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Background and aims: Chronic kidney disease (CKD) and non-alcoholic fatty liver disease (NAFLD) share
common risk factors and pathogenesis mechanisms. However, the association between the degree of
liver fibrosis and the incidence of CKD remains unclear. This study aims to examine the utility of non-
invasive fibrosis markers to predict the occurrence of CKD.
Methods: Cochrane Library, Scopus, and Medline were searched up to May 20th, 2023 using combined
keywords. Literature that analyzes FIB-4, NFS, and APRI to predict CKD incidence was included in this
review. We used random-effect models of odds ratio (OR) with 95% confidence intervals (CI) to express
the outcomes in this review.
Results: Twenty-one studies were included. Our meta-analysis showed that high FIB-4 was associated
with a higher incidence of CKD (OR 2.51; 95%CI: 1.87e3.37, p < 0.00001, I2 ¼ 96%). Further regression
analysis revealed that this association was significantly influenced by hypertension (p ¼ 0.0241), NAFLD
(p ¼ 0.0029), and body mass index (BMI) (p ¼ 0.0025). Our meta-analysis also showed that high NFS (OR
2.49; 95%CI: 1.89e3.30, p < 0.00001, I2 ¼ 96%) and high APRI (OR 1.40; 95%CI: 1.14e1.72, p ¼ 0.001,
I2 ¼ 26%) were associated with a higher incidence of CKD.
Conclusions: This study suggests that these non-invasive liver fibrosis markers can be routinely
measured both in NAFLD patients and the general population to enable better risk stratification and early
detection of CKD.
© 2023 Research Trust of DiabetesIndia (DiabetesIndia) and National Diabetes Obesity and Cholesterol

Foundation (N-DOC). Published by Elsevier Ltd. All rights reserved.
1. Introduction

Chronic Kidney Disease (CKD) is a kidney disease inwhich there
is a decline in kidney function over a period of months to years and
is characterized by a slow decline in glomerular filtration rate (GFR)
over a long period [1]. Until now, CKD still become a major public
health problem, both in developed and developing countries [2].
Globally, there are an estimated 843.6 million cases of CKD stages
1e5 worldwide [2]. Based on the data from the Global Burden of
Disease (GBD), CKD has become the leading cause of worldwide
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mortality with a mortality rate that continues to increase by about
41.5% from 1990 to 2017 [3]. Therefore, early identification and
management of CKD can reduce the risk of life-threatening com-
plications and reduce the burden of this disease [2,3].

In recent years, evidence has shown that non-alcoholic fatty
liver disease (NAFLD) may be associated with the risk of developing
CKD [4]. An international consensus has also recently been pub-
lished which stated that there is an interconnected relationship
between NAFLD and CKD where both NAFLD and CKD share similar
risk factors and pathogenesis mechanisms, such as hypertension,
insulin resistance, dyslipidemia, and obesity [5,6]. Physicians
should be made aware of this relationship so that the management
can also focus on shared risk factors between NAFLD and CKD [5].
Numerous studies have demonstrated a link between severe liver
s Obesity and Cholesterol Foundation (N-DOC). Published by Elsevier Ltd. All rights
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disease, such as fibrosis in those with biopsy-proven NAFLD, with a
higher risk of CKD [4,7]. Despite the fact that liver biopsy remains
the gold standard for identifying liver fibrosis, this procedure has
several limitations, such as an invasive method that may cause
discomfort to the patients and higher risks of complications [8].
Other methods for determining the degree of liver fibrosis such as
transient elastography (FibroScan) are not available in all health-
care facilities, especially in resource-limited areas, relatively
expensive, and operator-dependent [9]. Non-invasive fibrosis
markers, such as the fibrosis-4 index (FIB-4), non-alcoholic fatty
liver disease fibrosis score (NFS), and aspartate aminotransferase
(AST) to platelet ratio index (APRI) have been developed to replace
liver biopsy in evaluating the severity of liver fibrosis [10]. Unfor-
tunately, studies on these non-invasive fibrosis markers still
showed inconsistent results in predicting the incidence of CKD
[11e13]. For instance, Kuma et al.’s [11] study employing the Jap-
anese population indicated that a high FIB-4 score (�1.30) was not
an independent risk factor for CKD after propensity score matching.
Another study by Machida et al. [12] also supported this evidence
by showing no significant relationship between high FIB-4 and
CKD. On the other side, a study by Cao et al. [13] showed that a high
FIB-4 score (�1.30) was significantly associated with CKD. Given
these inconsistencies, a systematic review and meta-analysis study
is needed to resolve this problem. This study aims to assess the
ability of non-invasive fibrosis markers (FIB-4, NFS, and APRI) to
predict the occurrence of CKD.

2. Materials and methods

2.1. Eligibility criteria

A systematic review and meta-analysis of observational studies
was conducted based on the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines [14]. This
study has been previously registered in the PROSPERO
(CRD42022376481). We compiled the inclusion criteria in this
study based on the PECOS formulation as follows:

(1) adult patients aged over 18 years with or without a diagnosis
of non-alcoholic fatty liver disease (NAFLD) (Population);

(2) has data regarding (a) the fibrosis-4 index (FIB-4) with a cut-
off value of 1.30 or classified into low (<1.30), intermediate
(1.30e2.67), and high (>2.67) risk of liver fibrosis; (b) the
NAFLD fibrosis score (NFS) with classification into low
(<-1.455), intermediate (�1.455 to 0.676), and high (>0.676);
(c) the AST to platelet ratio index (APRI) with a cut-off value
of 0.50 (Exposure and Control);

(3) assessing the incidence of chronic kidney disease in various
groups of FIB-4, NFS, and APRI (Outcome);

(4) has an observational design (can be cohort, case-control, or
cross-sectional) (Study Design).

Meanwhile, the exclusion criteria were as follows: (1) study in
pediatric population/children (age <18 years); (2) the study pop-
ulation already had an eGFR value of 60 mL/min/1.73 m2 or a
diagnosis of CKD at the start of the study; (3) studies in patients
with alcoholic fatty liver disease; (4) clinical trials, case-series, case-
reports, correspondence, letters to editors, or review articles; (5)
studies that are not available in the full-text form or studies that
have not been published.

2.2. Search strategy and study selection

A literature search was conducted on English-language articles
up toMay 20th, 2023 in 3 international databases: Medline, Scopus,
2
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and the Cochrane Library. The keywords used for the literature
search were as follows: “(fibrosis-4 index OR FIB-4 OR fibrosis-4
score OR non-alcoholic fatty liver disease fibrosis score OR NAFLD
fibrosis score OR NFS OR aspartate aminotransferase to platelet
ratio index OR AST to platelet ratio index OR APRI) AND (chronic
kidney disease OR CKD OR chronic renal failure OR chronic renal
disease OR chronic renal insufficiency)”. More details regarding the
search strategy used for each database can be seen in
Supplementary Table 1. First, the screening process was begun by
looking at the suitability of the titles and/or abstracts against our
eligibility criteria. Any original publications that were cited in the
systematic reviews or meta-analyses but missed by the initial
search would also be included if they were suitable with our in-
clusion/exclusion criteria. All duplicate articles were removed. The
process was then followed by a comprehensive assessment of full-
text articles. All of these processes were carried out independently
by two reviewers. If disagreement was found during the screening
process, it will be resolved by seeking the opinion of a third
reviewer.

2.3. Data extraction

The data extraction process was carried out independently by
two reviewers. The extracted data were as follows: author's name,
study's year, design of the study, number of samples, type of par-
ticipants, age, gender, comorbidities, BMI, number of participants in
each group, and outcome of interest.

FIB-4 values in the existing studies were calculated using the
formula: age � AST (IU/L)/platelet count ( � 109/L) � √ALT (IU/L)
[12]. NFS values in the existing studies were calculated using the
formula: �1.675 þ 0.037 � age (years) þ 0.094 � BMI (kg/
m2) þ 1.13 � diabetes (yes ¼ 1, no ¼ 0) þ 0.99 � AST/ALT ratio -
0.013 � platelet count (x109/L) - 0.66 � albumin (g/dL). APRI score
was calculated as AST (IU/L)/platelet count ( � 109/L) � 100.
Chronic kidney disease (CKD), which was the outcome of interest in
this study, was defined based on the criteria from the Kidney Dis-
ease: Improving Global Outcomes (KDIGO) guidelines, namely
eGFR <60 mL/min/1.73 m2 and/or urinary albumin-to-creatinine
ratio (ACR) �3 mg/mmol [1].

2.4. Risk of bias assessment

Assessment of the risk of bias from each study was carried out
independently by two reviewers using standardized tools. To
evaluate the quality of each observational study, we used the
Newcastle-Ottawa Scale (NOS) which encompasses assessments on
the selection of study subjects, comparability between study
groups, as well as the outcomes of each study [15]. The total scores
that can be obtained using this tool were 0e9 where research with
a total score of �7 was considered to have good quality [15].
Meanwhile, for the quality assessment of the cross-sectional
studies included in this study, we used the Modified Newcastle-
Ottawa Scale (modified NOS) which was an adaptation of the
original NOS but with some adjustments to obtain a comprehensive
assessment of cross-sectional studies [16]. The total scores ranged
from 0 to 9 where a value� 7 was considered good quality research
[16].

2.5. Statistical analysis

We calculated the incidence of CKD in each FIB-4, NFS, and APRI
group by using the Generic Inverse-Variance formula to obtain the
odds ratio (OR) along with the 95% confidence interval (95% CI).
Due to the various participant characteristics, the study design, and
the time points at which the follow-up was conducted, there was a
y of Health and Social Security de ClinicalKey.es por Elsevier en agosto 10, 
ización. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.



R. Supriyadi, T.A. Yanto, T.I. Hariyanto et al. Diabetes & Metabolic Syndrome: Clinical Research & Reviews 17 (2023) 102814
significant level of heterogeneity that needed to be accounted for,
and this was done by using random-effect models. I-squared (I2;
Inconsistency) statistic was used to measure the heterogeneity
between studies, with values of more than 50% corresponding to
high or significant heterogeneity [17]. To determine how non-
invasive fibrosis markers and pre-specified variables, such as age,
sex, hypertension, diabetes, NAFLD, and body mass index (BMI),
interacted to affect the incidence of CKD, meta-regression with a
restricted-maximum likelihood random-effects model was carried
out. We also performed subgroup analysis based on the
geographical region and studies' population. In case of more than
10 studies were combined in themeta-analysis, a funnel plot would
be used to assess the publication bias. The Cochrane Collaboration's
Review Manager 5.4 and Comprehensive Meta-Analysis 3 tools
were used for all analyses in this study.
3. Results

3.1. Study selection and characteristics

A literature search of the database yielded 397 studies. After
screening titles/abstracts and removing duplicates, we assessed 80
full-text articles based on the eligibility criteria of this study. Out of
a total of 80 full-text articles, 59 articles were excluded from this
study because of the following reasons: twenty-eight articles had
no data on FIB-4, NFS, or APRI, twenty-five articles did not have
data on the outcome of interest, three were review articles, two
articles used different cut-off values, and one article was not
available in English. Ultimately, the remaining 21 articles
[10e12,18e35] with a total of 306,633 patients were included in the
final analysis (Fig. 1). Out of 21 articles, 11 articles had a cross-
sectional design, while the remaining 10 articles were retrospec-
tive cohort studies. The majority of included studies were studies
conducted on the adult general population, whereas 5 articles only
included patient populations with non-alcoholic fatty liver disease
(NAFLD). A more detailed description of the characteristics of each
included study can be seen in Table 1.
Fig. 1. PRISMA diagram of the detailed process of selection of studies for inclusion in
the systematic review and meta-analysis.
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3.2. Quality of study assessment

All cohort studies included in this analysis showed good quality
according to the Newcastle Ottawa Scale (NOS), with scores ranging
from 7 to 8 (Table 2). Meanwhile, all cross-sectional studies in this
study also had good quality based on the modified NOS scale with a
total score of 7e9 (Table 3). All studies were deemed eligible for
inclusion in the meta-analysis.

3.3. FIB-4 and incidence of CKD

Our meta-analysis showed that a high FIB-4 score was associ-
ated with a higher incidence of CKD when compared with a low
FIB-4 score (OR 2.51; 95%CI: 1.87e3.37, p < 0.00001, I2 ¼ 96%,
random-effect model) (Fig. 2). Sub-group analysis based on the FIB-
4 cut-off still showed significant results in each sub-group and a
positive correlation between FIB-4 values and the incidence of CKD
where higher FIB-4 cut-off values are being used, the risk of
developing CKD will also be higher. From a total of 7 studies, it was
revealed that FIB-4 values > 1.30 were significantly associated with
a higher incidence of CKD compared to FIB-4 values < 1.30 (OR 1.28;
95%CI: 1.06e1.56, p ¼ 0.01, I2 ¼ 70%, random-effect model). There
were 6 studies that report data regarding the relationship between
the intermediate risk of liver fibrosis and the incidence of CKD.
From ameta-analysis based on these 6 studies, it was shown that an
intermediate risk of liver fibrosis (defined as FIB-4 ¼ 1.30e2.67)
was associated with a higher incidence of CKD than a low risk of
liver fibrosis (FIB-4 <1.30) (OR 2.93; 95%CI: 2.48e3.46, p < 0.00001,
I2 ¼ 38%, random-effect model). Finally, 8 studies reported data
regarding the high risk of liver fibrosis with the incidence of CKD.
From a pooled analysis based on these 8 studies, it has been
demonstrated that those with a high risk of liver fibrosis (FIB-4
score >2.67) will have a higher incidence of CKD than those with a
low risk of liver fibrosis (FIB-4 <1.30) (OR 3.53; 95%CI: 2.12e5.90,
p < 0.00001, I2 ¼ 90%, random-effect model).

3.4. NFS and incidence of CKD

Our meta-analysis showed that a high NFS score was associated
with a higher incidence of CKD when compared with a low NFS
score (OR 2.49; 95%CI: 1.89e3.30, p < 0.00001, I2 ¼ 96%, random-
effect model) (Fig. 3). Sub-group analysis based on the NFS cut-
off still showed significant results in each sub-group and a posi-
tive correlation between NFS values and the incidence of CKD
where higher NFS cut-off values are being used, the risk of devel-
oping CKD will also be higher. There were 11 studies that report
data regarding the relationship between the intermediate risk of
liver fibrosis and the incidence of CKD. From a meta-analysis based
on these 11 studies, it was shown that an intermediate risk of liver
fibrosis (defined as NFS ¼ �1.455 to 0.676) was associated with a
higher incidence of CKD than a low risk of liver fibrosis (NFS < -
1.455) (OR 1.83; 95%CI: 1.37e2.46, p < 0.0001, I2 ¼ 95%, random-
effect model). Finally, 12 studies reported data regarding the high
risk of liver fibrosis with the incidence of CKD. From a pooled
analysis based on these 12 studies, it has been demonstrated that
those with a high risk of liver fibrosis (NFS >0.676) will have a
higher incidence of CKD than those with a low risk of liver fibrosis
(NFS < -1.455) (OR 3.43; 95%CI: 2.06e5.72, p < 0.00001, I2 ¼ 93%,
random-effect model).

3.5. APRI and incidence of CKD

Our meta-analysis from 4 studies showed that a high APRI score
y of Health and Social Security de ClinicalKey.es por Elsevier en agosto 10, 
ización. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.



Table 1
Characteristics of included studies.

Study Country Design Sample
size

Type of participants Age
(years)

Male
(%)

Diabetes
(%)

NAFLD
(%)

BMI
(kg/
m2)

Cao et al. [12]
2021

China Cross-
sectional

3,872 General population aged >18 years old 60 76.4% 48.8% 23.5% 49.2% 25.6

Chen et al. [18]
2020

Taiwan Retrospective
cohort

29,797 General population aged >18 years old 52.2 54% N/A 7.7% 44.5% 23.8

Choi et al. [19]
2019

South
Korea

Cross-
sectional

11,836 Non-institutionalized population aged >20 years old 44.4 41.3% N/A N/A N/A 23.7

Ciardullo et al.
[20] 2020

Italy Retrospective
cohort

2,770 Patients aged >18 years with a diagnosis of type 2 diabetes 68 59% 75.5% 100% 65% 30.2

Deng et al. [21]
2021

USA Cross-
sectional

4,869 General population aged >20 years old 51.7 48.6% 31.4% 16.2% 56.8% N/A

Han et al. [22]
2022

South
Korea

Cross-
sectional

9,444 General population aged >20 years old 48.8 43.4% 36.3% 9.7% 38% 23.6

Hsieh et al. [23]
2020

Taiwan Retrospective
cohort

11,376 General population aged >40 years old 52 39.8% 67.2% N/A N/A 24.8

Hu et al. [24]
2022

China Cross-
sectional

8,226 General population aged >18 years old 44.3 60% 22.3% 8.5% 53.5% 24.1

Kotoku et al.
[25] 2021

Japan Cross-
sectional

806 Middle-aged and older subjects (aged 29e72 years) 49.9 73.1% 89.1% 96.9% N/A N/A

Kuma et al. [10]
2022

Japan Retrospective
cohort

5,353 Metabolically healthy men 38 100% 3% 1.7% 4.5% 22.9

Lombardi et al.
[26] 2020

Italy Retrospective
cohort

351 Patients aged >18 years with a diagnosis of type 2 diabetes and NAFLD 68.3 46.1% N/A 100% 100% 28.8

Machida et al.
[11] 2022

Japan Cross-
sectional

11,867 General population aged >20 years old 56.9 49.8% 22.5% 3.8% 35.8% 23.1

Onnerhag et al.
[27] 2019

Sweden Retrospective
cohort

144 Patients with biopsy-proven primary NAFLD without liver disease of
other etiologies

53.2 57.6% 45.8% 22.2% 100% 28

Schleicher et al.
[28] 2022

Germany Retrospective
cohort

132,174 Adults (age >18 years) general population 61.4 50.9% 33.3% 11.9% 4.7% N/A

Seko et al. [29]
2020

Japan Retrospective
cohort

344 Patients with biopsy-proven NAFLD without other liver diseases 56.8 48% 42.2% 41.6% 100% 27.2

Seo et al. [30]
2022

South
Korea

Retrospective
cohort

3,188 Patients aged >20 years old with a diagnosis of type 2 diabetes 56.7 46.9% 27.7% 100% 54.2% 24.3

Sesti et al. [31]
2014

Italy Cross-
sectional

570 Patients with ultrasonography-diagnosed NAFLD 54.1 55.9% 71.1% 49.8% 100% 32.3

Sinn et al. [32]
2017

South
Korea

Retrospective
cohort

41,430 Patients aged >18 years old 48.9 60.9% 24% 7.4% 34.3% 23.9

Sun et al. [33]
2021

USA Cross-
sectional

12,571 General population aged 20e74 years old 43.8 46.9% 24.7% 11.5% 30.1% 27.2

Wijarnpreecha
et al. [34]
2017

USA Cross-
sectional

4,142 Adults aged 20e74 years with abdominal ultrasound consistent with
fatty liver with no significant alcohol consumption and without other
causes of liver diseases.

45.3 50.1% 31.5% 7.5% 100% 29

Xiong et al. [35]
2023

China Cross-
sectional

11,503 General population aged >35 years old 53.9 46.3% 50.6% 10.4% N/A 24.8

BMI ¼ body mass index; NAFLD ¼ non-alcoholic fatty liver disease; USA ¼ United States of America.

Table 2
Newcastle-Ottawa quality assessment of observational studies.

First author, year Study design Selectiona Comparabilityb Outcomec Total score Result

Chen et al. [18] 2020 Cohort *** ** ** 7 Good
Ciardullo et al. [20] 2020 Cohort *** ** *** 8 Good
Hsieh et al. [23] 2020 Cohort *** ** *** 8 Good
Hu et al. [24] 2022 Cohort *** ** *** 8 Good
Kuma et al. [10] 2022 Cohort *** ** ** 7 Good
Lombardi et al. [26] 2020 Cohort *** ** ** 7 Good
Onnerhag et al. [27] 2019 Cohort *** ** *** 8 Good
Schleicher et al. [28] 2022 Cohort *** ** *** 8 Good
Seko et al. [29] 2020 Cohort *** ** *** 8 Good
Seo et al. [30] 2022 Cohort *** ** ** 7 Good
Sinn et al. [32] 2017 Cohort *** ** ** 7 Good

a (1) representativeness of the exposed cohort; (2) selection of the non-exposed cohort; (3) ascertainment of exposure; (4) demonstration that outcome of interest was not
present at the start of the study.

b (1) comparability of cohorts on the basis of design or analysis, (maximum two stars).
c (1) assessment of outcome; (2) was follow-up long enough for outcomes to occur; (3) adequacy of follow-up of cohorts.

R. Supriyadi, T.A. Yanto, T.I. Hariyanto et al. Diabetes & Metabolic Syndrome: Clinical Research & Reviews 17 (2023) 102814
(�0.5) was associated with a higher incidence of CKD when
compared with a low APRI score (<0.5) (OR 1.40; 95%CI: 1.14e1.72,
p ¼ 0.001, I2 ¼ 26%, random-effect model) (Fig. 3).
4

Descargado para Eilyn Mora Corrales (emorac17@gmail.com) en National Librar
2023. Para uso personal exclusivamente. No se permiten otros usos sin autor
3.6. Meta-regression

Identification of risk factors that influence the relationship
y of Health and Social Security de ClinicalKey.es por Elsevier en agosto 10, 
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Table 3
Modified Newcastle-Ottawa quality assessment of cross-sectional studies.

First author, year Study design Selectiona Comparabilityb Outcomec Total score Result

Cao et al. [12] 2021 Cross-sectional *** * *** 7 Good
Choi et al. [19] 2019 Cross-sectional *** ** *** 8 Good
Deng et al. [21] 2021 Cross-sectional *** ** *** 8 Good
Han et al. [22] 2022 Cross-sectional *** ** *** 8 Good
Kotoku et al. [25] 2021 Cross-sectional *** ** *** 8 Good
Machida et al. [11] 2022 Cross-sectional **** ** *** 9 Good
Sesti et al. [31] 2014 Cross-sectional *** ** *** 8 Good
Sun et al. [33] 2021 Cross-sectional *** ** *** 8 Good
Wijarnpreecha et al. [34] 2017 Cross-sectional *** ** *** 8 Good
Xiong et al. [35] 2023 Cross-sectional **** ** *** 9 Good

a (1) representativeness of the sample; (2) sample size; (3) non-respondents; (4) ascertainment of exposure (maximum four stars).
b (1) comparability of subjects in different outcome groups, (maximum two stars).
c (1) assessment of outcome; (2) statistical test (maximum three stars).

Fig. 2. Forest plot that demonstrates the association between high fibrosis-4 index (FIB-4) with the incidence of chronic kidney disease (CKD).
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between non-invasive fibrosis markers (FIB-4, NFS, APRI) and the
incidence of chronic kidney disease (CKD) was done with meta-
regression. Our meta-regression revealed that variability in that
outcome can be explained by knownpatient factors associatedwith
predictors of CKD outcomes (Supplementary Table 2).

For the relationship between FIB-4 and the incidence of CKD,
statistically significant associations were present for hypertension
(beta coefficient: 0.0154; 95% CI: 0.0020e0.0288; p ¼ 0.0241)
(Supplementary Fig. 1A), NAFLD (beta coefficient: 0.0132; 95% CI:
0.0045e0.0219; p¼ 0.0029) (Supplementary Fig.1B), and BMI (beta
coefficient: 0.1477; 95% CI: 0.0519e0.2435; p¼0.0025)
5
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(Supplementary Fig. 1C). From our meta-regression analysis, it was
also revealed that the incidence of CKD was not significantly
influenced by age (p ¼ 0.5051) (Supplementary Fig. 1D), male sex
(p ¼ 0.6846) (Supplementary Fig. 1E), nor diabetes (p ¼ 0.2781)
(Supplementary Fig. 1F).

For the relationship between NFS and the incidence of CKD,
variables such as age (p ¼ 0.3573) (Supplementary Fig. 2A), male
sex (p ¼ 0.2925) (Supplementary Fig. 2B), hypertension (p¼0.9057)
(Supplementary Fig. 1C), diabetes (p ¼ 0.1694) (Supplementary
Fig. 1D), NAFLD (p ¼ 0.0754) (Supplementary Fig. 1E), nor BMI
(p ¼ 0.2147) (Supplementary Fig. 1F) were not significantly
y of Health and Social Security de ClinicalKey.es por Elsevier en agosto 10, 
ización. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.



Fig. 3. Forest plot that demonstrates the association between high non-alcoholic fatty liver disease fibrosis score (NFS) (A) and aspartate aminotransferase to platelet ratio index
(APRI) (B) with the incidence of chronic kidney disease (CKD).
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influenced that relationship.
For the relationship between APRI and the incidence of CKD,

meta-regression cannot be performed due to insufficient data and
the insufficient number of included studies.
3.7. Subgroup analysis

3.7.1. Fibrosis-4 index (FIB-4)
We performed subgroup analysis based on the geographical

region and populations of included studies. Subgroup analysis
based on geographic region revealed that the association between
high FIB-4 and incidence of chronic kidney disease (CKD) was
stronger in the studies from non-Asian countries (OR 3.74; 95% CI
1.26e11.06, p¼ 0.02, I2 ¼ 98%, random-effect modeling) than in the
studies from Asian countries (OR 1.88; 95% CI 1.33e2.65,
p ¼ 0.0003, I2 ¼ 88%, random-effect modeling) (Supplementary
Fig. 3). Meanwhile, subgroup analysis based on the studies’
6
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populations revealed a higher odds ratio for the relationship be-
tween high FIB-4 and incidence of CKD in the NAFLD-only popu-
lation (OR 3.68; 95% CI 1.80e7.53, p ¼ 0.0004, I2 ¼ 34%, random-
effect modeling) than in the general population (OR 2.26; 95% CI
1.57e3.24, p < 0.00001, I2 ¼ 96%, random-effect modeling)
(Supplementary Fig. 4).
3.7.2. Non-alcoholic fatty liver disease fibrosis score (NFS)
We performed subgroup analysis based on the geographical

region and populations of included studies. Subgroup analysis
based on geographic region revealed that the association between
high NFS and incidence of chronic kidney disease (CKD) was
stronger in the studies from non-Asian countries (OR 4.12; 95% CI
1.65e10.26, p ¼ 0.002, I2 ¼ 96%, random-effect modeling) than in
the studies from Asian countries (OR 2.18; 95% CI 1.44e3.28,
p ¼ 0.0002, I2 ¼ 94%, random-effect modeling) (Supplementary
Fig. 5). Meanwhile, subgroup analysis based on the studies’
y of Health and Social Security de ClinicalKey.es por Elsevier en agosto 10, 
ización. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.
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populations revealed a higher odds ratio for the relationship be-
tween high NFS and incidence of CKD in the NAFLD-only popula-
tion (OR 5.35; 95% CI 1.43e20.06, p ¼ 0.01, I2 ¼ 89%, random-effect
modeling) than in the general population (OR 2.46; 95% CI
1.47e4.10, p ¼ 0.0006, I2 ¼ 97%, random-effect modeling)
(Supplementary Fig. 6).

3.8. Publication bias

We used Funnel plot analysis for the publication bias assess-
ment. This analysis showed a relatively symmetrical inverted plot
for the incidence of CKD outcome in the FIB-4 and NFS groups
(Supplementary Figs. 7A and B), indicating no publication bias.
Meanwhile, for the association between APRI and incidence of CKD,
publication bias assessment was not performed due to the insuf-
ficient number of studies (<10 included studies), thus assessment
of publication bias is not as robust as when there were more than
10 studies.

4. Discussion

Our meta-analysis based on 21 studies has shown that the
fibrosis-4 index (FIB-4), non-alcoholic fatty liver disease fibrosis
score (NFS), and AST to platelet ratio index (APRI) can all be used to
predict the occurrence of chronic kidney disease (CKD), where the
highest odds ratio (OR) for CKD prediction was found in FIB-4,
followed by NFS, and finally APRI. Further regression analysis also
showed that the relationship between FIB-4 and CKD incidencewas
significantly influenced by hypertension, non-alcoholic fatty liver
disease (NAFLD), and body mass index (BMI). Meanwhile, the
relationship between NFS and CKD incidencewas not influenced by
confounding factors such as age, sex, hypertension, diabetes,
NAFLD, or BMI. Sub-group analysis based on the studies’ population
showed that the relationship between high non-invasive liver
fibrosis markers (FIB-4 and NFS) and the CKD incidence was found
to be stronger in the NAFLD-only population than in the general
population. Sub-group analysis based on the geographic region also
showed that the relationship between both high FIB-4 and high NFS
with CKD incidence was stronger in studies from non-Asian
countries than in studies from Asian countries.

To the best of our knowledge, this is the first systematic review
andmeta-analysis that comprehensively discusses the ability of the
non-invasive marker of liver fibrosis, namely FIB-4, NFS, and APRI
to predict the occurrence of CKD. A recent updated meta-analysis
by Mantovani et al. [36] only analyzed the relationship between
NAFLD and CKD where the authors have found that NAFLD may
increase the long-term risk of incident CKD stage �3 by approxi-
mately 1.45 times. However, in their study, no further analysis was
carried out regarding non-invasive fibrosis markers, such as FIB-4,
NFS, and APRI in predicting the occurrence of CKD [36]. Their
research has also stated that further studies were still needed to see
the relationship between the severity of NAFLD and the risk of CKD
incidence [36]. Therefore, our research presents to fill the remain-
ing knowledge gaps from the existing meta-analyses. Another
meta-analysis by Ciardullo et al. [37] analyzed the relationship
between non-invasive liver fibrosis assessment using vibration-
controlled transient elastography (VCTE) and the incidence of
CKD in patients with NAFLD. However, there was no data regarding
FIB-4, NFS, and APRI in their study [37]. Even though VCTE is
considered a non-invasive method, not all institutions or hospitals
have this tool. In addition, the relatively expensive price may also
limit the use of this tool to determine the degree of liver fibrosis.

On the other hand, fibrosis-4 index (FIB-4) is another non-
invasive marker of liver fibrosis that has higher applicability
because it only requires data on age, platelet count, AST, and ALT
7
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which can be obtained through a simple laboratory test so that it
can be done in almost all healthcare facilities [13]. The same is also
true for NFS and APRI which only require data on demographic
characteristics such as age, BMI, and simple laboratory values [13].
There are several reasons underlying the relationship between liver
fibrosis and CKD. First, in NAFLD with significant fibrosis, activation
of the NF-kB pathway can enhance the transcription of pro-
inflammatory genes that cause systemic inflammation and may
lead to CKD [38,39]. Second, an increased risk of atherosclerotic
diseases, such as renal endothelial dysfunction and renovascular
damage, is closely linked to atherogenic dyslipidemia, a key feature
of NAFLD that is characterized by increased small, dense LDL
cholesterol, low high-density lipoprotein (HDL) cholesterol, and
high levels of triglycerides [39e42]. Finally, increased procoagulant
and profibrogenic factors in NAFLD can contribute to the develop-
ment of CKD by increasing vascular endothelial damage and
accelerated atherosclerosis [39e42].
5. Limitations

This study is not without limitations. First, the observational
design used in the included research precludes the establishment
of causation. Second, although themajority of the studies that were
included in the analysis corrected the findings for age, gender,
hypertension, diabetes, obesity, and other traditional CKD risk
factors, it is still possible that some residual confounding from
unmeasured variables could have occurred. Finally, notable het-
erogeneity was found in the outcome of interest in this studywhich
may be due to differences in the proportion of patients with NAFLD
or metabolic disorders as well as differences in the duration of
follow-up. Therefore, the results from this meta-analysis should be
interpreted with caution. Nevertheless, we still believe that the
results from our systematic review and meta-analysis can provide
further insight into better risk stratification and management of
both NAFLD and CKD.
6. Conclusions

Our systematic review and meta-analysis have shown that the
fibrosis-4 index (FIB-4), non-alcoholic fatty liver disease fibrosis
score (NFS), and AST to platelet ratio index (APRI) can be used to
predict the incidence of chronic kidney disease (CKD) where a high
value of these scores are associated with a higher risk of CKD,
especially in non-Asian populations and populations of patients
with NAFLD.

Our study suggests that these non-invasive liver fibrosis
markers can be routinely measured to enable better risk stratifi-
cation and early detection of CKD, especially in the populations of
patients with NAFLD.
Funding

None.
Ethics approval

This is a systematic review and meta-analysis study. The Faculty
of Medicine, Pelita Harapan University Research Ethics Committee
has confirmed that no ethical approval is required.
Consent to participate

Not applicable.
y of Health and Social Security de ClinicalKey.es por Elsevier en agosto 10, 
ización. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.



R. Supriyadi, T.A. Yanto, T.I. Hariyanto et al. Diabetes & Metabolic Syndrome: Clinical Research & Reviews 17 (2023) 102814
Consent to publish

Not applicable.

Data availability statement

The authors confirm that the data supporting the findings of this
study are available within the article [and/or] its supplementary
materials.

Author contributions

Conceptualization: Rudi Supriyadi, Theo Audi Yanto, Timotius
Ivan Hariyanto; Methodology: Timotius Ivan Hariyanto; Formal
analysis and investigation: Rudi Supriyadi, Theo Audi Yanto, Tim-
otius Ivan Hariyanto; Writing - original draft preparation: Timotius
Ivan Hariyanto; Writing - review and editing: Rudi Supriyadi, Theo
Audi Yanto; Funding acquisition: Rudi Supriyadi, Theo Audi Yanto;
Resources: Timotius Ivan Hariyanto; Supervision: Rudi Supriyadi,
Theo Audi Yanto.

Declaration of competing interest

The authors declare no conflict of interest regarding this article.

Acknowledgments

None.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.dsx.2023.102814.

References

[1] Levey AS, Eckardt KU, Tsukamoto Y, Levin A, Coresh J, Rossert J, et al. Defi-
nition and classification of chronic kidney disease: a position statement from
Kidney Disease: Improving Global Outcomes (KDIGO). Kidney Int 2005
Jun;67(6):2089e100. https://doi.org/10.1111/j.1523-1755.2005.00365.x.

[2] Kovesdy CP. Epidemiology of chronic kidney disease: an update 2022. Kidney
Int Suppl 2011;12(1):7e11. https://doi.org/10.1016/j.kisu.2021.11.003. 2022
Apr.

[3] 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 Feb 29;395(10225):
709e33. https://doi.org/10.1016/S0140-6736(20)30045-3.

[4] Musso G, Gambino R, Tabibian JH, Ekstedt M, Kechagias S, Hamaguchi M, et al.
Association of non-alcoholic fatty liver disease with chronic kidney disease: a
systematic review and meta-analysis. PLoS Med 2014 Jul 22;11(7):e1001680.
https://doi.org/10.1371/journal.pmed.1001680.

[5] Sun DQ, Targher G, Byrne CD, Wheeler DC, Wong VWS, Fan JG, et al. An in-
ternational Delphi consensus statement on metabolic dysfunction-associated
fatty liver disease and risk of chronic kidney disease. Hepatobiliary Surg
Nutr 2023;12(3):386e403. https://doi.org/10.21037/hbsn-22-421.

[6] Targher G, Chonchol MB, Byrne CD. CKD and nonalcoholic fatty liver disease.
Am J Kidney Dis 2014 Oct;64(4):638e52. https://doi.org/10.1053/
j.ajkd.2014.05.019.

[7] Ekstedt M, Franz�en LE, Mathiesen UL, Thorelius L, Holmqvist M, Bodemar G,
et al. Long-term follow-up of patients with NAFLD and elevated liver enzymes.
Hepatology 2006 Oct;44(4):865e73. https://doi.org/10.1002/hep.21327.

[8] Standish RA, Cholongitas E, Dhillon A, Burroughs AK, Dhillon AP. An appraisal
of the histopathological assessment of liver fibrosis. Gut 2006 Apr;55(4):
569e78. https://doi.org/10.1136/gut.2005.084475.

[9] Patel K, Sebastiani G. Limitations of non-invasive tests for assessment of liver
fibrosis. JHEP Rep 2020 Jan 20;2(2):100067. https://doi.org/10.1016/
j.jhepr.2020.100067.

[10] Asrani SK. Noninvasive diagnosis of liver fibrosis in adults. Clin Liver Dis 2017
May 26;9(5):121e4. https://doi.org/10.1002/cld.632.

[11] Kuma A, Mafune K, Uchino B, Ochiai Y, Miyamoto T, Kato A. Potential link
between high FIB-4 score and chronic kidney disease in metabolically healthy
men. Sci Rep 2022 Oct 5;12(1):16638. https://doi.org/10.1038/s41598-022-
21039-0.

[12] Machida T, Obara T, Ishikuro M, Murakami K, Ueno F, Noda A, et al. Liver
8

Descargado para Eilyn Mora Corrales (emorac17@gmail.com) en National Librar
2023. Para uso personal exclusivamente. No se permiten otros usos sin autor
steatosis and fibrosis markers' association with cardiovascular and renal
damage in Japanese adults: the TMM BirThree cohort study. Ann Hepatol
2022 Sep 28;28(1):100761. https://doi.org/10.1016/j.aohep.2022.100761.

[13] Cao Y, Deng Y, Wang J, Zhao H, Zhang J, Xie W. The association between
NAFLD and risk of chronic kidney disease: a cross-sectional study. Ther Adv
Chronic Dis 2021 Nov 9;12:20406223211048649. https://doi.org/10.1177/
20406223211048649.

[14] Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews. BMJ 2021 Mar 29. https://doi.org/10.1136/bmj.n71. 372:n71.

[15] Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment
of the quality of nonrandomized studies in meta-analyses. Eur J Epidemiol
2010 Sep;25(9):603e5. https://doi.org/10.1007/s10654-010-9491-z.

[16] Norris JM, Simpson BS, Ball R, Freeman A, Kirkham A, Parry MA, et al.
A modified newcastle-ottawa scale for assessment of study quality in genetic
urological research. Eur Urol 2021 Mar;79(3):325e6. https://doi.org/10.1016/
j.eururo.2020.12.017.

[17] Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in
meta-analyses. BMJ 2003 Sep 6;327(7414):557e60. https://doi.org/10.1136/
bmj.327.7414.557.

[18] Chen PC, Kao WY, Cheng YL, Wang YJ, Hou MC, Wu JC, et al. The correlation
between fatty liver disease and chronic kidney disease. J Formos Med Assoc
2020 Jan;119(1 Pt 1):42e50. https://doi.org/10.1016/j.jfma.2019.02.010.

[19] Choi JW, Lee CH, Park JS. Comparison of laboratory indices of non-alcoholic
fatty liver disease for the detection of incipient kidney dysfunction. PeerJ
2019 Mar 8;7:e6524. https://doi.org/10.7717/peerj.6524.

[20] Ciardullo S, Muraca E, Perra S, Bianconi E, Zerbini F, Oltolini A, et al. Screening
for non-alcoholic fatty liver disease in type 2 diabetes using non-invasive
scores and association with diabetic complications. BMJ Open Diabetes Res
Care 2020 Feb;8(1):e000904. https://doi.org/10.1136/bmjdrc-2019-000904.

[21] Deng Y, Zhao Q, Gong R. Association between metabolic associated fatty liver
disease and chronic kidney disease: a cross-sectional study from NHANES
2017-2018. Diabetes Metab Syndr Obes 2021 Apr 22;14:1751e61. https://
doi.org/10.2147/DMSO.S292926.

[22] Han E, Lee YH, Lee JS, Lee HW, Kim BK, Park JY, et al. Fibrotic burden de-
termines cardiovascular risk among subjects with metabolic dysfunction-
associated fatty liver disease. Gut Liver 2022 Sep 15;16(5):786e97. https://
doi.org/10.5009/gnl210290.

[23] Hsieh MH, Wu KT, Chen YY, Yang JF, Lin WY, Chang NC, et al. Higher NAFLD
fibrosis score is associated with impaired eGFR. J Formos Med Assoc 2020
Jan;119(1 Pt 3):496e503. https://doi.org/10.1016/j.jfma.2019.07.007.

[24] Hu Q, Chen Y, Bao T, Huang Y. Association of metabolic dysfunction-associated
fatty liver disease with chronic kidney disease: a Chinese population-based
study. Ren Fail 2022 Dec;44(1):1996e2005. https://doi.org/10.1080/
0886022X.2022.2144373.

[25] Kotoku K, Michishita R, Matsuda T, Kawakami S, Morito N, Uehara Y, et al. The
association between decreased kidney function and FIB-4 index value, as in-
direct liver fibrosis indicator, in middle-aged and older subjects. Int J Environ
Res Publ Health 2021 Jun 29;18(13):6980. https://doi.org/10.3390/
ijerph18136980.

[26] Lombardi R, Airaghi L, Targher G, Serviddio G, Maffi G, Mantovani A, et al.
NAFLD fibrosis score (NFS) can be used in outpatient services to identify
chronic vascular complications besides advanced liver fibrosis in type 2 dia-
betes. J Diabet Complicat 2020 Nov;34(11):107684. https://doi.org/10.1016/
j.jdiacomp.2020.107684.

[27] €Onnerhag K, Hartman H, Nilsson PM, 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
Mar;54(3):328e34. https://doi.org/10.1080/00365521.2019.1583366.

[28] Schleicher EM, Gairing SJ, Galle PR, Weinmann-Menke J, Schattenberg JM,
Kostev K, et al. A higher FIB-4 index is associated with an increased incidence
of renal failure in the general population. Hepatol Commun 2022 Oct 4.
https://doi.org/10.1002/hep4.2104.

[29] Seko Y, Yano K, Takahashi A, Okishio S, Kataoka S, Okuda K, et al. FIB-4 index
and diabetes mellitus are associated with chronic kidney disease in Japanese
patients with non-alcoholic fatty liver disease. Int J Mol Sci 2019 Dec
25;21(1):171. https://doi.org/10.3390/ijms21010171.

[30] Seo DH, Suh YJ, Cho Y, Ahn SH, Seo S, Hong S, et al. Advanced liver fibrosis is
associated with chronic kidney disease in patients with type 2 diabetes
mellitus and nonalcoholic fatty liver disease. Diabetes Metab J 2022 Jul;46(4):
630e9. https://doi.org/10.4093/dmj.2021.0130.

[31] Sesti G, Fiorentino TV, Arturi F, Perticone M, Sciacqua A, Perticone F. Associ-
ation between noninvasive fibrosis markers and chronic kidney disease
among adults with nonalcoholic fatty liver disease. PLoS One 2014 Feb
10;9(2):e88569. https://doi.org/10.1371/journal.pone.0088569.

[32] Sinn DH, Kang D, Jang HR, Gu S, Cho SJ, Paik SW, et al. Development of chronic
kidney disease in patients with non-alcoholic fatty liver disease: a cohort
study. J Hepatol 2017 Dec;67(6):1274e80. https://doi.org/10.1016/
j.jhep.2017.08.024.

[33] Sun DQ, Jin Y, Wang TY, Zheng KI, Rios RS, Zhang HY, et al. MAFLD and risk of
CKD. Metabolism 2021 Feb;115:154433. https://doi.org/10.1016/
j.metabol.2020.154433.

[34] 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
y of Health and Social Security de ClinicalKey.es por Elsevier en agosto 10, 
ización. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.

https://doi.org/10.1016/j.dsx.2023.102814
https://doi.org/10.1111/j.1523-1755.2005.00365.x
https://doi.org/10.1016/j.kisu.2021.11.003
https://doi.org/10.1016/S0140-6736(20)30045-3
https://doi.org/10.1371/journal.pmed.1001680
https://doi.org/10.21037/hbsn-22-421
https://doi.org/10.1053/j.ajkd.2014.05.019
https://doi.org/10.1053/j.ajkd.2014.05.019
https://doi.org/10.1002/hep.21327
https://doi.org/10.1136/gut.2005.084475
https://doi.org/10.1016/j.jhepr.2020.100067
https://doi.org/10.1016/j.jhepr.2020.100067
https://doi.org/10.1002/cld.632
https://doi.org/10.1038/s41598-022-21039-0
https://doi.org/10.1038/s41598-022-21039-0
https://doi.org/10.1016/j.aohep.2022.100761
https://doi.org/10.1177/20406223211048649
https://doi.org/10.1177/20406223211048649
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1016/j.eururo.2020.12.017
https://doi.org/10.1016/j.eururo.2020.12.017
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1016/j.jfma.2019.02.010
https://doi.org/10.7717/peerj.6524
https://doi.org/10.1136/bmjdrc-2019-000904
https://doi.org/10.2147/DMSO.S292926
https://doi.org/10.2147/DMSO.S292926
https://doi.org/10.5009/gnl210290
https://doi.org/10.5009/gnl210290
https://doi.org/10.1016/j.jfma.2019.07.007
https://doi.org/10.1080/0886022X.2022.2144373
https://doi.org/10.1080/0886022X.2022.2144373
https://doi.org/10.3390/ijerph18136980
https://doi.org/10.3390/ijerph18136980
https://doi.org/10.1016/j.jdiacomp.2020.107684
https://doi.org/10.1016/j.jdiacomp.2020.107684
https://doi.org/10.1080/00365521.2019.1583366
https://doi.org/10.1002/hep4.2104
https://doi.org/10.3390/ijms21010171
https://doi.org/10.4093/dmj.2021.0130
https://doi.org/10.1371/journal.pone.0088569
https://doi.org/10.1016/j.jhep.2017.08.024
https://doi.org/10.1016/j.jhep.2017.08.024
https://doi.org/10.1016/j.metabol.2020.154433
https://doi.org/10.1016/j.metabol.2020.154433


R. Supriyadi, T.A. Yanto, T.I. Hariyanto et al. Diabetes & Metabolic Syndrome: Clinical Research & Reviews 17 (2023) 102814
2018 Apr;30(4):404e10. https://doi.org/10.1097/MEG.0000000000001045.
[35] Xiong S, Wang P, Yin S, Deng W, Zhao Y, Li W, et al. The association between

liver fibrosis scores and chronic kidney disease. Front Med 2023 Jan 30;10:
1046825. https://doi.org/10.3389/fmed.2023.1046825.

[36] Mantovani A, Petracca G, Beatrice G, Csermely A, Lonardo A, Schattenberg JM,
et al. Non-alcoholic fatty liver disease and risk of incident chronic kidney
disease: an updated meta-analysis. Gut 2022 Jan;71(1):156e62. https://
doi.org/10.1136/gutjnl-2020-323082.

[37] Ciardullo S, Ballabeni C, Trevisan R, Perseghin G. Liver stiffness, albuminuria
and chronic kidney disease in patients with NAFLD: a systematic review and
meta-analysis. Biomolecules 2022 Jan 8;12(1):105. https://doi.org/10.3390/
biom12010105.

[38] Willy JA, Young SK, Stevens JL, Masuoka HC, Wek RC. CHOP links endoplasmic
reticulum stress to NF-kB activation in the pathogenesis of nonalcoholic
9

Descargado para Eilyn Mora Corrales (emorac17@gmail.com) en National Librar
2023. Para uso personal exclusivamente. No se permiten otros usos sin autor
steatohepatitis. Mol Biol Cell 2015 Jun 15;26(12):2190e204. https://doi.org/
10.1091/mbc.E15-01-0036.

[39] Byrne CD, Targher G. NAFLD as a driver of chronic kidney disease. J Hepatol
2020 Apr;72(4):785e801. https://doi.org/10.1016/j.jhep.2020.01.013.

[40] Kurniawan A, Hariyanto TI. Non-alcoholic fatty liver disease (NAFLD) and
COVID-19 outcomes: a systematic review, meta-analysis, and meta-regres-
sion. Narrativa J 2023;3(1):e102. https://doi.org/10.52225/narra.v3i1.102.

[41] Byrne CD, Targher G. NAFLD: a multisystem disease. J Hepatol 2015 Apr;62(1
Suppl):S47e64. https://doi.org/10.1016/j.jhep.2014.12.012.

[42] Wang TY, Wang RF, Bu ZY, Targher G, Byrne CD, Sun DQ, et al. Association of
metabolic dysfunction-associated fatty liver disease with kidney disease. Nat
Rev Nephrol 2022 Apr;18(4):259e68. https://doi.org/10.1038/s41581-021-
00519-y.
y of Health and Social Security de ClinicalKey.es por Elsevier en agosto 10, 
ización. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.

https://doi.org/10.1097/MEG.0000000000001045
https://doi.org/10.3389/fmed.2023.1046825
https://doi.org/10.1136/gutjnl-2020-323082
https://doi.org/10.1136/gutjnl-2020-323082
https://doi.org/10.3390/biom12010105
https://doi.org/10.3390/biom12010105
https://doi.org/10.1091/mbc.E15-01-0036
https://doi.org/10.1091/mbc.E15-01-0036
https://doi.org/10.1016/j.jhep.2020.01.013
https://doi.org/10.52225/narra.v3i1.102
https://doi.org/10.1016/j.jhep.2014.12.012
https://doi.org/10.1038/s41581-021-00519-y
https://doi.org/10.1038/s41581-021-00519-y

	Utility of non-invasive liver fibrosis markers to predict the incidence of chronic kidney disease (CKD): A systematic revie ...
	1. Introduction
	2. Materials and methods
	2.1. Eligibility criteria
	2.2. Search strategy and study selection
	2.3. Data extraction
	2.4. Risk of bias assessment
	2.5. Statistical analysis

	3. Results
	3.1. Study selection and characteristics
	3.2. Quality of study assessment
	3.3. FIB-4 and incidence of CKD
	3.4. NFS and incidence of CKD
	3.5. APRI and incidence of CKD
	3.6. Meta-regression
	3.7. Subgroup analysis
	3.7.1. Fibrosis-4 index (FIB-4)
	3.7.2. Non-alcoholic fatty liver disease fibrosis score (NFS)

	3.8. Publication bias

	4. Discussion
	5. Limitations
	6. Conclusions
	Funding
	Ethics approval
	Consent to participate
	Consent to publish
	Data availability statement
	Author contributions
	Declaration of competing interest
	Acknowledgments
	Appendix A. Supplementary data
	References


