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The Independent Association of Non-alcoholic Fatty
Liver Disease With Incident Cardiovascular Disease:

A GRADE Evaluation of the Evidence Through a
Systematic Review and Meta-analysis
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Background: We conducted a systematic review and meta-analysis to study the association between non-alcoholic
fatty liver disease (NAFLD) and incident cardiovascular disease (CVD). Methods: We searched Medline, Embase,
Cochrane database and TRIP database. Random-effects model meta-analyses were used to obtain pooled effect
sizes and 95% confidence intervals. The certainty in evidence was rated using the GRADE tool. Results: Altogether
36 studies including a total of 7,068,007 participants were included in the systematic review and meta-analysis.
Pooled data from 19 cohort studies demonstrated a significant increase in the risk of non-fatal CVD events in
patients with NAFLD (HR 1.57, 95% CI 1.33-1.85, I” = 95%). Pooled data from eight studies showed a significant
increase in fatal CVD (HR 1.40, 95% CI 1.24-1.57, I* =27%), and eight cohort studies suggested a significant in-
crease in combined non-fatal and fatal CVD (HR 1.41, 95% CI 1.13-1.76, I> =80%). Meta-analysis of studies report-
ing adjusted estimates in NAFLD patients with fibrosis revealed a significant increase in CVD events with
acceptable level of heterogeneity (HR 1.64, 95% CI 1.25-2.16, I = 31%). The anticipated absolute increase in
the risk of combined fatal and non-fatal CVD was estimated to be 29 more per thousand with NAFLD; that of
fatal CVD events 16 more per thousand and that of non-fatal CVD events 19 more per thousand with NAFLD.
The GRADE rating ranged from very low to low for overall and subgroup analyses. Conclusion: The present sys-
tematic review suggests that NAFLD increases the risk of incident CVD. Cohort studies with the ability to analyze
subgroup effects based on severity, along with randomized controlled trials that provide experimental evidence
demonstrating a decrease in cardiovascular disease events through the treatment of non-alcoholic fatty liver dis-
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ease, are necessary to validate and reinforce these findings.

on-alcoholic fatty liver disease (NAFLD), the most
common chronic liver disease worldwide, is esti-
mated to affect one in three adults worldwide."
The prevalence of NAFLD is expected to increase further,
driven by lifestyle and demographic factors, along with

the associated risk of liver related mortality and morbidi-
2

ty.
Over the past decade, it has become increasingly clear
that NAFLD is a multisystem disease that affects a variety

of extra-hepatic organ systems, including the cardiovascu-
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lar system. There is increased cognizance of the close bi-
directional link that NAFLD has with other non-
communicable diseases, such as cardiovascular diseases
(CVD), and that degree of fibrosis further predicts higher
risk of incident CVD.” . A strong association of NAFLD
with dyslipidaemia, hypertension and coronary artery dis-
ease has been shown in several studies across the globe.4
However, some studies have not found the association.’
It is pertinent to study this association since it will influ-
ence strategies for management of NAFLD patients. It
also has important implications for risk stratification for
CVD and its prevention. Moreover, the absolute effect of
NAFLD on incident CVD, independent of conventional
risk factors, is unclear and has not been reported.
Previous studies have yielded disparate findings on the
association of NAFLD and incident cardiovascular dis-
ease.® Lazo et al. reported that NAFLD was not associated
with increased all-cause and cause-specific (CVD, cancer,
and liver) mortality.” On the other hand, numerous studies
have reported an increased risk of CVD with NAFLD.?
Previous reviews that have attempted to summarize the
evidence and study these discrepancies have limited clinical
applicability due to the reporting of surrogate outcomes
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like increased carotid intima media thickness, reduced
endothelial function, increased coronary artery calcifica-
tion, and increased arterial stiffness, rather than clinical
cardiovascular events.” Pertinent methodological issues
in the interpretation of pooled results have not been given
due attention in previous systematic reviews. It is possible
that application of the GRADE (Grading of Recommenda-
tions, Assessment, Development and Evaluations) tool
may give adequate consideration to issues that affect the
certainty in evidence. Moreover, calculation of anticipated
absolute effects for this association will help to delineate
more clearly the burden of NAFLD as risk factor for CVD.
An updated systematic summary of the current evidence
on this association is needed. Therefore, we conducted a
GRADE evaluation using a comprehensive and updated
systematic review and meta-analysis to study the associa-
tion between NAFLD and risk of developing incident car-
diovascular disease. The primary objective was to find the
association of NAFLD with incident fatal and non-fatal
CVD, and anticipated absolute effects for this association.
The secondary objective was to study this association in the
subgroup of NAFLD patients with advanced fibrosis.

METHODS

We adhered to the preferred reporting items for systematic
reviews and meta-analyses (PRISMA) and meta-analysis of
observational studies in epidemiology (MOOSE) state-
ments for the present review.'”'" We developed a protocol
before beginning this systematic review and registered it in
on PROSPERO (registration number CRD42021241961).
The protocol mentioned the search methods planned for
identification of studies, as well as the methods of
screening titles, abstracts and full texts. The protocol also
pre-specified the subgroup analyses that were planned
for investigation of heterogeneity, and postulated the hy-
pothesis that greater effect size will be seen in patients
with fibrosis as compared to those without.

Inclusion Criteria

We included cohort studies that compared adult patients
with NAFLD diagnosed by histology or imaging to adults
without NAFLD. The outcomes of interest were coronary ar-
tery disease (including ischemic heart disease and angina
pectoris), stroke and death from cardiovascular causes that
occurred during the follow up period of the cohort study,
ie, they were incident cases of cardiovascular disease.
We included both prospective and retrospective cohort
studies.

We excluded studies that diagnosed NAFLD using
methods other than histology or imaging. We also
excluded case-control studies, cross-sectional studies, re-
views, commentaries and editorials.
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Definitions

Fatal and non-fatal CVD: composite outcome of coronary
artery disease (including ischemic heart disease and angina
pectoris), stroke and death from cardiovascular causes.

NAFLD: NAFLD diagnosed on histology or imagining
using standard criteria as mentioned in the original
studies.

Fibrosis: Fibrosis was defined as per the criteria
mentioned in the included study, defined as: Fibrosis stage
classified as F3 or F4 on histology or liver stiffness measure
more than 9.4 kPa on transient elastography or risk strat-
ification as advanced fibrosis using Fibrosis-4 score (>2.67).
In case the study did not report the estimate for advanced
fibrosis separately from that of indeterminate, these two
strata were together considered as fibrosis.

Database Searches

We searched the following databases for articles published
till 25th June 2023: Medline, Embase, Cochrane database
and TRIP database. Search terms, a combination of MeSH
terms and text words, for NAFLD included “nonalcoholic
fatty liver disease,” “non-alcoholic fatty liver disease”
“NAFLD,” “fatty liver,” “nonalcoholic steatohepatitis,”
“NASH,” or “hepatic steatosis”; for CVD included “myocar-
dial infarct,” “heart attack,” “cardiovascular outcomes,”
“CVD” “myocardial ischemia,” “cardiovascular disease,”
“coronary heart disease,” “cardiac dysfunction,” or “coronary
artery disease”; for stroke included “stroke,” “transient
ischemic attack,” “ischemic cerebral infarction,” “cerebral
infarction” “CVA” and “cerebrovascular accident.”

Editorials, letters, news, reviews, expert opinions, case
reports, and studies without original data were excluded.

We screened the reference lists of pertinent original ar-
ticles and reviews to search for relevant articles. The whole
process of study selection, data abstraction and risk of bias
assessment was carried out independently by two reviewers
(MP and SG).

Selection of Studies

Two reviewers (MP and SG) screened titles and abstracts in
duplicate. Full texts were procured for those that either
reviewer deemed potentially suitable. The eligibility of arti-
cles was ascertained based on their full texts. Additionally,
data extraction was independently carried out by the two
reviewers, and an evaluation of bias risk was conducted.
Throughout all stages of the project, any disagreements
were resolved through discussion until a consensus was
achieved.

Data Extraction

The following data were extracted from each study inde-
pendently by two reviewers (MP and SG): surname of the
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first author, year of publication, country, population char-
acteristics, diagnostic method for NAFLD, follow up
period, sample size, method of adjustment, variables
adjusted and outcomes reported (myocardial infarction/
stroke/deaths due to cardiovascular causes in NAFLD
and non-NAFLD groups). Disagreements were resolved
by discussion.

Risk of Bias Assessment

Risk of bias was assessed using the modified version of
New Castle Ottawa scale.'” Each criterion was judged as
definitely or probably low risk of bias, or probably or defi-
nitely high risk of bias. Two review authors independently
assessed the study risk of bias with disagreements resolved
by discussion.

Data Synthesis and Statistical Analysis

Random effects model meta-analyses were performed to
obtain pooled effect sizes and 95% confidence intervals, us-
ing the Generic Inverse variance method. We carried out all
statistical analyses using Review Manager 5.3. We used
adjusted estimates, wherever available, to pool data.

We assessed heterogeneity using the I? statistic, and by
visual inspection of forest plot to look for overlap of con-
fidence intervals and closeness of point estimates.

We attempted to explain the heterogeneity observed
through a subgroup analysis by severity. Studies that re-
ported associations in NAFLD patients with fibrosis were
included in the subgroup, as defined above. Metaregres-
sion was also performed to explore heterogeneity by assess-
ing the effect of severity as a covariate.

GRADE

The GRADE methodology was employed to assign levels of
confidence in the evidence for each outcome, categorized
as high, moderate, low, or very low. Comprehensive
GRADE guidelines were followed to evaluate the overall
risk of bias, precision, inconsistency, indirectness, and pub-
lication bias. The findings were then synthesized into an
evidence profile."”

RESULTS
Study Selection

A rotal of 3205 titles and abstracts were obtained through
our search, all of which were identified from the electronic
database search. Among these, 3100 articles were excluded
after reviewing their titles and abstracts, resulting in 105
articles undergoing a full-text review. From this pool, 69 ar-
ticles were subsequently excluded: 19 due to reporting of
irrelevant outcomes, 28 due to an unsuitable population,
18 due to an inappropriate study design, and four due to
investigation of a duplicate population. Ultimately, 36

studies were deemed eligible. Overall, there was good
inter-rater agreement for study selection (k =0.82). These
36 studies that included 7,068,007 participants, were
included in the systematic review and meta-analysis'*
46,54-56 .

’ (Figure 1).

Study Characteristics

Most of the studies were conducted in the USA or Europe.
Twenty out of the 36 studies were prospective cohort
studies. Most of the included study participants were in
the age group 50-60 years. Sixteen studies reported out-
comes for non-fatal CVD events, most of which were a
composite MI, angina, stroke and need for revasculariza-
tion. Eight studies reported only fatal CVD events and
eight studies included CVD deaths in the composite end
point. All except one study carried out adjustment for po-
tential confounders. The most common adjustment
method was Cox proportional hazards regression. Most
studies adjusted for age, sex and smoking. Seven studies
adjusted for blood pressure and five for BMI at baseline.
15 studies adjusted for hypertension. One study’* adjusted
for time-varying covariates also. The variables adjusted and
other characteristics of the included studies are presented
in Appendix I table 1.

Risk of Bias Assessment

Across all outcomes examined in the cohort studies, the
risk of bias pertaining to the selection of both exposed
and non-exposed populations, as well as exposure assess-
ment, was determined to be low. For all studies, a low
risk of bias was ascribed to the presence of the outcome
at the commencement of the study, with a definite low
risk assigned to studies reporting mortality outcomes.
Nevertheless, one study lacked sufficient adjustment and
evaluation of prognostic factors. Seven studies were identi-
fied as probably having a high risk of bias due to inade-
quate follow-up (Appendix II).

Pooled Effects of the Association of NAFLD with
Incident CVD Events

Non-fatal CVD events: Pooled data from 19 cohort
studies!#15:18.20-22,24,28-30,34,35,37,41,42,46,54-56 suggested a
statistically significant increase in the risk of non-fatal
CVD events in patients with NAFLD compared to controls
(HR 1.57,95% CI 1.33-1.85, = 95%).

Fatal CVD events: Pooled data from eight cohort
studies!??>26:32,36,38,39,45 suggested a statistically signifi-
cant increase in the risk of fatal CVD events in patients
with NAFLD compared to controls (HR 1.40, 95% CI
1.24-1.57, 1% = 27%).

Fatal and non-fatal CVD events (combined): Pooled data
from eight cohort studjes' 2777212340424 suggested a
statistically significant increase in the risk of non-fatal
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Figure 1 PRISMA Flow Diagram for study selection.

and fatal CVD events in patients with NAFLD compared to
controls (HR 1.41, 95% CI 1.13-1.76, I = 80%) (Figure 2).

Examination of funnel plots revealed no obvious asym-
metry (Appendix III).

. ) . . 923,36
Subgroup analysis: Meta-analysis of six studies'”'******’

reporting estimates in NAFLD patients with fibrosis re-
vealed a statistically significant increase in the risk for
CVD events. The pooled estimates for combined, non-fatal
and fatal CVD events were HR 3.51 (95% CI 1.80-6.84),
HR 1.54 (95% CI 1.00-2.37) and HR 1.40 (95% CI 1.17-
1.67), respectively. There was acceptable level of heterogene-
ity for all these outcomes (I* = 0%) (Figure 3).

In the subgroup analysis, results were consistent with
our prior hypothesis that effects would be larger in studies
that reported estimates for patients with fibrosis. However,
on meta-regression, the relationship between presence of
fibrosis and effect size for each study was not statistically
significant (P = 0.632, co-efficient = 0.115, 95%
CI = —0.355-0.584).

GRADE assessments for certainty of evidence: The over-
all rating for certainty in estimates was very low for the out-
comes non-fatal CVD and combined fatal and non-fatal
CVD. The certainty in estimates was rated down for high

level of heterogeneity for these outcomes. However, with
the outcome fatal CVD, and in the subgroup of severe
NAFLD patients, the certainty in estimates was low as these
meta-analyses demonstrated acceptable levels of heteroge-
neity. The anticipated absolute effects for these outcomes,
along with the GRADE assessments are reported in Table 1.

DISCUSSION

Principal Findings

The present GRADE evaluation suggests that NAFLD is
associated with increased risk of incident CVD events.
The body of evidence arises from cohort studies, almost
all of which adjusted for potential confounding variables.
The anticipated absolute increase in the risk of combined
fatal and non-fatal CVD was estimated to be 29 more per
thousand with NAFLD; and that of non-fatal CVD events
19 more per thousand with NAFLD. The GRADE rating
ranged from very low to low for overall and subgroup an-
alyses.

Heterogeneity observed with the overall analysis was
high. However, on conducting a subgroup analysis with
studies reporting estimates for NAFLD patients with
fibrosis, we observed an acceptable level of heterogeneity.

4 © 2023 Indian National Association for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% CI
1.4.1 Non-fatal CVD
Adams 2010 -0.105 0.53 0.8%  0.90[0.32, 2.54] ——
Ahmed 2023 0.0953 0.1719 2.9% 1.10 [0.79, 1.54]) T
Alexander 2019 0.0099 0.0529 4.2% 1.01[0.91, 1.12) T
Chinnadurai 2018 0.77932 0.32 1.6% 2.18 [1.16, 4.08) e
El Azeem 2013 1.648 0.2013 2.6% 5.20 [3.50, 7.71) ——
Fracanzani 2016 0.688 0.3472 1.5% 1.99 [1.01, 3.93]
Ghoneim 2020 0.405 0.0372 4.3% 1.50 [1.39, 1.61) -
Guo 2022 0.307 0.0674 4.1% 1.36 [1.19, 1.55]) -
Hamaguchi 2007 1.415 0.489 0.9% 4.12 [1.58, 10.73)
Labenz 2019 0.292 0.1003 3.8% 1.34[1.10, 1.63) 3
Lauridsen 2017 0.048 0.0169 4.4% 1.05 [1.01, 1.08] q
Mantovani 2016 1.768 0.8476 0.3% 5.86[1.11, 30.85]
Pickhardt 2014 -0.071 0.3082 1.7%  0.93 [0.51, 1.70] —r—
Pisto 2014 0.565 0.1911 2.7% 1.76 [1.21, 2.56) —=
Sinn 2019 0.4317 0.167 3.0% 1.54 [1.11, 2.14) ———
wild 2017 0.53 0.0569 4.2% 1.70 [1.52, 1.90]) b
Wong 2020 -0.099 0.486 0.9%  0.91[0.35, 2.35] =~
Yoo 2023 0.0676 0.0617 4.1% 1.07 [0.95, 1.21) -
Zhou 2012 1.2527 0.107 3.7%  3.50([2.84, 4.32) -
Subtotal (95% CI) 51.6% 1.57 [1.33, 1.85]

Heterogeneity: Tau? = 0.09; Chi* = 329.74, df = 18 (P < 0.00001); I’ = 95%
Test for overall effect: Z = 5.37 (P < 0.00001)

1.4.2 Fatal CVD

Ekstedt 2015
Haring 2009
Haring 2009f
Hwang 2017
Hwang 2017f
Motamed 2020
Motamed 2020f
Simon 2021
Targher 2007
Unalp-Arida 2016

Zeb 2016
Subtotal (95% CI)

0.438
0.9477
0.8501
0.0861

0.488
-0.102
0.1638

0.3

0.672

0.2623
0.35

0.1686
0.3818
0.6854
0.143
0.2495
0.3159
0.4467
0.034
0.1675
0.147
0.179

3.0%
1.3%
0.5%
3.3%
2.1%
1.6%
1.0%
4.3%
3.0%
3.2%

2.9%
26.2%

1.55[1.11, 2.16)
2.58[1.22, 5.45)
2.34(0.61, 8.97)
1.09 [0.82, 1.44]
1.63 [1.00, 2.66)
0.90 [0.49, 1.68])
1.18 [0.49, 2.83)
1.35 [1.26, 1.44)
1.96 [1.41, 2.72)
1.30 [0.97, 1.73]

1.42 [1.00, 2.02)
1.40 [1.24, 1.57]

Heterogeneity: Tau? = 0.01; Chi* = 13.67, df = 10 (P = 0.19); I’ = 27%
Test for overall effect: Z = 5.64 (P < 0.00001)

1.4.4 Fatal and non-fatal CVD (composite)

Allen 2017
Hagstrom 2019
Ichikawa 2021
Meyersohn 2020
Niriella 2021
Vita 2019

Wong 2015

Xu 2020
Subtotal (95% CI)

0.19
0.0099
1.691
0.5539
1.308
0.371
-0.105
0.182

0.118
0.1821
0.333
0.1986
0.528
0.1433
0.136
0.034

3.6%
2.8%
1.5%
2.6%
0.8%
3.3%
3.4%

4.3%
22.3%

1.21[0.96, 1.52]
1.01[0.71, 1.44)
5.42 (2.82, 10.42)
1.74 [1.18, 2.57]
3.70 (1.31, 10.41)
1.45 [1.09, 1.92])
0.90 [0.69, 1.18]

1.20[1.12, 1.28])
1.41 [1.13, 1.76]

Heterogeneity: Tau? = 0.07; Chi* = 35.44, df = 7 (P < 0.00001); I’ = 80%
Test for overall effect: Z = 3.01 (P = 0.003)

Total (95% CI)

100.0%

1.48 [1.34, 1.64])

Heterogeneity: Tau? = 0.06; Chi* = 398.33, df = 37 (P < 0.00001); I¥ = 91%
Test for overall effect: Z = 7.73 (P < 0.00001)
Test for subaroup differences: Chi* = 1.35, df = 2 (P = 0.51)., I’ = 0%

Thus, it is conceivable that the high heterogeneity in the
overall meta-analysis may be a result of diverse clinical

characteristics of included patients.

Implications of Findings
CVD is recognized as the primary cause of mortality
among individuals with NAFLD."” However, investigating
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Figure 2 Forest plot for the association of NAFLD with incident CVD events.
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the link between NAFLD and the occurrence of CVD is
made complex due to the shared pathways involving fac-
tors like obesity.”” Notably, it has been documented that
NAFLD-associated fibrosis is independently linked to
various cardiovascular risk factors, encompassing obesity,
metabolic syndrome, diabetes, hypertension, and high-
density lipoprotein cholesterol.”® These interconnected
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Study or Subgroup log[Hazard Ratio]

Hazard Ratio
SE Weight 1V, Random, 95% CI
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Hazard Ratio
IV, Random, 95% CI

1.8.1 Non-fatal CVD

Sinn 2019 0.431 0.241 21.1%
Wong 2020 0.425 0.5416 6.0%
Subtotal (95% CI) 27.1%

Heterogeneity: Tau® = 0.00; Chi’ = 0.00, df = 1 (P = 0.99); I = 0%

Test for overall effect: Z = 1.95 (P = 0.05)

1.8.2 Fatal CVD

Ekstedt 2015 0.322 0.332 13.6%
Simon 2021 0.336 0.093 44.6%
Subtotal (95% CI) 58.1%

Test for overall effect: Z = 3.74 (P = 0.0002)

1.8.3 Fatal and non-fatal CVD

Baratta 2019 1.519 0.532 6.2%
Hagstrom 2019 1.075 0.4425 8.5%
Subtotal (95% CI) 14.8%

Test for overall effect: Z = 3.69 (P = 0.0002)

Total (95% CI) 100.0%

Heterogeneity: Tau® = 0.04; Chi* = 7.30, df = 5 (P = 0.20); I’ = 31%

Test for overall effect: Z = 3.53 (P = 0.0004)

1.38 [0.72, 2.65] -
1.40 [1.17, 1.68) =
1.40 [1.17, 1.67] ¢

Heterogeneity: Tau® = 0.00; Chi* = 0.00, df = 1 (P = 0.97); I’ = 0%

4.57 [1.61, 12.96)
2.93 (1.23, 6.97)
3.51 [1.80, 6.84] .

Heterogeneity: Tau®’ = 0.00; Chi* = 0.41, df = 1 (P = 0.52); I’ = 0%

1.54 [0.96, 2.47) -—
1.53 [0.53, 4.42] =
1.54 [1.00, 2.37) >

1.64 [1.25, 2.16) L 4

0.01 0.1 10 100
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Test for subaroup differences: Chi’ = 6.89. df = 2 (P = 0.03). I = 71.0%

Figure 3 Forest plot for the association of NAFLD with advanced fibrosis with incident CVD events.

relationships create challenges in differentiating between
causal relationships and distorted effects. The deficiency
of substantial evidence to definitively establish NAFLD's
role in CVD pathogenesis is evident in the divergent con-
clusions of prior investigations. Extensive cohort studies,
such as Labenz et al.’s research,”® have detected a correla-
tion between NAFLD and CVD within a vast administra-
tive database of primary care practices. In contrast, the
mendelian randomization study conducted by Lauridsen
et al.,”” which employed the PNPLA3 gene as an instru-
mental variable, concluded that elevated liver fat content
was not causally linked to coronary heart disease (CHD)
risk. This study suggested that the observed association
might be attributed to confounding factors or reverse
causation.

While establishing causation remains challenging with
the existing body of evidence, this current review directs
focus towards the role of NAFLD role as an emerging
contributor to cardiovascular disease risk. The underlying
biological mechanism linking NAFLD and CVD is posited
to originate within the expanded visceral adipose tissue.
This process involves chronic inflammation that results
in heightened circulation of pro-atherogenic mediators
like free fatty acids, interleukin-6, and other pro-
inflammatory cytokines. Additionally, the activation of
two key intracellular transcription factor-signaling path-
ways, namely the nuclear factor kB and JNK pathways,
leads to the development of insulin resistance.™

Considering the high prevalence of NAFLD, this is an
association with serious public health implications. These
findings would have important implications for cardiovas-
cular risk stratification. Patients of NAFLD would be can-
didates for more aggressive and early treatment of
associated cardiovascular risk factors. Policy decisions on

population level interventions, such as universal screening,
will be governed by the establishment of NAFLD as an in-
dependent risk factor for CVD.

Metabolic dysfunction, characterized by obesity, dia-
betes, or the presence of various components of the meta-
bolic syndrome, is frequently observed in individuals with
fatty liver, irrespective of alcohol consumption. The
acronym NAFLD does not adequately capture this correla-
tion. As a result, the adoption of the terms metabolic
(dysfunction) associated fatty liver disease (MAFLD) and
metabolic dysfunction-associated steatotic liver disease
(MASLD), which frame the disease more inclusively, have
been proposed as being more appropriate.

Comparison to Other Reviews

The results of the present systematic review are consistent
with that of Targher et al.,”” who also reported a statisti-
cally significant increase in the risk of CVD in NAFLD.
The magnitude of effect reported by Targher et al. is similar
to that of the present study for non-fatal and combined ef-
fects. The present review includes 20 recently published
cohort studies in addition to the ones included in the re-
view by Targher et al. The systematic reviews by Lu et al., Ve-
racruz et al. and Wu et al.’’ % also reported an increased
risk; however, they included cross-sectional studies in their
meta-analysis. We intended to study the temporal associa-
tion, and hence excluded cross-sectional and case control
studies. The review by Mahfood Haddad et 4l. included
six cohort studies and reported a consistent increase in
risk of clinical CVE with NAFLD.>®

Though the present review corroborates the findings of
Mantovani et al.,”” there are additional findings reported in
the present review that are important from the perspective
of clinical decision-making and public health. In primary

6 © 2023 Indian National Association for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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Table 1 GRADE Assessments and Summary of Findings Table.

Certainty assessment

Summary of findings

Studies Risk of bias Inconsistency Indirectness Imprecision Other bias Overall certainty Relative Anticipated absolute effects
of evidence ;:f‘gl Risk with no Risk
(95% € NAFLD® difference
with NAFLD
Non-fatal CVD events
19 cohort studies Not serious Very serious” Not serious Not serious All plausible residual HOOO HR 1.57 34 per 1000 19 more per
confounding would VERY LOW (1.33-1.85) 1000 (from 11
suggest spurious more to
effect, while no effect 28 more)
was observed
Fatal CVD events
8 cohort studies Not serious Not serious® Not serious Not serious All plausible residual SPOO HR 1.40 41 per 1000 16 more per
confounding would LOW (1.24-1.57) 1000 (from 10
suggest spurious more to
effect, while no effect 23 more)
was observed
Fatal and non-fatal CVD events
8 cohort studies Not serious Very serious® Not serious Not serious All plausible residual HOOO HR 1.41 76 per 1000 29 more per
confounding would VERY LOW (1.13-1.76) 1000 (from 9
suggest spurious more to
effect, while no effect 54 more)
was observed
Non-fatal CVD events: fibrosis subgroup
2 cohort studies Not serious Not serious Not serious Serious All plausible residual DPOO HR 1.54 34 per 1000 18 more per
confounding would LOW (1.00-2.37) 1000 (from
suggest spurious 0 fewer to
effect, while no effect 45 more)
was observed
Fatal CVD events: fibrosis subgroup
2 cohort studies Not serious Not serious Not serious Not serious All plausible residual DPOO HR 1.40 41 per 1000 16 more per
confounding would LOW (1.17-1.67) 1000 (from 7
suggest spurious more to
effect, while no effect 27 more)
was observed
Fatal and non-fatal CVD events: fibrosis subgroup
2 cohort studies Not serious Not serious Not serious Not serious All plausible residual SPpOO HR 3.51 76 per 1000 166 more per
confounding would LOW (1.80-6.84) 1000 (from 57
suggest spurious more to 342
effect, while no effect more)

was observed

Cl: confidence interval; HR: hazard ratio.

@Baseline risk comes from the emerging risk factors collaboration, with a median of 10.8 y of follow-up for a total of 102 international cohorts (https://doi.org/10.1016/S0140-6736(1060484-9).

P12 = 95%.
2 = 27%.
92 = 80%.
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studies and systematic reviews focusing on risk factors, it's
customary to examine and present relative measures of as-
sociation between the factor and the outcome under study.
This approach is primarily adopted due to the consistent
nature of relative measures across different levels of base-
line risk. Nonetheless, in the context of decision-making,
healthcare providers directly involved in patient care,
guideline developers, and policymakers ultimately require
the absolute risk values for both those possessing the
risk factor in question and those without it."” Calculation
of anticipated absolute effects for this association will help
to delineate more clearly the burden of NAFLD as risk fac-
tor for CVD. The present review, in addition to reporting
pooled effect in relative measures, also reports the how
the findings translate in absolute terms. That is, the
burden of CVD that will reduce on elimination of the
risk contribution of NAFLD is derived from the findings.
This is in keeping with the GRADE guidance that the pre-
sent review adheres to, which also entails increased
credence to the implications of methodological issues in
the body of evidence. Furthermore, previous meta-
analyses and reviews have pooled clinical cardiovascular
disease (CVD) with surrogate outcomes, such as coronary
artery stenosis of 50% without documented clinical events,
coronary artery calcium, carotid intimal medial thickness,
and so forth.® We excluded studies that only reported these
surrogate outcomes in order to study the true association
with clinical events and thus increase the clinical utility of
the results. Moreover, we reported anticipated absolute ef-
fects as a summary of findings.

Strengths and Limitations

The current systematic review possesses several notable
strengths. It encompasses a robust and extensive search
across three major databases. To enhance validity, we
exclusively considered studies that employed imaging or
histology to diagnose NAFLD. The processes of screening,
data extraction, and risk of bias assessment were all carried
out independently by two reviewers. In an attempt to
address heterogeneity, we conducted subgroup analyses
that were specified @ priori. Moreover, we employed the
GRADE methodology to categorize the certainty of evi-
dence as very low, low, moderate, or high. This allowed
us to meticulously address methodological concerns like
imprecision, inconsistency, and bias risk. We also present
absolute effects concerning the additional burden of car-
diovascular disease attributed to NAFLD. As far as we are
aware, this represents the most up-to-date and comprehen-
sive systematic review investigating the correlation between
NAFLD and the occurrence of cardiovascular diseases.
Nevertheless, the limitations of this review are partly a
result of the constraints within the primary studies that
were included. The included studies varied considerably

PRASAD ET AL

in the outcome reported, commonly different composite
outcomes and in some cases cause specific CVD out-
comes. This resulted in there being considerable hetero-
geneity in the meta-analysis, part of which could be
explained by subgroup analyses by severity. Heterogeneity
might also have been due to the kind of patients
included, which were in fact quite diverse clinically in
terms of race, age and co-morbidities. Some studies failed
to adequately adjust for potential confounders, with one
study even reporting unadjusted estimates.** The opera-
tional definition for fibrosis used for the subgroup anal-
ysis was as per the included study; however, this may
pose as a challenge in interpretation with regard to vary-
ing value judgments as to what constitutes an appro-
priate definition of fibrosis, particularly for cut-offs
used in transient elastography and non-invasive bioma-
rker tools.

Recommendations

The ongoing debate regarding whether the association be-
tween NAFLD and incident CVD is truly independent or is
influenced by confounding due to shared risk factors ne-
cessitates evidence from studies that are both adequately
powered and methodologically robust. Observational
studies should possess the capacity to effectively address
potential confounding by including adjustments for
such covariates. While utilizing epidemiological tech-
niques like mendelian randomization proves to be valuable
in exploring such associations, a step closer to establishing
causality could potentially be taken through the imple-
mentation of randomized controlled trials that treat
NAFLD and report clinically meaningful outcomes such
as cardiovascular disease occurrences. Additionally, further
investigation is required to determine at which point along
the spectrum, ranging from simple steatosis to non-
alcoholic steatohepatitis (NASH), the risk of cardiovascu-
lar disease begins to escalate. Moreover, seeing that the
principal cause of death in NAFLD patients is CVD, clin-
ical trials that evaluate the effect of drugs for NAFLD
and NASH should perhaps study agents that also have a
cardioprotective effect.

The present systematic review and meta-analysis sup-
ports the hypothesis that NAFLD is independently associ-
ated with CVD. The included studies demonstrate that
there is growing body of evidence of an increased risk of
incident cardiovascular disease with NAFLD, which is in-
dependent of the risk conferred by traditional risk factors
Cohort studies with the ability to analyze subgroup effects
based on severity, along with randomized controlled trials
that provide experimental evidence demonstrating a
decrease in cardiovascular disease events through the treat-
ment of non-alcoholic fatty liver disease, are necessary to
validate and reinforce these findings.

8 © 2023 Indian National Association for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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