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Abstract

AIM

To investigate the association between hepatic steatosis
and change in left ventricular mass index (LVMI) over
five years, and examine whether systolic and dia-
stolic blood pressures are mediators of the association
between hepatic steatosis and LVMI using a general
population sample.

METHODS
We analyzed data from the Study of Health in Po-
merania. The study population comprised 1298
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individuals aged 45 to 81 years. Hepatic steatosis was
defined as the presence of a hyperechogenic pattern
of the liver together with elevated serum alanine
transferase levels. Left ventricular mass was deter-
mined echocardiographically and indexed to height*’.
Path analyses were conducted to differentiate direct
and indirect paths from hepatic steatosis to LVMI
encompassing systolic and diastolic blood pressure as
potential mediating variables.

RESULTS

Hepatic steatosis was a significant predictor for all
measured echocardiographic characteristics at baseline.
Path analyses revealed that the association of hepatic
steatosis with LVMI change after five years was negli-
gibly small (B = -0.12, s.e. = 0.21, P = 0.55). Systolic
blood pressure at baseline was inversely associated
with LVMI change (B = -0.09, s.e. = 0.03, #Z < 0.01),
while no association between diastolic blood pressure
at baseline and LVMI change was evident (B = 0.03,
s.e. = 0.05, P = 0.56). The effect of the indirect path
from hepatic steatosis to LVMI via systolic baseline
blood pressure was small (B = -0.20, s.e. = 0.10, P =
0.07). No indirect effect was observed for the path via
diastolic baseline blood pressure (B = 0.03, s.e. = 0.06,
P = 0.60). Similar associations were observed in the
subgroup of individuals not receiving beta-blockers,
calcium channel blockers, or drugs acting on the renin-
angiotensin system.

CONCLUSION

Baseline associations between hepatic steatosis and
LVMI do not extend to associations with LVMI change
after five years. More studies are needed to study the
longitudinal effects of hepatic steatosis on LVMI.

Key words: Hepatic steatosis; Left ventricular mass
index; Blood pressure; General Population; Study of
Health in Pomerania

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Data regarding the association between
hepatic steatosis and left ventricular remodeling are
limited and previous studies revealed conflicting results.
In the present study, hepatic steatosis as defined
by liver hyperechogenicity and increased alanine
transferase levels was a significant predictor for all
measured echocardiographic characteristics at baseline.
In contrast, hepatic steatosis was not a predictor of
relevance for left ventricular mass index (LVMI) change.
Systolic and diastolic blood pressures did not mediate
the association between hepatic steatosis and LVMI.

Piontek K, Schmidt CO, Baumeister SE, Lerch MM, Mayerle J,
Dorr M, Felix SB, Volzke H. Is hepatic steatosis associated with
left ventricular mass index increase in the general population?
World J Hepatol 2017; 9(19): 857-866 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v9/i19/857.htm DOI:
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INTRODUCTION

Hepatic steatosis is highly prevalent in Western
countries and regarded as the hepatic manifestation
of the metabolic syndrome™. Results from previous
studies indicate that the metabolic syndrome and its
components such as overweight and hypertension are
associated with an increase in left ventricular mass
(LVM)®??1, Data on the association between hepatic
steatosis and LVM are limited; only four cross-sectional
studies of small sample size exist addressing this
relationship. The first study investigated the effect
of hepatic steatosis on left ventricular geometry and
function in normotensive, nondiabetic patients and
demonstrated that patients with hepatic steatosis
had mildly altered left ventricular geometry and
early signs of left ventricular diastolic dysfunction
compared to controls!!. The second study analyzed
the relationship between left ventricular morphology,
metabolic parameters and hepatic steatosis in patients
with hypertension and revealed that individuals with
hepatic steatosis had a similar prevalence of left
ventricular hypertrophy (LVH) compared to individuals
without hepatic steatosis'. The third study using
data from hypertensive, diabetic patients revealed
that the frequency of LVH was higher in individuals
with hepatic steatosis compared to individuals
without hepatic steatosis. This study further showed
that individuals with hepatic steatosis yielded 6-fold
higher odds ratios for LVH than individuals without
hepatic steatosis®!. The fourth study was of case-
control design and demonstrated that hepatic steatosis
was significantly associated with left ventricular
dysfunction in diabetic patients™. Due to the design
of the aforementioned studies, inferences about
effect directions between hepatic steatosis and left
ventricular remodelling cannot be made. In particular,
there is no differentiation between direct paths from
hepatic steatosis to LVM progression or indirect effects
via mediators. However, the evaluation of potential
mediators is important for a better understanding of
the mechanisms underlying a putative association
between hepatic steatosis and LVM. We hypothesize
that blood pressure is a potential key mediator on the
path from hepatic steatosis to LVM as LVH is known to
be the major cardiac sequel of hypertension”®, Thus,
blood pressure should be adequately considered in
studies aimed to investigate the association between
hepatic steatosis and LVM.

To our knowledge, there is no previous research
providing data on the association between hepatic
steatosis and left ventricular mass index (LVMI)
encompassing the following criteria: (1) using a general
population sample; (2) using longitudinal data to
improve inferences on the direction of effects; and (3)
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Selected from population
registries
n = 7008

Excluded (7 = 743)
Moved (7 = 618)
Deceased (n = 125)

Eligible subjects
n = 6265

Excluded (7 = 1957)
Refused (7 = 1553)
Consent, but not examined (7 = 404)

Baseline population
n = 4308
Excluded (7 = 1008)
Refused (7 = 648)
Moved (7 = 234)
Deceased (7 = 126)
Participation at follow-up
n = 3300
Excluded (7 = 1752)
Aged < 45 yr (n = 1350)
No echocardiography at baseline
Readable (n = 402)

echocardiographies at
baseline and follow-up
n = 1548

Excluded (n = 250)
No usable echocardiogram (77 = 185)
Uncertain diagnosis of hepatic steatosis
(n=22)
Hepatitis B surface antigen positive (7 = 5)
Hepatitis C virus antibody positive (7 = 9)
Liver cirrhosis (7 = 4)
No ALT measurement (»7 = 10)
No blood pressure measurement (7 = 15)

Final study population
n =1298

Figure 1 Flow-chart according to sample recruitment. ALT: Alanine
transferase.

using methods to differentiate between direct and
indirect pathways of hepatic steatosis on LVMI via
blood pressure. The two major aims of the present
study were, first, to investigate the association between
hepatic steatosis and LVMI in a general population
sample with prospective 5-year follow-up examination
and, second, to analyze the mediating role of systolic
and diastolic blood pressure on the pathway from
hepatic steatosis to LVMI.

MATERIALS AND METHODS

Setting and study population

The Study of Health in Pomerania (SHIP) is a popula-
tion-based cohort study conducted in West Pomerania,
the northeastern area of Germany™. The sample
recruitment procedure is displayed in Figure 1. At
baseline, a sample of 7008 individuals aged 20 to
79 years was drawn from population registries. Only
individuals with German citizenship and main residency
in the study area were included. The net sample (without
migrated or deceased persons) comprised 6265 eligible
individuals. Each individual received a maximum of
three postal invitation letters. In case of non-response,
letters were followed by a phone call or by home
visits. The SHIP population finally comprised 4308
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participants (response 68.8%). Baseline examinations
were conducted between 1997 and 2001. Between
2002 and 2006, all participants were re-invited for
an examination follow-up, in which 3300 individuals
(83.5% of eligible persons) took part!®. Follow-up
examinations were conducted on average 5.3 years
after baseline (median: 5.0, 25™ percentile: 5.0,
75" percentile: 5.3). All participants gave informed
written consent. The study protocol was consistent
with the principles of the Declaration of Helsinki and
approved by the Ethics Committee of the University
of Greifswald. The study was monitored by a review
board of independent scientists.

Among the 3300 participants with follow-up
data, only those aged 45 years and older underwent
echocardiographic examination at baseline (n
1950). Of these, 1548 participants received a second
echocardiography at follow-up. Readable echo-
cardiograms from both examinations were available for
1538 individuals. Among these, 185 echocardiograms
were not evaluable, 22 individuals had an uncertain
diagnosis of hepatic steatosis, five were tested
positive for hepatitis B surface antigen, nine were
tested positive for anti-hepatitis C virus antibody,
and four had a self-reported history of liver cirrhosis.
Furthermore, ten participants had missing data on
serum alanine transferase (ALT), and 15 participants
lacked blood pressure measurements. Exclusion of
these participants resulted in a final study population
of 1298 individuals for the present analyses.

Measurements
Baseline assessments included data on demographics,
behavioural risk factors, the individual’s medical
history and medication as well as data from somato-
metric, sonographic, echocardiographic and laboratory
examinations.

Data on demographics, behavioral risk factors
such as physical activity, alcohol consumption, and
smoking status were collected using computer-
assisted personal interviews. The following demographic
variables were assessed: Gender, age and school
educational attainment (in years of schooling com-
pleted). Individuals who participated in physical training
during summer or winter for at least one hour a week
were classified as being physically active. Alcohol
consumption was assessed using a beverage-specific
quantity-frequency measure: Number of days with
alcohol consumption (beer, wine, spirits), and the
quantity of alcohol consumed on such a day over the
last month. Average daily consumption (in grams of
pure ethanol) was calculated by multiplying frequency
and amount, using beverage specific standard ethanol
contents™, According to smoking habits, individuals
were categorized into current, former, and never-
smokers. Data on diabetes mellitus were obtained by
self-reported physician’s diagnosis of the disease.

The somatometric measures included body weight
and height as well as waist circumference (WC). Height
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and weight were measured for the calculation of the
body mass index [BMI, weight (kg)/height* (m*)]. WC
was measured to the nearest 0.1 cm using an inelastic
tape midway between the lower rib margin and the
iliac crest in the horizontal plane, with the subject
standing comfortably with weight distributed evenly on
both feet.

Systolic and diastolic blood pressure were measured
between 8 am and 7 pm three times after an initial
five minute rest period at the right arm of seated
individuals using a digital blood pressure monitor
(HEM-705CP, Omron Corporation, Tokyo, Japan). Each
reading was followed by a further rest period of three
minutes. One of two differently sized cuffs was applied
according to the circumference of the participant’s
arm. The mean of the second and third measurement
was calculated and used for the present analyses.
Pulse pressure was defined as the difference between
mean systolic and diastolic pressures. Hypertension
was defined as systolic blood pressure = 140 mmHg
or diastolic blood pressure = 90 mmHg or use of
antihypertensive medication.

For the laboratory examinations, non-fasting blood
samples were drawn from the cubital vein in the
supine position. The laboratory takes part quarterly
in the official national German external proficiency
testing programs. In addition, internal quality controls
were analyzed daily. Hepatitis B surface antigen and
anti-hepatitis C virus antibodies were determined by
enzyme-linked immunosorbent assays (AxSym HBSAG
and AxSym HCV, Abbot, Abbot Park, IL, United States).
Serum ALT levels were measured photometrically
(Hitachi 704; Roche, Mannheim, Germany) and ex-
pressed as umol/L x s, which corresponds to (umol/L x
s) x 60 = IU/L.

Sonographic examinations were performed by
physicians using a 5 MHz transducer and a high
resolution instrument (Vingmed VST Gateway, Santa
Clara, CA, United States). The sonographers were
unaware of the participants’ clinical and laboratory
characteristics. In SHIP, ultrasound examinations
and readings underlie strict quality standards!*?.
Hepatic steatosis was defined as the presence of a
hyperechogenic liver pattern, with evident density
differences between hepatic and renal parenchyma!****
together with increased serum ALT levels (> 75"
percentile)™,

Two-dimensional and M-mode echocardiography
was performed by trained physicians using a Vingmed
CFM 800A system (GE Medical Systems, Waukesha,
WI, United States). All data and measurements were
stored digitally. M-mode images of the left ventricle
were recorded at the papillary level. Left ventricular
dimensions [interventricular septum thickness (IVS),
posterior wall thickness (LVPW), and left ventricular
end-diastolic diameter (LVDD)] were measured off-
line using the leading edge convention. LVMI was
calculated as follows: LVMI = 0.80 x {1.04 x [(LvDD
+ IVS + LVPW)? - LVDD’]} + 0.60/height””™""*®, LVH
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was defined as a LVMI of > 48 g/m*’ in men and
> 44 g/m*’ in women!*®\, Comparisons of intra-reader,
intra-observer, inter-reader, and inter-observer LVMI
measurements revealed Spearman coefficients of > 0.85
and differences in mean (£ 2 SD) of < 5% (< 25%).

Statistical analysis

The study population was divided into two groups based
on the presence or absence of liver hyperechogenicity
and increased ALT levels at baseline: Category 1
comprised individuals without hyperechogenic liver
pattern and without increased serum ALT levels and
individuals fulfilling only one of the named criteria.
Category 2 comprised individuals with hepatic steatosis
as defined by both liver hyperechogenicity and increased
serum ALT levels.

Using analyses of variance and y°-statistics, diffe-
rences in baseline characteristics between indivi-
duals with and without hepatic steatosis regarding
demographics, behavioural risk factors, and clinical
characteristics were analyzed. Changes in echocar-
diographic parameters and blood pressure are depicted
using absolute numbers and percentages. Bivariate
correlations were calculated based on Pearson correla-
tion coefficients.

We conducted path analyses to evaluate direct
effects of hepatic steatosis on LVMI and the indirect
effects via systolic and diastolic blood pressure.
Standardized regression coefficients for systolic and
diastolic blood pressure as well as LVMI are presented
in the figures. The *-value, comparative fit index (CFI),
and the root mean square error (RMSEA) are provided
as indicators of model fit. CFI is an incremental fit
index comparing the fit of the model of interest with
the independence model with values ranging from zero
to one. RMSEA is a descriptive approximate estimation
of the overall fit of the model in the population. Values
have a lower bound of zero. A CFI > 0.96 and a
RMSEA < 0.05 are commonly regarded as indicative
of a satisfactory model fit'*®*!, Parameter estimates
were obtained based on a robust weighted least
square approach (WLSMV), which is suitable to handle
categorical and non-normal data™, Age and sex were
considered as independent predictors for all variables
in the models. In addition, baseline body weight was
included. LVMI was not regressed on body weight
since body weight is part of the calculation of LVMI.
The time of the day of blood pressure measurement
was controlled for all indicators of blood pressure.

To evaluate possible bias due to missing data,
we applied statistical inverse probability weights
accounting for known individual characteristics of the
study participants related to missing data on the
echocardiographic examination at follow-up. These
inverse probability weights were derived from logistic
regression analyses with age, sex, body weight,
waist circumference, alcohol intake, smoking, and a
summative comorbidity index as predictors.

We repeated our analyses in the subgroup of indivi-
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Table 1 General and echocardiographic characteristics of the study population with and without hepatic steatosis at baseline 7 (%)

No/one criterion for hepatic steatosis us* and ALT* P-value
n = 1106 n=192

Age (yr), M (SD) 59.6 (8.8) 57.2 (7.8) P<0.01
Male gender 442 (40.0) 139 (72.4) P <0.001
School education ns.

<10yr 570 (51.5) 102 (53.1)

10 yr 358 (32.4) 67 (34.9)

>10yr 178 (16.1) 23 (12.0)
Waist circumference (cm), M (SD) 89.0 (11.5) 100.8 (10.9) P <0.001
Body weight (kg), M (SD) 75.6 (12.8) 88.6 (13.9) P <0.001
BMI, (kg/m?), M (SD) 27.4 (4.3) 30.5 (4.6) P <0.001
Smoking P <0.001

Never-smoker 516 (46.6) 57 (29.7)

Ex-smoker 382 (34.5) 99 (51.7)

Current smoker 208 (18.8) 36 (18.8)
Alcohol consumption (g/d), M (SD) 9.1 (14.5) 15.6 (19.5) P <0.001
Diabetes mellitus 100 (9.0) 26 (13.5) P <0.001
Systolic blood pressure (mmHg), M (SD) 139.3 (20.2) 148.5 (17.4) P <0.001
Diastolic blood pressure (mmHg), M (SD) 84.7 (10.8) 89.9 (10.4) P <0.001
Pulse pressure (mmHg), M (SD) 54.6 (14.7) 58.6 (13.4) P<0.01
Hypertension 660 (59.7) 163 (84.9) P <0.001
Intake of drugs with ATC07 239 (21.6) 39 (20.3) ns.
Intake of drugs with ATC08 140 (12.7) 28 (14.6) ns.
Intake of drugs with ATC09 198 (17.9) 58 (30.2) P <0.001
IVS, M (SD) 9.7 (22) 10.9 (2.5) P <0.001
LVEDD, M (SD) 50.9 (5.6) 524 (5.9) P<0.01
PWD, M (SD) 9.6 (1.9) 10.4 (2.0) P <0.001
LVM (g), M (SD) 181.8 (53.5) 215.8 (61.3) P <0.001
LVMI (g/m*’), M (SD) 46.2 (13.3) 51.0 (13.7) P <0.001
LVH 499 (45.1) 114 (59.4) P <0.001

Pearson y* and ANOVAs were used for bivariate comparisons. Data are given as numbers and percentages or means (standard deviation). US: Ultrasound;
ALT: Alanine aminotransferase; ATC: Anatomical-therapeutic code; IVS: Interventricular septum thickness; LVEDD: Left ventricular end-diastolic

diameter; PWD: Posterior wall thickness; LVMI: Left ventricular mass index; LVH: Left ventricular hypertrophy; n.s.: Non-significant.

duals not receiving medication with possible influence
on LVM [beta-blockers, anatomical-therapeutical (ATC)
codes CO7; calcium channel blockers, ATC codes CO8;
and drugs acting on the renin-angiotensin system, ATC
codes C09] as sensitivity analysis.

P values were estimated for two-sided tests. A value
of P < 0.05 was considered statistically significant.
Statistical analyses were performed using STATA 10.2
(Stata Corporation, College Station, TX, United States)
to conduct descriptive statistics. MPLUS 5.1 (Muthén
and Muthén, Los Angeles, CA, United States) was used
for path analyses. Data analyses were performed by
Carsten O Schmidt who is an expert in the field of bio-
medical statistics.

RESULTS

Sample characteristics

At baseline, 1106 (85.1%) individuals fulfilled no or
one criterion for hepatic steatosis, while 192 (14.9%)
individuals had hepatic steatosis as defined by the
combined presence of hyperechogenic liver pattern
and increased serum ALT levels. LVH was present in
48.3% of the study population. The mean LVMI was
49.8 g/m*” (SD = 14.7). General characteristics of the
study population at baseline are presented in Table 1.
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Baseline associations

Compared to individuals fulfilling no or one criterion
for hepatic steatosis, individuals with hepatic steatosis
were more often male, had lower educational attain-
ment, a higher WC, a higher body weight, a higher
BMI, were less often never-smokers and reported a
higher average daily alcohol consumption. Moreover,
individuals with hepatic steatosis reported more often
diabetes mellitus, had higher systolic and diastolic blood
pressure, higher pulse pressure and were more often
hypertensive compared to individuals fulfilling no or one
criterion for hepatic steatosis. Individuals with hepatic
steatosis reported more often the intake of drugs
acting on the renin-angiotensin system compared to
the reference group. Regarding echocardiographic
characteristics, individuals with hepatic steatosis
showed a higher interventricular septum thickness, a
higher posterior wall thickness, a higher left ventricular
end-diastolic diameter, a higher left ventricular mass, a
higher left ventricular mass index and more often left
ventricular hypertrophy than the reference group.

Echocardiographic characteristics and blood pressure
at baseline and follow-up

There was an increase in echocardiographic para-
meters from baseline to follow-up with higher values
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Table 2 Echocardiographic characteristics and blood pressure at baseline and follow-up in the study population with and without

hepatic steatosis

Baseline Follow-up P-value
M (SD) M (SD)

IVS, M (SD)

No/one criterion for hepatic steatosis 9.7 (2.2) 11.2 (2.7) P <0.001

US" and ALT" 10.9 (2.5) 12.0 (2.9) P <0.001
LVEDD, M (SD)

No/one criterion for hepatic steatosis 50.9 (5.6) 48.8 (5.5) P <0.001

US" and ALT" 524 (5.9) 50.6 (5.3) P <0.001
PWD, M (SD)

No/ one criterion for hepatic steatosis 9.6 (1.9) 9.9 (1.9) P <0.001

US" and ALT" 10.4 (2.0) 10.9 (2.1) P<0.01
LVM (g), M (SD)

No/ one criterion for hepatic steatosis 181.8 (53.5) 192.2 (56.8) P <0.001

US" and ALT" 215.8 (61.3) 226.1 (62.4) P<0.01
LVMI (g/m*’), M(SD)

No/ one criterion for hepatic steatosis 46.2 (13.3) 49.2 (14.6) P <0.001

US" and ALT" 51.0 (13.7) 53.7 (14.4) P<0.01
SBP (mmHg), M (SD)

No/ one criterion for hepatic steatosis 139.3 (20.2) 136.3 (19.2) P <0.001

US" and ALT" 148.5 (17.4) 142.8 (19.0) P <0.001
DBP (mmHg), M (SD)

No/ one criterion for hepatic steatosis 84.7 (10.8) 81.2 (10.3) P <0.001

US" and ALT" 89.9 (10.4) 85.0 (11.1) P <0.001
LVH

No/one criterion for hepatic steatosis 499 (45.1) 597 (54.0) P <0.001

US" and ALT" 114 (59.4) 128 (66.7) P <0.001
Hypertension

No/one criterion for hepatic steatosis 660 (59.7) 686 (62.0) P <0.001

US" and ALT" 163 (84.9) 154 (80.2) P <0.001

IVS: Interventricular septum thickness; LVEDD: Left ventricular end diastolicdiameter; PWD: Posterior wall thickness; LVM: Left ventricular mass; LVMI:
Left ventricular mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; LVH: Left ventricular hypertrophy; US: Ultrasound; ALT: Alanine

aminotransferase.

in individuals with hepatic steatosis compared to
individuals fulfilling no or one criterion (Table 2).
Blood pressure decreased from baseline to follow-up
in both groups, while the proportion of hypertensive
individuals slightly increased in the reference group
and decreased in individuals with hepatic steatosis.

Cross-sectional correlations between hepatic steatosis,
blood pressure and LVMI

Hepatic steatosis was significantly correlated with all
variables in the path models, but effect sizes were
small (standardized coefficients ranging from 0.11 to
0.17, Table 3). Baseline measures of LVMI and blood
pressure were most closely related to their respective
counterparts at follow-up. Systolic blood pressure was
consistently more closely associated to LVMI than
diastolic blood pressure.

Prediction of LVMI change

Figure 2 depicts the results of path analyses in the
whole study population with systolic and diastolic
blood pressure as potential mediators. The model fit
was very good. Analyses revealed a very small, non-
significant direct effect of baseline hepatic steatosis on
LVMI change (B = -0.12, s.e. = 0.21, P = 0.55) and
a negligible indirect effect via diastolic blood pressure
(B = 0.03, s.e. = 0.06, P = 0.60, respectively). The

Baishidenge  WJH | www.wjgnet.com

862

moderate indirect effect via systolic blood pressure
was borderline significant (B = -0.20, s.e. = 0.10, P =
0.07). Systolic blood pressure at baseline was inversely
associated with LVMI change (B = -0.09, s.e. = 0.03,
P < 0.01), while no association between diastolic blood
pressure at baseline and LVMI change was evident
(B = 0.03, s.e. = 0.05, P = 0.56).

Repeating our analyses after excluding individuals
not receiving beta-blockers, calcium channel blockers
or drugs acting on the renin-angiotensin system re-
vealed similar results (Figure 3).

We further repeated our analyses after excluding
30 individuals with high risk drinking according to the
recommendations of the World Health Organization
(consumption levels of 40 g/d in women and > 60 g/d
in men). Analyses revealed almost identical results
(direct effect of baseline hepatic steatosis on LVMI
change: g = -0.13, s.e. = 0.21, P = 0.54).

DISCUSSION

To the best of our knowledge, the present study is the
first to investigate the association between hepatic
steatosis and change in LVMI and the mediating
role of systolic and diastolic blood pressure in this
association using data from a prospective population-
based cohort. While we observed relevant baseline
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Table 3 Bivariate Pearson correlations

Sex Age FLD LVMIwo LVMI SBP«w SBP:i DBP«
Sex
Age -0.04
FLD -0.23° -0.10°
LVMlIo -0.12° 0.30° 0.13°
LVMIu -0.08° 0.26° 0.11° 0.62°
SBPo -0.21° 0.24° 0.16" 0.36" 0.24°
SBPu -0.13° 0.18° 0.12° 0.22° 0.22° 0.49°
DBPo -0.20° -0.14° 0.17° 0.19° 0.11° 0.71° 0.32°
DBPa -0.15° -0.28° 0.13" 0.04 0.05 0.28° 0.65 0.52°

°P < 0.01. FLD: Fatty liver disease; LVMIw: Left ventricular mass index at baseline; LVMIu: Left ventricular mass index at follow-up; SBPw: Systolic blood

pressure at baseline; SBPu: Systolic blood pressure at follow-up; DBPw: Diastolic blood pressure at baseline; DBPu: Diastolic blood pressure at follow-up.

BPsys0
B =231, s.e =094,

P=10.01

B = -0.09, s.e. = 0.03,
P <0.01

p =-0.12, s.e. = 0.21, P = 0.55

B = 0.03, s.e. = 0.05,

B = 1.09, s.e. = 0.45, P =0.56

F=0.01 BPdia0

Figure 2 Path model for the effects of hepatic steatosis via systolic and
diastolic blood pressure on left ventricular mass index in the whole study
population (n = 1298). z* = 3.2, df = 3, P = 0.36; RMSEA < 0.01; CFI > 0.99.
Indirect Effect via BPsyso: 8 = -0.20; s.e. = 0.10; P = 0.07; Indirect Effect via
BPdiao: B = 0.03; s.e. = 0.06; P = 0.60. FLD: Fatty liver disease; LVMI: Left
ventricular mass index; BPsys: Systolic blood pressure; BPdia: Diastolic blood
pressure; RMSEA: Root mean square error; CFl: Comparative fit index; s.e.:
Standard error.

associations between hepatic steatosis, blood pressure
and LVMI, these associations were not relevant in the
prediction of LVMI change. Our analyses suggest that
hepatic steatosis is no predictor of relevance for LVMI
change over time.

Previously, only four studies addressed the asso-
ciation between hepatic steatosis and left ventricular
morphology™*®. These studies were of cross-sectional
design, used data from small and inhomogeneous
samples of patients and yielded conflicting results. The
findings of the present study are in good agreement
with results from the case-control study by Goland et
al! demonstrating normotensive patients with hepatic
steatosis to have larger intraventricular septum and
posterior wall thickness and larger LVM than controls.
In our study, LVM at baseline was 181.8 g in individuals
fulfilling no or one criterion for hepatic steatosis and
215.8 g in individuals with hepatic steatosis. LVH
was present in 45.1% of the individuals fulfilling
no or only one criterion for hepatic steatosis and in
59.4% of the individuals with hepatic steatosis. Larger
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BPsys0
B =3.43, s.e. = 0.96,

P <0.01

B =0.09, s.e. = 0.04,
P =0.03

B =0.11,s.e =032, P = 0.73

B =0.07,s.e. = 0.07,

B =2.02, s.e. = 0.55) o030

P <0.01 BPdia0

Figure 3 Path model for the effects of hepatic steatosis via systolic and
diastolic blood pressure on left ventricular mass index in the subgroup of
individuals without medication (n = 811). ,° = 1.9, df = 3, P = 0.60; RMSEA
<0.01; CFI > 0.99. Indirect Effect via BPsys0: g =-0.30; s.e. = 0.17; P = 0.07;
Indirect Effect via BPdia0: g = 0.15; s.e. = 0.14; P = 0.30. FLD: Fatty liver
disease; LVMI: Left ventricular mass index; BPsys: Systolic blood pressure;
BPdia: Diastolic blood pressure; RMSEA: Root mean square error; CFl:
Comparative fit index; s.e.: Standard error.

differences were found in the study by Mantovani
et al® analyzing data from hypertensive, diabetic
patients with hepatic steatosis. In that study, 82%
of the patients with hepatic steatosis had LVH, while
the proportion was 18% in patients without hepatic
steatosis. Furthermore, patients with hepatic steatosis
yielded 6-fold higher odds ratios for LVH compared
to patients without hepatic steatosis. In contrast to
the cross-sectional findings of our study, Bonapace et
al® demonstrated no significant differences between
patients with hepatic steatosis and patients without
hepatic steatosis regarding left ventricular mass. Fallo
et al'¥ reported a comparable prevalence of LVH in
patients with and without hepatic steatosis. However,
that study was performed in hypertensive inpatients,
in which a high prevalence of both FLD and LVH has
been reported*****, Therefore, the reported results
cannot be directly compared with results from a general
population sample.

Regarding longitudinal associations, we only found
negligible direct effects of baseline hepatic steatosis
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on LVMI change. We hypothesized that blood pressure
is a mediating factor involved in the pathway from
hepatic steatosis to LVMI as blood pressure has been
found to be a major risk factor for left ventricular
remodelling®®*?, Yet, we failed to demonstrate indirect
effects from hepatic steatosis on LVMI change via
systolic and diastolic blood pressure. Interestingly,
we observed an inverse association between systolic
blood pressure at baseline and change in LVMI after
five years. This finding is in contrast to previous
studies revealing that both systolic and diastolic blood
pressure are important correlates of LVM, whereas
systolic blood pressure has been found to be more
closely related to LVM than diastolic blood pressure!®®.
Our data showed a drop in systolic and diastolic blood
pressure from baseline to follow-up in the study sample,
whereas this drop was more pronounced in individuals
with hepatic steatosis than in individuals fulfilling no
or one criterion for hepatic steatosis. We suppose that
information on high blood pressure given by study phy-
sicians after baseline examination may have led to
lifestyle modification or a rise in health consciousness
in the study participants including the intake of blood
pressure-lowering medication resulting in lower blood
pressure at follow-up examination.

Regarding pharmacological interventions, treat-
ment with antihypertensive drugs is indicated in the
management of patients with cardiac hypertrophy,
whereas the validity of data regarding the effects of
antihypertensive medication on LVH regression is
limited due to methodological weaknesses of existing
studies™’. Drugs acting on the renin-angiotensin
system, beta blockers, and calcium channel blockers
have been shown to diminish left ventricular mass
with different efficacy®®. In the present study popu-
lation, 20.3% of the individuals with hepatic steatosis
reported the intake of beta blockers, 14.6% the intake
of calcium channel blockers and 20.3% the intake
of drugs acting on the renin-angiotensin system. In
addition to blood pressure lowering effects, these
drugs may lead to LVMI regression!®!, It might
be assumed that the observed decrease in blood
pressure in the present sample was attended by LVMI
regression covering a potentially present association
between hepatic steatosis and LVMI. Repeating
our analyses after excluding individuals taking beta
blockers, calcium channel blockers, and drugs acting
on the renin-angiotensin system confirmed our results
in general. This finding indicates that the use of the
respective medication did not have an influence on the
association between hepatic steatosis and LVMI in the
entire population as these drugs may prevent further
increase of LVM or support regression of LVH?3!,

Besides pharmacological treatment, lifestyle modifi-
cation including weight loss and a reduction of alcohol
and salt intake may contribute to LVH regression™.
The role of physical activity remains controversial. It
has been demonstrated that regular physical activity
is associated with lower blood pressure and reduced
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cardiac remodeling, while exercise can also lead to the
development of LVH™?, In hypertensive individuals,
exercise may have a positive effect on cardiac re-
modelling with regression or prevention of LVH®?,

With respect to alcohol consumption, analyses
after excluding participants with high risk drinking
did not change the results of our study. We therefore
assume that alcohol consumption had no major role
in the association between hepatic steatosis and LVMI.
However, it needs to be considered that the number of
individuals with high risk drinking was low and drinking
above recommended levels is a risk factor for both
hepatic steatosis and changes in cardiac structure.

In the present general population sample, both
hepatic steatosis and LVH were highly prevalent
stressing the public health relevance of these disease
conditions in the general population.

Our study has several strengths, but also potential
limitations that should be considered. Major strengths
encompass the population-based longitudinal design,
the large sample size and the high prevalence of
hepatic steatosis and LVH in the study region!***,
Further strengths encompass the ultrasound and
laboratory methods to detect hepatic steatosis and the
strict quality management by standardized protocols
and certified staff’®’. Limitations may arise from the
inability to perform liver biopsy due to ethical concerns
although known as the gold standard in the diagnosis
of hepatic steatosis. Regarding methodological issues,
path analyses allow for a useful differentiation of
direct and indirect effects and therefore improve the
interpretation of relationships among multiple variables.
Limitations comprise potential selection bias due to
selective drop out and initial non-response. However,
previous analyses do not suggest a major effect on the
outcomes under study™®*. More measurement points
covering a larger time interval might be needed to
improve our inferences on direct and indirect effects.
Limitations may further arise from the inability to per-
form liver biopsy due to ethical concerns although
known as the gold standard in the diagnosis of hepatic
steatosis.

We conclude that hepatic steatosis as defined by
liver hyperechogenity and increased ALT levels was
not a predictor of relevance for LVMI change after
five years in the present population-based cohort of
individuals aged 45 to 81 years. Nevertheless, both
hepatic steatosis and LVH were highly prevalent in
the present indicating the importance of both disease
conditions in the general population and the necessity
for risk factor reduction to avoid subsequent morbidity
and mortality.

COMMENTS

Background

Hepatic steatosis is highly prevalent in Western countries and regarded as the
hepatic manifestation of the metabolic syndrome. The metabolic syndrome
and its components such as overweight and hypertension are associated with
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an increase in left ventricular mass (LVM). Data on the association between
hepatic steatosis and LVM are limited; only four cross-sectional studies of
small sample size exist addressing this relationship. Due to the design of the
aforementioned studies, inferences about effect directions between hepatic
steatosis and left ventricular remodelling cannot be made. In particular,
there is no differentiation between direct paths from hepatic steatosis to LVM
progression or indirect effects via mediators.

Research frontiers

There is no previous research providing data on the association between
hepatic steatosis and left ventricular mass index (LVMI) encompassing the
following criteria: (1) using a general population sample; (2) using longitudinal
data to improve inferences on the direction of effects; and (3) using methods to
differentiate between direct and indirect pathways of hepatic steatosis on LVMI
via blood pressure.

Innovations and breakthroughs

The present study is the first to investigate the association between hepatic
steatosis and change in LVMI and the mediating role of systolic and diastolic
blood pressure in this association using data from a prospective population-
based cohort.

Applications

The authors conclude that hepatic steatosis as defined by liver hyperechogenity
and increased ALT levels was not a predictor of relevance for LVMI change
after five years in the present population-based cohort of individuals aged 45 to
81 years. Nevertheless, both hepatic steatosis and LVH were highly prevalent
in the present study population indicating the importance of both disease
conditions in the general population and the necessity for risk factor reduction
to avoid subsequent morbidity and mortality.

Peer-review

This is an interesting and well-written manuscript. This study investigated the
association between hepatic steatosis and change in LVMI over 5 years in a
study population of 1298 individuals aged 45 to 81 years. Hepatic steatosis was
demonstrated to be a significant predictor for all measured echocardiographic
characteristics at baseline but not for LVMI change.
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