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A B S T R A C T   

With the rising tide of fatty liver disease related to metabolic dysfunction worldwide, the association of this 
common liver disease with chronic kidney disease (CKD) has become increasingly evident. In 2020, the more 
inclusive term metabolic dysfunction-associated fatty liver disease (MAFLD) was proposed to replace the old 
term non-alcoholic fatty liver disease (NAFLD). In 2023, a modified Delphi process was led by three large pan- 
national liver associations. There was consensus to change the fatty liver disease nomenclature and definition to 
include the presence of at least one of five common cardiometabolic risk factors as diagnostic criteria. The name 
chosen to replace NAFLD was metabolic dysfunction-associated steatotic liver disease (MASLD). The change of 
nomenclature from NAFLD to MAFLD and then MASLD has resulted in a reappraisal of the epidemiological trends 
and associations with the risk of developing CKD. The observed association between MAFLD/MASLD and CKD 
and our understanding that CKD can be an epiphenomenon linked to underlying metabolic dysfunction support 
the notion that individuals with MASLD are at substantially higher risk of incident CKD than those without 
MASLD. This narrative review provides an overview of the literature on (a) the evolution of criteria for diag-
nosing this highly prevalent metabolic liver disease, (b) the epidemiological evidence linking MASLD to the risk 
of CKD, (c) the underlying mechanisms by which MASLD (and factors strongly linked with MASLD) may increase 
the risk of developing CKD, and (d) the potential drug treatments that may benefit both MASLD and CKD.   

1. Introduction 

Non-alcoholic fatty liver disease (NAFLD) and chronic kidney disease 
(CKD) are two global public health problems that affect almost 30 % and 
up to ~10–15 %, respectively, of the general adult population in many 
parts of the world [1–3]. Both chronic conditions are also expected to 
increase dramatically in the foreseeable future and are closely associated 
with poor outcomes, premature mortality, decreased quality of life, and 
high societal costs [1–3]. 

A rapidly expanding body of clinical evidence supports the assertion 
that NAFLD can identify a group of individuals who are at increased risk 
of developing CKD and who need more careful surveillance and treat-
ment to reduce their risk of incident CKD [4]. An updated meta-analysis 
of 13 observational cohort studies (including more than 1.2 million 
people) showed that NAFLD was significantly associated with a nearly 

1.5-fold increased risk of incident CKD over a median follow-up of ~10 
years [5]. 

As discussed in more detail later, the newly proposed fatty liver 
disease nomenclature changing from NAFLD to metabolic dysfunction- 
associated fatty liver disease (MAFLD) and metabolic dysfunction- 
associated steatotic liver disease (MASLD) necessitates a reappraisal of 
the epidemiological associations with the risk of CKD and cardiovascular 
disease (CVD) (that represents the predominant cause of mortality in 
people with MAFLD or MASLD) [6–8]. Our recent understanding that 
CKD can occur as a consequence of metabolic dysfunction strongly 
suggests that persons with MAFLD or MASLD (who, by definition, have 
hepatic steatosis and at least one or more metabolic risk factors) are at 
amplified risk of developing CKD. 

In this narrative review, we summarize the recently proposed 
nomenclature change from NAFLD to MAFLD and MASLD and discuss 
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the clinical associations between this common liver disease and the risk 
of developing CKD, as well as the underlying mechanisms potentially 
linking MAFLD/MASLD to the risk of developing CKD. Furthermore, we 
also discuss the pharmacotherapies that may benefit fatty liver disease 
and CKD. 

2. From NAFLD to MAFLD and MASLD: evolution of terminology 
and diagnostic criteria for a metabolic liver disease 

The initial descriptions in the early 1980s by Dr. Ludwig et al. [9] 
and by Dr. Schaffner and Thaler [10] first coined the terms nonalcoholic 
steatohepatitis (NASH) and NAFLD, respectively. These authors 
described a fatty liver disease in moderately obese individuals, most of 
whom had type 2 diabetes mellitus (T2DM), arising in the absence of 
excessive alcohol consumption or other competing causes for hepatic 
steatosis. Since then, important conceptual advances have been made in 
understanding the pathophysiological mechanisms of this highly prev-
alent liver condition. Over the last two decades, there have been con-
cerns expressed by several experts and scientific societies regarding the 
inaccuracy and possible “negative” consequences of using the term 
“NAFLD” to describe a fatty liver disease associated with metabolic 
dysfunction. In particular, the adjective “non-alcoholic” present in the 
NAFLD definition overemphasizes the absence of significant alcohol 
consumption and could be perceived as stigmatizing. In addition, it also 
does not recognize the pathogenic role that overweight/obesity, T2DM, 
and insulin resistance play in the development of this liver disease and 
its most relevant adverse extra-hepatic complications (such as CVD, CKD 
or certain extra-hepatic malignancies) [11–14]. 

As recently described by Dr. George [15], the year 2020 witnessed a 
paradigm shift in how we conceptualized and thought about fatty liver 
disease, which is responsible for most of the cases we routinely observe 
in our clinical practice. Indeed, in 2020, a large panel of international 

experts proposed a change of terminology and definition for NAFLD in 
adult individuals — i.e., metabolic dysfunction-associated fatty liver 
disease (MAFLD) [16]. This proposal of terminology change from 
NAFLD to MAFLD has subsequently received widespread acceptance in 
clinical practice guidelines [17–19], and many other stakeholders [20]. 

A direct comparison of the diagnostic criteria used for identifying 
NAFLD and MAFLD in adult individuals is summarized in Fig. 1. The 
criteria for diagnosing MAFLD are based on the identification of hepatic 
steatosis (detected by liver biopsy, imaging techniques or blood-based 
biomarkers) in the presence of one of the following three metabolic 
disorders: overweight/obesity, T2DM, or metabolic dysregulation in 
individuals who are nonobese or don’t have T2DM [20]. It is important 
to underline that the new “positive” diagnostic criteria of MAFLD 
recognize that this metabolic liver disease can coexist with significant 
alcohol intake or other known causes of hepatic steatosis, but the 
exclusion of these conditions is not a pre-requisite criterion for diag-
nosing MAFLD. Persons with MAFLD who have one (or more) of these 
conditions should be defined as having a dual (or more) etiology of fatty 
liver disease [20]. Strong evidence suggests that the MAFLD definition 
identifies better individuals who are at higher risk of liver disease pro-
gression and those at increased risk of all-cause mortality, fatal/nonfatal 
cardiovascular events, or other adverse extra-hepatic outcomes than the 
old term NAFLD [7,8,11,21–23]. 

In 2023, three large multinational liver associations, along with 
various national hepatology societies and patient advocacy organiza-
tions, convened a steering committee to evaluate the need for revisiting 
the NAFLD nomenclature [24]. Using a representative, patient-centric 
Delphi process, a total of 236 panelists (including many authors from 
the MAFLD proposal) from 56 countries systematically addressed all the 
issues and views over the past 2-3 years and, through consensus arrived 
at a new nomenclature and definition [24]. As shown in Fig. 1, the 
MASLD definition does not appear to be substantially different from that 

Fig. 1. Comparison between diagnostic criteria proposed for identifying nonalcoholic fatty liver disease (NAFLD), metabolic dysfunction-associated fatty liver 
disease (MAFLD) and metabolic dysfunction-associated steatotic liver disease (MASLD). The figure shows the evolution of terminology and diagnostic criteria of the 
change from NAFLD to MAFLD and MASLD. The principal limitations of the term NAFLD are the reliance on exclusionary confounder terms and the use of potentially 
stigmatizing language. In the last 2-3 years, two new nomenclatures and a set of “positive” diagnostic criteria have been proposed for identifying steatotic liver 
disease that better reflects the pathophysiological link between metabolic dysfunction and this highly prevalent liver disease. 
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of MAFLD but replacing “fatty” with “steatotic” is a further element in 
reducing the possible social stigma associated with the existing termi-
nology. Other key differences are a more pragmatic set of diagnostic 
criteria and the presence of at least one of five common metabolic risk 
factors in the setting of hepatic steatosis (without establishing any pri-
ority of overweight/obesity or T2DM as the strongest metabolic risk 
factors for adverse liver-related outcomes). Furthermore, HOMA-IR 
score and plasma hs-CRP concentrations proposed amongst the 
MAFLD diagnostic criteria are not included. The MASLD definition also 
retains existing levels of weekly alcohol consumption (as established 
with NAFLD). That said, a new category outside “pure” MASLD has been 
created, termed “MetALD” (i.e., metabolic liver disease associated with 
alcohol intake) that identifies individuals with MASLD who drink 
greater amounts of alcohol per week (i.e., 140–350 g/week for women 
and 210–420 g/week for men, respectively) [24]. The panelists of this 
Delphi process have recognized that the newly proposed nomenclature 
has limitations regarding the subclassification of NAFLD resulting from 
data gaps. Nevertheless, this new fatty liver disease nomenclature can 
provide a foundational structure/matrix for which definitions and sub-
classes may be adjusted as new epidemiological data emerges about the 
underlying pathophysiology and related risk factors [24]. Emerging 
evidence from population-based cohort studies from the USA, Brazil and 
China indicates that the newly proposed change in diagnostic criteria for 
MASLD does not significantly impact disease prevalence, or associated 
mortality outcomes compared to MAFLD [25–28]. 

Collectively, therefore, although the recently proposed change in 
nomenclature from NAFLD to MAFLD and MASLD is still under debate, it 
should be noted that this new fatty liver disease nomenclature is not a 
simple semantic revision. Rather, it better reflects the pathophysiology 
and cardiometabolic implications of this common and burdensome liver 
disease. This new nomenclature change represents the first step toward 
better identifying this metabolic liver disease for improved health pro-
motion, case identification, patient awareness, ongoing clinical trials, 
and health services delivery [14]. 

3. Epidemiological evidence linking MASLD to the risk of 
chronic kidney disease 

In 2008, two pioneering prospective studies reported that NAFLD 
(assessed by ultrasonography) was associated with an increased risk of 
incident CKD in both patients with [29] and without T2DM [30], 
independently of common renal risk factors. After these pioneering 
studies, other longitudinal studies confirmed a close association be-
tween NAFLD and the risk of incident CKD. In 2022, a comprehensive 
meta-analysis of 13 longitudinal studies (published until August 2020), 
including a total of about 1,2 million middle-aged individuals (28.1 % of 
whom had NAFLD), showed that NAFLD was associated with a moder-
ately increased risk of incident CKD stage ≥ 3 (defined as the occurrence 
of estimated glomerular filtration rate [eGFR] < 60 mL/min/1.73 m2, 
with or without accompanying proteinuria) over a median follow-up 
period of 9.7 years (random-effect hazard ratio [HR] 1.43, 95 % confi-
dence intervals [CI] 1.33–1.54) [5]. This risk was independent of age, 
sex, obesity, hypertension, T2DM and other traditional renal risk factors. 
Interestingly, this meta-analysis also showed that CKD risk was further 
increased with more advanced liver disease, especially with the severity 
of hepatic fibrosis [5]. This finding has also been further corroborated by 
some cohort studies of patients with biopsy-proven NASH and liver 
fibrosis [31]. 

As summarized in Table 1 [31–40], after the publication of the 
meta-analysis mentioned above [5] and following the proposal to 
change the nomenclature from NAFLD to MAFLD in 2020 [16], several 
longitudinal studies have examined the prognostic impact of MAFLD on 
the risk of developing CKD. Other studies have also compared the effects 
of NAFLD and MAFLD definitions on the risk of developing CKD. 
Currently, there are no studies examining the impact of MASLD on the 
long-term risk of developing CKD. In a longitudinal study of 3,627 

Chinese individuals with T2DM, Wei et al. reported that MAFLD on ul-
trasonography was associated with an increased risk of incident CKD 
during a 10-year follow-up, even after adjusting for age, sex, obesity, 
hypertension, dyslipidemia, serum liver enzymes and baseline eGFR 
(adjusted-HR 1.28, 95 % CI 1.09-1.50) [37]. In another longitudinal 
study enrolling 6,873 Chinese individuals, Liang et al. reported that 
ultrasound-detected MAFLD was independently associated with a higher 
risk of incident CKD over a median of 4.6 years (adjusted-HR 1.64; 95 % 
CI 1.39-1.94) and that a comparable association was also observed for 
NAFLD (adjusted-HR 1.70; 95 % CI 1.43–2.01) [34]. Similar findings 
were reported by Jung et al. [36]. Conversely, in a longitudinal study of 
13,159 Japanese adult individuals, Tanaka et al. showed that 
ultrasound-detected MAFLD (adjusted-HR 1.12; 95 % CI 1.02–1.26), but 
not NAFLD, was associated with an increased risk of incident CKD over a 
mean of 6.3 years, even after adjusting for conventional cardio-renal risk 
factors [40]. Interestingly, in that study, adding MAFLD to the con-
ventional risk factors for CKD significantly improved the discriminatory 
capacity of identifying patients at higher risk of developing CKD [40]. 
Similarly, in a longitudinal study of 21,713 South Korean adults un-
dergoing at least two serial health examinations, Kwon et al. reported 
that patients with ultrasound-detected MAFLD (adjusted-HR 1.97, 95 % 
CI 1.49–2.60), but not those with NAFLD, had a higher risk of devel-
oping CKD during a median of 5.3 years, even after adjustment for 
common cardio-renal risk factors, baseline eGFR, NAFLD fibrosis score 
or pre-existing CVD [38]. An association between MAFLD and the risk of 
end-stage renal disease (ESRD) was also recently observed. In a longi-
tudinal study involving 337,783 participants from the UK Biobank, Chen 
et al. found that patients with MAFLD had a ~2-fold increased risk of 
developing ESRD than those without MAFLD over a median follow-up of 
12.8 years [39]. 

The coexistence of MAFLD and CKD may also predict the risk of 
ischemic heart disease (that is the leading cause of mortality in patients 
with MAFLD as reported in [41]) more accurately than MAFLD or CKD 
alone. It is also important to recognize that ischemic heart disease may 
reflect the presence of macroscopic renal vascular disease that will 
further increase the risk of CKD. As regards this, in a cohort study of 14, 
141 Japanese adults, Miyamori et al. [42] found that the coexistence of 
MAFLD and CKD, but not MAFLD or CKD alone, was a significant risk 
factor for ischemic heart disease during a mean follow-up of 6.9 years. 
These results remained significant after adjustment for age, sex, smok-
ing, family history of ischemic heart disease, and presence of obesity, 
diabetes, hypertension, or dyslipidemia (adjusted-HR 1.51, 95 % CI 
1.02–2.22). Other prospective studies also showed that NAFLD was 
significantly associated with higher risks of adverse clinical outcomes 
and all-cause mortality in patients with CKD [43]. 

Little is currently known regarding the association between temporal 
changes in fatty liver (NAFLD) status and the risk of incident CKD. In a 
community-based cohort study of 4,042 Chinese adults free of CKD at 
baseline, Zuo et al. reported that developing incident NAFLD on ultra-
sonography was independently associated with an increased risk of 
developing CKD during a mean follow-up of 4.4 years [32]. The authors 
also found that the risk of incident CKD was not significantly different 
between subjects with either resolution NAFLD or persistent NAFLD at 
follow-up [32]. In addition, liver fibrosis progression (non-invasively 
assessed by NAFLD fibrosis score) was associated with a significantly 
higher risk of incident CKD [32]. Similarly, Terasaka et al. showed that 
patients with a worsening FIB-4 index category from baseline to 5 years 
had a higher risk of developing CKD than those with an improved FIB-4 
index category [44]. 

Therefore, many epidemiological studies indicate that the NAFLD 
and MAFLD definitions can effectively identify a subgroup of patients at 
higher risk of developing CKD stage ≥3 over time. Additionally, it seems 
that advanced hepatic fibrosis is associated with the highest CKD risk. 
However, given the observational design of the published studies, a 
causal relationship between NAFLD or MAFLD (or MASLD) and 
increased incidence of CKD cannot be firmly established. Hence, future 
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Table 1 
Principal longitudinal studies assessing the association between steatotic liver disease and the risk of incident chronic kidney disease.  

Author, 
Year, 
[Refs.] 

Study characteristics Definition of steatotic liver 
disease; prevalence at baseline 

Definition of CKD; incident 
cases 

Covariate adjustments Main findings 

Mantovani 
et al. [5] 

Systematic review and meta- 
analysis: 13 longitudinal 
studies (published from 
inception date to August 2020) 
for a total of 1,222,032 adult 
individuals followed for a 
median of 9.7 years 

NAFLD was diagnosed by 
blood-based biomarkers/ 
scores, ICD codes, imaging 
methods or liver biopsy; 28.1 % 
with NAFLD at baseline 

eGFR <60 mL/min/1.73 
m2, with or without 
proteinuria; 33,840 cases 
of incident CKD 

Age, sex, obesity, 
hypertension, diabetes, and 
other conventional CKD risk 
factors 

NAFLD was associated with 
an increased risk of incident 
CKD (random-effect HR 1.43, 
95 %CI 1.33-1.54; I2 =60.7 
%). The CKD risk appeared to 
be higher in those with 
advanced NAFLD 

Sanyal et al. 
[31] 

A multicenter cohort of 1773 
United States adult patients 
with NASH and different stages 
of liver fibrosis from the NASH 
Clinical Research Network. 
Median follow-up: 4 years 

NASH was diagnosed by liver 
biopsy 

Decrease of more than 40 
% in eGFR from baseline 

Age, sex, race, diabetes status, 
and baseline histologic liver 
severity 

As compared with patients 
with stage F0 to F2 fibrosis, 
patients with stage F4 
fibrosis had a decrease of 
more than 40 % in the eGFR 
(2.98 vs. 0.97 events per 100 
person-years; HR 1.9; 95 % 
1.1-3.4) 

Zuo et al.  
[32] 

Community-based prospective 
study: 4042 adult individuals 
free of CKD at baseline. Mean 
follow-up: 4.4 years. 

Changes in NAFLD status was 
diagnosed by ultrasonography 
and NAFLD fibrosis score (NFS) 
was used to evaluate fibrosis 
stage and progression; at 
baseline, 29.4 % had NAFLD 

eGFR <60 mL/min/1.73 
m2 or abnormal 
albuminuria; 355 cases of 
incident CKD 

Age, sex, smoking status, 
drinking status, physical 
activity, BMI, systolic blood 
pressure, HbA1c, white blood 
cell count, lipids, baseline 
eGFR, and medications 
changes for incident diabetes, 
hypertension or obesity status 

NAFLD development and 
fibrosis progression were 
associated with an increased 
risk of incident CKD 
(adjusted-HR 1.44; 95 %CI, 
1.01-2.06). The risk of 
incident CKD was not 
significantly different 
between NAFLD resolution 
and persistent NAFLD. 
Fibrosis progression from 
low NFS to intermediate or 
high NFS was associated with 
a significantly increased risk 
of incident CKD compared 
with those with stable 
fibrosis in low NFS 

Li et al.  
[33] 

Population-based prospective 
cohort study: 101,296 Chinese 
patients with prediabetes or 
diabetes from the China 
Cardiometabolic Disease and 
Cancer Cohort (notably, only 
64,533 were included in the 
analysis of incident CKD). 
Mean follow-up: 3.8 years 

NAFLD was diagnosed by FLI 
≥60; at baseline, 20.1 % had 
NAFLD 

eGFR <60 mL/min per 
1.73 m2 and/or a >50 % 
decrease in eGFR from 
baseline, renal 
replacement therapy and/ 
or CKD-related death; 
1943 cases of incident CKD 

Age, sex, education level, 
smoking status, alcohol 
consumption, physical 
activity, HbA1c goal 
achievement (<6.5 % or ≥6.5 
%), blood pressure goal 
achievement (<130/80 
mmHg or not), and LDL- 
cholesterol goal achievement 
(<100 mg/dL or ≥100 mg/ 
dL) 

Compared with those 
without NAFLD, patients 
with NAFLD and pre-diabetes 
(adjusted-HR 1.42; 95 % CI 
1.22–1.66) and those with 
NAFLD and type 2 diabetes 
(adjusted-HR 1.25; 95 % CI 
1.08–1.44) had a higher risk 
of incident CKD 

Liang et al.  
[34] 

Longitudinal study: 6873 
Chinese adult individuals from 
the Shanghai Nicheng Cohort 
Study. Median follow-up: 4.6 
years 

NAFLD and MAFLD were 
diagnosed by ultrasonography. 
Patients were categorized in 
NAFLD or MAFLD; at baseline, 
40.3 % had NAFLD and 46.7 % 
had MAFLD 

eGFR <60 mL/min/1.73 
m2 and/or abnormal 
albuminuria; 1606 cases of 
incident CKD 

Age, sex, educational level, 
smoking, and leisure-time 
exercise at baseline 

MAFLD was associated with 
a higher risk of incident CKD 
(adjusted-HR 1.64; 95 %CI 
1.39-1.94). Similar 
association for NAFLD was 
observed (adjusted-HR 1.70, 
95 %CI 1.43-2.01). The 
change from NAFLD to 
MAFLD did not significantly 
affect the associations with 
CKD 

Hashimoto 
et al. [35] 

Cross-sectional and 
longitudinal study: 16,938 of 
27,371 participants (included 
in the cross-sectional analysis) 
were followed for a median 
period of 4.6 years 

MAFLD was diagnosed by 
ultrasonography; at baseline, 
19.6 % had MAFLD 

eGFR <60 mL/min/1.73 
m2 and/or proteinuria 

Age, sex, physical activity, 
smoking status, and alcohol 
use 

Compared with the non-FLD 
without metabolic 
dysfunction, MAFLD was 
associated with the risk of 
incident CKD (adjusted-HR 
1.24, 95 %CI 1.14-1.36). 
MAFLD was associated with 
a higher risk of CKD, whereas 
FLD without MD was not 

Jung et al.  
[36] 

Longitudinal study: 268,946 
Korean participants aged 40- 
64 years, who underwent 
National Health Insurance 
Service health examinations 
between 2009 and 2015. 
Median follow-up: 5.1 years 

NAFLD and MAFLD were 
diagnosed by FLI ≥30. Patients 
were categorized in NAFLD or 
MAFLD; at baseline, 27.4 % 
participants had NAFLD and 
33 % had MAFLD 

eGFR <60 mL/min/ 
1.73m2 or proteinuria on 
two consecutive health 
examinations; 8,335 cases 
of incident CKD 

Age, sex, income level, 
hypertension, diabetes 
mellitus, heart failure, 
cerebrovascular disease, 
ischemic heart disease, 
exercise frequency, alcohol 
intake, smoking, use of lipid- 
lowering agents, NSAIDs or 
anti-platelet drugs, LDL- 

Compared to non-NAFLD 
participants, those with 
NAFLD had an increased risk 
of incident CKD (adjusted- 
HR 1.33, 95 %CI 1.27-1.39). 
Compared to non-MAFLD 
participants, those with 
MAFLD had an increased risk 
of incident CKD (adjusted- 

(continued on next page) 

J. Bilson et al.                                                                                                                                                                                                                                   



Diabetes & Metabolism 50 (2024) 101506

5

prospective cohort studies, including Mendelian randomization ones, 
are timely needed. 

4. Putative mechanisms linking MASLD to kidney disease 

As discussed earlier, a growing body of evidence indicates a clear 
epidemiological association between the presence of NAFLD/MASLD 
and an increased risk of CKD. However, it is essential to highlight that 
the precise pathophysiological mechanisms linking these diseases are 
not fully understood and likely involve the liver and many extra-hepatic 
organs. Indeed, CKD is a multisystem disease that shares a plethora of 
cardiometabolic risk factors with NAFLD/MASLD, making it challenging 
to dissect causative relationships between the two conditions. As dis-
cussed below, a complex combination of metabolic and hemodynamic 
changes, lipid nephrotoxicity, and genetic predisposition is likely to 
drive the development of CKD in individuals with NAFLD/MASLD. In 
this section, we consider both hepatic and non-renal tissue dysfunction 
in developing macro- and micro-vascular renal complications driving 

kidney dysfunction and CKD. 

4.1. Metabolic syndrome and liver-mediated mechanisms 

Many of the cardiometabolic features of MASLD are shared risk 
factors with both CVD and CKD and can contribute to the progression of 
both liver disease and CKD by creating a systemic milieu of metabolic 
and vascular dysfunction and low-grade inflammation. The pro- 
atherogenic dyslipidemia often observed in individuals with obesity 
and/or metabolic syndrome also contributes to renal vascular disease 
and a reduction in eGFR, potentially increasing the risk of CKD [45]. In 
addition to changes in plasma lipoprotein concentrations in MASLD and 
CKD, changes in the composition of small molecules, proteins and fatty 
acids in lipoproteins have been suggested to further contribute to renal 
damage, inflammation, and fibrosis [45]. Other systemic factors in 
MASLD, including hypertension and chronic hyperglycemia (as occurs 
with poorly controlled T2DM), typically form a cluster of metabolic risk 
factors which, along with abdominal obesity, are known to increase the 

Table 1 (continued ) 

Author, 
Year, 
[Refs.] 

Study characteristics Definition of steatotic liver 
disease; prevalence at baseline 

Definition of CKD; incident 
cases 

Covariate adjustments Main findings 

cholesterol, serum 
transaminases, and baseline 
creatinine 

HR 1.39, 95 % CI 1.33-1.46). 
MAFLD identified a 
numerically greater 
proportion of individuals at 
risk of developing CKD than 
NAFLD 

Wei et al.  
[37] 

Longitudinal study: 3,627 
Chinese individuals with 
T2DM who had received at 
least three health 
examinations between 2008 
and 2015. Median follow-up: 
10 years 

MAFLD was diagnosed by 
ultrasonography; 61.6 % with 
MAFLD at baseline 

eGFR <60 mL/min/1.73 
m2 or proteinuria; 837 
cases of incident CKD 

Age, sex, obesity, 
hypertension, dyslipidemia, 
LDL-cholesterol, serum 
transaminases, and baseline 
eGFR 

MAFLD was associated with 
an increased risk of incident 
CKD (adjusted-HR 1.28, 95 % 
CI 1.09-1.50), especially in 
those aged <60 years 

Kwon et al.  
[38] 

Longitudinal retrospective 
study: 21,713 South Korean 
adults who underwent at least 
two serial health 
examinations. Median follow- 
up: 5.3 years 

NAFLD and MAFLD were 
diagnosed by ultrasonography. 
Patients were categorized in 
NAFLD or MAFLD; at baseline, 
2.2 % participants had NAFLD- 
only, 8.2 % had MAFLD-only 
and 22.3 % had both conditions 

eGFR <60 mL/min/1.73 
m2 and/or abnormal 
albuminuria at the time of 
first health examination; 
912 cases of incident CKD 

Age, sex, BMI, baseline eGFR, 
smoking, physical activity, 
prediabetes, diabetes, 
hypertension, cardiovascular 
disease, and NAFLD fibrosis 
score 

Both-FLD group (adjusted- 
HR 1.50, 95 %CI 1.19–1.89), 
and MAFLD-only group 
(adjusted-HR 1.97, 95 %CI 
1.49–2.60), but not NAFLD- 
only group (adjusted-HR 
1.06, 95 %CI 0.63–1.79), had 
a higher risk of incident CKD. 
The switch from NAFLD to 
MAFLD criteria may identify 
a greater number of 
individuals at CKD risk 

Chen et al.  
[39] 

Longitudinal study: 337,783 
participants from the UK 
Biobank. Median follow-up: 
12.8 years 

MAFLD was diagnosed by FLI 
≥60; at baseline, 38.7 % had 
MAFLD 

ESRD: patients treated 
with chronic dialysis; 618 
cases of incident ESRD 

Age, sex, systolic blood 
pressure, assessment center, 
deprivation index, smoking 
status, alcohol intake, fasting 
glucose, lipids, and serum 
transaminases 

MAFLD was associated with 
incident ESRD (adjusted-HR 
2.03; 95 %CI 1.68-2.46). 
There were graded 
associations between non- 
invasive liver fibrosis scores 
and the risk of ESRD in 
MAFLD cases. Furthermore, 
the risking alleles of PNPLA3 
rs738409, TM6SF2 
rs58542926, GCKR 
rs1260326 and MBOAT7 
rs641738 amplified the 
MAFLD effect on ESRD risk 

Tanaka et al. 
[40] 

Longitudinal study: 13,159 
Japanese adult individuals 
who received annual health 
examinations. Mean follow-up: 
6.3 years 

NAFLD and MAFLD were 
diagnosed by ultrasonography. 
Patients were categorized in 
NAFLD or MAFLD; at baseline, 
the prevalence rates of NAFLD 
and MAFLD were 32.8 % and 
32.3 %, respectively 

eGFR <60 mL/min/1.73 
m2 or proteinuria; 2163 
cases of incident CKD 

Age, sex, baseline eGFR, 
smoking, ischemic heart 
disease, diabetes mellitus, 
overweight/obesity, 
hypertension, and 
dyslipidemia 

MAFLD (adjusted-HR 1.12; 
95 %CI 1.02–1.26), but not 
NAFLD, was associated with 
a higher risk of incident CKD. 
The addition of MAFLD to 
traditional renal risk factors 
significantly improved the 
discriminatory capacity to 
predict CKD 

Abbreviations: CI, confidence interval, eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; FLD, fatty liver disease; FLI, fatty liver index; HR, 
hazard ratio; MAFLD, metabolic dysfunction-associated fatty liver disease; NAFLD, nonalcoholic fatty liver disease; NFS, NAFLD fibrosis score. 
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risk of CKD and contribute directly to the development of macro- and 
micro-vascular renal complications [4]. Such systemic metabolic risk 
factors can promote renal oxidative stress and the infiltration and acti-
vation of pro-inflammatory immune cells, which modulate the renal 
microenvironment, potentially resulting in albuminuria and a reduction 
in eGFR [46]. 

Additionally, early changes in the portal and splanchnic vaso-
regulation commonly seen in patients with NAFLD are thought to 
potentially initiate a pathological “hepatorenal reflex”, which likely 
precedes the development of cirrhosis and the so-called hepatorenal 
syndrome. Whilst the mechanisms involved in developing hepatorenal 
reflex are likely complex [47], increased intrahepatic vascular resistance 
and the impairment of sinusoidal blood flow are core features. In a 
recent expert opinion, Drs. Baffy and Bosch highlighted the potential 
importance of subclinical portal hypertension as a driver of hepatic 
dysfunction, inflammation, and fibrosis [48]. We hypothesize that this 
subclinical portal hypertension may also trigger a subclinical hep-
atorenal reflex, which, over a prolonged period, could contribute to the 
development and progression of renal dysfunction and CKD [47]. That 

said, such a fascinating hypothesis requires further appropriate explo-
ration and testing. 

Alterations in the release of hepatokines in MASLD may also 
contribute to the development of CKD via close liver-kidney crosstalk. 
Indeed, various hepatokines have been implicated in CKD pathogenesis 
and have been the focus of other recent reviews [49,50]. Fibroblast 
growth factor-21 (FGF-21) is a hepatokine that has been the subject of 
considerable interest in recent years, not least because the FGF-21 re-
ceptor agonist efruxifermin has shown promise in phase 2 randomized 
trials and is currently being tested in phase 3 clinical trials for the 
treatment of NAFLD. Circulating concentrations of FGF-21 are thought 
to be increased in individuals with metabolic diseases, including T2DM 
[51], CKD [52] and NAFLD/MASLD [53]. Increased plasma FGF-21 
concentrations in the presence of metabolic complications are likely to 
be an adaptive response that aims to alleviate metabolic dysfunction (i. 
e., hyperglycemia and insulin resistance) [54]. However, in chronic 
metabolic diseases such as CKD and MASLD, a state of FGF-21 resistance 
may suppress the beneficial effects of this hepatokine [52]. While 
FGF-21 has been shown to improve systemic markers of T2DM and 

Fig. 2. Adipose tissue, gut dysfunction and renal lipid accumulation can contribute to CKD development and progression and form a cycle of worsening disease 
severity. Non-renal obesity-associated adipose tissue and intestinal dysfunction contribute to renal dysfunction and CKD via various mechanisms. Renal adipose 
tissue and parenchymal lipid droplet accumulation contribute to alterations in renal hydrostatic pressure, inflammation and fibrosis and are key characteristics of 
CKD. Elevated uremic toxin concentrations resulting from insufficient urea clearance may exacerbate adipose tissue inflammation and intestinal permeability, 
contributing to systemic metabolic and renal dysfunction, thus potentially forming a cycle of worsening disease severity. Genetic risk factors, such as the PNPLA3- 
I148M variant, may directly affect renal function, which could include (amongst other things) altering renal lipid droplet composition that may also drive kidney 
dysfunction and CKD. 
Abbreviations: SCFAs; short-chain fatty acids, LPS; lipopolysaccharide, BAs; bile acids, ROS; reactive oxygen species, eGFR; estimate glomerular filtration rate, PUFA; 
poly-unsaturated fatty acid, PNPLA3; patatin-like phospholipase domain-containing protein 3. 
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insulin resistance, its direct effects within the kidneys remain elusive, 
and further work is required to explore any direct effects of FGF-21 on 
renal function and whether modulating FGF-21 receptor activity is 
effective in the resolution of CKD. 

4.2. Adipose tissue, lipid droplets and PPAR-γ dysfunction connecting 
MASLD and CKD 

Adipose tissue dysfunction, rather than obesity per se, likely con-
tributes to the development of CKD in MASLD via both direct and in-
direct (i.e., via the worsening of cardiometabolic risk factors) 
mechanisms. The inability of adipose tissue to sufficiently expand and/ 
or suppress lipolysis results in the ectopic deposition of lipids in organs 
such as the liver and kidneys. Indeed, many studies indicate that renal 
lipid droplet accumulation is a hallmark characteristic of CKD [55]. In 
the kidney, lipids typically deposit in the perirenal space, kidney sinus 
and kidney parenchyma (Fig. 2). Accumulation of perirenal adipose 
tissue is strongly associated with CKD and may directly contribute to 
renal dysfunction, although underlying mechanisms are yet to be fully 
elucidated [56]. Excess perirenal adipose tissue may directly compress 
the renal vasculature and parenchyma, increasing renal interstitial hy-
drostatic pressure and renin release and reducing eGFR [57,58]. Simi-
larly, increased renal sinus fat (considered to be perivascular adipose 
tissue) is within proximity to renal blood vessels and can produce a 
plethora of molecules, including adipokines (i.e., leptin and adipo-
nectin), proinflammatory mediators, nitric oxide and reactive oxygen 
species [59]. Consequently, renal sinus fat accumulation and dysfunc-
tion may contribute to renal inflammation, fibrosis, and hypertension, 
potentially contributing to CKD progression. Further exacerbating this 
renal dysfunction, kidney parenchymal fat deposition (i.e., fat deposited 
in the renal cortex and medulla) has also been associated with kidney 
cell injury, glomerulosclerosis, interstitial fibrosis and proteinuria [55]. 
Emerging evidence also indicates that lipid droplets may act as intra-
cellular mechanical stressors, which, within the renal parenchyma, 
could contribute to inflammation and fibrosis [60]. 

While renal lipid deposition may have a role in CKD development, it 
is also important to acknowledge the role of non-renal adipose tissue 
dysfunction as a potential mechanism linking MASLD and CKD. As 
shown in Fig. 2, in addition to contributing to ectopic lipid deposition, 
obesity-associated adipose tissue dysfunction may also contribute to the 
development of systemic low-grade inflammation, strongly associated 
with CKD and MASLD. As reviewed by others, a shift in the profile of 
adipokines (e.g., adiponectin and leptin) also likely plays a role in the 
development of CKD and MASLD [61,62]. 

Emerging evidence also indicates the potential role of different 
mature white adipocyte subpopulations in adipose tissue inflammation 
and insulin resistance [63–65]. However, the role of these sub-
populations in MASLD and/or CKD is unclear [63–65]. Interestingly, the 
adipose tissue-kidney crosstalk appears to be bidirectional. Indeed, 
increased systemic uremic toxin concentrations resulting from renal 
dysfunction promote adipose tissue inflammation and alter adipokine 
profiles [62]. This "vicious cycle" between adipose tissue and kidney 
dysfunction likely contributes to systemic metabolic dysfunction, 
MASLD and CKD and is also exacerbated by intestinal dysfunction 
(Fig. 2). 

Predominantly expressed in the adipose tissue, peroxisome 
proliferator-activated receptor-gamma (PPAR-γ) is a master regulator of 
adipocyte biology where it plays crucial roles in facilitating fat storage, 
metabolic homeostasis and adipogenesis. Disruptions in PPAR-γ 
signaling compromise adipose tissue function and plasticity, resulting in 
local and systemic insulin resistance, a central driver for the develop-
ment of both MASLD and CKD [66,67]. In the liver, PPARγ has various 
potentially protective functions, including the improvement in hepatic 
insulin resistance, inflammation and fibrosis – the latter is thought to be 
achieved via reversing the activation of hepatic stellate cells [68]. Like 
adipose tissue and the liver, PPARγ is widely expressed in the kidneys 

and regulates various metabolic and inflammatory processes. 
Obesity-associated alterations in PPAR-γ activity may also contribute to 
renal lipid accumulation, inflammation and fibrosis [67]. Consequently, 
dysfunction in PPAR-γ signaling with obesity is an important factor 
contributing to the dysfunction of multiple key tissues, leading to 
detrimental changes in lipid handling, inflammation and fibrosis that 
may potentially ‘drive’ the development and progression of both MASLD 
and CKD. 

4.3. Intestinal dysfunction and dysbiosis affecting MASLD and CKD 

Intestinal dysbiosis is a hallmark characteristic of both NAFLD/ 
MASLD and CKD, and perturbations in intestinal function are likely to 
contribute to the development of both chronic conditions [69,70]. Al-
terations in intestinal bacterial populations in MASLD and CKD typically 
feature a loss of bacterial richness and diversity and a depletion of 
beneficial bacteria such as Lactobacillus and Bifidobacterium. Conversely, 
Enterobacteria and Enterococci are among the bacterial populations 
enriched in patients with MASLD and CKD [71]. This dysbiosis is also 
associated with a loss of intestinal tight-junction cohesion, facilitating 
lipopolysaccharide (LPS) influx into the systemic circulation. LPS is a 
potent activator of nuclear factor kappa B (NF-κB), toll-like receptor 
(TLR)-2 and TLR4-related pathways, and its presence in distal organs, 
such as the liver and kidneys can exacerbate tissue inflammation and 
contribute to accelerated renal and hepatic fibrosis [72]. Intestinal 
dysbiosis is also associated with a shift in the production of a range of gut 
metabolites proposed to contribute to NAFLD/MASLD and CKD (Fig. 2). 

Increased concentrations of bile acids (particularly secondary bile 
acids) have been associated with CKD and NAFLD/MASLD [73–75]. 
Circulating concentrations of deoxycholic acid are elevated in in-
dividuals with CKD, and some studies suggest that this secondary bile 
acid may contribute to vascular calcification mainly via activating 
transcription factor 4 [76]. Elevated serum urea concentrations sec-
ondary to decreased eGFR may subsequently increase gastrointestinal 
tract urea availability and the formation of microbiota-generated uremic 
toxins (e.g., trimethylamine, cresol, hippuric acid and indole). Such 
uremic toxins can exacerbate intestinal permeability and contribute to 
renal and hepatic dysfunction by activating proinflammatory and pro-
fibrogenic pathways [71]. Elevated trimethylamine-N-oxide (TMAO) 
concentrations may promote the development of hypertension in 
NAFLD/MASLD and CKD, and TMAO has also been proposed to 
contribute to renal interstitial fibrosis, eGFR decline and endothelial 
dysfunction [77,78]. Similarly, gut dysbiosis-associated reductions in 
short-chain fatty acid (SCFA) production have been suggested to 
contribute to CKD and NAFLD/MASLD via various mechanisms, 
including inflammation and oxidative stress exacerbation [79]. Intesti-
nal dysbiosis may also contribute to the development of hypertension 
via the gut-brain-kidney axis, which is known to contribute to renal 
microvasculature damage and CKD [80,81]. 

4.4. Genetic predisposition to both MASLD and CKD 

The role of genetic polymorphisms associated with NAFLD/MASLD 
as risk factors for renal dysfunction and CKD has been the focus of recent 
publications [47,82,83]. Indeed, while some inconsistency exists be-
tween studies, several MASLD-associated polymorphisms, such as those 
in PNPLA3, TM6SF2, HSD17B13, MBOAT7 or GCKR, have also been 
shown to increase the risk of incident CKD [82]. The rs738409 C > G 
single nucleotide polymorphism in the PNPLA3 gene, encoding for the p. 
IIe148Met change (I148M), is considered one of the most prevalent and 
important NAFLD/MASLD genetic risk factors [84]. Indeed, this com-
mon genetic risk variant is known to increase the risk of and contribute 
to developing hepatic steatosis, inflammation and fibrosis via a range of 
potential mechanisms [85]. Recent evidence also indicates that the 
PNPLA3-I148M variant in this lipid droplet-associated protein is asso-
ciated with decreased renal function and an increased risk of kidney 
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dysfunction in adults and children [47,86–90]. Interestingly, the link 
between the PNPLA3-I148M variant and reduced renal function is in-
dependent of other shared metabolic risk factors and hepatic steatosis, 
inflammation, and fibrosis [86,90,91]. Consequently, the direct impact 
of the PNPLA3-I148M variant on renal function has become an area of 
considerable interest in recent years. Physiologically, PNPLA3 is 
involved in the hydrolysis of triglycerides (TAGs), with a greater affinity 
towards monounsaturated and polyunsaturated fatty acids [92]. 

The PNPLA3-I148M variant has been shown to impair the hydrolytic 
activity of the physiological PNPLA3 protein, resulting in the accumu-
lation of lipid droplets within hepatocytes and adipocytes rich in PUFA- 
rich TAGs [93]. It is reasonable to hypothesize that the PNPLA3-I148M 
variant may exacerbate the lipid droplet accumulation within renal 
podocytes by inhibiting PNPLA3’s ability to hydrolyze TAG-PUFAs. 
Such dysmetabolism of lipids and lipid droplet accumulation within 
renal cells has recently been highlighted as an important causative factor 
contributing to CKD development [55]. Additionally, the 
PNPLA3-I148M variant has been suggested to impair PNPLA3’s physi-
ological retinyl-palmitate lipase activity, resulting in a reduction in the 
release of retinol from lipid droplets, which, within the kidney, could 
also contribute to renal dysfunction [83,94]. We have attempted to 
summarize the potential underlying mechanisms by which the 
PNPLA3-I148M variant may influence the risk of CKD via alterations in 
both hepatic and renal functions (Fig. 3). Further mechanistic studies are 
required to elucidate better the direct role of the PNPLA3-I148M variant 
on renal function and should focus initially on the influence of this ge-
netic variant on lipid handling within renal podocytes. It is also worth 
noting that other less frequent genetic polymorphisms have been linked 
to both liver and kidney disease and have been discussed in-depth by 
Wang et al. [82]. 

5. Pharmacotherapies beneficially affecting both MASLD and 
chronic kidney disease 

When considering potential drug treatments that may benefit 
MASLD and CKD, it is important to consider drug actions that are of 
benefit, both to ameliorate (or attenuate) fat, inflammation and fibrosis 
in the liver and factors that have been shown to improve CKD (or risk 
factors for CKD). Many of the risk factors for CKD are also shared risk 
factors for CVD, and the development of atherosclerotic vascular disease 

is a significant risk factor for developing CKD. T2DM increases the risk of 
both macrovascular disease and microvascular disease. Whereas a 
decrease in eGFR defining CKD may be due to macrovascular disease, 
proteinuria/macroalbuminuria is the hallmark of microvascular disease 
and, therefore, diabetes can cause both a decrease in eGFR and pro-
teinuria or both macrovascular and microvascular disease within the 
kidney. Since chronic hyperglycemia occurring in people with diabetes 
is a significant risk factor for microvascular disease, it is important to 
treat hyperglycemia with glucose-lowering drugs to attenuate the risk of 
microvascular disease. Consequently, this section will consider different 
drug classes with proven beneficial effects not only on fatty liver disease 
and CKD related to MASLD but also with proven benefits in ameliorating 
fatty liver disease, cardiovascular risk factors and hyperglycemia. The 
effects of potential treatments for MASLD with CKD are summarized in 
Fig. 4. The figure schematically illustrates the possible direct and indi-
rect actions of drug treatments on processes relevant to liver disease and 
CKD per se, as well as the beneficial effects on CVD risk factors that may, 
in turn, be relevant to the development and progression of CKD. Man-
agement of dyslipidemia in MASLD should include the use of statins as 
first-line therapy (or other lipid-lowering agents if these drugs are not 
tolerated) based on plasma lipid levels and atherosclerotic CVD risk 
scores [95]. Lowering plasma LDL-cholesterol concentration has proven 
beneficial for patients at high risk of CVD or with established CVD. 
However, although statin treatment is now known to be safe in people 
with NAFLD/MASLD, there is currently no convincing evidence that this 
class of drugs specifically benefits fatty liver disease. Similarly, there is 
no good evidence that low-dose aspirin or other antiplatelet agents that 
are commonly used in treating patients with post-myocardial infarction 
may benefit the liver in NAFLD/MASLD. 

As discussed above, CKD is classified according to the level of eGFR 
and then subclassified according to the level of coexisting abnormal 
albuminuria or overt proteinuria. When abnormal albuminuria is pre-
sent, this level of proteinuria is already an indication for specific drug 
treatments focused on the blockade of the renin-angiotensin system with 
agents such as angiotensin-converting enzyme (ACE) inhibitors or 
angiotensin II receptor blockers. There is some evidence of potential 
benefit of the latter on liver fibrosis, and this is considered below. 
Additionally, treating cardiometabolic risk factors is important and in 
people with T2DM and CKD, a blood pressure target of < 130/80 mmHg 
is desirable [96]. 

Fig. 3. Putative mechanisms underlying the increased risk of CKD associated with the PNPLA3-I148M genetic variant. The presence of the PNPLA3-I148M variant is 
known to contribute to increased hepatic LD accumulation, inflammation and fibrosis via disrupting TAG lipolysis and activating inflammatory and hepatic stellate 
cells – such effects of the PNPLA3-I148M variant could drive CKD indirectly via the exacerbation of systemic metabolic dysfunction subsequently resulting in renal 
dysfunction. Additionally, the PNPLA3-I148M variant likely directly affects the kidney, especially renal podocytes. This genetic variant is known to reduce the 
hydrolytic and retinyl-palmitate lipase activity of the PNPLA3 protein, which, in turn, may reduce the release of PUFAs, retinol and glycerol, increasing LD accu-
mulation and renal inflammation. While speculative, the increased renal podocyte LD accumulation partially driven by the PNPLA3-I148M variant may result in LD- 
induced nucleus indentation, contributing to cellular dysfunction and the production of reactive oxygen species, which may contribute to renal dysfunction and CKD. 
Abbreviations: LD; lipid droplet, TAG; triglyceride, PUFA; polyunsaturated fatty acid, PNPLA3; patatin-like phospholipase domain-containing protein 3, ROS; 
reactive oxygen species. 
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5.1. Sodium-glucose cotransporter-2 inhibitors 

In 2021, a meta-analysis of 20 phase 2 RCTs evaluated liver function 
or structure and compared SGLT2 inhibitors with placebo or other oral 
glucose-lowering drugs in patients with T2DM. A total of 1950 type 2 
diabetic patients, with or without NAFLD, were treated with SGLT2 
inhibitors for at least eight weeks, and 1900 patients were used as 
controls [97]. SGLT2 inhibitors significantly improved serum alanine 
aminotransferase, aspartate aminotransferases and gamma-glutamyl 
transferase concentrations compared to placebo or other oral 
glucose-lowering drugs. Random-effect meta-analysis of the four RCTs 
evaluating fat liver content measured by magnetic resonance-based 
techniques showed that SGLT2 inhibitors were associated with a bene-
ficial effect on hepatic steatosis compared to placebo (− 3.39 % [95 % CI 
− 6.01, − 0.77% ], P < 0.01, I2 = 89 %) [97]. These results supported the 
results of another meta-analysis undertaken in 2020 [98]. A recent 
post-hoc analysis of two large double-blind randomized controlled trials 
(the CANVAS trials) showed that in patients with T2DM, treatment with 
canagliflozin vs. placebo resulted in significant improvements in some 
non-invasive fibrosis biomarkers [99]. Besides their possible 
hepato-protective effects, SGLT2 inhibitors decrease body weight, 
plasma triglycerides and HOMA-IR score and increase plasma 
HDL-cholesterol concentrations [100]. 

Several major randomized controlled cardiovascular and renal 

outcome trials have been undertaken in people with established T2DM, 
showing benefits of SGLT2 inhibitors in the kidneys [101–105]. SGLT2 
inhibitors decrease afferent arteriolar vasoconstriction and may confer 
protection in reducing the risk of CKD by benefitting glomerular func-
tion via reducing glomerular hyperfiltration [106]. SGLT2 inhibitors 
may also decrease uric acid-induced renal damage by lowering serum 
uric acid concentrations [107] and also benefit albuminuria by reducing 
low-grade inflammation [108], fibrogenic response, apoptosis, and 
glucose-induced oxidative stress [109]. Thus, in people living with 
T2DM who have MASLD, there is a strong case for the use of SGLT2 
inhibitors for patients with CKD or at high risk of CKD. 

5.2. Peroxisome proliferator-activated receptor-gamma agonists 

Evidence shows that pioglitazone treatment has benefits for the 
cardiovascular system and has been shown to decrease the risk of acute 
myocardial infarction and ischemic stroke [110]. An elegant review 
recently reminded us that pioglitazone has become the “forgotten, 
cost-effective, cardioprotective drug” for T2DM [111]. The European 
and American guidelines for the treatment of NAFLD recommended the 
use of the peroxisome proliferator-activated receptor-gamma agonist 
(PPAR-γ) pioglitazone in adults with biopsy-confirmed NASH, regard-
less of the presence or absence of T2DM [112,113]. However, most 
national Medicines agencies do not approve the pioglitazone use in 

Fig. 4. Potential drug treatments for MASLD with CKD: potential direct and indirect actions of treatments on processes relevant to liver disease, cardiovascular risk 
factors, and CKD. Potential pharmacotherapies for MAFLD and CKD include sodium-glucose cotransporter 2 (SGLT2) inhibitors, incretin receptor agonists (e.g., 
glucagon-like peptide-1 [GLP-1] receptor agonists, glucose-dependent insulinotropic polypeptide [GIP] agonists, or dual GLP-1 and GIP receptor co-agonists), 
peroxisome proliferator-activated receptor (PPAR)-gamma agonists (pioglitazone), angiotensin II receptor blockers (AT-II), renin-angiotensin system (RAS) in-
hibitors or mineralocorticoid receptor antagonists. Although not all these drug classes have been shown to benefit steatotic liver disease in MASLD, these drugs have 
been shown to benefit kidney disease and cardiovascular risk factors (e.g., hypertension) that is very relevant to a holistic approach to treating MASLD as a 
multisystem disease. GLP-1 receptor agonists have proven efficacy to benefit T2DM, CVD and CKD. GLP-1 receptor agonists are effective in the brain by decreasing 
appetite and inducing satiety, and by reducing dietary calorie intake. These effects can facilitate weight loss, which in turn benefits MASLD as well as T2DM and 
cardiovascular risk factors. Dual GLP-1 and GIP receptor co-agonists might be more effective at promoting weight loss than GLP-1 receptor agonists alone. Thus, dual 
GLP-1 and GIP receptor co-agonists might prove to be very effective treatments for MASLD, as well as the extrahepatic complications of MASLD as a multisystem 
disease. 
Abbreviations: MASLD; metabolic dysfunction-associated steatotic liver disease, GIP; glucose-dependent insulinotropic polypeptide, GLP-1; glucagon-like peptide-1, 
TNF-α; tumour necrosis factor-α. 
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patients who do not have T2DM. Pioglitazone is a selective agonist 
regulating the PPAR-γ nuclear receptor activity [114]. A systematic re-
view of randomized clinical trials assessing the efficacy of 
glucose-lowering agents to specifically treat NAFLD or NASH in adults 
with or without T2DM showed that treatment with pioglitazone (≥ 30 
mg daily) improved individual histologic scores of NASH and achieved 
greater resolution of NASH compared to placebo [115]. In patients with 
prediabetes or T2DM, a phase-2 placebo-controlled RCT showed that 
pioglitazone treatment (45 mg/day for 72 weeks) was also better than 
placebo in improving the fibrosis score in patients with NASH (espe-
cially in those with T2DM) [116]. This finding was further confirmed by 
a meta-analysis involving eight RCTs [117]. Safety concerns (moderate 
weight gain, peripheral edema, and moderately increased risk of distal 
bone fractures in postmenopausal women) may limit the long-term use 
of pioglitazone in clinical practice. 

PPAR-γ is abundantly expressed in the kidney in the medullary col-
lecting duct, paraurethral and bladder epithelial cells, as well as podo-
cytes, mesangial cells, and vascular endothelial cells [67]. The PPAR-γ 
function in the kidney ranges from energy metabolism and cell prolif-
eration to inflammatory suppression [67]. Evidence suggests that 
PPAR-γ agonists could also provide protection in a broader spectrum of 
kidney diseases, such as acute nephrotic syndrome, nondiabetic glo-
merulosclerosis, and polycystic kidney [118,119]. However, side effects 
such as fluid retention occurring via the effects of pioglitazone in the 
kidneys may result in peripheral edema in ~5–10 % of treated patients 
and this effect, as well as moderate weight gain (~2.5 kg after 72 weeks) 
largely due to subcutaneous fat accumulation, tends to be worse in pa-
tients treated with the highest licensed dose of pioglitazone (45 mg/day) 
[120]. Fluid retention is potentially important, and therefore pioglita-
zone is contraindicated in patients at high risk of, or with heart failure. 
However, as pioglitazone treatment also reduces the risk of acute 
myocardial infarction and ischemic stroke, in our opinion, pioglitazone 
should be considered when not contraindicated in patients with 
MAFLD/MASLD, not least because of benefits in the kidney in patients at 
risk of CKD. 

Lanifibranor is a pan-PPAR agonist that modulates key metabolic, 
inflammatory, and fibrogenic pathways in the pathogenesis of NASH 
and a phase 3 RCT is currently underway. A phase 2b placebo-controlled 
RCT in patients with biopsy-proven NASH treated with different doses of 
lanifibranor for 24 weeks has been undertaken. These data showed that 
the percentage of patients with improvement of at least two points in the 
histologic SAF score (steatosis, activity, and fibrosis) without worsening 
of fibrosis was significantly greater among those treated with the 1200- 
mg dose of lanifibranor than with placebo [114]. With the failure of 
elafibranor (a PPAR alpha and delta agonist) to show benefit in NASH, 
and bearing in mind the proven benefit of pioglitazone, it seems likely 
that any benefit conferred by lanifibranor on steatotic liver disease in 
MASLD will be mediated by its PPAR-γ agonist activity. 

5.3. Incretin receptor agonists 

The two major classes of incretin receptor agonists showing consid-
erable promise in treating the early stages of NAFLD/MASLD are 
glucagon-like peptide-1 (GLP-1) receptor agonists (especially subcu-
taneous semaglutide) and dual GLP-1 and glucose-dependent insulino-
tropic polypeptide (GIP) agonists (tirzepatide) [121]. These drugs are 
very effective in facilitating weight loss, and we have recently evaluated 
their effectiveness in treating NAFLD/NASH [122]. Although there re-
mains uncertainty as to whether there are any benefits on liver fibrosis, 
these drugs confer indirect benefits on the liver (principally via the 
benefits of weight loss) to decrease liver fat and inflammation [122]. 
Studies investigating the cardiovascular outcomes of GLP-1 receptor 
agonists have also identified benefits on secondary renal outcomes. For 
example, the LEADER trial investigated the effects of liraglutide and 
included 23 % of patients with CKD. The results showed an approxi-
mately 25 % risk reduction of renal failure, doubling of serum 

creatinine, death due to kidney disease, or macroalbuminuria. Similar 
effects on macroalbuminuria have been shown with other GLP-1 re-
ceptor agonists, such semaglutide (SUSTAIN-6), dulaglutide (REWIND 
and AWARD-7)), efpeglenatide (AMPLITUDE), lixisenatide (ELIXA) and 
the dual receptor agonist tirzepatide (SURPASS-4) [123]. 

GLP-1 receptor agonists are contraindicated in patients with a prior 
history of medullary thyroid cancer and should be used with caution in 
those with a history of pancreatitis. These drugs are effective glucose- 
lowering therapies in patients at high CVD risk [124]. GIP and GLP-1 
have anti-inflammatory, anti-reactive oxygen species effects that may 
benefit the vasculature [123] and by also inhibiting macrophage infil-
tration and increasing nitric oxide production (GIP) [123], these ago-
nists may confer cardiovascular protection that benefits the kidney in 
people with MAFLD/MASLD. Patients with MAFLD/MASLD benefit 
from weight loss not only to benefit liver disease in MAFLD/MASLD but 
also to treat T2DM. Assuming there is no contradiction to treatment, 
there is a strong case for prescribing incretin receptor agonist agents as 
first-line treatments. Although GLP-1 receptor agonist drugs may 
commonly cause gastrointestinal side effects, they are well tolerated. 
That said, this class of drugs should be used with caution in people who 
have had previous pancreatitis or with concomitant use of sulphony-
lureas or insulin treatment because of the risk of hypoglycemia. More 
data on tirzepatide, a dual GIP and GLP-1 receptor agonist that pre-
dominantly affects GIP rather than GLP-1, will be forthcoming in the 
foreseeable future. For example, the SURPASS-CVOT (NCT04255433) is 
a large cardiovascular outcomes trial that compares the cardiovascular 
safety of tirzepatide against 1.5 mg dulaglutide. This trial will evaluate 
three major adverse cardiovascular event endpoints (myocardial 
infarction, stroke, and cardiovascular death), last up to 54 months and is 
scheduled to end in October 2024 [125]. However, a meta-analysis of 
data from 4,887 participants treated with tirzepatide versus 2,328 
control participants showed a point estimate HR of 0.80 (95 % CI 
0.57–1.11) for major adverse cardiovascular events, 0.90 (95 % CI 0.50, 
1.61) for cardiovascular mortality and 0.80 (95 % CI 0.51–1.25) for 
all-cause mortality [126]. Thus, there is a very good case for early 
treatment of subjects with MASLD who are obese to decrease their risk of 
developing adverse cardiovascular and renal outcomes. 

5.4. Renin-angiotensin-system inhibitors 

It is now widely acknowledged that ACE inhibitors and angiotensin II 
receptor blockers are clinically effective and benefit a range of adverse 
cardiovascular, renal and diabetes-related outcomes. However, it has 
proved very difficult to test the proposed antifibrotic effects of angio-
tensin II receptor blockers on liver fibrosis [127] in adult patients with 
NAFLD/MAFLD because co-existing cardio-metabolic diseases necessi-
tate treatment of affected patients with these drugs. Either angiotensin II 
receptor blockers or ACE inhibitors are frequently used for their proven 
benefits in patients with T2DM, CVD, or CKD, and most patients with 
these conditions will most likely be treated with one of these classes of 
drugs. However, the NASH-Clinical Research Network recently under-
took a multicentre, double-masked, placebo-controlled, randomized 
clinical trial in children (age 8–17 years) with histologically confirmed 
NAFLD. Children received 100 mg of losartan or placebo orally once 
daily for 24 weeks. The primary outcome was a change in serum ALT 
levels from baseline to 24 weeks, and the sample size was n=110. 
Eighty-three participants were randomized to losartan or placebo, and in 
an unplanned interim analysis due to the COVID-19 pandemic, there was 
a low probability of a significant group difference. The Data and Safety 
Monitoring Board recommended early study termination. Compliance 
with pill counts and numbers and types of adverse events did not differ 
by groups, suggesting a null effect of losartan on the liver compared to 
placebo [128]. Finerenone is a new nonsteroidal, selective mineralo-
corticoid receptor antagonist, and although its effect on liver disease in 
MASLD is uncertain [129], treatment with finerenone has been shown to 
result in lower risks of CKD progression and adverse cardiovascular 

J. Bilson et al.                                                                                                                                                                                                                                   



Diabetes & Metabolism 50 (2024) 101506

11

outcomes in people with T2DM with CKD [130]. Thus, similar to the use 
of angiotensin II receptor blockers and ACE inhibitors (and also SGLT2 
inhibitors), regardless of whether there is any benefit on the liver, these 
classes of drugs can have a place in the treatment of MASLD, where there 
is evidence of CKD or where patients are considered to be at high risk of 
CKD. 

6. Conclusions and future directions 

The change of terminology and diagnostic criteria of NAFLD has 
been the subject of ongoing intense debate in the medical community. 
The rationale of the recent proposal to change from NAFLD to MAFLD 
and MASLD is intended to address the inherent limitations associated 
with the term NAFLD and to highlight the key insights into the metabolic 
pathological mechanisms leading to the development and progression of 
this common liver disease. The mechanistic links connecting MASLD and 
CKD are complex and multifactorial and involve various tissues 
contributing to renal and hepatic dysfunction via direct and indirect 
mechanisms likely exacerbated by a range of genetic risk factors. 
Although further evidence is needed in each of the subgroups of MASLD, 
which have different types of metabolic dysfunction, several different 
classes of drugs are now known to be of proven benefit in people with, or 
without, T2DM who are at high risk of CVD and CKD. These drugs 
should, therefore, be considered for people with MASLD, particularly 
where subjects have CVD or CKD or are at high risk of these adverse 
outcomes. These drugs include angiotensin II receptor blockers or renin- 
angiotensin-system inhibitors, SGLT2 inhibitors, PPAR-γ agonists such 
as pioglitazone, and incretin receptor agonists. Regardless of whether 
there is a benefit on fatty liver disease, these classes of drugs have a place 
in the treatment of MASLD, specifically where there is evidence of CKD 
or where patients are considered at high risk of CKD. Since many people 
living with MASLD are also at high CVD risk (or may have established 
CVD), healthcare professionals should assess the global cardiovascular 
risk and advise treatment with a statin where appropriate. 

6.1. Search strategy and selection criteria 

References for this clinical narrative review were identified by the 
authors through searches of PubMed with the search terms “NAFLD” OR 
“non-alcoholic fatty liver disease” OR “non-alcoholic steatohepatitis” 
OR “NASH” OR “metabolic dysfunction-associated fatty liver disease” 
OR “MAFLD” OR “metabolic dysfunction-associated steatotic liver dis-
ease” OR “MASLD” AND “chronic kidney disease” OR “CKD” OR “kidney 
dysfunction” OR “drug treatment” OR “pharmacotherapy” OR “clinical 
trials”. We have searched up to October 31, 2023. We have considered 
the relevant literature cited in these papers. Only articles published in 
English were considered. The final reference list was generated based on 
originality and relevance to the broad scope of this review. 
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