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MA Libin', WU Dezhen', ZHANG Ziyi', LUO Yungen?, SHI Chunting', ZHOU Zhikang', LIN Yi®, DING Haoran’, WANG Jing*,
MI Weidong', CAO Jiangbei'

'Department of Anesthesiology, the First Medical Center of PLA General Hospital, Beijing 100853, China; *Beidaihe Rest and
Recuperation Center, Qinhuangdao 066100, Hebei Province, China; *Fuzhou WenXin Electronic Technology Co. Ltd, Fuzhou
350003, Fujian Province, China; “Institute of Environmental and Operational Medicine, Academy of Military Medical Sciences,
Academy of Military Sciences, Tianjin 300050, China

Corresponding author: CAO Jiangbei. Email: caojiangbei@301hospital.com.cn

Abstract: Background Fatigue is one of the crucial factors threatening people's health, and accurate assessment of fatigue
levels and intervention are of great significance. Objective To construct and analyze the evaluation model for exercise-induced
fatigue in healthy young male subjects. Methods In April 2023, 192 healthy young male subjects were recruited as the modeling
training set by the Anesthesiology Department of the First Medical Center of Chinese PLA General Hospital. Another 33 young male
subjects from different units were recruited as the validation set. All subjects were evaluated using the "Self-reported Symptoms of
Fatigue Questionnaire". Non-invasive blood pressure was collected through the blood pressure postural reflex test, and heart sound
and electrocardiogram data were collected using wearable heart sound and electrocardiogram devices. The data were processed
according to (the value 2 minutes after being lifted up and recovered from lying flat - the value before lying flat) / the value before
lying flat. Univariate and multivariate logistic regression analyses were performed to analyze the related factors for the occurrence of
exercise-induced fatigue in this population, and the corresponding nomogram evaluation model was established. The receiver

Wi B HA : 2024-10-10
F—1EE : DRI, i1, FIAEENT. Email: malibindongchongeao@126.com
BIEEE - B, BIE(EEN, 81257, Email: caojiangbei@301hospital.com.cn



462 I E2:Bi2 4R Acad J Chin PLA Med Sch  May 2025, 46 (5) https://xuebao.301hospital.com.cn

operating characteristic (ROC) curve was used to analyze the efficacy of the model. The calibration curve was drawn to evaluate the
calibration degree of the model, and the decision curve analysis (DCA) was drawn to evaluate the clinical applicability of the model.
Results In the training set, multivariate logistic regression showed that A PEP (OR=1.067, 95% CI: 1.011-1.139), A S2E (OR=
1.019, 95% CI: 1.003-1.039), and AHR (OR=1.115, 95% CI.1.033-1.215) were risk factors for moderate to severe fatigue; A SIE
(OR=0.972, 95% CI: 0.943-0.997) and ALVETc (OR=0.772, 95% CI: 0.613-0.932) were independently associated with moderate to
severe fatigue. Incorporating the above factors and establishing a nomogram evaluation model, the area under the curve (AUC) of
the training set of this model was 0.908 (95% CI: 0.825-0.991). The AUC of the validation set was 0.940 (95% CI: 0.854-1.000).
The calibration curve showed that there was a high degree of consistency between the verification results and the model results; The
decision curve showed that the model performed well within the low to medium risk threshold range. Conclusion The logistic
regression model in this study utilizing heart sound and electrocardiography data demonstrates good performance in assessing post-
exercise fatigue levels and has certain application value.

Keywords: heart sound; electrocardiogram; fatigue; exercise-induced fatigue; evaluation model; nomogram
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RAAR—3F, H Hosmer-Lemeshow 215 L & 16 56
P=0.565, —EPEEf.

(3)DCA <k : 43l GV EPIAEA S XS 1Y 5 F
AEAZ IR 18 B PRI 57 B ITAN A R DCA th 4k, UL
K14, DCAhZr, YIZRERidliia: 2l 0 i B{E A
0.8, FAk£E A 0.119; B0 ik 48 1Y B A %R 0
0.650, ks M 0.121, BERAEAL 5 b &5 XU [
T B N RIS

3 itig

W55 e — PN S 2R 2, PRRER =
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Hosmer and Lemeshow 5% P=0.565
B=1 000 repetitions, boot

SRR EE=0.017, n=134
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HI&R T A
B3 BEEZREFEFMEETITEERMREHLE
Fig. 3 Calibration curve of the evaluation model for exercise-

induced fatigue in young male subjects
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Fig. 4 DCA of the evaluation model for exercise-induced fatigue in

young male subjects
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