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2.1  Background

Nonalcoholic fatty liver disease (NAFLD) is rapidly becoming the most common 
cause of chronic liver disease and is now among the top causes of cirrhosis, hepato-
cellular carcinoma (HCC), and indications for liver transplantation in United States 
and probably the rest of the world [1, 2]. However, NAFLD is not a single disease 
but rather a spectrum of clinico-pathologic liver diseases that include nonalcoholic 
fatty liver (NAFL or simple steatosis), nonalcoholic steatohepatitis (NASH), cir-
rhosis, and its complications [3]. Furthermore, NAFLD is considered the hepatic 
manifestation of metabolic syndrome since most NAFLD patients have visceral 
adiposity, insulin resistance, and/or type 2 diabetes mellitus, hypertension, hyper-
cholesteremia, and hypertriglycemia. In fact, the more components of metabolic 
syndrome are present in patients with NAFLD, the higher the risk of advanced 
fibrosis and liver-related mortality [1–4].
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2.2  Global and Regional Prevalence of NAFLD and NASH

Currently, 25% of the world is thought to have NAFLD with the highest prevalence 
being reported from the Middle East and South America (31.79% and 30.45%, 
respectively) and the lowest from Africa (13.48%) [4]. The prevalence of NAFLD 
in North America, Europe, and Asia has been reported as 24.13%, 23.71%, and 
27.37%, respectively. Other histologic-based studies from Europe have suggested 
a NAFLD prevalence of approximately 20% while in Asia NAFLD prevalence is 
thought to range from 19 to 23% [3, 4].

Among patients with type 2 diabetes, the prevalence of NAFLD is higher at 
57.80% [5]. Furthermore, among the morbidly obese, NAFLD prevalence has been 
found to be 95% [6].

Since diagnosis of NASH is based on histology, true prevalence rates for NASH 
in the general population is not known. On the other hand, estimated prevalence 
rates for NASH in the general population is considered to range from 1.5 to 6.45% 
[4]. In contrast, the prevalence of NASH in patients with type 2 diabetes is higher. 
A recent meta-analysis suggested that the overall prevalence of NASH among biop-
sied diabetics is 65.26% with 15.05% of these patients having advanced fibrosis 
(fibrosis ≥ F3) [5]. Finally, the prevalence of NAFLD among very obese individuals 
undergoing bariatric surgery is over 95%, while 20–50% of them have NASH and 
about 10% have advanced fibrosis [6].

As the rates of obesity, type 2 diabetes mellitus, and insulin resistance increase 
among an aging population, so does the prevalence of NAFLD. Several recent 
global modeling analyses based on changes in adult obesity and DM in the United 
States have determined that the prevalence of NAFLD is set to grow exponen-
tially over the next decade [7–9]. Similar rates are being reported from other 
regions of the world. In Saudi Arabia, there is projected to be 12,534,000 NAFLD 
cases, while for the United Arab Emirates there are projected to be approximately 
372,000 cases [9]. As a result, the prevalent cases of compensated cirrhosis and 
advanced liver disease are projected to at least double by 2030, while an annual 
liver-related mortality is projected to be an annual 4800 deaths in Saudi Arabia and 
140 deaths in UAE [9]. When modeling NAFLD for Asia and Europe, research-
ers determined that dependent on the rate of increase for obesity and diabetes, 
there could be a 0–30% increase in total NAFLD cases between 2016 and 2030 
[8]. Due to urbanization, China is expected to experience the highest increase in 
NAFLD cases, incident cases of cirrhosis, decompensated cirrhosis, hepatocellu-
lar carcinoma, and death. Within the European countries, Germany is expected to 
experience the highest increase in NASH and HCC cases by 2030, while France 
is projected to have the most cases of compensated and decompensated cirrhosis 
by 2030 [8].
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2.3  Natural History of NAFLD

The data about the natural history studies of NAFLD comes from several lines of 
evidence. Initial studies were histologic cohorts from tertiary care centers with mor-
tality data [9–11]. Most of these studies and their meta-analytic summaries sug-
gested that patients with histologic NASH were predominantly progressive [12–14]. 
Subgroup analysis suggested that presence of type 2 diabetes and advanced histo-
logic fibrosis at baseline predicted mortality [15, 16]. The second line of evidence 
also comes from tertiary care centers where repeated liver biopsies were performed 
during clinical follow-ups [17, 18]. These studies also suggested that patients with 
NASH can show progression of fibrosis [17, 18]. Furthermore, they observed that 
some patients whose initial liver biopsies were not consistent with NASH also pro-
gressed [17, 18]. Furthermore, some patients showed regression of fibrosis regard-
less of the initial histology [1, 18]. The third line of evidence comes from placebo 
arms of clinical trials of NASH with sequential protocol biopsies [19]. These data 
provide a much more dynamic picture. In fact, some patients with NASH and fibro-
sis progress while others regress [19]. The exact reasons for these fluctuating pat-
terns of progression and regressions are not known. The latest evidence supporting 
the progressiveness of NAFLD is related to the observation that most patients with 
cryptogenic cirrhosis have the profile of patients with NASH and have a high recur-
rence of NASH post liver transplantation [20, 21]. Although this has created some 
controversy [22], a recent biopsy-based data confirmed that most of these patients 
do have the clinical profile of patients with NAFLD [23].

Although these data suggest that the exact course of a patient with NAFLD 
can vary and fluctuate, one can draw some generality about the natural history of 
NAFLD. In this context, the histologic subtype of NAFLD that can be classified 
as NASH is associated with highest risk for progressive liver disease [17, 18]. In 
fact, the risk becomes higher in those with significant hepatic fibrosis [12, 24–27]. 
In this context about 20–30% of patients with NAFLD will have NASH and of 
these 10–15% can progress to cirrhosis. As noted previously, those with increasing 
number of metabolic comorbidities, especially type 2 diabetes mellitus, are at the 
highest risk of progression [3, 5, 12, 26]. In contrast, those with early NASH and 
individuals with non-NASH NAFLD more commonly die of cardiovascular causes 
and possibly non-HCC cancers [12–15, 27, 28] (Fig. 2.1).

The time line of progression can vary due to underlying risk factors. In general, 
the average progression from one disease state to another can take up 7.7 years [26]. 
In studies using paired liver biopsies, researchers found that 30% of patients with 
NAFL and NASH had progressive fibrosis while 20% had NAFLD regression over 
2.2–13.8 years [27]. Nevertheless, some patients may experience faster progression 
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rates, especially those with visceral obesity, type 2 diabetes, older age, and pos-
sibly Hispanic ethnicity [17, 18, 28]. This last factor may be different based on the 
country of origin and may be affected by PNALP3 genetic predisposition [29, 30].

2.4  Hepatic Complications of NAFLD

Despite the complexity of the natural history of NAFLD, there is increasing evi-
dence that NAFLD is becoming the most common cause of liver disease [31]. 
Additionally, data from the United States indicates that NASH-related cirrhosis has 
doubled over a decade or so [32]. Furthermore, the risk of hepatocellular carcinoma 
(HCC) related to NAFLD in the United States has increased substantially. In fact, 
the incidence of HCC among NAFLD patients is estimated to be 0.44 per 1000 
person years [17, 18]. In addition, patients with NAFLD fibrosis stages 3 and 4 have 
almost a seven times higher risk of developing HCC compared to those without 
significant liver disease [17, 18, 26, 27, 33, 34]. It is interesting to note that pres-
ence of metabolic syndrome especially obesity and insulin resistance may hasten 
development of HCC [35–37].

Obviously, development of cirrhosis, its complications, and HCC lead to 
increased risk of liver-related mortality. Liver-specific mortality among those with 
NAFLD has also been reported to be 0.77 per 1000 person years [38, 39]. This 
rate is almost 10 times higher in patients who develop NASH with a reported rate 
of 11.77 per 1000 person years [38, 39]. Similarly, the overall mortality per 1000 
person years was reported to be 15.44 for those with NAFLD and 25.56 for those 
with NASH, whereas others have reported that patients with fibrosis stages 3 and 
4 had an overall mortality risk three times greater than those without liver disease 
[34, 38]. An important issue related to NASH-HCC was observed by Surveillance, 
Epidemiology, and End Results Database (SEERS) study which suggested that, 
although NAFLD was among the top three causes of HCC, those with NAFLD 
HCC incurred a higher mortality at 1 year post-diagnosis [35].
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Fig. 2.1 The natural history of NAFLD
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As noted previously, for the entire cohort of individuals with NAFLD, cardio-
vascular mortality remains the most common cause of death [40]. In this context, 
liver- related death is the third cause of death after cardiac and cancer-related deaths 
[9]. On the other hand, for patients with NASH and advanced fibrosis, liver-related 
mortality predominates [23]. Although NAFLD and cardiovascular diseases (CVD) 
share common comorbidities, the exact reason for high prevalence of CVD in 
NAFLD patients is not known. Some investigators believe that endothelial dysfunc-
tion in patients with NAFLD may be contributing to the increased risk of cardiovas-
cular mortality, but the exact mechanisms have not been clarified [40].

In addition to mortality, listing for liver transplantation is an important outcome 
for patients with liver disease. In this context, NAFLD/NASH is rapidly becoming 
a major indication for liver transplantation in the United States [2, 41]. A recent 
analysis of the United States Scientific Registry of Transplant Recipients (SRTR) 
from 2012 to 2016 found that NASH was the fastest increasing indication for liver 
transplantation among those listed positioning NASH to become the most common 
cause for liver transplantation in the near future [41]. Another analysis of SRTR 
suggests that NASH-related is the fasting growing indication for HCC listing for 
liver transplantation in the United States [1]. Given the lack of systematic screening 
or failure of screening for HCC in these individuals, it is possible that most cases of 
NASH-related HCC do not get listed for liver transplantation or die while waiting 
for an organ [42, 43].

2.5  Differences in Outcomes of Western NAFLD 
from Eastern NAFLD

Although most patients with NAFLD are obese, some are considered lean [44–50]. 
As previously noted, prevalence of lean NAFLD in the United States is about 7% 
[50]. In contrast, these rates are higher in some Asian countries. Using region- 
specific BMI thresholds, the prevalence of lean NAFLD has been reported to be 
20% in India, 15.2% in Japan, 15% in China, 12% in Greece, 12.6% South Korea, 
and Iceland [44–49].

Although lean NAFLD is metabolically less abnormal than obese and overweight 
NAFLD, they still have higher rates of insulin resistance and diabetes than lean con-
trols without NAFLD [50]. In a study of lean Korean NAFLD patients, there was 
an increased prevalence of hypertriglyceridemia, hyperuricemia, insulin resistance, 
and central obesity but a lower prevalence of diabetes, hypertension, hypertriglycer-
idemia, low-HDL cholesterol, central obesity, and metabolic syndrome than in other 
studies of lean NAFLD [48]. Others have found both lean and obese NAFLD have 
excess abdominal adipose tissue. On the other hand, the exact mechanism by which 
the genetic and environment factors influence progression of NAFLD lean indi-
viduals needs further study [51, 52]. Others have reported using data from a large 
multicenter, biopsy-proven cohort was that there was an increased overall mortality 
rate in lean patients compared to those that are overweight or obese with NAFLD 
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[53]. On the other hand, another study also using biopsy-proven NAFLD over a 
long-term follow-up of a median of 19.9 years (range 0.4–40 years) representing 
12,631 person years found that patients with lean NAFLD were at a higher risk for 
development of severe liver disease compared to patients with NAFLD and a higher 
BMI [54]. This finding is especially important as it has been recently found that it 
is the stage of fibrosis not the presence of NASH that predicts mortality and time to 
development of severe liver disease [25, 55]. Although still controversial, this study 
suggests that lean NAFLD patients may have a more aggressive course of NAFLD 
that may require more close surveillance. However, further study is warranted to 
determine appropriate timing of surveillance especially as the most accurate non-
invasive method to diagnosis NAFLD is still under debate [56].

2.6  Economic Impact of NAFLD and NASH

The economic burden of NAFLD/NASH has recently been assessed using differ-
ent methodology and projected to be immense [1, 7, 8]. A Markov-based model 
estimated that in the United States, there are over 64 million people with NAFLD 
accounting for an annual direct medical cost of about $103 billion ($1613 per 
patient). Among the four European countries, approximately 52 million people 
were estimated to have NAFLD with an annual cost of about €35 billion (from €354 
to €1163 per patient), while the costs, prevalence, and incident rates were found to 
be the highest in patients aged 45–65 regardless of the country of origin [57].

In a separate Markov model focusing on NASH and advanced NASH in the 
USA, investigators determine that, in 2017, there were 5,527,812 adult subjects 
with NASH in the United States. The life time cost burden of all NASH patients 
in the United States was estimated to be $82,704,934,702, while the cost of those 
with advanced NASH was $31,526,708,220. The projections of costs for each 
age- specific NASH cohort have the potential to increase about 400% in the next 
5 years [58].

In addition to the decision analytic models, administrative billing databases can 
also provide some data about resource utilization related to NAFLD and NASH. In 
the United States, a number of studies have used the Medicare database (a feder-
ally sponsored insurance provided to all citizens 65 years and older and others who 
meet certain criteria) for resource utilization estimations related to different liver 
diseases. One such study for patients with NAFLD, investigators found the mean 
yearly inflation-adjusted outpatient charges for Medicare patients with NAFLD 
doubled from 2005 to 2010 ($2624–$3308 in 2005 to $3608–$5132) [59]. An out-
patient and inpatient follow-up study also using the Medicare database confirmed 
the enormous impact of NAFLD when investigators reported that the median total 
hospital charge for NAFLD patients was $36,289 in 2010 and increased with dis-
ease severity [60].
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2.7  Conclusions

In summary, the prevalence and incidence of NAFLD is growing globally. NAFLD 
is not a benign disease as it can progress to advanced liver disease, hepatocellular 
carcinoma, liver transplantation, and death. Though the number of patients who 
actually progress is small on a global level, the burden is substantial. In addition to 
the clinical burden of NAFLD also carries a tremendous economic burden which is 
likely to increase as the population continues to age. Continuous study is needed to 
develop interventions to reverse the course of NAFLD especially as our understand-
ing of NAFLD evolves.
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