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			Abstract

												Background

												
												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 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 NAFLD, at any stage of fibrosis. A meta-regression was conducted 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 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 (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 × higher in women compared to men (OR 1.65, 95% CI 1.12-2.43, p < 0.012). CV events and mortality were also 2 × 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 markedly higher incidence and prevalence of CV events, CV mortality and all-cause mortality when compared to men. Meta-regression showed increased mortality among women 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 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


Approximately 90 million adults in the United States are diagnosed with nonalcoholic fatty liver disease (NAFLD), which is emerging as one of the leading causes of chronic liver disease [1-3]. NAFLD encompasses a spectrum of diseases that histologically varies from mild steatosis 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 studies 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, hyperlipidemia, diabetes, tobacco use, unhealthy diets, sedentary lifestyles, obesity, presence of post-transcriptional regulators in microRNAs, increased expression of the GCKR gene, and increased abdominal fat distribution [6,8-14]. As a result, a common pathophysiological pathway also exists via insulin resistance and inflammation 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 complications 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 association between NAFLD and CVD, gender differences have rarely been studied [17]. Women are underrepresented in most clinical trials and there is little information 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 differences between the genders with regards to age and incidence.


Methods

Search methods and study selection


A systematic review and meta-analysis of the literature was conducted by the principles set in the Preferred Reporting Items for Systematic Reviews and Meta-Analyses: the PRISMA Statement. Two co-authors (YSK and NRD) independently searched published studies 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 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 disease," "fatty liver", "liver fat", "steatosis", "NAFLD", "NASH", "women," "gender," "all-cause mortality." Terms used to deﬁne the outcomes included "prevalence" and "incidence." All electronically published 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 management 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-sectional, or nonrandomized controlled studies were considered for inclusion if they reported the incidence of cardiovascular disease and mortality in patients with NAFLD. The inclusion criteria were as follows: 1) Observational studies (case-control, cross-sectional, or cohort studies) published as original studies to evaluate the association between cardiovascular disease and mortality and NAFLD; 2) Odds ratios (ORs), relative risk (RRs), hazard ratio (HRs) or standardized incidence ratio (SIRs) with 95% confidence intervals (CIs) were provided; 3) Non-NAFLD participants were used as the reference group in cross-sectional and cohort studies, and participants 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 criteria 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 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 included participants, evaluation of NAFLD through liver ultrasound, liver function tests (AST, ALT, GGT) or liver biopsy; evaluation of subclinical atherosclerosis (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 completed by the first author and verified by an additional member of the study team. The two investigators mentioned 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 individual studies; 2) An investigation of the studies heterogeneity 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 I2 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 used. Meta-regression was analyzed using a generalization 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 Simonian & Laird method and fixed effects models through Comprehensive Meta-Analysis software. Heterogeneity was assessed using the Chi-square test and I2 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 I error rate was set at 5%. Only two-sided tests with a significance level of 0.05 were used. Confidence intervals (CIs) of individual studies were calculated. A sensitivity analysis was also conducted. Publication bias was assessed using funnel plots and the Egger and Begg test using I2 and Q statistics for incidence of cardiovascular disease and mortality.


Results

Study selection and patient characteristics


The process of study selection is presented in Figure 1. Our initial literature search yielded 247 potential studies for review. Following exclusion of review articles, case reports, retrospective studies, abstracts, studies with insufficient data, and articles with overlapping study populations and redundant data, a total of 10 studies were included in the final analysis (Table 1). All studies were conducted in the USA, Europe, Japan, Saudi Arabia, South Korea, and China. 8 studies reported incidence, 4 of which were retrospective and 4 were prospective. 2 studies were cross-sectional studies that reported prevalence. The number of patients in each study varied with over 80,000 patients in the largest study and 268 patients in the smallest study. Among 259,598 patients with NAFLD, 44% were females and 56% were males, with a weighted mean age of 50 years.




	
		
		Figure 1: Prisma flow chart of studies screened and included in meta-analysis. 
			View Figure 1
		
	





 

	
	
	Table 1: Baseline characteristics of studies and patient population. View Table 1
	





Defining outcomes


Asymptomatic atherosclerosis and coronary artery disease were evaluated in a selection of studies that reported carotid intima media thickness, duplex arterial ultrasound for peripheral vascular disease, aortic plaque on abdominal ultrasound, coronary computed tomography angiography (CCTA) findings of plaque (at least 50% stenosis of at least one of the major coronary arteries), exercise or nuclear stress testing results, coronary angiography results (at least 50% stenosis of at least one of the major coronary arteries), and carotid plaques (measured by ultrasound). Cardiovascular events were defined as asymptomatic atherosclerosis and coronary artery disease. CVD was defined as symptomatic cardiovascular events resulting in hospitalization and morbidity as the end-point. Cardiovascular mortality was defined as death from one of the following causes: Stroke or transient ischemic attack, MI, acute coronary syndrome (including unstable angina), and heart failure which had required hospitalization.



NAFLD also has a variety of definitions in the literature and the only gold standard for diagnosis is biopsy, which is not always available for diagnosis. In our studies, NAFLD was diagnosed by liver ultrasound, liver function tests, and liver biopsy (when possible).


Incidence and prevalence of cardiovascular events and mortality


The cumulative incidence and prevalence of cardiovascular events and mortality was found to be 2-times higher in women compared to men with known NAFLD (OR 2.12 95% CI 1.65-2.73, p < 0.001) (Figure 2). All-cause mortality was also 1.5-times higher incidence and prevalence of all-cause mortality in women compared to men with NAFLD (OR 1.65, 95% CI 1.12-2.43, p < 0.012) (Figure 3). Similar results were noted both in the fixed and random effect models.




	
		
		Figure 2: Cumulative incidence and prevalence of CV events/mortality noted in NAFLD females compared to males via combined fixed and random effects. 
			View Figure 2
		
	



 


	
		
		Figure 3: Cumulative incidence and prevalence of all-cause mortality noted in NAFLD females compared to males via combined fixed and random effects. 
			View Figure 3
		
	





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 (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.




	
		
		Figure 4: Meta-regression to assess for incidence and prevalence of CV events/mortality of NAFLD female patients with aging. 
			View Figure 4
		
	




 

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), suggesting lack of publication bias.


Discussion


In this meta-analysis, meta-regression, and systematic 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 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 mortality incidence and prevalence was higher for female patients; iii) Men and women had a higher incidence and prevalence of mortality with advancing age, however, 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 development 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 similarities in terms of risk factors, genetic predispositions, and pathophysiology. NAFLD has been associated with poor coronary artery collateral blood flow, insulin resistance, and systemic inflammation, which are all major contributors to CVD [8,22]. This meta-analysis revealed a 2-fold increased incidence of CV events and mortality in females when compared to male NAFLD patients, which further increased with aging (beginning at age 42) (Figure 2 and Figure 4).



Our study identifies that the female gender has a strong yet independent impact on cardiovascular events and mortality. Early and aggressive screening must be considered for female patients given that patients with NAFLD have a higher prevalence of carotid atherosclerosis before cardiovascular events, when compared to the general population [23]. Previous studies 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 diseases leads to longer ischemic exposure and thus increases 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 disparity 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 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 intima media thickening > 0.8 mm along with post-exercise brachial-ankle pulse wave velocity as surrogates for clinical cardiovascular disease [20]. Yun, et al., Harring, et al. and Hwang, et al. defined cardiovascular mortality via ICD 10 codes. Ruttman, et al. similarly 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. utilized 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. 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 cardiovascular 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 significant CVD thus highlighting the importance of monitoring our markers of CVD in NAFLD patients and potentially preventing 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 etiologies of liver disease, such as alcohol, genetic, viral, and autoimmune causes were ruled out (Table 1). Ideally, the studies should have diagnosed 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 considered unnecessary when NAFLD is identified through ultrasounds or biomarkers. Thus, we recommend earlier preliminary screening of patients 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 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 underlying etiology. Ekstedt, et al. established that hepatic fibrosis 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 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. In 2017, patients with NAFLD accounted for an alarming 10% of patients undergoing 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 advancing 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 advancing age [33]. One theory postulates that older postmenopausal females have ovarian senescence secondary 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 studies, 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 decade 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 quality assessment methods and bias assessments methods used in our studies were considered high quality and with minimal bias, the Q and I2 statistics determined a high degree of heterogeneity between the studies. Differences in the inclusion criteria, endpoint definitions, and human error associated with capture and confirmation of data are all potential confounding sources among studies that analyze registries. We could not access 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 review is limited by the classification and diversity of cardiovascular disease and coronary artery disease definitions. 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 evaluated clearly is necessary to solidify our current findings. Additionally, because our findings reveal that both age and gender have precedence in terms of disease outcomes 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 performed by large, multi-center trials. This can be further investigated in future studies in terms of pathophysiology 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 NAFLD. 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 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 overall metabolic health and decrease disease burden. Additionally 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-population.
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