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Abstract: Nonalcoholic fatty liver disease and chronic kidney disease are both chronic
conditions with rapidly increasing prevalence and incidence worldwide that have led to
a significant burden on health-care systems. The association between these two disease
entities is partly attributed to shared cardiometabolic comorbidities including diabetes,
hypertension, obesity, and metabolic syndrome. However, independent of these overlapping
risks, there are increased rates and more severe CKD in NAFLD patients. Conversely, more
progressive NAFLD is seen with advanced stages of kidney injury. In addition to overlapping
risk factors, shared pathogenic mechanisms suggest these two disease entities may resemble
different manifestations of a single underlying disease process.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is defined by the presence of hepatic
steatosis with a spectrum of severity including nonalcoholic fatty liver (NAFL),
nonalcoholic steatohepatitis (NASH) with and without fibrosis, and cirrhosis.
NAFL is also referred to as simple steatosis; that is, there is increased fat accumu-
lation in hepatocytes but no significant inflammation, injury, or fibrosis. NASH is
defined histologically by the presence of steatosis, lobular inflammation, and liver
cell injury with hepatocyte ballooning.'

Chronic kidney disease (CKD) is defined by the Kidney Disease Improving
Global Outcomes (KDIGO) work group as abnormalities of kidney structure or
function for greater than three months with implications for health.? Glomerular
filtration rate (GFR) is a marker of kidney function with five categories (G1:
>90; G2: 60-89; G3a: 45-59; G3b: 30-44; G4: 15-29; G5 <15 mL/min/
1.73 m?) where CKD is defined by GFR <60 mL/min/1.73 m?. Albumin-to-
creatinine ratio (ACR) is one of the markers of kidney damage with three
categories (Al: <30; A2: 30-300; A3: >300 mg/g) with the threshold >30 mg/
g defining CKD. Staging of CKD includes categorization based on decreased
GFR and increased ACR, and these both play an important role in risk categor-
ization and prognostication.’

Increasing rates of both NAFLD and CKD is expected with the rising trends in
diabetes (DM) and obesity alongside the aging population.® NAFLD is quickly
rising to be the leading cause of liver transplantation and most rapidly increasing
indication for simultaneous liver-kidney transplants.* Understanding the interplay
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between these two disease entities is important for screen-
ing, early recognition, and therapeutics development.

Epidemiology
NAFLD is a growing public health concern globally with
current estimated prevalence of 25%.° These rates are
predicted to increase further within the next decade to
include one in three adults with NAFLD and over one in
four NAFLD patients with NASH.® The economic burden
of NAFLD is significant with annual costs of $130 billion
in the United States and €35 billion cumulatively in four
European countries.” Among NAFLD patients, cirrhosis
and its associated complications including hepatocellular
carcinoma are the most common liver-related causes of
morbidity, but cardiovascular disease (CVD) events are the
leading cause of overall morbidity and mortality.®

The prevalence of CKD is estimated to be 13.4% in the
global population.” Economic burden from CKD is
weighted heavily on the later stages, particularly once
renal replacement therapy has been initiated with an esti-
mated annual cost of $100,593 per patient in the United
States.'” Increased mortality is observed when GFR falls
below 60 mL/min/1.73 m? with an adjusted hazard ratio of
1.2, 1.8, 3.2, and 59 for stage 3a, 3b, 4, and 5,
respectively.'! The impact of CKD on mortality is increas-
ing over time. While it is currently ranked as the sixteenth
leading cause of death in 2016, modeling data suggests
a rise to the fifth leading cause of death globally by
2040."” Risk factors
standardized rate of CKD disability-adjusted life years

that contribute to total age-
include impaired fasting glucose, high blood pressure,
and high body mass index."?

The cardiometabolic risk factors present in both
NAFLD and CKD lead to atherogenic dyslipidemia and
CVD events (hospitalization for coronary heart disease,
heart failure, ischemic stroke, or peripheral arterial disease)
which occur at greater rates in CKD.'" Increasing ACR
leads to increased all-cause and cardiovascular mortality
independent of GFR, including at normal GFR levels.'* In
a meta-analysis of 16 observational cohort studies, NAFLD
was found to be an independent risk factor for incident CVD
events (OR: 1.63, CI: 1.06-2.48) with further increased
rates in severe NAFLD (OR: 1.94, CI: 1.17-3.21)."° In an
analysis of the Third National Health and Nutrition Survey
database, presence of hepatic steatosis detected by ultra-
sound with concomitant CKD was associated with progres-
sively increased rates of overall (HR: 2.31 CI: 1.8-3.16 for
stage 2—3a, 4.83 CI: 2.4-9.71 for stage 3b-5) and CVD-

related (2.06 CI: 1.16-3.65 for stage 2—3a, 6.04 CI: 2.39-
15.26 for stage 3b—5) mortality.'® Due to the impact of
coexistent NAFLD and CKD on morbidity and mortality
rates, public health initiatives have included earlier identi-
fication for both disease entities and modification of known
risk factors.

Association Between NAFLD and
CKD

In cross-sectional studies, the prevalence of CKD was 20—
55% in patients with NAFLD compared to 5-30% in patients
without NAFLD with a persistent association even after
adjustment for DM and other common risk factors.'” In
a meta-analysis of 13 longitudinal studies, risk of incident
CKD was 80% greater in NAFLD (HR: 1.79, CI: 1.65-1.95)
independent of overlapping cardiometabolic risk factors.'®
Similarly, in a meta-analysis of nine observational cohort
studies, presence of NAFLD was associated with a 40%
increased risk of incident CKD stage >3 (HR: 1.37, CL:
1.20-1.53)." Importantly, more advanced NAFLD has
even greater impact on incident CKD findings.

In comparison to NAFL, NASH is associated with an
increased prevalence (OR: 2.53, CI: 1.58-4.05) and inci-
dence (HR: 2.12, CI: 1.42-3.17) of CKD compared to
NAFL."® Of the histological components that define
NASH, portal inflammation score >3 is associated with sig-
nificantly increased risk of renal outcomes (HR: 6.58,
p=0.001) when adjusted for age, sex, insulin resistance
(IR), and hypertension (HTN).?* In comparing biopsy-
proven NASH with control non-NAFLD
matched for age, sex, and body mass index, there is
of CKD and
albuminuria.”' Among patients with NASH, incident risk of
CKD increases further with greater stages of CKD (OR: 2.49
CI: 1.21-5.13 in stage 3b, 3.45 CI: 1.15-10.39 in stage 4,
3.87 CI: 1.1-13.58 in stage 5).'® In a post hoc analysis from

individuals

a significantly increased prevalence

a trial studying impact of lifestyle changes on biopsy-proven
NASH, histological resolution of NASH led to an improve-
ment in kidney function (GFR 2.32 vs —1.04 mL/min/
1.73 m?, p=0.04) irrespective of weight loss.**

In comparison to lower stage of fibrosis, NASH with
advanced (stage 3—4) fibrosis is associated with greater
risk of incident CKD (HR: 3.29, CI: 2.3-4.71) which is
progressively increased with higher stages of CKD (OR:
7.48 CI: 2.95-18.97 in stage 3b, 7.66 CI: 2.72-21.56 in
stage 4, 12.67 CI: 4.49-35.76 in stage 5).'"® Fibrosis sta-
ging in NASH has a graded association with decreasing
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GFR independent of age, body mass index, IR, and com-
ponents of the metabolic syndrome.?! Improvement of
a single fibrosis stage in NASH leads to improvement in
kidney function (GFR +7.6 vs —1.98 mL/min/1.73 m?,
p<0.01) irrespective of weight loss.*?

The Link Between NAFLD and
CKD: Common Risk Factors and

Shared Mechanisms

NAFLD is a multiorgan disease and has been strongly
associated with type 2 DM, CVD, and CKD.>* A causal
relationship between NAFLD and CKD is difficult to prove
given their many shared risk factors including IR, DM,
HTN, dyslipidemia, and obesity. Numerous shared risks
and pathogenetic mechanisms carry out similar processes
of injury with interplay between the organs (Figure 1).

Metabolic Syndrome
Metabolic syndrome (MetS) is defined by the presence of
three or more of the following risk factors:**

e Increased waist circumference (cutoffs vary by popu-
lation and country of origin)

e Triglycerides >150 mg/dL or use of medications to
lower triglycerides

e HDL-C <40 mg/dL in males <50 mg/dL in females

e Fasting glucose >100 mg/dL or use of medications to
lower glucose

e Systolic blood pressure >130 mmHg, diastolic blood
pressure >85 mmHg, or use of medications to lower
blood pressure

In NAFLD patients, presence of all components of the

MetS increases overall, cardiac, and liver-related
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Figure | Role of a Gut-AT-Liver-Kidney Axis Leading to NAFLD and CKD. The pathogenesis of NAFLD and CKD have many shared causes including dysregulation and
dysfunction of the gut and adipose tissue, chronic inflammation, atherogenic dyslipidemia, and proinflammatory cytokines and hepatokines. The primary feature of hepatic
steatosis occurs when there is an imbalance of FFA leading to excess lipid droplets containing TAGs which are the storage form for FFAs in the hepatocytes. In the steady
state, the concentration of TAGs in the liver is kept low by balancing the trafficking of FFAs into and out of the liver; production of FFAs by hepatocytes, consumption of FFAs
by mitochondrial beta-oxidation, and TAG export from the liver as VLDL particles. The glucose uptake receptors in adipose tissue are dependent on insulin. Thus, insulin
resistance leads to decreased glucose uptake and increased serum glucose concentrations, which then promotes insulin production by the pancreatic beta cells.
Dysregulation of adipose tissue leads to increased lipolysis and secretion of FFAs, and this is the primary source of FFAs to the liver contributing to steatosis. Activation
of macrophages in adipose tissue leads to secretion of cytokines and chemokines and further drives insulin resistance. FXR expression is downregulated by the systemic
inflammation, and the altered microbiome increases conversion of primary BAs to secondary BAs, which lowers the concentration of the more potent activator of FXR and
subsequently suppresses the pathways that increase GLP-1 expression, inhibit lipolysis in the adipose tissue, decrease de novo lipogenesis in the liver, and increase FFA
oxidation in the liver, muscle, and adipose tissue. Activation of the renin-angiotensin-aldosterone system leads to increased production of angiotensin Il and uric acid. Gut-
derived uremic toxins (indole, p-cresol, trimethylamine, ammonia) increase oxidative stress and proinflammatory cytokines which further propagates gut permeability and
translocation of PAMPs. Once CKD has developed, there is decreased excretion of the uremic toxins. The gut-derived toxins are shuttled to the liver where they are
oxidized or conjugated into nephrotoxic compounds. Kupffer cell activation with cytokine release results in macrophage differentiation with proinflammatory and fibrogenic
functions. Thus, all these aforementioned processes cumulatively activate inflammatory, oxidative, and fibrotic pathways in the kidney, liver, and heart.
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mortality.”> MetS, particularly DM and HTN, have
a bidirectional relationship with NAFLD.?® NAFLD is
often considered the hepatic manifestation of the MetS
with a greater risk of NASH (OR: 3.2, CL: 1.2-8.9,
p=0.026) and advanced fibrosis (OR: 3.5, CI: 1.1-11.2,
=0.032).%" Conversely, NAFLD may also be a precursor
to the future development of MetS.%¢

The association between MetS and CKD is not surpris-
ing given that the two leading causes for CKD, DM and
HTN, are also components MetS. The presence of MetS is
significantly associated with decreased eGFR <60 mL/
min/1.73 m? (OR: 1.55, CI: 1.34-1.8) which includes
a contribution from each individual component of MetS
and the greatest risk if all five components of MetS are
present (OR: 1.96, CI: 1.71-2.24, p<0.01).>® Furthermore,
reversal or resolution of an individual MetS component
leads to a reduced risk of CKD.*

Insulin Resistance and Hyperinsulinemia
The underlying pathogenic mechanisms that tie NAFLD
and CKD together remains under investigation but there
appears to be a clear contribution from IR and the MetS.
IR affects multiple organs that culminate into shared risks
for development of both NAFLD and CKD. Insulin plays
an important role in the body including, (1) glycolysis and
glycogenesis in the liver, (2) glucose uptake, glycolysis,
glycogenesis, amino acid uptake, and protein synthesis in
the skeletal muscle, (3) glucose uptake and lipogenesis in
adipose tissue, and (4) insulin production and secretion in
the pancreas.

In the setting of IR, there is impaired glucose uptake
which leads to elevated glucose levels in the blood and
further production of insulin by the pancreas. Relatively
higher levels of circulating glucose and insulin ultimately
promote de novo lipogenesis in the liver by activating
transcription factors that promote expression of lipogenic
genes and suppress beta-oxidation of free fatty acids (-
FFA).*° In the adipose tissue, IR leads to disruption of the
downstream signaling resulting in excess lipolysis with
subsequent delivery of these FFAs to the liver. In
NAFLD, the three main sources for triacylglycerols
(TAGsS) in the liver are adipocyte-derived FFAs from lipo-
lysis, hepatic de novo lipogenesis from carbohydrates, and
dietary intake, which account for approximately 59%,
26%, and 15%, respectively.’!

Both hyperinsulinemia and IR contribute to kidney
injury. With the increased insulin levels, there is further
upregulation of the and

renin-angiotensin  system

sympathetic nervous system activation which drives HTN
and renal injury.*® High levels of glucose that occurs with
IR leads to nonenzymatic glycation of proteins and lipids
forming proinflammatory molecules leading to athero-
sclerosis and hyaline arteriosclerosis. This process contri-
butes to the CVD commonly seen and the latter
mechanism occurs in the kidneys resulting in glomerular
injury and CKD even prior to the development of DM.*

Intestinal Dysbiosis
The farnesoid X receptor (FXR) is a nuclear transcription
factor that plays a key role in bile acid, glucose, and lipid
metabolism.* Primary bile acids (BAs) are made from
cholesterol in the liver while secondary BAs are produced
in the colon from bacterial metabolism of the primary
BAs. Bile acids, mainly the primary BA chenodeoxycholic
acid, activate FXR in the enterocytes which promotes
insulin sensitivity, decreases intestinal lipid absorption
and induces fibroblast growth factor (FGF) 19 that inhibits
BA production in the liver. FXR in the hepatocytes
decreases de novo lipogenesis, VLDL secretion, gluconeo-
genesis, and glycolysis and increases FFA oxidation and
glycogenesis.*

In NAFLD, numerous mechanisms are at play to ulti-

3 As a result, there

mately decrease FXR activation.’
is decreased FGF19 signaling, resulting in increased hepa-
tic BA production and altered regulation of lipogenesis in
the liver that culminates into hepatic TAG accumulation.**
In the kidney, FXR deficiency increases renal lipid accu-
mulation, profibrotic growth factors, proinflammatory
cytokines, and oxidative stress leading to apoptosis, fibro-
sis, and progression to CKD.*

High saturated fat diets promote conjugation of cholic
acid with taurine (TCA) which alters the microbiome to
favor sulfite-reducing bacteria since the taurine contains
a sulfite group as opposed to a carboxyl group. This
imbalance of microbiota, that is dysbiosis, leads to local
inflammation and gut permeability, and TCA functions as
an FXR antagonist. In addition, downregulation of the
apical-sodium BA transporters (ASBT) on the enterocytes
that are responsible for reabsorption of bile acids for
enterohepatic circulation leads to decreased expression of
FXR and FGF19. Thus, delivery of primary conjugated
BAs to the colon is increased. The altered microbiome in
the colon decreases the transformation of primary BAs to
secondary BAs which typically would cause an increase in
glucagon-like peptide (GLP)-1. The imbalance of primary
to secondary BAs favors inflammation and increases gut
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permeability. While there is an excess of primary BAs,

there is also increased secondary BA production,
decreased lipid excretion in stool, and increased intestinal
lipid absorption. The proinflammatory state further down-
regulates FXR expression.>”

When nondigestible dietary fiber reaches the colon, it
undergoes anaerobic fermentation into short-chain fatty
acids (SCFA) which can affect glucose regulation by
increasing incretin (i.e. GLP-1) secretion.’® A low fiber
diet alongside alteration in the gut microbiota, including
a decrease in SCFA-producing bacteria, result in
a decreased supply of SCFAs which promotes hepatic
lipogenesis and a chain of systemic inflammation.>’

Byproducts from the microbiota metabolism have been
implicated in the development of numerous cardiometa-
bolic diseases.*® Increased urea concentrations in CKD is
metabolized by microbiota to ammonia and contributes
further to increased gut permeability with entry of patho-
gen-associated molecular patterns (PAMPs), increased BA
absorption, and production of nephrotoxic and hepatotoxic
molecules and inflammatory cytokines.*’

Bacterial metabolism of ingested nutrients include
trimethylamine (TMA) from carnitine and choline,
indole from tryptophan, p-cresyl from tyrosine and phe-
nylalanine, and phenylacetic acid from phenylalanine.*’
Conversion of indole and p-cresyl in the liver produces
uremic toxins, indoxyl sulfate and p-cresyl sulfate, that
cause renal and vascular injury by producing reactive
oxygen species and proinflammatory cytokines.*'
Similarly, oxidation of TMA to trimethylamine-N-oxide
(TMAO) occurs in the liver by an enzyme that is induced
by FXR, and higher levels of TMAO have been found in
CKD patients due to impaired excretion of these uremic
toxins and dysbiosis in the gut.*? Higher TMAO levels
suppresses reverse cholesterol transport which promotes
atherosclerosis and increases the rates of cardiovascular

disease in this population.*?

Proinflammatory State

Insulin resistance leads to dysregulation of adipose tissue
with increased release of FFAs and proinflammatory
adipokines.** Adipose tissue-derived signals of inflamma-
tion include adipocytokines (adiponectin, leptin) and
proinflammatory cytokines.*> The degree of adipose tissue
dysfunction, rather than the quantity of adipose tissue or
obesity, has the greater effect on hepatic steatosis and

necroinflammation.*®*

This mechanism of injury has been attributed to
PAMPs activating the signaling cascades to macrophages
that release cytokines and recruit proinflammatory cells
and hepatic stellate cells which play a role in apoptosis
and fibrosis.*® Reactive oxygen species (ROS) produced
by oxidation of FFAs cause additional inflammation and
injury to the liver. Increased transcription of proinflamma-
tory genes in NASH contributes to systemic inflammation
and production of ROS with extrahepatic effects including
CKD.”

Systemic inflammation compromises the integrity of the
intestinal barrier allowing endotoxins and other PAMPs
from the gut to reach the hepatocytes and promotes meta-
bolic disturbances including IR and proinflammatory cyto-
kine production that further contributes to NAFLD, CKD,
and CVD.* Gut-derived uremic toxins increase oxidative
stress and cytokines, further propagating gut permeability
and translocation of PAMPs. All these aforementioned pro-
cesses cumulatively activate inflammatory, oxidative, and

fibrotic pathways in the kidney, liver, and heart.*®

Treatment Strategies in Coexistent
NAFLD and CKD

Development of therapeutics to improve both NAFLD and
CKD has been forthcoming given the link between the two
conditions including overlapping risks and poor outcomes.
The targets for therapies are based on the proposed patho-
genic mechanisms shared between the two disease entities,
particularly modification of cardiometabolic risk factors
and reducing IR. Additional strategies for therapeutics
under investigation for NAFLD include decreasing FFA
delivery to the liver and increased disposal of FFA from
the liver.

Sodium-glucose co-transporter-2 (SGLT2) inhibitors
and glucagon-like peptide-1 receptor agonists (GLP-1RA)
are two groups of medications approved for use in DM that
have additional benefits for NASH and protective effects on
cardiovascular and renal outcomes.’® SGLT2 inhibitors are
recommended to prevent progression of CKD in diabetic
patients, particularly for those with ACR >200 mg/g or
GFR 25-60 mL/min/1.73 m?>.>° Meta-analysis of three
RCTs comparing the use of SGLT2 inhibitors to standard
of care diabetic treatment showed significant decrease in
hepatic steatosis determined by magnetic resonance ima-
ging (MRI) (—2.2, CI: —=3.67 to —0.74, p=0.003) and degree
of fibrosis determined by FIB-4 scores (—0.06, CI: —0.1 to
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—0.02, p=0.01) despite no significant difference in degree of
glucose control between groups.”’

GLP-1 is an incretin hormone secreted by the entero-
cytes that promotes peripheral insulin sensitivity and glu-
cose uptake by adipose tissue in addition to decreasing
hepatic steatosis via numerous signaling pathways that
increase FFA oxidation, decrease de novo lipogenesis,
and promote VLDL secretion. NASH resolution without
worsening of fibrosis has been shown in two placebo-
controlled RCTs with liraglutide (39% vs 9%, RR: 4.3,
CIL: 1-17.7, p=0.019) and semaglutide (59% vs 17%, OR:
6.87, CI: 2.6-17.62, p<0.001).>*> A meta-analysis of data
from eight cardiovascular outcomes RCTs showed that
GLP-1RA treatment in diabetic patients decreased renal
outcomes (HR: 0.79, CI: 0.73-0.87 p<0.0001), defined by
greater than 40% decline in GFR, doubling in creatinine,
new-onset macroalbuminuria, need for renal replacement
therapy, or death attributed to a renal cause.’*

A number of therapies currently under investigation for
NASH with and without fibrosis also have potential benefit
for CKD. Nuclear transcription factors, including peroxi-
some proliferator-activator receptor (PPAR)-a, PPAR-§,
PPAR-y and FXR, regulate lipid trafficking and metabo-
lism, inflammatory signaling, and fibrogenesis in the liver
and kidney. As a result, these factors are targets for poten-
tial therapeutics. Thiazolidinediones are PPAR-y agonists
that improve steatosis, ballooning, and inflammation in
diabetic and nondiabetic patients with NASH and also
offer renal protection.”® >’ However, its widespread use
has been limited by side effects of treatment including
a potential risk for bladder cancer and decreased bone
density.’® In the phase II trial, PPAR-0/5 dual agonist
elafibranor showed resolution of NASH without worsening
of fibrosis in the post-hoc analysis (19% vs 9%, p=0.013)
though interim analysis of the phase 3 trial data did not
meet its endpoints and further enrollment was
terminated.°” Another PPAR o/y dual agonist decreased
liver fat content measured by MRI (—19.7% vs 5.6%,
p=0.004) with mild, reversible worsening of renal function
on higher doses and will require further investigation.®'

FXR is a targeted receptor for therapies given its role
in lipid and glucose metabolism. Obeticholic acid (OCA)
is synthetic analogue to the primary BA chenodeoxycholic
acid that binds to and activates FXR. In the Phase 2
multicenter FLINT (FXR ligand Obeticholic Acid in
NASH Treatment) trial, the OCA group had a significant
improvement in NAFLD activity score (NAS) by two or
more points (RR: 1.9, CI: 1.3-2.8, p=0.0002) and fibrosis

(RR: 1.8, CI: 1.1-2.7, p=0.004) but also an increase in

adverse events including pruritus and dyslipidemic
profiles.®” At the 18 month interim analysis of the
REGENERATE (Randomised Global Phase 3 Study to
NASH with Fibrosis of

Obeticholic Acid Treatment) study, there was no signifi-

Evaluate the Impact on

cant histologic resolution of NASH but there was signifi-
1.9, CL: 1.4-2.38,
p=0.0002) and similar reporting of adverse events.®’

cant improvement in fibrosis (RR:

OCA remains under investigation as the FDA did not
support accelerated approval given that it did not meet
its primary endpoint for NASH resolution and longer-
term safety data was requested.

FXR stimulates FGF19 transcription which is the protein
that carries out most of its downstream effects, notably
a decrease in hepatic bile acid synthesis and inhibition of
hepatic de novo lipogenesis. Aldafermin (previously referred
to as NGM282) is a synthetic FGF19 analog studied in
a phase 2 trial with an absolute decrease in steatosis deter-
mined by MRI (—2.6% vs —7.8%, p=0.02) and improvement
in NAS by two or more points (9% vs 62%, p<0.01) but no
significant difference in fibrosis (18% vs 38%, p=0.1).%

Oxidative stress and inflammation are key contributors to
both NAFLD and CKD. Vitamin E led to histologic improve-
ment in the PIVENS (Pioglitazone vs Vitamin E vs Placebo
for Treatment of Non-Diabetic Patients With Nonalcoholic
Steatohepatitis) trial but is only recommended in noncirrho-
tic, nondiabetic patients with biopsy-proven NASH due to
limited safety data.®> Numerous additional agents targeting
these pathways include apoptosis signaling kinase 1 inhibi-
tor, nuclear factor-erythroid-2-related factor 2 activator, and
C-C chemokine receptor types 2/5 antagonist.®®

Conclusion

Both NAFLD and CKD are rising rapidly as important
public health concerns alongside the increasing rates of
obesity, MetS, and DM. Causal association between
NAFLD and CKD may not be possible given the observa-
tional nature of studies to date. Nonetheless, there is strong
supporting evidence of the increased prevalence and inci-
dence of CKD in NAFLD, including greater severity in
NASH and advanced fibrosis. NAFLD and CKD have
similar impact on outcomes, most notably cardiovascular
morbidity and mortality. Thus, early recognition and
screening for CKD in NAFLD patients is important to
allow for earlier implementation of relevant strategies.
The desire for improvement of renal function alongside
histologic resolution of NASH may suggest a population
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who would benefit from clinical trial enrollment for NASH

and fibrosis reversal as there is currently no medication

approved by the regulatory agencies for this purpose.
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