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The prevalence of non-alcoholic fatty liver disease 
(NAFLD) is thought to be on the rise globally (1). An 
updated meta-analysis reported that in 2019 the pooled 
global prevalence of NAFLD was 29.8% [95% confidence 
interval (CI): 28.6–31.1%] with the highest NAFLD 
prevalence observed in South America and North  
America (2). From 1991–2019, trend analysis also showed 
that NAFLD prevalence increased from ~22% to 37% (with 
yearly increase of 0.7%), with South America showing the 
most rapid change of 2.7% per year followed by the Europe 
at 1.1% (2). 

To date, our knowledge(s) of NAFLD-related long-term 
clinical outcomes is based largely on retrospective analyses 
of population-based or hospital-based cohort studies that 
are limited by the absence of histological confirmation of 
NAFLD, whereas the few published retrospective studies 
with liver biopsy data are limited by their relatively small 
sample size, short duration of follow-up, and variable 
assessments of disease status and outcomes (3). Thus, there is 
currently a paucity of good quality data on the rates and types 
of long-term clinical outcomes among patients with NAFLD.

In a prospective observational study recently published 
in the New England Journal of Medicine, Prof. Sanyal and 
colleagues provided interesting data on the long-term 
clinical outcomes in adults with NAFLD (4). Using the 
NAFLD Database Study phase 2 that is a prospective, non-
interventional registry of the Non-Alcoholic Steatohepatitis 
Clinical  Research Network (NASH-CRN),  these 

researchers prospectively followed for a median of 4 years a 
carefully selected cohort of 1,773 United States adults with 
biopsy-proven NAFLD (1,141 women and 632 men with 
a mean age of 52 years, most of whom were White and of 
European ancestry) (4). The clinical and laboratory data 
were obtained at enrollment and then at 48-week intervals 
in a prospective, protocol-mandated approach and at the 
time of any liver biopsies performed as local standard care. 
The principal outcomes of the study included all-cause 
death, hepatic decompensation, a Model for End-stage 
Liver Disease (MELD) score of 15 or greater, hepatocellular 
carcinoma, extra-hepatic cancers, cardiovascular events 
(including myocardial infarction, unstable angina, sudden 
death, revascularization interventions, and hospitalization 
for heart failure), and cerebrovascular events (including 
transient ischemic attack and ischemic stroke). New 
onsets of coexisting conditions such as type 2 diabetes, 
hypertension and chronic kidney disease were defined by 
standard criteria and also tracked as clinical outcomes of 
interest. At baseline, from a histological point of view, 75% 
of the 1,773 patients had borderline or definite NASH, and 
25% had fatty liver without NASH. A total of 536 patients 
(30%) had ‘bridging’ fibrosis [stage F3 (369 patients)] or 
cirrhosis [stage F4 (167 patients)].

In their study the researchers found that during a median 
follow-up of 4 years, 47 of the 1,773 patients with NAFLD 
(2.7%) died, an event rate of 0.57 per 100 person-years. 
The main causes of death among these patients were liver-
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related and cardiovascular complications, followed by extra-
hepatic cancers and sepsis. New-onset arterial hypertension 
(7.8 events per 100 person-years) was the most common 
extra-hepatic outcome, followed by type 2 diabetes 
mellitus (4.8 events per 100 person-years), chronic kidney 
disease (2.5 events per 100 person-years), cardiac events  
(0.8 incident events per 100 person-years),  extra-
hepatic cancers (0.8 events per 100 person-years), and 
cerebrovascular events (0.4 events per 100 person-years). 
Interestingly, the researchers found that the risk of death 
from any cause increased progressively with increasing 
fibrosis stages, from 0.32 per 100 person-years for stage F0 
to F2 to 0.89 per 100 person-years for stage F3 and to 1.76 
deaths per 100 person-years for stage F4, respectively. The 
incidence of liver-related complications (defined as hepatic 
decompensation events or hepatocellular carcinoma) was 
also higher among patients with stage F3 or F4 fibrosis 
than among those with stage F0 to F2 fibrosis. In addition, 
compared to those with stage F0 to F2 fibrosis, patients with 
stage F4 fibrosis had a higher incidence of type 2 diabetes, 
hypertension, and chronic kidney disease. The incidence of 
cardiovascular events and extra-hepatic cancers was similar 
across fibrosis stages (4). In their study the researchers 
also found that the hazard ratio for all-cause death among 
patients with stage F2 fibrosis was 2.3 (95% CI: 0.8–7.0), 
compared with those with stage F0 or F1. However, as 
given the low event rates and wide confidence intervals, 
these data cannot be used to infer a greater risk of all-cause 
death. Further larger prospective studies with longer follow-
ups are needed to confirm or refute these data; as written by 
the same researchers, such data will be clinically important 
to better define the benefits of treatment in NASH patients 
with stage F2 fibrosis and to define whether benefits accrue 
from lack of progression alone or also from regression of 
the liver fibrosis stage (4).

Overall, the results of this important prospective cohort 
study conducted in the USA corroborate the findings of 
previous retrospective observational studies conducted in 
other countries, and provide further strong evidence that 
NAFLD may progress into NASH and its associated liver-
related complications (5-9). Unsurprisingly, the results of 
this study confirm what we see in our clinical practice, i.e., 
the severity of biopsy-confirmed fibrosis is a key prognostic 
marker of both mortality and liver-related morbidity 
in NAFLD. The results of this study also confirm the 
findings of recent meta-analyses supporting a significant 
association between the severity of NAFLD (especially 
higher fibrosis stage) and the risk of developing type 2 

diabetes and chronic kidney disease (10,11). However, the 
results of this study appear to be at variance with those of 
other reports supporting a significant positive association 
between the risk of fatal and non-fatal cardiovascular 
outcomes and the severity of NAFLD, especially the stage 
of fibrosis (12,13). It is possible to hypothesize that this 
apparent discrepancy is due to a low incidence rate of fatal 
and non-fatal cardiovascular events observed in the study by 
Sanyal et al. (4) that was about three-fold lower (i.e., event 
rate 0.83 vs. 2.43 per 100 person-years) than that observed 
in a recently published population-based cohort study in  
Sweden (13). Specifically, in this nationwide histology cohort 
that included all Swedish adults with histologically-confirmed 
NAFLD and without pre-existing cardiovascular disease 
at baseline (1966–2016, n=10,422) and 46,517 population 
controls matched for age, sex, calendar year and county, 
Simon et al. (13) found that patients with NAFLD had a 
higher risk of incident major adverse cardiovascular events 
than controls (2.43 vs. 1.60 per 100 person-years; adjusted-
hazard ratio =1.63; 95% CI: 1.56–1.70), independently of 
common cardiometabolic risk factors, over a median of  
13.6 years of follow-up. Furthermore, the risk of major 
adverse cardiovascular events increased progressively with 
worsening NAFLD severity, with the highest incidence 
observed with cirrhosis (13).

Prof. Sanyal and colleagues have discussed in a balanced 
way the most important strengths and limitations of their 
study (4). In particular, among the major study limitations, 
it is important to remember that the study lacked a non-
steatotic control group and the generalizability of these data 
may be limited by the inclusion of a predominantly White 
population of European ancestry and by the selection bias 
that is inherent in cohort studies conducted at tertiary 
gastroenterology care centers (with the inclusion of people 
who had a liver biopsy at enrollment). Also, the widths of 
the confidence intervals around the hazard ratios have not 
been adjusted for multiplicity and should not be used to 
infer generalizable effects. In addition, as recognized by 
the same investigators, most deaths occurred in centers 
outside the study sites, and the quality of the data available 
to determine the cause of death was mixed. Finally, as 
summarized in Table 1, it is also important to underline that 
the length of the study follow-up was relatively short (i.e., 
median of 4 years) and, most importantly, the rate of all-
cause death was much lower compared to that observed 
in other large cohorts of patients with biopsy-confirmed 
NAFLD with longer follow-up durations (4-7,9). For 
example, the rate of all-cause death was about 5 times lower 
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in the study by Sanyal et al. (4) compared to that observed 
in the Sweden cohort study by Simon et al. (9) (event rate 
0.57 vs. 2.86 per 100 person-years).

That said, although further evidence from well-reported 
cohort studies is needed to better elucidate the prognostic 
impact of fibrosis stage on long-term clinical outcomes in 
people with NAFLD, the results of this interesting study by 
Sanyal et al. (4) provide further evidence that patients with 
more advanced NAFLD need to be monitored carefully 
and that a multidisciplinary and holistic approach to the 
treatment of NAFLD is needed, where not only is the 
management and treatment of liver disease considered, but 
also the increased risk of cardiometabolic and other extra-
hepatic complications (14). 
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