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In 1980, Ludwig et al. identified a form of liver disease characterized by accumulation of fat in the form of
triglycerides within the hepatocytes, very similar to what occurs in response to alcohol intake, but in
subjects with no alcohol abuse[1]. The condition was named nonalcoholic fatty liver disease (NAFLD) and
was initially considered a trivial occurrence, with scarce or no clinical significance. In only 50 years, NAFLD
has climbed up the list of most common liver diseases; it is present in over 25% of the total adult
population[2], is the second and most rapidly growing indication for liver transplantation[3,4], and is projected
to become the most common cause of liver cancer in Western countries[5]. How could this have happened?

The accumulation of fat in the liver depends on an imbalance between fat storage and fat disposal, leading
to triglyceride spillover in non-adipose tissues, not limited to the liver, but also including the pancreas, the
heart, and the vascular tree. Although a few genetic determinants and epigenetic modifiers have been
identified, total body and particularly visceral fat accumulation remain the leading cause. The world
prevalence of obesity (body mass index ≥ 30 kg/m2 or equivalent values for subjects of Asian origin) trebled
in the period from 1975 to 2016 (from 4.3% to 13.2%); it was over 30% in the United States and several Arab
countries and reached 50%-60% in the Pacific Islands, accompanied by another 25% in the range of
overweight[6,7]. The obesity epidemic has been associated with a parallel increase in the prevalence of
diabetes, with over 400 million patients around the world expected to suffer from the multi-morbidities
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associated with diabetes and sharing diabetes outcomes[8]. Obesity (70%-90% with NAFLD) and type 2 
diabetes (around 50%-60%) are natural reservoirs of NAFLD, thus contributing to NAFLD’s increase and 
final cardiovascular events. Indeed, cardiovascular events are the most frequent cause of death in NAFLD, 
much more common than death from liver disease.

In summary, there is ample evidence that NAFLD is intimately associated with metabolic syndrome, as 
initially demonstrated about 20 years ago[9], which has led to considering NAFLD the hepatic component of 
the metabolic syndrome[10].

However, liver disease remains a pivotal factor in whole body metabolic imbalance. A recent meta-analysis 
suggests that whole body metabolic dysregulations do not only mirror comorbidities. Mantovani et al., in a 
reappraisal of the risk of incident chronic kidney disease (CKD) associated with NAFLD, reported data on 
over 1.2 million subjects with normal renal function entered into 13 observational studies in different 
countries (28.1% with NAFLD identified by blood biomarkers, imaging, International Classification of 
Disease codes, or liver biopsy)[11]. During an average follow-up of 9.7 years in 10 studies where control 
subjects were available, the risk of developing CKD stage ≥ 3 (glomerular filtration rate (GFR) < 60 mL/min 
per 1.73 m2, with/without proteinuria) was nearly 50% higher in the presence of NAFLD [hazard ratio (HR): 
1.43; 95% confidence interval (CI): 1.33-1.64], and the data were consistent across methods of NAFLD 
diagnosis, geographic area, duration of follow-up, and risks of bias[11].

These results were largely expected, based on the above considerations, and had been previously 
demonstrated in two limited meta-analyses[12,13]. However, two points merit particular discussion.

First, the risk of incident CKD is maintained after adjustment for age, sex, smoking, BMI, pre-existing 
diabetes, hypertension, and other components of metabolic syndrome; these factors had already been 
adjusted for in the original studies and the meta-regression did not change the results. This points to a 
specific effect of liver disease, but no study included incident diabetes or hypertension as additional 
cofactors. In other words, it is possible that part of the risk of incident CKD might stem from the ongoing 
progressive accumulation of comorbidities.

Whatever the pathogenic mechanism, the role of the liver should not be disregarded. Taylor et al. first 
postulated a primary role of liver fat accumulation in the pathogenesis of insulin resistance and type 2 
diabetes[14], exacerbated by the defective insulin response associated with pancreatic fat accumulation[15]. 
These events are also the basis for diabetes remission by calorie restriction, as demonstrated in the DIRECT 
program of weight reduction by low calorie intake[16,17].

Secondly, there is ample evidence that CKD may be considered a surrogate measure of cardiovascular risk: 
from the Kaiser Permanente Analysis of over one million individuals, we know that CKD stage increases the 
risk of cardiovascular events and cardiovascular death (not to mention all-cause death)[18]. Considering the 
high rate of cardiovascular events in NAFLD, it would be extremely interesting to define the intertwined 
relationship between cardiovascular and renal disease in NAFLD. Although end-stage renal disease is a 
possible consequence of advanced liver disease, in most cases with NAFLD progressive CKD is expected to 
be the effect of extensive atherosclerotic disease.

The role of severity of liver disease in CKD progression was indeed among the scopes of the updated meta-
analysis, but data could only be retrieved from a limited proportion of studies without comparator controls. 
Under these circumstances, the authors opted for a descriptive analysis. The results show a higher risk in a 
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study of subjects classified as advanced fibrosis by biomarker [high nonalcoholic fibrosis score (NFD) vs.
low NFD; HR, 1.59], as well as in two studies where liver biopsy was available (fibrosis ≥ F3 vs. fibrosis < F3;
HR, 2.75 and 3.25, respectively). The authors concluded that an effect of disease severity is very likely, but
other data are needed to support this evidence.

Many more data might soon be retrieved, considering that large databases should soon be available
following recommendations from the guidelines to systematically identify NAFLD patients with advanced
fibrosis[19,20], which are also endorsed by patient associations[21]. However, a problem remains: how is it
possible to bend the curve of NAFLD prevalence and severity? As with many non-communicable diseases,
NAFLD is an orphan of approved drug treatment and interventions are limited towards motivation and
counseling for a healthy lifestyle (dietary restriction and habitual physical activity). In addition, referral to
nephrologists to reduce progressive kidney failure, as advocated by the authors of the meta-analysis[11], is
largely dependent on adherence to lifestyle, coupled with the exclusion of drugs at risk of kidney damage.
However, new opportunities are on the horizon. Both sodium-glucose cotransporter-2 inhibitors (SGLT-
2Is) and glucagon-like peptide-1 receptor agonists (GLP-1RAs) have been shown to reduce progressive
renal failure in patients with/without diabetes[22], thus directly reducing the risk outlined in the recent meta-
analysis[11]. However, both GLP-1RAs and dual GLP-1/GIP RAs also have an impressive activity on weight
loss. The recent studies testing high-dose semaglutide (STEP program) and tirzepatide (SURMONT-1
study) in the treatment of obesity showed that these drugs are able to produce an average weight loss of
15%-20% of initial body weight in 68-72 weeks[23,24]. These results mimic the effects of bariatric surgery and
might help correct obesity and its long-term consequences, including renal outcomes, a hidden
consequence of the obesity epidemic[25]. When coupled with adequate lifestyle interventions[26], they might
also cure NAFLD from its initial appearance in the stage of steatosis, thus limiting progression to fibrosis,
cirrhosis, and eventually hepatocellular carcinoma. We are facing a new era in the drug treatment of obesity,
with hopes to bend the curve of metabolic syndrome.
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