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Introduction and objectives: Non-alcoholic steatohepatitis (NASH) is a severe form of non-alcoholic fatty liver
disease (NAFLD) that can progress to liver cirrhosis, liver failure and hepatocellular carcinoma. It is the sec-
ond leading cause of liver transplant in the US. We aim to investigate the prevalence, demographics and risk
factors NASH patients in the US.
Patients and methods: We used a large database (Explorys IBM) that aggregates electronic health records from
26 nationwide healthcare systems. We identified adults with NASH between 2010-2020. Demographics
including age, gender and race were collected. NASH risk factors including Diabetes Millets (DM), Hyperlipid-
emia (HLD), Hypertension (HTN) and Obesity were also collected. Cochran-Armitage test was used to assess
the statistical significance of year-by-year trend. Univariable and multivariable logistic regression were used
to estimate the odds ratio (OR) of risk factors.
Results: NASH annual prevalence rate increased from 1.51% in 2010 to 2.79% in 2020 (p < 0.0001). The propor-
tion of patients with NASH by gender was 54.1% female vs 45.9% male (OR 1.04 [0.91-1.11]). Caucasian had
higher odds of NASH than non-Caucasian (OR 1.42 [1.31-1.54]). NASH is strongly associated with DM and obesity
(OR 18.61 [17.35-19.94]) and (OR 20.97 [17.87-23.21]), respectively. Other components of metabolic syndrome
were associated with NASH to a lesser degree; HTN (OR 3.24 [3.20-3.28]) and HLD (OR 4.93 [4.85-4.01]).
Conclusion: The prevalence of NASH has significantly increased in the US in the last decade. This is likely
related to the increased prevalence of risk factors as well as increased awareness of the disease.

© 2022 Fundacién Clinica Médica Sur, A.C. Published by Elsevier Espafia, S.L.U. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

Non-Alcoholic Fatty Liver Disease (NAFLD) is characterized histo-
logically into Non-Alcoholic Fatty Liver (NAFL) and Non-Alcoholic
Steatohepatitis (NASH). NASH patients are at an increased risk of
advanced fibrosis and cirrhosis [1]. It is the second leading etiology of
liver disease among adults awaiting liver transplantation in the
United States [2,3]. Moreover, NASH imposes a significant economic

Abbreviations: NASH, Non-alcoholic Steatohepatitis; NAFLD, Non-alcoholic fatty liver
disease; NAFL, Non-alcoholic fatty liver; MAFLD, Metabolic dysfunction-associated
fatty liver disease; OR, Odds ratio; Cl, Confidence interval; DM, Diabetes Millets; HLD,
Hyperlipidemia; HTN, Hypertension; BMI, Body mass index; EHR, Electronic health
record; AASLD, American association for the study of liver disease; MRE, Magnetic Res-
onance Elastography; FIB-4, fibrosis-4 index; SNOMED-CT, systemized nomenclature
of clinical medical terms; ICD, International Classification of Disease; HIPPA, Health
Insurance Portability and Accountability Act; HITECH, Health Information Technology
for Economic and Clinical Health Act; NFS, the NAFLD fibrosis score; FDA, US Food and
Drug Administration; AAFP, American Academy of Family Physicians
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burden in the US. In 2017, the lifetime costs of NASH patients in the
US were estimated at $222.6 billion, and the cost of the advanced
NASH population is estimated at $95.4 billion [4]. The gold standard
for the diagnosis of NASH remains a liver biopsy. NASH is defined as
the presence of >4% hepatic steatosis and inflammation with hepato-
cyte injury (ballooning), with or without fibrosis [5]. Some studies
have indirectly assessed the prevalence of NASH. The prevalence of
NASH among NAFLD patients who underwent a random liver biopsy
was 6.67%. The prevalence of NASH among NAFLD patients with a
clinical indication for a liver biopsy was 59.10%. Given these esti-
mates, the average prevalence of NASH was estimated to be between
1.5% and 6.45% [6].

Since liver biopsy is not feasible in the general population, there
are no studies that can accurately assess the incidence or prevalence
of NASH.

Concomitant metabolic syndrome further increases the risk of
steatohepatitis and fibrosis. To underscore the impact of metabolic
syndrome, more recently, a consensus of international experts pro-
posed changing the name of NAFLD to metabolic (dysfunction)-
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associated fatty liver disease (MAFLD) [7]. However, the use of the
term MAFLD would not include the NASH population, who are at the
highest risk of progression. While no medications are currently
approved to treat NAFLD, once NASH is diagnosed, the American
Association for Study of Liver Diseases (AASLD) updated guidelines
recommend treatment with vitamin E for patients without diabetes
mellitus and pioglitazone in patients with NASH and diabetes [8].
Therefore, it is essential to determine the prevalence of NASH in the
general population and evaluate its association with metabolic syn-
drome.

Previously, since imaging modalities were not yet readily avail-
able in the United States, the NAFLD Fibrosis score was the only tool
to assess fibrosis. However, ultrasound-based elastography, magnetic
resonance elastography, and the fibrosis-4 score are other screening
tools now available for fibrosis staging. Currently, all major interna-
tional societies recommend against systematic screening in the gen-
eral population [1,9-11]. ([1], European Association for the Study of
the Liver [9] 2016 Jun, [10,11]) In our study, we aim to assess the
prevalence of NASH over the last decade in a large cohort of patients
derived from multiple institutions in the United States. We also aim
to quantify the association between metabolic risk factors and NASH
to guide fibrosis screening efforts in high-risk NAFLD patients.

2. Materials and methods
2.1. Study design

This is a retrospective analysis of a large electronic health record
(EHR)-based commercial database called Explorys (IBM). Explorys
platform aggregates electronic health records from 26 nationwide
major healthcare systems spread over 50 states in the US. It stores
over 60 million unique patient records. Patient information is then
de-identified, standardized, and stored in a cloud database [12]. The
Explorys platform uses systemized nomenclature of clinical medical
terms (SNOMED-CT) for medical terms, diagnoses, and procedures.
For diagnoses, International Classification of Disease, Tenth Revision,
Clinical Modification (ICD-10-CM) codes are mapped into the
SNOMED-CT hierarchy [12]. This platform is Health Insurance Porta-
bility and Accountability Act (HIPAA) and Health Information Tech-
nology for Economic and Clinical Health Act (HITECH) compliant. The
Cleveland Clinic Institutional Review Board deemed studies using
Explorys as the recorded dataset, exempt from approval because all
patient information is de-identified. Explorys protects patient confi-
dentiality by approximating each population count to 10. All counts
between 0 and 10 are treated equally.

2.2. Patient selection

Adult subjects (age above 18 years) 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 diagnosed with NASH each year between 2010
and 2020. Patients with the diagnosis of “fatty liver disease,” “alco-
holic hepatitis,” and “alcoholic fatty liver disease” were excluded. We
collected cross-sectional information on patient demographics such
as gender, race, and comorbidities known to be associated with
NASH, such as hypertension (HTN), diabetes (DM), obesity (defined
as BMI >30), and hyperlipidemia (HLD) by searching the database for
their respective SNOMED-CT terms.

2.3. Statistical analysis

The prevalence is calculated on a year-by-year basis by determin-
ing the proportion of patients with NASH in their respective years. To
assess the statistical significance of the year-by-year trend, we used
the Cochran-Armitage test. Categorical variables were presented as
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numbers and percentages and were compared using the Pearson x2
test. Odds ratios are presented with 95% confidence intervals (CI). A
univariate binary logistic model was constructed using NASH as the
dependent variable and other variables as independent variables. A
multivariable model adjusting for all covariates mentioned in univar-
iate variables was added to adjust for possible confounding. All statis-
tical analysis was done using R version 3.6.3 (The R Foundation).
Significance was defined as the 2-tailed value of P < 0.05.

2.4. Regulatory approvals

This study was exempt from approval by the Cleveland Clinic
Institutional Review Board as the dataset obtained from the Explorys
platform is de-identified.

3. Results

The total population in the Explorys cohort is determined each
year between 2010 and 2020. It has increased from around 10 million
in 2010 to about 62 million in 2020, representing a growing number
of health centers using electronic medical records databases incorpo-
rated into Explorys universal database. The number of patients diag-
nosed with NASH increased from 151,200 in 2010 to 1,867,000 in
2020. Table 1 summarizes the demographic characteristics of the
cohort and NASH risk factors.

The annual prevalence rate has significantly increased from 1.51%
in 2010 to 2.79% in 2020 (chi-square statistic 441441.19, P-value <
0.0001) (Figure 1). The proportion of patients with NASH by gender
was consistent during this time period; approximately 54.1% Female
vs 45.9% Male. Using Multivariable logistic regression model, this dif-
ference was not found statistically significant (OR 1.04 [0.91-1.11])
Table 2. Caucasian were found to have higher odds of having NASH in
comparison with non-Caucasian (OR 1.42 [1.31-1.54]) Table 2. Look-
ing at risk factors of NASH, as expected, NASH is strongly associated
with DM and Obesity (OR 18.61 [17.35-19.94]) and (OR 20.97 [17.87-
23.21]) respectively. Other individual components of metabolic syn-
drome were associated with NASH to a lesser degree; HTN (OR 3.24
[3.20-3.28]) and HLD (OR 4.93 [4.85-4.01]).

4. Discussion

In this retrospective study, utilizing an extensive database of mul-
tiple institutions, we found the prevalence of NASH steadily rising
from 1.51% to 2.79% of the population aged 20-80 years between
2010 and 2020. This finding concurs with Neuschwander-Tetri et al.
in his summary report of AASLD single topic conference, estimating
that 2-3% of adults in the US meet diagnostic criteria for NASH [13].
Considerable variations were observed in the prevalence of NASH by
sex and by race/ethnicity, with men and Caucasians being dispropor-
tionally affected. We also found solid independent associations
between diabetes mellitus, hyperlipidemia, hypertension, and obe-
sity with NASH.

The exponential increase in the global obesity pandemic has made
NASH the leading cause of cirrhosis and is on a trajectory to becoming
the leading indication for liver transplantation. [14,15] The largest
study using ultrasound paired with hepatic histology evaluating
asymptomatic middle-aged patients revealed NASH's 12.2% preva-
lence rate [16]. On autopsy studies, steatohepatitis was found in
18.5% of markedly obese but only 2.7% of lean persons [17]. High rates
of NASH among obese patients were subsequently confirmed in a
study of patients undergoing bariatric surgery, where NASH fre-
quency was reported as high as 37%. [18] Obesity has been linked to
gut-derived endotoxin in humans [19,20]. The endotoxin causes
upregulation of inflammatory pathways by activating Kupffer cells
and releasing pro-inflammatory cytokines. Yang et al. showed that
steatosis is susceptible to endotoxin-induced hepatocyte damage and
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Table 1
Demographics and risk factors of NASH in United States 2010-2020
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
cases 151200 217200 328800 501200 674400 1056000 1847000 1879000 1913700 1978000 1867000
Total population 10,101,000 13,211,000 18,091,000 24,392,0000 33,002,000 44,210,000 60,140,000 60,350,000 61,101,000 61,230,000 62,030,000
Prevalence rate (%) 1.51 1.66 1.82 2.08 2.04 241 3.07 3.11 3.13 3.23 2.79
Age (%)
20-29 34 31 32 31 3.0 33 31 33 3.0 31 3.2
30-39 8.8 8.9 8.8 8.6 8.7 8.8 8.5 8.6 8.8 8.7 8.6
40-49 14.4 13.9 14.2 141 141 14.0 13.8 14.1 14.0 14.0 141
50-59 23.6 241 24.0 24.2 24.5 243 24.2 24.5 24.5 24.5 24.5
60-69 26.6 26.7 26.5 26.8 26.6 27.0 271 26.9 271 271 27.3
70-79 16.9 16.8 16.6 16.3 16.0 15.9 16.1 15.9 15.8 15.7 16.0
>80 6.0 6.1 6.1 5.9 6.0 5.8 5.9 6.0 5.7 5.8 5.6
Sex (%)
Female 53.9 53.8 54.0 54.1 54.3 54.4 543 54.2 54.2 54.1 54.0
Male 46.1 46.2 46.0 459 45.7 45.6 45.7 45.8 45.8 459 46.0
Risk factors (%)
Diabetes 67.2 67.9 65.6 66.3 66.5 67.2 67.0 67.3 66.9 66.9 67.1
HTN 422 45.1 442 45.0 449 44.8 449 44.7 45.0 45.0 45.1
Obesity 62.0 61.3 61.3 62.1 62.3 62.8 62.9 62.9 62.8 62.8 62.7
HLD 50.1 48.2 489 50.2 50.1 50.2 50.1 49.9 50.2 50.2 50.1
Race (%)
Caucasian 79.1 78.2 79.9 79.9 80.1 80.2 80.0 80.2 80.3 80.2 80.2
Hispanic 112 11.1 103 10.2 10.1 9.9 9.9 10.0 10.2 10.2 10.2
African American 8.7 8.6 7.9 8.1 8.2 83 8.2 8.2 8.0 8.1 8.1
Other 2.0 21 19 1.8 1.6 1.6 1.6 1.6 15 15 15

predisposes to NASH development [21]. Since prevalence of obesity
has been steadily increasing in the US over the last two decades, [22]
our study found a steadily increasing prevalence of NASH alongside.
After adjusting for covariates, we found very high association rates
between obesity and NASH (aOR 20.97).

NASH is often diagnosed in the middle age during the fourth to
sixth decades of life, although cases in the pediatric population are
also being reported with increasing frequency [23]. A meta-analysis
demonstrated a 7.6% pooled mean prevalence of pediatric Non-Alco-
holic Fatty Liver Disease (NAFLD) in the general population [24]. In
our study, more than 50% diagnosed with NASH were between 50-
70 years of age. NASH has also been reported to be more common in
men than women, with a late peak in disease prevalence reported in
post-menopausal women [25]. In our study, on multivariate analysis
after adjusting for all confounders, we did not find a significant differ-
ence in NASH prevalence in men compared with women. The Dallas
Heart Study reported that the Hispanic population had a higher prev-
alence of NAFLD (45%) compared with Caucasians (33%) and African-
Americans (24%). A systematic review and meta-analysis confirmed
the high prevalence of NAFLD among Hispanics [26]. The NASH Clini-
cal Research Network found that Hispanics with NASH were younger,
less active, and consumed a diet high in carbohydrates than Cauca-
sians [27]. On the contrary, we report a small but relatively higher
risk of NASH among Caucasians compared with other races. This is
likely due to the rapid increasingly rates of metabolic syndrome.
Since 1975, the rates of obesity have tripled. In 2016, 39% of adults in
the United States were overweight, and 13% were obese [28].

The prevalence of NASH in diabetes mellitus is 22%. Since NAFLD
is considered the hepatic manifestation of metabolic syndrome, the
subset of patients who meet the histopathologic criteria for NASH are
at the most significant risk for mortality and morbidity [29,30].
Hence, not surprisingly, we reported an 18-fold increased risk of
NASH in people with diabetes. Although insulin resistance and hyper-
insulinemia are pivotal to the development of steatosis, the consen-
sus is lacking on the subsequent pathogenesis that leads to
steatohepatitis and fibrosis. The excess and dysfunctional visceral
adipose tissue promotes insulin hypersecretion secondary to insulin
resistance. Adiponectin, an anti-inflammatory cytokine, is downregu-
lated in obesity, insulin resistance, diabetes mellitus, and metabolic

syndrome [31]. Consequently, higher leptin and lower adiponectin
levels are associated with NASH and fibrosis [32].

Free-fatty acids are hepatotoxic and are particularly harmful to
intracellular organelles. They promote activation of inflammatory
response causing NASH and, through activation of hepatic stellate
cells, promote fibrosis [33,34]. The hedgehog signaling pathway pro-
moting wound healing in the liver is activated in response to lipotox-
icity, promoting portal inflammation, hepatocellular ballooning, and
fibrosis [35]. We found an increased association of dyslipidemia in
patients with NASH (aOR 4.93).

Exploring the data in more depth, we found a disproportionate
increase in the prevalence of NASH in comparison to the studied risk
factors. This may reflect increased awareness of the hidden epidemic
of NAFLD (and its subtype NASH) as an important disease among Pri-
mary Care Physicians and Endocrinologists in high-risk individuals.
Moreover, evaluation of fatty liver disease became more accessible in
recent years. The gold standard diagnosis of NASH remains a liver
biopsy with strict pathologic criteria [1]. However, this is limited by
cost, procedure-related morbidity and mortality, and sampling error.
In the last decade, introduction of non-invasive tests including imag-
ing modalities like ultrasound-based transient elastography, and
Magnetic Resonance Elastography (MRE) as well as biochemical
markers-based predictive scoring panels like fibrosis-4 index (FIB-4)
and the NAFLD fibrosis score (NFS) have improved the diagnosing
strategy of NAFLD, and in extent, the appropriate referral for liver
biopsy.

Our study has limitations. The database used is an EMR-derived
data collection from select health care systems. As such it is vulnera-
ble to selection data and coding entry, missing data, and follow-up
limitations and biases. Validation of the SNOMED-CT diagnostic codes
was not possible because the patient information in the database was
de-identified. However, SNOMED-CT has more concepts coded per
clinical document than ICD-10, [36] making it more accurate in
enlisting relevant clinical information. Moreover, although Explorys
uses a master-patient identifier to match the same patient across dif-
ferent health care institutions and combine the data, [37] a few
patients may have received care in multiple institutions within
Explorys health care partners and thus could have been counted mul-
tiple times. However, this is countered by the fact that Explorys uses
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Figure 1. Scatter plot and trend line of the prevalence of NASH in US between 2010 and 2020.

Table 2

Multivariate analysis of NASH risk factors

Multivariable Model

OR (95% CI) in Overall
Study Population

1.42 (1.31-1.54)

Race Caucasian vs non-
Caucasian
Sex Male vs female

Hyperlipidemia
Hypertension
Obesity
Diabetes

Presence vs Absence
Presence vs absence
Presence vs Absence
Presence vs Absence

1.04(0.91-1.11)
493 (4.85-4.01)
3.24(3.20-3.28)
20.97 (17.87-23.21)
18.61(17.35-19.94)

OR: Odds ratio; CI: Confidence Interval

a robust patient matching algorithm [37], the effect of this error
might be minimal and might affect the study groups equally. In addi-
tion, due to ICD-10 limitations, Explory’s cannot confirm if the diag-
nosis of NASH was biopsy-proven or based on imaging studies.
Nevertheless, the driving strength of our study was the large popula-
tion size representing disease burden at multiple healthcare institu-
tions. The results are therefore generalizable to the population
nationwide.

5. Conclusion

In conclusion, in the past decade, the prevalence of NASH has
increased by almost 100%. NASH disproportionately affects Cauca-
sians, males, people aged 50-70, and individuals with diabetes, obe-
sity, dyslipidemia, and hypertension. The rising prevalence of
metabolic syndrome in the United States is expected to further con-
tribute to the burden of liver disease, notably NASH and its
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complications such as cirrhosis, hepatocellular carcinoma, and the
need for a liver transplant. Significant effort is needed to identify and
treat patients with metabolic syndrome early in the disease. For
patients with NAFLD, regular follow-up and multidisciplinary man-
agement of the disease can prevent further inflammation and irre-
versible fibrosis. Further research in developing tools to detect NASH
among the general population may be beneficial.
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