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Abstract: Nonalcoholic fatty liver disease (NAFLD) is associated with several extrahepatic man-
ifestations such as cardiovascular disease and sleep apnea. Furthermore, NAFLD is reported to
be associated with an increased risk of incident chronic kidney disease (CKD). Inflammation and
oxidative stress are suggested to be the key factors involved in the inflammatory mechanisms and
pathways linking NAFLD to CKD and are responsible for both the pathogenesis and the progression
of CKD in NAFLD patients. This review aims to provide a more comprehensive overview of the
association between CKD and NAFLD, also considering the effect of increasing severity of NAFLD.
A PubMed search was conducted using the terms “non-alcoholic fatty liver disease AND kidney”.
In total, 537 articles were retrieved in the last five years and 12 articles were included in the qualitative
analysis. Our results showed that CKD developed more frequently in NAFLD patients compared to
those without NAFLD. This association persisted after adjustment for traditional risk factors and
according to the severity of NAFLD. Therefore, patients with NAFLD should be considered at high
risk of CKD. Intensive multidisciplinary surveillance over time is needed, where hepatologists and
nephrologists must act together for better and earlier treatment of NAFLD patients.

Keywords: nonalcoholic fatty liver disease; liver fibrosis; chronic kidney disease; renal function; kidney

1. Introduction

The liver and kidneys are recognized to be closely and mutually intertwined, both in
physiological and pathological conditions [1]. Renal dysfunction in the context of liver
disease is multifactorial. It can be related to primary diseases such as polycystic liver–
kidney disease [2] or can occur as a consequence of hepatitis B and C virus infections [3,4] or
excessive alcohol consumption [5]. More recently, nonalcoholic fatty liver disease (NAFLD)
was demonstrated to be significantly associated with increased risk of incident chronic
kidney disease (CKD) [6].

1.1. Nonalcoholic Fatty Liver Disease

NAFLD represents the most common chronic liver disease worldwide, affecting
approximately 25% of global adult population. It should no longer be considered only
a Western disease, and its prevalence is expected to further increase over the years [7,8].
NAFLD is characterized by hepatic steatosis in more than 5% of hepatocytes in the absence
of excessive alcohol consumption after excluding other competing causes of chronic liver
disease such as viral or autoimmune hepatitis [9].

In general, specific signs or clinical symptoms of NAFLD are absent in most patients at
the time of diagnosis. Liver ultrasonography represents the first-line diagnostic procedure,
whereas liver biopsy is the gold-standard procedure for NAFLD staging. Furthermore,
several noninvasive hepatic steatosis and/or fibrosis tests, such as the fibrosis-4 (FIB-4)
score, the NAFLD fibrosis score (NFS), the enhanced liver fibrosis (ELF) score, the fatty
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liver index (FLI) or the transient elastography (FibroScan), are used to identify patients
who require liver biopsy [10].

The risk of developing NAFLD is increased in case of metabolic syndrome and its com-
ponents such as hypertension, obesity, type 2 diabetes mellitus and dyslipidemia [11,12].
NAFLD is recognized to be associated with several extrahepatic manifestations such as
cardiovascular disease [13,14] and sleep apnea [15]. Recently, the renaming of NAFLD to
metabolic associated fatty liver disease (MAFLD) has been proposed to stress the strong
association with overweight/obesity, type 2 diabetes and the metabolic syndrome [16–18].
Furthermore, NAFLD is reported to be associated with an increased incidence of CKD.
However, it has not yet been demonstrated if the strength of this association could be
affected by increasing severity of NAFLD [6].

The pathogenesis of NAFLD is multifactorial. Unhealthy lifestyles, dietary habits,
metabolic dysfunction, oxidative stress, genetic factors and alterations of gut–liver axis are
the main pathophysiological mechanisms. Insulin resistance, which causes liver steatosis,
is considered to play a central role. Fat accumulation is reported to sensitize liver to
induce inflammation and oxidative stress, leading to the progression of NAFLD and
liver fibrosis [19]. Moreover, several lines of evidence indicated that also genetic factors
may predispose to NAFLD, and among the others, a variant located at the PNPLA3
gene appears to show the strongest effect [20,21]. Finally, dysbiosis, increased intestinal
barrier permeability, bacterial translocation and endotoxemia may also promote Kupfer
cell activation and inflammatory cytokine production [22,23].

Inflammation and oxidative stress are suggested to be the key factors involved in the
inflammatory mechanisms and pathways linking NAFLD to CKD and responsible for both
the pathogenesis and the progression of CKD in patients with NAFLD.

1.2. Chronic Kidney Disease

CKD was listed as one of the 10 leading causes of reduced life expectancy or disability-
adjusted life-years in 2013 and was ranked as the 12th cause of mortality in 2017 [24,25].

The burden of CKD varies significantly across the world but, in 2017, its prevalence
was estimated to be 9.1% worldwide [26].

According to the “Kidney Disease: Improving Global Outcomes 2012 Clinical Prac-
tice Guideline”, CKD was defined as the reduction of glomerular filtration rate (GFR)
< 60 mL/min/1.73 m2 or the evidence of kidney damage (structural or functional), present
for > 3 months, with implications for health [27].

CKD can be classified on the basis of GFR categories as follows: G1, GFR ≥ 90 mL/min/
1.73 m2; G2, GFR = 60–89 mL/min/1.73 m2; G3a, GFR = 45–59 mL/min/1.73 m2; G3b,
GFR = 30–44 mL/min/1.73 m2; G4, GFR = 15–29 mL/min/1.73 m2; G5, GFR < 15 mL/min/
1.73 m2. Furthermore, CKD can be classified according to albuminuria categories as
follows: A1, albumin-to-creatinine ratio (ACR) < 30 mg/g; A2, ACR = 30–300 mg/g; A3,
ACR > 300 mg/g [27].

In general, the metabolic risk factors for NAFLD may influence the development
of CKD, and several studies suggested that the presence of NAFLD may accelerate the
development and progression of CKD independently of the traditional cardiometabolic
risk factors [28,29]. However, there is a heterogeneity of literature data related to different
study designs, definitions of CKD and diagnosis of NAFLD.

This review aims to provide a more comprehensive overview of the association
between CKD and NAFLD, considering also the effect of increasing severity of NAFLD.

2. Materials and Methods
Literature Search, Data Selection and Extraction

A PubMed search was conducted using the terms “non-alcoholic fatty liver disease
AND kidney”.

Research was limited to studies published in the English language over the last 5 years.
Studies regarding animals and children, case reports, commentaries, letters, editorials and
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meeting abstracts were not considered. Review-type articles were examined only to identify
papers potentially eligible for inclusion.

Only relevant studies potentially eligible for inclusion underwent full-text review.
The following data were extracted on a data collection table: first author/publication year,
study design, number of patients enrolled, diagnosis of NAFLD including assessment of
severity of liver fibrosis, diagnosis of CKD, patient characteristics, main results of the study.

3. Results
3.1. Study Flow

A flow chart of the search for relevant studies is presented in Figure 1. Overall, 537 ar-
ticles were found on PubMed search in the last 5 years. After exclusion of nonsignificant
studies according to title, language and abstract (n = 520), 17 articles were selected for
full-text review. A further five studies were excluded for the following reasons: one did
not have a clear explanation of diagnosis of NAFLD and/or CKD, one had an inaccurate
diagnosis of CKD and three did not clearly describe patient enrollment and assessment.
Finally, 12 papers were included in the qualitative analysis.
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3.2. Study Characteristics

A summary of the 12 relevant studies is reported in Table 1. There was a total of
180,010 participants across all the studies with a proportion of males ranging from 35
to 79%.

NAFLD was diagnosed by abdominal ultrasound in five studies [30–34], only three
studies used the gold-standard liver biopsy [35–37], two studies used the fatty liver index
(FLI) [38,39], one study used the fibrosis-4 (FIB-4) score [40] and one study enrolled NAFLD
patients by the 10th revision of the International Classification of Diseases (ICD-10) [41].
The diagnosis of CKD was performed according to The Kidney Disease: Improving Global
Outcomes 2012 Clinical Practice Guideline as the reduction of GFR < 60 mL/min/1.73 m2

estimated by different formulae in almost all the studies (KDIGO 2012), except for one
study that used the International Classification of Diseases, 10th revision (ICD-10) [41].

The exclusion criteria considered in the relevant studies were as follows: patients with
other chronic liver disease besides NAFLD, patients who were infected with hepatitis B
and/or C virus, patients with excessive alcohol consumption, patients with current use of
hepatotoxic drugs and patients with previous diagnosis of CKD. Furthermore, we excluded
studies with a follow-up < 1 year and studies not reporting any regression analysis for the
outcome of interest.

Table 1. Summary of the 12 relevant studies considered in the review.

Author/Year
(Country)

Study
Design

Number of
Patients

Diagnosis of
NAFLD

Diagnosis of
CKD

Patient
Characteristics

Main Results of
the Study

Huh JH et al.,
2017 (Korea)

[38]

Prospective
cohort study

4761 patients
(1808 men and
2953 women)

FLI ≥ 60

GFR < 60 mL/
min/1.73 m2

estimated by
CKD-EPI
equation

Prevalence of
NAFLD was

12.6%
(601 patients).

121/601
subjects (20.1%)

developed
CKD.

NAFLD is
associated with

CKD
independently of

traditional risk
factors (HR 1.46,

95% CI 1.19–1.79).

Sinn DH et al.,
2017 (Korea)

[30]

Retrospective
longitudinal
cohort study

41,430 patients
(25,217 men

and
16,213 women)

Ultrasound
NFS, APRI and
FIB-4 score to
assess severity

of fibrosis

GFR < 60 mL/
min/1.73 m2

estimated by
CKD-EPI
equation

Prevalence of
NAFLD was

34.3%
(14,223 pa-

tients).
691 subjects
developed

incident CKD.

NAFLD was
independently
associated with
incident CKD

(aHR 1.22, 95% CI
1.04–1.43).

This association
was progressive
with increased
severity of liver

disease (aHR 1.59,
95% CI 1.31–1.93).

Wijarnpreecha
K et al., 2018
(USA) [31]

Cross-
sectional

study

4142 NAFLD
patients

(1932 men and
2210 women)

Ultrasound
NFS, FIB-4

score, APRI and
BARD score to
assess severity

of fibrosis

GFR < 60 mL/
min/1.73 m2

estimated by
MDRD

equation

Prevalence of
NAFLD was

100%.
200/4142

subjects (4.8%)
developed

CKD.

Advanced liver
fibrosis, defined

by NFS and FIB-4
scores, is

associated
independently

with CKD among
individuals with

NAFLD.
FIB-4 (aHR 2.27,

95% CI 1.05–4.52);
NFS (aHR 4.92,

95%CI 2.96–8.15).
FIB-4 is the best
predictor of an

increased risk of
prevalent CKD.
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Table 1. Cont.

Author/Year
(Country)

Study
Design

Number of
Patients

Diagnosis of
NAFLD

Diagnosis of
CKD

Patient
Characteristics

Main Results of
the Study

Ӧnnerhag
K et al., 2019

(Sweden) [35]

Retrospective
cohort study

144 NAFLD
patients

(83 men and
61 women)

Biopsy
FIB-4 score,

NFS, APRI and
BARD score to
assess severity

of fibrosis

GFR < 60 mL/
min/1.73 m2

estimated by
CKD-EPI
equation

Prevalence of
NAFLD was

100%.
47/144 subjects

(32.6%)
developed

CKD.

Intermediate
(1.30–2.67) and

high (>2.67) FIB-4
scores were

independently
associated with
CKD (aHR 4.77,

95% CI
1.95–11.64; aHR

7.25, 95% CI
2.51–20.94,

respectively).
Similar results

with intermediate
and high NFS

(aHR 3.31, 95% CI
1.41–7.74; aHR
31.38, 95% CI
7.92–124.38,

respectively).

Choi JW et al.,
2019 (Korea)

[40]

Cross-
sectional

study

11,836 NAFLD
patients (4893
men and 6943

women)

FIB-4 score

GFR < 60 mL/
min/1.73 m2

estimated by
CKD-EPI
equation

Prevalence of
NAFLD was

100%.

FIB-4 was an
independent
predictor of

incipient CKD
(aOR 1.254, 95%
CI 1.034–1.521).

Sun DQ et al.,
2019 (China)

[36]

Cross-
sectional

study

217 NAFLD
patients (171
men and 46

women)

Biopsy

GFR < 60 mL/
min/1.73 m2

estimated by
CKD-EPI
equation

Prevalence of
NAFLD was

100%.
47/217 subjects

had CKD
(21.6%).

PNPLA3 GG
genotype was
significantly

associated with
an increased risk

of CKD in the
whole population
(aOR 3.42, 95% CI

1.07–10.85).

Liu HW et al.,
2020 (Taiwan)

[34]

Cross-
sectional

study

37,825 patients
(13,288 men
and 24,537
women)

Ultrasound

GFR < 60 mL/
min/1.73 m2

estimated by
CKD-EPI
equation

Prevalence of
NAFLD was

61.3%
(23,209/37,825

patients).
4071/23,209

(17.5%) subjects
developed

incident CKD.

NAFLD was
significantly

associated with
CKD (aOR 1.13,

95% CI 1.04–1.23).
Prevalence of

CKD increased
with increasing

severity of
NAFLD (aOR
1.17, 95% CI
1.03–1.33).

Akahane T
et al., 2020

(Japan) [32]

Cross-
sectional

study

3725 patients
(1751 men and
1974 women)

Ultrasound

GFR < 60 mL/
min/1.73 m2

estimated by
MDRD

Japanese
equation

Prevalence of
NAFLD was

31% (1154/3725
patients).
146/1154

(12.6%) subjects
developed

incident CKD.
After

propensity
score matching,

138/1097
(12.6%) NAFLD

patients
developed

CKD.

CKD prevalence
was significantly
higher in NAFLD

patients only
before propensity

score matching.
However, obesity
(OR 2.10, 95% CI

1.40–3.17),
hypertension (OR

1.50, 95% CI
1.02–2.22), and
hyperuricemia

(OR 2.41, 95% CI
1.54–3.79), were
independent risk
factors for CKD
in patients with

NAFLD.
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Table 1. Cont.

Author/Year
(Country)

Study
Design

Number of
Patients

Diagnosis of
NAFLD

Diagnosis of
CKD

Patient
Characteristics

Main Results of
the Study

An JN et al.,
2020 (Korea)

[37]

Prospective
cohort study

455 NAFLD
patients (221
men and 234

women)

Biopsy

GFR < 60 mL/
min/1.73 m2

estimated by
MDRD

equation

Prevalence of
NAFLD was

100%.
15/455 (3.3%)

subjects
developed

incident CKD.

Risk of renal
outcomes

increased (aHR
5.63, 95% CI

1.81–17.51) with
increased severity

of portal
inflammation.
Patients with a
higher score for

portal
inflammation

(score 3–4)
were found to be

more prone to
renal function
deterioration,

with a 7.7-fold
increase in the

risk of renal
outcomes.

Chen PC et al.,
2020 (Taiwan)

[33]

Cross-
sectional

study

13,255 NAFLD
patients (8710
men and 4545

women)

Ultrasound
FLI and NFS to
assess severity

of fibrosis

GFR < 60 mL/
min/1.73 m2

estimated by
MDRD

equation

Prevalence of
NAFLD was

100%.
3195/13,255

(24.1%)
developed

CKD.

CKD patients had
higher FLI and
NFS than those
without CKD.
When subjects

were stratified by
NFS, CKD was
found in 40.52%
of patients with
an NFS > 0.676.

NFS > 0.676 was
related to CKD
with an OR of
2.266, 95% CI

1.560–3.291, and
an aOR of 2.284,

95% CI
1.513–3.448.

Kaps L et al.,
2020 (Germany)

[41]

Retrospective
cohort study

48,057 NAFLD
patients (25,422
men and 22,635

women)

International
Classification of

Diseases,
10th revision

(ICD-10)

International
Classification of

Diseases,
10th revision

(ICD-10)

Prevalence of
NAFLD was

100%.
8218/48,057
(17.1%) of

patients were
diagnosed with

CKD.

Independent
association of
NAFLD with

emerging CKD
(HR 1.58, 95% CI

1.51–1.66).

Takahashi S
et al., 2021

(Japan) [39]

Cross-
sectional

study

14,163 patients
(9077 men and
5086 women)

FLI

GFR < 60 mL/
min/1.73 m2

estimated by
MDRD

Japanese
equation

2195/14,163
(15.5%) of
patients

developed
CKD.

Higher FLI levels
were

independently
associated with
deterioration of
renal function

(aHR 1.33, 95% CI
1.16–1.54 in

males; aHR 1.33,
95% CI 1.08–1.63

in females).

NAFLD, nonalcoholic fatty liver disease; CKD, chronic kidney disease; FLI, fatty liver index; GFR, glomerular filtration rate; CKD-EPI,
Chronic Kidney Disease Epidemiology Collaboration; HR, hazard ratio; CI, confidence interval; NFS, NAFLD fibrosis score; APRI, AST-to-
platelet ratio index; FIB-4, fibrosis-4 score; aHR, adjusted hazard ratio; MDRD, Modification of Diet in Renal Disease; aOR, adjusted odds
ratio; OR, odds ratio; ICD-10, 10th revision of the International Classification of Diseases.
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3.3. Main Findings

The main findings of the individual studies are reported in Table 1. In all but one
study [32], an independent positive association between NAFLD and CKD was demon-
strated. Akahane et al. observed a higher prevalence of CKD in NAFLD patients than in
those without NAFLD before propensity score (PS)-matched analysis, but no significant
difference between these groups in terms of CKD prevalence after PS matching. However,
obesity, hypertension and hyperuricemia were demonstrated to be independent predictors
of CKD in patients with NAFLD [32]. Furthermore, seven studies also found an association
between CKD and the severity of NAFLD either assessed by noninvasive scores or by
liver biopsy [30,31,33–35,37,39]. After NAFLD diagnosis, the severity of liver fibrosis was
assessed by NFS in the majority of the studies. Nevertheless, the FIB-4 score was consid-
ered the best predictor of increased risk of CKD in the studies by Wijarnpreecha et al. [31]
and Choi et al. [40]. Ӧnnerhag et al. diagnosed NAFLD by liver biopsy and assessed the
severity of NAFLD also by noninvasive fibrosis scoring systems, reporting a moderately
good predictive capacity of NFS and FIB-4 score for early identification of NAFLD patients
at risk of CKD [35]. Furthermore, only one study reported an association between CKD
and PNPLA3 GG genotype in patients with NAFLD [36]. Finally, two prospective studies
demonstrated an increased incidence of CKD in patients with FLI-diagnosed steatosis [38]
and in those with biopsy-proven NAFLD [37].

4. Discussion

The association between NAFLD and CKD has been of increasing interest in recent
years. To date, accumulating evidence suggests that the pathogenesis of NAFLD is multifac-
torial. According to the multiple parallel hit hypothesis [42], hepatic insulin resistance, fatty
liver infiltration, inflammation and chronic oxidative stress with the release of multiple
proinflammatory cytokines play a major pathophysiological role in NAFLD development
and progression to NASH. The same mechanisms may also contribute to the development
and progression of CKD [43,44]. The crosstalk between the abnormal metabolic dysfunction
and the systemic inflammatory responses leading to tubulointerstitial hypoxia may be
considered the major mechanisms of CKD progression [45].

In 2014, the meta-analysis by Musso et al. (13 longitudinal studies with 28,963 par-
ticipants) showed that the prevalence and the severity of NAFLD were associated with
increased risk and severity of CKD [28]. In 2020, the last updated meta-analysis by Manto-
vani et al. [6], which incorporated 13 studies involving 1,222,032 individuals, confirmed the
association between NAFLD and incident CKD. The authors suggested that the risk of CKD
was higher among NAFLD patients with greater severity of liver fibrosis, but there were
not sufficient data for a formal meta-analysis. Furthermore, none of the studies evaluated
renal morphology and pathology associated with NAFLD. Therefore, it is currently still
unknown if a specific type of kidney disease might be associated with NAFLD.

Our review study, including 12 articles with 180,010 participants, showed a strong
association between NAFLD and CKD independently of traditional risk factors. Note-
worthily, 7 out of 12 studies revealed the association between the increasing severity of
NAFLD and the occurrence of CKD. Liu et al., in a large cross-sectional study, showed
that the presence and severity of NAFLD, diagnosed based on abdominal ultrasonogra-
phy, were significantly associated with CKD in adjusted analysis [34]. Sinn et al. also
demonstrated an association between NAFLD and incident CKD which was stronger
in participants with evidence of more advanced NAFLD, as indicated by a higher NFS
score [30]. By contrast, Wijarnpreecha et al. reported that FIB-4 was found to be the most
accurate predictor of CKD in U.S. adults with NAFLD [31]. These findings were confirmed
by Chen et al. who reported in a large cross-sectional study that NAFLD per se was not
a risk factor for CKD, but only patients with advanced liver fibrosis had a higher risk of
CKD [33]. Similar results were obtained in two observational studies performed in biopsy-
proven patients with NAFLD. In the first, noninvasive fibrosis scoring systems significantly
predicted CKD [35], while in the study by Am et al., a higher score of portal inflammation
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was associated to a 7.7-fold increased risk of renal outcomes [37]. Finally, Takahashi et al.
suggested the addition of FLI, a noninvasive marker of steatosis, into traditional risk factors
for CKD because they found a discriminatory capability of high level of FLI for prediction
of CKD in both sexes in a general population [39].

The mechanisms linking NAFLD, and CKD could be manifold. Both diseases share
main risk factors, mostly represented by obesity and metabolic syndrome. Insulin resis-
tance [19,46], systemic low-grade inflammation [47,48] and increased oxidative stress [49,50],
induced by visceral obesity and metabolic dysregulation, can promote both NAFLD and
CKD. Western diet, rich in added sugars and saturated fats, promotes insulin resistance
and visceral obesity [51]. In addition, these nutrients exert a direct pathogenic role on the
liver [52,53] and kidney [54]. Conversely, diets poor in saturated fats and added sugars and
rich in vegetables and antioxidant nutrients (i.e., the Mediterranean diet) can protect from
both NAFLD and CKD [55]. Finally, dietary habits can affect liver and kidney function,
modulating gut microbiota and gut permeability [56,57].

Further evidence on the association between NAFLD and CKD, independent of
metabolic diseases, may come from the reported association between PNPLA3 rs738409 G
variant and CKD [36].

In fact, Sun D.Q. et al. found an association between PNPLA3 rs738409 G allele and
renal glomerular and tubular injury in NAFLD patients with persistently normal ALT
levels [36]. This finding is in accordance with that found in children by Targher et al. [58].
Interestingly, patients carrying this PNPLA3 gene variant do not have metabolic alterations
usually shared by NAFLD and CKD. However, due to the small sample size, further
analyses are needed.

To the best of our knowledge, this is the last updated review on the association
between NAFLD and its severity and the development of CKD. Our results showed that
CKD developed more frequently in NAFLD patients compared to those without NAFLD.
This association persisted after adjustment for traditional risk factors and according to the
severity of NAFLD. Therefore, patients with NAFLD need to be carefully monitored for
the development of CKD.

Our review may have some limitations and implications. A major limitation is that
most of the studies considered are cross-sectional or retrospective. Moreover, the diagnosis
of NAFLD was heterogeneous, ranging from liver ultrasound to biochemical variables (liver
enzymes, FLI), even if liver biopsy is considered the gold-standard procedure. A strength
of the study is the very large series of participants included in the review. Further strengths
are that we included studies with sample sizes of no fewer than 100 patients and studies
with no lack of detailed essential data. Finally, our review also suggests an increasingly
important diagnostic role of several noninvasive hepatic steatosis and/or fibrosis tests such
as FLI, NFS and FIB-4 score. Future clinical trials should focus on the specific role of these
tests to improve the early diagnosis of CKD in patients with NAFLD and thus reduce the
incidence of potentially life-threatening systemic complications.

5. Conclusions

In conclusion, the present study supports the hypothesis that NAFLD is an inde-
pendent risk factor for the development of CKD probably because liver and kidney are
closely and mutually intertwined. NAFLD may play a pathophysiological role in early
CKD development and progression with NAFLD worsening to more severe stages.

Therefore, patients with NAFLD should be considered at high risk of CKD. Intensive
multidisciplinary surveillance over time is needed, where hepatologists and nephrologists
must act together for better and earlier treatment of NAFLD patients.

Author Contributions: I.U., F.A. and M.D.B. designed the study; I.U. and F.B. performed the literature
review and analyzed the data; I.U., F.A. and M.D.B. wrote the manuscript. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.



Biomedicines 2021, 9, 1370 9 of 11

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Morelli, M.C.; Rendina, M.; La Manna, G.; Alessandria, C.; Pasulo, L.; Lenci, I.; Bhoori, S.; Messa, P.; Biancone, L.;

Gesualdo, L.; et al. Position paper on liver and kidney diseases from the Italian Association for the Study of Liver (AISF),
in collaboration with the Italian Society of Nephrology (SIN). Dig. Liver Dis. 2021, 53 (Suppl. 2), S49–S86. [CrossRef]

2. Cornec-Le Gall, E.; Torres, V.E.; Harris, P.C. Genetic complexity of autosomal dominant polycystic kidney and liver diseases.
J. Am. Soc. Nephrol. 2018, 29, 13–23. [CrossRef]

3. Fabrizi, F.; Donato, F.M.; Messa, P. Association between hepatitis C virus and chronic kidney disease: A systematic review and
meta-analysis. Ann. Hepatol. 2018, 17, 364–391. [CrossRef]

4. Fabrizi, F.; Donato, F.M.; Messa, P. Association between hepatitis B virus and chronic kidney disease: A systematic review and
meta-analysis. Ann. Hepatol. 2017, 16, 21–47. [CrossRef]

5. Varga, Z.V.; Matyas, C.; Paloczi, J.; Pacher, P. Alcohol misuse and kidney injury: Epidemiological evidence and potential
mechanisms. Alcohol Res. 2017, 38, 283–288. [PubMed]

6. Mantovani, A.; Petracca, G.; Beatrice, G.; Csermely, A.; Lonardo, A.; Schattenberg, J.M.; Tilg, H.; Byrne, C.D.; Targher, G.
Non-alcoholic fatty liver disease and risk of incident chronic kidney disease: An updated meta-analysis. Gut 2021, 70, 962–969.
[CrossRef]

7. Wong, W.K.; Chan, W.K. Nonalcoholic fatty liver disease: A global perspective. Clin. Ther. 2021, 43, 473–499. [CrossRef]
8. Younossi, Z.M. Non-alcoholic fatty liver disease—A global public health perspective. J. Hepatol. 2019, 70, 531–544. [CrossRef]

[PubMed]
9. Chalasani, N.; Younossi, Z.; Lavine, J.E.; Charlton, M.; Cusi, K.; Rinella, M.; Harrison, S.A.; Brunt, E.M.; Sanyal, A.J. The diagnosis

and management of nonalcoholic fatty liver disease: Practice guidance from the American Association for the Study of Liver
Diseases. Hepatology 2018, 67, 328–357. [CrossRef] [PubMed]

10. European Association for the Study of the Liver. EASL Clinical Practice Guidelines on non-invasive tests for evaluation of liver
disease severity and prognosis—2021 update. J. Hepatol. 2021, 75, 659–689. [CrossRef] [PubMed]

11. Angelico, F.; Del Ben, M.; Conti, R.; Francioso, S.; Feole, K.; Maccioni, D.; Antonini, T.M.; Alessandri, C. Nonalcoholic fatty
liver syndrome: A hepatic consequence of common metabolic diseases. J. Gastroenterol. Hepatol. 2003, 18, 588–594. [CrossRef]
[PubMed]

12. Angelico, F.; Del Ben, M.; Conti, R.; Francioso, S.; Feole, K.; Fiorello, S.; Cavallo, M.G.; Zalunardo, B.; Lirussi, F.;
Alessandri, C.; et al. Insulin resistance, the metabolic syndrome, and nonalcoholic fatty liver disease. J. Clin. Endocrinol.
Metab. 2005, 90, 1578–1582. [CrossRef]

13. Del Ben, M.; Baratta, F.; Polimeni, L.; Angelico, F. Non-alcoholic fatty liver disease and cardiovascular disease: Epidemiological,
clinical and pathophysiological evidences. Intern. Emerg. Med. 2012, 7 (Suppl. 3), S291–S296. [CrossRef] [PubMed]

14. Baratta, F.; Pastori, D.; Angelico, F.; Balla, A.; Paganini, A.M.; Cocomello, N.; Ferro, D.; Violi, F.; Sanyal, A.J.; Del Ben, M.
Nonalcoholic fatty liver disease and fibrosis associated with increased risk of cardiovascular events in a prospective study.
Clin. Gastroenterol. Hepatol. 2020, 18, 2324–2331. [CrossRef] [PubMed]

15. Umbro, I.; Fabiani, V.; Fabiani, M.; Angelico, F.; Del Ben, M. Association between non-alcoholic fatty liver disease and obstructive
sleep apnea. World J. Gastroenterol. 2020, 26, 2669–2681. [CrossRef] [PubMed]

16. Eslam, M.; Sanyal, A.J.; George, J.; International Consensus Panel. MAFLD: A Consensus-driven proposed nomenclature for
metabolic associated fatty liver disease. Gastroenterology 2020, 158, 1999–2014. [CrossRef]

17. Baratta, F.; Ferro, D.; Pastori, D.; Colantoni, A.; Cocomello, N.; Coronati, M.; Angelico, F.; Del Ben, M. Open issues in the transition
from NAFLD to MAFLD: The experience of the plinio study. Int. J. Environ. Res. Public Health 2021, 18, 8993. [CrossRef] [PubMed]

18. Wong, V.W.; Wong, G.L.; Woo, J.; Abrigo, J.M.; Chan, C.K.; Shu, S.S.; Leung, J.K.; Chim, A.M.; Kong, A.P.; Lui, G.C.; et al. Impact
of the new definition of metabolic associated fatty liver disease on the epidemiology of the disease. Clin. Gastroenterol. Hepatol.
2021, 19, 2161–2171. [CrossRef]

19. Ferro, D.; Baratta, F.; Pastori, D.; Cocomello, N.; Colantoni, A.; Angelico, F.; Del Ben, M. New insights into the pathogenesis of
non-alcoholic fatty liver disease: Gut-derived lipopolysaccharides and oxidative stress. Nutrients 2020, 12, 2762. [CrossRef]

20. Carpino, G.; Pastori, D.; Baratta, F.; Overi, D.; Labbadia, G.; Polimeni, L.; Di Costanzo, A.; Pannitteri, G.; Carnevale, R.;
Del Ben, M.; et al. PNPLA3 variant and portal/periportal histological pattern in patients with biopsy-proven non-alcoholic fatty
liver disease: A possible role for oxidative stress. Sci. Rep. 2017, 7, 15756. [CrossRef]

21. Del Ben, M.; Polimeni, L.; Brancorsini, M.; Di Costanzo, A.; D’Erasmo, L.; Baratta, F.; Loffredo, L.; Pastori, D.; Pignatelli, P.;
Violi, F.; et al. Non-alcoholic fatty liver disease, metabolic syndrome and patatin-like phospholipase domain-containing protein3
gene variants. Eur. J. Intern. Med. 2014, 25, 566–570. [CrossRef]

http://doi.org/10.1016/j.dld.2021.03.035
http://doi.org/10.1681/ASN.2017050483
http://doi.org/10.5604/01.3001.0011.7382
http://doi.org/10.5604/16652681.1226813
http://www.ncbi.nlm.nih.gov/pubmed/28988579
http://doi.org/10.1136/gutjnl-2020-323082
http://doi.org/10.1016/j.clinthera.2021.01.007
http://doi.org/10.1016/j.jhep.2018.10.033
http://www.ncbi.nlm.nih.gov/pubmed/30414863
http://doi.org/10.1002/hep.29367
http://www.ncbi.nlm.nih.gov/pubmed/28714183
http://doi.org/10.1016/j.jhep.2021.05.025
http://www.ncbi.nlm.nih.gov/pubmed/34166721
http://doi.org/10.1046/j.1440-1746.2003.02958.x
http://www.ncbi.nlm.nih.gov/pubmed/12702052
http://doi.org/10.1210/jc.2004-1024
http://doi.org/10.1007/s11739-012-0819-4
http://www.ncbi.nlm.nih.gov/pubmed/23073870
http://doi.org/10.1016/j.cgh.2019.12.026
http://www.ncbi.nlm.nih.gov/pubmed/31887443
http://doi.org/10.3748/wjg.v26.i20.2669
http://www.ncbi.nlm.nih.gov/pubmed/32523319
http://doi.org/10.1053/j.gastro.2019.11.312
http://doi.org/10.3390/ijerph18178993
http://www.ncbi.nlm.nih.gov/pubmed/34501590
http://doi.org/10.1016/j.cgh.2020.10.046
http://doi.org/10.3390/nu12092762
http://doi.org/10.1038/s41598-017-15943-z
http://doi.org/10.1016/j.ejim.2014.05.012


Biomedicines 2021, 9, 1370 10 of 11

22. Miele, L.; Valenza, V.; La Torre, G.; Montalto, M.; Cammarota, G.; Ricci, R.; Mascianà, R.; Forgione, A.; Gabrieli, M.L.;
Perotti, G.; et al. Increased intestinal permeability and tight junction alterations in nonalcoholic fatty liver disease. Hepatology
2009, 49, 1877–1887. [CrossRef]

23. Martín-Mateos, R.; Albillos, A. The role of the gut-liver axis in metabolic dysfunction-associated fatty liver disease. Front. Immunol.
2021, 12, 660179. [CrossRef] [PubMed]

24. Jager, K.J.; Fraser, S.D.S. The ascending rank of chronic kidney disease in the global burden of disease study. Nephrol. Dial.
Transplant. 2017, 32 (Suppl. S2), ii121–ii128. [CrossRef] [PubMed]

25. GBD 2017 DALYs and HALE Collaborators. Global, regional, and national Disability-Adjusted Life-Years (DALYs) for 359
diseases and injuries and Healthy Life Expectancy (HALE) for 195 countries and territories, 1990–2017: A systematic analysis for
the global burden of disease study 2017. Lancet 2018, 392, 1859–1922. [CrossRef]

26. GBD Chronic Kidney Disease Collaboration. Global, regional, and national burden of chronic kidney disease, 1990–2017:
A systematic analysis for the global burden of disease study 2017. Lancet 2020, 395, 709–733. [CrossRef]

27. Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. KDIGO 2012 clinical practice guideline for the
evaluation and management of chronic kidney disease. Kidney Int. Suppl. 2013, 3, 1–150.

28. Musso, G.; Gambino, R.; Tabibian, J.H.; Ekstedt, M.; Kechagias, S.; Hamaguchi, M.; Hultcrantz, R.; Hagström, H.; Yoon, S.K.;
Charatcharoenwitthaya, P.; et al. Association of non-alcoholic fatty liver disease with chronic kidney disease: A systematic review
and meta-analysis. PLoS Med. 2014, 11, e1001680. [CrossRef]

29. Musso, G.; Cassader, M.; Cohney, S.; Pinach, S.; Saba, F.; Gambino, R. Emerging liver-kidney interactions in nonalcoholic fatty
liver disease. Trends Mol. Med. 2015, 21, 645–662. [CrossRef]

30. Sinn, D.H.; Kang, D.; Jang, H.R.; Gu, S.; Cho, S.J.; Paik, S.W.; Ryu, S.; Chang, Y.; Lazo, M.; Guallar, E.; et al. Development of
chronic kidney disease in patients with non-alcoholic fatty liver disease: A cohort study. J. Hepatol. 2017, 67, 1274–1280. [CrossRef]

31. Wijarnpreecha, K.; Thongprayoon, C.; Scribani, M.; Ungprasert, P.; Cheungpasitporn, W. Noninvasive fibrosis markers and
chronic kidney disease among adults with nonalcoholic fatty liver in USA. Eur. J. Gastroenterol. Hepatol. 2018, 30, 404–410.
[CrossRef]

32. Akahane, T.; Akahane, M.; Namisaki, T.; Kaji, K.; Moriya, K.; Kawaratani, H.; Takaya, H.; Sawada, Y.; Shimozato, N.;
Fujinaga, Y.; et al. Association between non-alcoholic fatty liver disease and chronic kidney disease: A cross-sectional study.
J. Clin. Med. 2020, 9, 1635. [CrossRef]

33. Chen, P.C.; Kao, W.Y.; Cheng, Y.L.; Wang, Y.J.; Hou, M.C.; Wu, J.C.; Su, C.W. The correlation between fatty liver disease and
chronic kidney disease. J. Formos. Med. Assoc. 2020, 119 Pt 1, 42–50. [CrossRef]

34. Liu, H.W.; Liu, J.S.; Kuo, K.L. Association of nonalcoholic fatty liver and chronic kidney disease: An analysis of 37,825 cases from
health checkup center in Taiwan. Tzu Chi Med. J. 2019, 32, 65–69.

35. Önnerhag, K.; Hartman, H.; Nilsson, P.M.; Lindgren, S. Non-invasive fibrosis scoring systems can predict future metabolic
complications and overall mortality in non-alcoholic fatty liver disease (NAFLD). Scand. J. Gastroenterol. 2019, 54, 328–334.
[CrossRef]

36. Sun, D.Q.; Zheng, K.I.; Xu, G.; Ma, H.L.; Zhang, H.Y.; Pan, X.Y.; Zhu, P.W.; Wang, X.D.; Targher, G.; Byrne, C.D.; et al. PNPLA3
rs738409 is associated with renal glomerular and tubular injury in NAFLD patients with persistently normal ALT levels. Liver Int.
2020, 40, 107–119. [CrossRef] [PubMed]

37. An, J.N.; Joo, S.K.; Koo, B.K.; Kim, J.H.; Oh, S.; Kim, W. Portal inflammation predicts renal dysfunction in patients with
nonalcoholic fatty liver disease. Hepatol. Int. 2020, 14, 798–807. [CrossRef] [PubMed]

38. Huh, J.H.; Kim, J.Y.; Choi, E.; Kim, J.S.; Chang, Y.; Sung, K.C. The fatty liver index as a predictor of incident chronic kidney
disease in a 10-year prospective cohort study. PLoS ONE 2017, 12, e0180951. [CrossRef] [PubMed]

39. Takahashi, S.; Tanaka, M.; Furuhashi, M.; Moniwa, N.; Koyama, M.; Higashiura, Y.; Osanami, A.; Gocho, Y.; Ohnishi, H.;
Numata, K.; et al. Fatty liver index is independently associated with deterioration of renal function during a 10-year period in
healthy subjects. Sci. Rep. 2021, 11, 8606. [CrossRef] [PubMed]

40. Choi, J.W.; Lee, C.H.; Park, J.S. Comparison of laboratory indices of non-alcoholic fatty liver disease for the detection of incipient
kidney dysfunction. PeerJ 2019, 7, e6524. [CrossRef]

41. Kaps, L.; Labenz, C.; Galle, P.R.; Weinmann-Menke, J.; Kostev, K.; Schattenberg, J.M. Non-alcoholic fatty liver disease increases
the risk of incident chronic kidney disease. United Eur. Gastroenterol. J. 2020, 8, 942–948. [CrossRef]

42. Tilg, H.; Adolph, T.E.; Moschen, A.R. Multiple parallel hits hypothesis in nonalcoholic fatty liver disease: Revisited after a decade.
Hepatology 2021, 73, 833–842. [CrossRef]

43. Takaki, A.; Kawai, D.; Yamamoto, K. Multiple hits, including oxidative stress, as pathogenesis and treatment target in non-
alcoholic steatohepatitis (NASH). Int. J. Mol. Sci. 2013, 14, 20704–20728. [CrossRef]

44. Spoto, B.; Pisano, A.; Zoccali, C. Insulin resistance in chronic kidney disease: A systematic review. Am. J. Physiol. Renal Physiol.
2016, 311, F1087–F1108. [CrossRef]

45. Zoccali, C.; Vanholder, R.; Massy, Z.A.; Ortiz, A.; Sarafidis, P.; Dekker, F.W.; Fliser, D.; Fouque, D.; Heine, G.H.; Jager, K.J.; et al.
The systemic nature of CKD. Nat. Rev. Nephrol. 2017, 13, 344–358. [CrossRef] [PubMed]

46. Alisi, A.; Carpino, G.; Oliveira, F.L.; Panera, N.; Nobili, V.; Gaudio, E. The role of tissue macrophage-mediated inflammation on
NAFLD pathogenesis and its clinical implications. Mediat. Inflamm. 2017, 2017, 8162421. [CrossRef]

http://doi.org/10.1002/hep.22848
http://doi.org/10.3389/fimmu.2021.660179
http://www.ncbi.nlm.nih.gov/pubmed/33936094
http://doi.org/10.1093/ndt/gfw330
http://www.ncbi.nlm.nih.gov/pubmed/28201666
http://doi.org/10.1016/S0140-6736(18)32335-3
http://doi.org/10.1016/S0140-6736(20)30045-3
http://doi.org/10.1371/journal.pmed.1001680
http://doi.org/10.1016/j.molmed.2015.08.005
http://doi.org/10.1016/j.jhep.2017.08.024
http://doi.org/10.1097/MEG.0000000000001045
http://doi.org/10.3390/jcm9061635
http://doi.org/10.1016/j.jfma.2019.02.010
http://doi.org/10.1080/00365521.2019.1583366
http://doi.org/10.1111/liv.14251
http://www.ncbi.nlm.nih.gov/pubmed/31519069
http://doi.org/10.1007/s12072-020-10063-9
http://www.ncbi.nlm.nih.gov/pubmed/32557192
http://doi.org/10.1371/journal.pone.0180951
http://www.ncbi.nlm.nih.gov/pubmed/28738057
http://doi.org/10.1038/s41598-021-88025-w
http://www.ncbi.nlm.nih.gov/pubmed/33883636
http://doi.org/10.7717/peerj.6524
http://doi.org/10.1177/2050640620944098
http://doi.org/10.1002/hep.31518
http://doi.org/10.3390/ijms141020704
http://doi.org/10.1152/ajprenal.00340.2016
http://doi.org/10.1038/nrneph.2017.52
http://www.ncbi.nlm.nih.gov/pubmed/28435157
http://doi.org/10.1155/2017/8162421


Biomedicines 2021, 9, 1370 11 of 11

47. Daenen, K.; Andries, A.; Mekahli, D.; Van Schepdael, A.; Jouret, F.; Bammens, B. Oxidative stress in chronic kidney disease.
Pediatr. Nephrol. 2019, 34, 975–991. [CrossRef] [PubMed]

48. Bettiga, A.; Fiorio, F.; Di Marco, F.; Trevisani, F.; Romani, A.; Porrini, E.; Salonia, A.; Montorsi, F.; Vago, R. The modern western
diet rich in advanced glycation end-products (AGEs): An overview of its impact on obesity and early progression of renal
pathology. Nutrients 2019, 11, 1748. [CrossRef] [PubMed]

49. Jegatheesan, P.; De Bandt, J.P. Fructose and NAFLD: The multifaceted aspects of fructose metabolism. Nutrients 2017, 9, 230.
[CrossRef]

50. Lombardi, R.; Iuculano, F.; Pallini, G.; Fargion, S.; Fracanzani, A.L. Nutrients, genetic factors, and their interaction in non-alcoholic
fatty liver disease and cardiovascular disease. Int. J. Mol. Sci. 2020, 21, 8761. [CrossRef] [PubMed]
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