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Development of a nomogram
model for predicting coronary
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liver disease
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Objective: To investigate the risk factors associated with coronary heart disease
(CHD) in patients with metabolic-associated fatty liver disease (MAFLD) and
develop a nomogram prediction model.

Methods: This study included 394 patients with MAFLD who underwent
coronary angiography at The Affiliated Hospital of Qingdao University
between December 2019 and December 2024. The study cohort was divided
in a 7:3 ratio into training and validation sets comprising 277 and 117 cases,
respectively. The training group was further divided into the MAFLD-only
(n=57) and MAFLD-plus-CHD (n=220) groups. LASSO and multivariable
logistic regression analyses were performed to identify the risk factors of
concomitant coronary heart disease in patients with MAFLD. A nomogram
was constructed and validated internally to predict CHD risk in the patients.
We evaluated the nomogram'’s predictive performance using receiver
operating characteristic (ROC) curves, calibration plots, and decision curve
analysis (DCA) in the training and validation groups.

Results: Of the 394 MAFLD cases, 313 had CHD-related complications. Of the
277 patients in the training set, 220 had CHD, and of the 117 patients in
the validation set, 93 had CHD. LASSO regression analysis revealed that the
following variables were associated with the risk of CHD: sex, lipoprotein(a)
(Lplal), low-density lipoprotein cholesterol, white blood cell count (WBCQC),
glycated triglyceride-glucose index (TyG), and atherosclerosis index (AIP).
Multivariate logistic regression analysis revealed that sex, Lp(a), WBC, TyG, and
AIP were independent risk factors for CHD in MAFLD cases. A nomogram was
constructed and an ROC curve was plotted, based on which the optimal
cutoff value was determined as 0.698. The area under the curve of the
nomogram in the training and validation cohorts was 0.860 (95% Cl = 0.807-
0.913) and 0.843 (95% Cl=0.757-0.929), respectively. Calibration curves for
CHD risk probability showed good agreement between the nomogram’s
predicted probabilities and the observed event rates. DCA demonstrated the
net clinical benefit of the constructed nomogram.
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Conclusion: Sex, Lp(a), WBC, TyG, and AIP emerged as independent risk factors

for CHD

in patients with MAFLD and the nomogram prediction model

constructed using these factors could effectively predict CHD occurrence.
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1 Introduction

Metabolic-associated fatty liver disease (MAFLD) is a chronic
metabolic stress-related liver disease that occurs in genetically
predisposed individuals and is associated with nutritional
overload and insulin resistance (IR) (1). In developed countries,
such as those in Europe and North America, the prevalence of
MAFLD continues to rise. In China, too, MAFLD has shown a
steady increased in recent years and is projected to surpass viral
hepatitis as the leading chronic liver disease (1-3).

(CHD), the
cardiovascular disease (CVD), is the leading cause of chronic

Coronary heart disease most  prevalent
disease-related mortality globally (4). Atherosclerosis and the
development of arterial plaques are central to the pathophysiology
of CHD (5). Additionally, inflammatory responses, oxidative
stress, disruptions in glucose and lipid metabolism, and endothelial
dysfunction contribute significantly to the development and
progression of CHD (6, 7). A large number of recent studies
indicate that IR plays a crucial role in coronary plaque formation
and remodeling, independent of traditional risk factors such
as age, smoking, genetic susceptibility, obesity, and hypertension
(HTN) (8, 9).

Studies have shown that the presence and severity of MAFLD
are associated with increased risk of CVD (10), and CVD is the
leading cause of death in patients with MAFLD (11).

Based on recent research into the pathogenesis of MAFLD and
CHD, it has become evident that both diseases share multiple risk
factors (12, 13). Beyond traditional factors, IR and dyslipidemia
play vital roles in patients with MAFLD (14). The triglyceride-
glucose (TyG) index has emerged as a reliable surrogate marker
for IR diagnosis (15). Recent research has identified the TyG
index as a novel independent predictor of CHD and a strong
indicator of other cardiovascular outcomes (16). In addition,
there are other important mechanisms that contribute to
atherosclerosis and could be potential risk markers (17, 18). For
example, atherogenic index of plasma (AIP), which combines
serum triglyceride (TG) and high-density lipoprotein cholesterol
(HDL-C), more accurately precisely reflects the pathogenicity
and specificity of dyslipidemia (19) and has been positively
associated with MAFLD risk, making it a potential predictive
marker for MAFLD (20). There is currently no evidence that
clearly indicates the relationship between AIP and CHD in the
context of MAFLD. In addition to AIP, lipoprotein(a) (Lp[a]), a
routine lipid-related biomarker, has recently been identified as a
key predictor of increased cardiovascular risk in healthy
American women over 30 year of age (21).
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In China, MAFLD presents several challenges, including an
increasing number of cases, a strong genetic predisposition, a
growing incidence in younger populations, and a lack of simple
diagnostic and treatment tools. This study aims to identify accessible
and accurate laboratory indicators and construct an effective,
practical prediction model to facilitate early clinical identification and
intervention for patients with MAFLD who are at risk of developing
CHD in the Chinese population, in order to improve their quality of life.

2 Materials and methods
2.1 Study population

A total of 456 patients with MAFLD who underwent coronary
angiography at the Affiliated Hospital of Qingdao University
between December 2019 and December 2024 were screened for
eligibility. The inclusion criteria were as follows: (1) diagnosis of
hepatic steatosis by certified sonographers using standard methods
(22) and (2) presence of >1 cardiovascular risk factor (obesity,
hypertension, diabetes, hypertriglyceridemia, or low HDL-C levels)
in addition to hepatic steatosis. The exclusion criteria were: (1)
history of excessive alcohol consumption (men >140 g/week,
women >70 g/week), viral hepatitis, or use of hepatotoxic drugs;
(2) prior use of antiplatelet or lipid-lowering therapy; (3) history of
percutaneous coronary intervention or coronary artery bypass
grafting; (4) presence of other cardiac conditions; (5) malignancy,
autoimmune disorders, acute or chronic infections, or severe
cerebrovascular disease. CHD was diagnosed according to Judkins
method and was considered present if >50% luminal stenosis was
detected in any major coronary artery or a significant branch on as
visualized by coronary angiography (23).

Based on the above criteria, 394 eligible patients were included
and randomly assigned to a training set and a validation set at a
7:3 ratio (277 in the training set and 117 in the validation set).
The training set was subdivided into the MAFLD-only group
(n=57) and the MAFLD + CHD group (n=220) based on the
results of coronary angiography (Figure 1).

This study was approved by the Ethics Committee of the
Affiliated Hospital of Qingdao University, and written informed
consent was obtained from all participants.

2.2 Data collection and calculation of indices
Basic demographic and laboratory data of the included

patients were retrieved from the hospital’s electronic medical
records. The collected variables included age, sex, height,
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Patients with MAFLD who were screened (n = 456) |

Excluded:
1. Patients previously diagnosed with MAFLD (n = 24)

2. Patients with concomitant malignancies (n = 6)

3. Patients with incomplete data (n = 32)

| Final MAFLD cohort (n = 394) |

| Training set (n =277) |

| Validation set (n = 117) |

Patients diagnosed with Patients diagnosed with
MAFLD (n=57) MAFLD and CHD (n=220)

FIGURE 1
Schematic depicting patient selection and grouping.

weight, CHD status, history of hypertension, diabetes, smoking,
and alcohol wuse. The laboratory parameters included
serum albumin (Alb), fasting blood glucose (FBG), glycated
hemoglobin (HbAlc), alanine aminotransferase (ALT), aspartate
aminotransferase (AST), TG, total cholesterol (TC), Lp(a), HDL-
C, low-density lipoprotein cholesterol (LDL-C), free fatty acids
(FFA), blood urea nitrogen (BUN), serum creatinine (Scr),
cystatin C (Cys-C), uric acid (UA), complete blood count, and
other indices.

The following formulas were used to calculate some of
the indices:

BMI = weight(kg)/[height(m)]?

NLR(neutrophil-to-lymphocyte ration)
= neutrophil count/lymphocyte count

SII(systemic immune-inflammation index)

= platelet count x neutrophil count/lymphocyte count

PNI(prognostic nutritional index)

= Alb(g/L) + 5 x lymphocyte count
TyG index = In[(FBG x TG)/2]
HSI(hepatic steatosis index) = (AST/ALT x platelet count)/Alb

AIP = In(TG/HDL-C)
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2.3 Statistical analysis

Statistical analyses were performed using R (v4.3.3) and SPSS
(v27.0.0). The createDataPartition function in R was used for
random sampling. The normality of continuous variables was
tested using the Shapiro-Wilk test. Variables following a normal
distribution were expressed as mean + SD and compared using the
t-test; non-normally distributed variables were expressed as median
(interquartile range) and compared using the Mann-Whitney U
test. Categorical variables were compared using the chi-square test.

LASSO regression was performed in the training cohort to
identify risk factors for CHD in patients with MAFLD.
Statistically significant variables were included in multivariate
logistic regression to identify independent predictors, which
were used to construct a nomogram with the nomogram
function in R. Receiver operating characteristic (ROC) curves
were plotted, and area under the curve (AUC) was calculated to
assess model discrimination. Calibration was evaluated using
calibration curves and the Hosmer-Lemeshow test. Clinical
utility was assessed using decision curve analysis (DCA). p-value
<0.05 were considered to indicate statistical significance.

3 Results

3.1 Baseline characteristics of the training
and validation sets

There were no statistically significant differences between the
training set (n=277) and validation set (n=117) in terms of sex,
age, history of hypertension or diabetes, smoking status, BMI, Alb,
FBG, HbAlc, ALT, AST, TG, TC, Lp(a), HDL-C, LDL-C, FFA,
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BUN, Scr, CysC, UA, WBC, neutrophils count, lymphocytes count,
PLT, NLR, SII, PNI, TyG index, HSL, or AIP (P> 0.05), as shown in
Supplementary Table S1.

In the training set, the proportion of male patients was significantly
higher in the MAFLD + CHD (n=220) than in the MAFLD-only
group (n=57) (P<0.05). No significant differences were found
between the two groups with regard to other baseline characteristics
such as hypertension, diabetes, and smoking history (P> 0.05). The
values of the biochemical indicators including HbAlc, Scr, CysC,
WBC, N, L, TyG index, and AIP were all significantly higher in the
MAFLD + CHD group than in the MAFLD-only group (P < 0.05).
No significant differences were observed in the other variables
(P>0.05), as detailed in Supplementary Table S2.

3.2 LASSO regression analysis of CHD risk
factors

A total of 31 variables were analyzed in the training cohort. The
variable were coded as 1 or 0, as shown in these examples:
MAFLD + CHD=1, MAFLD=0; male=1, female=0. LASSO
regression analysis was performed to select significant predictors of
CHD. The coefficient paths and cross-validation curves are shown
in Figure 2. Using 5-fold cross-validation, the optimal penalty
parameter (4) was determined. At a A.min value of=0.012, 14
variables were retained. However, to achieve a more parsimonious
model, A.1se value of=0.036 was selected, based on which 6
predictors were retained with minimal loss in model accuracy.

The final selected predictors included sex, Lp(a), LDL-C,
WBC, TyG index, and AIP.

3.3 Multivariate logistic regression analysis
of CHD risk factors

The six variables identified from LASSO regression were
entered into a multivariate logistic regression model. The results
showed that sex, Lp(a), WBC, TyG index, and AIP were

10.3389/fcvm.2025.1652321

independent risk factors for CHD in patients with MAFLD.
Detailed statistics are presented in Supplementary Table S3.

3.4 Construction and validation of the CHD
prediction nomogram

Based on the results of the multivariate logistic regression,
a nomogram incorporating the five identified independent risk
factors—sex, Lp(a), WBC, TyG index, and AIP—was developed to
predict CHD risk in MAFLD patients (Figure 3). Each variable was
assigned a point score, and the total score was used to estimate the
probability of developing CHD. A total score above 60 was
considered to indicated CHD risk >50%, and a score above 88, CHD
risk >95%.

3.5 Internal validation and model
performance

The nomogram’s performance was evaluated using ROC
curves in both the training and validation sets. The AUC was
0.860 (95% CI: 0.807-0.913) in the training set and 0.843 (95%
CIL: 0.757-0.929) in the validation set (Figures 4A,B), These
AUC values indicate excellent discriminatory ability.

Calibration plots showed good agreement between the
probabilities and observed event rates (Figure 5). The Hosmer-
Lemeshow test indicated good model fit in both the training
(P=0.808) and validation (P =0.630) sets.

DCA (Figure 6) demonstrated that the nomogram provided a higher
net clinical benefit than either treating all patients or none when the
threshold probability exceeded 30%, indicating good clinical utility.

4 Discussion

This study developed and validated a practical nomogram
based on routine laboratory parameters to predict the risk of
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30 30 29 29 29 25 23 14 9 5 2 1

(B)

= —
-
@ =]
3]
=
)
>
o) -
o
s
1S o
9]
£
o
M~
=]

Frontiers in Cardiovascular Medicine

frontiersin.org



Li et al. 10.3389/fcvm.2025.1652321
0 10 20 30 40 50 60 70 80 90 100
Points .
SEX
(
Lp (a) T T T T T T 1
0 400 80D 12pQ | 140D
W T T T T T T 1
2| 4| 6] |8 [10[ 12| 14 [16 |18 20
TyG T T T T T T 1
0.5 p.5 | 1.9 [2/5( .5 4.5
AIP T T T T T T T T
-08 -06 -04 -0.2 0 02 04 06 038 1 12 14 16
Total Points I T 1 T T T 1 1 T 1
0 20 40 60 80 100 120 140 160 180
Probability —— T . T
0.1 0.25 0.5 0.7 0.95 0.99 0.999
FIGURE 3
Nomogram depicting the risk of developing CHD in patients with MAFLD. To use the nomogram, draw an upward vertical line from each covariate to
the points bar to calculate the number of points. Based on the sum of the covariate points, draw a downward vertical line from the total points line to
calculate the probability of developing CHD
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FIGURE 4

ROC of the nomogram. (A) ROC curve depicting the discrimination ability of the nomogram in the training set, with an AUC of 0.860. (B) ROC curve
depicting the discrimination ability of the nomogram in the validation set, with an AUC of 0.843.
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CHD in patients with MAFLD. The model achieved high
predictive accuracy with AUCs of 0.860 and 0.843 in the
training and validation sets, respectively. Given that MAFLD
patients have approximately 50% higher cardiovascular mortality
than the general population (24), and given the often silent
clinical course of the disease, this model provides a valuable tool
for early identification of high-risk patients. Importantly, all the
incorporated predictors—sex, Lp(a), WBC, TyG index, and AIP

Frontiers in Cardiovascular Medicine

—are routinely assessed in clinical practice, making the model
highly feasible for real-world application.

From a mechanistic standpoint, this study highlights multiple
intersecting pathways linking MAFLD and CHD. Metabolic
imbalance: The associations of the TyG index and AIP with
CHD risk support the pivotal role of IR in disease development,
9, 25-27).
Inflammation: Elevated WBC levels reflect systemic low-grade

consistent with previous cohort studies
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DCA of the nomogram. (A) The DCA curve of the training cohort; (B) The DCA curve of the validation cohort.
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inflammation, supporting the use of WBC count in cardiovascular
risk stratification in MAFLD, in alignment with the conceptual
framework proposed by Jiang et al. (28). Lipoprotein(a): Its
inclusion enhances risk assessment for atherosclerosis and
emphasizes the need for personalized monitoring given its >90%
genetic determination (29).

4.1 Strengths of the study

The new MAFLD diagnostic criteria used to construct the count
risk prediction model is in better alignment with the metabolic
origins of the disease. Accordingly, the integration of hepatic,
cardiovascular, and metabolic markers, yielded higher performance

Frontiers in Cardiovascular Medicine

(AUC=0.860) than traditional markers such as the Fibrosis-4
(30). Moreover, the strong
generalizability with an AUC of 0.843 in the validation cohort, thus
outperforming ultrasound-based models (AUC = 0.68-0.80) (31).

index model demonstrated

4.2 Limitations

The lack of histopathological grading limited precision in
MAFLD subtype stratification. Further the retrospective nature
of the study may have introduced residual confounding.
An additional limitation is the use of a single-center dataset,
which may restrict the generalizability and external application
of the mode. Based on these limitations, future work should
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include multi-center prospective cohorts and integrate of omics
data (e.g., microRNA, and proteomics data) to refine risk
stratification. Lp(a) may not be a routine testing parameter in
some clinical contexts. We also note that the predictive
excluding Lp(a) further
validation, and efforts should be made to identify more

performance of models requires

conventional indicators that could serve as alternatives.

4.3 Clinical Implications

This model supports comprehensive MAFLD management in
three areas: primary prevention through of early identification of
high-risk individuals; therapeutic monitoring facilitated by
dynamic assessment of biomarkers to guide treatment, and cost-
effectiveness as a result of the utilization of routine markers
that lowers barriers to implementation in primary care settings.
Finally, with novel Lp(a)-targeted agents, such as pelacarsen,
entering phase III trials, this model may aid in precision
treatment stratification.

4.4 Conclusion

This nomogram, integrates indices related to metabolic
dysregulation, inflammation, and lipid abnormalities, to provide
a reliable tool for stratifying CHD risk in MAFLD patients.
Tn addition it enhances our understanding of MAFLD-CVD
comorbidity and offers a foundation for early intervention
strategies to prevent cardiovascular events.
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