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Abstract

Background: Non-alcoholic fatty liver disease (NAFLD)
and cardiovascular diseases (CVD) share similar risk fac-
tors. Recent studies have focused on obesity and insulin-re-
sistance, but the link between NAFLD and CVD persists
regardless of traditional risk factors. Despite the increased
incidence and prevalence of NAFLD world-wide, there has
been no thorough investigation of gender disparities nor a
closer look taken into investigating the role gender may play
in increased cardiovascular (CV) mortality incidence and
prevalence in patients with NAFLD.

Objective: We assessed incidence and prevalence of CV
events and mortality based on gender in patients with NA-
FLD, at any stage of fibrosis. A meta-regression was con-
ducted to further analyze the impact of age on both genders.

Methods: An aggregate analysis was performed on ten
studies with NAFLD patients. A random-effects model was
used to pool the overall incidence and prevalence rates of
CV events and mortality as well as all-cause mortality to ex-
amine any gender disparity. We also performed a meta-re-
gression analysis to evaluate the effect of age on mortality
for men versus women with NAFLD and CV events and
mortality. Summary odds ratios (OR) and 95% confidence
intervals (CI) were estimated using a random-effects model.

Results: In 259,598 patients with NAFLD, of which 44%
were females and 56% were males, all-cause mortality was

1.5 x higher in women compared to men (OR 1.65, 95% ClI
1.12-2.43, p < 0.012). CV events and mortality were also 2
x higher in women compared to men (OR 2.12 95% CI 1.65-
2.73, p < 0.001). On meta-regression, females had higher
mortality with advancing age starting at age 42 (coefficient =
0.0518, p = 0.00001).

Conclusion: For patients with NAFLD, women had a mark-
edly higher incidence and prevalence of CV events, CV
mortality and all-cause mortality when compared to men.
Meta-regression showed increased mortality among wom-
en with advancing age. As the incidence and prevalence of
NAFLD and concomitant CV events increases worldwide,
we urge the medical community to increase surveillance
and perform rigorous cardiovascular risk assessments for
women, especially beginning at age 42. Additionally, we
recommend heterogenous surveys of gender disparities,
increased focus on gender as a decisive factor for down-
stream CV events, the relationship between NAFLD severity
and gender-based mortality differences, and larger studies
representing equivalent male and female populations.
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Introduction

Approximately 90 million adults in the United States
are diagnosed with nonalcoholic fatty liver disease (NA-
FLD), which is emerging as one of the leading causes of
chronic liver disease [1-3]. NAFLD encompasses a spec-
trum of diseases that histologically varies from mild ste-
atosis or steatohepatitis that can advance to fibrosis,
cirrhosis, and eventually hepatocellular carcinoma [1-
5], NAFLD results from causes not attributed to alcohol
consumption, viruses, drugs, toxins, and autoimmune
diseases [1,2].

Cirrhosis was initially believed to be protective
against coronary artery disease (CAD), but recent stud-
ies have demonstrated a strong correlation between
cardiovascular disease (CVD) and the development of
NAFLD, and is also the leading cause of death in patients
with NAFLD [1,5-10]. NAFLD and cardiovascular disease
share common risk factors such as: Hypertension, hy-
perlipidemia, diabetes, tobacco use, unhealthy diets,
sedentary lifestyles, obesity, presence of post-transcrip-
tional regulators in microRNAs, increased expression of
the GCKR gene, and increased abdominal fat distribu-
tion [6,8-14]. As a result, a common pathophysiological
pathway also exists via insulin resistance and inflam-
mation and oxidative stress pathways [12,15]. NAFLD
and CVD have increased Framingham risk scores and
reduced life expectancy which contributes to higher
mortality than the general population [16]. CV compli-
cations in patients with NAFLD are the following: CAD,
subclinical atherosclerosis, cardiac arrhythmias, and
structural and functional abnormalities [6].

Since 1997 to the present, CVD has been the leading
cause of death for women worldwide, accounting for
43% fatalities of US females. Despite such a strong as-
sociation between NAFLD and CVD, gender differences
have rarely been studied [17]. Women are underrep-
resented in most clinical trials and there is little infor-
mation outlining the differences in care between the
genders [18]. In this paper we discuss the association of
NAFLD with cardiovascular disease in men and women,
the mechanisms underlying this association, and the dif-
ferences between the genders with regards to age and
incidence.

Methods

Search methods and study selection

A systematic review and meta-analysis of the liter-
ature was conducted by the principles set in the Pre-
ferred Reporting Items for Systematic Reviews and Me-
ta-Analyses: the PRISMA Statement. Two co-authors
(YSK and NRD) independently searched published stud-
ies indexed in OVID, Cochrane Central Register of Con-
trolled Trials (CENTRAL) via the Wiley Interface, Web of
Science Core Collection, MEDLINE, EMBASE, and Goo-
gle Scholar from beginning of the project on October 1,
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2019 to January 30, 2020. We searched the terms “car-
diovascular diseases” and “cardiovascular mortality” in
all fields with each of the following words: “non-alco-
holic fatty liver disease”, “non-alcoholic steatohepati-
tis”, ” “non-alcoholic fatty liver disease”, “nonalcoholic
fatty liver disease,” “fatty liver”, “liver fat”, “steatosis”,
“NAFLD”, “NASH”, “women,” “gender,” “all-cause mor-
tality.” Terms used to define the outcomes included
“prevalence” and “incidence.” All electronically pub-
lished papers were screened by titles or abstracts. We
only reviewed entire papers if they were pertinent for
inclusion for our study. All detected references were
saved electronically in the Zotero reference manage-
ment program and all duplicates were identified and
removed. The systematic search was supplemented by
manual review of all references in the retrieved eligible
studies.

Randomized, prospective, retrospective, cross-sec-
tional, or nonrandomized controlled studies were con-
sidered for inclusion if they reported the incidence of
cardiovascular disease and mortality in patients with
NAFLD. The inclusion criteria were as follows: 1) Obser-
vational studies (case-control, cross-sectional, or cohort
studies) published as original studies to evaluate the
association between cardiovascular disease and mortal-
ity and NAFLD; 2) Odds ratios (ORs), relative risk (RRs),
hazard ratio (HRs) or standardized incidence ratio (SIRs)
with 95% confidence intervals (Cls) were provided; 3)
Non-NAFLD participants were used as the reference
group in cross-sectional and cohort studies, and partic-
ipants without cardiovascular disease and/or mortality
were used as the reference group in case-control study.
When the needed data was not directly found in the
published articles, we obtained the necessary data from
the authors through electronic communication or via
reviewing their supplemental reports.

We excluded all studies that did not meet these cri-
teria or that reported insufficient data. We used the
checklist for Critical Appraisal and Data Extraction for
Systematic Reviews of Prediction Modeling Studies
(CHARMS) for study quality assessment. The search
methods, study selection/eligibility criteria are outlined
in Figure 1 [19].

Data extraction

A standardized data collection form was used to ex-
tract the following information: Last name of the first
author, title of the article, study design, year of study,
country of origin, year of publication, sample size, char-
acteristics of included participants, evaluation of NAFLD
through liver ultrasound, liver function tests (AST, ALT,
GGT) or liver biopsy; evaluation of subclinical athero-
sclerosis (pathological carotid intima media thickness
or presence of carotid plaques); and evaluation of CAD
(presence of at least 50% stenosis at one or more major
coronary arteries) were recorded. The table was com-
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Figure 1: Prisma flow chart of studies screened and included in meta-analysis.

pleted by the first author and verified by an additional
member of the study team. The two investigators men-
tioned performed independent data extraction.

Meta-analysis

The Hartung-Knapp-Sidik-Jonkman (HKSJ) method
was employed to complete the statistical data using
MedCalc software with: 1) A summary of data from in-
dividual studies; 2) An investigation of the studies het-
erogeneity graphically and statistically; 3) Calculation of
clustered indexes; 4) Exploration of heterogeneity; and
5) Graphical illustration via Forest Plots. Our assumption
of heterogeneity was tested for each planned analysis
using the Cochrane-Q heterogeneity and I? statistics with
each of the following values: Low 0-25%, moderate 25-
75%, and high > 75%. Random effects models using the
Mantel-Haenszel method and fixed effects models were
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used. Meta-regression was analyzed using a generaliza-
tion of Littenberg and Moses Linear model weighted by
inverse of the variance or study size or unweighted. A
secondary analysis was performed using the Der Simo-
nian & Laird method and fixed effects models through
Comprehensive Meta-Analysis software. Heterogeneity
was assessed using the Chi-square test and |2 statistic.

Study quality and publication bias

Newcastle-Ottawa scale (0 to 9 points) (Appendix A),
using the methodology described by Downs and Black,
was utilized to quantify study quality. All statistical tests
were two-tailed and the type | error rate was set at 5%.
Only two-sided tests with a significance level of 0.05
were used. Confidence intervals (Cls) of individual stud-
ies were calculated. A sensitivity analysis was also con-
ducted. Publication bias was assessed using funnel plots
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Figure 2: Cumulative incidence and prevalence of CV events/mortality noted in NAFLD females compared to males via
combined fixed and random effects.
Odds ratio, confidence interval, and weight of studies for NAFLD females compared to males for cardiovascular mortality
via combined fixed and random effects models. Test for heterogeneity of studies.

to men with NAFLD (OR 1.65, 95% Cl 1.12-2.43, p <
0.012) (Figure 3). Similar results were noted both in the
fixed and random effect models.

On univariate meta-regression (Figure 4), when plot-
ting log odds ratio of cardiovascular events and mor-
tality among males versus females (y-axis) against age
(x-axis), women had higher mortality with advancing
age (regression coefficient =0.0518, p = 0.00001). Q and
I2 statistics were analysed to assess heterogeneity; the
results of which can be found in Appendix B.

Funnel plot analysis (Appendix C, Appendix D and
Appendix E) did not reveal asymmetry around the axis
for the treatment effect in the assessed outcomes (p <
0.05 by Begg and Mazumdar’s test or Egger’s test), sug-
gesting lack of publication bias.

Discussion

In this meta-analysis, meta-regression, and system-
atic review, the impact of gender on both the incidence
and prevalence of cardiovascular disease and mortality
for adult patients with NAFLD was evaluated. The main

Khalid et al. Int J Clin Cardiol 2020, 7:187

findings of our study are the following: i) Female patients
were found to have greater incidence and prevalence of
cardiovascular events and mortality; ii) All-cause mor-
tality incidence and prevalence was higher for female
patients; iii) Men and women had a higher incidence
and prevalence of mortality with advancing age, how-
ever, it is important to note that mortality incidence
and prevalence was higher for women. This is the first
systematic review, meta-regression, and meta-analysis
assessing the role of gender in cardiovascular disease
and mortality for patients with NAFLD. These findings
illustrate the need for future investigations and the de-
velopment of new screening guidelines for women as
they are an understudied patient population.

NAFLD is a multifactorial disease that develops
from the interactions of genetics, diet, and lifestyle
[5,6,20,21]. NAFLD and CVD both have significant sim-
ilarities in terms of risk factors, genetic predispositions,
and pathophysiology. NAFLD has been associated with
poor coronary artery collateral blood flow, insulin resis-
tance, and systemic inflammation, which are all major
contributors to CVD [8,22]. This meta-analysis revealed
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Figure 3: Cumulative incidence and prevalence of all-cause mortality noted in NAFLD females compared to males via
combined fixed and random effects.

Odds ratio, confidence interval, and weight of studies for NAFLD females compared to males for all-cause mortality via
combined fixed and random effects models. Test for heterogeneity of studies.
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Figure 4: Meta-regression to assess for incidence and prevalence of CV events/mortality of NAFLD female patients with
aging.

a 2-fold increased incidence of CV events and mortali- (Figure 2 and Figure 4).
ty in females when compared to male NAFLD patients,

Our study identifies that the female gender has
which further increased with aging (beginning at age 42) y §

a strong yet independent impact on cardiovascular
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events and mortality. Early and aggressive screening
must be considered for female patients given that pa-
tients with NAFLD have a higher prevalence of carotid
atherosclerosis before cardiovascular events, when
compared to the general population [23]. Previous stud-
ies on patients with both NAFLD and CVD do not analyze
the effects of gender on the incidence of cardiovascular
events and mortality. Late presentation of these dis-
eases leads to longer ischemic exposure and thus in-
creases the incidence of complications that may affect
patients with both NAFLD and CVD [24,25]. Women are
underrepresented in most pharmacotherapy trials but
data and trials claim equal efficacy for both sexes. In
our study, females only represented 44% of the patient
population [26] and as a result, we focused on gender to
elucidate the disparities between the two populations.
We strongly suggest researchers to focus on gender dis-
parity analysis in future trials to further elucidate the
observed and clinically-relevant differences that arise
from the statistical analysis.

Based on current literature, there appears to be a
very definitive relationship between NAFLD and a high-
er risk of CVD that can be seen with imaging [2,3,7]. In
this analysis of 10 studies, the initial definition of CVD
varied by author. Zheng, et al. defined CV disease as
carotid intima media thickening > 0.8 mm along with
post-exercise brachial-ankle pulse wave velocity as sur-
rogates for clinical cardiovascular disease [20]. Yun, et
al., Harring, et al. and Hwang, et al. defined cardiovas-
cular mortality via ICD 10 codes. Ruttman, et al. simi-
larly defined CV disease via ICD 9 codes. Stepanova, et
al. utilized patient’s self reporting of their history of CV
disease. Lu, et al., however, used history, symptoms,
EKG, and coronary angiography findings. Lee, et al. uti-
lized ICD 8, 9, and 10 codes of fatal and non-fatal CV
events. Hamaguchi, et al. used survey answers and de-
fined metabolic syndrome using waist circumference.
El-Azeem, et al. used hospital records and EKG findings.
Although carotid intima media thickness, symptoms,
EKG, and coronary angiography findings are markers
that may not necessarily correlate to clinical relevance
and significance, they could be an early indicator of car-
diovascular disease and should be monitored closely by
clinicians. In several studies, NAFLD has been shown to
be an independent predictor of a high plaque burden
on CCTA in asymptomatic patients [27]. Despite being
asymptomatic, these patients may develop clinically sig-
nificant CVD thus highlighting the importance of moni-
toring our markers of CVD in NAFLD patients and poten-
tially preventing future CV events.

With regards to the diagnosis of NAFLD, the major-
ity of studies analyzed did not use liver biopsy to diag-
nose NAFLD. Liver ultrasound findings were considered
adequate evidence of NAFLD. Some studies only used
elevated liver biomarkers such as ALT and GGT greater
than two-thirds the upper limit of normal to diagnose
NAFLD, when all other etiologies of liver disease, such

Khalid et al. Int J Clin Cardiol 2020, 7:187

as alcohol, genetic, viral, and autoimmune causes were
ruled out (Table 1). Ideally, the studies should have di-
agnosed NAFLD using liver biopsies - the gold standard
- to achieve uniformity. However, biopsies are invasive
procedures with their own sets of complications and
are avoided, as a result, for diagnosing NAFLD or con-
sidered unnecessary when NAFLD is identified through
ultrasounds or biomarkers. Thus, we recommend earli-
er preliminary screening of patients who have metabol-
ic syndrome or other risk factors for CV disease via the
use of liver indexes Fibrosis-4 score, FibroScan or NAFLD
fibrosis score [28].

Our study further revealed an increased incidence
and prevalence of all-cause mortality in the female
population of NAFLD (Figure 3). In a meta-analysis of
40 studies by Muso, et al. it was reported that NAFLD
increased the risk of mortality due to the liver by up to
10-fold [29]. This extensive increase in mortality may
have been attributable to liver fibrosis as the underly-
ing etiology. Ekstedt, et al. established that hepatic fi-
brosis stage was the strongest predictor for all-cause in
patients with histologically confirmed NAFLD over 26.4
years [29]. Having additional data in terms of the degree
of liver fibrosis and disease stage could have helped us
further understand why NAFLD increases all-cause mor-
tality for this patient population. We would then be able
to analyze the impact of the degree of liver fibrosis and
disease severity on outcomes. In 2017, patients with
NAFLD accounted for an alarming 10% of patients un-
dergoing liver transplantation in the United States [30].
Our study reinforces the need for further investigation
of NAFLD related all-cause mortality in terms of gender
differences.

Our meta-regression analysis revealed that advanc-
ing age (beginning at age 42) was associated with higher
cardiovascular mortality in both men and women, but a
higher incidence and prevalence of mortality was noted
for women with advancing age when compared to men.
This gender disparity is very critical to note as women
tend to present later in the course of NAFLD and CVD
possibly due to the presence of atypical symptoms which
can delay diagnosis and treatment [31,32]. Increasing
age has been persistently identified as a risk factor for
fibrotic progression to cirrhosis throughout multiple
studies and there have been several theories about why
females with NAFLD have increased mortality with ad-
vancing age [33]. One theory postulates that older post-
menopausal females have ovarian senescence second-
ary to estrogen deficiency which may be associated with
severe steatosis and fibrosing NASH [33]. Ludwig, et al.
reported that NAFLD was common among women older
than 40 with metabolic comorbidity and thus leading to
a higher mortality [34]. Interestingly, per earlier stud-
ies, men have an increasing prevalence of NAFLD from
early to middle-age which starts declining after age 50,
whereas the opposite is true for women. Women tend
to have lower prevalence of NAFLD until the fifth de-
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cade of life, and peak during the sixth decade [35,36].
Our meta-regression substantiates these findings from
earlier studies and this may contribute to the increased
all-cause and cardiovascular mortality for females seen
in our study.

Study Limitations and Strengths

Several strengths need to be recognized for our
study. For our systematic review and meta-analysis, a
variety of distinct reference databases were utilized.
We also analyzed a large patient population.

Our meta-analysis has limitations. Although the qual-
ity assessment methods and bias assessments methods
used in our studies were considered high quality and
with minimal bias, the Q and I? statistics determined a
high degree of heterogeneity between the studies. Dif-
ferences in the inclusion criteria, endpoint definitions,
and human error associated with capture and confir-
mation of data are all potential confounding sources
among studies that analyze registries. We could not ac-
cess patient-level data, such as medications, laboratory
data, and imaging, to allow adjustment for factors that
might influence the incidence of cardiovascular events
and mortality for patients with NAFLD. Finally, this re-
view is limited by the classification and diversity of car-
diovascular disease and coronary artery disease defini-
tions. Our study results must be interpreted cautiously
with respect to these myriad definitions. More research
on the relationship between cardiovascular disease and
NAFLD in the form of randomized clinical trials where
both NAFLD and CVD pathology is defined and evaluat-
ed clearly is necessary to solidify our current findings.
Additionally, because our findings reveal that both age
and gender have precedence in terms of disease out-
comes and mortality, the need for research specifically
focused on the link between the two disease states and
these parameters only increases as the incidence and
prevalence rates of both diseases continues to rise.

Conclusions

It has been estimated that NAFLD will be the main
etiology of end-stage liver disease of patients that are
undergoing liver transplantation by the year 2025 [7].
The increased incidence and prevalence of mortality in
female patients with both NAFLD and CVD cannot be
overlooked and requires thorough investigations per-
formed by large, multi-center trials. This can be further
investigated in future studies in terms of pathophysiolo-
gy and genetics of NAFLD and CVD [31,32]. For patients
with NAFLD, women had a markedly higher incidence
and prevalence of CV event-related mortality and all-
cause mortality when compared to men. Advancing age
increased mortality among female patients with NA-
FLD. Our study suggests the importance of monitoring
silent markers as well as early preventative medicine in
female populations with NAFLD, due to their increased
risk of developing CVD. We believe this can be achieved

Khalid et al. Int J Clin Cardiol 2020, 7:187

by encouraging this subset of patients to reduce certain
risk factors that overlap in both disease processes such
as weight and sedentary behavior to help improve over-
all metabolic health and decrease disease burden. Ad-
ditionally changes to unhealthy dietary habits in favor
of a more healthy diet (i.e. Mediterranean Diet) would
help to further reduce the risk factors for this sub-pop-
ulation.
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Appendix A: Newcastle-Ottawa scale and quality data.

Supplemental Table 1: Newcastle-Ottawa Scale and quality data.

Publica- Year Newcastle-Ottawa Scale
tion Selection Compa- Outcome Total
rability
Represen-  Selection of Ascer-  Outcome Assess-  Follow-up Ade-
tativeness  the non-ex- tainment demon- ment of | long enough quacy
of exposed | posedco- of expo- stration outcome for outcome of fol-
cohort hort sure at start to occur low-up
El Azeem 2013 * * * * *x * * * 9
Hamaguchi | 2007 * * * * ** * * * 9
Haring 2009 * * * * > * * * 9
Hwang 2008 * " * * o * * * 9
Lee 2006 * * * " . * * * 9
Lu 2009 * * * * o * * * 9
Ruttmann | 2005 * * * * ** * * * 9
Stepanova 2012 * * * * * * * * 9
Yu 2008 * * * * o * * * 9
Zheng 2018 * " * " o " * * 9

The Newcastle-Ottawa Scale (NOS) evaluates the included studies based on selection, comparability and outcome. The maximum
score for each criterion is 4, 2 and 3, respectively, with the maximum total score equaling 9.

Supplemental Table 2: Quality data for eligible data sets.

Publica- Year Objec- Out- Character- Confound- Main Heterog- Individuals Repro- Recruiting
tion tive de- come istics de- ers de- find- enous generating ducibility | all sub-
fined de- scribed scribed ings popula- | data blind- | assessed jects over
scribed out- tion ed to out- same time
lined comes period
El Azeem 2013 Yes Yes Yes Yes Yes No NS Yes Yes
Hamagu- 2007 Yes Yes Yes Yes Yes No Yes Yes Yes
chi
Haring 2009 Yes Yes Yes Yes Yes No Yes Yes Yes
Hwang 2008 Yes Yes Yes Yes Yes No Yes Yes Yes
Lee 2006 Yes Yes Yes Yes Yes No Yes No Yes
Lu 2009 Yes Yes Yes Yes Yes No Yes Yes Yes
Ruttmann 2005 Yes Yes Yes Yes Yes No Yes Yes Yes
Stepano- 2012 Yes Yes Yes Yes Yes No Yes Yes Yes
va
Yu 2008 Yes Yes Yes Yes Yes No Yes Yes Yes
Zheng 2018 Yes Yes Yes Yes Yes No Yes Yes Yes

NS: Not specified
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Main results for Model 1, Random effects (MM), Z-Distribution, Log risk ratio

. . Standard  95% 95% 2-sided
Covariate Coefficient andar Z-value St

Error Lower Upper P-value

Intercept -3.1739 0.6451 -4.4382 -1.5096 -4.92  0.0000

Age 0.0518 0.0127 0.0270 0.0766 4.10 0.0000

Statistics for Model 1

Test of the model: Simultaneous test that all coefficients (excluding intercept) are zero
Q=16.77, df =1, p =0.0000

Goodness of fit: Test that unexplained variance is zero

Tau®=0.0251, Tau =0.1583, I* = 66.33%, Q = 23.76, df = 8, p =0.0025

Comparison of Model 1 with the null model

Total between-study variance (intercept only)

Tau®*=0.1956, Tau =0.4422, 1> =96.82%, Q = 282.66, df =9, p = 0.0000
Proportion of total between-study variance explained by Model 1
R* analog =0.87

Number of studies in the analysis 10

Appendix B: For meta regression.
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Appendix C: Funnel plot.
Funnel plot analysis to assess for potential publication bias and/or presence of heterogeneity for CV mortality and events.
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Appendix E: Funnel plot.
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Appendix D: Funnel plot.
Funnel plot analysis to assess for potential publication bias and/or presence of heterogeneity for all-cause mortality.
Funnel plot of standard error by Log risk ratio
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Funnel plot analysis to assess for potential publication bias and/or presence of heterogeneity for meta regression.
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