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Introduction
The definition of non-alcoholic fatty liver disease 
(NAFLD) is the accumulation of fat (>5%) in 
liver cells in the absence of excessive alcohol 
intake or other causes of liver disease.1 NAFLD 
has become the most common chronic liver dis-
ease worldwide, with a prevalence ranging from 
25% to 45%.2 The disease spectrum of NAFLD 
ranges from simple steatosis progressing through 
non-alcoholic steatohepatitis (NASH) with liver 
fibrosis.3 Epidemiological evidence has shown 

that NAFLD not only affects the liver but also 
increases the risk of developing multiple extrahe-
patic diseases, including atherosclerotic cardio-
vascular disease, cardiac arrhythmia, chronic 
kidney disease (CKD), type 2 diabetes, and extra-
hepatic cancers.4–8

CKD is a complex, progressive chronic condition 
defined by either abnormalities of kidney structure 
or function present for ⩾3 months.9 CKD has a 
major effect on global health, both as a direct cause 
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of global mortality and as an important risk factor 
for cardiovascular disease. Globally, 697.5 million 
cases of all-stage CKD were recorded, with a 
global prevalence of 9.1%, and 1.2 million deaths 
from CKD in 2017.10 Identifying novel modifiable 
risk factors for CKD is of paramount importance 
to reduce the disease burden of CKD.

Cross-sectional studies have shown robust and 
consistent evidence that NAFLD is associated 
with an increased prevalence of CKD. However, 
whether NAFLD is also a ‘driving force’ for the 
development of CKD remains unclear.11,12 
Longitudinal studies on this topic have shown 
inconsistent results for the association between 
NAFLD and the incident of CKD and premature 
mortality.13–17 The inconsistent results may be 
caused by differences in study characteristics, 
inclusion criteria, and endpoints assessment. 
Furthermore, NAFLD and CKD share many 
common cardio-renal risk factors, including dia-
betes mellitus, obesity, dyslipidemia, and hyper-
tension. It remains unclear as to whether NAFLD 
is an independent risk factor of CKD or whether 
NAFLD is just an epiphenomenon of other car-
dio-renal risk factors causally related to CKD.

Therefore, we performed an updated meta-analy-
sis of longitudinal cohort studies to determine the 
association and strength of NAFLD with the risk 
of CKD after adjustment for other cardio-renal 
risk factors.

Materials and methods

Search strategy and selection criteria
The study was performed according to the recom-
mendations of the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) 
guideline.18 The electronic databases (PubMed, 
Embase, and Google Scholar) were searched for 
studies until 31 November 2020, using a com-
bined medical subject headings and text search 
strategy with multiple terms associated with ‘non-
alcoholic fatty liver disease’ and ‘chronic kidney 
disease’. The search strategy for PubMed is pre-
sented in Supplemental File 1 and the strategies 
for other databases were similar. We also reviewed 
reference lists of included studies to identify other 
potential articles.

We included studies for analysis if they met the 
following criteria: (a) a cohort study involving 

adult individuals (aged ⩾18 years) and with a fol-
low-up duration of at least 1 year; (b) NAFLD 
and other potential risk factors associated with 
CKD were evaluated at baseline; (c) multivaria-
ble-adjusted risk ratios [including odds ratios 
(ORs), relative risks (RRs), or hazard ratios 
(HRs)] and their 95% confidence intervals (CIs) 
for CKD associated with NAFLD versus those 
without NAFLD were reported. Studies were 
excluded: (a) if they were case-control or cross-
sectional studies or cohort studies with a follow-
up evaluation <1 year; (b) studies defined 
NAFLD based only on liver enzymes, including 
gamma-glutamyltransferase (GGT), aspartate 
transaminase, or alanine transaminase; (c) only 
unadjusted risks were reported; (d) interested 
data were derived from the same cohort.

Data extraction and quality assessment
Two investigators (XC and XL) independently 
conducted literature searches, reviewed poten-
tially suitable studies, and extracted data for anal-
ysis. We evaluated the quality of the included 
studies based on the Newcastle–Ottawa Quality 
Assessment Scale for cohort studies.19 Studies 
were classified as good, fair, or poor quality, if 
they met ⩾7 points, 4–6 points, or <4 points, 
respectively.20,21 We also evaluated whether the 
included studies were adequately adjusted for 
potential confounders of at least six of the follow-
ing eight factors: age, sex, smoking status, body 
mass index or overweight/obesity, baseline esti-
mated glomerular filtration rate (eGFR), hyper-
tension or blood pressure, fasting plasma glucose 
or hemoglobin A1c or diabetes mellitus, and 
serum cholesterol levels or hypercholesterolemia.

Data analysis
To evaluate the strength of coexistent risk factors 
on the estimated risk of CKD, we pooled unad-
justed outcome data (univariate analysis), as well as 
those adjusted for the maximal number of potential 
confounders, respectively. We combined the log 
RRs and corresponding standard errors by the 
inverse variance approach. HRs were regarded as 
approximate to RRs.22 ORs were converted to RRs 
by the formula [RR = OR/(1 − pRef) + (pRef × OR)], 
where pRef is the incidence of the outcome (CKD) 
in the reference group (individuals without 
NAFLD).23,24 We used the I2 statistics to test het-
erogeneity among the included studies, and a ran-
dom-effects model was used for meta-analysis if 
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there was significant heterogeneity (I2 ⩾50%). 
Otherwise, a fixed-effects model was used.

We calculated the absolute risk difference (expressed 
as events per 1000 person-years) for the incidence 
of CKD associated with NAFLD by multiplying the 
assumed referent risk by the pooled RR-1.25 The 
median risk of CKD in individuals without NAFLD 
across included studies was regarded as the assumed 
referent risk. Subgroup analyses were conducted 
according to ethnicity (Asian versus non-Asian), sex 
(men versus women), study design (prospective ver-
sus retrospective), age (average <60 years versus 
⩾60 years), methods for defining NAFLD [ultra-
sonography versus other methods (e.g. database 
record, computed tomography, transient elastogra-
phy, or fatty liver index)], population characteristics 
(general population versus diabetes), follow-up 
duration (<10 years versus ⩾10 years), sample size 
(<10,000 versus ⩾10,000), adjustment of risk fac-
tors (adequate versus inadequate), and severity of 
NAFLD. More ‘severe’ NAFLD was defined as 
patients with ‘severe steatosis’ (detected by ultra-
sonography or fatty liver index), or ‘advanced fibro-
sis’ (with higher NAFLD fibrosis score, significant 
liver fibrosis by ultrasound elastography, or elevated 
GGT level in the presence of NAFLD).6,26 To fur-
ther explore the effect of different stage NAFLD on 
the incidence of CKD, we also performed subgroup 
analysis according to ‘severe steatosis’ or ‘advanced 
fibrosis’ separately. Publication bias was evaluated 
by inspecting funnel plots, as well as Begg’s test and 
Egger’s test. Sensitivity analyses were conducted 
whereby the use of random-effects models was 
changed to fixed-effects models for the meta-analy-
sis, or the RRs were recalculated by omitting one 
study at a time to evaluate the impact of individual 
studies on the estimated risk. Meta-regression anal-
ysis was used to determine the impact of study char-
acteristics, including sample size, participants’ age, 
sex, the prevalence of NAFLD, follow-up duration, 
and study quality score upon the outcome.27

Analyses were performed using RevMan 5.3 
(Cochrane Collaboration, Copenhagen, Denmark). 
All p values were two-tailed, and statistical signifi-
cance was set at less than 0.05.

Results

Studies retrieved and characteristics
Our initial search returned 2087 articles. After 
screening the titles and abstracts, 52 qualified 

for a full-text review. Finally, 11 studies involv-
ing 1,198,242 participants (women 46.3%) were 
included in the analysis (Figure 1).13–17,28–33 The 
key characteristics of the included studies are 
presented in Table 1. Four studies were from 
Asia (Korea and China) and seven studies were 
from European and American countries. The 
median follow-up duration was 3.7 years (range 
2.7–12.5 years) and 31,922 cases of incident 
CKD were recorded. The median prevalence of 
NAFLD in the studies was 38.1%. Different 
methods were used to define NAFLD (ultra-
sonography in six studies, fatty liver index, com-
puted tomography, transient elastography in one 
study, and two studies defined NAFLD based 
on database record). The adjusted confounders 
in the estimated risk model are presented in 
Supplemental File 2, and seven studies met our 
criteria for adequate adjustment. According to 
the Newcastle–Ottawa quality assessment, three 
studies were graded as having fair quality, and 
eight studies were graded as having good quality 
(Supplemental File 3).

Association between NAFLD and risk of CKD
The random-effects model was used for analysis 
as significant heterogeneity was detected among 
studies. Compared with non-NAFLD, NAFLD 
was associated with an increased risk of incident 
CKD in unadjusted models (RR 1.54, 95% CI 
1.38–1.71, p < 0.001, I2 = 80%) (Figure 2). 
After multivariable adjustment, NAFLD was 
still associated with a higher risk of CKD (RR 
1.39, 95% CI 1.27–1.52, p < 0.001, I2 = 75%) 
(Figure 3). There was moderate heterogeneity 
for the risk of CKD between unadjusted and 
multivariable-adjusted models (I2 = 50.9%, p for 
heterogeneity = 0.15). We identified no publica-
tion bias based on inspection of the funnel plot 
(Supplemental File 4) or by Begg’s test and 
Egger’s test (all p > 0.25).

CI, confidence interval; CKD, chronic kidney 
disease; df, degrees of freedom; NAFLD, non-
alcoholic fatty liver disease; SE, standard error.

The absolute risks of CKD in patients with and 
without NAFLD across studies are presented in 
Supplemental File 5. Compared with individuals 
without NAFLD, the adjusted absolute risk 
increase in NAFLD for CKD was 5.1 (95% CI 
3.5–6.8) per 1000 person-years.
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Subgroup analyses and sensitivity analyses
Subgroup analyses showed that the multivariable-
adjusted risk of CKD was higher in patients with 
more ‘severe’ NAFLD than those with less ‘severe’ 
NAFLD, in non-Asians than in Asians, and in 
studies with inadequate adjustment of risk factors 
than those with adequate adjustment (all I2 >75%, 
p for heterogeneity < 0.05). However, the risk of 
CKD was significantly increased across all these 
subgroups (Table 2). The risk of CKD was 
increased in patients with NAFLD, <60 years old 
(RR 1.39, 95% CI 1.26–1.53), but not in those 
aged ⩾60 years (RR 0.81, 95% CI 0.51–1.30) 
(subgroup heterogeneity: I2 >79.1%, p for = 0.03). 
There was no significant heterogeneity in other 
subgroup analyses (Table 2). The sensitivity analy-
ses confirmed that the association between CKD 
and NAFLD did not change with the use of ran-
dom-effects models or fixed-effects models for the 
meta-analysis or with recalculation of the RRs by 
omitting one study at a time. Meta-regression 
analysis showed that no significant associations 

among study characteristics and the risk of CKD 
were observed (all p > 0.10) (Supplemental File 6).

Discussion
In this updated meta-analysis among 1.2 million 
participants with 31,922 cases of incident CKD, 
we demonstrated that compared with individuals 
without NAFLD, NAFLD was associated with a 
39% higher risk of incident CKD, independent of 
multiple cardio-renal risk factors.

Two previous meta-analyses have reported sig-
nificantly different strengths for the association 
between NAFLD and the risk of CKD. Musso 
et al.34 included 33 studies (63,902 participants 
from 20 cross-sectional and 13 longitudinal 
studies) and reported that NAFLD was associ-
ated with a significantly increased risk of CKD 
compared with those without NAFLD (HR 
1.79, 95% CI 1.65–1.95). However, the inclu-
sion of studies without adjusted for cardio-renal 

Figure 1.  The PRISMA flow diagram.
CKD, chronic kidney disease; NAFLD, non-alcoholic fatty liver disease; PRISMA, Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses.
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risk factors, as well as those without a referent 
group without NAFLD, may overestimate the 
association between NAFLD and CKD. 
Mantovani et  al.6 included nine observational 
studies with 96,595 adult individuals of predom-
inantly Asian descent for analysis, and found 
that patients with NAFLD had a higher risk of 
incident CKD than those without NAFLD (HR 
1.37, 95% CI 1.20–1.53). However, the associa-
tion between NAFLD and the risk of incident 
CKD was only observed in Asian populations 
(HR 1.40, 95% CI 1.22–1.58), but not in 
European populations (HR 1.29, 95% CI 0.82–
1.76). Compared with those previous meta-anal-
yses, our study has several strengths. First, we 
excluded studies that did not adjust for other 
cardio-renal risk factors, which mitigated the 
possibility of influencing the association between 

NAFLD and the risk of CKD by other con-
founding factors. Second, we did not include 
studies that defined NAFLD based only on the 
elevation of liver enzyme. Liver enzyme eleva-
tion is a nonspecific finding in many hepatobil-
iary disorders. Third, several included studies 
with a large sample size in this study were 
recently published and thus were not included in 
previous studies, which constituted the latest 
evidence in the field. We also documented that 
the risk of CKD associated with NAFLD was 
increased both in Asians and non-Asians.

It was documented that NAFLD and CKD share 
common cardio-renal risk factors, including diabe-
tes mellitus, obesity, dyslipidemia, and hyperten-
sion. Recently, a cross-sectional study also showed 
that levels of triglycerides and very-low-density 

Figure 2.  Forest plot of unadjusted risk of CKD associated with NAFLD.
CI, confidence interval; CKD, chronic kidney disease; df, degrees of freedom; NAFLD, non-alcoholic fatty liver disease; SE, 
standard error.

Figure 3.  Forest plot of multivariable-adjusted risk of CKD associated with NAFLD.
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Table 2.  Subgroup analyses of the association between NAFLD and risk of CKD.

Subgroup No. studies RR (95% CI) I2/p*

Ethnicity

  Asians 4 1.27 (1.16, 1.38) 92.9%/<0.001

  Non-Asians 7 1.56 (1.46, 1.66)

Sex

  Male 4 1.55 (1.40, 1.71) 0%/0.55

  Female 3 1.48 (1.31, 1.67)

Study design

  Prospective cohort 6 1.31 (1.11, 1.54) 0%/0.33

  Retrospective cohort 5 1.44 (1.30, 1.59)

Participant’s average age

  <60 years 9 1.39 (1.26, 1.53) 79.1%/0.03

  ⩾60 years 2 0.81 (0.51, 1.30)

Methods for defining NAFLD

  Ultrasonography 6 1.31 (1.17, 1.48) 48.9%/0.1

  Other methods 5 1.46 (1.33, 1.62)

Community-based population

  Yes 7 1.38 (1.25, 1.53) 0%/0.74

  No 4 1.44 (1.14, 1.83)

Presence of diabetes

  Yes 6 1.27 (1.07, 1.51) 51.1%/0.15

  No 2 1.60 (1.23, 2.07)

Sample

  <10,000 7 1.34 (1.14, 1.57) 0%/0.50

  ⩾10,000 4 1.43 (1.28, 1.58)

Follow-up duration

  <10 years 8 1.39 (1.21, 1.60) 0%/0.68

  ⩾10 years 3 1.31 (1.03, 1.67)

Adjustment of confounders

  Adequate$ 7 1.32 (1.13, 1.54) 78.8%/0.03

  Inadequate 4 1.58 (1.51, 1.65)

 (Continued)
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Subgroup No. studies RR (95% CI) I2/p*

Severity of NAFLD

  More severe 4 1.57 (1.37, 1.78) 82.5%/0.02

  Less severe 4 1.22 (1.04, 1.43)

Severe steatosis

  Yes 1 1.46 (1.19, 1.79) 64.0%/0.10

  No 1 1.17 (1.00, 1.37)

Advanced fibrosis

  Yes 3 1.63 (1.36, 1.96) 75.3%/0.04

  No 3 1.23 (1.00, 1.51)

*For heterogeneity among subgroups.
$Adequate adjustment denoted adjustment of at least six of eight confounders including sex, age, smoking, hypertension 
or blood pressure or antihypertensive treatment, BMI or other measure of overweight/obesity, cholesterol, blood glucose 
or diabetes, and baseline eGFR.
BMI, body mass index; CI, confidence interval; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; 
NAFLD, non-alcoholic fatty liver disease; RR, relative risk.

lipoprotein were higher in patients with CKD with 
NAFLD compared with those without NAFLD, 
and revealed that lipid profile may have an impor-
tant impact on the interaction between CKD and 
NAFLD.35 Interestingly, we found that there was 
only moderate heterogeneity for the risk of CKD 
in the unadjusted model compared with the maxi-
mal confounders adjusted model, which demon-
strated that the coexisting risk factors could not 
explain the increased risk of CKD in patients with 
NAFLD. Other potential mechanisms may be 
involved in the link between NAFLD and the 
development of CKD. Although not yet com-
pletely understood, several plausible mechanisms 
have been suggested. First, lipotoxicity, hepatic/
systemic insulin resistance, oxidative stress, 
increased activity of the renin-angiotensin-aldos-
terone system observed in NAFLD may also be 
involved in the kidney injury.36,37 Second, NAFLD 
is a status of metabolic inflammation and has been 
considered a low-grade inflammatory disorder, 
which is more obvious in patients with NASH and 
advanced hepatic fibrosis.38,39 Persistent, low-
grade inflammation is now considered an impor-
tant risk factor for the development and progression 
of CKD.40 Third, other novel mechanisms, includ-
ing altered level of hepatokines and perturbation of 
the gut microbiota (dysbiosis) in NAFLD may also 
play a role in the development of CKD.11,41,42 

Considering the high prevalence of NAFLD 
worldwide and the significant association for 
CKD, effective intervention in populations with 
NAFLD could have important impacts on the 
global health burden of CKD. Nowadays, lifestyle 
intervention is the cornerstone of treatment for 
NAFLD.43 A randomized controlled trial has 
shown that improved NAFLD histology associated 
with 1-year lifestyle modification was associated 
with improved kidney function.44 Therefore, life-
style intervention should also be advocated to pre-
vent CKD in patients with NAFLD.

Risk stratification for CKD in patients with 
NAFLD is needed. Our results showed that in 
individuals with more ‘severe’ NAFLD, the risk 
of CKD is higher than those with less ‘severe’ 
NAFLD. Recently studies also showed that the 
patatin-like phospholipase domain-containing 
protein 3 (PNPLA3) rs738409 polymorphism 
was associated with the risk of renal damage in 
NAFLD.45 Further studies are needed to explore 
the effect of screening and treatment for CKD in 
these high-risk patients with NAFLD.

We should note several limitations in the present 
study. First, NAFLD was defined with different 
methods in included studies. However, no signifi-
cant heterogeneity was observed among subgroup 

Table 2.  (Continued)
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analysis according to methods of defining 
NAFLD, and in studies that used the most com-
mon available method to define NAFLD, that is, 
ultrasonography, the risk of CKD was similar to 
the main analysis. Second, although all the 
included studies defined the outcome as CKD 
stage 3–5, the definition and methods for calcula-
tion eGFR varied in different studies, which may 
cause bias for comparison among studies. Third, 
biopsy is the gold standard for defining the histo-
logical findings of NAFLD. Whether patients 
with more severe NAFLD based on histological 
findings (e.g. NASH and hepatic fibrosis) carried 
a higher risk of CKD is not available.

Conclusion
NAFLD is associated with an increased risk of 
CKD, especially in patients with ‘severe’ NAFLD 
or younger than 60 years of age. The increased 
CKD incidence could not be totally explained by 
coexisting cardio-renal risk factors. Proper screen-
ing, risk stratification, and management of 
NAFLD may reduce the risk of CKD.
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