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Abstract

Background and Aims: Non-alcoholic fatty liver disease (NAFLD) is associated with
increased risk for cardiovascular disease. Our study investigates the contribution of
NAFLD to changes in cardiac structure and function in a general population.
Methods: One thousand ninety-six adults (49.3% female) from the Study of Health in
Pomerania underwent magnetic resonance imaging including cardiac and liver imag-
ing. The presence of NAFLD by proton density fat fraction was related to left cardiac
structure and function. Results were adjusted for clinical confounders using multivari-
able linear regression model.

Results: The prevalence for NAFLD was 35.9%. In adjusted multivariable linear re-
gression models, NAFLD was positively associated with higher left ventricular mass
index ($=0.95; 95% confidence interval (Cl): 0.45; 1.45), left ventricular concentricity
($=0.043; 95% Cl: 0.031; 0.056), left ventricular end-diastolic wall thickness (3=0.29;
95% Cl: 0.20; 0.38), left atrial end-diastolic volume index (8=0.67; 95% Cl: 0.01; 1.32)
and inversely associated with left ventricular end-diastolic volume index (p=-0.78;
95% Cl: -1.51; -0.05). When stratified by sex, we only found significant positive as-
sociations of NAFLD with left ventricular mass index, left atrial end-diastolic volume
index, left ventricular cardiac output and an inverse association with global longitudi-
nal strain in women. In contrast, men had an inverse association with left ventricular
end-diastolic volume index and left ventricular stroke volume. Higher liver fat content
was stronger associated with higher left ventricular mass index, left ventricular con-
centricity and left ventricular end-diastolic wall thickness.

Conclusion: NAFLD is associated with cardiac remodelling in the general population

showing sex specific patterns in cardiac structure and function.

Abbreviations: BMI, body mass index; CMR, cardiac magnetic resonance imaging; CVD, cardiovascular disease; GLS, global longitudinal strain; HbA1C, Haemoglobin A, LAEDV, left
atrial end-diastolic volume (index); LFC, liver fat fraction; LVEDV,, left ventricular end-diastolic volume (index); LVEF, left ventricular ejection fraction; LVESV, left ventricular
end-systolic volume; LVM,, left ventricular mass index; MASLD, metabolic dysfunction-associated steatotic liver disease; MRI, magnetic resonance imaging; NAFLD, non-alcoholic fatty
liver disease; NT-proBNP, N-terminal prohormone of brain natriuretic peptide; PDFF, proton density fat fraction; SHIP, Study of Health in Pomerania.
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1 | INTRODUCTION

Obesity is a major global disease burden with a steady increasing
prevalence over the past decades in both men and women.! As a
result, there is a likewise increase in obese related conditions like
non-alcoholic fatty liver disease (NAFLD) and cardiovascular disease
(CVD).%® Besides obesity, both NAFLD and CVD share multiple risk
factors like diabetes and dyslipidaemia. However, there is a growing
evidence that NAFLD might contribute to CVD progression as aniso-
lated risk factor. Larger past cohort studies suggest an independent
association of hepatic steatosis with various CVD like aortic valve

4 carotid arteriosclerosis® and left ventricular remodelling

sclerosis,
and dysfunction®® which counts as a precursor of heart failure.”

However, it was shown that both obesitylo'“ and NAFLD”®2 are
associated with subclinical cardiac remodelling so the individual role
of NAFLD as a risk factor still remains controversial. Previous cohort
studies usually used qualitative liver fat content (LFC) determination
using ultrasound or qualitative computed tomography imaging.”*®
While this is the most practical approach for larger studies, in the
daily clinical practice it remains unclear if the use of quantitative
liver fat allows further insights in their interactions. Liver biopsy is
the gold standard for quantitative assessment of liver fat and disease
stage but as an invasive procedure it is not suitable for larger gen-
eral population studies. During the past decade, magnetic resonance
imaging (MRI) has proven as a noninvasive way of determining LFC
using proton density fat fraction (PDFF) mapping showing very good
correlation with the histopathology.’* Likewise cardiac magnetic
resonance imaging (CMR) emerged as the reference standard for as-
sessment of cardiac structure and function with less inter-observer
variability and dependency of anatomic conditions compared to
echocardiography.®®

Therefore, the purpose of our study was to examine the rela-
tionship between NAFLD and left cardiac structure and function in
a large general population cohort using whole-body MRI for quanti-
tative LFC and cardiac measurements.

2 | MATERIALS AND METHODS
2.1 | Study population and general measurements

The Study of Health in Pomerania (SHIP) is a population-based study
in Northeast Germany. For the present study, we used data gath-
ered between September 2008 and September 2012 from the sec-
ond follow-up investigation cycle of the first cohort (SHIP-START-2)
and from baseline examinations of a second cohort (SHIP-TREND-0),
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cardiac remodelling, magnetic resonance imaging, non-alcoholic fatty liver disease, population-
based imaging, proton density fat fraction

Key points

In this study, non-alcoholic fatty liver disease is common
in the general population and associated with unfavour-
able changes in cardiac structure and function in men and
women independent of classical cardiovascular risk fac-
tors. Observing a steady increase of fatty liver disease over
the past decades, it might contribute to a growing number

of cardiac morbidity and mortality in the future.

when whole-body MRI was first introduced. Overall 6753 Caucasian
individuals aged 20 to 81years were eligible for this study. All sub-
jects were randomly selected out of the local registration office
database without individual overlap. For all participants in both
cohorts, computer-assisted interviews were performed at baseline
and during follow-up examinations including questions about their
medical history, lifestyle behaviours and drug usage. Furthermore,
various clinical and laboratory examinations were also ascertained.
MRI took place close to time of the interviews and physical examina-
tions. The study was approved by the local institutional review board
and complies with the Declaration of Helsinki. All study participants
gave written informed consent for the study and MR imaging. The
complete study design has been described in detail before ¢’
Daily alcohol consumption was determined by beverage specific
alcohol consumption (beer, wine, distilled spirits) on the last week-
end and last weekday before the examination. Mean daily alcohol
consumption was calculated using beverage specific pure ethanol
volume proportions. Smoking status of the participants was divided
into categories of current, former and never smokers. Individuals
who participated in physical training during summer and/or winter
less than 1 h/week were classified as being physically inactive. Waist
circumference was measured to the nearest 0.1 cm suing an inelastic
tape midway between the lower rip margin and the iliac crest. Body
mass index (BMI) was calculated by dividing the weight in kilograms
(kg) by height in metres squared (m?). Hypertension was defined as
systolic blood pressure=140mmHg and/or diastolic blood pres-
sure 290mmHg or the use of antihypertensive medication. Type 2
diabetes was defined as self-reported history or use of hypoglycae-
mic medication (ATC-codes A10A, A10B, A10X). Plasma serum lev-
els of glucose, Haemoglobin A, (HbA1C), N-terminal prohormone
of brain natriuretic peptide (NT-proBNP), total cholesterol, and high
and low density lipoprotein were measured on non-fasting blood
samples. Treated hypertension was defined as use of antihyperten-
sive medication (ATC-codes CO1D, C02, C03, C04, C07, C08, C09).
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Lipid-lowering medication was defined as treatment with statins, fi-
brates or other lipid-lowering medications (ATC-codes C10).

Exclusion criteria were missing image data or variables, bad
image quality, excessive alcohol consumption (>30g/day for men,
>20g/day for women), history of myocardial infarction or heart
surgery and severe heart failure (left ventricular ejection fraction
[LVEF] <30%; Figure 1).

2.2 | Magnetic resonance imaging and
image analysis

Whole-body MRI was performed on a 1.5T magnetic resonance
system (Magnetom Avanto; Siemens Medical Systems, Erlangen,
Germany) using a whole-body-surface coil system. The independent
readers were blinded for clinical covariates. The complete imaging
protocol was described in detail before.'®

Analysis of LFC has been published before.’ In short LFC was
determined by offline reconstructions of a PDFF map. Mean PDFF
values were determined by a single radiologist with 11years expe-
rience of abdominal MR imaging using operator-defined regions of
interest placed at the centre of the liver with Osirix (v3.8.1; Pixmec
Sarl, Bernex, Switzerland). NAFLD was defined as LFC higher than
5.1% and cutoffs for mild, moderate and severe NAFLD were 5.1%,
14% and 28%, respectively, based on histopathologic grading from

a previous study.?®

Cardiac assessment of morphological and functional left ventric-
ular and left atrial parameters was ascertained using semi-automatic
software (QMass MR 7.2, MEDIS, Leiden, The Netherlands) by two
readers with 3 and 5years of CMR imaging experience using steady-
state free precession cine imaging. The detailed image analysis for
LV myocardial mass (LVM), LV end-systolic volume (LVESV), LV end-
diastolic volume (LVEDV), LVEF and left atrial end-diastolic volume
(LAEDV) has been described before.?! LV concentricity index (LVC)
was calculated as LVM/LVEDV. LV stroke volume (LVSV) was calcu-
lated as LVED-LVESV. Left ventricular end-diastolic wall thickness
was calculated as the average of all measured segments. Volumetric
measurements for LV and LA and LVM were further indexed to body
height2‘7.22 Global longitudinal strain (GLS), global transversal strain,
global circumferential strain and global radial strain were analysed
using semi-automatic software (2D Cardiac Performance Analysis
Software Version 1.0, TomTec Imaging Systems GmBH, Germany) by
two independent readers using short axis, 2-chamber and 4-chamber
steady-state free precession cine imaging.

2.3 | Statistical analysis

Descriptive statistics were reported stratified by presence of NAFLD
as median, 25th and 75th percentile (continuous data) or as absolute
numbers and percentages (categorical data). NAFLD was associated

with markers from CMR by linear regression models adjusted for age,

Study Cohort N = 6753
— Refusal to MR examination 2135
> —  Willing, but MR contraindications 909
— Did show up but had MR contraindications 254
Whole-Body MR Imaging N = 3455
— MR examination abort 538
— Contraindications for contrast agent
> — Impaired renal function 170
—  Drug allergy and/or allergic asthma 432
—  Unwilling to proceed 790
\ 2
Contrast-Enhanced MR Imaging N = 1525
— Bad image quality 34
—  Excessive alcohol consumption 103
>{ — History of myocardial infarction or heart surgery 13
— Severe heart failure 8
— Missing covariables 271
\ 2
Final Study Cohort N = 1096

FIGURE 1 Flowchart showing inclusion and exclusion of study participants.
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27, antihypertensive medication intake, systolic blood pres-

sex, heigh
sure, type 2 diabetes, smoking status and study. Adjusting for BMI was
waived because liver fat content as a continues variable already shows
correlation with those.'”?% All models were repeated stratified by sex.
A p<.05 was considered as statistically significant. All analyses were

conducted with Stata 17.0 (Stata Corporation, TX, USA).

3 | RESULTS

3.1 | Characteristics of the study population
After exclusion 1096 adults with a mean age of 50.9 years (49.3%
female, range 21-82 years) were eligible for the analyses (Figure 1).
The baseline characteristics of the study sample divided by the
presence of NAFLD are summarized in Table 1. The prevalence
for NAFLD was 35.9%. Participants with NAFLD were more likely
male, older, less physically active and had higher BMI and waist
circumferences. The presence of NAFLD was accompanied by a
worse cardiovascular risk profile including increased percentage
of hypertension, type 2 diabetes and unfavourable triglycerides/
HDL-cholesterol ratio. Accordingly, participants with NAFLD took
more often medication for hypertension, diabetes and hyperlipi-
daemia compared to participants without NAFLD. Stratified by
sex, women in our study population had less alcohol consumption,
less hypertension and diabetes as well as lower liver fat content
compared to men (Table S1).

Unadjusted comparisons of cardiac structure and function are
summarized in Table 2. Study participants with NAFLD showed on
average a higher LVM, LVC, LVED wall thickness and LAEDV.

3.2 | Associations between NAFLD and left heart
structures and functions

Applying multivariable linear regression analysis, we observed sig-
nificant associations between NAFLD and cardiac structure and
function parameters summarized in Table 3. For the whole study
population, the results were overall consistent with the trends in
the unadjusted comparisons noted above. The presence of NAFLD
remained significantly associated with a higher LVM index (LVM,)
(=0.95; 95% Cl: 0.45; 1.45), LVC (=0.043; 95% Cl: 0.031; 0.056),
LVED wall thickness ($=0.29; 95% CI: 0.20; 0.38) and LAEDV,
(p=0.67; 95% Cl: 0.01; 1.32). Furthermore, there was a significant
inverse association with LVEDV, (=-0.78; 95% Cl: -1.51; -0.05).

When stratified by sex, there were significant differences in the
associations of NAFLD in men and women with left cardiac geome-
try and function.

While men with NAFLD showed positive associations with LVC
(#=0.050; 95% CI: 0.032; 0.068) and LVED wall thickness (=0.28;
95% Cl: 0.15; 0.41), there was a significant inverse association with
LVEDV, (p=-1.87; 95% Cl: -2.85; -0.88) and LVSV, (f=-0.69; 95%
Cl: -1.33; -0.06) suggesting a more concentric remodelling tendency
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TABLE 1 Characteristics of the study population stratified by

NAFLD.

Age; years
Males; %
Alcohol consumption; g/d
Smoking status; %
Never
Former
Current
Physical inactivity; %
Body height; cm
Body mass index; kg/m?
Waist circumference; cm

Systolic blood pressure;
mmHg

Diastolic blood pressure;
mmHg

Heart rate; bpm

Antihypertensive
medication; %

Arterial hypertension; %
NT-proBNP; pg/mL

Blood glucose; mmol/L
HbA1c; %

Type 2 diabetes mellitus; %
Antidiabetic medication; %
Total cholesterol; mmol/L
LDL-cholesterol; mmol/L
HDL-cholesterol; mmol/L
Triglycerides (TG); mmol/L
TG/HDL-C-ratio

Lipid-lowering medication;
%

Liver fat; %

Liver fat
content <5.1%
(n=705)

47 (38; 59)
45.5
3.7(1.3;9.0)

41.6

35.7

22.7

257

170 (164; 178)
25.3(23.1;27.7)
83(75; 91)

122 (111; 134)

75 (69; 81)
69 (63; 76)
19.0

31.4

51 (26; 94)
5.2(4.9;5.5)
5.2(4.9;5.5)
4.1

11

5.3(4.6; 6.0)
3.2(2.6;39)

1.51(1.27;1.78)
1.10(0.81; 1.48)
0.71(0.50; 1.08)
6.1

2.8(2.1;3.6)

Liver fat content
25.1% (n=391)
56 (48; 63)

60.1
4.1(1.3;11.4)

41.2

40.2

18.7

28.5

171 (164; 178)
30.1(27.4; 32.6)
99 (92; 105)
133 (123; 144)

81 (76; 88)

71 (64; 78)
44.0

65.5

44 (24; 85)
5.7(5.2; 6.3)
5.4(5.1;5.8)
13.8

7.2

5.6 (4.9; 6.3)
3.6(3.0;4.1)
1.28 (1.11; 1.50)
1.76 (1.36; 2.46)
1.42(0.92; 2.09)
10.0

10.5(7.0; 16.8)

Note: Data are expressed as percentage (categorical data) or median,
25th, and 75th percentile (continuous data).

although we did not observe significant association with LVM; any-
more. In women, we observed positive associations of NAFLD with
LVM, (B=1.56; 95% ClI: 0.86; 2.27), LVC ($=0.034; 95% CI: 0.016;
0.053), LV cardiac output ($=0.32; 95% Cl: 0.11; 0.54) and LAEDV,
(p=1.66;95% Cl: 0.65; 2.66). Furthermore, NAFLD was inversely as-
sociated with GLS (p=-0.92; 95% Cl: -1.83; -0.01).

In order to investigate if the grade of liver fat has an influence on
our observations we did a further analysis in which we divided the
study sample by no, mild and moderate to severe NAFLD with the
results summarized in Table 4. We observed similar results to the
overall NAFLD study sample in Table 2 when comparing participants
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Liver fat content<5.1%

LV end-diastolic mass; g

Indexed; g/mz‘7

LV end-diastolic volume; mL
Indexed; mL/m?2”’

LV end-systolic volume; mL
Indexed; mL/m?2”’

LV end-diastolic concentricity; g/mL
LV stroke volume; mL/beat

Indexed; mL/m?”

LV cardiac output; L/min

LV ejection fraction; %

LV end-diastolic wall thickness; mm
Left atrium end-diastolic volume; mL
Indexed; mL/m?”’

Global longitudinal strain; %

Global transversal strain; %

Global circumferential strain; %

Global radial strain; %

(n=705)

89 (74; 113)
21.4(18.8; 24.8))
145 (124; 172)
34.8(31.4; 38.5)
61 (49; 76)

14.6 (12.5; 16.9)
0.62(0.55; 0.69)
84 (72;98)
20.1(17.8;22.4)
6.3(5.3; 7.3)

58 (54; 62)

5.9 (5.2; 6.6)

85 (72; 100)
20.1 (17.3; 23.6)

-19.7 (-22.3; -17.2)

30.3(26.8; 34.3)

-30.0 (-33.2; -27.0)

38.6(33.2;44.1)

TABLE 2 Characteristics of the CMR

Liver fat content measurements stratified by NAFLD.

25.1% (n=391)
103 (84; 121)
24.0(21.3;27.1)
146 (123; 170)
34.5(30.8; 38.5)
60 (49; 73)

14.2 (12.2; 16.5)
0.69 (0.63;0.78)
84 (73; 98)
20.0(17.6; 22.7)
6.4(5.5;7.5)

59 (55; 63)

6.7 (5.9; 7.3)
93(79; 109)
22.1(18.9; 26.1)
-19.9 (-23.0; -17.4)
31.2(27.7; 35.6)
-31.5(-35.5; -28.0)
39.1(34.9;44.2)

Note: Data are expressed as percentage (categorical data) or median, 25th, and 75th percentile

(continuous data). Indexed =values are indexed to body height?”.

with mild NAFLD to those without NAFLD. Moderate to severe
NAFLD showed a stronger association with a higher LVM, ($=1.35;
95% Cl: 0.60; 2.10), LVC ($=0.054; 95% Cl: 0.035; 0.073) and LVED
wall thickness (=0.35; 95% Cl: 0.21; 0.49) than mild NAFLD.

4 | DISCUSSION

In this large population-based MRI study using data from SHIP,
NAFLD was significantly associated with higher LVM, LVED wall
thickness, LVC and LAEDV and a lower LVEDV after adjusting for
demographic and classical cardiac risk factors. Moreover, we ob-
served significant different patterns in men and women. Compared
to women, men with NAFLD showed lower LVEDV and LVSV, while
women showed a higher LVM, LV cardiac output and LAEDV and a
lower GLS. Compared to mild, moderate to severe NAFLD was, in
general, strongly associated with higher LVM, LVC and LVED wall

thickness.

4.1 | Prevalence of NAFLD in the study cohort

The prevalence of NAFLD in our study cohort was high with
35.9%. A recent systematic review by Younossi et al. found an av-
erage pooled prevalence of 25.10% for Western Europe (20.55%-
30.28%).2* However, the majority of included studies use ultrasound

for qualitative liver fat quantification which has a significantly lower
sensitivity for mild hepatic steasosis.?’ So we hypothesize that there
might be a relevant amount of false negative individuals in ultra-
sound studies.

4.2 | NAFLD and cardiac geometry and function

Only a small number of studies used the combination of quantitative
MRI liver fat content imaging and CMR to study their associations.
A recent analysis from Schlett et al.?® using data from the KORA-
Study investigated the associations of different body fat compart-
ments including MRI derived PDFF for LFC quantification with
cardiac remodelling. Although smaller in sample size, they observed
similar trends like our study in subjects with higher LFC, with a lower
LVEDV and LVSV while the LVC was higher. Another recent study
from Edin et al.?” confirmed this observation with MRI measured
liver fat being associated with a higher LVC and lower LVEDV inde-
pendently of type 2 diabetes. Whether different body fat compart-
ments contribute to our observations was not part of our study and
needs further investigation.

A current large study from Jamialahmadi et al.?® using MRI data
from the UK Biobank with 18848 individuals is partially in concor-
dance with our results. They also confirmed a higher LVC and lower
LVEDV in subjects with higher LFC. Contrary to our results, they ob-
served an inverse association for LVM and LA volume index. These

85UB0| 7 SUOWILLIOD BARR.ID 3ot jdde aup Aq peusenob ke ssole O !N Jo s8I 1o} Akeiq1T3UIIUO /1M UO (SUORIPLOD-PUe-SWLBYLI0D AB 1M AReiq 11 JUO//SCY) SUORIPUOD PUe SWIS | 8U3 885 * [7202/TT/T2] U0 ARiq1TaUIIUO AB1IM BLI0NIGICS LogtsieAIuN A #8ST AlI/TTTT 0T/I0PAL00 A8 AReJg1jeul|uo//SAny Woiy papeojumod ‘' ‘v20g ‘TEZEBLYT



14783231, 2024, 4, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/liv.15844 by UniversitaaTsbibliothek, Wiley Online Library on [21/11/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

WiLEY- "

'S0 >d,
‘|eAJ]UI 92UBPIIUOD |D M.NEw_w: Apoq 03} paxapul aJe san|eA :paxapu| "Apnis pue snjeis 3upjows ‘sniijjaw
sajaqelp g 2dAj ‘uoijedipaw aAlsualiadAyijue Jo ayelul ‘aanssald poojq 21j03SAs ‘(sanjeA paxapul 40j 3dadxa) N,NEw_ws Apoq ‘xas ‘93e 10J pajsn[pe s|oapow UoISSa433. Jeaul] WOy PIALISP S4e SJUSIDI}JS0D) :9J0N

iver
INTERNATIONAL

KOSTKA ET AL.

(LS :£9°0-) S6'TC
(6°0:65'T-) §5°0-
(€91 '61°1-) 220
{10°0-€8'1-) ¢6°0-
{9972:690)99°T

(#0'C ‘6%'1-) 820
(50°0°1T°0-) €0°0-
(€T°'0:0T'0-) 200
«10°0-:97°0-) 60°0-
(c1'0:€0°0-) SO0

(09°T w¥'9-) Tve-
(0€°0:15°T-) 19°0-

(€ET'TT0'T-) 900
(09°06£°0-) 0T°0-
(98'0°68°0-) TO'0-

(9T°0 ‘€¥°0-) €T°0-
(#0°0'60°0-) €0°0-
(60°0:£0°0-) 100
(#0°0:90°0-) TO'0-
(£0'0:90°0-) 000

(6987 ‘66'T-) GE€'8
(600 '92°T-) 85°0-
(#6'0:8£°0-) 800
(61°0‘¢6'0-) 9€°0-
«(C€TT00) £9°0

(68°0°£9°0-) TT°0
(c0'0°80°0-) €0°0-
(80°0:50°0-) 100
(10°0‘80°0-) €0°0-
(£0'0°€0'0-) 200

% ‘UleJ3s [elpe [eqo|D

9 ‘UIBJ}S [BI3USI2JWNIUID [BQO|D
9% ‘UleJ}S [eSIaASURI} [BJO|D

% ‘Ulea}s [euipnysuo| [eqo|

,-zW/ W ‘paxapu

«(25'6:01°2) 18°S (8%°0:80°0-) 020 (L6'€'80%-) SO0~ (62°0:0€0-) 100~ (L67'15°0-)€T'T (92°0%1°0-) 900 U :DWINJOA DI|OISEIP-PUS WINLIJE 3437
{P¥°0:81°0) 1€°0 (€0°0T0°0) 200 {T¥'0:5T°0) 820 {€0°0:T0°0) 200 (8€°0:02°0) 62°0 «(€0°0:10°0) 200 W {SSaUXDIYY ||BM D1|0ISEIP-PUS A
(19°T '29°0-) 6%7°0 (¥1°0:€0°0-) SO0 (€8'T'ST0-) ¥8°0 (#0'0:0T°0-) €0°0- (S¥'1:10°0-) L0 (90'0:50°0-) T0°0 % *U0130€I) U01D3IB A
«¥S°0°TT°0) 2€0 «(¥0°0‘T0°0) 200 (TT°0°2€0-) TT0- (T0°0 *¢0°0-) 00°0 (#2°0:£0°0-) 800 (¢0'0°10°0-) TO'0 ulwy/q :3ndino oelpied A
(T€'T:01°0-) 190 (£L0'0#0°0-) 100 «(90°0-€€'T-) 69°0- «(T0°0-:600-) G0'0- (c€'0:29'0-) ST0- (10°0:90°0-) 200~ 74/ W {paxapu]
(657 *¥9°0-) 86T (S2°0¥1°0-) SO0 «(9€°0-'€2°9-) 6T°¢- «(€0°0- ‘9¥°0-) G0~ (T6:0:50°€-) LO'T~- (T0°0'82°0-) ¥1°0- 189/ W SWN|OA 50435 AT
«(€50°0 :9T0°0) ¥€0°0 «(700°0 ‘T00°0) €000 «(890°0:2€0°0) 050°0 «(700°0 '200°0) €00°0 «(950°0:1€0°0) £70°0 «(700°0 '200°0) €00°0 w/8 *A32113USDU0D D1|03SEIP-PU A

(82°0:8%°0-) ¥1°0
(89°C¥T'C-) LT 0
(¥8'T ‘¥€°0-) SL0
(og'9:181-)52°C
(L2°298°0)95T
{ce81€T€) LLS
(1D %S6) 4 a1dvN

)

(€00 :£0°0-) 200~

(80°0:£2°0-) 60°0-

(£00:60'0-) TO'0-

(92°0 *¥€°0-) #0'0-
{(€7°0€0°0) L0'0
{250 ¥T0) €€0

(1

%G6) § JU21U0D 1€y JAAIT

(L8570~ LLT-) LT T~
69T~ 61'8-) v¥'G-
(88°0-:58'¢-) £8'T-
0T ¥-LTET-) L 8-
(ST :61°0-) €50
(€9'5*€8°0-) Ov'C

(1D %S6) 4 A14vN

(0'0:£0°0-) €00~
(90°0:5€°0-) ¥T°0-
{100~ ‘57°0-) LO'O-
(90°0-'€£'0-) 6€°0-
«{T1°0'10°0) 90°0
(S¥'0:€00-) TZ0

(12

%G6) § 3u1U0D 1) J9AIT

{02°0-90'T-) €9°0-
{cT1-26v-) LOE-
{500~ ‘TS'T-) 8L°0-
{901~ €T L) YT 7
«(S¥'T6¥°0) 560
JdeesizoneLe

(1D %S6) 4 a1dvN

(T0°'0:90°0-) £0°0-
(10°0:£T°0-) ¥1°0-
(T0°'0°TT°0-) SO0~
«S0°0-:05°0-) £LZ'0-
{01°0:€0°0) 900
{0%'0:60°0) 520

(12

%56) § 3u3U0D 1) J9AIT

(op§=u) sojewaq

(955 =u) saley

(960T =U) IV

7%/ W ‘paxapul

JW {BWN|OA 21]03SAS-pud A
7%/ W ipaxapul

W {BWNJOA J1|03SeIP-puUd AT
,7W/ W i3 (paxapu|

3 {ssewl D1|0}SeIP-puUd AT

"SJUSWIRINSEIW YIND YHM QT4VN PUE J8J J9AI| JO SUOHeIOosSY € 379V.L



KOSTKA ET AL.

ARl iver

TABLE 4 Associations of liver fat content and NAFLD with CMR measurements.

No NAFLD (n=705)

LV end-diastolic mass; g Reference
Indexed; g/mz‘7 Reference
LV end-diastolic volume; mL Reference
Indexed; mL/m?”7 Reference
LV end-systolic volume; mL Reference
Indexed; mL/m?7 Reference
LV end-diastolic concentricity; g/mL Reference
LV stroke volume; mL/beat Reference
Indexed; mL/m?”7 Reference
LV cardiac output; L/min Reference
LV ejection fraction; % Reference
LV end-diastolic wall thickness; mm Reference
Left atrium end-diastolic volume; mL Reference
Indexed; mL/m?”7 Reference
Left atrium end-systolic volume; mL Reference
Indexed; mL/m?7 Reference
Global longitudinal strain; % Reference
Global transversal strain; % Reference
Global circumferential strain; % Reference
Global radial strain; % Reference

Mild NAFLD (n=265) g (95% Cl)

3.08(0.75; 5.41)*
0.77 (0.22; 1.33)*
-4.06 (-7.48; -0.64)*
-0.76 (-1.57; 0.06)
-3.31(-5.37; -1.26)*
-0.68 (-1.16; -0.20)*
0.039 (0.025; 0.053)*
-0.75(-2.95; 1.45)
-0.07 (-0.59; 0.45)

Moderate to severe

NAFLD (n=126) 8 (95% Cl)

5.19 (2.05; 8.33)*
1.35(0.60; 2.10)*
-4.33(-8.95;0.27)
-0.84 (-1.93; 0.25)
-2.51(-5.28;0.26)
-0.50(-1.15; 0.15)
0.054 (0.035; 0.073)*
-1.82(-4.79; 1.14)
-0.34 (-1.04; 0.37)

0.08 (-0.09; 0.25)
0.92(0.11; 1.74)*
0.26 (0.16; 0.37)*
2.20(-0.84; 5.25)
0.72 (-0.01; 1.45)
0.99 (-1.06; 3.04)
0.35(-0.14; 0.83)
-0.38(-0.99; 0.24)
0.02 (-0.94; 0.97)
-0.62(-1.38;0.13)
10.74 (-0.73; 22.22)

0.09 (-0.14; 0.31)
0.24 (-0.85; 1.34)
0.35(0.21; 0.49)*
2.29 (-1.79; 6.38)
0.54 (-0.44; 1.52)
0.20 (-2.55; 2.95)
0.01 (-0.65; 0.66)
-0.34 (-1.20; 0.51)
0.24 (-1.07; 1.56)
-0.49 (-1.51; 0.54)
2.70 (-12.95; 18.34)

Note: Coefficients are derived from linear regression models adjusted for age, sex, body height?” (except for indexed values), systolic blood
pressure, intake of antihypertensive medication, type 2 diabetes mellitus, smoking status and study. Indexed: values are indexed to body height?”, CI

confidence interval.
*p<.05.

inconsistencies may be explained by different sample size and com-
position of the study cohorts. While our overall prevalence of NAFLD
was 35.9%, it was 19.5% in the UK Biobank study, which suggests that
the UK Biobank study might exhibit a healthy volunteer bias.?’

There are several studies showing significant associations be-
tween fatty NAFLD and diastolic dysfunction.”*>*® While those
studies used echocardiography data and therefore are not directly
comparable to our study, we observed higher LAEDV in women with
NAFLD which might be used as an indirect MRI marker for diastolic
dysfunction.30 Since diastolic dysfunction can be a precursor for de-

31,32

velopment of heart failure, prospective studies are needed to

confirm the clinical relevance of our findings.

4.3 | Sex specific cardiac remodelling in
NAFLD and obesity

Our results suggest significantly different patterns in cardiac structure
and function in the presence of NAFLD between males and females.
In our cohort study, men with NAFLD show a more concentric left
ventricular hypertrophy tendency with lower LVEDV and LVSV com-
pared to men without NAFLD, while women with NAFLD showed
higher LVM, LV cardiac output and LAEDV and a lower GLS compared

to women without NAFLD. The literature suggests sex specific differ-
ences for cardiac remodelling in response to different obesity condi-
tions. Rider et al.®® reported sex specific differences in left ventricular
remodelling in subjects with obesity with men showing a concentric
hypertrophic remodelling while women had either concentric or ec-
centric hypertrophic remodelling. However, they only took the BMI
into account and no other fat compartments. Another study of van
Hout et al.** using data from the UK biobank showed a smaller LVEDV
in visceral obesity in both men and women while only men showed an
inverse association with left ventricular systolic function.

Compared to previous studies,’” our results show a lower (more
negative) GLS in women with NAFLD. Two recent studies indicate
a sex specific response of GLS in obesity, determined by BMI, with
a lower GLS in women.®>3 A possible explanation could be the
different composition of body fat departments in men and women.
Typically, men show a higher percentage of visceral adipose tissue
which is associated with a concentric cardiac remodelling.®” Men
also show a higher epicardial adipose tissue volume which is asso-
ciated with a higher (more positive) GLS underlining the influence
of different fat compartments. More studies taking quantitative
LFC into account are needed to confirm whether liver fat as an
individual fat compartment has sex specific influence on cardiac
remodelling.
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4.4 | Influence of NAFLD severity on cardiac
remodelling

In the overall study population, we observed stronger associations
for higher LVM, LVC and LVED wall thickness when stratified by
NAFLD severity using 14% LFC as a cutoff.

A recent study from Dennis et al.®® has shown that MRI derived
PDFF correlates with the histopathologic NAFLD activity score
(NAS). In their study, a median PDFF of 15% or higher was associated
with a NAS 25 which indicates more likely the presence of inflam-
matory non-alcoholic steatohepatitis.>’ The literature suggests an
inflammatory pathway as one part of the interplay between NAFLD
and CVD with NAFLD leading to increased serum levels of inflam-
matory cytokines like Interleukin-6 and tumour necrosis factor
alpha.“o'41 Increased serum levels of interleukin-6 and tumour ne-
crosis factor-a are also observed in patients with heart failure*? and
show adverse cardiac remodelling in mice models.**** Therefore our
observations might be partially mediated by a more pronounced in-
flammatory process in subjects with a higher LFC. Further investiga-
tion is needed to proof an increased inflammatory activity in NAFLD
subjects in our study cohort since cytokines were not part of the

laboratory testing.

4.5 | Metabolic dysfunction-associated steatotic
liver disease

This year, a multinational consensus statement revised the no-
menclature for fatty liver disease.*® Here, the term metabolic
dysfunction-associated steatotic liver disease (MASLD) was chosen
to address the underlying disease mechanic and for less stigmati-
zation regarding alcohol consumption. The new definition is based
on the presence of hepatic steatosis accompanied by at least one
classic cardiometabolic risk factor like obesity, diabetes, hyper-
tension or hyperlipidaemia. According to the criteria proposed by
the consensus statement, our data showed 383 out of 391 par-
ticipants (98.0%) with NAFLD also meeting the criteria for MASLD
(Table S2). The difference should not be statistically significant for

our present study.

5 | LIMITATIONS

Our study has at least five limitations. First, the study popula-
tion based on a white Caucasian population sample in Northeast
Germany. Second, even though using MRI has major advantages
regarding determination of cardiac geometry and functions and
liver fat content, the strict exclusion criteria in our study may have
led to a rather healthy population so we cannot rule out a selec-
tion bias completely. Third, while MRI allows precise quantification
of liver fat content to distinguish between healthy controls and
NAFLD, we were only able to graduate by liver fat content so we
do not have further information regarding possible liver fibrosis.

i 1039
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Fourth, we don't have information about valvular heart disease
in our study population so we cannot fully rule out a partial re-
modelling effect due to these in certain individuals. However, the
SHIP cohorts are rather healthy so we assume the total amount
of higher grade valvular disease is low. Finally, the cross-sectional
study design does not allow to draw conclusions regarding a
causal relationship between fatty liver disease and cardiac altera-
tions. Other unknown confounders might influence our results.
Longitudinal studies are needed to study the long-term results and

clinical significance of the findings.

6 | CONCLUSION

In our study sample, NAFLD was associated with an unfavourable left
cardiac remodelling showing an overall hypertrophic like remodelling
with different associations between men and women. While men
showed a concentric remodelling tendency, women showed higher
LVM, LV cardiac output and LAEDV and lower GLS. Larger studies
using quantitative liver fat imaging taking different body fat com-

partments and sex into account are needed to confirm our results.
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