MY MEEERRCGECSEERY)ERERESR, EXE
SR, P A S B, A i P B I 2 A R R S, TR

(FZE] BBy WHAS RIS~ 520 DA s J5UR [P AR 25 J5 B0 385 0 (high altitude de-
acclimatization syndrome , HADAS ) &5 i XU F0IMI A A | - g ik H il ke . g3 T20204F 11 H &
2024 4 2 F 0235 o ey Dt AR 1 A [ PN b ) A S b B 2k B ORI T A WOER FEAS BORE 18 i T
(chronic mountain sickness , CMS ) 1§ {0t 15 385 07 i bR A5 I A B2 Ak | 220 08 fre 24 A 1 095 fAilAE Sy A 201
PR = SCOR IBE R AR PF 43 > 593 W EEBE 2 44 72 3 BEHL 23 S U1 2R 4 (n=766) F1 N B IN I AE (n=
329), K FH Fe /Nt X WA i Al 5. 55 (least absolute shrinkage and selection operator, LASSO) [A] 5 i 1% H
A, T Z A £ Logistic [71H (multiple factor logistic regression, LR) .S (decision tree, DT) | FEHL#E
M (random forest, RF) | #% ity B & 42 F+ (eXtreme gradient boosting, XGB) | 3 £:F [1] #& #L (support vector
machine, SVM) K z4B 3T (K-nearest neighbor, KNN) 52 B #f B 2 T (light gradient boosting, LGB) FMZE DI
4 (naive bayes, NB) 8 FHL#% 2% > Jr i il @ AL 7Y . R FHAZ 3 TAER#ME 1 £K (receiver operating
characteristic, ROC) K i 2& FITE V8 R XA R A 7 L3 -2 A 7 PO I 5 6l FH 91 4k (5] 5% Shapley i
ﬁ@%ﬁ(shapley additive explanations, SHAP) KX e KA B BEAT 7R . T 2024 4F 8 H WAL i 146 245 o vy I A
T 3R (AP I 132 (4 S AR B R, X BB AT SRR UE . G5R  1 095 1913 A AR rh A It 3 W hE &
549 N(50. 14%) . CMSTFA; RIS |8 S AR I 1] S LASSO [\ 6 2 1 (8 B P~ - 8 bl e 27 > B2
NI HADAS AL A o | DL LR A AR, ROC B 2k T 2 (area under curve, AUC) YIIZREE M 0. 819
(95%CI:0. 789 ~ 0. 850) , FHFMIXEE N 0. 841(95%CI:0. 799 ~ 0. 884) , F1 ¥4 IR 4 N 0. 801, P
FRIERAE A AUC  F1 34378 8 AR U i 24 5 die K 5 LR OB A i il 26 1) Spiegelhalter Z #4656 g 75 I 1 52
P=0.703 N IMILLE P=0. 281; LR BRI 8B AIELE AUC 2 0. 867(95%CI:0. 765 ~0.969) . &5i LI
CMS PE43 A4 =3 I i 3 B (8] Sy F00) PR~ 37 1) LR AR 7R A P 3 a4 1) 255 B R B AT, A A NER e
LR DX BE AT R A S R P T T

(SRR ) FOABTAY ; e 3k Dy 5 ML a2 > 5 91 2R

[FREESES] RI195.4;R363.22;R594. 3 [XEkREB] A

Construction and validation of a risk prediction model for high altitude de-

acclimatization syndrome

DING Yu'’, WANG Zejun'”, XIE Jiaxin’’, ZHAO Siyu'’, ZHANG Gang'’ 'Department of Cold Region
Medicine; “Department of High Altitude Operational Medicine; Key Laboratory of Extreme Environmental Medicine of
Ministry of Education, Faculty of High Altitude Military Medicine, Army Medical University (Third Military Medical
University ), Chongqing, China

[Abstract] Objective To construct risk models for predicting the occurrence of high altitude de-

acclimatization syndrome (HADAS) in the population returning from the plateau to the plain based on
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different machine learning algorithms and validate the predicting efficiency of these models. Methods Field
or online surveys were conducted on the individuals who had ended their high-altitude living and returned to
the plain areas from November 2020 to February 2024. Basic information, chronic mountain sickness
(CMS), HADAS symptoms and other data were collected. With the inclusion and exclusion criteria, totally
1 095 individuals were subjected and assigned into the modeling group. Positive events were defined as
HADAS score >5. Then the modelling group was divided into a training set (n=766) and an internal test set
(n=329) in a 7:3 ratio. Least absolute shrinkage and selection operator (LASSO) regression was used to
select independent variables. Risk prediction models for high-altitude adaptation symptoms were built based
on 8 machine learning methods, including multiple factor logistic regression (LR) , decision tree (DT) ,
random forest (RF), eXtreme gradient boosting (XGB), support vector machine (SVM), K-nearest neighbor
(KNN) , light gradient boosting (LGB) and naive bayes (NB). The models were compared and evaluated
using receiver operating characteristic (ROC) curves, calibration curves and confusion matrices in the
internal test set. The final model was presented using a nomogram or Shapley additive explanations (SHAP)
algorithm. In August 2024, another 132 individuals who returned to the plains and met the same criteria were
recruited and served as the external validation group. Results There were 549 individuals (50. 14%) out of
the 1 095 subjects having HADAS symptoms. LASSO regression identified CMS score, age and duration of
high-altitude residence as significant predictors. Among the 8 machine learning algorithms, the LR model
was identified as the best, with an area under the curve (AUC) value of 0. 819 (95%CI: 0. 789~0. 850) and
0. 841 (95%CI: 0.799~0.884), and an F1 score of 0.801 in the internal test set, respectively, and the
AUC value and F1 score of the LR model were the largest among the 8 models in the internal test set.
Spiegelhalter Z test of the calibration curve of the LR model indicated that its P=0. 703 in the training set
while P=0. 281 in the internal test set. The AUC value of the LR model was 0. 867(95%CI: 0. 765~0. 969)
in the external validation set. Conclusion The LR model constructed based on indicators including CMS score,
age and duration of high-altitude residence has a good overall performance in the internal test set, and good
discriminating effect in the external validation set. The constructed nomogram is convenient for application.
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