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Purpose: This study aimed to develop two predictive nomograms for the assessment of long-term survival status in hemodialysis
(HD) patients by examining the prognostic factors for all-cause mortality and cardiovascular (CVD) event mortality.

Patients and methods: A total of 551 HD patients with an average age of over 60 were included in this study. The patients’ medical
records were collected from our hospital and randomly allocated to two cohorts: the training cohort (n=385) and the validation cohort
(n=166). We employed multivariate Cox assessments and fine-gray proportional hazards models to explore the predictive factors for
both all-cause mortality and cardiovascular event mortality risk in HD patients. Two nomograms were established based on predictive
factors to forecast patients’ likelihood of survival for 3, 5, and 8 years. The performance of both models was evaluated using the area
under the curve (AUC), calibration plots, and decision curve analysis.

Results: The nomogram for all-cause mortality prediction included seven factors: age > 60, sex (male), history of diabetes and
coronary artery disease, diastolic blood pressure, total triglycerides (TG), and total cholesterol (TC). The nomogram for cardiovascular
event mortality prediction included three factors: history of diabetes and coronary artery disease, and total cholesterol (TC). Both
models demonstrated good discrimination, with AUC values of 0.716, 0.722 and 0.725 for all-cause mortality at 3, 5, and § years,
respectively, and 0.702, 0.695, and 0.677 for cardiovascular event mortality, respectively. The calibration plots indicated a good
agreement between the predictions and the decision curve analysis demonstrated a favorable clinical utility of the nomograms.
Conclusion: Our nomograms were well-calibrated and exhibited significant estimation efficiency, providing a valuable predictive tool
to forecast prognosis in HD patients.
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Introduction

The global incidence of chronic kidney disease (CKD) is on the rise, with an estimated prevalence of 14.3%." In China
alone, CKD affects 132.3 million individuals, comprising one-sixth of the population.” A cross-sectional study of
epidemiological data in China found that CKD affects 10.8% of individuals over the age of 18.% End-stage renal disease
(ESRD), predominantly in the elderly, accounts for 1.34% of patients with CKD.* Given the global burden of CKD
management, renal replacement therapies such as hemodialysis (HD), renal transplantation, and peritoneal dialysis are
essential options for patients.” In China, over 90% of patients with uremia receive HD, which effectively prolongs
survival times and reduces the risk of mortality.® Despite this, dialysis patients have a mortality rate 6.5-7.9 times higher
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than the general population due to cardiovascular disease (CVD).”®* CVD remains the leading cause of death in patients
on HD, with more than half of HD outcome events linked to CVD.”!® Extracellular volume overload is a critical
contributor to the high risk of cardiovascular mortality in patients undergoing HD,'' and approximately 7% of the total
CVD burden can be attributed to impaired kidney function.

Patients bear a significant burden due to inadequate public health resources and the economic pressure of HD.'?
Adverse factors for patients on HD include smoking, hypertension, diabetes, advanced age, hyperlipidemia, anemia,
inflammation, oxidative stress, uremic toxins, and disorders of calcium and phosphorus metabolism."* Previous studies
have developed and validated risk models for ESRD, such as the kidney failure risk equation,'* Cox regression for
predicting CVD risk in patients on HD,'® and mortality risk scores for predicting the prognosis of patients on HD.'®
However, these models have their limitations, including a short research period and insufficient data for validating long-
term survival.

The ability to accurately screen high-risk patients before starting dialysis is essential to reduce mortality rates through
risk management and targeted preventive treatment. With the development of artificial intelligence in healthcare,
predictive models have become widely used, including the Cox proportional hazards model,'”"'® which is the most
commonly used tool for predicting disease prognosis, considering many factors that may affect the survival rate as
covariates.'® Besides, the fine-gray model is better at accounting for competing risks in time-to-event analysis and is
useful in a cohort with a high mortality rate.?’'

This study aimed to develop two models, including all-cause mortality and CVD risk models, designed by the Cox
proportional hazard regression and fine-gray sub-distribution hazard function. These models will be visualized as
nomograms to aid clinicians in evaluating patient status and developing therapeutic regimens as additional tools.

Methods
Study Design and Population

A total of 551 patients who underwent hemodialysis (HD) at Guangdong Provincial Hospital of Traditional Chinese
Medicine in China, between January 2007 and June 2020, were enrolled in this study. Exclusion criteria consisted of HD
duration less than three months, previous kidney transplantation, and a history of peritoneal dialysis. The study recorded
data on patients until June 30, 2022. The Ethics Committee of Guangdong Provincial Hospital of Traditional Chinese
Medicine exempted our study from the need for individual patient consent due to its retrospective design (ethics number:
BE2020-278-01). Data was anonymized and collected ensuring patient confidentiality in accordance with the Declaration
of Helsinki and institutional regulations. Rigorous measures were applied to safeguard patient information, prohibiting
any disclosure of identifiable data. The study was registered in the China Clinical Trials Registry (Registration number:
ChiCTR2300070280).

Clinical and Laboratory Parameters

Overnight fasting (12 h) blood samples were collected from all patients before first hemodialysis between January, 2007
and June, 2020. The following laboratory parameters were collected: CVD: cardiovascular disease; WBC: white blood
cell; RBC: red blood cell; HB: hemoglobin; PLT: platelet; Urea: urea nitrogen; Cr: creatinine; IDH: intradialytic
hypotension; UF Rate (ml/h): Ultrafiltration rate. TCO2: total carbon dioxide; TG: total triglycerides; TC: total
cholesterol; HDL-C: high-density lipo-protein cholesterol; LDL-C: low-density lipoprotein cholesterol; UA: serum uric
acid; ALP: alkaline phosphatase; ALB: Albumin; K: potassium; Ca: calcium; P: phosphorus; PTH: parathyroid hormone;
Fe: serum iron; TSAT: transferrin saturation; TNT: troponin; BNP: brain natriuretic peptide; CK: creatine kinase; CK-
MB: creatine kinase-MB; CRP: C-reactive protein.

Candidate Variables

Demographic variables, including age, sex, and blood pressure (systolic and diastolic blood pressure), were included as
physical examination information. Other com-plications, such as diabetes and heart disease, were documented at the
Guangdong Provincial Hospital of Traditional Chinese Medicine.
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Outcome

The candidates were divided into training and test sets for the section on all-cause mortality in a ratio of 7:3. The event
endpoints of interest were all-cause mortality and CVD mortality. All-cause mortality was defined as death resulting from
infectious diseases, CVD events, malignant tumors, and gastrointestinal bleeding. CVD events were defined as death caused
by angina, myocardial infarction, heart failure, coronary artery bypass graft, angioplasty, arrhythmia, transient ischemic attack,
or stroke. The duration of illness for all events was calculated from the patient’s first HD treatment. In-hospital mortality was
confirmed through the diagnosis in the medical records. In cases of deaths outside the hospital, the cause of death required the
independent judgment of two specialists in our dialysis center, who considered the descriptions of the nursing staff and the
patient’s medical record. All patients were monitored throughout their treatment, including fatal outcomes, transfer to
peritoneal dialysis treatment, or receipt of a kidney transplant. The detailed process of the study is shown in Figure 1.

Enrolled patients

(N=600)

Excluded:

(1)HD duration less than 3 months(N=21)
(2)History of kidney transplantation(N=18)
(3)Chronic peritoneal dialysis(N=10)

Y
Death during follow-up Eligible patients
(N=207) R
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Figure 1 Comprehensive study design flowchart: Allocation of Candidates for all-cause and CVD mortality analysis.
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Statistical Analysis

In the descriptive statistics of the data, the student’s #-test was utilized when the measurement data adhered to a normal
distribution. The measurement data was represented using mean and standard deviation (x + s). Non-normal distribution
data’s median M (P25 P75) was presented using the Wilcoxon-Mann-Whitney, and rank sum test was employed for
comparison. Enumeration data in the constituent ratio (%) was retested using the Chi-square test. Statistical significance
was set at P<0.05.

When building the two models, we transformed all continuous variables into categorical variables. For the all-cause
mortality risk model (referred to as model 1), the cohort was randomly allocated into a training cohort (n = 386) and
a validation cohort (n = 165). Multivariate regression analysis was used to perform Cox proportional hazards. The
prediction nomogram for estimating the mortality risk of all causes was drawn using the training set. The test set was
used as verification data to assess the nomogram’s effectiveness. For the CVD risk model (referred to as model 2), the
cumulative incidence function curves were employed to perform the subgroup analysis. The sub-distribution hazard
function-based fine-gray proportional hazards model was used to evaluate the competing risk. Additionally, a nomogram
was developed to display the meaningful variables. To evaluate the predictive performance of the two models, the area
under the curve (AUC) was utilized to reflect the estimation value. Calibration was conducted using bootstrapping to
compare the consistency of predicted survival with actual survival. Decision curve analysis (DCA) was plotted to
visualize the net benefits at different threshold probabilities, indicating the nomogram’s clinical application capability.

Stata software (version 15.0) was used for the statistical analysis of model 1, and R software (version 4.2: cmprsk,
mstate, survival, car, rms, pROC, timeROC, ggDCA) was used for model 2. Two-sided p<0.05 was defined for statistical
significance.

Results

Baseline Features of Participants

The study had a median survival time for all patients of 61.9 months. The survival rates at 1, 2, 3, 4, and 5 years were
0.93, 0.83,0.75, 0.63, and 0.47, respectively. Baseline characteristics for all 551 patients on HD are shown in Table 1 and
Table 2. The duration of dialysis for all patients was 12 hours per week, with a dialysis frequency of 3 times a week for 4
hours each session There were no significant differences in demographic characteristics, complications, laboratory
metrics, or survival endings between the training and validation cohorts. The pathogenesis of HD patients included
glomerulonephritis (226/551), diabetic nephropathy (195/551), polycystic kidney disease (29/551), obstructive nephro-
pathy (25/551), and other categories (including tumor-related nephropathy, renal tuberculosis, congenital factors, and
unknown etiology) (74/551).

Table 1 showed that the median age at first entry into dialysis among the 551 HD cases was 61 years, with men
comprising approximately 52.8% of the sample. There were 207 deaths (37.6%), with 94 women and 113 men. Smokers
accounted for roughly a quarter of the population and had adverse outcomes. Approximately 45.19% of patients had
diabetes, and over 60% had a CVD event. These percentages increased to 57.49% and 71.01% in the mortality
population. Moreover, heart failure (53.62% VS 34.01%), coronary artery disease (28.02% VS 10.76%), and cerebro-
vascular disease (21.74% VS 14.83%) were statistically significantly more prevalent in the death group than in the
survival group. Additionally, the average systolic and diastolic blood pressures were 156 mmHg and 83 mmHg,
respectively. The survival group’s average systolic and diastolic blood pressures were higher than the death groups’,
and this difference was statistically significant for diastolic blood pressure. Furthermore, patients in the death group had
higher inflammatory markers and cardiac enzymes, as well as poorer nutritional status (ALB) and uric acid excretion
capacity. However, subgroup analysis revealed differences.

Heart failure (55.2% VS 51.22%) and coronary artery disease (31.20% VS 23.17%) were more prevalent in the CVD
events group than in the other events group, which was the same for the survival group compared to the death group. The
CVD group had a higher risk of comorbid diabetes. Cerebrovascular disease was more prevalent and statistically
significant in the other causes of death group (18.40% versus 26.83%). Additionally, the occurrence of intradialytic
hypotension varied between groups, showing a considerably higher frequency in the CVD events group. The
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Table | Baseline Characteristics of the Study Cohorts - Demographic, Clinical, and Laboratory Metrics

Characteristic All (n=551) Survival (n=344) Death (n=207) P Training Cohort (n=385) | Validation Cohort (n=166) P
Status (Survival/Death) 245:140 99:67 0.79
Gender (Female/Male) 260:291 166:178 94:113 0.52 182:203 78:88 0.95
Smokers, n(%) 141.00(25.59) 74.00(21.51) 67.00(32.37) 0.0l 95.00(24.68) 46.00(27.71) 0.45
Diabetes, n(%) 249.00(45.19) 130.00(37.79) 119.00(57.49) <0.001 164.00(42.60) 85.00(51.21) 0.06
CVD, n(%) 337.00(61.16) 190.00(55.23) 147.00(71.01) <0.001 234.00(60.78) 103.00(62.05) 0.78
Coronary, n(%) 95.00(17.24) 37.00(10.76) 58.00(28.02) <0.001 66.00(17.14) 29.00(17.47) 0.93
Heart Failure, n(%) 228.00(41.38) 117.00(34.01) 111.00(53.62) <0.001 164.00(42.60) 64.00(38.55) 0.38
Arrhythmia, n(%) 49.00(8.89) 26.00(7.56) 23.00(11.11) 0.16 30.00(7.79) 19.00(11.45) 0.17
CVA, n(%) 96.00(17.42) 51.00(14.83) 45.00(21.74) 0.04 62.00(16.10) 34.00(20.48) 0.21
IDH, n(%) 147(26.7) 70.00(20.3) 77.00(37.2) <0.001 101(26.2%) 46(27.7%) 0.80
Dialysis access

Catheter, n(%) 521(94.555) 323(93.895) 198(95.652) 0.379 368(95.584) 153(92.169) 0.105
AVF, n(%) 30(5.445) 21(6.105) 9(4.348) 0.379 17(4.416) 13(7.831) 0.105
Age (years) 61.00[51.00, 70.00] 59.00[48.00, 67.00] 66.00[56.00, 75.00] <0.001 61.00[50.00, 70.00] 62.00[52.00, 70.00] 0.71
SBP (mmHg) 156.00[140.00, 170.00] 157.00[142.00, 171.00] 152.00[138.00, 169.00] 0.19 155.00[ 140.00, 170.00] 157.00[141.00, 170.00] 0.66
DBP (mmHg) 83.00[74.00, 94.00] 84.00[76.00, 94.00] 80.00[70.00, 91.00] 0 83.00[74.00, 94.00] 83.00[74.00, 94.00] 0.79
WBC (1079/L) 6.91[5.53, 8.73] 6.69[5.35, 8.72] 7.23[5.80, 8.84] 0.05 7.00[5.52, 9.08] 6.71[5.57, 8.21] 0.11
RBC (107 12/1) 2.77[2.36, 3.27] 2.77[2.35, 3.25] 2.80[2.37, 3.29] 0.38 2.77[2.34, 3.23] 2.81[2.40, 3.32] 0.23
Hb (g/L) 78.00[66.00, 91.00] 78.00[65.00, 90.00] 78.00[68.00, 91.00] 0.29 77.00[66.00, 89.00] 81.00[67.00, 95.00] 0.07
PLT (1079/L) 200.00[154.00, 260.00] 189.00[ 148.00, 254.00] 211.00[164.00, 268.00] 0.02 199.00[ 154.00, 256.00] 202.00[153.00, 263.00] 0.88
Urea (mmol/L) 30.61[23.42, 38.50] 32.44[24.17, 40.20] 27.69[22.05, 35.71] <0.001 30.86[23.70, 38.56] 29.55[22.63, 38.44] 0.49
Cr (umol/L) 904.00[728.00, 1137.00] | 958.00[751.00, 1213.00] | 824.00[697.00, 1005.00] | <0.001l 891.90[733.00, 1115.00] 945.00[697.00, 1172.00] 0.67
Ktiv 1.411[1.174, 1.600] 1.410[1.172, 1.598] 1.415[1.183, 1.605] 0.696 1.411[1.185, 1.605] 1.410[1.164, 1.586] 0.799
UF Rate (ml/h) 500.00 [450.00, 650.00] | 500.00 [450.00, 625.00] | 575.00 [500.00, 700.00] 0.026 500.00 [450.00, 650.00] 500.00 [450.00, 625.00] 0.988
TCO,(mmol/L) 19.20[15.60, 23.00] 18.90[15.40, 22.40] 20.10[16.00, 24.00] 0.02 19.30[15.50, 22.60] 18.80[15.90, 24.10] 0.45
TG (mmol/L) 1.29[0.91, 1.85] 1.31[0.90, 1.95] 1.26[0.92, 1.70] 0.3 1.30[0.92, 1.84] 1.23[0.89, 1.86] 0.38
TC (mmol/l) 4.44[3.64, 5.29] 4.44[3.61, 5.11] 4.40[3.76, 5.52] 0.12 4.50[3.75, 5.32] 4.33[3.50, 5.22] 0.12
HDL-C (mmol/L) 1.03[0.82, 1.28] 1[0.80, 1.26] 1.06[0.87, 1.30] 0.03 1.03[0.82, 1.30] 1.05[0.85, 1.26] 0.83
LDL-C (mmol/L) 2.72[2.13, 3.41] 2.73[2.08, 3.35] 2.70[2.18, 3.52] 0.39 2.74]2.16, 3.41] 2.62[2.03, 3.41] 0.34
UA (umol/L) 449349, 543.91] 438.00[324.00, 542.00] 465.00[386.00, 554.00] 0.02 449.110[359.00, 553.00] 443[317, 536] 0.26
ALP (U/L) 75.00[58.00, 98.00] 73.00[57.00, 95.00] 81.00[59.00, 102.00] 0.14 74.00[58.00, 99.00] 75.00[58.00, 96.00] |

(Continued)
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Table | (Continued).

Characteristic All (n=551) Survival (n=344) Death (n=207) P Training Cohort (n=385) | Validation Cohort (n=166) P

ALB (g/L) 35.10[31.00, 38.50] 35.60[32.00, 38.90] 34.00[30.60, 37.40] 0.03 35.10[31, 38.50] 34.90[31.20, 38.60] 0.74
K (mmol/L) 4.76[4.24, 5.43] 4.76[4.21, 5.40] 4.72[4.24, 5.52] 0.49 4.73[4.22, 5.41] 4.81[4.24, 5.54] 0.34
Ca (mmol/L) 2.02[1.84, 2.15] 2.00[1.79, 2.15] 2.05[1.91, 2.15] 0.01 2.02[1.83, 2.14] 2.02[1.85, 2.16] 0.79
P (mmol/L) 1.94[1.59, 2.30] 2.01[1.62, 2.40] 1.81[1.49, 2.14] <0.001 1.94[1.60, 2.29] 1.93[1.54, 2.31] 0.62
PTH (pg/ml) 327.40[196.80, 526.20] 338.26[203.40, 554.30] 310.00[189.70, 500.40] 0.12 333.00[203.40, 527.60] 302.30[169.50, 505.40] 0.21
Fe (umol/l) 6.88[4.10, 10.78] 6.400[3.890, 10.390] 7.27[4.39, 11.25] 0.1 6.88[4.26, 10.37] 6.750[3.613, 10.950] 0.76
TSAT (%) 17.10[10.30, 27.90] 16.20[10.00, 27.70] 18.10[12.50, 28.20] 0.11 17.10[10.42, 27.90] 17[10, 28.200] 0.85
TNT 0.06[0.03, 0.13] 0.06[0.03, 0.11] 0.07[0.03, 0.18] 0.01 0.06[0.03, 0.13] 0.06[0.03, 0.14] 0.77
BNP 598.30[244.30, 1279.30] 547.60[217.20, 940.10] 793.90[276.40, 2012.30] | <0.001 580.60[244.30, 1392.90] 633.28[244.30, 1112.92] 0.91
CK 176.00[98.00, 363.00] 192.37[104.00, 367.00] 156.00[88.00, 346.00] 0.06 168.00[92.00, 366.00] 184.00[106.00, 346.00] 0.68
CK-MB 16.00[ | 1.40, 22.00] 15.00[11.00, 21.00] 17.00[12.00, 23.00] 0.03 16.00[11.00, 21.60] 14.47[11.50, 22.20] 0.57
CRP 12.78[4.60, 30.93] 11.94[3.80, 30.70] 15.48[6.07, 31.54] 0.07 14.10[5.00, 31.54] 11.80[3.50, 27.70] 0.27

Note: Values are given as n (%) or median (P25, P75).

Abbreviations: CVD, cardiovascular disease; CVA, cerebrovascular accident; IDH, intradialytic hypotension; AVF, arteriovenous fistula; SBP, systolic blood pressure; DBP, diastolic blood pressure; WBC, white blood cell; RBC, red blood
cell; Hb, hemoglobin; PLT, platelet; Urea, blood urea nitrogen; Cr, creatinine; UF Rate (ml/h), Ultrafiltration rate; TCO,, total carbon dioxide; TG, total triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; UA, serum uric acid; ALP, alkaline phosphatase; ALB, Albumin; K, potassium; Ca, calcium; P, phosphorus; PTH, parathyroid hormone; Fe, serum iron; TSAT, transferrin saturation; TNT,

troponin; BNP, brain natriuretic peptide; CK, creatine kinase; CK-MB, creatine kinase-MB; CRP, C-reactive protein.
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Table 2 The Comparison of Clinical Characteristics in the CVD Events and Other Events Group
Characteristic Death (n=207) CVD Events Group (n=125) | Other Events Group (n=82) P
Gender (Female/Male) 94:113 59:66 35:47:00 0.66
Smokers, n(%) 67.00(32.37) 41.00(32.80) 26.00(31.71) 0.02
Diabetes, n(%) 119.00(57.49) 73.00(58.40) 46.00(56.10) <0.01
CVD, n(%) 147.00(71.01) 91.00(72.80) 56.00(68.29) <0.01
Coronary, n(%) 58.00(28.02) 39.00(31.20) 19.00(23.17) <0.01
Heart Failure, n(%) 111.00(53.62) 69.00(55.20) 42.00(51.22) <0.01
Arrhythmia, n(%) 23.00(11.11) 13.00(10.40) 10.00(12.20) 0.33
CVA, n(%) 45.00(21.74) 23.00(18.40) 22.00(26.83) 0.03
IDH, n(%) 77.00(37.2) 60(48.0) 17(20.7) <0.001
Dialysis access
Catheter, n(%) 323(93.895) 118(94.400) 80(97.561) 0.42
AVF, n(%) 21(6.105) 7(5.600) 2(2.439) 0.42
Age (years) 66.00[56.00, 75.00] 65.00[55.00, 74.00] 67.00[59.00, 77.00] <0.01
SBP (mmHg) 152.00[138.00, 169.00] 150.00[137.00, 169.00] 156.00[140.00, 169.00] 0.34
DBP (mmHg) 80.00[70.00, 91.00] 80.00[70.00, 90.00] 81.00[70.00, 94.00] 0.06
WABC (1079/L) 7.23[5.80, 8.84] 7.25[5.72, 8.96] 7.20[5.80, 8.61] 0.13
RBC (107 12/L) 2.80[2.37, 3.29] 2.82[2.45, 3.33] 2.74[2.31, 3.24] 0.26
Hb (g/L) 78.00[68.00, 91.00] 80.00[68.00, 93.00] 76.00[66.00, 87.00] 0.29
PLT (1079/L) 211.00[164.00, 268.00] 211.00[163.00, 264.25] 211.00[167.00, 274.00] 0.08
Urea (mmol/L) 27.69[22.05, 35.71] 27.81[21.72, 35.71] 26.80[23.20, 36.60] 0.0l
Cr (umol/L) 824.00[697.00, 1005.00] 861.00[725.00, 1027.00] 774.00[633.00, 970.00] <0.01
Kt/iv 1.410[1.172, 1.598] 1.431[1.174, 1.611] 1.394[1.196, 1.604] 0.922
UF Rate (ml/h) 575.00 [500.00, 700.00] 575.00 [450.00, 700.00] 500.00 [500.00, 625.00] 0.082
TCO2 (mmol/L) 20.10[16.00, 24.00] 19.90[15.90, 24.0] 20.80[16.00, 24.10] 0.06
TG (mmol/l) 1.26[0.92, 1.70] 1.32[0.93, 1.86] 1.13[0.88, 1.51] 0.11
TC (mmol/L) 4.40[3.76, 5.52] 4.52[3.64, 5.63] 4.37[3.82, 5.38] 0.3
HDL-C (mmol/L) 1.06[0.87, 1.30] 1.03[0.83, 1.27] 1.08[0.93, 1.42] 0.03
LDL-C (mmol/L) 2.70[2.18, 3.52] 2.73[2.15, 3.64] 2.67[2.20, 3.42] 0.61
UA (umol/L) 465.00[386.00, 554.00] 471.0[371.0, 555.0] 463.00[386.30, 543.91] 0.06
ALP (U/L) 81.00[59.00, 102.00] 81.0[61.0, 99.0] 80.00[58.00, 109.00] 0.31
ALB (g/L) 34.00[30.60, 37.40] 34.80[31.0, 37.50] 33.30[29.80, 37.30] 0.04
K (mmol/L) 4.72[4.24, 5.52] 4.86[4.25, 5.62] 4.67[4.22, 5.44] 0.55
Ca (mmol/L) 2.05[1.91, 2.15] 2.05[1.91, 2.16] 2.04[1.86, 2.14] 0.02
P (mmol/L) 1.81[1.49, 2.14] 1.80[1.49, 2.11] 1.86[1.53, 2.26] <0.01
PTH (pg/ml) 310.00[189.70, 500.40] 311.60[190.50, 507.50] 282.40[188.50, 449.30] 0.28
Fe (umol/L) 7.27[4.39, 11.25] 7.65[5.0, 11.25] 6.65[4.21, 11.29] 0.17
TSAT (%) 18.10[12.50, 28.20] 18.10[13.40, 28.70] 18.30[10.80, 28.00] 0.28
TnT 0.07[0.03, 0.18] 0.08[0.03, 0.18] 0.07[0.03, 0.20] 0.03
BNP 793.90[276.40, 2012.30] 820.00[275.60, 2058.84] 787.40[298.90, 2000.30] <0.01
CK 156.00[88.00, 346.00] 161.51[82.00, 324.00] 142.00[93.00, 348.00] 0.16
CK-MB 17.00[12.00, 23.00] 18.00[12.60, 24.00] 15.00[11.20, 21.00] 0.02
CRP 15.48[6.07, 31.54] 15.48[5.50, 33.10] 15.40[6.70, 25.95] 0.2

Note: Values are given as n (%) or median (P25, P75).
Abbreviations: CVD, cardiovascular disease; CVA, cerebrovascular accident; IDH, intradialytic hypotension; AVF, arteriovenous fistula; SBP, systolic blood pressure; DBP,
diastolic blood pressure; WBC, white blood cell; RBC, red blood cell; Hb, hemoglobin; PLT, platelet; Urea, blood urea nitrogen; Cr, creatinine; UF Rate (ml/h), Ultrafiltration
rate; TCO,, total carbon dioxide; TG, total triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
UA, serum uric acid; ALP, alkaline phosphatase; ALB, Albumin; K, potassium; Ca, calcium; P, phosphorus; PTH, parathyroid hormone; Fe, serum iron; TSAT, transferrin
saturation; TNT, troponin; BNP, brain natriuretic peptide; CK, creatine kinase; CK-MB, creatine kinase-MB; CRP, C-reactive protein.

ultrafiltration (UF) rate was particularly rapid in the CVD events group. Their urea nitrogen and creatinine values were

significantly higher than those of the other event groups, indicating poor general health. Inflammatory indicators did not

differ significantly between the two groups, while other causes of death had a relatively low nutritional status and better
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HDL-C and cardiac enzyme indexes. Table 2 provides detailed information on the general characteristics of the CVD
group compared to the other events group.

The Results of the Selection of Variables

For model 1, in the training cohort, 15 indicators derived from univariate regression analysis were found closely linked
with all-cause mortality, including age, sex (male), the history of diabetes, CVD, arrhythmia, coronary artery disease, or
heart failure, RBC, HB, UA, ALB, P, serum Cr, diastolic blood pressure, TG, and TC. Ultimately, seven variables were
found to have predictive value in Cox regression analysis, namely age, sex (male), the history of diabetes, the history of
coronary artery disease, DBP, TG, and TC. In Model 2, fine-gray analysis identified three variables with predictive value:
a history of diabetes, a history of coronary artery disease, and TC. Detailed statistics are presented in Table 3 and Table 4.

Nomogram for Predicting Survival

For model 1, the nomogram made significant prognostic factors visualization based on the multivariate Cox regression.
In the sample of this model, for patients whose age >60 years, male, diastolic blood pressure<60mmHg, TG<1.7mmol/L,
TC>5.18mmol/L and have the history of diabetes and coronary were associated with a higher risk of death outcomes.
These variables correspond to patients with a definite risk score (ranging from 0 to 10) as the above classification
changed as shown in Table 3. Furthermore, the total risk score could be calculated to reflect the survival probability for
3-, 5-, and 8-year patients on HD in the nomogram (Figure 2).

Incorporating prognostic factors using the fine-gray proportional hazards model analysis was applied to model 2. As
presented in Table 4, similar to model 1, CVD events were associated with the patient’s history of diabetes, history of
coronary, and elevator TC. A risk score ranging from 0 to 100 was determined based on these significant factors, using
the other nomogram depicted in Figure 3. Using this nomogram, the probability of CVD-related mortality at different
time points can be calculated for each patient.

Table 3 Results for the Relationship Between Prognostic Risk Factors and All-Cause
Mortality of Multiple Regression Based on Cox-Proportional Model. (Model 1)

Model | (All-Cause Mortality)

Variables Coef SE HR 95%CI P
Age 0.727 0.192 2.03 1.391 2.958 0.000
Gender 0.390 0.176 1.45 1.026 2.056 0.035
Diabetes 0.476 0.182 1.64 I.145 2361 0.007
Diastolic blood pressure 0.392 0.141 1.46 1.107 1.919 0.007
Coronary 0.610 0.199 1.85 1.250 2.729 0.002
Total Triglycerides —0.835 0.224 0.45 0.290 0.696 0.000
Total Cholesterol 0.550 0.199 1.70 1.152 2518 0.008

Abbreviations: Coef, coefficient; SE, standard Error; HR, hazard ratios; Cl, confidence interval; P, P-value.

Table 4 Results for the Relationship Between Prognostic Risk Factors and CVD Events
Mortality of Fine-Gray Proportional Hazards Model. (Model 2)

Model 2 (CVD Events Mortality)

Variables Coef SE HR 95%CI P
Diabetes 0.524 0.187 1.688 0.157 0.89 0.005
Coronary 0.857 0.199 2.355 0.467 1.246 <0.0001
Total cholesterol 0.388 0.187 1.473 0.021 0.755 0.038

Abbreviations: Coef, coefficient; SE, standard Error; HR, hazard ratios; Cl, confidence interval; P, P-value.

1182 "= Clinical Interventions in Aging 2023:18

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Yang et al

TC | . !
0 0.50 1

TG L 1 I
1 0.50 0

coronary
0 0.50 1

DP
0 0.67 1.33 2

0 0.50 1

Gender
0 0.50 1

Age

3 time units 55
5 time units :
8 time units }

@-

~r
&
'a’-
o
S
(X
[N
o

0 10 20 30 40 50

Figure 2 Nomogram of model | for predicting risk of all cause mortality in HD Patients.
Notes: The nomogram, developed based on multivariate Cox regression analysis (model 1), visually represents significant prognostic factors. It incorporates risk scores of
each variable to calculate the total risk scores, providing an estimation of the survival probability for HD patients at 3-, 5-, and 8-year intervals.

Model Validation

The model’s performance was evaluated using discrimination and calibration curves. Model 1 demonstrated excellent
predictive efficiency in the training cohort over 3-, 5-, and 8-year periods, as indicated by AUC values of 0.716, 0.722,
and 0.725, respectively (Figure 4). In the validation cohort, model 1 showed moderately high performance with AUC
values of 0.669, 0.689, and 0.673 Model 2 exhibited good discrimination with AUC values of 0.702, 0.695, and 0.677
(Figure 5). The calibration curve showed that the predicted incidence of death events was consistent with the realities in
the training and validation cohort of model 1 (Figure 6). Additionally, the curve predicting CVD event mortality risk in
model 2 fit the actual situation well (Figure 7).

DCA

The clinical utility of models 1 and 2 was evaluated by DCA, respectively, in Figures 8 and 9, which illustrated the
clinical application ability as acceptable net benefit performances were obtained.

Discussion

In this investigation, we computed the probabilities of all-cause mortality risk and CVD event mortality risk in HD
patients. We devised and validated two user-friendly nomograms that utilize readily available baseline variables to
provide information about all-cause mortality risk and CVD mortality risk in HD patients. The Cox proportional hazards
model (model 1) was established and validated, and we identified age, sex, a history of diabetes and coronary artery
disease, diastolic blood pressure, TG, and TC as significant indicators. In addition, we generated three indicators from
model 2 based on fine-gray competing risk analysis, including history of diabetes and coronary artery disease, and TC.
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Figure 3 Nomogram of model 2 for predicting risk of CVD events mortality in HD Patients.
Notes: The nomogram, developed based on fine-gray regression analysis (model 2), visually represents significant prognostic factors. It incorporates risk scores of each
variable to calculate the total risk scores, providing an estimation of the survival probability into CVD-related mortality risk for HD patients at 3-, 5-, and 8-year intervals.

Both models demonstrated good calibration and discrimination, indicating their suitability for clinical application in
survival prediction.

It has been demonstrated that age is an independent risk factor for many chronic diseases, including ESRD. Aging
progressively affects the structure and function of the vasculature, leading to hemodynamic disturbance due to increased
oxidative stress, premature cellular senescence, and impairments in the synthesis and/or secretion of endothelium-derived
vasoactive molecules. This in turn results in a higher incidence of cardiovascular events in older patients with MHD.
A study by Wu?? collected data on DKD deaths in China from 1990 to 2019 and demonstrated that the risk of DKD
deaths increased exponentially with age for both sexes. Older patients have more fragile body functions and immune
systems, which may be the possible explanation, as they tend to suffer concurrent complications more often than younger
patients. Our model revealed that men on HD are at a higher risk for adverse outcomes than women. Women overall had
lower all-cause and cardiovascular mortality rates. Several theories have been suggested, such as sex-specific differences
in oxidative stress, metabolism of nitrogen oxide, and the actions of sex steroids.”* The predominance of data in humans
suggests that the course of nondiabetic kidney disease is more aggressive in men than women. Male gender is arguably
also a risk factor for progression of diabetic nephropathy.>*

Diabetes and coronary artery disease exert deleterious effects on hemodialysis (HD) patients. Prior investigations
have indicated that individuals with chronic kidney disease tend to have an unfavorable prognosis after experiencing
cardiovascular disease (CVD).>> Given that CVD events contribute to over 40% of fatalities among those with end-stage
renal disease (ESRD), and the proportion augmented to 60% in our sample. Notably, coronary artery disease represents
a prominent cause of CVD. The prevalence of asymptomatic coronary artery disease (CAD) in hemodialysis patients
appears to rise commensurately with the increasing age and prevalence of diabetes in the hemodialysis population.?®
Moreover, the Global Registry of Acute Coronary Events study has demonstrated that patients undergoing dialysis
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Figure 4 Discrimination performance of model | in predicting all-cause mortality: AUC in the training and validation cohorts over 3-, 5-, and 8-year periods (3-, 5-, 8-from
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Notes: (A) AUC of all-cause mortality in the training cohort for model |: 3-year AUC: 0.716. 5-year AUC: 0.722. 8-year AUC: 0.725. (B) AUC of all-cause mortality in the
validation cohort for model I: 3-year AUC: 0.669. 5-year AUC: 0.689. 8-year AUC: 0.673.
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Figure 5 Discrimination performance of model 2 in predicting CVD events mortality: AUC over 3-, 5-, and 8-year periods (3-, 5-, 8-from left to right).
Notes: AUC of CVD events mortality in model 2: 3-year AUC: 0.702. 5-year AUC: 0.695. 8-year AUC: 0.677.

concurrently with acute coronary syndromes exhibit significantly greater in-hospital and six-month mortality rates than
the non-dialysis population.”’

Nevertheless, the mortality risk associated with diabetes in HD patients is no less than that of coronary heart disease.
According to a recent 2021 investigation,”® the proportion of ESRD patients with diabetes rose from 19% to 29.7%.
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Chronic hyperglycemia resulting in microvascular disease complications as diabetes progresses significantly reduces life

expectancy among those with renal complications.>*~° Intensive management of diabetes is critical for HD patients as the

mortality rate of diabetic patients on dialysis is higher than that of nondiabetic patients.>' In our study, both 2 models

demonstrated significantly lower survival times among HD patients with diabetes. Considering the limitations doctors

face in obtaining accurate information regarding HD patients’ glucose fluctuation patterns,** a more rational dietary sugar

control program, appropriate functional exercise, and improved patient self-management are warranted.
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Figure 9 Decision curve analysis of model 2’s clinical utility for 3-, 5-, and 8-year CVD events mortality prediction (3-, 5-, 8-from left to right).
Notes: The acceptable net benefit performances illustrated by curves demonstrate the potential value of model 2 in predicting CVD events mortality.

Numerous studies have reported the phenomenon of “reverse epidemiology” where a U-shaped or L-shaped associa-
tion exists between blood pressure and mortality in dialysis patients. Hypotension during dialysis is a common
complication associated with cardiovascular disease, vascular access thrombosis, and insufficient dialysis doses. Our
study suggests that the risk of death rapidly increases when the diastolic pressure is below 79 mmHg. While some
scholars have called for aggressive hypertension management policies to lower systolic blood pressure and reduce
proteinuria levels, such intensive treatment inevitably leads to lower diastolic blood pressure.*® A prospective cohort of
9333 HD patients found an L-shaped association of diastolic pressure with all-cause mortality and a U-shaped association
with CVD event mortality.>* Low diastolic pressure in HD patients with significant coronary artery disease leads to in-
adequate coronary perfusion and increased risk of ischaemic cardiovascular events.>® In our study, excessively low
diastolic blood pressure was also found to be detrimental to survival outcomes, and we suggest that treatment and
prevention measures be improved based on these results.

While elevated serum TG and TC levels are known risk factors for chronic diseases, particularly CVD, our study’s
findings based on the Cox proportional model show that mortality in patients with ESRD is associated with decreased
TG. Similar reports support this idea.>*>” A cohort of 50,673 HD patients found that elevated TG/HDL-C was associated
with better survival. Another study discovered a significant interaction between TG and survival outcomes via the
mediating variable of waist circumference. An excess of 50 mg/dL in TG combined with a waist circumference of less
than 95 cm resulted in a lower risk of all-cause mortality. Our study showed that high TC was an independent risk factor
for death in all-cause and CVD, which is consistent with most research results. There is evidence that increased
cholesterol levels were associated with high CVD risk,*® and the incidences of ischemic heart disease and CVD are

significantly positively associated with higher cholesterol in HD patients. Another study found an association between
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higher serum levels of cholestanol, a marker of intestinal cholesterol absorption that indicates higher cholesterol, and
increased mortality in patients on HD.*

Compared to other models, the present models offered prognostic capabilities for patients on hemodialysis (HD) for up to 8
years and assess the risks of all-cause and cardiovascular disease (CVD) mortality accordingly. The predictive nomogram
exhibited sufficient accuracy and discriminative power. For patients at high risk of CVD, glycemic control, blood pressure
stabilization, cardiac function improvement, and intensive lipid-lowering measures may be critical in extending life.
Furthermore, since the data collected by this model is easily accessible, it can be applied even in primary care institutions
with limited laboratory resources. This facilitates stratified management and referral, expanding the scope of this model’s
application. Primary care physicians can identify high-risk groups more easily and manage the disease better or refer patients
to higher-level hospitals in a timely manner. The most attractive feature of our model is its clinical feasibility and multifaceted
applications in multiple medical and health sectors. Early intervention will benefit high-risk patients on HD. User-friendly
nomograms are relatively straightforward to understand and can not only identify the risk level of patients on HD at an early
stage, but also provide guidance on patients’ daily behaviors, such as dietary habits and exercise intensity. In regions with
limited medical resources and developing countries, simple models based on universally available indicators are more easily
promoted and accepted by the public. The United States Renal Data System™ reported that the median survival among patients
on HD was approximately 47 months in 2013. However, as of June 2022, the proportion of patients who had been on dialysis
for more than 5 years reached 71.49% in our cohort study. This result may be attributed to the general management of our
dialysis center, which was assisted by information provided by our predictive risk models.

The current clinical models for risk assessment in patients undergoing HD have various limitations. Firstly, the patient
data in this study was obtained from a single center, and the absence of external validation hinders the extended application
of this model. Furthermore, the sample size of our study was inadequate due to incomplete original information, leading to
the validation set’s absence for model 2. Secondly, mediating effects among influencing factors were not investigated, and
there is a possibility that interactions were overlooked. Thirdly, as the demographic characteristics were based on Chinese
patients on HD, additional regions and ethnicities’ further validation of models are required. Lastly, the current models are
only suitable for patients on HD, and their use in peritoneal dialysis or other renal failure patients are limited. Future
research directions may include prospective controlled studies based on existing risk prediction models to assess the
effectiveness of preventive treatments. Furthermore, constructing a further external validation of the model can be done by
expanding the sample size to include patient information from multiple other hospitals.

Conclusion

This study developed two clinical models that included useful nomograms for predicting 3-, 5-, and 8-year
survival in patients on HD. Our predictive instruments evaluated all-cause mortality and the risk of CVD mortality
in a more comprehensive and adaptable manner, thereby aiding clinical decision-making and enhancing patient
prognosis.
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