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Abstract

Purpose Nonalcoholic fatty liver disease is increasingly recognized as the hepatic counterpart of metabolic syndrome. It is
hypothesized that structural and functional cardiac changes may be associated with this metabolic disease. We aimed to
gather the existing information on the association of nonalcoholic fatty liver disease with cardiac alterations, and to evaluate
a possible correlation between them.

Methods Systematic review of Medline searching results for original articles studying NAFLD and cardiac parameters until
August 2018. A meta-analysis was conducted to each parameter of cardiac structure and function selected, using Review
Manager 5.3 software. This study was conducted according to preferred reporting items for systematic reviews and meta-
analysis (PRISMA).

Results A total of 16 studies met the eligibility criteria and were included in the meta-analysis. There was a significant
association between nonalcoholic fatty liver disease and (1) higher left ventricle mass and ratios between left ventricle mass
and both height and body surface area; (2) higher LVEDD; (3) higher left atrium diameter and ratio between left atrial
volume and body surface area; (4) higher posterior wall and septum thickness; (5) lower E/A wave ratio; (6) higher E/E’
ratio; (7) longer deceleration time and (8) longer relaxation time.

Conclusion NAFLD associates with adverse structural alterations and cardiac dysfunction. Our results highlight the importance of
identifying NAFLD in patients with metabolic dysfunction as this may represent an additional contributor to cardiovascular risk.
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NAFLD is broad and it is even hypothesized that structural
and functional cardiac changes may be associated with this
hepatic disease [4, 5]. These changes are easily evaluated by
echocardiography, as it is a non-invasive, innocuous, and
bedside technique [6].

Therefore, the aim of this study was to gather the existing
information on the association of NAFLD with cardiac
alterations, evaluated by echocardiography by a multitude
of observational studies that have been done so far, and to
hypothesize about possible correlation between them.

Methods
Search strategy

A search of PubMed and Medline databases was carried out
for english-written original articles, studying NAFLD and
cardiac parameters from inception until August 2018. This
study was conducted according to PRISMA (http://www.
prisma-statement.org/). The following query was used:
(“non-alcoholic fatty liver disease” [MeSH Terms] OR
(“nonalcoholic” [All Fields] AND “fatty” [All Fields] AND
“liver” [All Fields] AND “disease”[All Fields]) OR “non-
alcoholic fatty liver disease” [All Fields] OR “nafld” [All
Fields]) AND ((“heart failure” [MeSH Terms] OR (“heart”
[All Fields] AND “failure” [All Fields]) OR “heart failure”
[All Fields]) OR (“echocardiography” [MeSH Terms] OR
“echocardiography” [All Fields])). A total amount of 138
articles were retrieved from the search.

Study selection

The following inclusion criteria were defined: (1) studies
published in peer-reviewed journals until August 2018; (2)
original studies (both cross-sectional and longitudinal stu-
dies where accepted); (3) studies conducted in adults aged
18 or older; and (4) studies relevant to the topic, presenting
original data. About the last criterion, we included studies
evaluating at least one of the following echocardiographic
variables (1) left ventricle ejection fraction (LVEF); (2)
relaxation time; (3) deceleration time; (4) peak E wave; (5)
E/e’ ratio; (6) peak A wave; (7) E/A ratio; (8) left ventricle
mass (LVM); (9) left ventricle end-diastolic diameter or
volume (LVEDD or LVEDV); (10) left ventricle end-
systolic diameter or volume (LVESD or LVESV); (11) left
atrial diameter or volume (LAD or LAV); (12) posterior
wall thickness; and (13) septum thickness, in patients with
NAFLD and controls. The definition of NAFLD both by
non-invasive parameters and/or liver biopsy was accepted.
We excluded (1) non-original studies; (2) studies conducted
in children and adolescents; (3) studies that did not present
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at least one of the echocardiographic variables mentioned
above, both in patients with NAFLD and controls.

We have not limited the inclusion based on study size.
When more than one article utilized the same database, only
the one with the most comprehensive data was included.

Two of the authors independently applied these criteria
firstly by reading the title and abstract. After this step,
56 studies were selected for full-text reading. On a second
level of eligibility, 40 more studies were excluded and, in
the end, 16 studies were selected (Table 1 [7-22]), analyzed
and included in this study. Disagreements were solved by
consensus. The selection process is shown in Fig. 1.
Excluded articles are shown in Supplementary Table 1.

Data extraction and quality assessment

Data extraction was completed by the same two authors and
was divided in the following sections:

(1) Article identification (title; authors; date of publica-
tion; study design; general description of the study).

(2) Article characterization (number of patients and
controls; definition of NAFLD used; diagnostic
procedures for NAFLD).

(3) Participants’ characterization (age; gender; body mass
index (BMI); blood pressure; tobacco use).

(4) Echocardiographic measures (LVEF; peak E wave;
peak A wave; E/A ratio; LVM; left ventricle volume
and diameter; left atrial diameter; posterior wall
thickness; septum thickness; deceleration time;
relaxation time).

(5) Biochemistry parameters (glycated hemoglobin;
homeostatic model assessment for IR, HOMA-IR;
aspartate and alanine transaminases; gamma-glutamyl
transferase; albumin).

The Newcastle-Ottawa Quality Assessment Form for
Cohort Studies was used to assess the quality and the risk of
bias of the studies included. It evaluates nonrandomized
studies on the study design (selection of the sample and
comparability of the cohorts) and content (outcome). A
“star system” is employed and the sum of the stars allows
classifying the articles in three categories: good quality; fair
quality and poor quality [23].

Statistical analysis

Proportions, means and standard deviations of each of the
parameters analyzed were registered. Studies providing data
allowing the calculation of odds ratios (for categorical
variables) and mean differences (for continuous variables)
were then included in meta-analysis, using a random-effects
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Articles identified through
database searching
(n=138)

Articles screened- title and
abstract
(n=138)

Phase 1): Rejected articles
using exclusion criteria (n=82)

Main exclusion reasons:
- Non relevant to the topic;
- Non-original studies;
- Non-adult/ non-human

X population.
Full-text articles assessed

for eligibility

(n=56) Phase 2): Rejected articles

using exclusion criteria (n=40)

Main exclusion reasons:
- Non relevant to the topic;

Articles included in the -_Non-adult population.

meta-analysis
(n=16)

Fig. 1 Fluxogram for the selection of the studies

model, using Review Manager 5.3 software. Heterogeneity
was evaluated with the /*: values between 0 and 25% were
considered as insignificant heterogeneity; 26-50% low
heterogeneity; 51-75% moderate heterogeneity, and >75%
high heterogeneity [24]. Subgroup, sensitivity, and stratified
analyses were performed as a mean to assess bias or con-
founding; these data are presented as supplementary data
(Supplementary Tables 2-6). We used the funnel plots of
the main outcomes evaluated in order to address the pre-
sence of bias across the studies, namely publication bias.

Results
Characterization of the sample

As previously mentioned, 16 articles were included in this
meta-analysis. The great majority (n=15) are cross-
sectional studies and only one is longitudinal. NAFLD
was defined by non-invasive methods (as ultrasonography
and abdominal-CT) in twelve of the papers, and by invasive
techniques (namely hepatic biopsy) in four of them. All the
studies evaluated one or more echocardiographic parameter
mentioned in the section above. The majority of the studies
(n=10) are considered of Good Quality, by the
Newcastle-Ottawa Scale. The remaining six are considered
of Fair Quality.

Table 2 shows clinical and analytical characteristics of
the population included in this meta-analysis. NAFLD
population was shown to have a significantly higher BMI,
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higher diabetes prevalence (as well as higher glucose levels,
glycated hemoglobin and HOMA-IR) and higher blood
pressure (both systolic and diastolic), compared with con-
trols (all statistically significant). NAFLD patients, as
expected, also presented higher levels of both transaminases
and gamma-—glutamyl transferase. No differences were
found concerning gender, age, or albumin level.

NAFLD and systolic cardiac function

Fourteen studies evaluated systolic cardiac function by
LVEF. There were no statistically significant differences in
this parameter between NAFLD patients and controls (MD
—0.30; p =0.33; I* 710% Fig. 2).

NAFLD and diastolic cardiac function

Thirteen papers evaluated diastolic function, using various
parameters.

In Fig. 3 we show the forest plots concerning NAFLD
and diastolic cardiac function parameters. Actually, we
found significant differences regarding peak A wave (MD
3.55; p<0.01; P 95%), E/le’ (MD 1.05; p<0.01; P> 93%)
and E/A ratios (MD —0.15; p<0.01; P 94%), and decel-
eration (MD 13.04; p<0.01; P 89%) and relaxation (MD
10.00; p <0.01; I* 84%) times.

NAFLD and cardiac structure

In Fig. 4 (and 4a in appendices) we show the forest plots
concerning NAFLD and systolic cardiac function para-
meters. We found significant differences regarding LVM
(and the ratios between LVM and both height and body
surface area) (respectively MD 47.22, p < 0.01, P 92%; MD
3.82, p<0.01, > 91% and MD 7.39, p<0.01, I* 86%);
LVEDD (MD 1.32, p<0.01, P 38%); left atrium diameter
(and the ratio between left atrium volume and body surface
area) (respectively MD 2.19, p <0.01, > 95% and MD 1.52,
p =0.04, ” 32%); and septum and posterior wall thickness
(respectively MD 1.06, p <0.01, I* 94% and MD 1.14, p <
0.01, I* 96%).

Table 3 summarizes the results of the echocardiographic
evaluation included in this meta-analysis.

Evaluation of publication bias, assessment of bias,
and confounding

Visual inspection of funnel plots does not suggest the
existence of publication bias (Supplementary Fig. 5a).

As a mean to assess bias and confounding, subgroup,
sensitivity, and stratified analyses were performed (Sup-
plementary Tables 2—6). In these analyses, the associations
found did not change expressively.
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Table 2 Clinical and analytical characteristics of the population included

NAFLD (n) Controls (n) OR NAFLD*/mean P Number of p value

difference” papers

Age, years 17583 7735 3,34 [—4.83, 11.52]* 100% 14 0.42
Female sex, % 3552 21314 0.76 [0.47, 1.231* 94% 13 0.26
Body mass index, kg/m? 17523 7735 3.33 [2.36, 4.291* 98% 13 <0.01
Diabetes mellitus, % 2962 20251 4.01 [2.19, 7.35]* 94% <0.01
Hypertension, % 3058 20427 2.11 [1.40, 3.17]* 92% 8 <0.01
Systolic blood pressure, mmHg 17325 6659 430 [1.47, 7.141 95% 12 <0.01
Diastolic blood pressure, mmHg 17325 6659 3.11 [0.99, 5,23]# 96% 12 <0.01
HbAlc, % 3644 20584 1.32 [1.07, 1.63]* 66% 9 <0.01
Glucose, mg/dL 17343 6630 10.02 [6.98, 13.05]"* 93% 12 <0.01
HOMA-IR, mg/dL 16993 6456 1.89 [1.53, 2.251* 96% 7 <0.01
ALT, IU/L 16988 4195 17.21 [9.00, 25.417* 100% 12 <0.01
AST, TU/L 16956 4177 6.74 [3.19, 10.307* 99% 11 <0.01
GGT, IU/L 15447 2037 15.57 [5.91, 25.24]* 95% 6 <0.01
Albumin, g/dL. 734 862 —0.23 [-0.61, 0.15]" 95% 3 0.23

OR odds ratio, P heterogeneity, HbAIc glycated hemoglobin, HOMA-IR homeostatic model assessment for insulin resistance, AST aspartate
transaminase, ALT alanine transaminase, GGT Gamma—Glutamyl transferase

Bold values indicate p value <0.01
*Indicates OR NAFLD

#Indicates mean difference

NAFLD Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year 1V, Random, 95% CI
Goland S 2006 64.3 6.5 38 65.8 3.9 25 4.0% -1.50[-4.07,1.07] 2006 —
Fallo F 2009 68.1 4.2 48 67 3.7 38 7.0% 1.10[-0.57, 2.77] 2009 T
Fotbolcu H 2010 63.4 4.16 35 62.47 4.31 30 5.4% 0.93 [-1.14, 3.00] 2010 [ e —
Bonapace S 2012 73.7 7.2 32 713 6.9 18 1.9% 2.40 [-1.65, 6.45] 2012 —
Baktir AO 2014 66.7 5.2 28 65.7 2.4 28 5.3% 1.00[-1.12,3.12] 2014 -1
Kim NH 2014 63.2 4.7 180 63.7 4.7 1105 12.1% -0.50[-1.24, 0.24] 2014 -
Bekler A 2015 68.01 7.01 32 66.31 6.59 22 2.3%  1.70[-1.97,5.37] 2015 —
Sunbul M 2015 64.9 5.9 90 66.4 6.1 45 5.1% -1.50[-3.66, 0.66] 2015 ———
VanWagner LB 2015 62 7.7 271 61.6 7 2442 10.8%  0.40[-0.56, 1.36] 2015 T
Mantovani A 2016 62.8 6 158 65.4 7 64 5.8% -2.60[-4.55, -0.65] 2016 -
Metwaly A 2016 65.7 7.9 60 70.7 6.9 20 2.3% -5.00[-8.62,-1.38] 2016
Trovato FM 2016 66.75 11.6 660 68.84 8.25 791 10.2% -2.09[-3.15,-1.03] 2016 —
Jung JY 2017 67.1 6.3 14641 66.8 6.1 1137 14.1% 0.30[-0.07, 0.67] 2017 =
Chung GE 2018 659 7.5 1310 65.7 6.6 1990 13.5% 0.20[-0.30,0.70] 2018 s
Total (95% CI) 17583 7755 100.0% -0.30[-0.91, 0.30]

Heterogeneity: Tau? = 0.64; Chi? = 43.38, df = 13 (P < 0.0001); I> = 70%
Test for overall effect: Z = 0.98 (P = 0.33)

S

-4 -2

Fig. 2 Forest plot of left ventricle ejection fraction in NAFLD patients versus controls

Discussion and conclusion

NAFLD is a growing clinical and socio-economic chal-
lenge. The range of cardiac complications and events that
can be associated with NAFLD is broad. It is hypothesized
that structural and functional cardiac changes may be
associated with this hepatic disease.

In this meta-analysis we aimed to uncover a possible
association of NAFLD and cardiac echocardiographic
alterations. The analysis shows a clear association between
the presence of NAFLD and adverse cardiac changes.

Cardiac diastolic function and structure seem to be parti-
cularly affected.

Systolic function is satisfactorily characterized by ejec-
tion fraction [6]. Regarding this parameter, we found no
significant difference between NAFLD and non-NAFLD
populations. The lack of differences may either be due to a
true lack of difference between NAFLD and non-NAFLD
populations or to the different methodologies used in the
papers included in this meta-analysis. For example, some
authors included diabetic and/or hypertensive patients,
while others excluded them. However, even making
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Fig. 3 Forest plots concerning a) E (cm/s)
diastolic cardiac function NAFLD Control Mean Difference Mean Difference
. Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
parameters in NAFLD versus Baktir AO 2014 7215 28 80 14 28 10.3% -8.00[-15.60, -0.40]
. . Bonapace S 2012 64 12 32 57 16 18 9.4% 7.00 [-1.48, 15.48] b
controls: a Peak E velocity Fallo F 2009 606 141 48 622 121 38 126%  -160[-7.14,3.94] —T
. ’ 10° Fotbolcu H 2010 711 111 35 749 135 30 12.0% -3.80 [-9.87, 2.27] —T
(CITI/S), b E/e rath, ¢ Pea'k A Goland S 2006 736 11 38 864 20 25 9.3% -12.80 [-21.38, -4.22] —_——
Velocity (cm/s)' d E/A ratio: Jung JY 2017 64.7 14.1 14641 73.9 15.5 1137 16.7% -9.20(-10.13,-8.27) -
. ’ . . ’ Kim NH 2014 64 13 180 68 13 1105 16.1% -4.00 [-6.05, ~1.95] ==
e Isovolumic relaxation time Mantovani A 2016 66.9 15 158 62.7 17 64 13.5% 4.20 [-0.58, 8.98] —
(seconds); f Deceleration time Total (95% CI) 15160 2445 100.0%  -3.63 [-7.56, 0.30] -
Heterogeneity: Tau? = 23.91; Chi’ = 65.50, df = 7 (P < 0.00001); I* = 89%
(SCCOI’ldS) Test for overall effect: Z = 1.81 (P = 0.07) -20 -0 10 20
o .
b) E/e’ ratio
NAFLD Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year 1V, Random, 95% CI
Fallo F 2009 71 17 48 76 11 38 11.8% -0.50[-1.09,0.09] 2009 ——1
Fotbolcu H 2010 6.64 1.39 35 491 091 30 12.0%  1.73(1.17,2.29] 2010 —_—
Bonapace S 2012 79 13 32 559 11 18 11.0% 2.31[1.63,2.99] 2012 —
Baktir AO 2014 6.93 1.6 28 6.38 133 28 10.3%  0.55([-0.22,1.32] 2014 wi—m——
VanWagner LB 2015 7.7 26 271 7 2.3 2442 13.8% 0.70[0.38, 1.02] 2015 s
Mantovani A 2016 9.6 2 158 6.9 2 64 11.9% 2.70 [2.12, 3.28] 2016 ——
Jung JY 2017 7.9 19 14641 73 17 1137 14.8% 0.60 [0.50, 0.70] 2017 ]
Chung GE 2018 98 3 1310 9.2 3 1990 14.4%  0.60(0.39,0.81] 2018 -
Total (95% CI) 16523 5747 100.0% 1.05 [0.61, 1.50] <
Heterogeneity: Tau® = 0.34; Chi® = 100.02, df = 7 (P < 0.00001); I* = 93% >y 5 B
Test for overall effect: Z = 4.67 (P < 0.00001)
c) A (cm/s)
NAFLD Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Baktir AO 2014 67 14 28 67 16 28 1.1%  0.00[-7.87,7.87] e E—
Bonapace S 2012 89 13 32 84 16 18 0.9% 5.00 [-3.66, 13.66] —
Fallo F 2009 70.5 13.1 48 633 27 38 4.8%  7.20[3.40, 11.00]
Fotbolcu H 2010 58.2 9.2 35 543 9.1 30 3.5%  3.90[-0.56, 8.36] 1
Jung JY 2017 54.3 12.3 14641 50.7 12.7 1137 76.0%  3.60 [2.84, 4.36) | ]
Kim NH 2014 64 15 180 62 16 1105 11.8% 2.0 [-0.39, 4.39] ——
Mantovani A 2016 816 33 158 792 14 64  1.8% 2.40(-3.78,8.58] —
Total (95% CI) 15122 2420 100.0% 3.55 [2.70, 4.39] L J
Heterogeneity: Tau® = 0.09; Chi’ = 6.22, df = 6 (P = 0.40); I = 4% - 3 %
Test for overall effect: Z = 8.24 (P < 0.00001)
d) E/A ratio
NAFLD Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Baktir AO 2014 1.13 0.39 28 123 03 28 6.1% -0.10 (-0.28, 0.08] T
Bonapace S 2012 0.72 0.1 32 0.68 0.13 18 9.3% 0.04 (-0.03, 0.11] il
Chung GE 2018 09 03 1310 11 0.4 1990 10.2% -0.20(-0.22,-0.18] w
Fallo F 2009 0.88 0.21 48 1.03 0.25 38 8.5% -0.15 [-0.25, -0.05] e
Fotbolcu H 2010 1.25 0.28 35 1.42 0.34 30 6.9% -0.17 [-0.32, -0.02] —
Goland S 2006 1 03 38 176 0.8 25 3.2% -0.76 [-1.09,-0.43] —————
Jung JY 2017 1.2 0.3 14641 1.5 0.7 1137 9.9% -0.30 [-0.34, -0.26] -
Kim NH 2014 1.04 0.27 180 1.15 0.33 1105 9.9% -0.11[-0.15, -0.07] =
Mantovani A 2016 0.74 0.2 158 0.78 0.2 64 9.6% -0.04 [-0.10, 0.02] -
Metwaly A 2016 0.81 0.13 60 1.21 0.36 20 6.7% -0.40[-0.56, -0.24] —
Trovato FM 2016 1.24 05 660 1.23 0.36 791 9.9% 0.01 [-0.04, 0.06] r
VanWagner LB 2015 1.2 03 271 1.3 0.4 2442 10.0% -0.10(-0.14, -0.06] =
Total (95% CI) 17461 7688 100.0% -0.15 [-0.22, -0.08] %
Heterogeneity: Tau? = 0.01; Chi? = 190.31, df = 11 (P < 0.00001); I* = 94% x <3 3 G t
Test for overall effect: .24 (P < 0.0001)
e) Relaxation time (seconds)
NAFLD Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year 1V, Random, 95% CI
Fallo F 2009 91 11 48 89 10 38 21.7%  2.00[-2.45,6.45] 2009 ——
Fotbolcu H 2010 107.3 12.1 35 94.8 12.6 30 19.7% 12.50(6.47, 18.53] 2010
Bonapace S 2012 93.8 16 32 873 13 18  16.9% 6.50(-1.67, 14.67) 2012 . |
Baktir AO 2014 833 13 28 706 12.4 28 18.9% 12.70(6.05, 19.35] 2014 N
Bekler A 2015 77.3 8.5 32 615 4.3 22 22.8% 15.80[12.35,19.25] 2015 —
Total (95% CI) 175 136 100.0% 10.00 [4.03, 15.97] -
Heterogeneity: Tau? = 37.58; Chi’ = 24.78, df = 4 (P < 0.0001); I = 84%
Test for overall effect: Z = 3.28 (P = 0.001) =0 e 16 20
f) Deceleration time (seconds)
NAFLD Control Mean Difference Mean Difference
Study or Subgroup  Mean SD  Total Mean SD Total Weight IV, Random, 95% CI Year IV, Random, 95% CI
Goland S 2006 168.5 35.8 38 148.1 26.5 25 9.8% 20.40 [4.99, 35.81] 2006 —
Fallo F 2009 2019 43.6 48 179.8 40 38  8.7% 22.10(4.38,39.82] 2009
Fotbolcu H 2010 192.8 33.4 35 166.7 342 30  9.3% 26.10[9.60, 42.60] 2010
Bonapace S 2012 2832 78 32 2534 56 18 3.3% 29.80(-7.61, 67.21] 2012 =
Baktir AO 2014 219.6 45.4 28 160.1 31.3 28 7.6% 59.50[39.07, 79.93] 2014
Kim NH 2014 193 40 180 187 35 1105 14.8% 6.00(-0.20, 12.20] 2014 ~
VanWagner LB 2015 180.9 39.9 271 176.7 39.2 2442 15.3%  4.20(-0.80,9.20] 2015 -
Jung JY 2017 185.7 38.8 14641 188.9 39.7 1137 16.1% -3.20(-5.59, -0.81] 2017
Chung GE 2018 209.7 78.7 1310 208.6 74 1990 15.1% 1.10 [-4.26, 6.46] 2018 T
Total (95% CI) 16583 6813 100.0% 13.04 [5.37,20.71] 2
Heterogeneity: Tau® = 93.82; Chi® = 70.07, df = 8 (P < 0.00001); I* = 89% . T %

Test for overall effect: Z = 3.33 (P = 0.0009)

subgroup analysis a statistically significant difference was
not found.

On the other hand, diastolic function can be evaluated
by the E/A ratio (used as an estimate of the relaxation
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Fig. 4 Forest plots concerning a) Left ventricle mass (grams)
cardiac structure parameters in NAFLD Control Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% CI _Year IV, Random, 95% CI

NAFLD vs controls: a Left Goland S 2006 160.7 587 38 666 27.8 25 14.0% 94.10(72.49,115.71] 2006 ——

: . . Fallo F 2009 1969 752 48 1708 621 38 11.0%  26.10(-2.92,55.12) 2009
VenmCIe mass (LVM’ grams)’ Fotbolcu H 2010 169.83 39.81 35 11477 16.43 30 17.2%  55.06 [40.62, 69,50] 2010 s——
b Left ventricle end-diastolic VanWagner LB2015 1965 57 271 164.1 49.1 2442 20.0% 32.40(25.34, 39.46] 2015 -

. . Metwaly A 2016 1924 328 60 1368 29.2 20 16.8% 55.60 [40.35, 70.85] 2016 —_—
diameter (mm); ¢ Left ventricle Jung J¥ 2017 1521 31 14641 1241 313 1137 210K 28,00 [26.11,29.89) 2017 .
end-systolic diameter (mm); Total (95% CI) 15093 3692 100.0% 47.22 (33.25, 61.18) -

: : . Heterogeneity: Tau® = 241.15; Chi* = 60.73, df = 5 (P < 0.00001); I¥ = 92%
d Left atrium diameter (mm); Test for overall effect: Z = 6.63 (P < 0.00001) g0 <50 0. Mo
e Posterior wall thickness (mm);
f Interventricular septum b) Left ventricle end-diastolic diameter (mm)
thickness (1’1’111'1) NAFLD Control Mean Difference Mean Difference
Study or Subgroup  Mean SD  Total Mean SD Total Weight IV, dom, 95% Cl_ Year v, 95% CI
Goland § 2006 48.8 4.9 38 486 39 25 3.0%  0.20[-1.98, 2.38] 2006 —
Fallo F 2009 483 48 48 a7 47 38 3.5%  1.30[-0.72,3.32]) 2009 ||
Fotbolcu H 2010 48.7 4.8 35 476 25 30 4.2%  1.10[-0.72,2.92] 2010 -
Baktir AO 2014 46.5 4.7 28 459 38 28 2.9% 0.60([-1.64, 2.84] 2014 ——
Bekler A 2015 48.07 3.82 32 48.47 3.95 22 3.2% -0.40[-2.52, 1.72] 2015 1
Metwaly A 2016 49 9 60 45 S 20 1.5% 4.00 [0.84, 7.16] 2016
Jung Jy 2017 49.6 3.9 14641 48 4 1137 43.3% 1.60 [1.36, 1.84] 2017 -
Chung GE 2018 48.2 45 1310 47 4.6 1990 38.6% 1.20 [0.88, 1.52] 2018 -
Total (95% CI) 16192 3290 100.0% 1.32 [0.93, 1.70] *
Heterogeneity: Tau’ = 0.08; Chi® = 11.24, df = 7 (P = 0.13); I’ = 38% 5 _' P 3 3
Test for overall effect: Z = 6.63 (P < 0.00001) Favours [control]
c¢) Left ventricle end-systolic diameter (mm)
NAFLD Control Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, 95% Cl_ Year v, 95% C1
Fallo F 2009 29 39 48 286 5.2 38 11.4%  0.40(-1.59, 2.39] 2009 S——
Fotbolcu H 2010 319 34 35 318 23 30 15.0%  0.10([-1.30, 1.50] 2010 ———
Baktir AC 2014 219 36 28 29 29 28 12.9% -7.10[-8.81,-5.39] 2014 —
Bekler A 2015 29.8 4.78 32 30.43 4.22 22 9.2% -0.63(-3.05,1.79) 2015 p——
Metwaly A 2016 31 S 60 27 5 20 8.8% 4.00[1.47,6.53) 2016 B
Jung JY 2017 31 3.6 14641 302 3.6 1137 21.4% 0.80[0.58, 1.02] 2017 .
Chung GE 2018 27.8 38 1310 274 36 1990 213% 0.40 [0.14, 0.66] 2018 d
Total (95% CI) 16154 3265 100.0% -0.31[-1.28,0.66] *
Heterogeneity: Tau® = 1.14; Chi* = 91,50, df = 6 (P < 0.00001); I* = 93% 1o % 3 3 0
Test for overall effect: Z = 0.62 (P = 0.53)
d) Left atrium diameter (mm)
NAFLD Control Mean Difference Mean Difference
Study or Subgroup  Mean SD  Total Mean SD Total Weight IV, 95% Cl  Year \'A 95% CI
Fallo F 2009 343 5.8 48 32.7 6.7 38 B.5% 1.60 [-1.09, 4.29) 2009 -
Fotbolcu H 2010 368 3.9 35 353 3.4 30 11.6% 1.50[-0.27,3.27] 2010 1
Kim NH 2014 37 45 180 35.7 4.3 1105 15.0% 1.30 [0.60, 2.00] 2014 -_
Baktir AO 2014 338 31 28 32 34 28 11.8% 1.80 [0.10, 3.50) 2014 [r—p—
Bekler A 2015 36.35 3.81 32 36.94 3.08 22 11.3% -0.59[-2.43,1.25) 2015 S——
Metwaly A 2016 395 65 60 346 32 20 10.2% 4.90 [2.74, 7.06] 2016 —_—
Jung JY 2017 36.7 3.9 14641 32.5 4.2 1137 15.8% 4.20 [3.95, 4.45] 2017 -
Chung GE 2018 37 52 1310 346 5.6 1990 15.7% 2.40[2.,03,2.77) 2018 -
Total (95% CI) 16334 4370 100.0% 2,19 [1.04, 3.35] B
Heterogeneity: Tau® = 2.18; Chi* = 129.45, df = 7 (P < 0.00001); I* = 95% o] _‘2 3 é 3
Test for overall effect: Z = 3.72 (P = 0.0002)
¢) Posterior wall thickness (mm)
NAFLD Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI _Year IV, Random, 95% C1
Goland S 2006 9.7 23 38 85 1.7 25 8.6% 1.20[0.21, 2.19] 2006
Fallo F 2009 9.7 16 48 919 38 11.2%  0.70[-0.05, 1.45] 2009
Fotbolcu H 2010 93 09 35 75 07 30 16.2% 1.8011.41, 2.19] 2010 ——
Baktir AC 2014 102 1.4 28 87 08 28 13.3% 1.50[0.90, 2.10] 2014 —_—
Metwaly A 2016 106 2 60 9 1 20 12.3% 1.60[0.93, 2.27] 2016 —
Jung JY 2017 86 1.1 14641 76 1.2 1137 19.2% 1.00 [0.93, 1.07] 2017 -
Chung GE 2018 93 13 1310 89 1.3 1990 19.1% 0.40[0.31, 0.49] 2018 -
Total (95% C1) 16160 3268 100.0% 1.14 [0.75, 1.53] g
Heterogeneity: Tau® = 0.21; Chi* = 141.23, df = 6 (P < 0.00001); I* = 96% > 7 i
Test for overall effect: Z = 5.71 (P < 0.00001) Favours [experimental] Favours [control]
f) Septum thickness (mm)
NAFLD Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, d 95% CI_ Year v, ds 95% CI
Goland § 2006 113 22 38 89 29 25 5.8% 2.40(1.07, 3.73] 2006
Falle F 2009 10 21 48 9.4 18 38 9.9% 0.60(-0.22, 1.42) 2009 7
Fotbolcu H 2010 98 08 35 79 07 30 15.4% 1.90[1.54, 2.26] 2010 -
Baktir AO 2014 9.9 13 28 86 08 28 12.9% 1.30[0.73, 1.87] 2014 —_—
Bekler A 2015 10.08 1.33 32 9.9 1.19 22 11.6% 0.18(-0.50, 0.86) 2015 —l—
Metwaly A 2016 10.4 3 60 9 1 20 9.3% 1.40[0.52, 2.28] 2016 ——
Jung Jy 2017 8.9 1.2 14641 7.9 12 1137 17.7% 1.00 [0.93, 1.07] 2017 s
Chung GE 2018 93 12 1310 89 24 1990 17.5% 0.40(0.28, 0.52] 2018 -
Total (95% C1) 16192 3290 100.0% 1.06 [0.67, 1.45] <>
Heterogeneity: Tau® = 0,22; Chi’ = 111.29, df = 7 (P < 0,00001); I = 94% - > r3 3 3

Test for overall effect: Z = 5.32 (P < 0.00001)

pattern of the ventricle) and E/e’ ratio (that estimates left
ventricular filling pressures), amongst other parameters [6].
We detected significant differences concerning both ratios,

as well as relaxation and deceleration times. This suggests
that patients with NAFLD are prone to have diastolic dys-
function, comparing with controls. In agreement with our
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Table 3 Results of the

echocardiographic evaluation Mean difference, 95% CI P Heterogeneity p value
included in the meta-analysis Systolic cardiac function

LVEF, % —0.30 [-0.91, 0.30] 70% Moderate 0.33
Diastolic cardiac function

E, cm/s —3.63 [-7.56, 0.30] 89% High 0.07
Ele’ 1.05 [0.61, 1.50] 93% High <0.01
A, cm/s 3.55 [2.70, 4.39] 4% Insignificant <0.01
E/A —0.15 [-0.22, —0.08] 94% High <0.01
Relaxation time, s 10.00 [4.03, 15.97] 84% High <0.01
Deceleration time, s 13.04 [5.37, 20.71] 89% High <0.01
Cardiac structure

LVM, g 47.22 [33.25, 61.18] 92% High <0.01
LVM/height, g/m>"4 3.82 [1.61, 6.03] 91% High <0.01
LVM/BSA, g/m> 7.39 [2.22, 12.56] 86% High <0.01
LVEDD, mm 1.32 [0.93, 1.70] 38% Low <0.01
LVEDV, mL 2.23 [-2.09, 6.55] 49% Low 0.31
LVESD, mm —0.31 [—1.28, 0.66] 93% High 0.53
LVESV, mL 1.13 [—-1.01, 3.28] 27% Low 0.30
LAD, mm 2.19 [1.04, 3.35] 95% High <0.01
LAV/BSA, mL/m> 1.52 [0.05, 3.00] 32% Low 0.04
Posterior wall thickness, mm 1.14 [0.75, 1.53] 96% High <0.01
Septum thickness, mm 1.06 [0.67, 1.45] 94% High <0.01

P evaluates the heterogeneity. Values between 0 and 25% mean insignificant heterogeneity; 26-50% low
heterogeneity; 51-75% moderate heterogeneity; >75% high heterogeneity

LVEF left ventricle ejection fraction, LVM left ventricle mass, BSA body surface area, LVEDD left ventricle

end-diastolic diameter, LVEDV left ventricle end-diastolic volume, LVESD left ventricle end-systolic
diameter, LVESV left ventricle end systolic volume, LAD left atrial diameter, LAV left atrial volume

Bold values indicates p value <0.01

results, a recent meta-analysis has shown an approximately
twofold increased odds of having diastolic cardiac dys-
function among patients with NAFLD (comparing to indi-
viduals without NAFLD) [5]. In this paper, the authors
evaluated diastolic cardiac dysfunction only a as a global
classification. We must highlight that our meta-analysis is
the only current study that individually evaluated the
parameters of diastolic function. Also, in 2015 similar
conclusions were reached by Bonci et al. [25]. These
authors described both adult and pediatric studies on the
theme. The results on adults studies also lead to conclude
that NAFLD patients have lower E/A and higher E/e’ ratios,
comparing with non-NAFLD individuals.

Finally, we also focused on structural parameters.
LVM is consistently higher in NAFLD patients (as well as
LVM/height and LVM/BSA ratios), and these results are
partially in conflict to the ones described by Bonci et al.,
which show a significant decrease in LVM/BSA ratio, in
NAFLD patients [25]. Furthermore, LVEDD and LAD are
also consistently greater in these patients. We also assessed
posterior wall and septum thicknesses that, once more, were
higher in the NAFLD group.

@ Springer

There are many possible explanations to the association
of NAFLD with cardiac alterations. Firstly, we must
emphasize that NAFLD is strongly associated with cardio-
vascular risk factors. These alter cardiac function and
structure per se, thus confounding the results. Despite this, it
is biologically plausible that NAFLD can independently be
responsible for them. A recent review reinforces NAFLD as
a multisystem disease that affects the heart and vessels,
possibly through low-grade systemic inflammation [26, 27].
In NAFLD, systemic inflammation arises from interactions
between environmental factors (namely diet), gastro-
intestinal microbiota, host’s genetics, and adipose tissue
(explicitly visceral adipose tissue), among others. One
possible explanation relies on the role of pro-inflammatory
cytokines that can induce cardiac remodeling, dysfunction
of calcium homeostasis, and cardiac arrhythmias [26]. Other
possible explanation relies on IR, common among NAFLD
patients [28, 29]. IR states present with decreased glucose
contribution to heart’s energy supply, proportionally
increasing fatty acid oxidation. This may have deleterious
consequences on cardiomyocytes and participate in cardiac
dysfunction [29]. Notwithstanding, dyslipidemia is also a
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possible contributor to the referred association. NAFLD is
characterized by high levels of triglyceride, dense low-
density lipoprotein cholesterol and very low-density lipo-
protein, and by low levels of high-density lipoprotein cho-
lesterol. This profile has paramount effects in
cardiomyocytes metabolism and function [27, 29]. We
believe that, given the complexity of the topic, all of these
hypotheses may be accurate and contribute partially to the
cardiovascular dysfunction in NAFLD patients.

We must acknowledge some limitations of this analysis.
Despite the through process of literature review and ful-
filling the PRISMA checklist, high heterogeneity was found
in several parameters. It can be due to the different meth-
odologies used and the different populations included.
Besides, the severity of liver disease was not considered in
most of the studies (possible due to the invasiveness of liver
biopsy). Finally, we could not establish whether NAFLD is
independently associated to the cardiac changes or if this
association is confounded by the cardiovascular risk factors.
The reported analyses relied on the mean differences
between NAFLD patients and controls without adjustment
for potential confounders.

In summary, the presence of NAFLD was associated with
adverse structural alterations and cardiac dysfunction
(mainly diastolic). Our results therefore highlight the
importance of identifying NAFLD in patients with metabolic
dysfunction as this may represent an additional contributor
to the cardiovascular risk. Furthermore, patients with
NAFLD must be thoroughly evaluated regarding cardio-
vascular risk. More studies are needed to understand the
mechanisms of cardiac dysfunction in patients with NAFLD.
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