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Abstract: Objective To construct a risk nomogram prediction model for chronic kidney disease (CKD)
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complicated with heart failure (HF) based on hemoglobin,human epididymal protein 4 (HE-4) , matrix metal-
loproteinase 13 (MMP-13) and myostatin (MSTN),and to verify its performance. Methods A total of 212
CKD patients enrolled in Taiyuan Central Hospital from May 2021 to April 2024 were selected as training set,
and 91 CKD patients admitted to the First Hospital of Harbin from January to August 2024 were selected as
the validation set. According to whether HF was complicated within 1 year after treatment,the CKD patients
were divided into HF group and non-HF group. Baseline data and laboratory indicators on admission of pa-
tients with CKD were collected. Lasso regression was used to screen independent variables. Multivariate Logis-
tic regression analysis was performed to identify influencing factors for CHD patients complicated with HF,
and a risk nomogram for HF in CKD patients was subsequently constructed. The receiver operating character-
istic (ROC) curve, Hosme-Lemeshow goodness-of-fit test, calibration curve and decision curve analysis
(DCA) were applied to comprehensively evaluate the model performance in terms of discrimination, goodness-
of-fit,calibration and clinical net benefit. Results There were no statistically significant differences in baseline
data,laboratory indicators on admission and incidence of HF between the training set and validation set (P>
0.05). In the training set, there were significant differences in CKD stage, proportion of combined coronary
heart disease,glomerular filtration rate,as well as serum creatinine, urea nitrogen, uric acid, HE-4, hemoglo-
bin, MMP-13 and MSTN levels, between HF group and non-HF group (P <C0. 05). Four independent variables
were obtained by Lasso regression: hemoglobin, HE-4, MMP-13 and MSTN. Multivariate Logistic regression
analysis results showed that increased hemoglobin level was an independent protective factor for HF in CKD
patients (P<C0. 05),and elevated levels of HE-4, MMP-13 and MSTN were all independent risk factors for
HF in CKD patients (P<C0. 05). A risk nomogram was constructed based on hemoglobin, HE-4, MMP-13 and
MSTN. ROC curves analysis results showed that the area under the curve (AUC) of the nomogram for predic-
ting HF was 0. 909 in the training set and 0. 898 in the validation set. No statistically significant difference was
found in the AUC between the training set and validation set (Z=0. 418, P >>0. 05). The Hosmer-Lemeshow
goodness-of-fit test indicated no statistically significant difference between predicted probabilities and actual
outcomes of the nomogram (X*=3. 337, P =0. 425). DCA results revealed that the nomogram showed rela-
tively high net clinical benefits in both training set and validation set within the threshold probability range of
0.2—0. 8. Conclusion The risk nomogram constructed based on hemoglobin, HE-4, MMP-13 and MSTN ex-
hibits good predictive value for HF in CKD patients, which can help clinicians screen high-risk populations and
develop early intervention strategies.
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