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Abstract: Non-alcoholic fatty liver disease (NAFLD) and cardiovascular diseases (CVD) share similar risk factors.
Recent studies have focused on obesity and insulin resistance, but the link between NAFLD and CVD persists re-
gardless of traditional risk factors. Despite the increased incidence and prevalence of NAFLD worldwide, 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 in people with NAFLD. We assessed the incidence and prevalence
of CV events and mortality based on gender in people with NAFLD, at any stage of fibrosis. A meta-regression was
conducted to further analyze the impact of age on both genders. An aggregate analysis was performed on ten stud-
ies with NAFLD people. 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 examine any gender disparity. We also performed a meta-
regression 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 (Cl) were estimated using a random-effects
model. In 108,711 people with NAFLD, of which 44% were females and 56% were males, all-cause mortality was
1.5x higher in women compared to men (OR 1.65, 95% Cl 1.12-2.43, P<0.012). CV events and mortality were also
2x 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). For people with NAFLD,
women had a markedly higher incidence and prevalence of CV events, CV mortality, and all-cause mortality when
compared to men. As the incidence and prevalence of NAFLD and concomitant CV events increase 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 heterogeneous surveys of gender disparities,
increased focus on gender as a decisive factor for downstream 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 not attributed to alcohol consumption, such as

viruses, drugs, toxins, and autoimmune diseas-

Every year, ninety million people are diagnosed
with nonalcoholic fatty liver disease (NAFLD)
and it has become one of the top etiologies for
chronic liver disease [1-3]. NAFLD encompass-
es a spectrum of diseases that histologically
varies from mild steatosis that can advance to
fibrosis, cirrhosis, and eventually hepatocellu-
lar carcinoma [1-5]. NAFLD results from causes

es[1, 2].

At first, cirrhosis was believed to be protective
against coronary artery disease (CAD), but re-
cent studies have demonstrated a strong cor-
relation between cardiovascular disease (CVD)
and the development of NAFLD [1, 6, 5-10].
NAFLD and CVD share common risk factors
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such as diabetes, smoking, unhealthy diets, dy-
slipidemia, obesity, presence of certain shared
post-transcriptional regulators in microRNAs,
hypertension, increased expression of the
GCKR gene, and high levels of visceral fat [6,
8-14]. As a result, a common pathophysiologi-
cal pathway also exists via insulin resistance,
inflammation and oxidative stress pathways
[12, 15]. People with NAFLD and CVD have in-
creased Framingham risk scores and decreased
life expectancy [16]. Cardiovascular (CV) com-
plications in people with NAFLD are the follow-
ing: CAD, subclinical atherosclerosis, cardiac
arrhythmias, and heart failure [6].

CVD was established as the top cause of mor-
tality for women throughout the world, account-
ing for 43% female deaths in the US since
1997. Despite such a strong association bet-
ween NAFLD and CVD, gender differences have
rarely been studied [17]. Women are underrep-
resented in most clinical trials and there is little
information outlining the differences in care
between the genders [18]. In this paper we dis-
cuss the association of NAFLD with CVD in men
and women, the mechanisms underlying this
association, and the differences between the
genders with regards to age and incidence.

Methods
Search methods and study selection

The Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) State-
ment was used to perform a meta-analysis of
the research articles. Two co-authors (YSK and
NRD) independently searched published stud-
ies indexed in OVID, Cochrane Central Register
of Controlled Trials (CENTRAL) via the Wiley
Interface, Web of Science Core Collection,
MEDLINE, EMBASE, and Google Scholar from
the beginning of the project on October 1, 2019
to January 30, 2020. We searched the terms
“cardiovascular diseases” and “cardiovascular
mortality” in all fields with each of the following
words: “non-alcoholic fatty liver disease”, “non-
alcoholic steatohepatitis”, “non-alcoholic fatty
liver disease”, “nonalcoholic fatty liver disea-
se,” “fatty liver”, “liver fat”, “steatosis”, “NAFLD”,
“NASH”, “women,” “gender,” “all-cause mortali-
ty”. Terms used to define the outcomes includ-
ed “prevalence” and “incidence”. All detected
references were saved electronically in the

Zotero reference management program after
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removal of duplicates. The systematic search
was supplemented by manual review of all ref-
erences in the retrieved eligible studies.

Randomized, prospective, retrospective, cross-
sectional, and nonrandomized controlled stud-
ies were considered for inclusion if they report-
ed the incidence of CVD and mortality in people
with NAFLD. 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 re-
viewing their supplemental reports. We exclud-
ed all studies that did not meet these criteria or
that reported insufficient data. We used the
checklist for Critical Appraisal and Data Extra-
ction for Systematic Reviews of Prediction Mo-
deling Studies (CHARMS) for study quality
assessment. The search methods, study selec-
tion, and eligibility criteria are highlighted in
Figure 1 [19].

Data extraction

A standardized data collection form was used
to extract 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, characteristics of par-
ticipants; 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. The table was completed by
the first author and verified by a study team
member.

Meta-analysis

All statistical tests were two-tailed and the type
| error rate was set at 5%. Confidence intervals
(Cls) of individual studies were calculated. The
Der Simonian & Laird method was utilized to
complete the statistical data analysis using
MedCalc software with: (1) a summary of data
from individual studies; (2) an evaluation of het-
erogeneity, graphically and statistically, for all
included studies; (3) graphical illustration via
Forest Plots. A secondary analysis was per-
formed using the Hartung-Knapp-Sidik-Jon-
kman (HKSJ) method through Comprehensive
Meta-Analysis software. Heterogeneity was
determined utilizing the Chi-square test and I2
statistic with each of the following values: low
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Records excluded
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Figure 1. PRISMA flow chart of studies
screened and included in meta-analysis.

heterogeneity (0-25%), moderate heterogeneity
(25-75%), and high heterogeneity (>75%). Meta-
regression was analyzed using a generalization
of Littenberg and Moses Linear model. The
Newcastle-Ottawa scale (0 to 9 points) was uti-
lized to quantify study quality (Tables 1 and 2).
Publication bias was assessed using funnel
plots and the Egger and Begg test using 1> and
Q statistics.

Results
Baseline patient and study characteristics

Figure 1 illustrates how the studies were pi-
cked. At first, reviewing the literature revealed
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247 potential studies that could possibly be
analyzed. After removing retrospective studies,
abstracts, case report studies with insufficient
data, review articles, and articles with overlap-
ping study populations and redundant data, a
total of 10 studies were included in the final
analysis (Table 3). All studies were conducted
inthe USA, Europe, Japan, Saudia Arabia, South
Korea, and China. 8 studies reported incidence,
4 of which were retrospective and 4 were pro-
spective. 2 studies were cross-sectional stud-
ies that reported prevalence. The number of
people in each study varied with over 80,000
people in the largest study and 268 people in
the smallest study. Among 108,711 people
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Table 1. Newcastle-ottawa scale assessment for studies

Newcastle-Ottawa Scale

Publication  Year Selection N Outcome Total
Representatives of Selection of the Ascertainment Outcome Comparability Assessment Follow-up long enough Adequacy of
exposed cohort non-exposed cohort  of exposure  demonstration at start of outcome  for outcome to occur follow-up
El-Azeem 2013 * * * * *k * * * 9
Hamaguchi 2007 * * * * *% * * * 9
Haring 2009 * * * * *k * * * 9
Hwang 2008 * * * * *% * * * 9
Lee 2006 * * * * *% * * * 9
Lu 2009 * * * * *% * * * 9
Ruttman 2005 * * * * *% * * * 9
Stepanova 2012 * * * * ** * * * 9
Yu 2008 * * * * *%k * * * 9
Zheng 2018 * * * * *k * * * 9

Table 2. Quality data for studies

Objective  Objective Characteristics Confounders Main Findings Heterogeneous Individuals Generating  Reproducibility — Recruiting all subjects

Publication Year

Defined Described Described Described Outlined Population Data Blind to Outcomes Assessed over same time period
El-Azeem 2013 Yes Yes Yes Yes Yes No NS Yes Yes
Hamaguchi 2007 Yes Yes Yes Yes Yes No Yes Yes Yes
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
Ruttman 2005 Yes Yes Yes Yes Yes No Yes Yes Yes
Stepanova 2012 Yes Yes Yes Yes Yes No Yes Yes Yes
Yu 2008 Yes Yes Yes Yes Yes No Yes Yes Yes
Zheng 2018 Yes Yes Yes Yes Yes No Yes Yes Yes
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Table 3. Baseline characteristics of included studies in the meta-analysis

- ) . ) CV Outcome,
Author/Publication Year/Type of Countr Duration Sample Male Female Mean Age Diagnosis of CVD Diagnosis of Incidence. and Study Adiustments
Study ' (Yearsy #) (%) (%)  (Years) NAFLD ’ yAd
Prevalence
El Azeem, 2013, Prospective Study Saudi Arabia 3.0 268 50.0 50.0 51.4+11.3 Hospital Records, EKG  Liver Ultrasound  CV Mortality, 50.7% No Adjustments
Hamaguchi, 2007, Prospective Study Japan 5.0 1221 61.0 39.0 49.1+8.7  Self-Reporting Ques- Liver Ultrasound  CV Events, 1.8% No Adjustments
tionnaire, Metabolic
Syndrome based on
Waist Circumference
Haring, 2009, Retrospective Study Germany 73 4160 49.0 51.0 49.0+1.0 ICD 10 Codes GGT > ULN; Liver CV mortality, 7.5%  Age (Decades), WC, Alcohol
Ultrasound Consumption, Physical
Activity, Education, Civil
Status, Equalized Income,
Functional Comorbidity
Index
Hwang 2018, Retrospective Study South Korea 5.7 82899 75.6 24.4 41.6+10.7 Death Certificate, ICD  Liver Ultrasound ~ CV mortality, 11.0% No Adjustments
10 Codes
Lee 2006, Prospective Study Finland 12.0 2862 479 52.1 48.0+1.0 Fatal and Non-Fatal GGT >64 U/L CVD Events, 4.0%; Age, BMI, Cigarette Smok-
events (ICD 8, 9, 10 (Male); GGT >32  CV Mortality, 3.4% ing, Alcohol Consumption,
codes) U/L (Female) Physical Activity, SBP, Total
Cholesterol, HDL-Choles-
terol
Lu 2009 Cross-Sectional Survey China 7.0 421 62.7 37.3 56.4+6.6  Patient History, Symp-  Liver Ultrasound; CV events, 38.7%* BMI, WC, SBP, DBP, FBG,
toms, EKG Findings, ALT >40 IU/L Triglycerides, Total Cho-
LHC lesterol, HDL-Cholesterol,
LDL-Cholesterol; ALT, AST,
GGT, FINS, MetS
Ruttman, 2005 Prospective Study Austria 17.0 8795 56.5 23.5 42+15.0 ICD 9 Codes GGT >56 U/L CV Mortality 2.1%  Age, BMI, SBP, Total Choles-
Male and 4.3% terol, Triglycerides, Glucose,
Females Smoking, Work Status, Year
of Examination
Stepanova 2012, Retrospective Study USA 6.0 2492 52.8 47.2 54.0+1.0 Self-Reported History  Liver Ultrasound  CV Mortality 3.76% No Adjustments
Yun 2008, Retrospective Study South Korea 5.0 4022 80.5 19.5 50.0+¢8.0 ICD 10 Codes ALT >40 IU/L CV Mortality, 22.0% Age, Sex, Past Medical
History, Smoking, Alcohol
Consumption, Exercise, Ed-
ucation, Income, BMI, SBP,
DBP, FPG, Total Cholesterol,
HDL-Cholesterol, Triglycer-
ides, Calculated GFR
Zheng 2018, Retrospective Study China 1.0 1571 64.4 35.6 56.2+11.2 CIMT, ba-PWV Liver Biopsy CIMT, 43.8%* Age, Gender, BMI, Exercise,

Smoking, WC, LDL-Choles-
terol Triglycerides, Diabetes
Mellitus, Hypertension

ICD = International Statistical Classification of Diseases and Related Health Problems, CV = Cardiovascular, EKG = Electrocardiogram, LHC = Left Heart Catheterization, CIMT = Carotid Intima Media Thickness, ba-PWV = Brachial-Ankle Pulse
Wave Velocity, GGT = Gamma-Glutamyltransferase, ULN = Upper Limit of Normal (For that test), ALT = Alanine Transaminase, BM| = Body Mass Index, SBP = Systolic Blood Pressure, DBP = Diastolic Blood Pressure, FBG = Fasting Blood
Glucose, HDL = High-Density Lipoproteins, LDL = Low-Density Lipoproteins, AST = Aspartate Aminotransferase, WC = Waist Circumference, MetS = Metabolic Syndrome, GFR = Glomerular Filtration Rate. Data are presented as mean § SD,

median [interquartile range].
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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.

with NAFLD, 44% were females and 56% were
males, with a weighted mean age of 50 years.

Defining outcomes

Asymptomatic atherosclerosis and CAD were
defined as: carotid intima media thickness on
carotid ultrasound, coronary angiography with
>50% plaque in coronary vessels, aortic plaque
on abdominal ultrasound, coronary computed
tomography angiography (CCTA) showing >50%
plaque in coronary vessels, exercise or nuclear
stress testing results (positive results only),
carotid plagques (measured by carotid ultra-
sound), and peripheral vascular arterial dis-
ease on arterial ultrasound. Cardiovascular
events were defined as the one of the catego-
ries listed above. CVD was defined as symptom-
atic cardiovascular events resulting in hospital-
ization and morbidity as the end-point. Car-
diovascular mortality was defined as death
from one of the following causes: stroke, acute
coronary syndrome (including unstable angina),
and heart failure requiring hospitalization.

In our studies, NAFLD was diagnosed by vari-
ous different imaging techniques: liver ultra-
sound, liver function tests, and liver biopsy
(when possible).
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Incidence and prevalence of cardiovascular
events and mortality

For women, cardiovascular events and mortali-
ty were found to be 2-times higher than men
with known NAFLD (OR 2.12 95% Cl 1.65-2.73,
P<0.001) (Figure 2; Tables 4, 5). All-cause mor-
tality was also 1.5-times higher in women com-
pared to men with NAFLD (OR 1.65, 95% CI
1.12-2.43, P<0.012) (Figure 3; Tables 6, 7).
Similar results were noted both in the fixed and
random effect models.

On univariate meta-regression (Figure 4), when
plotting log odds ratio of cardiovascular events
and mortality among males versus females
(y-axis) against age (x-axis), women had higher
mortality with advancing age starting at age of
42 based on our analysis (regression coeffi-
cient =0.0518, P=0.00001). Q and I? statistics
were analyzed to assess heterogeneity; the
results of which can be found in Tables 5 and 7.
Heterogeneity was higher than 50% meaning
there were significant differences between the
studies we included (88% for cardiovascular
events and mortality and 98% for all-cause
mortality). However, our analysis was done
using both random and fixed effects models
which showed the same results. The fixed
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Table 4. Odds Ratio, Confidence Interval, and Weight of Studies for CV Events/Mortality noted in
NAFLD females compared to males via combined fixed and random effects

) Weight (%)

Study 0Odds Ratio 95% Cl Z-score  P-value -

Fixed Random
El-Azeem 2013 2.129 1.308 to0 3.467 0.65 9.45
Hamaguchi 2007 1.136 0.499 t0 2.584 0.23 5.68
Haring 2009 5.479 3.217 10 9.329 0.55 8.84
Hwang 2018 2.091 1.321t0 3.312 0.74 9.84
Lee 2006 4.396 1.466 to 13.181 0.13 3.83
Lu 2009 1.354 0.907 t0 2.021 0.97 10.70
Ruttman 2005 2.918 2.797 to 3.044 86.72 14.70
Stepanova 2012 1.968 1.667 t0 2.322 5.68 13.86
Yu 2008 1.459 0.912t02.334 0.71 9.70
Zheng 2018 1.738 1.413t02.138 3.63 13.40
Total (Fixed Effects) 2.765 2.658102.876 50.599 <0.001 100.00 100.00
Total (Random Effects) 2.123 1.653 t0 2.725 5.904 <0.001 100.00 100.00

Table 5. Test for Heterogeneity of Studies for
CV Events/Mortality noted in NAFLD females
compared to males via combined fixed and
random effects

Test for Heterogeneity

Q 75.0879
DF 9
Significance Level P<0.0001

12 (Inconsistency) 88.01%
95% CI for I 80.01 t0 92.81

effect model can be done when significant het-
erogeneity exists and it showed the same result
as the random effects model.

Funnel plot analysis (Appendices A, B, C, D) did
not reveal asymmetry around the axis for the
treatment effect by Egger’'s test. There was
minimal publication bias.

Discussion

In this meta-analysis and meta-regression, the
impact of gender on both the incidence and
prevalence of CVD and mortality for adults with
NAFLD was evaluated. The main findings of our
study are the following: i) females were found to
have greater incidence and prevalence of car-
diovascular events and mortality; ii) all-cause
mortality incidence and prevalence was higher
for females; iii) men and women had a higher
incidence and prevalence of mortality with
advancing age. This is the first systematic
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review and meta-analysis assessing the role of
gender in CVD and mortality for a cohort with
NAFLD. These findings illustrate the need for
future investigations and the development of
new screening guidelines for women as they
are an understudied patient population.

NAFLD is a multifactorial disease and the com-
plex interplay of lifestyle and genetics shapes
the development of the disease [5, 6, 20, 21].
NAFLD and CVD both have significant similari-
ties in terms of risk factors, genetic predisposi-
tions, and pathophysiology. NAFLD has also
been linked to reduced inflammation, coronary
artery blood flow, and insulin resistance, which
are all major contributors to CVD [8, 22]. This
meta-analysis revealed a 2-fold increased inci-
dence of CV events and mortality in females
when compared to males with NAFLD which
further increased with aging (beginning at age
42) (Figures 2 and 4).

Our study identifies that the female gender has
a strong yet independent impact on cardiovas-
cular events and mortality. For females, robust
screening measures should be implemented
earlier as increased incidence of carotid artery
disease has been observed prior to cardiovas-
cular events [23]. Previous studies on people
with both NAFLD and CVD do not analyze the
effects of gender on the incidence of cardiovas-
cular events and mortality. Late presentation of
these diseases results in prolonged ischemia
and thus increases the incidence of complica-
tions that may affect people with both NAFLD
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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.

Table 6. Odds Ratio, Confidence Interval, and Weight of Studies for all-cause mortality noted in NAFLD
females compared to males via combined fixed and random effects

. Weight (%)

Study Odds Ratio 95% CI z-Score P-Value -

Fixed Random
El-Azeem 2013 2.129 1.308 to 3.467 0.46 9.73
Hamaguchi 2007 0.110 0.0319t0 0.378 0.071 5.33
Haring 2009 2.433 1.370to 4.322 0.33 9.19
Hwang 2018 2.866 2.727 t0 3.012 44.13 11.46
Lee 2006 4.930 3.582 10 6.785 1.07 10.66
Lu 2009 2.925 1.898 to 4.508 0.58 10.06
Ruttman 2005 1.382 1.318 to 1.450 47.21 11.46
Stepanova 2012 1.968 1.667 t0 2.322 3.97 11.25
Yu 2008 2.475 1.568 to 3.906 0.52 9.92
Zheng 2018 0.276 0.214 t0 0.357 1.66 10.94
Total (Fixed Effects) 1.999 1.9361t02.064 42.281 <0.001 100.00 100.00
Total (Random Effects) 1.646 1.1151t0 2.431 2.507 0.012 100.00 100.00

Table 7. Test for Heterogeneity of Studies for
All-Cause Mortality noted in NAFLD females
compared to males via combined fixed and
random effects

Test for Heterogeneity

Q 714.3491
DF 9
Significance Level P<0.0001

I? (Inconsistency) 98.74%
95% CI for I 98.37 t0 99.02
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and CVD [24, 25]. Women are underrepresent-
ed in most drug trials, but most publications
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 sug-
gest researchers to focus on gender disparity
analysis in future trials to further elucidate the
observed and clinically relevant differences
that arise from the statistical analysis.

Am J Cardiovasc Dis 2020;10(3):258-271
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Figure 4. Meta-regression to assess incidence and prevalence of CV events/mortality of NAFLD female people with

age.

Based on current literature, there appears to
be a very definitive relationship between NAFLD
and a higher 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 inti-
ma media thickening >0.8 mm as a marker for
clinical cardiovascular disease [20]. Yun et al.,
Harring et al., and Hwang et al. defined cardio-
vascular mortality via ICD 10 codes. Ruttman
et al. similarly defined CV disease via ICD 9
codes. Stepanova et al. utilized patients’ 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 defined metabolic syndrome using
waist circumference. EI-Azeem et al. used hos-
pital records and EKG findings. Although carot-
id 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 cardiovascular disease and
should be monitored closely by clinicians. Mu-
ltiple studies have demonstrated that NAFLD
leads to a higher incidence and prevalence of
CAD, even in asymptomatic patients [27]. Des-
pite being asymptomatic, these people may
develop clinically significant CVD thus highlight-
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ing the importance of monitoring our markers
of CVD in NAFLD people and potentially pre-
venting future CV events.

With regards to the diagnosis of NAFLD, the
majority of studies analyzed did not use liver
biopsy to diagnose 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 causes of liver disease
were eliminated (Table 3). Ideally, the studies
should have diagnosed NAFLD using liver biop-
sies - the gold standard - to achieve uniformity.
However, biopsies are invasive procedures with
their own sets of complications and are avoid-
ed, as a result, for diagnosing NAFLD or consid-
ered unnecessary when NAFLD is identified
through ultrasounds or biomarkers. Thus, we
recommend earlier preliminary screening of
people who have metabolic 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 inci-
dence 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 mortality was ten times higher if a

Am J Cardiovasc Dis 2020;10(3):258-271



CV events and mortality in female people with NAFLD

patient was diagnosed with NAFLD [29]. This
extensive increase in mortality may have been
attributable to liver fibrosis as the underlying
etiology. Ekstedt et al. postulated that the most
accurate prognosticator of all-cause mortality
in those with NAFLD was the extent of hepatic
injury [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 mortality for this
patient population. We would then be able to
analyze the impact of the degree of liver fibrosis
and disease severity on outcomes. Based on
the most recent data from 2017, most patients
that require a liver transplant have underlying
NAFLD [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
advancing age (beginning at age 42) was asso-
ciated 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 th-
roughout multiple studies and there have been
several theories about why females with NAFLD
have increased mortality with advancing age
[33]. One theory postulates that older post-
menopausal females with estrogen deficiency
tend to have more severe liver damage with
NAFLD [33]. Per Ludwig et al., women older
than the age of forty have increased comorbidi-
ties, NAFLD included, and therefore higher mor-
tality [34]. Interestingly, per earlier studies,
men tended to be diagnosed with NAFLD at a
higher rate until the age of fifty and then this
rate starts to drop, whereas the opposite is true
for women. Women tend to have lower preva-
lence of NAFLD until the fifth decade of life, and
peak during their sixties [35, 36]. Our meta-
regression substantiates these findings from
earlier studies, and this may contribute to the
increased all-cause and cardiovascular mortal-
ity for females seen in our study.

Study limitations and strengths

Our study had numerous strengths. First, a vari-
ety of distinct reference databases were uti-
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lized. We also analyzed a large patient po-
pulation.

Our meta-analysis also has several limitations.
Although the quality assessment and bias
assessments methods used in our studies
were considered high quality and with minimal
bias, ultimately there was a high degree of het-
erogeneity between the studies. Differences in
the inclusion criteria and human error associ-
ated with recording data could have added con-
founders to our analysis. Finally, this review is
limited by the classification and diversity of
CVD and CAD definitions. Our study results
must be interpreted cautiously with respect to
these myriad definitions. More research on the
relationship between CVD and NAFLD in the
form of randomized clinical trials where both
NAFLD and CVD pathology is defined and evalu-
ated clearly is necessary to solidify our current
findings. Additionally, because our findings
reveal that both age and gender have prece-
dence in terms of disease outcomes and mor-
tality, the need for research specifically focused
on the link between the two disease states and
these parameters only increases as the inci-
dence and prevalence rates of both diseases
continues to rise.

Conclusions

In the near future, NAFLD will be the main
cause of end-stage liver disease when people
have need of a liver transplant to prolong sur-
vival (7). Both increased cardiovascular events
mortality in female people with both NAFLD
and CVD cannot be overlooked and require
thorough investigations performed by large,
multi-center trials. This can be further investi-
gated in future studies in terms of the patho-
physiology and genetics of NAFLD and CVD [31,
32]. Women had a markedly higher incidence
and prevalence of CV event-related mortality
and all-cause mortality when compared to men
for this population. Advancing age increased
mortality among female people with NAFLD.
Our study suggests the importance of monitor-
ing 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 by encourag-
ing this subset of people to reduce certain risk
factors that overlap in both disease processes,
such as weight and sedentary behavior, to help
improve overall metabolic health and decrease
disease burden. Additionally, changes to
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unhealthy dietary habits in favor of a healthier
diet (i.e. Mediterranean Diet) would help to fur-

ther

reduce the risk factors for this sub-

population.
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Appendix A. Meta Regression Analysis Statistics

Covariate Coefficient Standard Error 95% Lower 95% Upper  z-Value  2-sided P-value
Intercept -3.1739 0.6451 -4.4382 -1.9096 -4.92 0.0000
Age 0.0518 0.0127 0.0270 0.0766 4.10 0.0000
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Appendix B. Funnel plot analysis to assess potential publication bias and/or presence of heterogeneity for CV mor-
tality and events.

00} . .
01} 9
o
o

02 N
N L o
5
5 03p
© 5
1]
el
€ 04
3

05|

06

@]
07 I_I 1 1 1 1 1 | 1 1 I 1 | | 1 1 1 1 1 I
0.1 1 10

Odds ratio

Appendix C. Funnel plot analysis to assess potential publication bias and/or presence of heterogeneity for all-cause
mortality.
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Funnel Plot of Standard Error by Log risk ratio
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Appendix D. Funnel plot analysis to assess potential publication bias and/or presence of heterogeneity for meta

regression.
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