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Abstract
BACKGROUND 
Non-alcoholic fatty liver disease (NAFLD) is a systemic disease with bidirectional 
relationships with cardiovascular disease (CVD). Non-alcoholic steatohepatitis 
(NASH) is a more severe subtype of NAFLD. Patients with NASH exhibit more 
intra and extrahepatic inflammation, procoagulant imbalances and 
proatherogenic lipid profiles. Whether NASH increases the risk of ischemic heart 
disease is currently unclear.

AIM 
To investigate the relationship between acute myocardial infarction (MI) and 
NASH in a large cohort of subjects in the United States.

METHODS 
We reviewed data from a large commercial database (Explorys IBM) that 
aggregates electronic health records from 26 large nationwide healthcare systems. 
Using systemized nomenclature of clinical medical terms (SNOMED CT), we 
identified adult with the diagnosis of NASH from 1999-2019. We included 
patients with the diagnosis of acute MI from 2018-2019. Comorbidities known to 
be associated with NASH and MI such as obesity, diabetes mellitus, 
hyperlipidemia, smoking, male gender, and hypertension were collected. 
Univariable and multivariable analyses were performed to investigate whether 
NASH is independently associated with the risk of MI.
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RESULTS 
Out of 55099280 patients, 43170 were diagnosed with NASH (0.08%) and 107000 
(0.194%) had a MI within 2018-2019. After adjusting for traditional risk factors, 
NASH conferred greater odds of MI odds ratio (OR) 1.5 [95% confidence interval 
(CI): 1.40-1.62]. Hyperlipidemia had the strongest association with MI OR 8.39 
(95%CI: 8.21-8.58) followed by hypertension OR 3.11 (95%CI: 3.05-3.17) and 
smoking OR 2.83 (95%CI: 2.79-2.87). NASH had a similar association with MI as 
the following traditional risk factors like age above 65 years OR 1.47 (95%CI: 1.45-
1.49), male gender OR 1.53 (95%CI: 1.51-1.55) diabetes mellitus OR 1.89 (95%CI: 
1.86-1.91).

CONCLUSION 
MI appears to be a prevalent disease in NASH. Patients with NASH may need 
early identification and aggressive cardiovascular risk modification.

Key words: Non-alcoholic steatohepatitis; Myocardial infarction; Non-alcoholic fatty liver 
disease; Ischemic cardiovascular disease; United States population; Atherosclerosis

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Non-alcoholic steatohepatitis (NASH) is a severe subtype of nonalcoholic fatty 
liver disease. The progression of non-alcoholic fatty liver disease is mirrored by activation 
of hepatic and systemic inflammatory cascades that maybe implicated in the pathogenesis 
of cardiovascular disease. Using a large electronic medical record database, we performed 
a national-based population study to investigate the association between NASH and 
myocardial infarction (MI). In this large cohort study, NASH was associated with 
increased risk of MI independent of traditional risk factors. Close follow up and aggressive 
risk modification maybe indicated to prevent major cardiovascular events in patients with 
NASH.

Citation: Ghoneim S, Dhorepatil A, Shah AR, Ram G, Ahmad S, Kim C, Asaad I. Non-
alcoholic steatohepatitis and the risk of myocardial infarction: A population-based national 
study. World J Hepatol 2020; 12(7): 378-388
URL: https://www.wjgnet.com/1948-5182/full/v12/i7/378.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i7.378

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is the hepatic manifestation of metabolic 
syndrome (MetS) defined by the presence of central obesity, insulin resistance and 
dyslipidemia[1-3]. The severity of NAFLD ranges from simple steatosis to non-alcoholic 
steatohepatitis (NASH), liver fibrosis progressing to cirrhosis and hepatocellular 
carcinoma[1,2]. Non-alcoholic liver disease is a world-wide chronic disease and the most 
common liver disorder in North America[2-5]. The prevalence of NAFLD in the United 
States is reported to be 10%-46% with approximately 7%-30% meeting the criteria of 
NASH[6].

NAFLD is not only associated with increased liver-related morbidity and mortality, 
it is also associated with increased risk of mortality due to cardiovascular disease 
(CVD)[7-9]. The distillation of NAFLD as an independent risk factor for CVD is impeded 
by overlap with established risk factors for CVD that are also risk factors for NAFLD. 
Even in the absence of cardiovascular mortality, CVD is highly prevalent in patients 
with NAFLD[7-9]. There is convincing data supporting the association of NAFLD with 
subclinical atherosclerosis, carotid arthrosclerosis and venous thromboembolic 
events[10-13]. The severity of coronary artery disease is also higher in patients with 
NAFLD diagnosed by coronary angiography[14]. Several mechanisms have been 
proposed by which NAFLD may give rise to CVD. Endothelial damage is considered 
the first step in atherosclerosis. Intrahepatic and systemic endothelial damage have 
been noted in NAFLD and are more pronounced in NASH[15]. Second, inflammation 
fuels CVD and promotes endothelial damage, by altering vascular tone and enhancing 
platelet dysfunction[16]. Circulating proinflammatory cytokines are increased in 
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NAFLD and are highly expressed in NASH[17]. Moreover, the liver plays a key role in 
whole body lipid metabolism. Serum lipid profiles mirror disease severity and are 
significantly higher in NASH[17]. Furthermore disturbances in haemostasis are seen in 
NAFLD and correlate with disease severity[18]. Nonetheless, the role of NAFLD as an 
independent cardiovascular risk is still debatable with research yielding contradictory 
results. In one meta-analysis that included 34043 subjects, NALFD was associated with 
increased overall mortality deriving from liver-related and CVD odds ratio (OR) 1.57 
[95% confidence interval (CI): 1.18-2.10)[19]. In a prospective study, Baratta et al[20] 
reported NAFLD to have more than a 2-fold risk increase and those with fibrosis had a 
fourfold increase in cardiovascular events defined as fatal or nonfatal ischemic stroke 
or myocardial infarction (MI).

Other studies have failed to confirm this association[7,8]. This data however should be 
interpreted with caution because of methodological issues. To illustrate, the diagnosis 
of NAFLD relied on ultrasound imaging or biochemical testing both of which correlate 
poorly with histological findings. Furthermore, the degree of disease severity was not 
stratified in any of these studies. As we highlighted above, the progression of NAFLD 
is mirrored by increased activation of bidirectional pathways that maybe involved in 
ischemic CVD. Whether NASH is associated with an increased risk of MI in the United 
States population remains unclear. Given the lack of consensus on this important 
issue, and the ambiguity of data around this question, the aim of this study is to 
investigate the association between NASH and MI in United States population.

MATERIALS AND METHODS
Study design
This is a retrospective analysis of a large electronic health record (EHR)-based 
commercial database called Explorys (IBM). Explorys platform assimilates patient 
information from 26 major healthcare systems spread over 50 states in the United 
States. It stores over 60 million unique patient records[20]. Patient information is then 
de-identified, standardized and stored in a cloud database[20,21]. The Explorys platform 
uses SNOMED CT for medical diagnoses and procedures. For diagnoses, International 
Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) codes are 
mapped into the SNOMED-CT hierarchy[20]. Cohorts can further be refined 
demographically and comorbid diseases can be extracted[20,21]. The use of Explorys has 
been validated in multiple fields including Cardiology and Gastroenterology[20]. This 
platform is Health Insurance Portability and Accountability Act and Health 
Information Technology for Economic and Clinical Health Act compliant[20]. The Case 
Western Reserve University/Metrohealth Medical Center Institutional Review Board 
deemed studies using Explorys, as the dataset of record, as exempt from approval 
because all patient information is de-identified. Explorys protects patient 
confidentiality by approximating each population count to 10. All counts between 0 
and 10 are treated equally. For the purpose of this study, counts between 0 and 10 
were approximated to be five[21].

Patient selection
Subjects with active electronic health records since 1999 were identified using the 
search tool in Explorys. Using the SNOMED-CT diagnosis “Non-alcoholic 
steatohepatitis”, we identified patients who were diagnosed with NASH between 
1999-2019. Patients with the diagnosis of “fatty liver disease”, “alcoholic hepatitis” and 
“alcoholic fatty liver disease” were excluded. Patients with MI were identified as those 
with the following SNOMED-CT diagnosis “Acute myocardial infarction”. To 
establish a temporal relationship with NASH, only those with the diagnosis of acute 
MI within the last year of the study, 2018-2019, were included. Controls were 
identified as those patients without the diagnosis of NASH. For our analysis we 
identified cohorts of patients with NASH, with and without MI. It was not possible to 
perform propensity-score matching because this database only provides population-
level data and not individual cases.

Covariates
The following characteristics were collected: demographic factors such as age, sex, and 
comorbidities, known to be associated with NASH and MI (hyperlipidemia, 
hypertension, obesity, diabetes mellitus, smoking age and gender), by searching the 
database for their respective SNOMED-CT terms.



Ghoneim S et al. NASH and MI risk

WJH https://www.wjgnet.com 381 July 27, 2020 Volume 12 Issue 7

Statistical analysis
To assess the association between MI with risk factors we divided the whole cohort of 
patients into MI and Non-MI patients. The prevalence of MI was calculated by 
dividing the number of patients with MI in each risk group (NASH, hypertension, 
diabetes mellitus, obesity, hyperlipidemia, age, gender and smoking). Frequency and 
percentages were used for statistical description of categorical variables and compared 
using the Pearson χ2 test. ORs are presented with 95%CIs. Univariate binary logistic 
model was constructed using MI as dependent variable and other variables as 
independent variables. To adjust for possible confounding, a multivariable model 
adjusting for all covariates mentioned in univariate variables were added to test the 
main effect. Analyses were performed using R version 3.6.1 (The R Foundation, 
Vienna, Austria). Independence among covariate risk factors was assessed using the 
variance inflating factor (VIF) with cut-off of significant collinearity set at VIF > 1.5. 
“Goodness-of-fit” was assessed for all regression models using the Hosmer-Lemeshow 
test, with P > 0.05 indicating good fit. Two-sided P values were used and were 
considered statistically significant if P < 0.05.

RESULTS
Out of 55099280 patients, 43170 patients were diagnosed with NASH (0.08%) and 
107000 (0.194%) had acute MI within 2018-2019. Baseline characteristics of subjects 
included in this study are displayed in Table 1.

The prevalence of MI in subjects with NASH was 10.24% and 0.18% in the non-
NASH group. In overall unadjusted analysis, the unadjusted OR for MI in patients 
with NASH was 10.66 (95%CI: 9.58-10.94). Hyperlipidemia was strongly associated 
with increased risk of MI OR 40.13 (95%CI: 39.47-40.79), followed by hypertension OR 
27.43 (95%CI: 27.00-7.86) and the male gender OR 17.61 (95%CI: 17.41-17.81). Diabetes, 
obesity, smoking and age above 65 years had slightly lower association with MI than 
NASH OR 12.57 (95%CI: 12.44–12.71), 8.19 (95%CI: 8.09-8.28), 6.71 (95%CI: 6.64-6.79) 
and 4.97 (95%CI: 4.92-5.03), respectively (Table 2).

Compared to the older NASH population, the younger NASH population had a 
higher relative risk of MI. The relative risk of MI decreased with older age [40-49 (10.1, 
P < 0.0001), 50-59 (7.7, P < 0.0001), 60-69 (5.5, P < 0.0001), 70-79 (5.2, P < 0.0001) and age 
above 80 years (5.1, P < 0.0001)] (Figure 1).

Gender differences in NASH contributed to the disparities observed in the relative 
risk of MI among each age group. Within the 40-49 years group, females had a higher 
risk of MI compared to their male counterparts (15.8 vs 6.3, P < 0.0001).

Compared to the younger NASH females, the older group had a lower relative risk 
of MI; while males with NASH maintained a relatively more stable relative risk of MI 
throughout their lifetime [age 50-59 (11.6 vs 5.4, P < 0.0001); age 60-69 (7.1 vs 4.8, P < 
0.0001); age 70-79 (5.1 vs 5.7, P < 0.0001)] (Figure 2).

The absolute risk of MI was also higher in subjects with NASH than non-NASH and 
increased with age [40-49 (0.74 vs 0.07), 50-59 (1.4 vs 0.2), 60-69 (1.8 vs 0.3), age 70-79 
(2.4 vs 0.5), and above 80 years (1.9 vs 0.4)] (Figure 1).

After adjusting for age, gender, smoking, hyperlipidemia, hypertension, diabetes 
and smoking, the diagnosis of NASH had a significant association with MI OR 1.5 
(95%CI: 1.40-1.62) (Table 3).

Hyperlipidemia had the strongest association with MI OR 8.39 (95%CI: 8.21-8.58) 
followed by hypertension OR 3.11 [95%CI: 3.05-3.17), and smoking OR 2.83 [95%CI: 
2.79-2.87) (Figure 3). NASH had comparable association with MI when compared to 
traditional risk factors such as age above 65 OR 1.47 (95%CI: 1.45-1.49), male gender 
OR 1.53 (95%CI: 1.51-1.55) and diabetes mellitus OR 1.89 (95%CI: 1.86-1.91) (Table 3).

DISCUSSION
There is increasing evidence suggesting the relationship between NAFLD and CVD 
extends beyond risk factors common to both chronic conditions[22,23]. A number of 
population studies have also confirmed this association and have suggested that 
individuals with NAFLD should be screened for CVD. Other studies have shown that 
CVD risk increases with the severity of NAFLD[24,25]. Our study used a large 
population-based database to evaluate the relationship between NASH and MI in the 
United States. We included over 55 million patients in our study, of which 43170 were 
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Table 1 Baseline characteristics of subjects with co-morbidities included in this study

Total cohort Proportion (%) NASH cohort Proportion (%)

Total cohort 55099280 43170

Male gender 24569555 45 17380 40

Age above 65 yr 15333620 28 17020 39

Essential hypertension 11043970 20 32040 74

Hyperlipidemia 9539460 17 31030 72

Smoking 4993910 9 9920 23

Diabetes mellitus 4785840 9 24640 57

Obesity 4226640 8 25570 59

NASH: Non-alcoholic steatohepatitis.

Table 2 Unadjusted odds ratio of having an associated diagnosis of myocardial infarction based on subjects’ co-morbidities

Odds ratio 95%CIb

Hyperlipidemia 40.13 39.47-40.79

Essential hypertension 27.43 27.00-7.86

Male gender 17.61 17.41-17.81

Diabetes mellitus 12.57 12.44–12.71

NASH 10.66 9.58-10.94

Obesity 8.19 8.09-8.28

Smoking 6.71 6.64-6.79

Age above 65 yr 4.97 4.92-5.03

bP < 0.01 unless otherwise stated. NASH: Non-alcoholic steatohepatitis; CI: Confidence interval.

Table 3 Adjusted odds ratio for acute myocardial infarction based on subject co-morbidities

Odds ratio 95%CIb

Hyperlipidemia 8.39 8.21-8.58

Hypertension 3.11 3.05-3.17

Smoking 2.83 2.79-2.87

Diabetes mellitus 1.89 1.86-1.91

Obesity 1.78 1.75-1.80

Male 1.53 1.51-1.55

NASH 1.5 1.40-1.62

Age above 65 yr 1.47 1.45-1.49

bP < 0.01 unless otherwise stated. NASH: Non-alcoholic steatohepatitis; CI: Confidence interval.

diagnosed with NASH and 107000 had an acute MI within 2018-2019.
The main findings of our study are: (1) NASH is associated with MI independent of 

traditional risk factors; (2) Compared to the older NASH population, younger patients 
were more likely to have a higher relative risk of MI; and (3) MI is a prevalent outcome 
among patients with NASH.

Although an association between ischemic heart disease and NAFLD has been 
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Figure 1  The relative and absolute risk of acute myocardial infarction in the study population. The relative risk of myocardial infarction is higher in 
the younger patient group compared to the older population. The absolute risk of myocardial infarction however increases with aging. RR: Relative risk; NASH: Non-
alcoholic steatohepatitis.

Figure 2  Gender based differences in relative risk of acute myocardial infarction in patients with non-alcoholic steatohepatitis. Female 
patients had higher relative risk of myocardial infarction compared to their male counterparts in almost all age groups.

suggested, the strength of this relationship remains controversial. In this study, NASH 
was independently associated with MI OR 1.5 (95%CI: 1.40-1.62) after adjusting for 
classically known risk factors for the latter. Our study is in line with other studies that 
have shown an association between NASH or NAFLD and ischemic heart disease[19,20].

At the pathophysiological level, this observation could be explained by several 
mechanisms. First, NASH is considered a more severe manifestation of NAFLD with 
augmented hepatic steatosis and aberrant intrahepatic inflammation[26]. Oxidative 
stress is thought to be the driving force of NASH propagating intra-hepatic 
proinflammatory cascades[13,27-30]. Free fatty acids themselves contribute to 
inflammatory mechanisms when they undergo esterification[31]. The liver is an 
important immune tissue containing the largest number of macrophages and other 
immune cells[32]. Hence, diseased liver will drain an increasing number of cytokines 
into systemic circulation and promote extrahepatic inflammation. Systemic cytokines 
and inflammatory markers are also associated with secondary cardiovascular 
effects[29,30]. Chronic inflammatory diseases such as rheumatoid arthritis and systemic 
lupus erythematosus have been associated with higher risks of atherosclerotic diseases 
and arterial thromboembolic events including MI[33,34]. A procoagulant imbalance exists 
and is worse in NASH[18]. Since NASH is a severe inflammatory subtype of NAFLD we 
hypothesize that NASH is an independent risk factor MI. Previous cross-sectional 
studies have grouped NASH and NAFLD as a single disease entity. We believe by 
doing so, the authors might have created a null effect and subsequently contributed to 
the heterogeneity in outcomes reported. Hence, further methodologically stringent 
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Figure 3  Forest plot showing adjusted odds ratio of having myocardial infarction. The dots represent the odds ratio and the horizontal line 
represents the 95% confidence interval.

studies with long-term follow up are needed to gain mechanistic insight into the 
pathology of NASH-MI axis.

NAFLD is part of a systemic disease with complex multidirectional relationships 
between MetS and CVD. The liver plays a crucial role in lipid and glucose metabolism. 
Even though dyslipidemia is an independent risk factor for CVD, abnormal lipid 
profiles are seen in NAFLD and are more deranged with increased histological 
inflammation[17]. A stepwise increase in lipid ratios correlates with histological severity 
of liver injury and is associated with increased risk of CVD and an atherogenic lipid 
profile[17]. Insulin resistance and alterations in lipid metabolism might also precede the 
development of hyperlipidemia and diabetes mellitus both of which are associated 
with increased risk of ischemic heart disease[11]. In our study, NASH was significantly 
associated with MI when these variables were partially controlled. Even though we 
observed an independent association between NASH and MI, to completely control 
these variables would blunt the contribution NASH might have on ischemic heart 
disease[19,20].

The prevalence of NASH is reported to be the greatest among subjects between the 
ages of 40-49 years[35]. It is conceivable to say that the presence of NASH in the younger 
population might increase their relative risk of MI compared to those without NASH 
(Figure 1). In our study the relative risk of MI was highest in the younger NASH 
population, suggesting increased inflammation and more aggressive disease in the 
younger group. Although age correlates with the duration of NAFLD, advanced 
disease may not be attributed to age alone. Furthermore, with aging, the non-NASH 
group might have accumulated traditional factors that may have reduced the relative 
contribution of inflammation on arthrosclerosis. Hence the contribution of NASH 
towards the total burden of cardiovascular risk maybe reduced with advancing age. 
This being said, we were not able to control for the duration or the severity of disease 
as this was an observational study. Nonetheless, we observed a step wise increase in 
the absolute risk of MI in both cohorts with increasing age (Figure 1).

There is increasing evidence that menopause is associated with the progression of 
NAFLD[36]. Although more data is needed, this is likely due the loss of estrogen’s 
hepato-protective role post menopause. In the current study, premenopausal females 
with NASH had a higher relative risk of MI compared to post-menopausal females 
(Figure 2). Our findings maybe partially explained by the lower CVD risk profile at 
baseline of the younger NASH females compared to their older counterparts. This 
supports the growing body of evidence suggesting a pathological association between 
inflammation and ischemic heart disease at least in the younger patient group[13,26-30].

Across almost all age groups, the risk of MI was higher in females compared to their 
male counterparts. The relative risk of MI in females with NASH decreased with 
increasing age, while males maintained a relatively more stable relative risk of MI 
throughout their lifetime (Figure 2). Current data suggests young women with MI are 
more likely than their male counterparts to have comorbidities[37]. Additionally, 
although the risk of MI on average is higher in men than women, the presence of 
comorbidities has been shown to confer an excess greater risk of MI in women than 
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men and this risk doesn’t attenuate with age[37]. However given that data on time 
trends in risk factors was not available in Explorys, we do not know whether there 
were sex-related differences in risk factor levels and risk factor control before MI and 
our findings indicate further studies are needed to investigate the phenomenon 
reported in the current study.

An important strength of our study is that we used a large national database and 
reported data on over 55 million active adult subjects. We also provided 
comprehensive epidemiological information on the risk of MI in patients with NASH 
based on classical risk factors for both entities. Our results are therefore consistent 
with established data suggesting that NASH might be significantly associated with 
acute CVD events such as MI.

There are several limitations to this study that should be addressed. Observational 
studies preclude us from addressing causality. Due to the design of Explorys, we 
could not establish temporal relationships between the duration of NASH, severity of 
the disease and impact of interventions on the risk of cardiovascular events in our 
cohort. Second, the prevalence and natural disease progression of NAFLD is difficult 
to estimate as accurate diagnosis requires tissue analysis. The prevalence of NASH is 
estimated to be between 1.5%-6.45% based on a few biopsy series[38]. As this is a 
retrospective study reliant on diagnosed SNOMED-CT codes, it is impossible to verify 
the accuracy of diagnoses and it is prone to coding errors. The reported prevalence of 
NASH in our study was 0.08%. We excluded those with the diagnosis of fatty liver 
disease in an attempt to increase accuracy in our reporting; as the latter may be caused 
by drugs, viruses or alcohol. But even though the NASH population was 
underrepresented in the current study, MI was significantly associated with this 
disease entity.

An important limitation of our study is the validity of diagnosis of acute MI. We 
were unable to differentiate between MI secondary to coronary artery disease and MI 
resulting from demand-related events (Type II MI). Validation was also not possible as 
patient information in this platform is de-identified. Further, direct temporal 
relationships between NASH and MI cannot be defined due to the inherent design of 
Explorys. We acknowledged this limitation and included only those with a diagnosis 
of acute MI within the last year of the study to circumvent this issue. However, using a 
large national population-based sample allows for the ability to generalize our results 
to the United States population and offset these limitations.

In our large United States-based cohort study, we found acute MI to be a prevalent 
diagnosis among patients with NASH. Although our findings need to be further 
confirmed by prospective studies, we propose that patients with NAFLD at risk of 
NASH, should be identified early and screened for associated cardiovascular risk 
factors. Current AASLD-AGA guidelines recommend modification of CVD risk factors 
in patients with NAFLD[39]. Whereas, the European association for the study of liver 
view CVD as an extra-hepatic manifestation of NAFLD[40]. As we have mentioned 
above, severe inflammation, as seen in patients with NASH, is associated with 
accelerated atherosclerosis. A major problem that hampers screening for CVD in this 
subgroup is the unawareness of health care providers of the relevance of this disease, 
and as a consequence, NASH is under diagnosed in the general population. Even in 
our study, out of 55 million patients, only 43170 (0.08%) of patients had an ICD-coded 
diagnosis of NASH, despite a reported prevalence of NAFLD as high as 24%[35].

In conclusion, there is a significant relationship between NASH and acute MI. The 
use of already existing non-invasive scoring systems to stratify disease severity in 
NAFLD can overcome the need for liver biopsy and allow for early detection and 
aggressive risk factor modification.

ARTICLE HIGHLIGHTS
Research background
Non-alcoholic fatty liver disease (NAFLD) is the most common chronic liver disease in 
the United States. The severity of NAFLD ranges from simple steatosis to non-
alcoholic steatohepatitis which can progress to fibrosis, cirrhosis and hepatocellular 
carcinoma. Recent evidence suggests that the diagnosis of NAFLD may be associated 
with an increased risk of cardiovascular disease (CVD) independent of traditional risk 
factors. We believe that patients with non-alcoholic steatohepatitis (NASH) are at a 
higher risk of serious cardiovascular events such as myocardial infarction (MI).
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Research motivation
There is an overlap between the risk factors that give rise to NAFLD and CVD. NASH 
remains underdiagnosed in the general population as tissue analysis is needed for 
accurate diagnosis. It is a more severe subtype of NAFLD associated with hepatic and 
systemic inflammation. Inflammation is implicated in the pathogenesis of 
atherosclerosis. Whether NASH is associated with serious cardiovascular events such 
as MI has major economic and public health implications.

Research objectives
The aim of this study was to assess the prevalence of acute MI among patients with 
NASH and to investigate the contribution of age and gender on the relative risk of MI 
in a large cohort of subjects in the United States.

Research methods
This was a large retrospective study that included over 50 million patients from over 
50 states in the United States. Patients diagnosed with NASH between 1999-2019 and 
those with acute MI within 2018-2019 were identified. Traditional risk factors 
associated with both diseases were also collected. Univariable and multivariable 
analyses were performed to assess the association between NASH and MI.

Research results
After adjusting for traditional risk factors, there was an independent associated 
between NASH and MI (1.5, 95%CI: 1.40-1.62, P < 0.0001). The relative risk of MI in 
patients with NASH appeared to be the highest in the younger patient population (< 
49 years old, RR 10.1, P < 0.0001) suggesting inflammation might be the driving force 
for this observation. Women with NASH had a higher relative risk of MI compared to 
their male counterparts (15.8 vs 11.6, P < 0.0001, respectively). Overall, the absolute 
risk of MI was higher in the older population.

Research conclusions
Acute MI is a prevalent diagnosis among patients with NASH. According to our 
dataset, NASH continues to be underdiagnosed in the United States population. 
Systemic inflammatory cascades are exaggerated in NASH and might be implicated in 
the pathogenesis of arthrosclerosis. Identification of NAFLD patients at high risk of 
NASH might allow for primary prevention and aggressive cardiovascular risk 
modification.

Research perspectives
Performing large scale prospective studies with long-term follow-up are needed to 
gain mechanistic insight into the pathology of NASH-MI axis.
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