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Background: Impaired diastolic heart function has been observed in persons with non-alcoholic fatty liver disease (NAFLD)
and/or with type 2 diabetes mellitus (T2DM). However, it is unclear whether NAFLD fibrotic progression, i.e., non-alcoholic ste-
atohepatitis, poses an independent risk for diastolic dysfunction in T2DM. We investigated the association between liver fibrosis
and left ventricular (LV) diastolic dysfunction in T2DM.

Methods: We analyzed 606 patients with T2DM, aged =50 years, who had undergone liver ultrasonography and pulsed-wave
Doppler echocardiography. Insulin sensitivity was measured by short insulin tolerance test. Presence of NAFLD and/or advanced
liver fibrosis was determined by abdominal ultrasonography and NAFLD fibrosis score (NFS). LV diastolic dysfunction was de-
fined according to transmitral peak early to late ventricular filling (E/A) ratio and deceleration time, using echocardiography.
Results: LV diastolic dysfunction was significantly more prevalent in the NAFLD versus non-NAFLD group (59.7% vs. 49.0%,
P=0.011). When NAFLD was stratified by NFS, subjects with advanced liver fibrosis exhibited a higher prevalence of diastolic
dysfunction (49.0%, 50.7%, 61.8%; none, simple steatosis, advanced fibrosis, respectively; P for trend =0.003). In multivariable lo-
gistic regression, liver fibrosis was independently associated with diastolic dysfunction (odds ratio [OR], 1.58; 95% confidence in-
terval [CI], 1.07 to 2.34; P=0.022) after adjusting for insulin resistance and cardiometabolic risk factors. This association re-
mained significant in patients without insulin resistance (OR, 4.32; 95% CI, 1.73 to 11.51; P=0.002).

Conclusions: Liver fibrosis was associated with LV diastolic dysfunction in patients with T2DM and may be an independent risk
factor for diastolic dysfunction, especially in patients without systemic insulin resistance.

Keywords: Diabetes mellitus, type 2; Diabetic cardiomyopathies; Heart failure; Insulin resistance; Non-alcoholic fatty liver dis-
ease

INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is increasingly a
global public health epidemic, a consequence of rising rates of
obesity, diabetes mellitus, and metabolic syndrome [1]. More
than one-third of the United States adult population is estimat-

ed to have NAFLD [2], and prevalence reaches 30% in Europe
and Asia [3]. The NAFLD spectrum ranges from simple steato-
sis to non-alcoholic steatohepatitis (NASH), a progressive
necroinflammatory form that can lead to liver cirrhosis and
hepatocellular carcinoma. Various inflammatory reactions in-
cluding oxidative stress, release of proinflammatory cytokines,
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and lipotoxicity are closely related to development of NASH
[4]. NASH is the second most common cause for liver trans-
plantation in the United States, and is predicted to become the
first over the next decade [5].

Notwithstanding, the leading cause of death in persons with
NAFLD is cardiovascular disease (CVD) [6], presumably due
to shared risk factors composing obesity and metabolic syn-
drome [7,8]. Previously NAFLD was linked to a higher preva-
lence of coronary artery disease [9] and subclinical atheroscle-
rosis, demonstrated by increased carotid artery wall thickness
and impaired endothelial flow-mediated vasodilatation [10]. In
addition, persons with NAFLD had altered left ventricular (LV)
geometry and early features of LV diastolic dysfunction by
echocardiography [11-16]. Another study demonstrated de-
creased LV energy metabolism in subjects with newly diag-
nosed NAFLD, despite normal LV structure and function [17].
The presence of concomitant liver fibrosis poses an even greater
risk for cardiovascular mortality [18]. Recently, biopsy-proven
NASH was associated with altered diastolic indices [19,20], al-
though studies with histopathologic assessment of liver fibrosis
were limited in size, owing to the invasive nature of liver biopsy.

It is recognized that persons with type 2 diabetes mellitus
(T2DM) are at increased risk for heart failure, following cardi-
ac abnormalities including LV hypertrophy and diastolic dys-
function, collectively termed as diabetic cardiomyopathy [21].
The pathogenesis of diabetic cardiomyopathy encompasses an
array of metabolic derangements mainly attributable to insulin
resistance [22]. NAFLD—and especially NASH—is highly prev-
alent in persons with T2DM and is considered a hepatic mani-
festation of insulin resistance. However, it is unclear whether
NAFLD or NASH in patients with T2DM conveys an indepen-
dent risk for heart failure, aside from contributions by diabetes
mellitus and insulin resistance. The aim of this study was to
elucidate whether hepatic steatosis and fibrosis in T2DM were
independently associated with abnormal LV diastolic function,
and whether such a relationship is subject to systemic insulin
resistance.

METHODS

The study population

We included 689 individuals with T2DM, aged =50 years who
had undergone short insulin tolerance test (SITT), liver ultra-
sonography, and pulsed-wave Doppler echocardiography from
2002 to 2016 at Huh’s Diabetes Center, Seoul, Korea. Subjects

268

with previous histories of coronary artery disease or ischemic
stroke, alcohol consumption greater than 140 g/week, or liver
cirrhosis by ultrasonography were excluded (1=83). A total of
606 subjects were analyzed. The study protocol was approved
by the Institutional Review Board of Severance Hospital, Seoul,
Korea (IRB 2017-0760-001), and the requirement for informed

consent was waived.

Anthropometric and biochemical measurements
Demographics, medical history, and social habits including
smoking, alcohol consumption, and physical exercise, were
obtained via self-reported questionnaire at the first visit. Smok-
ing status was categorized into never, past, or current smoking.
Height and body weight were measured and body mass index
(BMI) was calculated as weight divided by the square of the
height (kg/m®). Obesity was defined according to the criteria of
the Asia-Pacific region (BMI =25 kg/m?). Waist circumference
was measured at the midpoint between the lower ribs and the
iliac crest after normal expiration. Blood pressure was read by
mercury sphygmomanometer after at least 5 minutes of rest.
Hypertension was defined as blood pressure >140/90 mm Hg
or the use of antihypertensive drugs. Blood samples were col-
lected after overnight fasting, and measured for fasting plasma
glucose, glycosylated hemoglobin (HbAlc), C-peptide, insu-
lin, total cholesterol, high density lipoprotein cholesterol
(HDL-C), triglycerides, platelets, aspartate aminotransferase
(AST), and alanine aminotransferase (ALT). Low density lipo-
protein cholesterol was calculated per the Friedewald formula.
Plasma glucose concentration was measured by Beckman Glu-
cose Analyzer II (Beckman Instruments, Fullerton, CA, USA).
HbA1c was quantified by high performance liquid chromatog-
raphy (Variant II; Bio-Rad, Hercules, CA, USA). Metabolic
syndrome was defined as the presence of >3 of the following
criteria: waist circumference =90 cm (male) or >80 cm (fe-
male) using Asia-Pacific abdominal obesity criteria; serum tri-
glycerides >1.7 mmol/L or on lipid lowering agents; HDL-C
<1.03 mmol/L (male) or <1.3 mmol/L (female); blood pres-
sure >130/85 mm Hg or taking antihypertensive medications;
and serum glucose >100 mg/dL or the use of antidiabetic
drugs.

Assessment of insulin sensitivity

Insulin sensitivity was determined by the rate constant for dis-
appearance of plasma glucose during SITT (Kirr, %/min) as
previously described [23]. Plasma glucose concentration was
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measured from venous blood collected at 0, 3, 6, 9, 12, and 15
minutes following intravenous injection of regular insulin (Hu-
mulin R; Eli Lilly, Indianapolis, IN, USA) at a dose of 0.1 U/kg af-
ter overnight fast. The Kirr was derived from the linear slope of
log-transformed plasma glucose between 3 and 15 minutes. In-
sulin resistance was defined as Kirr <2.5%/min [24].

Abdominal ultrasonography

Liver sonography was performed via a high-resolution ultra-
sound system (LOGIQ 7; GE, Milwaukee, WI, USA) by a sin-
gle radiologist blinded to laboratory and clinical data. Fatty liv-
er was assessed semi-quantitatively and described as absent,
mild, moderate, or severe based on hepato-renal echo contrast,
liver brightness, deep attenuation, and vascular blurring.
NAFLD was defined as presence of hepatic steatosis on ultra-
sound. Among subjects with NAFLD, presence of advanced
liver fibrosis was determined by NAFLD fibrosis score (NES):
-1.675+0.037 x age+0.094 x BMI+1.13 X (impaired fasting glu-
cose or diabetes mellitus)+0.99 x AST/ALT-0.013 x platelet—
0.66xalbumin >-1.445 [25]. Simple steatosis was defined as
ultrasonographically detected fatty liver without fibrosis pre-
dicted by NFS.

Echocardiography

All subjects underwent pulsed-wave Doppler echocardiogra-
phy (LOGIQ 7) conducted by a single experienced sonogra-
pher. LV and atrial dimensions and wall thicknesses were ob-
tained from the parasternal long axis view. Left ventricular ejec-
tion fraction (LVEF) was calculated by the Teicholz formula. LV
mass was estimated using the validated formula by Devereux et
al. [26]. On the apical four-chamber view, transmitral Doppler
peak flow velocities of early (E-wave) and late diastolic filling
(A-wave), and the E-wave deceleration time (DT) were ob-
tained from the average of three measurements. Diastolic dys-
function was defined as one of the following transmitral flow
patterns by modification of previously used definitions [27]:
impaired relaxation, E/A <1 or DT >240 ms (age <55 years) or
E/A <0.8 and DT >240 ms (age 255 years); pseudonormal, E/
A 1to1.5and DT >240 ms; or restrictive, DT <160 ms with >1
of the following: E/A >1.5 or LA diameter >5 cm.

Statistical analyses

Continuous variables were assumed to be normally distributed
and reported as mean +standard deviation. Categorical vari-
ables were reported as frequency (percentage). Intergroup
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comparisons were by Student’s ¢-test or analysis of variance
(ANOVA) for continuous variables, and chi-square test for cat-
egorical variables. Odds ratios (ORs) and 95% confidence in-
terval (CI) for diastolic dysfunction were calculated by multi-
variable logistic regression. The regression model was: unad-
justed in model 1; adjusted for age, sex, and BMI in model 2;
further adjusted for hypertension, smoking status, duration of
diabetes mellitus, fasting glucose, triglyceride, HDL-C, and
ALT in model 3; and further adjusted for insulin resistance in
model 4. Subgroup analyses and their interactions were adjust-
ed by model 4. P value <0.05 was considered statistically sig-
nificant. All statistical analyses were performed by R version
3.4.3 (R Foundation for Statistical Computing, http://www.R-
project.org).

RESULTS

Clinical and echocardiographic parameters

Clinical characteristics and echocardiographic parameters were
stratified by presence of NAFLD as summarized in Table 1. Mean
age was 63.1+7.0 years, 143 participants (23.6%) were male, and
mean duration of T2DM was 8.4+7.0 years. NAFLD was present
in 355 subjects (58.6%). Patients in the NAFLD group were
younger (P=0.013) and more recently diagnosed with T2DM
(P=0.001) compared with the non-NAFLD group. Subjects with
NAFLD had significantly greater BMI and waist circumferences
and were more likely to have metabolic syndrome (all P<0.001).
While fasting glucose and HbA1c were similar between the
groups, subjects with NAFLD exhibited significantly greater in-
sulin resistance, demonstrated by higher fasting insulin and low-
er Kirr (all P<0.001). Serum cholesterol, triglycerides, and liver
transaminases were also significantly elevated in the NAFLD
group compared with the non-NAFLD group. On echocardiog-
raphy, LVEF was within normal range in both groups, whereas
LV mass index (P=0.014) and LA diameter (P=0.007) were sig-
nificantly greater in the NAFLD group. Significantly lower E/A
ratio (P=0.001) and longer DT (P=0.034) were seen in the
NAFLD group. Accordingly, LV diastolic dysfunction was pres-
ent in 335 participants (55.3%), and its prevalence was signifi-
cantly higher in the NAFLD group compared with the non-
NAFLD group (59.7% vs. 49.0%, P=0.011).

Association of hepatic steatosis with LV diastolic
dysfunction in T2DM
The prevalence of diastolic dysfunction gradually increased
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Table 1. Clinical and echocardiographic parameters

Variable No NAFLD (n=251) NAFLD (n=355) Pvalue
Age, yr 63.9+7.3 62.5+6.7 0.013
Sex 0.108

Male 68 (27.1) 75 (21.1)

Female 183 (72.9) 280 (78.9)
BMI, kg/m’ 24.8+34 26.8+3.3 <0.001
Waist circumference, cm 83.7+8.0 88.8+8.2 <0.001
Systolic BB, mm Hg 146.4+18.6 146.9+16.7 0.724
Diastolic BP, mm Hg 87.4+114 90.0+11.1 0.006
Smoking 0.286

Never 203 (80.9) 304 (85.6)

Past 35(13.9) 36 (10.1)

Current 13(5.2) 15(4.2)
Exercise 91 (36.3) 107 (30.1) 0.135
Duration of diabetes mellitus, yr 9.5+7.7 7.7+6.4 0.001
Hypertension 150 (59.8) 207 (58.3) 0.784
Metabolic syndrome 195 (77.7) 326 (91.8) <0.001
Glucose, mmol/L 8.58+3.20 8.52+2.79 0.806
HbAlc, % (mmol/mol) 8.1+1.7 (65£19) 83+1.7 (67+19) 0.127
Insulin, pmol/L 55.2+35.9 67.5+41.2 <0.001
C-peptide, nmol/L 0.589+0.290 0.749+0.313 <0.001
Kirr, %/min 2.1£0.9 1.8+0.7 <0.001
Insulin resistance 175 (69.7) 296 (83.4) <0.001
Total cholesterol, mmol/L 5.13%+1.11 5.42+1.10 0.002
Triglyceride, mmol/L 1.47+0.79 2.05+1.30 <0.001
HDL-C, mmol/L 1.34+0.35 1.29+0.31 0.068
LDL-C, mmol/L 3.12+0.97 3.23+£0.97 0.153
AST, U/L 25.8+11.5 30.7£15.4 <0.001
ALT, U/L 24.2+13.9 329+19.6 <0.001
LVEE % 70.7+6.1 70.1+6.5 0.221
IVSTd, cm 1.06+0.24 1.10+0.27 0.023
PWTd, cm 1.02£0.18 1.07+0.19 0.004
LV mass index, g/m2 69.5+22.2 74.1+22.3 0.014
LA diameter, cm 3.99+0.49 4.10£0.50 0.007
Peak E 0.70£0.17 0.66%0.15 0.005
Peak A 0.83£0.18 0.85+0.17 0.186
E/A ratio 0.88+0.38 0.80+0.22 0.001
Deceleration time, ms 248.8+48.2 256.9+44.4 0.034
Diastolic dysfunction 123 (49.0) 212 (59.7) 0.011

Values are presented as mean * standard deviation or number (%).

NAFLD, non-alcoholic fatty liver disease; BMI, body mass index; BP, blood pressure; HbAlc, glycosylated hemoglobin; Kirr, the rate constant
for disappearance of plasma glucose during SITT; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol;
AST, aspartate transaminase; ALT, alanine aminotransferase; LVEE left ventricular ejection fraction; IVSTd, diastolic interventricular septal
thickness; PW'Td, diastolic posterior wall thickness; LV, left ventricle; LA, left atrium.
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with severity of fatty liver as shown in Fig. 1A (49.0%, 54.8%,
and 66.7%; none, mild, and moderate-severe, respectively; P
for trend=0.001). When NAFLD was stratified by NFS in Fig.
1B, subjects with advanced liver fibrosis exhibited a signifi-
cantly higher prevalence of LV diastolic dysfunction compared
with those without steatosis (49.0%, 50.7%, 61.8%; none, sim-
ple steatosis, advanced fibrosis, respectively; P=0.011 for ad-
vanced liver fibrosis vs. none, P for trend =0.003).

To assess whether NAFLD is independently associated with
LV diastolic dysfunction in patients with T2DM, multivariable
logistic regression was performed. Presence of NAFLD was as-
sociated with greater odds for diastolic dysfunction (OR, 1.53;
95% CI, 1.05 to 2.22; P=0.027) after adjusting for age, sex,
BMLI, hypertension, smoking status, duration of diabetes melli-
tus, fasting glucose, triglyceride, HDL-C, and ALT (Fig. 2A,
model 3) compared with those without NAFLD. This associa-
tion remained significant but was attenuated when the model
was further adjusted for insulin resistance (OR, 1.48; 95% CI,
1.02 to 2.17; P=0.041) (Fig. 2A, model 4). Other significantly
associated factors in model 4 included age (OR, 1.07; 95% CI,
1.04 to 1.10; P<0.001) and BMI (OR, 1.06; 95% CI, 1.01 to
1.13; P=0.017). In subgroup analyses, there was no heteroge-
neous effect of NAFLD on diastolic dysfunction depending on
HbAlc, duration of diabetes mellitus, hypertension, BMI, age,
and sex (all P for interaction >0.05) (Fig. 2B). Of note, the as-
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sociation was significant only in patients without insulin resis-
tance (OR, 3.77; 95% CI, 1.54 to 9.77; P=0.005), but not in
those with insulin resistance (P=0.327 and P for interac-
tion=0.042).

Association of advanced liver fibrosis with LV diastolic
dysfunction in T2DM

As shown in Fig. 3A, we investigated the relationship between
presence of advanced liver fibrosis with NAFLD and LV dia-
stolic dysfunction. When NAFLD was stratified by NFS, ad-
vanced liver fibrosis was significantly associated with diastolic
dysfunction (OR, 1.58; 95% CI, 1.07 to 2.34; P=0.022) after
adjusting for confounders and insulin resistance, while simple
steatosis alone did not show a statistical significance compared
with patients without steatosis (Fig. 3A, model 4). Other inde-
pendent factors in model 4 were age (OR, 1.07; 95% CI, 1.04 to
1.10; P<0.001) and BMI (OR, 1.06; 95% CI, 1.01 to 1.12;
P=0.024). No significant heterogeneity was found in various
subgroups of glycemic control, duration of diabetes mellitus,
presence of hypertension, BMI, age, and sex (All P for interac-
tion >0.05) (Fig. 3B). However, the association disappeared in
patients with insulin resistance (P=0.275), while it was main-
tained in those without insulin resistance (OR, 4.32; 95% CI,
1.73 to 11.51; P=0.002, P for interaction=0.031).

100
P for trend=0.003

80 P=0.011

40

% Diastolic dysfunction

20
0
None Simple steatosis Advanced fibrosis
Number ~ 123/251 34/67 178288 @

Fig. 1. Prevalence of left ventricular diastolic dysfunction. (A) Prevalence according to sonographic grade of steatosis. (B) Preva-
lence according to presence of liver fibrosis predicted by non-alcoholic fatty liver disease fibrosis score. P for trend by chi-square
test for linear-by-linear association. Pairwise comparisons corrected by Holm-Bonferroni method.
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N OR (95% CI) P value P model
Model 1 No steatosis 251 1.00 (reference)
NAFLD 355 —e— 1.54(1.11-2.14) 0.009 0.009
Model 2 No steatosis 251 1.00 (reference)
NAFLD 355 —e—1 1.53(1.08-2.17) 0.018 <0.001
Model 3 No steatosis 251 1.00 (reference)
NAFLD 355 —e— 1.53(1.05-2.22) 0.027 <0.001
Model 4 No steatosis 251 1.00 (reference)
NAFLD 355 —e—— 1.48(1.02-2.17) 0.041 <0.001
| I . —
0.5 10 15 25
Adjusted OR Q
N OR (95% Cl) P value P interaction
All 606 - 1.48 (1.02-2.17) 0.041
Insulin-sensitive 135 ——e—— 3,77 (1.54-9.77) 0.005 0042
Insulin-resistant 471 e 1.24 (0.81-1.90) 0.327 .
HbA1c <7.5% 217 ———i 1.37(0.71-2.63) 0.345 0.887
HbA1c 27.5% 389 F—— 1.64 (1.01-2.67) 0.044 :
Diabetes <7 years 287 —e— 1.74 (0.98-3.11) 0.058 0.189
Diabetes 27 years 319 e 1.28(0.76-2.15) 0.354 .
Non-hypertensive 249 —e—1 1.86 (1.04-3.35) 0.038 0273
Hypertensive 357 e 1.27 (0.76-2.11)  0.363 )
BMI <25 kg/m? 251 —eo—1 1.81(1.02-3.25) 0.044 0423
BMI 225 kg/m? 355 H——1 1.35(0.81-2.26) 0.254 !
Age <65 years 361 —e—i 1.53(0.93-2.51) 0.092 0.809
Age 265 years 245 H—— 1.47(0.79-2.72) 0.224 :
Male 143 e 2.64 (1.16-6.16) 0.022 0077
Female 463 He— 1.25(0.81-1.93) 0.320 :
——
05 1.0 20 40 100 e
Adjusted OR

Fig. 2. Adjusted odds ratio for left ventricular diastolic dysfunc-
tion by presence of non-alcoholic fatty liver disease (NAFLD).
(A) Multivariable logistic regression in all subjects. Model 1,
unadjusted; model 2, adjusted for age, sex, and body mass index
(BMI); model 3, further adjusted for hypertension, smoking
status, diabetes mellitus duration, fasting glucose, triglyceride,
high density lipoprotein cholesterol, and alanine transaminase;
model 4, further adjusted for insulin resistance. (B) Subgroup
analyses and their interactions with NAFLD. Multivariable lo-
gistic regression with full model (model 4). OR, odds ratio; CI,
confidence interval; HbAlc, glycosylated hemoglobin.

DISCUSSION

The present study demonstrates that, among persons with
T2DM, those with NAFLD exhibited altered LV structure and
diastolic function demonstrated by greater LV mass index,
lower E/A ratio, and longer DT by echocardiography com-
pared with non-NAFLD. Prevalence of LV diastolic dysfunc-
tion increased with severity of fatty liver. Furthermore, ad-
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N OR (95% CI) P value P model
No steatosis 251 1.00 (reference)
Model 1 Simple steatosis 67 ~ +——e—— 1.07 (0.62-1.84) 0.800  0.008
Advanced fibrosis 288 —e— 1.68(1.20-2.38) 0.003
No steatosis 251 1.00 (reference)
Model 2 Simple steatosis 67 —t—e—— 1.26(0.72-2.23) 0.420 <0.001
Advanced fibrosis 288 —e— 1.60(1.11-2.32) 0.012
No steatosis 251 1.00 (reference)
Model 3 Simple steatosis 67 ——7e—— 1.16 (0.64-2.11) 0.630 <0.001
Advanced fibrosis 288 —e— 1.62(1.10-2.40) 0.015
No steatosis 251 1.00 (reference)
Model 4 Simple steatosis 67 ——o— 1.11(0.61-2.03) 0.733  <0.001
Advanced fibrosis 288 —e— 1.58(1.07-2.34) 0.022
| . E—
0.5 1.0 15 25
Adjusted OR Q
N OR (95% Cl) P value P interaction
All 606 —— 1.68 (1.07-2.34) 0.022
Insulin-sensitive 135 F——e—— 432 (1.73-11.51) 0.002 0.031
Insulin-resistant 471 He— 1.28 (0.82-1.99) 0.275 .
HbA1c <7.5% 217 H—— 1.52(0.77-3.00) 0.229 0.874
HbA1c 27.5% 389 —e—i 1.71(1.04-2.82) 0.036 .
Diabetes <7 years 287 —e— 2.00 (1.11-3.63) 0.022 0079
Diabetes 27 years 319 e 1.25(0.73-2.15) 0.417 .
Non-hypertensive 249 —e—i 1.94 (1.06-3.58) 0.032 0359
Hypertensive 357 H—e— 1.37(0.81-2.32) 0.238 :
BMI <25 kg/m? 251 —e— 2.09 (1.13-3.95) 0.021 0.266
BMI 225 kg/m? 355 H——i 1.38 (0.81-2.32) 0.232 i
Age <65 years 361 —e—i 1.72(1.03-2.89) 0.040 0.609
Age 265 years 245 H—— 1.50 (0.80-2.83) 0.206 :
Male 143 —e— 2.74 (1.17-6.64) 0.022 0.098
Female 463 He— 1.34 (0.85-2.10) 0.211 :
| I I B
0.5 1.0 20 40 10.0 e
Adjusted OR

Fig. 3. Adjusted odds ratio for left ventricular diastolic dysfunc-
tion by presence of liver fibrosis predicted by non-alcoholic fat-
ty liver disease (NAFLD) fibrosis score. (A) Multivariable logis-
tic regression in all subjects. Model 1, unadjusted; model 2, ad-
justed for age, sex, and body mass index (BMI); model 3, fur-
ther adjusted for hypertension, smoking status, diabetes melli-
tus duration, fasting glucose, triglyceride, high-density lipopro-
tein-cholesterol, and alanine transaminase; model 4, further
adjusted for insulin resistance. (B) Subgroup analyses and their
interactions with liver fibrosis. Multivariable logistic regression
with full model (model 4). OR, odds ratio; CI, confidence inter-
val; HbA1c, glycosylated hemoglobin.

vanced liver fibrosis with steatosis, indicating NASH, but not
simple steatosis, was significantly associated with LV diastolic
dysfunction after adjustment for cardiovascular risk factors
and insulin resistance. The association between liver fibrosis
and diastolic dysfunction was especially significant in patients
without insulin resistance. Therefore, in T2DM without severe
insulin resistance, the presence of NASH may strongly suggest
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the coexistence of several cardiometabolic risk factors and sub-
clinical heart failure.

NAFLD has been linked to LV diastolic dysfunction and re-
modeling in a number of studies in which subjects with
NAFLD had greater LV mass, lower E/A ratio, longer DT, and
lower € [11-16], while having similar LVEF compared with
normal controls. NASH was also associated with altered cardi-
ac indices in small studies incorporating liver biopsy [19,20].
However, most previous studies largely relied on univariate
analyses and only a few observed an independent effect of
NAFLD after adjusting for hypertension, diabetes mellitus,
and/or obesity in a sufficient number of subjects [13,14]. For
patients with diabetes mellitus, only two studies with western
individuals from a single group have reported a significant as-
sociation between NAFLD and diastolic dysfunction [15,16].
However, in contrast to our study, no information was avail-
able regarding liver fibrosis, which is increasingly suggested as
an important risk factor for CVD [18]. Moreover, no study
thus far has directly controlled for the effect of insulin resis-
tance on cardiac dysfunction in patients with T2DM.

In a previous study comparing T2DM, non-diabetic NAFLD
without advanced fibrosis, and healthy controls, only the dia-
betes mellitus group exhibited diastolic dysfunction, indicating
a significant relationship between glycemic control and cardiac
function [28]. These authors suggested that NAFLD-only sub-
jects who had high liver fat demonstrated higher endocardial
strain and structural compensation for maintaining cardiac
function by first hit, and that progression to diabetes mellitus
with hyperglycemia may lead to impairment in cardiac func-
tion by second hit. Prediabetes has also been associated with
impaired myocardial glucose uptake [29]; therefore, changes in
glucose level and presence of diabetes mellitus itself may play a
crucial role in altering cardiac function. However, in the pres-
ent study, since glucose levels and HbAlc were comparable
with or without NAFLD, and the effect of glucose level was
controlled in logistic regression, we were able to assess the im-
pact of hepatic steatosis or fibrosis on cardiac function in
T2DM aside from glycemic control.

Recently, Lee et al. [30] reported that diastolic dysfunction
was independently associated with liver fibrosis, but not with
steatosis after adjustment for visceral adiposity in non-cirrhot-
ic subjects. However, in a subset of patients with diabetes mel-
litus, the association was insignificant, likely due to small sam-
ple size. In this regard, we found in the present study that,
among 606 T2DM patients, presence of advanced hepatic fi-
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brosis with steatosis—not simple steatosis—was significantly
associated with LV diastolic dysfunction. Furthermore, in sub-
group analysis, the association was significant only in patients
without systemic insulin resistance, and there was a significant
interaction between liver fibrosis and insulin resistance, indi-
cating that the association between NASH and diastolic dys-
function was modified by insulin-resistance.

Several mechanisms have been implicated in the pathophys-
iology linking NASH to diastolic dysfunction. Liver fibrosis
was associated with increased epicardial fat thickness [19]
which, in turn, is linked to altered diastolic function and cardi-
ac geometry [17,19,31]. Epicardial fat may exert a paracrine ef-
fect on cardiomyocytes and may contribute to lipotoxicity [32].
Growing evidence also suggests that fatty liver, and especially
necroinflammation, releases proinflammatory cytokines (e.g.,
tumor necrosis factor-o, interleukin 6, monocyte chemoat-
tractant protein 1, etc.), procoagulant factors, and adhesion
molecules that may be involved in myocardial oxidative stress,
atherogenic dyslipidemia, and endothelial dysfunction [33].
Myocardial tissue alterations, including deposition of ad-
vanced glycation end-products, fibrosis, and increased resting
tension in cardiomyocytes may lead to LV diastolic stiffness
[34]. In addition, dysregulated secretion of hepatokines (e.g.,
fetuin A, LECT2, RBP4, etc.) may in turn promote inflamma-
tory pathways and cardiac dysfunction [35]. Altered gut mi-
crobiota, which is increasingly reported in association with
NAFLD, may contribute to the chronic inflammatory state
[36]. All of these processes may also eventually lead to systemic
insulin resistance, causing cardiac dysfunction by accumula-
tion of free fatty acid and lipid metabolites in cardiomyocytes
and impairment in mitochondrial function [22].

Our study has several strengths. It was the first to investigate
the relationship between severity of hepatic steatosis and/or
presence of advanced liver fibrosis and LV diastolic dysfunc-
tion in patients with T2DM. Compared with previous studies,
our sufficient sample size allowed us to further explore the ef-
fect of liver fibrosis in subgroup analyses (especially according
to insulin resistance). Moreover, our assessment of insulin re-
sistance by SITT, which is a simple but reliable alternative to
the standard glucose clamp technique, provides a more direct
measure compared with steady-state markers.

However, we also acknowledge that our study has some limi-
tations. First, the cross-sectional design precludes a causal in-
ference between NAFLD and incident cardiac dysfunction.
Second, due to unavailability of tissue Doppler imaging (TDI)
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in our echocardiography, characterization of LV diastolic func-
tion primarily relied on E/A ratio and DT without E/e. Many
studies have relied on transmitral flow indices for defining LV
diastolic dysfunction prior to the availability of TDI [27,37-
41], but an important limitation of E/A ratio is its dependence
on age. Notwithstanding, NAFLD-related changes in E/A ratio
and DT in our study were not only in agreement with previous
reports, but also remained significant after adjusting for con-
founders, including age. Third, presence of steatohepatitis was
not confirmed by liver biopsy due to its invasive nature. In-
stead, we used NFS, which has been well validated and is wide-
ly used for screening of advanced liver fibrosis in NAFLD.
Lastly, this is a single center study from a diabetes clinic in Ko-
rea, and should be interpreted with caution when generalized
to different clinical settings.

In conclusion, this cross-sectional study from T2DM pa-
tients with results from SITT, liver ultrasound, and echocar-
diography demonstrated a significant association between liver
fibrosis and LV diastolic dysfunction even after adjustment for
known cardiovascular risk factors and insulin resistance. The
presence of NASH, rather than simple steatosis, may be indica-
tive of diminishing diastolic function in patients with T2DM,
and insulin resistance may play a significant role. Moreover, in
the presence of T2DM, individuals with simple fatty liver
should be aware of the progression to NASH and subsequent
cardiac dysfunction. These findings, in light of current views
on the effect of NAFLD on CVD pathogenesis in patients with
T2DM, warrant further investigation of the mechanism and
potential new targets to prevent CVD in T2DM with NAFLD.
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