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Background: Patients with non-alcoholic fatty liver disease (NAFLD) are more likely to develop left ventricular diastolic dysfunction
(LVDD). Although lifestyle adjustments contribute to the improvement of NAFLD, thereby delaying or even preventing LVDD
progression, it is difficult to maintain a healthy lifestyle, resulting in a higher incidence of LVDD in NAFLD patients.
Objective: This study aims to develop a nomogram for assessing the risk of LVDD progression in NAFLD patients to increase their
adherence to therapeutic interventions and adjust their treatment regimens timely.
Methods: A total of 148 medical records of NAFLD patients were retrospectively analyzed. Sixty-three were assigned to the LVDD+
group and 85 were assigned to the LVDD- group. The independent correlates of LVDD, which were screened via least absolute
shrinkage and selection operator logistic regression model first, followed by multivariate Logistic regression model, constituted the
nomogram to determine the likelihood of LVDD in NAFLD patients.
Results: Number of comorbidities, glycosylated hemoglobin, and epicardial adipose tissue (EAT) volume index were independent
correlates of LVDD (all P < 0.05). They served as components in the newly developed nomogram. It obtained significant clinical
benefit in detecting NAFLD patients at the risk of LVDD progression, with satisfied discrimination and calibration.
Conclusion: We developed a nomogram for identifying NAFLD patients with a normal diastolic function who are at risk of LVDD
progression, thus contributing to effective prevention of LVDD progression.
Keywords: non-alcoholic fatty liver disease, left ventricular diastolic dysfunction, epicardial adipose tissue, cardiac magnetic
resonance, nomogram

Introduction
Left ventricular diastolic dysfunction (LVDD) is currently considered an independent predictor of cardiovascular events
in various populations. The assessment of left ventricular diastolic function has attracted considerable attention in recent
years since it is one of the key determinants of cardiac performance.1 People with LVDD may develop irreversible heart
failure without experiencing telltale signs and symptoms.2 Given that LVDD is a dynamic process, its worsening
emerged as a marker of poorer prognosis, while its improvement is associated with better outcomes.3 Clinicians must
recognize the potentially reversible causes of LVDD in order to improve LVDD or reduce the potential risk of LVDD in
individuals with a normal diastolic function through targeted interventions.

Among the reversible causes of LVDD (eg, acute myocardial ischemia, myocarditis, etc.), obesity-induced LVDD is
becoming an essential component of worldwide research due to its enormous population.4 Multiple studies have
identified an increased prevalence of impaired diastolic function in obese patients compared with normal-weight
subjects, independent of hypertension and type 2 diabetes mellitus (T2DM).5–7 This may be because obese people
show a greater propensity for ectopic fat deposition.8 With a better understanding of the potential impact of epicardial
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adipose tissue (EAT) on cardiovascular risk, it has been discovered that a pro-inflammatory and pro-fibrotic secretome
characterized by a dysfunctional EAT may damage cardiac structure and function. This resulted in a significant
association between increased EAT and LVDD in obese subjects.9 Because of the rising prevalence of obesity globally,
the harmful effects of non-alcoholic fatty liver disease (NAFLD), which has a global prevalence of 25%, are becoming
a serious public health challenge.10 To date, mounting evidence linking NAFLD with functional and structural
myocardial alterations supports the hypothesis that NAFLD is associated with the pathogenesis of LVDD, independently
of established cardiovascular risk factors.11–15 Thus, assessing the risk of LVDD in individuals with NAFLD is
important, since changes in unhealthy lifestyles can improve NAFLD, thereby delaying or even preventing the
progression to LVDD.16

Although several studies have proved significant improvements in LV filling or relaxation with weight loss, it is
difficult to quantify the likelihood of LVDD progression in NAFLD patients with a normal diastolic function during diet
and lifestyle interventions, resulting in a higher incidence of LVDD in NAFLD patients.17,18 With this background, this
study aims to develop a nomogram for quantitatively assessing the risk of LVDD progression in patients with NAFLD. It
helps NAFLD patients increase their willpower and adherence to long-term therapeutic interventions, while also allowing
clinicians to change treatment in a timely manner to prevent further progression to LVDD.

Materials and Methods
This retrospective study complied with the principles stated in the declaration of Helsinki, and was approved by the
ethics committee of Hwa Mei Hospital, University of Chinese Academy of Sciences (YJ-NBEY-KY-2021-081-01).

Study Population
We reviewed the medical records of 182 patients with a diagnosis of NAFLD who had undergone cardiac magnetic
resonance (CMR) and echocardiography at Hwa Mei Hospital, University of Chinese Academy of Sciences between
January 2019 and March 2022. NAFLD is diagnosed when (a) hepatic steatosis is present, (b) no viral hepatitis,
autoimmune hepatitis, or other known causes of liver disease are present, and (c) there are no secondary reasons of
hepatic fat accumulation, such as excessive alcohol consumption.19,20 All patients received weight-loss suggestions and
took antidiabetic and antihypertensive medications as needed. Patients were eligible for inclusion if they supplied
informed consent. Each of them had a left ventricular ejection fraction (LVEF) of more than 50%. Subjects with
a history of ischemic heart disease, heart failure, valvular disease, atrial fibrillation, malignancy, cirrhosis, end-stage
renal disease, and patients with poor image quality or incorrect data were excluded (n = 34). Ultimately, 148 patients
were included in this study. Among them, 63 patients with LVDD were assigned to the LVDD+ group, while those with
normal diastolic function were assigned to the LVDD- group (n = 85). Figure 1 depicts a flow diagram exhibiting patient
selection and grouping.

Collection of Anthropometric and Biochemical Data
Demographics and medical history were collected via a self-reported questionnaire. Their anthropometric data including
body mass index (BMI), waist circumference, body surface area (0.0061 * height + 0.0128 * weight − 0.1529), and blood
pressure were recorded. Obesity was defined according to the WHO criteria from the Asia-Pacific region (BMI ≥ 25 kg/
m2).21 Blood samples were measured for fasting plasma glucose (FBG), glycosylated hemoglobin (HbA1c), total
cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), triglycer-
ide (TG), aspartate aminotransferase (AST), and alanine aminotransferase (ALT).

CMR Protocol
A 3-Tesla Magnetom Prisma MR scanner (Siemens Healthcare, Erlangen, Germany) with an 18-channel phased-array
body coil was used to perform CMR scanning. Using a standard ECG-triggering equipment, approximately 15
continuous cine images in the short-axis view and LV two- and four-chamber cine images in the long-axis view were
obtained. The cine loop images were analyzed by two observers with more than 10 years who were blinded to patients’
status.
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EAT volume was determined by manually delineating EAT, the adipose tissue situated between the outer wall of the
myocardium and the visceral layer of the pericardium, extending the upper slice limit, marked by the bifurcation of the pulmonary
trunk, toward the most apical slice, on short-axis cine slices at end-diastole. EAT volume index (EATVi, cm3/m2) was calculated
by summing the EAT volume of each slice (8 mm thickness), and then indexed to body surface area (Figure 2).22,23

Figure 1 Flowchart of patient selection and grouping.
Abbreviations: NAFLD, non-alcoholic fatty liver disease; CMR, cardiac magnetic resonance; LVEF, left ventricular ejection fraction; LVDD, left ventricular diastolic
dysfunction.

Figure 2 EAT volume calculation in CMR. The EAT region is delineated on short-axis cine slices at end-diastole, from the upper slice limit, marked by the bifurcation of the
pulmonary trunk, to the most apical slice. EAT volume is calculated by summing the EAT volume of each slice (8 mm thickness). Representative outputs of EAT delineation in
NAFLD patients with and without LVDD are shown in (A and B), respectively.
Abbreviations: CMR, cardiac magnetic resonance; EAT, epicardial adipose tissue; NAFLD, non-alcoholic fatty liver disease.
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Echocardiography
All participants underwent a standard transthoracic echocardiography using Vivid E80 Ultrasonography (GE Medical
Systems, Milwaukee, WI) at rest by a specialized echocardiologist with more than 10 years of experience. The cardiac
parameters included left ventricular end diastolic dimension (LVDd), left ventricular end systolic dimension (LVDs),
posterior wall thickness (PWT), left atrial volume index (LAVI), LVEF, pulsed-wave Doppler examination of the mitral
inflow, and pulsed-wave tissue Doppler imaging at the medial mitral annulus according to American Society of
Echocardiography guidelines.24 LAVI was assessed through the biplane area-length method. LVEF was determined by
modified biplane Simpson’s method. E/A ratio represented the ratio of peak left ventricle filling velocity in early diastole (E
wave) to that in late diastole (A wave), based on mitral inflow Doppler signals. E wave deceleration time (DT) was also
measured. For tissue Doppler imaging, E/e’ ratio represented the ratio of E wave to early diastolic mitral annular velocity (e’),
which was the average value of the two measurements at septal and lateral sides of mitral annulus. Continuous-wave Doppler
was performed to determine the tricuspid regurgitation peak velocity (TRPV) and isovolumetric relaxation time (IVRT).

In this study, LVDD was identified if more than two criteria were met: septal e’ <7cm/s or lateral e’ <10cm/s, average
E/e’ >14, TRPV > 2.8m/s, and LAVI > 34mL/m2.25

Nomogram Development
The least absolute shrinkage and selection operator (LASSO) regression model, which was suitable for simplifying high-
dimensional data, was used to identify the variables significantly associated with the presence of LVDD in NAFLD
patients among demographic, anthropometric and biochemical data by means of a penalty function. The coefficient of
each variable was compressed along with the changes of penalty regularization parameter (λ). Ten-fold cross validation
processing to select the optimal λ with the minimum error was carried out to identify the selected variables.26 The
multivariate Logistic regression analysis only included the variables filtered by the LASSO model in order to investigate
the independent correlates of LVDD. Finally, these independent variables were utilized to develop a nomogram to
determine the likelihood of LVDD in NAFLD patients.

Statistical Analysis
Continuous variables were expressed as mean ± standard deviation (normal distribution) or median (interquartile range)
(skewed distribution), and categorical variables were expressed as frequency (percentage). Comparison between groups
were assessed using the Student t-test, Mann–Whitney U-test, and chi-squared test as appropriate. The primary goal of
this study was to investigate variables independently associated with LVDD in NAFLD patients via LASSO and
multivariate logistic regression models and to constitute a nomogram model. For the validation of the nomogram, the
discrimination performance was assessed by the area under the receiver operating characteristic curve (AUROC). It was
calibrated by a calibration curve accompanied by a Hosmer-Lemeshow (HL) test and a Brier score. A decision curve
analysis (DCA) was applied to determine the clinical application of our model. Bootstraps (1000 times) analyses were
implemented on the AUROC, calibration curve, and DCA to adjust overfitting deviation. All statistical tests were
performed using SPSS software (Version 22.0), MedCalc (Version 22.0.22), and R package (Version 4.1.3).

Results
Clinical and Imaging Characteristics in the LVDD- and LVDD+ Groups
In this study, LVDD was found in 63 of the 148 patients with NAFLD, with an incidence of 42.6%. The comparisons of
anthropometric, biochemical, and imaging features between the LVDD- and LVDD+ groups are summarized in Table 1.
Compared with the LVDD- group, age, HbA1c, EATVi, proportion of obesity, hypertension, and T2DM in the LVDD+
group were statistically higher, while the proportion of regular exercise was statistically lower (all P < 0.05). Among the
echocardiographic parameters, LAVI, TRPV, septal e’, lateral e’, and E/e’ were statistically different between the two
groups (all P < 0.05).
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Selection of Variables Associated with LVDD by LASSO Model
Seventeen clinical and imaging characteristics were selected and analyzed by the LASSO model, which was utilized to
select potential variables associated with LVDD in collinear data (Figure 3). By constructing a penalty function, 17
variables were reduced to 8 according to the optimal λ with the minimum cross-validation error, including age, regular
exercise, hypertension, T2DM, obesity, HbA1c, LDL-C, and EATVi.

Table 1 Differences in Anthropometric, Biochemical, and Imaging Characteristics
Between the LVDD- and LVDD+ Groups

Variable LVDD- Group
(n = 85)

LVDD+ Group
(n = 63)

P value

Age, years 46.9±8.6 49.9±8.3 0.034*

Male, n(%) 51 (60.0%) 41 (65.1%) 0.529#

Smoking, n(%) 44 (51.8%) 34 (54.0%) 0.791#

Regular exercise, n(%) 29 (34.1%) 12 (19.0%) 0.043#

Obesity, n(%) 49 (57.6%) 50 (79.4%) 0.006#

BMI, kg/m2 27.9±4.5 28.6±4.6 0.305*

Hypertension, n(%) 37 (43.5%) 38 (60.3%) 0.043#

T2DM, n(%) 54 (63.5%) 51 (81.0%) 0.021#

FBG, mmol/L 7.5 (5.8–9.2) 8.0 (6.5–9.6) 0.253$

HbA1c, % 6.0 (4.6–7.6) 7.3 (5.7–8.3) 0.007$

TC, mmol/L 4.09±1.19 4.13±1.08 0.819*

HDL-C, mmol/L 1.26±0.50 1.28±0.43 0.790*

LDL-C, mmol/L 2.52±0.84 2.75±0.74 0.085*
TG, mmol/L 2.06±0.47 2.08±0.59 0.859*

AST, IU/L 23.8±7.0 25.4±6.2 0.159*

ALT, IU/L 36.6±5.8 36.6±5.2 0.963*
EATVi, cm3/m2 42.5 (36.6–49.4) 46.4 (39.4–55.6) 0.008$

Echocardiography

LVDd, mm 46.21±5.87 46.68±5.36 0.617*
LVDs, mm 25.19±3.87 26.75±5.55 0.083*

PWT, mm 9.31±0.99 9.33±1.30 0.884*

LAVI, mL/m2 25.86±8.67 32.13±7.41 <0.001*
LVEF, % 63.66±4.61 62.97±4.66 0.371*

E velocity, cm/s 74.26±16.67 71.75±13.87 0.332*

A velocity, cm/s 93.21±14.97 89.06±13.80 0.072*
E/A ratio 0.82±0.23 0.84±0.20 0.519*

DT, ms 212.08±48.16 220.51±41.30 0.116*

IVRT, ms 89.42±15.35 93.90±14.69 0.130*
TRPV, m/s 2.23±0.46 3.17±0.37 0.002*

Septal e’, cm/s 9.00±1.11 6.74±1.47 0.016*

Lateral e’, cm/s 10.71±1.72 8.13±1.97 0.026*
E/e’ 7.63±1.42 9.67±2.17 <0.001*

Notes: Continuous variables were expressed as mean ± standard deviation (normal distribution) or median
(interquartile range) (skewed distribution). *For independent sample t-test, #For chi-square test, and $For Mann–
Whitney U-test.
Abbreviations: LVDD, left ventricular diastolic dysfunction; BMI, body mass index; T2DM, type 2 diabetes mellitus;
FBG, fasting blood glucose; HbA1c, glycated hemoglobin; TC, total cholesterol; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglycerides; AST, aspartate aminotransferase; ALT,
alanine aminotransferase; EAT, epicardial adipose tissue; EATVi, EAT volume index (EAT volume/body surface area);
LVDd, left ventricular end-diastolic dimension; LVDs, left ventricular end-systolic dimension; PWT, posterior wall
thickness; LAVI, left atrial volume index; LVEF, left ventricular ejection fraction; E/A ratio, ratio of peak left ventricle
filling velocity in early diastole (E wave) to that in late diastole (A wave); DT, deceleration time; IVRT, isovolumetric
relaxation time; TRPV, tricuspid regurgitation peak velocity; E/e’, ratio of E wave to early diastolic mitral annular
velocity (e’).
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Independent Factors Associated with LVDD
Eight variables were incorporated into the multivariate Logistic regression analysis after being filtered by the LASSO
model to investigate the independent correlates of LVDD in NAFLD patients. Figure 4 shows a forest plot, which is
utilized to depict the results of multivariate logistic regression analysis. The result revealed that number of comorbidities,
HbA1c, and EATVi were independently associated with LVDD (all P < 0.05). Age and regular exercise were not
independently associated with LVDD (both P > 0.05).

Figure 3 Screening of variables associated with LVDD by LASSO regression model. LASSO coefficient profiles of all variables are plotted in (A). The trajectory of each
independent variable coefficient is shown by each differently colored curve. Identification of the penalty regularization parameter (λ) in the LASSO model is achieved by 10-
fold cross-validation and the minimum criteria (B). The first dashed line represents the minimum error, while the second represents the cross-validated error within 1
standard error of the minimum value. Eight variables (age, regular exercise, hypertension, T2DM, obesity, HbA1c, LDL-C, and EATVi) are selected by deriving the optimal λ
value with the minimum error.
Abbreviations: LVDD, left ventricular diastolic dysfunction; LASSO, least absolute shrinkage and selection operator; T2DM, type 2 diabetes mellitus; HbA1c, glycated
hemoglobin; LDL-C, low-density lipoprotein cholesterol; EAT, epicardial adipose tissue; EATVi, EAT volume index (EAT volume/body surface area).

Figure 4 Forest plot of multivariate Logistic regression analysis for independent factors associated with LVDD in NAFLD patients. Number of comorbidities, HbA1c, and
EATVi are independently associated with LVDD (all P < 0.05).
Abbreviations: HbA1c, glycated hemoglobin; LDL-C, low-density lipoprotein cholesterol; NAFLD, non-alcoholic fatty liver disease; EAT, epicardial adipose tissue; EATVi,
EAT volume index (EAT volume/body surface area).
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Nomogram Development
Using the three selected variables, a nomogram was developed for predicting the risk of LVDD in NAFLD patients. As
indicated in Figure 5, the estimated risk of LVDD was calculated by summing the points of each independent factor, with
a weight equal to the OR value. The sum included the total point and matched the risk on the bottom axis.

Performance Evaluation of the Nomogram
The developed nomogram was validated to assess the discrimination, calibration, and clinical applicability. The stability
of the model was tested after 1000 bootstrapping to adjust overfitting deviation. As indicated in Figure 6, the AUROC of
the model was 0.765 (95% CI: 0.686–0.832), demonstrating a moderately good performance in discrimination. The
calibration curve revealed that the model showed good agreement between the predicted and actual probabilities of
LVDD. Good calibration was demonstrated according to the HL test (χ2 = 9.748, P = 0.283) and Brier score (0.112). The
DCA of the nomogram revealed that predicting the risk of LVDD in NAFLD patients using this nomogram generated
a clinical net benefit if the risk threshold of LVDD was less than 80% (Figure 7).

Discussion
For most asymptomatic NAFLD patients, weight loss with long-term lifestyle adjustments is the key to reducing the
progression to LVDD. However, it is sometimes difficult for people to maintain healthy lifestyle practices for a long time,
which eventually leads to LVDD, because the progress of both NAFLD and LVDD is imperceptible. In this study, we
developed a nomogram to estimate the risk of LVDD in NAFLD patients via LASSO and multivariate Logistic regression
models. Our study revealed that number of comorbidities, HbA1c, and EATVi were independently associated with LVDD. To
our knowledge, this is the first study to assess the risk of LVDD progression in individuals with NAFLD by a nomogram. The

Figure 5 Nomogram for estimating the risk of LVDD in NAFLD patients. Number of comorbidities, HbA1c, and EATVi are included in the nomogram. The point assignment
for each factor is shown in the first row. The variables in the nomogram are listed in rows 2–4. The risk of LVDD is presented in the bottom row. For example, in a 50-year-
old NAFLD patient with T2DM and hypertension, his HbA1c and EATVi is 7% and 60 cm3/m2, respectively. His total score is about 120, indicating that his risk of LVDD
progression is about 60%. It suggests that more aggressive glycemic control and weight reduction should be implemented to keep his risk below 50%.
Abbreviations: T2DM, type 2 diabetes mellitus; LVDD, left ventricular diastolic dysfunction; HbA1c, glycated hemoglobin; EAT, epicardial adipose tissue; EATVi, EAT
volume index (EAT volume/body surface area); NAFLD, non-alcoholic fatty liver disease.
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Figure 6 Evaluation of the discrimination and calibration for the established nomogram. ROC curve is plotted for evaluating the discrimination. The AUC is 0.765, indicating
moderately good discrimination (A). The calibration curve, which is plotted for evaluating the calibration, indicates that the predicted probability of LVDD matches the
actual probability well (B).
Abbreviations: ROC, receiver operating characteristic; AUC, area under the curve; LVDD, left ventricular diastolic dysfunction.

Figure 7 DCA of the nomogram to evaluate the clinical applicability of the model. The blue line represents the net benefit of the nomogram. It reveals that the nomogram
yields clinical net benefit when the threshold probability is <0.8.
Abbreviation: DCA, decision curve analysis.
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widespread use of this nomogram in NAFLD patients may boost their willpower and compliance with long-term life
interventions, while also allowing clinicians to adjust treatment regimens in a timely manner to avoid LVDD progression.

Since Granér et al27 first investigated the effect of EAT on the development of LV diastolic function in nondiabetic patients
withNAFLD, the role of EATinNAFLD iswell studied and has been proven to increase the risk of cardiovascular disease in these
patients. EAT is a component of visceral adipose tissue, which has both systemic and local effects in the vicinity of the heart.
Increased EAT is consistently associated with impaired diastolic function, despite the fact that the underlyingmechanisms are not
fully understood.9 EAT contains high levels of various cytokines, which may cause inflammation and subsequent collagen
turnover.28,29 On the other hand, myocardial dysfunction may be induced by decreased adiponectin secretion or nitric oxide
synthase activity in EAT.30 Both may act directly on cardiomyocytes or indirectly through impaired microvascular relaxation in
the myocardium, leading to LVDD.31,32 Reassuringly, according to the findings of Rider et al,17 weight loss can at least partially
improve obesity-induced LVDD. Therefore, it is meaningful to assess the risk or severity of LVDD by detecting the EATamount
in NAFLD patients.

Although the EAT measurement by echocardiography boasts unique advantages such as cheap, easily obtained, and
fast application, it can only indirectly reflect the EAT volume. The accuracy is lower than that of EAT volume measured
by CT or MRI.33 It has been recognized that EAT volume is an independent correlate of LVDD.34–36 In addition to EAT
volume, our study revealed that number of comorbidities (T2DM, hypertension, obesity) and Hb1Ac were also
independent correlates of LVDD after screened by LASSO and multivariate Logistic models. These findings are expected
because T2DM and hypertension are usual suspects of LVDD.37–39 Notably, BMI was not independently associated with
LVDD in this study, suggesting that a moderate decrease in BMI from weight reduction did not have a significant effect
on LVDD unless BMI was reduced below 25 kg/m2.

The established nomogram in this study showed satisfied discrimination and calibration, and obtained significant
clinical benefit in detecting NAFLD patients at the risk of LVDD progression. It is helpful to dynamically evaluate the
risk of LVDD progression during long-term lifestyle intervention if further validated. When the predicted risk of LVDD
progression in an NAFLD patient with a normal diastolic function is greater than 50%, more effective weight reduction
interventions, such as increased intensity of physical exercise on the premise of a low-calorie diet, and more aggressive
glycemic control should be recommended. Furthermore, a re-evaluation with the nomogram should be performed after
one year to ensure his risk remains below 50%.

We acknowledge that this study has several limitations. The retrospective and cross-sectional design of this study limited
our access to longitudinal data and outcomes in NAFLD patients. As a result, our model was unable to predict when NAFLD
patients with a normal diastolic function would progress to LVDD. Furthermore, no external validation was applied to our
model due to the limited sample size. Further multi-center prospective investigations are required in the future to improve the
ability of our model in predicting the time of LVDD progression and to remedy the absence of a validation study.

Conclusion
We developed a nomogram, which incorporated number of comorbidities, HbA1c, and EATVi, for estimating the
likelihood of LVDD progression in NAFLD patients. Our model may identify NAFLD patients with a normal diastolic
function who are at a high risk of LVDD progression, thus contributing to effective prevention of LVDD progression by
improving their adherence to life interventions and timely adjusting treatment regimens.
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