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ABSTRACT

Background: Left ventricular diastolic dysfunction (LVDD) is the first preclinical sign of diabetic
cardiomyopathy. Nonalcoholic fatty liver disease (NAFLD) is linked to morbidity and mortality
in Type 2 diabetes mellitus (T2DM) and increases the chance of developing cardiovascular
disease, the primary cause of death.

Aim: This work aimed to identify the association of LVDD and NAFLD in T2DM.

Methods: We recruited 40 patients with T2DM (20 with NAFLD and 20 without NAFLD).
Laboratory investigations and abdominal ultrasonography were carried out. The degree of
hepatic steatosis was measured by the hepatorenal index (HRI). The LVDD was assessed by
echocardiography and tissue doppler imaging.

Results: The Left atrial volume, left ventricular volume index, and left ventricle filling pressure
index (E/é) were higher in the NAFLD group (P < 0.05). The E/é index was correlated with HRI
and gamma-glutamyl! transpeptidase (P < 0.05). Hepatic steatosis by HRI was the only inde-
pendent variable associated with LVDD.

Conclusion: NAFLD is associated and correlated with an increased risk of left ventricular
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diastolic dysfunction in patients with T2DM regardless of ventricular systolic function.

1. Introduction

Nonalcoholic fatty liver disease (NAFLD) is a growing
worldwide pandemic hand in hand with the rising
prevalence of obesity, sedentary life, and metabolic
syndrome. It is the commonest cause of chronic liver
disease in patients with type 2 diabetes mellites
(T2DM), affecting up to 70% of these patients. In
addition, the association of NAFLD with T2DM
increases the likelihood of having NAFLD in a more
severe form, such as nonalcoholic steatohepatitis
(NASH), advanced fibrosis, or cirrhosis [1,2].

The current evidence suggests that NAFLD is
linked to not just morbidity and mortality associated
liver disease, but also to the high risk of developing
cardiovascular disease, which is the major cause of
death among T2DM patients [3,4].

NAFLD has been related to an increased risk of
coronary artery disease and subclinical atherosclerosis,
which manifests as an increase in carotid wall thick-
ness and a reduction in endothelial flow-mediated
vasodilation. Additionally, NAFLD patients had
altered left ventricular (LV) geometrical alterations,
as well as early signs of LV diastolic dysfunction
which can be detected by echocardiography [5,6].

T2DM is associated with higher risk of heart failure,
left ventricular diastolic dysfunction and LV

hypertrophy, which are all described as diabetic cardi-
omyopathy [7]. NAFLD, especially NASH are preva-
lent in persons with T2DM. However, if NAFLD or
NASH in T2DM patients carries an independent risk
for heart failure (away from the consequences of DM
and insulin resistance), is an area of research interest.
In addition, the effect of hepatic steatosis grade, and
fibrosis stage on the cardiac changes are attractive
points to investigate. In the current study, we thought
to investigate the association between NAFLD and LV
function (as measured by echocardiography), and the
severity of hepatic steatosis (as evaluated by the
hepato-renal index).

2, Patients
2.1. Patient inclusion and setting

The recruitment process is shown in Figure 1. In
a case-control design, the study included 40 patients
with type T2DM. They were divided into two groups;
group I: 20 patients with T2DM and with NAFLD,
and group II: 20 patients with T2DM without
NAFLD. The patients were drawn from the internal
medicine department, Alexandria Main University
hospital, as well as the diabetes clinic at Damanhour
Medical Institute. Protocol serial number: 0201107.
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174 patients with abnormal blood
glucose levels were recruited

52 patients not fulfilling the
diagnosis of diabetes mellitus

\4

122 patients fulfill the criteria for
diagnosis of diabetes mellitus

A 4

A 4

43 patients with type 2
diabetes mellitus only

79 patients with type 2 diabetes mellitus and
non-alcoholic fatty liver disease

Exclusion criteria:
® |schemic heart disease,
® Valvar heart diseases,
® Arrhythmias,

»1 ® Systolic heart failure, <
® Cardiac resynchronization therapy,

® Chronic liver disease other than NAFLD,
® eGFR < 60 ml/min/1.73 m?,

® Body mass index < 18.5 Kg/m?,

® Autoimmune disease.

® Hematological disorders.

\4

20 eligible patients with type 2
diabetes mellitus.

A

20 eligible patients with type 2
diabetes mellitus and non-
alcoholic fatty liver disease.

Figure 1. The study recruitment steps. eGFR: estimated glomerular filtration rate; NAFLD: nonalcoholic fatty liver disease.

Informed consent was obtained from all patients for
being included in the study. The diagnosis of DM was
depending on an 8 hours overnight fasting plasma
glucose 2126 mg/dL, or 2-h post-prandial glucose
>200 mg/dL during oral glucose tolerance test, or
hemoglobin A1C > 6.5% [8]. The anti-diabetic agents
used by the patients were shown in Table 1. The
diagnosis of NAFLD was dependent on hepatic stea-
tosis by ultrasound abdomen with exclusion of other
causes of chronic liver disease [9].

2.2. Exclusion criteria

Patients with ischemic heart disease, acquired or con-
genital valvar diseases, chronic AF, systolic heart failure,
patients receiving cardiac resynchronization therapy,

Table 1. Types of anti-hyperglycemic agents.
Number of Patients

Types of anti-hyperglycemic GP 1: T2DM + NAFLD  GP 2: T2DM

agents (n=20) (N =20)
Metformin 2 2
Glimepiride 1 2
Glimepiride + Metformin 3 2
Glibenclamide + Metformin 2 0
Glimepiride + Metformin + 0 1

Glibenclamide
Metformin +Glibenclamide 1 1
+DPP-4 inhibitor

Metformin + DPP-4 inhibitor 1 2
Glimepiride + Pioglitazone 1 0
Gliclazide 0 1
Gliclazide +Metformin 1 0
Insulin + Metformin 8 9

(DPP-4 inhibitor = Dipeptidyl peptidase-4 inhibitor)

patients having left bundle branch block, chronic liver
disease (Non-NAFLD cirrhosis, drug-induced liver



disease, hemochromatosis, autoimmune and viral liver
disease), Alcoholics, glomerular filtration rate*60 ml/
min/1.73 m® body mass index < 18.5 Kg/m?autoim-
mune disease, a recent history of severe infection at the
study time and hematological disorders or malignancy.

3. Methods

All patients were subjected to demographic data col-
lection and physical examination including waist cir-
cumference (WC), and body mass index (BMI)
calculation. Neurological examination for detection
of diabetic peripheral neuropathy was done.
Laboratory investigations including full blood counts,
fasting and post-prandial blood glucose, glycated
hemoglobin Alc (HbAlc), fasting insulin for calcula-
tion of Homeostatic Model Assessment for Insulin
Resistance (HOMA-IR), lipid profile, serum urea,
serum creatinine, uric acid, urinary albumin/creati-
nine ratio (WACR), glomerular filtration rate estima-
tion (eGFR), serum aminotransferases, and gamma-
glutamyl transpeptidase (GGT).

A cardiac assessment was done for all participants.
A 12-lead standard resting electrocardiogram was
done to exclude silent ischemia or cardiac arrhyth-
mias. Echocardiography was done using ultrasound
equipment (GE-VingMed System FiVe with
a 3.5 MHz transducer, General Electric-Ving Med
Sound AB, Horten, Norway). This was done on the
same day of abdominal ultrasound examination.

Transthoracic echocardiography was utilized to
determine LV diameters, wall thickness, and mass.
At rest, LV end-diastolic volume (EDV), LV end-
systolic volume (ESV), and EF were assessed at the
apical 4-chamber and 2-chamber perspectives (by
modified Simpson rule). The maximum volume of
the left atrium was measured at the end of LV systole
using the apical 4-chamber and 2-chamber perspec-
tives. When appropriate, measurements were corre-
lated to body surface area. Trans-mitral peak early
diastolic velocity (E), peak late diastolic velocity (A),
and E-wave deceleration time were measured using
pulsed-wave Doppler [10].

A Doppler trans-mitral flow-velocity curve was
obtained utilizing the volume at the mitral tips to evalu-
ate the peak early (E) and late (A) diastolic flow velocities.
A tissue Doppler imaging (TDI) of mitral annular
motion at the septum was performed to evaluate
LVDD. The early (¢’) diastolic annular velocities’ peak
values were calculated using the TDI. These measure-
ments were used to calculate the mitral E to TDI e’ ratio
(E/e’) which served as a measure of the LV filling pres-
sure [11,12].

Abdominal ultrasonography was done for all
patients by a single expert blinded radiologist.
Features of hepatic steatosis were identified (e.g. diffuse
hyper-echogenicity of the liver compared to the

ALEXANDRIA JOURNAL OF MEDICINE . 119

kidneys, ultrasound beam attenuation, and poor visua-
lization of intrahepatic artery boundaries and dia-
phragm). The liver’s and kidneys’ echogenicity was
assessed using a grayscale histogram, and the hepator-
enal index (HRI) was calculated using the mean results
with a dedicated software. The degree of hepatic stea-
tosis was semi-quantitatively graded as follows: healthy
liver (HRI = 1.00 — 1.04), mild steatosis (HRI = 1.05-
1.24), moderate steatosis (HRI = 1.25-1.64), and severe
steatosis (HRI > 1.65) [13].

3.1. Statistical analysis

Statistical analysis was conducted using the Statistical
Package for Social Sciences (SPSS version 20.0) soft-
ware. Normality for the data was assessed. The data
were expressed as mean * SD, median (minimum-
maximum), or proportions as appropriate. The
unpaired Student’s t-test for normally distributed data
was used to compare two means or the Mann-Whitney
U-test for non-normally distributed quantitative vari-
ables as appropriate. The Chi-square (x2) test was used
to compare between proportions or Fisher’s Exact test
(FET). Univariate and multivariate analysis were done.
Statistical significance was estimated at P < 0.05. All
determined P values were two-tailed.

4. Results

Table 2 shows the baseline clinical and biochemical
characteristics of the study groups. The duration of
DM was higher in group I compared to group II
(P = 0.001). The median duration of DM in patients
in groups I and II were 10, and 4 years respectively.
There was no difference between the two groups as
regards the eGFR.

There was no statistical difference between the stu-
died groups according to their EF, LVM, LVED volume
and peak early diastolic flow velocity (E) (P > 0.05).
Patients with T2DM and NAFLD, in comparison to
patients with T2DM only, had higher peak late diastolic
flow velocities (A), higher left atrial volume, higher
peak early/late diastolic flow velocities (E/A), lower
peak early diastolic annular velocities (¢’), and higher
left ventricle filling pressure index (E/e’) (P = 0.05,
P = 0.04, P < 0.001, and P < 0.001, respectively).
Echocardiographic findings are shown in Table 3.

4.1. Hepatic steatosis and echocardiography
parameters

Based on HRI classification of steatosis grade, there was
a significant difference between different steatosis grades
as regards LAV, LVVI, peak early diastolic annular velo-
cities (€’), and left ventricle filling pressure index (E/e’)
(P < 0.005). Patients with severe steatosis had signifi-
cantly higher left ventricle filling pressure index (E/e’)
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Table 2. Comparison between the study groups regarding the baseline characteristics and

laboratory findings.

T2DM + NAFLD (n = 20) T2DM (n = 20) p*
Male/female (n/n) 6/14 3/17 0.26
Age (years) 542 + 8.7 533 +6.6 0.73
BMI (kg/m2) 31.3+47 327 £57 0.59
WC (cm) 106 + 8.0 106.1 + 11.4 0.99
Duration of DM 10.0 (7.5-13.5) 4.0 (2.0-7.5) 0.001 *

(years)

Neuropathy: n (%) 14 (70) 7 (35) 0.03 **
Retinopathy: n (%) 13 (65) 7 (35) 0.05 **
Statins users: n (%) 14 (70) 12 (60) 0.74%*
ARBs users: n (%) 8 (40) 6 (30) 0.51**
Hb (gm/dL) 125+ 13 121 £1.0 0.46
Platelets (x10° /dL) 270.1 £ 72.7 269.2 + 64 0.97
WBCs (x10° /dL) 6.8 2.0 7217 0.68
FBG (mg/dL) 172.3 + 63.1 161.1 £ 43.9 0.710
PPBG (mg/dL) 261 + 83.7 2399 +57.8 0.51
HbA1c (gm%) 84+14 82+18 0.90
HOMA-IR 6.1 (2.9-12.4) 5.6 (3.0-7.5) 0.57 ***
TC (mg/dL) 194 + 448 189 + 30 0.89
HDL-C (mg/dL) 45 + 103 469 £ 6.8 0.51
LDL-C (mg/dL) 129.6 £ 29.9 1144 + 216 0.09
TG (mg/dL) 137.2 £ 37 1788 £ 75.4 0.029
AST (u/L) 273+72 26.0 £ 0.0 0.55
ALT (u/L) 28 £55 254 +7.2 0.21
GGT (mg/dL) 26.8 £ 8.1 249 + 6.1 0.41
Uric acid (mg/dL) 58+1.0 55+1.1 0.54
UuACR (mg/gm) 335 (25-529) 127.5 (21-385) 0.61 ***
Creatinine (mg/dL) 0.94 £ 0.13 0.95 £ 0.23 0.99
eGFR (mL/min) 918+ 174 90.2 £ 31.0 0.99
HRI 1.56 £ 0.37 0.98 + 0.07 <0.001

ALT: Alanine aminotransferase; ARBs: Angiotensin receptor blockers; AST: Aspartate aminotransferase; BMI:
body mass index; DM: Diabetes Mellitus; eGFR: estimated glomerular filtration rate; FBG: Fasting blood
glucose; GGT: Gamma-glutamyl transpeptidase; HRI: Hepatorenal index; Hb: Hemoglobin; HbA1c: Glycated
hemoglobin Alc; HDL-C: High-density lipoprotein-cholesterol; HOMA-IR: Homeostatic Model Assessment
for Insulin Resistance; HTN: Hypertension; PPBG: Post-prandial Blood Glucose; LDL-C: Low-density lipo-
protein cholesterol; T2DM: Type 2 Diabetes Mellitus; TC: total cholesterol; TG: Triglycerides; uACR: urinary

albumin/creatinine ratio; WBCs: White blood cells.
*: student t-test
**: Chi® test,

***: Kruskal Wallis test (values are expressed as median (range).

Statistically significant if P < 0.05

Table 3. Comparison between studied groups regarding echocardiography

findings.

Parameters® T2DM + NAFLD (n = 20) T2DM (n = 20) p*

EF (%) 70.1+58 70.7 + 43 0.69
LAV 293 +48 2568 £ 2.9 0.01

LVVI 292 £6.2 2552 +33 0.02
LVM 117.8 £ 11.1 109.2 £ 11.1 0.25
LVEDV 85.3 + 6.1 856+ 7.2 0.95
E (m/s) 0.66 + 0.06 0.61 £ 0.09 0.14
A (m/s) 0.91 + 0.08 0.83 + 0.11 0.05
E/A 0.75 £ 0.06 0.70 £ 0.08 0.04
é (cm/s) 82+08 103 £ 1.1 <0.001
E/é 8.1+£0.7 56038 <0.001

A: peak late diastolic flow velocity; EF: Ejection fraction; E: peak early diastolic flow velocity, e’: peak
early diastolic annular velocities, E/e’: left ventricle filling pressure index, LAV: Left atrial volume,
LVVI: Left ventricle volume index, LVM: left ventricular mass, LVEDV: left ventricular end-diastolic

volume, NAFLD: nonalcoholic fatty liver disease, T2DM: Type 2 diabetes mellites.

$Values are expressed as Mean + SD
*: Statistically significant at P < 0.05

compared to patients with mild, or moderate steatosis,
and compared to normal subjects (P < 0.001), (Table 4)

4.2, Correlations

Among patients with T2DM and NAFLD, the left
ventricle filling pressure index (E/e’) was positively
correlated with the HRI (P = 0.008, r = 0.58), and
serum GGT (P = 0.035, r = 0.47). However, there

was no correlation between the (E/e’) ratio and the
other parameters (Figure 2A and 2B).

4.3. Regression analysis

A univariate analysis was done. The duration of DM,
presence of HTN, HOMA-IR, serum GGT, and
hepato-renal index were significant predictors for the
presence of LVDD. However, a multivariate regression
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Table 4. Comparison between different grades of hepatic steatosis as regards the echocardiographic parameters.

Mild
Normal steatosis Moderate steatosis
Parameters® (n = 20) (n=15) (n=9) Severe steatosis (n = 6) p*
EF (%) 70.72 £ 4.32 71.54 £5.90 70.96 + 4.60 67.55 +7.24 0.51
LAV 25.66 + 2.92% 31.10 £ 3.36 27.27 £ 541 30.77 £ 445 0.01
LVVI 25.52 +3.29% 32.80 + 1.89° 2733 £5.86 29.30 +£8.23 0.03
LVM 109.15 £ 11.14 118.30 £ 11.99 116.54 £ 12.43 119.22 £ 10.0 0.13
LVEDV 85.62 +7.24 88.70 = 3.60 82.46 + 5.54 86.80 £ 7.25 0.35
E (m/s) 0.61 £ 0.09° 0.64 + 0.04 0.65 + 0.08 0.70 + 0.04 0.16
A (m/s) 0.83 £ 1.10 0.91 + 0.07 0.89 + 0.09 0.92 £ 0.07 0.13
E/A 0.69 + 0.08° 0.73 £ 0.06 0.73 £ 0.06 0.78 + 0.04 0.06
é (cm/s) 10.34 + 1.06°> 7.83 + 0.84% 8.05+0.76 © 8.59 + 0.88 <0.001
E/é 5.58 + 0.79°" 7.58 +0.61" 8.07 +0.63 € 8.50 + 0.67 <0.001

A: peak late diastolic flow velocity; ECHO: Echocardiography; EF: Ejection fraction; E: peak early diastolic flow velocity, e: peak early diastolic annular
velocities, E/e": left ventricle filling pressure index, LAV: Left atrial volume, LVVI: Left ventricle volume index, LVM: left ventricular mass, LVEDV: left
ventricular end-diastolic volume, NAFLD: nonalcoholic fatty liver disease, T2DM: Type 2 diabetes mellites.

SValues are expressed as Mean + SD

*: ANOVA test, statistically significant at P < 0.05

Astatistically significant difference from mild steatosis

bstatistically significant difference from moderate steatosis

Sstatistically significant difference from severe steatosis

Table 5. Univariate and multivariate analysis (ANCOVA) for predictors of LVDD among
the study population.

Univariate analysis Multivariate analysis*

P OR P OR
Age 0.93 0.07 - -
Duration of DM 0.013 6.8 0.1 -
Gender 0.52 0.41 - -
HTN 0.04 437 0.73 -
Retinopathy 0.47 0.51 - -
Neuropathy 0.21 1.62 - -
BMI 0.07 35 - -
HOMA-IR 0.001 14.1 0.09 -
TC 0.31 1.05 - -
TG 0.057 3.86 0.19 -
LDL 0.53 0.40 - -
HDL 0.59 0.28 - -
uACR 0.89 0.02 - -
GGT 0.02 6.46 0.51 -
HRI > 0.001 21.4 > 0.001 30.24

*Non-parametric ANCOVA test (Quade’s test).

BMI: body mass index, DM: Diabetes Mellitus, GGT: Gamma-glutamyl transpeptidase, HRI: Hepatorenal
index, HDL-C: High-density lipoprotein-cholesterol, HOMA-IR: Homeostatic Model Assessment for
Insulin Resistance, HTN: Hypertension, LVDD: Left ventricular diastolic dysfunction, TC: total cho-
lesterol, TG: Triglycerides, uACR: urinary albumin/creatinine ratio.

50 -
45 - °
2.5 4
40 - R o
35 A 2 4
= 30 -
N
2 25 15 |
IG HRI
20 -
0] 1]
15 |
10 1 0.5
5 =
0 ’ . r , ; . ; X 0 - : : - : - : .
6 6.5 7 7.5 8 8.5 9 9.5 10 6 6.5 7 7.5 8 8.5 9 9.5 10
(A) E/é ratio (B) E/é ratio

Figure 2. Correlation between the left ventricle filling pressure index (E/e’) on one side, and (A) serum gamma glutamyl
transpeptidase (GGT), and (B) the hepatorenal index (HRI)on the other side (P = 0.035, r = 0.47, and P = 0.008, r = 0.58,
respectively) among patients with T2DM and NAFLD.
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analysis using the non-parametric ANCOVA (Quade’s
test) showed that the HRI was the only significant
predictor for LVDD (P < 0.001, OR = 30.24), (Table 5).

5. Discussion

Obesity and T2DM have become epidemic propor-
tions throughout the world. Early mortality is asso-
ciated with T2DM, which is also a significant risk
factor for cardiovascular illness, particularly ischemic
heart disease and chronic heart failure. Early cardiac
functions alternation can also be seen as aberrant
diastolic dysfunction, which over time may result in
loss of contractile function [14].

Nonalcoholic fatty liver disease is the most preva-
lent cause of chronic liver disease. When NAFLD is
associated with T2DM. This will raise the chance of
developing cardiovascular disease, the leading cause of
death, in addition to the morbidity and mortality
related to the liver. It has a high correlation with
cardiac dysfunction, particularly LVDD [15].

In the current study, patients with T2DM plus
NAFLD had significantly lower peak early diastolic
annular velocities (¢é), higher LVED volume, and
higher left ventricle filling pressure index (E/é) com-
pared with T2DM patients without NAFLD. However,
these findings were detected while the left ventricular
EF was normal. These parameters reflect the presence
of early left ventricular diastolic dysfunction among
T2DM patients who had NAFLD even with preserved
LV ejection fraction.

These results are consistent with Saluja M et al.,
who found that NAFLD patients had significantly
lower E’ tissue velocity, higher E/e’ ratio, higher
LVend-diastolic pressure, and higher LV end-
diastolic pressure/end-diastolic volume LV ratio.
They concluded that in patients with T2DM and
NAFLD, even if the LV morphology and systolic func-
tion are preserved, early features of LV diastolic dys-
function were detected [16].

In our study, the left ventricle filling pressure index
positively correlated with the HRI, and serum GGT (as
a reflection of steatosis severity). In a study by Bonapace
S et al., there was an incremental pattern of the E-to-e’
ratio across subgroups according to the steatosis severity
[17]. This comes in agreement with our findings, how-
ever; they graded the steatosis by a subjective evaluation,
unlike our methodology which used a dedicated objec-
tive software for steatosis severity evaluation.

In the current study, we found a significant differ-
ence between different grades of steatosis as measured
by HRI as regards the (¢’) peak early diastolic annular
velocities, (E/e’) left ventricle filling pressure index.
The greater the steatosis, the higher the peak early
diastolic annular velocities, left ventricle filling pres-
sure index (i.e. more LVDD). In addition, the multi-
variate analysis showed that HRI is the only

independent variable associated with LVDD in
patients with T2DM and NAFLD.

Our results were following that of Mantovani
A et al. as they reported that after adjusting for cardi-
ometabolic risk confounders, NAFLD was associated
with three-fold increased odds of mild and/or moder-
ate LVDD. They concluded that in T2DM patients
with intact systolic function, NAFLD is independently
associated with early LVDD [18]. Similarly, Lee
H et al. found in their study LV DD was substantially
more frequent in the NAFLD versus non-NAFLD
group (59.7% vs. 49.0%, P = 0.011). Additionally,
they revealed that liver fibrosis was independently
associated with diastolic dysfunction (odds ratio = 1.58)
after considering insulin resistance and cardiovascular
risk variables into account [19].

The pathophysiological link between NAFLD and
LVDD is not fully understood. Whether NAFLD is
just a marker of cardiometabolic risk and ectopic fat
deposition or is an independent risk factor for cardiac
abnormalities, is a debatable topic. Recently, growing
evidence suggested that NAFLD is a main contributor
in the pathogenesis of both structural and functional
myocardial defects in patients with NAFLD and dia-
betes [20,21].

A pathogenic ‘cross-talk” between the liver and the
malfunctional adipose tissue has been discussed. The
ectopic adipose tissue including visceral fat produces
a lot of free fatty acids, hormones and pro-
inflammatory adipokines, that lead to insulin resis-
tance. In this context, the liver is both a target for
these adipokines, and is a source for various hepato-
kines that may amplify the myocardial and vascular
damages [22].

In addition, NAFLD, especially necro inflammatory
phase (NASH), produces proinflammatory cytokines
(e.g. interleukin 6, tumor necrosis factor-a, monocyte
chemoattractant protein 1, etc.), procoagulants, and
adhesion molecules which may be implicated in the
myocardium oxidative stress, endothelial dysfunction
and atherogenic dyslipidemia [4]. Changes in the myo-
cardial tissue, such as the accumulation of advanced
glycation end products, increased resting tension in
cardiomyocytes and fibrosis which can end by LV dia-
stolic stiffness [23]. Indeed, the link between NAFLD
and myocardial dysfunction is an interesting area in the
recent research, especially the conception of
a pathophysiological continuous sequence between
NAFLD and heart failure with preserved ejection frac-
tion (HFpEF). NAFLD has been suggested to drive
three major HFpEF phenotypes (metabolic, advanced
liver disease phenotype and obstructive), that indicate
a spectrum ranging from mild form to severe disease
with varying patterns across various patients [24].

The main limitation of our study is the small num-
ber of patients. Also, a liver biopsy which is the gold
standard to assess the severity of liver damage was not



performed. However, our study still has a point of
strength. To the best of our knowledge, this is the
first study which correlate the severity of hepatic stea-
tosis with the LVDD using a noninvasive, quantitative,
and approved tool for measuring the hepatic steatosis;
the hepatorenal index.

In conclusion, our results confirm that NAFLD is
associated with LVDD even with preserved LV systolic
functions and can be an independent risk factor for
early alterations in LV diastolic function in T2DM
patients. This also highlights the need for future stu-
dies to investigate the value of preemptive NAFLD
management among T2DM patients to prevent car-
diac dysfunction.

Abbreviations

EF Ejection fraction

eGFR Estimated glomerular filteration rate

GGT Gamma-glutamyle transpeptidase

HOMA-IR Homeostatic model assessment of insulin
resistance

HRI Hepatorenal index

LAV Left atrial volume

LVvDD left ventricular diastolic dysfunction

LVEDV left ventricular end-diastolic volume

LVM Left ventricular mass

NAFLD Non-Alcoholic Fatty liver disease
T2DM Type 2 diabetes melleitus

TDI Tissue doppler imaging

uACR urinary albumen/creatinine ratio
WC Waist circumference
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