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Abstract: Non-alcoholic fatty liver disease (NAFLD) is an increasingly prevalent disease 
globally. Current estimates are that 24% of the adult population, thus, one billion individuals 
worldwide, are affected. Interestingly, the prevalence of fatty liver seems to peak between 
40─50 years of age in males and 60─69 years in females, often slightly decreasing in older 
(>70 years) cohorts. Furthermore, several risk factors for NAFLD development, such as 
hypertension, diabetes, hyperlipidemia, and obesity are higher in older adults. The diagnosis 
and management strategies in older adults are sometimes challenging, and certain age- 
specific factors have to be taken into account by healthcare professionals. In this review, 
we provide an overview of considerations relevant to the management and diagnosis of 
NAFLD in older adults (age >65 years) and discuss the types of pharmacological interven-
tions available for the management of non-alcoholic steatohepatitis (NASH) in the aging 
population. 
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The Aged Liver
Aging is accompanied by progressive physiological alterations, which gradually 
disturb homeostasis and results in functional decline and frailty.1 Older adults are 
more susceptible to several non-communicable diseases, such as cancer, cardiovas-
cular disease, hypertension, diabetes, chronic obstructive pulmonary disease, cere-
brovascular disease, hearing loss, dementia, arthritis, and several others.2 All of 
these complications can, in part, be explained at a cellular level by the “hallmarks 
of aging.” These hallmarks encompass several cellular processes that become less 
efficient or dysregulated with age, such as genomic instability, telomere attrition, 
impaired proteostasis, epigenetic alterations, impaired nutrient-sensing capacity, 
mitochondrial dysfunction, senescence, stem cell exhaustion, and altered intercel-
lular communication (see Figure 1).3

Telomere Shortening and Impaired Proteostasis
The liver has a remarkable capacity for self-regeneration. In the healthy liver, 
regeneration, and repair are driven by mitogenic growth factors and cytokines. 
However, these age-mediated changes impair the regenerative capacity of the 
liver. For example, cells from liver tissue of older patients have shorter telomeres, 
which leads to irreversible cellular growth arrest and compromised proliferation.4 

Impaired autophagy is also of relevance in the aged liver, as autophagy is necessary 
for the turnover of misfolded proteins and organelles, such as mitochondria in both 
homeostatic as well as pathological conditions and the mobilization of lipid 
reserves during starvation.5 Lessons from animal models show that aged mouse 
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and rat hepatocytes present a higher content of misfolded 
protein aggregates as a result of defective autophagy.6 

These aggregates are known to promote the production 
of reactive oxygen species (ROS) that further negatively 
impact cellular autophagy, leading to a potential negative 
feedback loop.7 Data on humans are scarce, thus, an ave-
nue to explore would be to determine whether autophagy- 
inducing drugs could delay or reverse autophagy-mediated 
liver defects.

Cellular Senescence
Senescence, on a cellular level, is broadly defined as a state 
of irreversible cell cycle arrest that can arise as 
a consequence of different damage, such as telomere attri-
tion, oxidative stress, and DNA damage.8,9 Once cells turn 
senescent, they become desensitized to mitogenic stimuli 
and are less prone to undergo apoptosis.10 Several studies 
propose that cycles of liver damage and repair exhaust 
telomeres in existing cells, accelerate the process of senes-
cence and, consequently, triggers cirrhosis.11 Furthermore, 
a specific polymorphism in the CDKN1A gene has been 
associated with progression to fibrosis in NAFLD 

patients.12 Adverse outcomes of liver diseases have been 
previously associated with higher amounts of p21 expres-
sion and hepatocyte senescence.13,14 Therefore, senescence 
may be a mediator of NAFLD progression and could poten-
tially be targeted therapeutically to prevent or delay the 
development of liver fibrosis. Interestingly, the natural 
aging process per se does not seem to cause senescence in 
either cholangiocytes or hepatocytes: these cells display no 
telomere shortening caused by aging, as the reported telo-
mere shortening is exclusive to Kupffer and stellate cells.15 

Thus, it is unknown why telomere shortening only occurs in 
a subset of cells. Similar results have been reported in mice 
and human hepatocytes, which can undergo extensive pro-
liferation in vivo and escape senescence for at least twelve 
rounds of proliferation.16 In mice, depletion of senescent 
cells through a gene-mediated strategy or by administration 
of two senolytic drugs (dasatinib and quercetin) reduced 
hepatic steatosis. At the same time, mice with a genetic 
mutation that favors the induction of hepatic senescence 
tend to accumulate more fat in the liver.17 Taken together, 
all these data suggest that liver-specific senescence precedes 
or predisposes to the development of a fatty liver. Therefore, 

Figure 1 Mechanisms of NAFLD and the aging liver. Created with BioRender.com
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a healthy lifestyle may be sufficient to prevent or delay 
senescence, and potentially, NAFLD. In the future, senolytic 
drugs may be employed to prevent the progression of 
NAFLD.

Epigenetic Alterations
Regulation of CDKN1A expression, not only across dif-
ferent cells but also throughout time in the same cell, is 
a requirement for the development and maintenance of 
human life. Briefly, epigenetics encompasses both the 
establishment and maintenance of specific transcrip-
tional networks without associated changes to the under-
lying sequence of DNA. The dysregulation of epigenetic 
mechanisms across different tissues occurs with aging, 
contributing to age-related diseases.18 In the case of 
liver disease, it has been estimated that ~50% of all 
hepatocellular carcinomas (HCCs) involve mutations in 
genes encoding proteins that act as chromatin regulators. 
Epigenetic modifications have already been associated 
with NAFLD development and proposed as a link 
between lifestyle and NAFLD development. For exam-
ple, in mice, a methyl-deficient diet leads to generalized 
DNA demethylation in the liver, along with a lower 
expression of a protein involved in the DNA methyla-
tion process: DNA methyltransferase 1 (DNMT1). 
Further, the level of trimethylation of histones H3K27 
and H4K20 is also reduced. Altogether, these patterns 
were proposed to compromise genomic integrity through 
the modulation of heterochromatin reorganization.19 

DNMT1 has been reported to carry out the methylation 
of mitochondrial DNA, specifically of the cytosine at 
the carbon-5 position of CpG dinucleotides, regulating 
the expression of mitochondrial genes.20 In humans, 
methylation of the mitochondrial ND6 gene was higher 
in patients in NASH when compared with those with 
simple steatosis, and the degree of ND6 methylation 
was associated with the NAFLD activity score. These 
results were potentially mediated by a higher expression 
of DNMT1 in the liver of patients with NASH.21 

Interestingly, the aged liver appears to have a distinct 
epigenetic signature, with differential methylation in 
regions associated with the WNT pathway and epithe-
lial-to-mesenchymal transition.22 If and how these path-
ways can be modulated in the elderly as a therapeutic 
strategy against NAFLD remains to be understood.

Mitochondrial Dysfunction and Reactive 
Oxygen Species Production
Mitochondrial respiration is often impaired in the livers of 
those over 50 years of age. In a previous study of 107 liver 
specimens, the majority (87%) of respiratory chain defects 
occurred in those aged > 50 years.23 Interestingly, mito-
chondrial defects were more prevalent in cirrhotic livers 
when compared with healthy livers (78% vs 57%). The 
main affected respiratory chain protein complex in the 
mitochondrion is complex IV of the respiratory chain, 
which is assembled by proteins encoded by both nuclear 
and mitochondrial DNA.24 In aged mouse and rat models, 
mitochondria isolated from the liver also displayed 
a decrease in activity of complex I, II, IV, and 
V. Additionally, older rats have larger mitochondria with 
lower membrane potential, which are less efficient in 
producing ATP compared to those of younger rats.25–28 

Mitochondria are the main endogenous sources of ROS, 
which are generated as a byproduct of cellular 
respiration.29 ROS can cause damage to various cellular 
macromolecules such as proteins, lipids, and nucleic acids. 
Because the production of ROS increases with age, the 
ROS-mediated accumulation of cellular damage is postu-
lated to be one of the causes of cellular senescence and 
aging-related decline.30 In the liver, the same basic princi-
ple may occur: liver mitochondria from aged mice produce 
higher levels of ROS and have higher degrees of mito-
chondrial dysfunction when compared with younger 
animals.31 In patients with NASH, the liver-specific activ-
ities of the respiratory chain complexes are lower than 
those observed in healthy patients, and it has been postu-
lated that the mitochondrial dysfunction and increased 
oxidative stress mediate the progression of NAFLD to 
NASH,32,33 potentially even more so in elderly patients.

Prevalence and Natural History of 
NAFLD
Prevalence of NAFLD
Metabolic diseases and NAFLD have an intertwined and 
complex relationship. On the one hand, metabolic diseases 
can develop as a consequence of NAFLD, and on the other 
hand, different metabolic diseases (such as central obesity, 
T2DM, dyslipidemia, and insulin resistance) are risk factors 
for developing NAFLD. Obesity is also related to NAFLD 
severity, but interestingly, NAFLD can also be found in non- 
obese patients, particularly in certain Asian countries.34 This 
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particular manifestation of lean NAFLD is characterized by 
unique clinical characteristics, such as higher levels of liver 
transaminases, as well as insulin and a lower degree of 
insulin sensitivity.35 It is widely accepted that the early 
diagnosis of NAFLD is essential, to allow for proper man-
agement of those burdened by the disease. However, it can go 
undiagnosed for some time, increasing the chance of disease 
progression, and leading to serious complications, such as 
fibrosis, cirrhosis, or HCC.

The aforementioned risk factors can accumulate in 
elderly patients and thus, special attention must be made 
to monitor these patients for NAFLD and its advanced 
stages. In the elderly, NAFLD prevalence rates vary. 
Some studies report an “inverted U curve”, ie, the preva-
lence reaching a peak during late adulthood and decreasing 
from there onward, resulting in older cohorts of patients 
with a lower prevalence of NAFLD than some younger 
cohorts. For example, in a study of Japanese patients, the 
prevalence among males plateaued between 40 and 49 
years of age at around 45%, and decreased to values 
close to 25% in those aged 70 or older. In females, how-
ever, the prevalence of NAFLD reached a maximum of 
31% in those aged 60−69 years old, and decreased to 20% 
in those ≥70 years of age.36 In another study focusing on 
3271 elderly individuals from the US, the pooled preva-
lence (males and females) was slightly lower in those aged 
75 or over when compared to the younger cohort encom-
passing patients between 60 and 74 years of age (39.2% vs 
40.3%, respectively).37 However, not every study observes 
an “inverted U” curve. A meta-analysis assessment of the 
global prevalence of NAFLD observed a consistent 
increase of the prevalence value across all age groups 
from 30−39 through to 70−79 years old. Nevertheless, 
the value reported for the cohort >70 years was obtained 
from a single study, which may introduce some bias.38 

Whether the lower prevalence in older generations is due 
to a selection effect caused by patients with NAFLD dying 
earlier than those without NAFLD or due to lifestyle 
differences between older and younger generations must 
be addressed in future studies.

Natural History of NAFLD in the Elderly
NAFLD slowly progresses over years and only a subset of 
patients progress to NASH with liver fibrosis.39 A recent 
retrospective study specific to US patients demonstrated 
that the progression of simple NAFLD/NASH to more 
severe liver disease (namely cirrhosis, liver transplant, or 
HCC) was 9% after 1 year, reaching 39% at year 8 post- 

diagnosis.40 A previous study using paired biopsies had 
shown that in patients diagnosed with fatty liver, 44% 
were observed to progress to NASH in a follow-up biopsy, 
while 22% progressed to stage 3 fibrosis; the median 
interval between the initial and follow-up biopsy was 6.6 
years. Importantly, the fibrosis stage is an important pre-
dictor of all-cause and liver-related mortality in patients 
with NAFLD. Particularly, when compared with 
a reference population of patients without fibrosis 
(stage 0), those with stage 1 fibrosis had elevated all- 
cause and liver-related mortality rate ratios (MRRs) of 
1.58 and 1.41, with the latter increase not being statisti-
cally significant. Both MRRs increased with the fibrosis 
stage, reaching values of 6.4 and 42.3, respectively, for 
patients with stage 4 fibrosis.41 While it is accepted that 
the risk of mortality increases with higher stage of liver 
fibrosis,42–44 the absolute increase(s) and the cohorts at 
risk differ between studies. For example, two previous 
studies showed that only patients with stage 3 and/or 4 
fibrosis had an increased risk of all-cause mortality, while 
those with less severe fibrosis were spared.43,44 Regarding 
liver-related mortality, increased mortality had also been 
reported only in patients with stage 2 (or higher) fibrosis, 
but the absolute values ranged from 5- to 47-fold increased 
risk in patients with stage 4 fibrosis.44 Importantly, the 
disparate results could be a result of biases introduced by 
the selection criteria of studies focusing on the natural 
history of NAFLD. Given that biopsy confirmation is 
usually required as an inclusion criterion, the underlying 
reason for the biopsy is important: if it is performed to 
clarify a specific clinical suspicion (such as disease pro-
gression), the study population may consist of patients 
with a more severe form of the disease, that are more 
likely to experience negative outcomes.

There are only a limited number of studies reporting 
the outcomes of NAFLD specifically in elderly cohorts. As 
in the general population, the course of the disease is not 
very well understood in this cohort of patients. One of the 
earlier studies highlighted the elevated prevalence of 
NAFLD in octogenarians.45 The prospective study, enrol-
ling a total of 91 patients aged 80 years or older, revealed 
that almost half (42 out of 91) had NAFLD. When com-
paring both groups, the authors observed that the preva-
lence of metabolic syndrome (or any of its diagnostic 
criteria) was not modified by the presence of NAFLD.45 

These findings suggested that NAFLD is both common 
and benign in the elderly. However, the possibility of 
a “survivorship bias” was also raised, suggesting that the 
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subset of older adults with more severe complications 
arising from NAFLD may have died earlier, contributing 
to biases in the results. Two studies published afterward 
confirmed the “survivorship bias” hypothesis to be plausi-
ble. First, in an Asian cohort, those <60 years of age were 
less likely to have severe steatosis; at the same time, ≥60 
years of age was also associated with more severe (degree 
3 or 4) fibrosis.46 Second, a larger cohort of patients from 
a tertiary care clinic in the UK showed older patients with 
NAFLD to have a higher burden of risk factors for the 
development of NAFLD, namely hypertension, diabetes, 
hyperlipidemia, or obesity. The fibrosis score was also 
significantly higher in older (≥60 years of age) patients. 
The levels of liver-related serum markers were also sug-
gestive of more severe liver disease in the older cohort of 
patients. Importantly, the authors did not observe 
a difference in terms of comorbidities between the differ-
ent age groups, suggesting that the more severe disease in 
older patients is directly related to NAFLD.1 A more 
recent study directly compared the outcomes of NAFLD 
in younger and older elderly patients (60−74 vs ≥75 years 
old, respectively) and confirmed that NAFLD was asso-
ciated with higher all-cause and cardiovascular-related 
mortality exclusively in those aged 60−74 years old. In 
the older group of patients, no statistically significant 
differences were observed between patients with and with-
out NAFLD. As briefly mentioned before, patients with 
a more severe form of NAFLD may be more likely to die 
before the 7th or 8th decade of life; this underlines that the 
groups of patients ≥70 years old who are included in 
epidemiological studies are “enriched” in individuals 
with more benign forms of NAFLD. Alternatively, as 
females are protected from NAFLD until post- 
menopausal ages, the natural course of the disease may 
have a “lag period” when compared to males.47 Indeed 
Golabi et al demonstrated that patients ≥75 years old with 
NAFLD were predominantly female.37 Therefore, the 
authors postulated that the more benign nature of 
NAFLD may be explained by the earlier death of males 
who had been afflicted by the disease for longer than their 
female counterparts. To the best of our knowledge, no 
other studies exist which permit deeper analysis of the 
natural history of NAFLD in the elderly, particularly in 
those >70 years of age. Given that NAFLD decreases life 
expectancy by ~4 years, the disease must be detected as 
early as possible to reduce disease-related mortality.48 In 
the future, larger studies that carefully address potential 
sources of bias associated with the inclusion of older 

adults are necessary. Further, given that women may only 
be afflicted by NAFLD later in life, it will be essential to 
perform analyses between sex-matched cohorts. The 
resulting data should help optimize current treatment and 
diagnosis guidelines.

NAFLD and Related ExtraHepatic 
Diseases
NAFLD emerges in the context of comorbidities, that 
intertwine and influence each other adding to the complex-
ity of the disease.49 Besides the potentially life-threatening 
hepatic consequences of NAFLD, such as end-stage cir-
rhosis or HCC, NAFLD impacts the renal, cardiovascular, 
endocrine, and skeletomuscular systems.50 Given that 
most of these systems also experience age-related changes, 
it is important to consider the interplay between “aged” 
biological systems and NAFLD. Therefore, it is beneficial 
for both physicians and elderly patients to consider the 
multiple organ involvement of NAFLD.

Hepatocellular Carcinoma
The association between NAFLD and HCC is widely 
accepted. The incidence rate of HCC among patients 
with NAFLD and cirrhosis is estimated at 6.7% and 15% 
over 5 and 10 years, respectively. However, in the absence 
of cirrhosis, the incidence rate is as low as 23 per 
100,000 person-year, despite values as high as 2.7% over 
10 years having been reported as well.51 Interestingly, 
multivariate regression analysis pointed to older age as 
an independent variable associated with developing HCC 
in patients with NASH-associated cirrhosis.52 Another 
study has also established advanced age as a risk factor 
for HCC in patients with NASH and liver cirrhosis.53

In elderly patients, HCC tends to be associated with 
less severe fibrosis than when detected in younger patients. 
It is also more likely to be encapsulated and, consequently, 
to have a more favorable prognosis.54,55 In older patients, 
a series of age-related concerns can be raised that may 
undermine the benefits of surveillance for HCC, such as 
exclusion from transplantation programs and extrahepatic 
comorbidities.56 However, in a study focusing on elderly 
Italian patients with cirrhotic NAFLD, it was shown that 
active HCC surveillance reduced mortality.56 Therefore, 
physicians should not disregard the benefits of surveillance 
in this cohort of patients. Due to the lower incidence rates 
of HCC in the absence of cirrhosis, HCC surveillance is 
currently only recommended in patients with NAFLD, 
who exhibit advanced fibrosis.57 As mentioned above, 
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advanced age is a risk factor for the development of HCC. 
In Taiwan, the incidence rate of HCC has steadily 
increased from 2003 to 2011 in patients 65 years of age 
or older and this increase was presumed to be associated 
with the increased prevalence of NAFLD.58 Similar trends 
were observed in the US between 2000 and 2009.59 

Therefore, active HCC surveillance may be warranted in 
the elderly, even in the absence of fibrosis. Importantly, 
other factors such as viral hepatitis and alcoholic cirrhosis, 
rather than NAFLD, can also lead to the development of 
HCC.60 Accordingly, more studies will be necessary to 
establish the degree NAFLD contributes to the develop-
ment of HCC in the elderly and to what extent the diag-
nosis of NAFLD without associated cirrhosis warrants 
active HCC surveillance in this particular population.

Type 2 Diabetes Mellitus
Perhaps unsurprisingly, two meta-analyses showed that the 
prevalence of NAFLD in patients with T2DM is around 50 
−60%.61 Likewise, NAFLD increases the risk of T2DM by 
over 2-fold and was higher in patients with more severe 
NAFLD.62 This two-way relationship between both dis-
eases is also illustrated by a higher prevalence of diabetic 
retinopathy and nephropathy in T2DM in patients with 
concomitant NAFLD.63 Importantly, the potential interac-
tion between both diseases is more relevant in aged adults, 
as the prevalence of NAFLD among adults with T2DM 
increases with age. In a meta-analysis of 80 studies, the 
global prevalence of NAFLD among T2DM patients was, 
similar to what was described above, ~55%. However, this 
value raised to 62.8% in those ≥60 years of age.61 In 
a retrospective study of elderly Chinese patients, those 
with NAFLD at baseline experienced a higher incidence 
of both diabetes and prediabetes, with adjusted relative 
risk ratios of 1.67 and 1.34, respectively.64 Therefore, 
these patients are at higher risk of morbidity and mortality 
and should be managed accordingly.

Cardiovascular and Coronary Heart Disease
CVD is the most common cause of death in patients with 
NAFLD, and patients with NASH are roughly 2-times 
more likely to die from CVD compared to the general 
population.65 As with T2DM, the contribution of 
NAFLD to CVD risk is hard to determine, given that 
both diseases share common risk factors.66 For example, 
in a prospective observational study of Japanese indivi-
duals, NAFLD arose as a predictor of CVD, with an odds 
ratio of 4.12. NAFLD, but not the metabolic syndrome, 

was also associated with cardiovascular events.67 In 
a larger study, NAFLD per se was not associated with 
CVD. Instead, NAFLD with advanced fibrosis was 
a predictor of mortality, primarily from cardiovascular 
events.68 In this context, studies using magnetic resonance 
elastography to characterize the liver disease stage and 
pair those findings with coronary artery calcium scoring 
as a surrogate of CVD have observed an association start-
ing at intermediated stages of fibrosis.69 Not all studies 
observed an association between both parameters, though. 
Stepanova et al demonstrated that NAFLD increased the 
risk of CVD, but not CVD-related mortality.70 Similarly, 
Lazo and colleagues also failed to observe an increased 
risk of CVD mortality in patients with NAFLD.71 Further, 
it contributes to the release of inflammatory and fibrogenic 
mediators, resulting in cardiac complications. NAFLD has 
been associated with endothelial dysfunction, increased 
coronary arterial calcifications, and increased carotid 
thickness, which are all markers of CVD. Importantly, 
the CVDs introduced or exacerbated by NAFLD are all 
common in the elderly and this topic has been extensively 
discussed elsewhere.66,72

Microbiota, Age and NAFLD
All surfaces of the human body are covered by a complex 
ecosystem of microorganisms as bacteria, archaea, viruses, 
and fungi. The totality of these microorganisms in one 
habitat is defined as the microbiome.73 Due to the strategic 
position at the interface between host and environment, the 
microbiome acts as a metabolically active organ and func-
tions as the turning point for the integration of environ-
mental signals.74 The individual microbiota signature in 
combination with host genetics contribute to a person’s 
distinct characteristics and its specific phenotype. During 
adulthood, the microbiota at the species level is relatively 
stable, but decreases with increasing age.75,76 Larger inter- 
individual variability is often observed in the elderly. 
These changes might be related to differences in lifestyle 
and dietary habits.77 Age-related changes in taste and 
smell and swallowing difficulties may impact the diet.78 

A reduced intake of fiber and proteins can lead to changes 
in the composition of the microbiota.79 Moreover, lack of 
vitamin D, calcium and protein can affect both the com-
position and activity of the microbiota.80

With increasing age, the gut-associated lymphoid tissue 
decreases, and the innate immune defenses grow less 
efficient. These changes are often responsible a chronic, 
low grade overall inflammatory status.81 Moreover, in 
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elderly the cellular immune function decreases. This 
immunosenescence may lead to increased importance of 
antibody-associated responses in the elderly. The resulting 
surplus of antibodies is reflected in increased 
autoimmunity.82

While it is well known that obesity is the most impor-
tant risk factor for the development of NAFLD, recent 
studies highlighted the gut-liver axis and especially the 
intestinal microbiota play a key role in NAFLD develop-
ment progression.83 Therefore, an unfavorable microbiota 
in elderly will not only influence the liver metabolism.84 

Moreover, it modulates the inflammatory environment in 
the liver through microbiota derived molecules and meta-
bolites, reaching the liver via the portal vein. Studies 
including NASH patients showed reduced diversity of 
microbiota species, and a changed ratio of bacteroidetes 
and firmicutes bacterial groups.85,86 Interestingly, 
a decrease in Firmicutes has also been reported in the 
Italian population over 60 years. Similarly, an age-related 
increase in Bacteroidetes was found in elderly subjects 
from Northern Europe.76,87 Therefore, microbiota changes 
may play a role in future approaches to target NAFLD in 
elderly.

Sarcopenia and NAFLD in Elderly
Sarcopenia is defined by reduced muscle mass and repla-
cement of muscle with adipose or fibrous tissue.88 NAFLD 
and Sarcopenia share several pathophysiological mechan-
isms: Both are associated with metabolic changes as insu-
lin resistance.89 Next to the well-known effects of insulin 
sensitivity in NAFLD, it is in Sarcopenia a key mediator 
of muscle loss.90 Another link of NAFLD and Sarcopenia 
is Vitamin D. A potential pathophysiological substratum 
involving joint molecular pathways is highly probable, but 
not yet shown.91

Lastly, inflammation also links sarcopenia to NAFLD. 
The association between NAFLD and inflammation and 
inflammation and sarcopenia, is well known.92 On one 
hand, important indicators of inflammation, such as TNF- 
α, IL-6 and CRP, are associated with both, sarcopenia and 
NAFLD.92 On the other hand, inflammation is apparently 
related to insulin sensitivity.92

Autonomic System Dysfunction and NAFLD in 
Elderly
With increased age changes in the autonomic nervous 
system can occur. Those changes can be measured by 
using the heart rate variability (HRV), a non-invasively 

measured parameter that measures the cardiac autonomic 
function.93 Symptoms of cardiac autonomic dysregulation 
are vasovagal syncope, fatigue, or orthostatic hypotension. 
Changes in the autonomic nervous system are related to 
the metabolic syndrome, which may be a link to 
NAFLD.94 It is gradually recognized, however, NAFLD 
patients report a wide-ranging spectrum of non-specific 
symptoms, such as fatigue and daytime sleepiness, which 
may be the presenting complaint and may dramatically 
impact quality of life.95 Moreover, a high prevalence of 
autonomic dysfunction in patients with chronic liver dis-
ease is described.96 Fatigue is an often-reported comorbid-
ity in NAFLD. While the severity of fatigue does not 
mirror the severity of histological changes, it is associated 
with daytime sleepiness and autonomic dysfunction.95 

Autonomic dysfunction can lead to severe clinical conse-
quences such as cognitive dysfunction, falls and fall- 
related injuries.95

Cognitive Decline and NAFLD in Elderly
Another feature of pathological aging is cognitive decline. 
It is well known that end stage liver disease is associated 
with encephalopathy. Still, it is speculated that earlier 
stages of liver diseases might be associated with some 
form of cognitive decline: Hepatitis C and primary biliary 
cirrhosis have been associated with neuropsychological 
impairment even in earlier disease stages.97,98 In addition, 
NAFLD has been proposed to be an additional risk factor 
for dementia.99 Then mechanisms are still unknown, but it 
is speculated that the association of NAFLD and carotid 
atherosclerosis may lead to cognitive decline.100 

Separately from the apparent effects of cerebrovascular 
disease on cognitive decline, hormonal alterations that 
are associated with NAFLD and especially insulin resis-
tance may further spur the cognitive decline.101 Moreover, 
low levels of vitamin B12 are associated with both 
NAFLD and negative cognitive consequences.102 

Although there are no studies that compare NAFLD, 
dementia and lack of vitamin B12, the presence of 
a pathway involving dementia with NAFLD seems 
plausible.

Adipose Tissue and NAFLD in Elderly
With increasing age not only the amount of body fat 
changes, the fat distribution shifts from mostly subcutaneous 
to visceral fat.103 Increased visceral fat is associated with 
increased cardiovascular risk, insulin resistance and the 
metabolic syndrome. In addition to the negative effects of 
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visceral fat accumulation, the age-related reduced capacity 
of subcutaneous fat cells to store lipids can lead to negative 
metabolic effects via lipotoxicity.104 In elderly the number 
of preadipocytes, which are fat cell progenitors, decline.105 

This may account for an imbalance between lipolysis and 
lipogenesis, which in turn leads to an increased exposure to 
free fatty acids and enhances lipotoxicity.106,107 These 
changes translate into oxidative stress and increased produc-
tion of proinflammatory cytokines.108 Fat cell senescence is 
accompanied by alterations in fat cell biochemistry, prolif-
erative capacity, and immune response.104 In NAFLD in 
elderly, these changes together with age-related hormonal 
changes in GH as well as IGF-1 and the related activation of 
proinflammatory cytokines may play a causal role.106 These 
crucial implications of adipose tissue and fat distribution in 
elderly, is highlighted by a recent study that found that 
reducing abdominal fat, and not only BMI, in improves 
survival in the elderly.109

Diagnosis and Screening of NAFLD
As it stands today, diagnosing NAFLD requires the 
exclusion of secondary causes of hepatic fat or harmful 
alcohol, usually by imaging or (ideally) histological 
staging.110 The systematic screening for NAFLD in the 
general population is not recommended. However, peo-
ple at risk of advanced fibrosis, in particular patients 
living with T2DM should be explored if elevated liver 
function tests or hepatic steatosis are present according 
to the ADA.111 Some concerns include the costs of 
testing, the risk of liver biopsy, and the lack of effective 
treatments. However, it is reasonable to suggest that 
systematic screening or vigilance for NAFLD should 
be promoted in high-risk individuals.

Noninvasive Methods
Liver enzymes have a low positive predictive value and are 
not an accurate predictor of NAFLD. Up to 80% of patients 
with NAFLD exhibit normal levels of liver enzymes, while 
patients with advanced liver disease may have lower levels 
of alanine aminotransferase (ALT).112,113 In patients with 
NAFLD and normal ALT levels, the histological profile of 
the liver is similar to those with abnormal levels of other 
liver enzymes.114 This may be related to the fact that 
NAFLD remains asymptomatic until it progresses to 
advanced liver disease when treatments or prevention are 
rendered less or non-effective. While these tools are not 
specific for elderly patients, we will briefly describe the 
main currently available scoring systems in use.

Scoring Systems
The NAFLD Liver Fat Score (NLFS) aims to quantify the 
degree of fat in the liver by attributing scores to different 
parameters: metabolic syndrome, fasting insulin level, 
T2DM, aspartate aminotransferase (AST), and AST/ALT 
ratio. By using a cut-off point of −0.640, NFLS predicts 
increased liver fat content with a sensitivity of 86% and 
specificity of 71%.115 The Fatty Liver Index (FLI) is 
a score that, instead, uses parameters such as BMI, waist 
circumference, gamma-glutamyltransferase, and triglycer-
ides. In a Chinese cohort, it had a sensitivity of 80% and 
a specificity of 72% for the diagnosis of NAFLD.116 It 
appears to be slightly superior to the Hepatic Steatosis 
Index (HIS). The second is more similar to NLFS in the 
sense that it includes which includes the AST/ALT ratio, 
BMI, T2DM, and sex. It has a reported sensitivity of 86% 
and a specificity of 66%.117

Currently, no elderly-specific recommendations exist 
regarding the diagnosis of NAFLD or NASH.110,118 

However, recent evidence suggests that fibrosis scoring 
systems require different cut-offs in elderly patients. 
Initial studies assessing the utility of these scores focused 
primarily on middle-aged patients, did not include elderly 
patients or failed to determine the diagnostic cut-off values 
in this cohort of patients.119–122 Because both NFS and 
FIB-4 take age into account, there is an inflation of the 
score in the elderly due to the inclusion of this parameter 
by itself. As a result, more patients are considered to be 
intermediate-risk in virtue of their age, which increases the 
false positive rate.121 McPherson et al show that by using 
standard cut-off values, the specificity of FIB4 and NFS 
for advanced fibrosis declines with age, plummeting to 
35% and 20%, respectively in those aged ≥65 years. By 
adjusting the cut-off values, specificity was improved to 
70% for both scoring systems, while sensitivity remained 
above 75%. In a recent study, these cut-offs were tested 
and the low specificity confirmed in elderly Asian 
patients.122 By using the new age-adjusted cut-offs pro-
posed by McPherson, specificity was increased albeit at 
the cost of lower sensitivity. Therefore, more studies are 
necessary to understand how to employ fibrosis scoring 
systems while taking the patient’s age into account.

Imaging Tools
Fat content and liver stiffness can be indirectly measured 
noninvasively through four mainstay techniques: mag-
netic resonance imaging (MRI), computed tomography, 
ultrasonography, and transient elastography.123 The first 
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three techniques can be used to measure liver steatosis, 
but ultrasound only allows for qualitative evaluation. The 
sensitivity of those techniques varies between 75 and 
80%, while the specificities range from 85 to 100%.124 

On the other hand, elastography imaging can be used 
both to diagnose steatosis, and degree of fibrosis with 
the sensitivity of different modalities of this technique 
ranging from 80 to 90%.125 As an advantage over the 
above-mentioned techniques, elastography can be used to 
diagnose advanced fibrosis with a sensitivity >90% and 
specificity ranging from 75 to 92%.126

Liver Biopsy
Liver biopsy is the gold standard for the diagnosis of 
NAFLD and consequent evaluation of histological 
abnormalities in patients with the disease. It is generally 
limited by its cost and a high potential for sampling error, 
along with a high risk of complications; further, it is 
poorly accepted by patients.123 Current guidelines recom-
mend that liver biopsy is reserved for patients at risk of 
steatohepatitis or advanced fibrosis, as predicted by non-
invasive methods such as NFS and/or FIB4, in the context 
of clinical trials or indeterminate cases that require sta-
ging. It should also be considered when the presence or 
severity of the chronic liver disease cannot be ascertained 
without performing a biopsy. Based on current evidence, 
liver biopsies should not be avoided in the elderly purely 
for the sake of their advanced age. Almost 1 out of 15 liver 
biopsies in England and Wales are carried out in patients 
aged 80 or above, with a similar mortality rate as those 
performed in younger patients.127 However, more recent 
retrospective studies focusing on different populations 
should be taken into account before a specific recommen-
dation is made. The healthcare team should carefully 
weigh the risks and benefits before deciding to perform 
a liver biopsy in an elderly patient.

Diagnosing NAFLD Renamed as MAFLD 
in Elderly
Many objections have been voiced about the nomenclature 
and definition of NAFLD regarding the notable role that 
alcohol plays in the definition and the negative conse-
quences of the nomenclature, including trivialization. In 
medicine, communication matters, and the expressions 
used to name a disease can also profoundly impact 
patients. Lately, a consensus of international experts 
recommended that the disease acronym be changed from 

NAFLD to metabolic dysfunction associated fatty liver 
disease or ‘MAFLD.128 This change goes far beyond 
a semantic change and may be the first step that catalyzes 
the method to conceptualize better the condition for health 
promotion, patient orientation, case identification, ongoing 
clinical trials, and for the health services delivery.129

The suggested redefinition of the condition, especially 
in elderly, can increase patient awareness and understand-
ing and garner funding more effectively for research 
efforts to mitigate the impacts of the MAFLD.

Treatment of NAFLD
The management of NAFLD is multifaceted: the under-
lying liver disease must be treated in parallel with the 
associated extrahepatic and systemic abnormalities, such 
as obesity, hyperlipidemia, and insulin resistance.110,118 

From this perspective, two avenues of treatment are con-
sidered: lifestyle modifications and pharmacological treat-
ment. Based on the notion that treatment is only 
appropriate if it improves outcomes, current guidelines 
recommend that owing to the overall good hepatic prog-
nosis of patients without steatohepatitis, pharmacological 
treatments aimed primarily at improving liver disease 
should generally be limited to those with a high risk of 
progression to cirrhosis or decompensation of the under-
lying liver disease.110,112 The aspects in the elderly patient 
with NAFLD are summarized in Figure 2.

Lifestyle Modifications
Dietary modifications, more exercise, and weight loss are 
the main cornerstones of dietary modifications suggested 
to treat patients with NAFLD. Ultimately, the goal is to 
achieve weight loss, which has been shown to improve the 
histological features associated with NASH and the level 
of steatosis along with the liver chemistry.130 In 
a prospective trial lasting 12 months, using paired liver 
biopsies from 261 patients, the amount of weight lost 
correlated positively with the improvement of histopatho-
logical features.131 More than half (58%) of the patients 
who achieved over 5% weight loss experienced the resolu-
tion of NASH, coupled with a reduction of the NAFLD 
activity score (NAS) compared to subjects who lost <5% 
of their body weight. All patients who lost over 10% body 
weight showed a reduction of the NAS-Score, and 90% 
experienced a resolution of NASH. Almost half (45%) had 
a regression of fibrosis, which is striking given the rela-
tively short duration of the study (12 months). Similarly to 
what was described above, only 50% of the patients 
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achieved a weight loss equal or superior to 7% of their 
body weight. Therefore, despite the excellent outcomes, 
compliance with a calorie restriction dietary regimen is 
still a major obstacle to tackle from a physician’s 
perspective.132 Interestingly, compliance with weight loss 
lifestyle modifications are generally better accepted by 
older patients.133,134 Patients with NAFLD are generally 
more sedentary, and a sedentary lifestyle is associated with 
NAFLD development and progression.135 Generally, the 
combination of exercise and caloric restriction is 
advisable,118 as there is some evidence that exercise 
seems to improve the levels of liver enzymes and hepatic 
steatosis.136 Importantly, any lifestyle modification(s) 
should be introduced with a focus on long-term adherence. 
Therefore, the needs of each individual and the character-
istics of the patient shape the ideal approach. In elderly, it 
is particularly important to take the safety and the indivi-
dual state of the patient for lifestyle changes into account. 
In some patients these may be incompatible with certain 
levels of activity or exercise that would otherwise be 
tolerable by a younger person. It is especially important 

to ensure that the dietary instructions introduced are not 
excessively aggressive, given the special need for adequate 
nutrition in the elderly.137,138

Pharmacological Treatment
No drug is currently approved for the treatment of NASH. 
Accordingly, no specific recommendations are made in 
practical guidelines.118 Therefore, there are also no speci-
fic recommendations for the use of any drugs in elderly 
patients. In this section, we will mainly discuss ongoing 
clinical trials and the inclusion (or not) of an adequate 
group of elderly patients that can potentially generate data 
that may guide specific clinical indications in the future.

Metformin
Metformin is a well-tolerated insulin sensitizer, frequently 
used in patients with T2DM to reduce peripheral insulin 
resistance, downregulate gluconeogenesis, and reducing 
blood glucose levels by suppressing hepatic glucose 
production.139 An array of clinical trials have tested the 
efficacy of metformin in NAFLD, with varying degrees of 
success. A meta-analysis concluded that metformin did not 

Figure 2 Clinical Features of NAFLD in elderly. Created with BioRender.com
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improve NASH-related outcomes, despite improving liver 
function, BMI, and insulin resistance to some extent.140 

This lack of improvement in liver histology led to the 
current consensus that metformin is not advisable to spe-
cifically treat NAFLD in patients of all ages.118

Peroxisome Proliferator-Activated Receptor 
Agonists
Thiazolidinediones, such as rosiglitazone and pioglitazone 
are another class of drugs that can be used in patients with 
T2DM.141 Because thiazolidinediones can reverse both 
adipose tissue dysfunction and insulin resistance in 
patients with obesity and T2DM,142 some clinical trials 
have also assessed their potential benefits in the treatment 
of NAFLD.143 In a recent prospective study enrolling 
patients with biopsy-proven NASH with or without 
T2DM, pioglitazone reduced liver fibrosis and increased 
insulin sensitivity in both, patients with and without 
T2DM. However, the benefits were more pronounced in 
diabetic patients.144 Importantly, this clinical trial was 
limited to adults up to 70 years of age, and previous 
studies did not explicitly study the effect of thiazolidine-
diones on elderly cohorts.145,146 Given that thiazolidine-
diones are associated with a higher risk of heart failure and 
bone fractures,147,148 care must be exerted when consider-
ing these drugs in the elderly.149,150 Therefore, it is impor-
tant to be particularly aware of the potential added risk of 
administering thiazolidinediones to the elderly.

Lanifibranor is a non-thiazolidinedione PPAR agonist 
currently being tested in the NATIVE study. Results are 
not yet published but the trial did not exclude older adults 
and did not have an upper age cut-off, thus, the data may 
potentially be used as a steppingstone for further studies 
addressing the efficacy of lanifibranor in elderly patients.

Farnesoid X Receptor Agonist – Obeticholic Acid
Obeticholic acid (OCA) is a synthetic derivative of che-
nodeoxycholic acid, with a 100-fold higher affinity for the 
Farnesoid X receptor (FXR) than the endogenous mole-
cule. OCA has anticholestatic and hepatoprotective effects 
in an FXR-dependent fashion.151 OCA can increase sensi-
tivity to insulin, regulate lipid and glucose metabolism, 
and exert an antifibrotic effect in the liver.152

Initially, the FLINT trial observed that OCA improved 
both the biochemical and histological profiles as well as 
the NAFLD activity score of patients with non-cirrhotic 
NASH after 72 weeks of OCA treatment compared to 
placebo.153 Over one-third (35%) of the patients in the 

OCA group experienced a regression of fibrosis when 
compared to only 19% in the placebo arm. A larger trial 
(REGENERATE) followed, based on the promising results 
of the FLINT trial. REGENERATE enrolled 1968 patients 
with fibrotic NASH, who had been receiving a lower 
(10 mg/day) or higher (25 mg/day) dose of OCA or 
placebo.154 After 18 months, the intention-to-treat (ITT) 
and the per-protocol (PP) populations registered an 
improvement of fibrosis with no worsening of NASH 
(ITT: 12%, 18%, and 23% in the placebo, lower dose, 
and higher dose of OCA respectively; PP: 13%, 21%, 
and 28% in the placebo, lower dose, and higher dose of 
OCA respectively). Pruritus and increased LDL choles-
terol were the most common adverse effects. Importantly, 
both trials enrolled adults without an upper limit of age, 
but neither investigated the outcomes according to age. In 
the future, the data from these trials could potentially be 
analyzed across different age cohorts, with a particular 
focus on elderly cohorts. This information would help 
physicians to understand the risk/benefit ratio of OCA in 
older patients.

Glucagon-Like Peptide-1 Receptor Agonists
Glucagon-like peptide-1 (GLP-1) analogs are an alterna-
tive therapeutic avenue undergoing active research in the 
context of NAFLD treatment. They exert a myriad of 
effects on organismal metabolism and can affect body 
weight, glucose and lipid homeostasis, as well as 
inflammation.155,156 Liraglutide and semaglutide are two 
GLP-1 mimetics that have been tested in patients with 
NASH. In the Phase 2 clinical trial LEAN, which enrolled 
obese patients with NASH, 9 out of 23 patients receiving 
liraglutide had resolution of NASH, compared to 2 of 22 
patients in the placebo group.157 Another phase 2 clinical 
trial, albeit with semaglutide, focusing on 320 patients 
with NASH and stage F1, F2, or F3 fibrosis, reported 
similar results. NASH resolution without worsening of 
fibrosis was achieved in 40%, 36%, and 59% of the 
patients receiving 0.1, 0.2, or 0.4 mg/day subcutaneous 
semaglutide, respectively, when compared to just 17% in 
the placebo group.158 Nevertheless, these results may not 
apply to older adults, as the age cut-offs in the liraglutide 
and semaglutide trials were 70 and 75 years, respectively.

Fibroblast Growth Factor 21
Fibroblast growth factor 21 (FGF21) belongs to the family 
of fibroblast growth factors, with a myriad of systemic 
metabolic effects reviewed elsewhere.159 As with many 
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other candidate drugs, it can reverse obesity and insulin 
resistance.159 The native form of FGF21 has a short half- 
life and tendency to aggregate. Accordingly, there has 
been an interest in generating more pharmacologically 
appealing derivatives to be used for the treatment of 
NAFLD.160 For example, pegbelfermin (BMS-986036) is 
a PEGylated form of FGF21 which has been employed in 
a phase 2a trial. Daily and weekly administration of peg-
belfermin led to a decrease in the absolute hepatic fat 
content when compared to placebo (−6.8% and −5.2%, 
respectively. vs −1.3%). In the coming years, new clinical 
trials evaluating pegbelfermin should provide further 
results that will help elucidate the efficacy (or lack thereof) 
of this drug in the management of NASH-related compli-
cations. Unfortunately, two upcoming trials (FALCON 1 
and 2) have established an upper age limit of 75 years old 
for patient inclusion. Therefore, limited conclusions spe-
cific to older adults can be drawn.161,162

Resmetirom (MGL-3196)
Resmetirom, also known as MGL-3196, is a thyroid hor-
mone receptor β agonist.163 The results of its phase 2 trial 
were recently published, enrolling adults with biopsy- 
confirmed NASH and stage 1 to 3 fibrosis, along with 
a hepatic fat fraction ≥10%. Resmetirom-treated patients 
showed a relative reduction of hepatic fat compared with 
placebo at week 12 (−32.9% vs −10.4%) and week 36 
(−37.3% vs −8.5). On secondary analyses, NASH resolu-
tion was achieved in a higher proportion of treated patients 
and was correlated with higher doses and increased expo-
sure to the drug. A Phase 3 trial enrolling 2000 patients is 
currently ongoing, in which older patients should be well 
represented (no upper age limit).164 The results will be 
invaluable to understand if resmetirom will be safe and 
effective in the elderly NASH population.

Conclusion
Aging is a natural process that requires adaptations in 
medical care and consideration for treatment. As the pre-
valence of NAFLD increases with age, and NAFLD- 
related complications may represent an important source 
of morbidity and healthcare utilization, this disease should 
be addressed in the elderly population. The importance of 
comorbidities and polypharmacy is largely unaddressed in 
current clinical guidelines. Further, there is still contro-
versy regarding which population should be actively 
screened for NAFLD and/or NASH. However, a lot of 
the controversy stems from the lack of adequate 

treatments, which limit the value of a diagnosis at current. 
It can be expected that when effective treatments become 
available, physicians should be more inclined to secure the 
diagnosis and initiate pharmacological treatment. 
Unfortunately, the elderly population is often not ade-
quately represented in clinical trials and thus this will be 
an extra hurdle for physicians and patients deciding on 
whether a treatment’s benefits outweigh the potential risks. 
Here, further epidemiological and mechanistic studies, 
along with an effort not to exclude older adults from 
clinical trials, will be necessary to understand the better 
approach to diagnose and treat NAFLD in older adults.
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