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Background: Heart failure (HF) is an end-stage manifestation of and cause of death in
coronary heart disease (CHD). The objective of this study was to establish and validate
a non-invasive diagnostic nomogram to identify HF in patients with CHD.

Methods: We retrospectively analyzed the clinical data of 44,772 CHD patients
from five tertiary hospitals. Univariate logistic regression analyses and least absolute
shrinkage and selection operator (LASSO) regression analyses were used to identify
independent factors. A nomogram based on the multivariate logistic regression model
was constructed using these independent factors. The concordance index (C-index),
receiver operating characteristic (ROC) curves, calibration curves, decision curve
analysis (DCA), and clinical impact curves (CIC) were used to evaluate the predictive
accuracy and clinical value of this nomogram.

Results: The predictive factors in the multivariate model included hypertension, age,
and the total bilirubin, uric acid, urea nitrogen, triglyceride, and total cholesterol levels.
The area under the curve (AUC) values of the nomogram in the training set, internal
validation set, external validation set1, and external validation set2 were 0.720 (95% CI:
0.712–0.727), 0.723 (95% CI: 0.712–0.735), 0.692 (95% CI: 0.674–0.710), and 0.655
(95% CI: 0.634–0.677), respectively. The calibration curves indicated that the nomogram
had strong calibration. DCA and CIC indicated that the nomogram can be used as an
effective tool in clinical practice.

Conclusion: The developed predictive model combines the clinical and laboratory
factors of patients with CHD and is useful in individualized prediction of HF probability
for clinical decision-making during treatment and management.
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INTRODUCTION

With the development of the social economy, changes in dietary
structures, and the trend of aging populations, coronary heart
disease (CHD) has become one of the main causes of harm
to human health (1). It led to around 18 million (roughly
one-third of) deaths worldwide in the year 2016 (2). The
2018 Cardiovascular Diseases Report in China estimated that
290 million Chinese people suffer from cardiovascular diseases,
including 11 million suffering from CHD, accounting for the
first cause of death (3). In addition to its effects on human
health, CHD also imposes a heavy burden on society and families
because of the reduction in the labor force and the high medical
expenses. Due to the high morbidity, disability, and fatality rates
of CHD, its prevention and treatment have been the focus of
research both home and abroad (4, 5).

Heart failure (HF) is a clinical syndrome caused by defects
in the structure and function of the myocardium, which result
in impaired ventricular filling and/or ejection function (6). HF
represents the ultimate pathway of numerous heart diseases
(7). The incidence of HF in industrialized countries has been
reported to be approximately 0.4–2.2%, with 500,000–600,000
events diagnosed each year (8, 9). The mortality rate in HF
patients is high, as shown in the MAGGIC meta-analysis, which
included individual data for 39,372 patients and reported that
40.2% of the patients died during a median follow-up period of
2.5 years (10). The incidence and prevalence of HF are projected
to increase further in China, as in many other low- and middle-
income countries (11). In China, the in-hospital mortality rates
for chronic and acute HF patients have been reported to be 1.9
and 10.8%, respectively (12).

CHD has been proven to be the main etiological factor for
HF (13). Uncontrolled CHD will lead to HF, thereby increasing
the difficulty of clinical treatment and threatening the safety of
patients (14). Thus, there is an urgent need to strengthen research
on the clinical treatment of CHD and HF, identify the most
optimal safe and effective treatment plans for patients through
multi-exploration, maximize the clinical treatment effect, and
reduce the threat of the disease to the health and safety of patients.

Although many studies have discussed the morbidity,
diagnosis, and treatment of HF, its early diagnosis still presents
some difficulties. This study aimed to establish a simple and
effective method for diagnosing HF in patients with CHD on
the basis of large samples and common clinical indicators of
CHD. In addition, we developed an online application based
on a nomogram to diagnose HF in patients with CHD. This
study can serve as a reference for early clinical screening of CHD
patients at a high risk of HF and facilitate early initiation of
predictive interventions.

MATERIALS AND METHODS

Data Source
The study data were obtained from the electronic medical records
of five tertiary hospitals on the Big Data Platform of the Medical
Data Research Institute of Chongqing Medical University. The
platform includes more than 40 million electronic medical

records from seven tertiary hospitals in Chongqing, with the
data deidentified to ensure patient privacy. This study was
approved by the Ethics Committee of the Affiliated Banan
Hospital of Chongqing Medical University. Written informed
consent for participation was not required for this study due to its
retrospective design, and the study was conducted in accordance
with national legislation and institutional requirements.

Definition
The target population was defined as patients who were initially
diagnosed with CHD on the basis of clinical, biochemical, and
imaging findings or past medical records, and in accordance with
the “Chinese guidelines for the management of coronary heart
disease” (15). In other cases, the diagnosis of HF was based on
criteria from the consensus recommendation of the Asia Pacific
Heart Rhythm Society of HF (16).

Inclusion and Exclusion Criteria
The inclusion criteria were as follows: (i) data obtained from 2015
to 2021, (ii) patients aged ≥ 18 years, and (iii) hospitalization(s)
with CHD. The exclusion criteria were as follows: (i) patients
with cancer, mental illness, or other serious complications and (ii)
patients with > 30% missing data. The study selection process is
depicted in Supplementary Figure 1.

Data Collection
On the basis of previous studies, 26 possible risk factors for
predicting HF were selected, namely, diabetes, hypertension,
smoking status, drinking status, sex, age, diastolic blood pressure
(DBP), white blood cell (WBC) count, red blood cell (RBC)
count, neutrophil-to-lymphocyte ratio (NLR), lymphocyte-to-
monocyte ratio (LMR), platelet-to-lymphocyte ratio (PLR),
serum creatinine (SCr), total bilirubin (TB), uric acid (UA) level,
urea nitrogen (UN), total protein (TP), alkaline phosphatase
(ALP), low-density lipoprotein (LDL), hemoglobin (HGB), blood
glucose (BG), aspartate aminotransferase (AST), triglyceride
(TG), total cholesterol (TC), high-density lipoprotein (HDL), and
γ-glutamyltransferase (GGT) levels.

Statistical Analyses
The data included in this study were divided into three groups:
The data from hospital A-D for 2015 to 2019 were divided into
the training set and internal validation set in a ratio of 7:3; the
data from hospital A-D for 2020 and 2021 were used as external
validation set1; and the data from hospital E were used as external
validation set2.

Statistical analyses were performed using SPSS 22.0 and R
(version 4.0.2, Vienna, Austria). Univariate logistic regression
analyses and least absolute shrinkage and selection operator
(LASSO) regression analyses were performed to identify
independent factors. A nomogram was constructed on the basis
of these independent factors. The discriminatory values of the
models were assessed on the basis of the concordance index (C-
index). The area under the curve (AUC) of the receiver operating
characteristic (ROC) curve was used to evaluate the accuracy of
the nomogram. Calibration curves were established to evaluate
the calibration of the nomogram. In addition, decision curve
analysis (DCA) and clinical impact curve (CIC) were used to
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demonstrate the clinical benefit of the nomogram. The multiple
imputation method was used to fill in the missing continuous
variables. The enumerative data were expressed as rate and
percentage, and the chi-square test was used for comparisons
between groups. The quantitative variables did not show a normal
distribution and were represented by median and interquartile
range [M (Q25-Q75)], and comparisons between groups were
performed with the Mann-Whitney U test. All statistical analyses
were two-sided, and statistical significance was set at P < 0.05.

RESULTS

Patient Characteristics
A total of 44,772 CHD patients were included in this study.
They were divided into the training set (n = 26,269), internal
validation set (n = 11,259), external validation set1 (n = 4,365),
and external validation set2 (n = 2,879). The Mann-Whitney
U test showed no significant differences in any of the missing
variables before and after multiple imputation in the training
and internal validation sets (Table 1). We also observed no
significant differences in any of the missing variables before
and after multiple imputation in external validation set1 and
external validation set2 (Supplementary Table 1 and Table 2).
The demographic and clinical characteristics of the training
and validation sets are presented in Table 2. No significant
differences were observed in any of the variables between the
training and internal validation sets. The demographic and

TABLE 1 | Comparison of continuous variables in the training and internal
validation sets before and after multiple imputation.

Variables Before interpolation After interpolation P-values

DBP (IQR, mmHg) 80.00 (71.00, 89.00) 80.00 (71.00, 89.00) 0.978

GGT (IQR, IU/L) 27.00 (18.00, 49.00) 27.00 (18.00, 49.00) 0.920

WBC (IQR, ×109/L) 6.60 (5.30, 8.50) 6.60 (5.30, 8.50) 0.424

NLR (IQR) 3.36 (2.24,5.89) 3.37 (2.24, 5.94) 0.693

PLR (IQR) 137.61 (100.65, 197.57) 137.90 (100.64, 198.46) 0.572

LMR (IQR) 3.33 (2.11, 4.92) 3.31 (2.09, 4.91) 0.171

SCr (IQR, µmol/l) 70.00 (56.30, 88.83) 70.00 (56.40, 89.17) 0.173

TB (IQR, µ/l) 10.60 (7.60,14.60) 10.60 (7.60,14.70) 0.666

UA (IQR, µ/L) 334.40 (268.20, 412.20) 334.40 (268.00, 412.70) 0.919

UN (IQR, mmol/L) 6.08 (4.84, 7.89) 6.09 (4.85, 7.91) 0.285

TP (IQR, g/L) 67.60 (62.70, 72.50) 67.60 (62.70, 72.50) 0.865

ALP (IQR, IU/L) 75.90 (62.00, 93.00) 75.36 (62.00, 93.00) 0.758

LDL (IQR, mmol/L) 2.32 (1.78, 2.93) 2.32 (1.78, 2.92) 0.959

HGB (IQR, g/L) 130.00 (117.00, 142.00) 130.00 (117.00, 142.00) 0.813

RBC (IQR, ×1012/L) 4.30 (3.88, 4.69) 4.30 (3.88, 4.69) 0.686

BG (IQR, mmol/L) 5.91 (5.09, 7.84) 5.93 (5.10, 7.90) 0.138

AST (IQR, IU/L) 22.00 (17.12, 30.00) 22.00 (17.19, 30.00) 0.413

TGs (IQR, mmol/L) 1.28 (0.93, 1.84) 1.27 (0.92,1.84) 0.231

TC (IQR, mmol/L) 4.27 (3.55, 5.06) 4.28 (3.56, 5.06) 0.792

HDL (IQR, mmol/L) 1.19 (0.97, 1.44) 1.19 (0.97, 1.44) 0.753

DBP, diastolic blood pressure; GGT,γ-glutamyltransferase; WBC, white blood
cell; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-lymphocyte ratio; LMR,
lymphocyte-to-monocyte ratio; SCr, serum creatinine; TB, total bilirubin; UA, uric
acid; UN, urea nitrogen; TP, total protein; ALP, alkaline phosphatase; LDL, low-
density lipoprotein; HGB, hemoglobin; RBC, red blood cell; BG, blood glucose;
AST, aspartate aminotransferase; TGs, triglycerides; TC, total cholesterol; HDL,
high-density lipoprotein; IQR, interquartile range.

TABLE 2 | Demographic and clinical characteristics of the training and internal
validation sets.

Variables Training set
(N = 26,269)

Internal validation
set (N = 11,259)

P-values

Diabetes (n, %) 6,194 (23.58%) 2,619 (23.26%) 0.514

Hypertension (n, %) 10,161 (38.68%) 4,330 (38.46%) 0.694

Smoking status (n, %) 9,044 (34.43%) 3,909 (34.72%) 0.596

Drinking status (n, %) 7,103 (27.04%) 3,083 (27.38%) 0.502

Sex (male, n, %) 13,031 (49.61%) 5,602 (49.76%) 0.799

Age (IQR, years) 70.00 (61.00, 78.00) 70.00 (61.00, 78.00) 0.574

DBP (IQR, mmHg) 80.00 (71.00, 89.00) 80.00 (71.00, 89.00) 0.720

GGT (IQR, IU/L) 27.00 (18.00, 49.00) 27.20 (18.00, 48.00) 0.687

WBC (IQR, ×109/L) 6.60 (5.30, 8.50) 6.60 (5.30, 8.53) 0.721

NLR (IQR) 3.37 (2.24, 5.93) 3.36 (2.22, 5.98) 0.786

PLR (IQR) 138.13 (100.91,
200.00)

137.39 (100.00,
196.25)

0.272

LMR (IQR) 3.30 (2.08, 4.88) 3.34 (2.11, 5.00) 0.058

SCr (IQR, µmol/l) 70.00 (56.30, 89.60) 70.00 (56.70, 88.79) 0.561

TB (IQR, µmol/l) 10.60 (7.60, 14.70) 10.60 (7.60, 14.70) 0.541

UA (IQR, µmol/L) 334.80 (268.30,
414.00)

333.90 (267.60,
409.80)

0.125

UN (IQR, mmol/L) 6.10 (4.85, 7.92) 6.05 (4.83, 7.91) 0.351

TP (IQR, g/L) 67.60 (62.68, 72.50) 67.50 (62.70, 72.50) 0.612

ALP (IQR, IU/L) 75.27 (62.00, 93.00) 75.84 (62.00, 93.00) 0.788

LDL (IQR, mmol/L) 2.32 (1.78, 2.93) 2.32 (1.77, 2.92) 0.567

HGB (IQR, g/L) 130.00 (117.00,
142.00)

130.00 (117.00,
142.00)

0.903

RBC (IQR, ×1012/L) 4.30 (3.88, 4.70) 4.30 (3.88, 4.69) 0.837

BG (IQR, mmol/L) 5.95 (5.10, 7.91) 5.90 (5.10, 7.87) 0.162

AST (IQR, IU/L) 22.00 (17.20, 30.00) 22.00 (17.17, 30.00) 0.954

TGs (IQR, mmol/L) 1.27 (0.92, 1.84) 1.28 (0.92, 1.84) 0.996

TC (IQR, mmol/L) 4.27 (3.56, 5.06) 4.28 (3.55, 5.06) 0.887

HDL (IQR, mmol/L) 1.19 (0.97, 1.44) 1.19 (0.97, 1.44) 0.847

DBP, diastolic blood pressure; GGT, γ-glutamyltransferase; WBC, white blood
cell; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-lymphocyte ratio; LMR,
lymphocyte-to-monocyte ratio; SCr, serum creatinine; TB, total bilirubin; UA, uric
acid; UN, urea nitrogen; TP, total protein; ALP, alkaline phosphatase; LDL, low-
density lipoprotein; HGB, hemoglobin; RBC, red blood cell; BG, blood glucose;
AST, aspartate aminotransferase; TGs, triglycerides; TC, total cholesterol; HDL,
high-density lipoprotein; IQR, interquartile range.

clinical characteristics of the training and external validation sets
are listed in Supplementary Tables 3, 4.

Selection of Predictors for Heart Failure
in Coronary Heart Disease Patients
In the training set, statistically significant differences were
observed in diabetes, hypertension, smoking status, drinking
status, sex, age, and most laboratory variables between the HF
and non-HF groups (Table 3); LMR, TP, ALP, BG, and AST were
within the normal reference value range in the vast majority of
patients included in this study, with no significant difference
between groups. The LASSO coefficient profiles with non-zero
coefficients determined by the optimal lambda (λ) are shown
in Figures 1A,B. λ is the regularization parameter in LASSO,
and the optimal value could be obtained from the 10-fold
cross-validation. When log (λ) = –4.7 (minMSE + 1SE), seven
predictive factors were selected: hypertension (OR = 3.912, 95%
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TABLE 3 | Univariate analyses of variables associated with HF.

Variables HF (N = 5,384) Non-HF (N = 20,885) P-values

Diabetes (n, %) 1,541 (28.62%) 4,653 (22.28%) <0.001

Hypertension (n, %) 3,528 (65.53%) 6,633 (31.76%) <0.001

Smoking status (n, %) 1,786 (33.17%) 7,258 (34.75%) 0.031

Drinking status (n, %) 1,285 (23.87%) 5,818 (27.86%) <0.001

Sex (male, n, %) 2,559 (47.53%) 10,472 (50.14%) <0.001

Age (IQR, years) 73.00 (64.00, 81.00) 69.00 (60.00, 77.00) <0.001

DBP (IQR, mmHg) 78.00 (70.00, 88.00) 80.00 (71.00, 89.00) <0.001

GGT (IQR, IU/L) 28.00 (18.00, 52.00) 27.00 (18.00, 48.00) <0.001

WBC (IQR, ×109/L) 6.52 (5.24, 8.29) 6.60 (5.30, 8.60) <0.001

NLR (IQR) 3.44 (2.33, 5.64) 3.35 (2.22, 6.01) 0.138

PLR (IQR) 137.01 (100.10, 197.39) 138.42 (101.08, 200.79) 0.041

LMR (IQR) 3.29 (2.12, 4.83) 3.31 (2.07, 4.89) 0.704

SCr (IQR, µmol/l) 74.90 (59.40, 97.73) 69.00 (56.00, 87.50) <0.001

TB (IQR, µmol/l) 11.10 (8.10, 15.40) 10.40 (7.50, 14.40) <0.001

UA (IQR, µmol/L) 359.80 (288.38, 443.70) 329.00 (264.00, 406.20) <0.001

UN (IQR, mmol/L) 6.48 (5.11, 8.66) 6.00 (4.80, 7.74) <0.001

TP (IQR, g/L) 67.50 (62.70, 72.50) 67.65 (62.60, 72.50) 0.886

ALP (IQR, IU/L) 75.89 (62.00, 93.00) 75.00 (62.00, 93.00) 0.974

LDL (IQR, mmol/L) 2.26 (1.74,2.86) 2.35 (1.80, 2.94) <0.001

HGB (IQR, g/L) 128.00 (115.00, 140.00) 130.00 (117.00, 142.00) <0.001

RBC (IQR, ×1012/L) 4.23 (3.81, 4.64) 4.31 (3.89, 4.71) <0.001

BG (IQR, mmol/L) 5.99 (5.13, 7.76) 5.93 (5.10, 7.95) 0.634

AST (IQR, IU/L) 22.00 (17.70, 30.00) 22.00 (17.00, 30.00) 0.294

TGs (IQR, mmol/L) 1.21 (0.89, 1.71) 1.29 (0.93, 1.88) <0.001

TC (IQR, mmol/L) 4.09 (3.41,4.87) 4.32 (3.60,5.10) <0.001

HDL (IQR, mmol/L) 1.14 (0.93, 1.38) 1.20 (0.98, 1.46) <0.001

HF, Heart failure; DBP, diastolic blood pressure; GGT, γ-glutamyltransferase; WBC,
white blood cell; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-lymphocyte
ratio; LMR, lymphocyte-to-monocyte ratio; SCr, serum creatinine; TB, total bilirubin;
UA, uric acid; UN, urea nitrogen; TP, total protein; ALP, alkaline phosphatase; LDL,
low-density lipoprotein; HGB, hemoglobin; RBC, red blood cell; BG, blood glucose;
AST, aspartate aminotransferase; TGs, triglycerides; TC, total cholesterol; HDL,
high-density lipoprotein; IQR, interquartile range.

CI = 3.667–4.175), age (OR = 1.015, 95% CI = 1.013–1.018),
TB (OR = 1.018, 95% CI = 1.014–1.023), UA (OR = 1.002,
95% CI = 1.001–1.003), UN (OR = 1.016, 95% CI = 1.007–
1.025), TGs (OR = 0.878, 95% CI = 0.843–0.914), and TC
(OR = 0.902, 95% CI = 0.873–0.931) (Table 4). Additionally, the

TABLE 4 | Results of multivariate logistic regression model.

Variables β SE OR (95%CI) P-values

Hypertension 1.364 0.033 3.912 (3.667, 4.175) <0.001

Age 0.015 0.001 1.015 (1.013, 1.018) <0.001

TB 0.018 0.002 1.018 (1.014, 1.023) <0.001

UA 0.002 0.001 1.002 (1.001, 1.003) <0.001

UN 0.016 0.004 1.016 (1.007, 1.025) <0.001

TGs –0.130 0.020 0.878 (0.843, 0.914) <0.001

TC –0.103 0.016 0.902 (0.873, 0.931) <0.001

TB, total bilirubin; UA, uric acid; UN, urea nitrogen; TGs, triglycerides; TC, total
cholesterol; SE, Standard Error; OR, odds ratio; CI, Confidence Interval.

regression coefficients of the other 19 indicators were compressed
to zero and excluded.

Nomogram Construction and
Performance
We further incorporated the independent predictors mentioned
above into a nomogram to predict the probability of HF
(Figure 2). Each parameter was assigned an exact point.
A higher total sum of the designated points in the nomogram
indicated a higher risk of HF. A C-index of 0.720 (95% CI:
0.712–0.727) was calculated as the discriminative value for this
nomogram, indicating good predictive power (Table 5 and
Figure 3). Moreover, the calibration curves (bootstraps = 1,000)
of the training set indicated that the nomogram had strong
calibration (Figure 4A). The details of internal validation set,
external validation set1 and external validation set2 were shown
in Figures 4B–D, respectively.

Clinical Utility of the Nomogram
DCA was performed to investigate the net benefits of this
predictive model (Figure 5). The results suggested that when
the nomogram-predicted probability of HF was < 49%, the
nomogram provided additional value relative to the treat-all-
patients scheme or the treat-none scheme, suggesting that the

FIGURE 1 | Features selection by LASSO. (A) LASSO coefficients profiles (y-axis) of the 20 features. The upper x-axis shows the average numbers of predictors and
the lower x-axis shows the log(λ). (B) Fivefold cross-validation for tuning parameter selection in the LASSO model.
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FIGURE 2 | Nomogram predicting HF in patients with CHD.

nomogram was clinically useful. In addition, the CIC was further
drawn according to DCA to evaluate the clinical impact of the
nomogram and thereby intuitively understand its substantive
value. In the training set (Figure 6A), the CIC showed that the
nomogram had significant predictive power. Figure 6A shows the
estimated number of patients expected to reach HF at each risk
threshold and the number of patients experiencing HF. When the
risk threshold exceeded 20%, the estimated number of patients
was closer to the actual number of patients. The details of internal
validation set, external validation set1 and external validation set2
were shown in Figures 6B–D, respectively.

Construction of Web App to Easily
Access the Nomogram
Finally, the nomogram was made accessible to medical
staff via a link. The algorithm automatically calculates a

TABLE 5 | Detailed performance metrics for the four models.

Models Sensitivity Specificity PPV NPV AUC (95%CI)

Training set 0.341 0.888 0.675 0.664 0.720 (0.712–0.727)

Internal
validation set

0.333 0.897 0.702 0.649 0.723 (0.712–0.735)

External
validation set1

0.315 0.885 0.779 0.501 0.692 (0.674–0.710)

External
validation set2

0.391 0.806 0.661 0.577 0.655 (0.634–0.677)

PPV, positive predictive value; NPV, negative predictive value; AUC, area under the
curve; CI, Confidence Interval.

patient’s probability of HF1. The scoring system enables early
identification of high-risk patients, facilitating adoption of
appropriate treatment measures. For example, when a patient

1https://cytjt007.shinyapps.io/dynnomapp_heart_failure/

FIGURE 3 | AUC of the ROC curve in training set, internal validation set,
external validation set1 and external validation set2.
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FIGURE 4 | Calibration curves of the HF incidence risk nomogram prediction in training set (A), internal validation set (B), external validation set1 (C), and external
validation set2 (D).

has hypertension, an age of 88 years, TB of 50.00 µmol/l, UA of
600.00 µmol/l, UN of 25.00 mmol/l, TGs of 2.00 mmol/l, and TC
of 3.00 mmol/l, the probability of HF would be 0.746 (95% CI:
0.700–0.787) (Figure 7).

DISCUSSION

HF poses a serious threat to the quality of life and survival
of patients with CHD. Thus, early detection of the risk of HF
in patients with CHD is helpful in improving their quality of
life. In this study, a multivariate predictive model to detect
HF in patients with CHD was developed and validated. The
LASSO logistic regression model selected the following seven

predictors: hypertension, age, and TB, UA, UN, TG, and TC
levels. The nomogram application revealed good discrimination
in distinguishing CHD patients with HF. The calibration curves
indicated that the nomogram had strong calibration, and DCA
and CIC indicated that the nomogram can be used as an effective
tool in clinical practice.

Several studies have shown that longstanding hypertension
ultimately leads to HF; conversely, the absence of hypertension
in middle age is associated with lower risks of incident HF
across the remaining life course (17–19). In the Framingham
Heart Study cohort consisting of a total population of 5,143
participants, hypertension antedated the development of HF in
91% of all newly diagnosed HF patients over 20 years of follow-up
(mean, 14.1 years) (20). In our study, in comparison to patients
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FIGURE 5 | Decision curve analysis (DCA) of the nomogram in training set, internal validation set, external validation set1 and external validation set2.

FIGURE 6 | Clinical impact curve of the nomogram in training set (A), internal validation set (B), external validation set1 (C) and external validation set2 (D).

Frontiers in Cardiovascular Medicine | www.frontiersin.org 7 April 2022 | Volume 9 | Article 875702

https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


fcvm-09-875702 April 2, 2022 Time: 15:12 # 8

Tan et al. Nomogram for HF Prediction

FIGURE 7 | An example of HF prediction using the nomogram in patients with CHD via a link.

without hypertension, those with hypertension showed a 3.912–
fold higher risk of HF. Long-term persistent hypertension can
cause pathological cardiomyocyte hypertrophy and myocardial
injury, resulting in myocardial hypertrophy, eccentric myocardial
hypertrophy, cardiac chamber enlargement, and a series of
myocardial remodeling processes, ultimately leading to HF
(21). Recent studies have indicated that initial therapy with
most antihypertensive drugs can decelerate the transition from
hypertension to HF, although the effects of these drugs are not
equal in this regard (22–24). Therefore, clinicians can perform
personalized antihypertensive treatment planning based on the
patient’s actual situation.

Our study showed that an elevated TB level was a risk factor
for HF in patients with CHD, which is consistent with the
findings of previous studies (25, 26). An increase in TB levels
reflects liver damage and a decline in liver synthetic function (27).
Patients with HF often experience systemic congestion at the end
stage, which prevents the hepatic venous blood from returning
to the patient’s body, resulting in liver congestion. Congestion
in the liver reduces the effect of bilirubin, and simultaneously,
the TB produced by human metabolism cannot be converted
into bilirubin, resulting in an increase in the TB level in the
human body. Our study also showed that an elevated UA level
was a risk factor for HF in patients with CHD. UA is the end-
product of purine catabolism in vivo. Hyperuricemia has been
shown to be closely related to the occurrence and development
of chronic HF (28). The higher the UA value, the more obvious is
the mortality of patients with HF. The serum UA level can be used
as a predictor of the prognosis of patients with HF (29, 30). Peter

et al. found that an increase in UA level is related to the severity
of HF and positively correlated with an increase in the NYHA
level (31). In addition, TB and UA can be used as biochemical
indicators reflecting the oxidation and antioxidant systems in
patients with CHD, and they may play important roles in the
diagnosis and treatment of CHD. Therefore, these indicators
should be regularly monitored in patients with CHD in clinical
practice, which will help clinicians obtain a correct understanding
of the risk of HF and disease progression.

UN is a protein metabolite of the human body that is
synthesized in the liver and excreted by the kidneys. Therefore,
UN level represents a balance between urea production and renal
excretion and is an important marker of renal damage. In the
past, the UN level was primarily used to reflect renal function.
However, Aronson et al. first studied the value of the UN level
for prognostication of patients admitted for acute decompensated
HF (32). This observation was validated and generalized by
other investigators who found that an elevated UN level was
an independent predictor of adverse outcomes in patients with
acute and chronic HF (33–35). In addition, other studies have
shown that baseline UN levels represent the severity of HF and
are a better prognostic marker of adverse clinical events than is
creatinine or estimated glomerular filtration rate (36, 37). We also
found that age and TG and TC levels were discussed in a previous
study of influencing factors (38–40).

Taken together, the findings suggest that hypertension, age,
and TB, UA, UN, TG, and TC levels are useful clinical parameters
for predicting HF in patients with CHD, and can facilitate early
identification of patients with a high risk of HF. However, this
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study also had several limitations. First, the retrospective nature
of the investigation may have introduced selection bias. However,
a multicenter and relatively large training set was used to build
the models, which were further subjected to temporal and spatial
validation. Second, data for social support, socioeconomic status,
and other important factors were not available. Further research
is warranted to explore the impact of these important indicators.

CONCLUSION

This study developed and validated a diagnostic model based
on the common clinical features of patients with CHD.
Hypertension, age, and TB, UA, UN, TG, and TC levels were
independent predictors of HF in patients with CHD. The
nomogram constructed on the basis of these factors provided
good discrimination to distinguish individuals with HF among
patients with CHD. The developed web calculator tool makes the
application of the nomogram more convenient for clinicians.
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