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ABSTRACT
Objectives To investigate if non- alcoholic fatty liver 
disease (NAFLD) impacts mortality and adverse outcomes 
for individuals with chronic kidney disease (CKD).
Design Systematic review.
Data sources PubMed, EMBASE and Web of Science 
were searched up to 1 February 2020 with no restriction 
on the earliest date.
Eligibility criteria for selecting studies Observational 
cohort studies that reported either the risk of all- cause 
mortality, incidence of non- fatal cardiovascular events 
(CVE) or progression of kidney disease among adults with 
established CKD who have NAFLD compared with those 
without.
Data extraction and synthesis Two reviewers extracted 
data and assessed bias independently.
Results Of 2604 records identified, 3 studies were 
included (UK (n=852), South Korea (n=1525) and USA 
(n=1413)). All were judged to have a low or moderate 
risk of bias. Data were insufficient for meta- analysis. Two 
studies examined the influence of NAFLD on all- cause 
mortality. One reported a significant positive association 
for NAFLD with all- cause mortality for individuals with 
CKD (p<0.05) (cardiovascular- related mortality p=ns), 
which was lost following adjustment for metabolic risk 
factors; the second reported no effect in adjusted and 
unadjusted models. The latter was the only study to 
report outcomes for non- fatal CVEs and observed NAFLD 
to be an independent risk factor for this (propensity- 
matched HR=2.00, p=0.02). Two studies examined CKD 
progression; in one adjusted rate of percentage decline in 
estimated glomerular filtration rate per year was found to 
be increased in those with NAFLD (p=0.002), whereas the 
other found no significant difference.
Conclusions Few studies have examined the influence 
of NAFLD on prognosis and major adverse clinical 
outcomes within the CKD population. The studies 
identified were diverse in design and results were 
conflicting. This should be a focus for future research as 
both conditions continue to rise in prevalence and have 
end- stage events associated with significant health and 
economic costs.
PROSPERO registration number CRD42020166508.

INTRODUCTION
Chronic kidney disease (CKD) is a long- 
standing condition incorporating impaired 
renal function and is often associated with a 
reduced quality of life, increased risk of end- 
stage renal disease (ESRD), cardiovascular 
disease (CVD) and premature death.1 2 CKD 
is classified according to five stages based 
on estimated glomerular filtration rate 
(eGFR) and in practice persistent albumin-
uria.3 Around 4%–7% of adults living in the 
UK have CKD stages 3–5 (eGFR <60 mL/
min/1.73 m2),4 5 with a higher global prev-
alence at 11%, although the significant 
variation is recognised due to data avail-
ability, measurements used and reliance on 
coding.6 7 Global prevalence is estimated to 
have increased by nearly 30% from 2007 to 
20198 and CKD is forecast to move from 16th 
(2016) to 5th (2040) in the rankings for years 
of life lost.9 The disease burden is particularly 
high in the elderly.4 Increasing age, hyper-
tension, diabetes and obesity account for the 
majority of newly diagnosed cases of CKD in 
the developed world.10 11 CKD shares these 
risk factors, many of which are experiencing 
a significant rise in prevalence, with non- 
alcoholic fatty liver disease (NAFLD).12

Strengths and limitations of this study

 ► This is the only systematic review to date to exam-
ine the influence of non- alcoholic fatty liver disease 
(NAFLD) on outcomes for patients with chronic kid-
ney disease (CKD).

 ► Only three cohort studies were eligible for inclusion.
 ► A single study showed an association between 
NAFLD and cardiovascular events in patients with 
CKD; results were conflicting for all- cause mortality 
and progression of renal disease.

 ► In view of the small number of studies, this is an 
important area for further research.

http://bmjopen.bmj.com/
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NAFLD refers to excessive fat accumulation in the liver 
affecting more than 5% of hepatocyte and encompasses a 
spectrum of disease from simple steatosis to non- alcoholic 
steatohepatitis (NASH), fibrosis and cirrhosis. It is the 
most common cause of chronic liver disease worldwide, 
affecting approximately 25% of adults globally and in 
Europe.12 It is expected to become the leading indication 
for liver transplantation in the next decade.13 NAFLD is 
referred to as the hepatic manifestation of the metabolic 
syndrome and recent consensus opinion has proposed 
a change in nomenclature to ‘metabolic associated fatty 
liver disease’.14 NAFLD is found in approximately 70% of 
patients with type 2 diabetes mellitus (T2DM)15 and 70% 
of adults with obesity.16 17 Around 1 in 11 adults world-
wide are thought to have diabetes, of which 90% is type 
2 and this figure has more than tripled over 20 years.18 
NAFLD is also an independent risk factor for diabetes.19 
In addition, current estimates suggest 65% of adults in 
England are overweight or obese, with rates having more 
than doubled since the 1990s.20 21

Two meta- analyses have conclusively demonstrated 
a higher incidence of CKD in individuals with NAFLD 
(HR=1.37 and HR=1.79).22 23 Patients with more 
advanced fatty liver disease, that is, NASH or fibrosis are 
at the greatest risk of developing CKD. This association 
is independent of potential confounders (age, gender, 
body mass index, diabetes status, lipids, hypertension 
and smoking).22 23 CKD is an accelerator of the risk of 
CVD and an independent risk factor for cardiovascular 
events (CVEs)24–26; indeed individuals with CKD are more 
likely to die from CVD than develop ESRD.27 NAFLD 
is also an independent risk factor for major CVEs,28–32 
although there remains uncertainty regarding its asso-
ciation with an increase in all- cause and cardiac- related 
mortality,31 33–35 despite patients with NAFLD being more 
likely to die from CVD than liver disease.36 37

CKD and NAFLD frequently exist together, yet there 
is a sparsity of data to inform physicians and patients 
about clinical outcomes in this setting. Understanding if 
NAFLD plays a role in accelerating progression towards 
death and adverse clinical outcomes in patients with CKD 
would help improve risk stratification; permitting more 
aggressive lifestyle intervention, targeted pharmacolog-
ical management of shared risk factors and enrolment 
in clinical trials in this potentially high- risk group. We 
therefore asked what evidence is there for the influence 
of NAFLD on the risk of mortality, CVEs and progression 
of kidney disease in patients with established CKD?

METHODS
The protocol for this systematic review was registered on 
PROSPERO a priori (see the online supplemental mate-
rial 1).

Data sources, searches and study selection
We performed a computerised literature search using 
PubMed, EMBASE (using Ovid) and Web of Science using 

the following search terms: ‘(chronic kidney disease or CKD or 
kidney disease or kidney failure or kidney injury or chronic renal 
disease or renal disease or renal failure or renal injury or renal 
insufficiency or impaired renal function or glomerular filtration 
rate or eGFR) and (fatty liver or non- alcoholic fatty liver disease 
or NAFLD or nonalcoholic steatohepatitis or NASH or liver fat 
or steatohepatitis or steatosis or hepatic fibrosis)’ (full details in 
the online supplemental material 2). We aimed to iden-
tify observational (prospective or retrospective) cohort 
studies that reported either the risk of mortality, CVEs 
or progression of kidney disease among adults (>18 years 
old) with established CKD who have NAFLD compared 
with those without. We also performed manual searches 
of reference lists of relevant studies returned by the initial 
search. No restriction was placed on the earliest search 
date and searches were performed up to the current date 
(February 2020). Exclusion criteria included abstracts, 
case reports, reviews, editorials, practice guidelines, non- 
cohort design, non- human studies and unpublished 
studies.

Study participants included adults with established 
CKD with evidence of the presence or absence of 
NAFLD. Studies were excluded if they included indi-
viduals under 18 years, individuals undergoing renal 
replacement therapy (RRT) at the start of the study, 
kidney or liver transplant recipients and individuals 
with a known other cause of chronic liver disease. CKD 
was defined as an eGFR ≥60 mL/min/1.73 m2 with ACR 
>3 mg/mmol (stage G1 and G2), or eGFR <60 mL/
min/1.73 m2 (stages G3a–G5) calculated using the CKD 
Epidemiology Collaboration (CKD- EPI) or Modified 
Diet in Renal Disease formula. NAFLD was defined 
using either biochemistry (elevations in serum aspar-
tate transaminase, alanine transaminase or gamma 
glutamyl transferase), imaging (ultrasound, CT and 
MRI), liver biopsy or non- invasive scores (Fatty Liver 
Index, Steatotest and NAFLD Liver Fat Score).

Primary outcomes included differences in the risk 
of all- cause mortality, CVEs and progression of kidney 
disease in patients with CKD who had NAFLD compared 
with those without NAFLD. All- cause mortality was 
defined as any cause of death within the study follow- up 
period. Within this, we aimed to look at cardiovascular 
and non- cardiovascular- related deaths. A CVE was 
defined as any one of the following: acute coronary 
syndrome, myocardial infarction, non- fatal cardiac 
arrest, coronary revascularisation, new diagnosis of 
cardiac failure, hospitalisation with an exacerbation 
of cardiac failure, new diagnosis of peripheral vascular 
disease or new diagnosis of cerebrovascular accident (all 
non- fatal). Progression of CKD was defined as either (1) 
mean or percentage annual rate of change in the eGFR, 
or mean or percentage change from baseline; (2) a 
decline in eGFR category accompanied by a ≥25% drop 
in eGFR from baseline (Kidney Disease: Improving 
Global Outcome (KDIGO) definition); (3) the devel-
opment of ESRD (eGFR of <15 mL/min/1.73 m2, or the 
requirement of some form of RRT), or (4) doubling 

https://dx.doi.org/10.1136/bmjopen-2020-040970
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of creatinine.3 38 Secondary outcomes included: (1) 
the risk of CVEs, progression of kidney disease and 
all- cause mortality in patients with CKD according to 
the severity of NAFLD, as determined by the presence 
of NASH or fibrosis (defined using histology, imaging 
or non- invasive serum biomarkers), and (2) the risk 
of CVEs, progression of kidney disease and all- cause 
mortality in patients with CKD according to baseline 
severity of CKD, as determined by CKD stage. Included 
and excluded studies were collected following the 
Preferred Reporting Items for Systematic Reviews and 
Meta- Analyses flow diagram (figure 1).

Data extraction and quality assessment
Two investigators (TH and RB) screened all titles and 
abstracts independently using the Covidence software 
as recommended by Cochrane. They obtained the full 
texts of potentially relevant papers to determine if they 
met the inclusion criteria. Discrepancies were resolved 
by returning to the original article to reach a consensus. 
Data extraction was performed by TH and checked by 
RB. For all studies, data were extracted on (1) general 
information (title, authors, journal, country and publica-
tion year), (2) study design (population source, demo-
graphics, period of follow- up, means of defining NAFLD 
and CKD, inclusion and exclusion criteria, study size, 
subgroup analysis (including severity of NAFLD and base-
line CKD) and adjustment for confounding factors) and 
(3) outcomes examined for NAFLD versus non- NAFLD 
patients (all- cause mortality, CVE, progression of kidney 
disease and definition used, in addition to OR, HR, rela-
tive risk and 95% CIs; or mean or percentage annual 

rate of change in the eGFR). Where there were multiple 
publications, we included the most up- to- date or compre-
hensive information.

The risk of bias was assessed independently by TH and 
RB. The results were then discussed to reach consensus. 
We used the Newcastle- Ottawa Score as recommended 
by Cochrane for the assessment of quality for non- 
randomised cohort studies.39 This tool uses a star- based 
system allocating a maximum of 9 points across three 
domains: (1) selection of study groups (max 4 points), 
(2) comparability of groups (max 2 points), (3) ascertain-
ment of exposure and outcomes (max 3 points). Studies 
with an overall score of 9 are judged to be at low risk of 
bias, those scoring 7–8 a moderate risk of bias and scores 
of 6 or less a high risk of bias. Where studies reported 
more than one primary outcome, a separate bias assess-
ment was performed for each.

Patient and public involvement
Patients or the public were not involved in the design, 
conduct, reporting or dissemination plans of our research.

RESULTS
Details of the study selection process
The process for selecting the studies for inclusion in 
this systematic review is shown in figure 1. The searches 
returned 4339 studies. Overall 1735 duplicates were 
removed, leaving 2604 citations for screening. TH and 
RB separately reviewed titles and abstracts and identi-
fied six potentially relevant studies. The most frequently 
encountered exclusion criteria were abstract only 

Figure 1 A schematic showing the selection of relevant studies for inclusion in the systematic review. CKD, chronic kidney 
disease; NAFLD, non- alcoholic fattyliver disease.
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citations, laboratory- based or animal studies, review 
articles, studies of paediatric populations (eg, polycystic 
kidney disease and Caroli’s syndrome), studies which 
included transplant recipients, patients receiving RRT 
and populations with non- NAFLD causes of liver disease, 
and publications for which the development of CKD 
was the outcome (eg, those reporting the incidence of 
CKD in patients with NAFLD). After examination of 
the full texts (see the online supplemental material 3), 
only three cohort studies remained and were included 
(figure 1).40–42 As a result of the low number of studies 
identified and the fact that primary outcomes reported 
differed between papers, we did not have sufficient data 
to perform a meta- analysis.

Characteristics of the included studies
Of the three studies, one recruited patients seen in a 
renal tertiary referral centre in Salford, UK (Chinnadurai 
et al, n=852, median follow- up 5.4 years),40 the second 
recruited individuals attending for comprehensive health 
screening at a preventive medical centre in South Korea 
(Jang et al, n=1525, median follow- up 6.5 years),41 and the 
third presents results from a retrospective analysis of base-
line cross- sectional data collected from the third National 
Health and Nutrition Examination Survey (NHANES- III) 
(USA) over time (Paik et al, n=1413, median follow- up 
19.2 years) (table 1).42

A liver ultrasound was used to detect NAFLD in all 
three studies. Prevalence rates of NAFLD were highest in 
the Korean cohort (41%), compared with the UK (21%) 
and US (29%) populations; however, the US group only 
included patients with moderate or severe steatosis. CKD 
was defined using the CKD- EPI equation in all papers; 
the Salford and US studies only included patients with 
CKD stage 3 and above (eGFR <60 mL/min/1.73 m2), 
whereas the Korean group also included patients with 
≥2+ proteinuria, that is, CKD stage 1 and above. As a 
result, mean baseline eGFR levels were nearly double in 
the Korean cohort compared with the Salford study (59.1 
vs 33.5 mL/min/1.73 m2). In terms of demographics, 
the Salford group was slightly older, and the US group 
included a higher frequency of individuals with metabolic 
risk factors and was predominantly female in contrast to 
the other studies.

The influence of NAFLD on clinical outcomes in patients with 
CKD
Mortality
Two publications analysed the impact of NAFLD on 
mortality within the CKD population. The Salford group 
concluded that patients with CKD who also had NAFLD 
were not at higher risk of all- cause (NAFLD 27.3% vs no 
NAFLD 33.0%, p=0.14; unadjusted HR=0.79; 95% CI 
0.58–1.08) or cardiovascular- related mortality (NAFLD 
31.3% vs no NAFLD 40.5%, p=0.36), despite experi-
encing more non- fatal CVEs (table 2). Significance 
outcomes were unchanged in the propensity- matched 

sample. The US- based study reported an increase in 
overall mortality for patients with CKD and with NAFLD 
compared with those without (54.7% vs 46.5%, p<0.05). 
Statistical significance was lost however when adjusted 
for age and following multivariate analysis (p=ns when 
comparing adjusted HRs), and no significant impact 
was seen for NAFLD on cardiovascular- related mortality 
(16.0% NAFLD vs 16.2% no NAFLD). No significant 
association between advanced fibrosis and all- cause or 
cardiovascular- related mortality was seen for patients with 
NAFLD and CKD within the US cohort.

Non-fatal cardiovascular events
The Salford group published the only study to analyse 
the incidence of non- fatal CVEs. A higher frequency of 
non- fatal CVEs was seen in patients with NAFLD versus 
those without NAFLD (25.1% vs 12.3%; p<0.001) over 
an average of 5 years (table 2). Cox regression analysis 
revealed NAFLD to be strongly associated with the inci-
dence of non- fatal CVEs in patients with CKD (HR=2.07; 
1.39–3.09; p<0.001). This remained the case following 
multivariate analysis for all confounders in the propensity- 
matched cohort (HR=2.00; 1.10–3.66; p=0.02). Significant 
differences were also reported between groups according 
to the type of CVE (cardiac events p=0.02, cerebrovas-
cular events p=0.04, cardiac failure p=0.005), although 
individually significance values were lost following adjust-
ment for confounders.

Progression of CKD
The Salford and Korean groups analysed the impact 
of NAFLD on CKD progression. Both examined the 
decline in eGFR; the Salford group presented this as a 
rate of change of eGFR from baseline to the study end- 
point, whereas the Korean study examined the average 
percentage change in eGFR from baseline per year 
(table 2). The Salford group reported a decline in the 
eGFR slope for patients with and without NAFLD (−2.54 
vs −2.09 mL/min/1.73 m2) over the course of the study, 
however, no statistically significant differences were 
detected between groups (p=0.09). Conversely, a greater 
rate of decline in the eGFR slope in patients with NAFLD 
versus those without was seen in the Korean study (−0.79% 
vs 0.30% per year, p=0.002). This relationship remained 
significant after adjustment for all confounders (average 
difference in percentage decline of eGFR per year for 
NAFLD versus no NAFLD: −1.06%, p=0.002). The Salford 
group also reported no correlation between the presence 
of NAFLD and the development of ESRD (commence-
ment of RRT or eGFR <10 mL/min/1.73 m2). In terms 
of our secondary outcomes, the Korean group reported 
that patients with a NAFLD fibrosis score ≥−1.455 and 
more advanced renal disease at baseline (eGFR <45 mL/
min/1.73 m2) experienced the greatest average differ-
ence in annual percent changes in eGFR compared with 
individuals without NAFLD, although the significance of 
a low baseline eGFR was lost following adjustment for all 
metabolic confounders (table 2).

https://dx.doi.org/10.1136/bmjopen-2020-040970


5Hydes T, et al. BMJ Open 2020;10:e040970. doi:10.1136/bmjopen-2020-040970

Open access

Ta
b

le
 1

 
S

um
m

ar
y 

of
 s

tu
d

y 
ch

ar
ac

te
ris

tic
s 

(n
=

3)

S
tu

d
y 

ch
ar

ac
te

ri
st

ic
s

S
tu

d
y

C
hi

nn
ad

ur
ai

 e
t 

al
40

Ja
ng

 e
t 

al
41

P
ai

k 
et

 a
l42

C
ou

nt
ry

U
K

S
ou

th
 K

or
ea

U
S

A

M
ed

ia
n 

fo
llo

w
- u

p
5.

4 
ye

ar
s

6.
5 

ye
ar

s
19

.2
 y

ea
rs

Ye
ar

s
Li

ve
r 

U
S

S
 (0

1 
Ja

nu
ar

y 
20

00
–3

1 
D

ec
em

b
er

 2
01

4)
, 

en
d

 o
f a

na
ly

si
s 

p
er

io
d

 3
1 

D
ec

em
b

er
 2

01
5

Ja
nu

ar
y 

20
03

–D
ec

em
b

er
 2

01
3

Th
ird

 N
at

io
na

l H
ea

lth
 a

nd
 N

ut
rit

io
n 

E
xa

m
in

at
io

n 
S

ur
ve

y 
(N

H
A

N
E

S
- I

II)
 1

98
8–

19
94

Li
nk

ed
 m

or
ta

lit
y 

fil
es

 u
p

 t
o 

20
11

 o
r 

d
at

e 
of

 d
ea

th

P
op

ul
at

io
n 

so
ur

ce
S

al
fo

rd
 K

id
ne

y 
S

tu
d

y
In

d
iv

id
ua

ls
 w

ho
 h

ad
 h

ea
lth

 s
cr

ee
ni

ng
 a

t 
th

e 
S

am
su

ng
 M

ed
ic

al
 C

en
tr

e,
 

S
ou

th
 K

or
ea

N
H

A
N

E
S

- I
II 

&
 li

nk
ed

 m
or

ta
lit

y 
d

at
ab

as
e

S
tu

d
y 

si
ze

85
2 

p
at

ie
nt

s 
w

ith
 C

K
D

1 
52

5 
p

at
ie

nt
s 

w
ith

 C
K

D
14

13
 p

at
ie

nt
s 

w
ith

 C
K

D

(1
1 

69
5 

ad
ul

ts
 o

ve
ra

ll:
 (i

) C
K

D
+

N
A

FL
D

+
 2

.6
%

, (
ii)

 C
K

D
+

N
A

FL
D

−
 

6.
8%

, (
iii

) C
K

D
−

N
A

FL
D

+
 1

6.
1%

, (
iv

) C
K

D
−

N
A

FL
D

−
 7

4.
6%

)

D
em

og
ra

p
hi

cs
M

ea
n 

ag
e 

66
 y

ea
rs

, m
al

es
 6

0.
7%

, m
ea

n 
B

M
I 

28
, D

M
 3

4%
, H

TN
 7

8%
, h

yp
er

lip
id

ae
m

ia
 4

9%
, 

m
ed

ia
n 

eG
FR

 3
3.

5 
m

L/
m

in
/1

.7
3 

m
2

M
ea

n 
ag

e 
61

 y
ea

rs
, m

al
es

 6
9.

8%
, m

ea
n 

B
M

I 2
5,

 D
M

 2
4%

, H
TN

 6
0%

, 
hy

p
er

lip
id

ae
m

ia
 4

1%
, m

ed
ia

n 
eG

FR
 5

9.
1 

m
L/

m
in

/1
.7

3 
m

2
C

K
D

 w
ith

 N
A

FL
D

: m
ea

n 
ag

e 
54

 y
ea

rs
, m

al
es

 4
5.

6%
, o

b
es

ity
 

52
.2

%
, D

M
 4

3.
2%

, H
TN

 7
7.

4%
, h

yp
er

lip
id

ae
m

ia
 8

6.
9%

C
K

D
 w

ith
ou

t 
N

A
FL

D
: m

ea
n 

ag
e 

53
 y

ea
rs

, m
al

es
 3

6.
1%

, o
b

es
ity

 
30

.0
%

, D
M

 1
6.

8%
, H

TN
 6

6.
4%

, h
yp

er
lip

id
ae

m
ia

 8
1.

7%

N
A

FL
D

 p
re

va
le

nc
e

21
%

 (1
83

/8
52

)
41

%
 (9

02
/1

52
5)

29
%

 (4
10

/1
41

3)

N
A

FL
D

 d
efi

ni
tio

n
Li

ve
r 

U
S

S
Li

ve
r 

U
S

S
Li

ve
r 

U
S

S
 (m

od
er

at
e/

se
ve

re
 s

te
at

os
is

 o
nl

y)

C
K

D
 d

efi
ni

tio
n

eG
FR

 <
60

 m
L/

m
in

/1
.7

3 
m

2
eG

FR
 <

60
 m

L/
m

in
/1

.7
3 

m
2  o

r 
p

ro
te

in
ur

ia
 ≥

2+
eG

FR
 <

60
 m

L/
m

in
/1

.7
3 

m
2 ±

al
b

um
in

ur
ia

C
ov

ar
ia

te
 a

d
ju

st
m

en
ts

P
ro

p
en

si
ty

 m
at

ch
in

g 
(n

=
27

6)
 fo

r:
 a

ge
, 

ge
nd

er
, B

M
I, 

S
B

P,
 D

B
P,

 b
as

el
in

e 
H

TN
, D

M
, 

hy
p

er
ch

ol
es

te
ro

la
em

ia
, I

H
D

, M
I, 

C
C

F,
 C

VA
, P

V
D

, 
m

al
ig

na
nc

y,
 u

se
 o

f s
ta

tin
 a

nd
 r

en
in

–a
ng

io
te

ns
in

 
b

lo
ck

in
g 

ag
en

ts
, e

G
FR

S
tr

at
ifi

ed
 a

na
ly

se
s 

ac
co

rd
in

g 
to

 p
re

d
efi

ne
d

 s
ub

gr
ou

p
s:

 a
ge

 (<
60

 v
s 

≥6
0 

ye
ar

s)
, g

en
d

er
, s

m
ok

in
g 

(n
ev

er
/f

or
m

er
 v

s 
cu

rr
en

t),
 a

lc
oh

ol
 (n

on
e 

vs
 m

od
er

at
e)

, B
M

I ≥
25

, H
TN

 (S
B

P
 ≥

14
0 

m
m

 H
g/

D
B

P
 ≥

90
 m

m
 H

g/
us

e 
an

tih
yp

er
te

ns
iv

es
), 

D
M

 (f
as

tin
g 

gl
uc

os
e 

≥1
26

 m
g/

d
L/

H
b

A
1c

≥6
.5

 %
/

us
e 

an
tid

ia
b

et
ic

 d
ru

gs
), 

hy
p

er
lip

id
ae

m
ia

 (H
D

L 
<

40
 m

g/
d

L 
m

en
, <

50
 m

g/
d

L 
w

om
en

/T
G

 ≥
15

0 
m

g/
d

L/
us

e 
lip

id
- l

ow
er

in
g 

d
ru

gs
) &

 b
as

el
in

e 
eG

FR
 

(<
45

 v
s 

≥4
5 

m
L/

m
in

/1
.7

3 
m

2 )

A
ge

- a
d

ju
st

m
en

t 
b

as
ed

 o
n 

th
e 

d
ire

ct
 m

et
ho

d
 t

o 
th

e 
C

en
su

s 
20

00
 

p
op

ul
at

io
n 

us
in

g 
th

e 
ag

e 
gr

ou
p

s 
20

–3
9,

 4
0–

59
 a

nd
 6

0–
74

G
ro

up
s 

ad
ju

st
ed

 fo
r 

th
e 

fo
llo

w
in

g 
in

 m
ul

tiv
ar

ia
b

le
 a

na
ly

si
s:

 
ag

e 
ca

te
go

ry
, g

en
d

er
, r

ac
e,

 c
ur

re
nt

 s
m

ok
er

 a
nd

 t
he

 m
et

ab
ol

ic
 

sy
nd

ro
m

e

B
M

I, 
b

od
y 

m
as

s 
in

d
ex

; C
C

F,
 c

on
ge

st
iv

e 
ca

rd
ia

c 
fa

ilu
re

; C
K

D
, c

hr
on

ic
 k

id
ne

y 
d

is
ea

se
; C

VA
, c

er
eb

ro
va

sc
ul

ar
 a

cc
id

en
t;

 D
B

P,
 d

ia
st

ol
ic

 b
lo

od
 p

re
ss

ur
e;

 D
M

, d
ia

b
et

es
 m

el
lit

us
; e

G
FR

, e
st

im
at

ed
 g

lo
m

er
ul

ar
 fi

ltr
at

io
n 

ra
te

; H
b

A
1c

, h
ae

m
og

lo
b

in
 A

1c
; H

D
L,

 
hi

gh
- d

en
si

ty
 li

p
op

ro
te

in
; H

TN
, h

yp
er

te
ns

io
n;

 IH
D

, i
sc

ha
em

ic
 h

ea
rt

 d
is

ea
se

; M
I, 

m
yo

ca
rd

ia
l i

nf
ar

ct
io

n;
 N

A
FL

D
, n

on
- a

lc
oh

ol
ic

 fa
tt

y 
liv

er
 d

is
ea

se
; P

V
D

, p
er

ip
he

ra
l v

as
cu

la
r 

d
is

ea
se

; S
B

P,
 s

ys
to

lic
 b

lo
od

 p
re

ss
ur

e;
 T

G
, t

rig
ly

ce
rid

es
; U

S
S

, u
ltr

as
ou

nd
 s

ca
n.



6 Hydes T, et al. BMJ Open 2020;10:e040970. doi:10.1136/bmjopen-2020-040970

Open access 

Ta
b

le
 2

 
S

um
m

ar
y 

of
 s

tu
d

y 
ou

tc
om

es
 (n

=
3)

S
tu

d
y

C
hi

nn
ad

ur
ai

 e
t 

al
40

Ja
ng

 e
t 

al
41

P
ai

k 
et

 a
l42

P
rim

ar
y 

ou
tc

om
es

 a
nd

 
d

efi
ni

tio
n

1.
 E

S
R

D
: c

om
m

en
ce

m
en

t 
of

 R
R

T 
or

 e
G

FR
 <

10
 m

L/
m

in
/1

.7
3 

m
2

1.
 C

K
D

 p
ro

gr
es

si
on

: a
ve

ra
ge

 a
nn

ua
l p

er
ce

nt
 c

ha
ng

e 
in

 e
G

FR
 

fr
om

 b
as

el
in

e
1.

 A
ll-

 ca
us

e 
m

or
ta

lit
y

2.
 C

K
D

 p
ro

gr
es

si
on

: r
at

e 
of

 c
ha

ng
e 

of
 e

G
FR

 fr
om

 
b

as
el

in
e 

to
 s

tu
d

y 
en

d
- p

oi
nt

 
 

2.
 C

ar
d

io
va

sc
ul

ar
- r

el
at

ed
 m

or
ta

lit
y:

 d
ea

th
 d

ue
 t

o 
he

ar
t 

d
is

ea
se

s 
(IC

D
-

10
: I

00
- I

09
, I

11
, I

13
, I

20
- I

51
) a

nd
 c

er
eb

ro
va

sc
ul

ar
 d

is
ea

se
s 

(IC
D

-1
0:

 
I6

0-
 I6

9)

3.
 N

FC
V

E
: c

om
p

os
ite

 o
f A

C
S

, n
on

- f
at

al
 M

Is
, n

on
- 

fa
ta

l c
ar

d
ia

c 
ar

re
st

, c
or

on
ar

y 
re

va
sc

ul
ar

is
at

io
n,

 n
ew

 
d

ia
gn

os
is

 C
C

F/
ad

m
is

si
on

 w
ith

 e
xa

ce
rb

at
io

n 
of

 C
C

F,
 

ne
w

 d
ia

gn
os

is
 o

f P
V

D
, C

VA
s

 
 

 
 

4.
 A

ll-
 ca

us
e 

m
or

ta
lit

y
 

 
 

 

5.
 C

ar
d

io
va

sc
ul

ar
- r

el
at

ed
 m

or
ta

lit
y:

 Ia
 c

au
se

 o
f 

d
ea

th
 w

as
 d

ue
 t

o 
ca

rd
ia

c 
ev

en
t,

 C
VA

, C
C

F 
or

 P
V

D
 

 
 

 

S
ec

on
d

ar
y 

ou
tc

om
es

 
an

d
 d

efi
ni

tio
n

N
on

e
1.

 N
A

FL
D

 s
ev

er
ity

 a
cc

or
d

in
g 

to
 N

FS
: h

ig
h-

 in
te

rm
ed

ia
te

 (N
FS

 
≥−

1.
45

5)
 a

nd
 lo

w
 p

ro
b

ab
ili

ty
 (N

FS
 <

−
1.

45
5)

 o
f a

d
va

nc
ed

 fi
b

ro
si

s
1.

 P
re

se
nc

e 
of

 a
d

va
nc

ed
 li

ve
r 

fib
ro

si
s:

 ≥
1 

of
 t

he
 fo

llo
w

in
g 

fib
ro

si
s 

m
ar

ke
rs

—
A

P
R

I>
1,

 F
IB

-4
 s

co
re

 >
2.

67
 o

r 
N

FS
>

0.
67

6

2.
 S

ev
er

ity
 o

f C
K

D
 a

t 
b

as
el

in
e:

 e
G

FR
 ≥

45
 v

s 
<

45
 m

L/
m

in
/1

.7
3 

m
2  

(d
iv

id
in

g 
st

ag
es

 3
a 

&
 3

b
)

 
 

C
as

es
1.

 E
S

R
D

: N
A

FL
D

 n
=

26
 (1

4.
2%

), 
no

 N
A

FL
D

 n
=

13
4 

(1
9.

1%
), 

p
=

0.
07

1.
 A

ve
ra

ge
 a

nn
ua

l p
er

ce
nt

 c
ha

ng
e 

in
 e

G
FR

 fr
om

 b
as

el
in

e:
 N

A
FL

D
 

−
0.

79
%

 [−
1.

31
 t

o 
−

0.
27

], 
no

 N
A

FL
D

 0
.3

0%
 [−

0.
14

 t
o 

0.
76

]
1.

 A
ll-

 ca
us

e 
m

or
ta

lit
y:

 N
A

FL
D

 5
4.

7%
 (S

E
 3

.6
), 

no
 N

A
FL

D
 4

6.
5%

 (S
E

 
2.

4)
, p

<
0.

05
 (a

ge
 a

d
ju

st
ed

: N
A

FL
D

 3
1.

0%
 [2

5.
0–

37
.0

], 
no

 N
A

FL
D

 2
5.

9%
 

[2
2.

0–
29

.7
], 

p
=

ns
)

2.
 C

K
D

 p
ro

gr
es

si
on

: N
A

FL
D

 −
2.

54
 [−

7.
61

 t
o 

0.
31

] m
L/

m
in

/1
.7

3 
m

2 , n
o 

N
A

FL
D

 −
2.

09
 [−

6.
14

 t
o 

1.
06

] m
L/

m
in

/1
.7

3 
m

2

2.
 A

ve
ra

ge
 d

iff
er

en
ce

 in
 %

 d
ec

lin
e 

of
 e

G
FR

 p
er

 y
ea

r 
N

A
FL

D
 v

s 
no

 N
A

FL
D

:
2.

 C
ar

d
io

va
sc

ul
ar

- r
el

at
ed

 m
or

ta
lit

y:
 N

A
FL

D
 1

6.
0%

 (S
E

 2
.5

), 
no

 N
A

FL
D

 
16

.2
%

 (S
E

 1
.7

), 
p

=
ns

 (a
ge

 a
d

ju
st

ed
: N

A
FL

D
 7

.8
%

 [3
.7

–1
1.

9]
, n

o 
N

A
FL

D
 

8.
2%

 [5
.6

–1
0.

9]
, p

=
ns

)

3.
 N

FC
V

E
: N

A
FL

D
 n

=
46

 (2
5.

1%
), 

no
 N

A
FL

D
 n

=
82

 
(1

2.
3%

), 
p

<
0.

00
1

(i)
 A

d
ju

st
ed

 fo
r 

ag
e,

 s
ex

, y
ea

r 
of

 v
is

it:
 −

1.
09

%
[−

1.
77

 t
o 

−
0.

41
]

 
 

4.
 A

ll-
 ca

us
e 

m
or

ta
lit

y:
 N

A
FL

D
 n

=
50

 (2
7.

3%
), 

no
 

N
A

FL
D

 n
=

22
1 

(3
3.

0%
), 

p
=

0.
14

(ii
) A

d
ju

st
ed

 fo
r 

al
l c

on
fo

un
d

er
s:

 −
1.

06
%

 [−
1.

73
 t

o 
−

0.
38

]
 

 

5.
 C

ar
d

io
va

sc
ul

ar
- r

el
at

ed
 m

or
ta

lit
y:

 N
A

FL
D

 n
=

10
 

(3
1.

3%
), 

no
 N

A
FL

D
 n

=
67

 (4
0.

5%
), 

p
=

0.
36

 
 

 
 

R
is

k 
of

 b
ia

s 
N

ew
ca

st
le

- 
O

tt
aw

a 
S

co
re

 (N
O

S
)

M
or

ta
lit

y 
N

O
S

=
8,

 n
on

- f
at

al
 C

V
E

 N
O

S
=

8,
 C

K
D

 
p

ro
gr

es
si

on
 N

O
S

=
9

N
O

S
=

9
N

O
S

=
7

P
rim

ar
y 

ou
tc

om
e 

re
su

lts
1.

 E
S

R
D

: t
ot

al
 s

am
p

le
 H

R
 0

.9
9 

[0
.6

5–
1.

52
], 

p
=

0.
90

; 
m

at
ch

ed
 H

R
 0

.6
4 

[0
.3

5–
1.

16
], 

p
=

0.
14

5
A

ve
ra

ge
 d

iff
er

en
ce

 in
 %

 d
ec

lin
e 

of
 e

G
FR

 p
er

 y
ea

r 
N

A
FL

D
 v

s 
no

 
N

A
FL

D
:

1.
 A

ll-
 ca

us
e 

m
or

ta
lit

y:
 C

K
D

+
N

A
FL

D
+

 v
s 

no
 C

K
D

/N
A

FL
D

 a
d

ju
st

ed
 H

R
 

2.
34

 [1
.9

1–
2.

87
], 

C
K

D
+

N
A

FL
D

 h
ou

r 
vs

 n
o 

C
K

D
/N

A
FL

D
 a

d
ju

st
ed

 H
R

 
2.

08
 [1

.8
0–

2.
40

], 
p

=
ns

2.
 C

K
D

 p
ro

gr
es

si
on

: t
ot

al
 s

am
p

le
 p

=
0.

09
; m

at
ch

ed
 

p
=

0.
58

(i)
 A

d
ju

st
ed

 fo
r 

ag
e,

 s
ex

, y
ea

r 
of

 v
is

it:
 p

=
0.

00
2

2.
 C

ar
d

io
va

sc
ul

ar
- r

el
at

ed
 m

or
ta

lit
y:

 C
K

D
+

N
A

FL
D

+
 v

s 
no

 C
K

D
/N

A
FL

D
 

ad
ju

st
ed

 H
R

 2
.1

2 
[1

.4
4–

3.
13

], 
C

K
D

+
N

A
FL

D
 h

ou
r 

vs
 n

o 
C

K
D

/N
A

FL
D

 
ad

ju
st

ed
 H

R
 2

.4
3 

[1
.8

–3
.2

], 
p

=
ns

3.
 N

FC
V

E
: t

ot
al

 s
am

p
le

 H
R

 2
.0

7 
[1

.3
9–

3.
09

], 
p

<
0.

00
1;

 m
at

ch
ed

 H
R

 1
.8

5 
[1

.0
4–

3.
30

], 
p

=
0.

04
 

(m
ul

tiv
ar

ia
te

: t
ot

al
 s

am
p

le
 H

R
 2

.0
3 

[1
.3

3–
3.

13
], 

p
<

0.
00

1;
 m

at
ch

ed
 H

R
 2

.0
0 

[1
.1

0–
3.

66
], 

p
=

0.
02

)

(ii
) A

d
ju

st
ed

 fo
r 

al
l c

on
fo

un
d

er
s:

 p
=

0.
00

2
 

 

4.
 A

ll-
 ca

us
e 

m
or

ta
lit

y:
 t

ot
al

 s
am

p
le

 H
R

 0
.7

9 
[0

.5
8–

1.
08

], 
p

=
0.

14
; m

at
ch

ed
 H

R
 0

.8
8 

[0
.5

7–
1.

34
], 

p
=

0.
54

 
 

 
 

5.
 C

ar
d

io
va

sc
ul

ar
- r

el
at

ed
 m

or
ta

lit
y:

 H
R

 n
ot

 
p

ub
lis

he
d

 
 

 
 

C
on

tin
ue

d



7Hydes T, et al. BMJ Open 2020;10:e040970. doi:10.1136/bmjopen-2020-040970

Open access

DISCUSSION
Summary of findings
The key finding of this systematic review is the identifi-
cation of a significant gap in the literature within this 
field. Only three studies examining the clinical impact or 
prognostic implications of NAFLD within the CKD popu-
lation were identified preventing further meta- analysis 
and results were conflicting. Data from the USA showed 
a significant association for NAFLD with all- cause (but 
not cardiovascular) mortality for individuals with CKD, 
although this relationship was lost following adjustment 
for age and metabolic risk factors.42 No effect on all- cause 
or cardiovascular- related mortality was observed within 
the Salford CKD cohort despite the authors identifying 
NAFLD to be a strong independent risk factor for non- 
fatal CVEs and a high percentage of patients having 
significant comorbidities.40 Possible explanations include 
a significantly longer follow- up period for the US group. 
In addition, the US study only included patients with 
moderate or severe steatosis, suggesting that perhaps the 
association between NAFLD and mortality is related to the 
degree of fat and subsequent inflammation in the liver. 
The same group found no association between advanced 
fibrosis and mortality in this cohort however.42

Data were also conflicting for the progression of kidney 
disease. The Korean group reported a significantly 
greater adjusted rate of percentage decline in eGFR per 
year for patients with CKD and NAFLD, compared with 
individuals with CKD without NAFLD,41 whereas the 
Salford study reported a non- significant trend in CKD 
progression for individuals with NAFLD versus those 
without, and no differences were seen for the incidence 
of ESRD.40 The cause of these discrepancies is unclear, 
particularly given that participants in the Salford cohort 
had a lower baseline eGFR,40 which was found to be asso-
ciated with a greater rate of decline in renal function in 
the Korean study.41 The incidence of ESRD was low in the 
Salford cohort, and the study may have been underpow-
ered for this outcome. Of note, the authors of the Salford 
study published a related paper examining the impact of 
NAFLD on mortality rates, incidence of non- fatal CVEs 
and progression of CKD in patients with diabetic kidney 
disease and reported similar findings.43 This represented 
a subgroup of the main Salford cohort and therefore was 
excluded from this review.

Possible pathophysiological mechanisms linking NAFLD and 
clinical outcomes for CKD
Broadly the findings from this review mirror findings in 
the general population where NAFLD is an accepted risk 
factor for CVEs,28–32 with debate over whether it is associ-
ated with all- cause and cardiovascular mortalities. These 
are summarised in figure 2.31 33–35 Several mechanisms 
may explain the influence of NAFLD on CKD incidence 
and progression, and the development of CVEs within 
this cohort beyond their shared cardiometabolic risk 
factors. NAFLD can exacerbate insulin resistance leading 
to the release of multiple proinflammatory, pro- oxidant S
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and profibrogenic mediators important in the patho-
genesis of both CKD and CVD.44 45 Insulin resistance can 
lead to the activation of the renin–angiotensin system 
and atherogenic dyslipidaemia, key drivers of renal and 
vascular damage. Steatohepatitis can potentiate the 
production of inflammatory mediators including reac-
tive oxygen species, cytokines and lipopolysaccharides, 
exacerbating insulin resistance, tissue inflammation and 
endothelial damage. None of the studies included in this 
review reported the prevalence rates of NASH in their 
cohorts, and this could be a significant factor accounting 
for the variation observed between study outcomes. Other 
emerging mechanistic links between NAFLD and CKD 
include impaired antioxidant defences, abnormal metab-
olism of lipoproteins, altered intestinal barrier integrity, 
dysbiosis of intestinal microbiota and dietary factors.10

Study strengths and limitations
This is the only systematic review to date to examine the 
influence of NAFLD on serious adverse clinical outcomes 
for patients with CKD. Our study benefits from a broad 
definition of NAFLD and CKD with a number of primary 
outcomes and no restriction on publication date, with the 
purpose of maximising the number of papers retrieved. 
All studies were judged to be of a low or moderate risk 
of bias (see the online supplemental material 4) and 
recruited over 800 participants; they spanned three conti-
nents and were matched in terms of using ultrasound 
as their means of diagnosing NAFLD, which is recom-
mended for first- line screening.46

There are limitations associated with this review. Only 
three studies met our inclusion criteria, recruiting under 
4000 individuals with CKD between them. We chose to 
limit the inclusion criteria to cohort studies as a temporal 
element is imperative to establish potential causality and 
to answer the prognostic question raised. This is essen-
tial in order to draw conclusions that may have had the 
potential to influence practice and benefit patients, 
had a larger number of papers been identified. Under-
standing whether NAFLD should be considered a clini-
cally relevant risk factor for adverse outcomes within the 
CKD population would have implications for whether 
patients with CKD who develop NAFLD should undergo 
more rigorous follow- up and intervention and may have 
raised the question of whether the CKD population 
should undergo routine screening for NAFLD. Of note, 
during the systematic review process, we identified only 
one cross- sectional study which would have otherwise met 
our inclusion criteria. This reported a negative correla-
tion between the severity of hepatic steatosis, determined 
by controlled attenuation parameter, and eGFR in 62 
patients with CKD stages 3 and 4 (r=−0.413; p<0.01).47 
Studies that examined the impact of having CKD for 
patients with NAFLD were also not included within this 
review; as while this represents a group with the same dual 
morbidity, it raises a separate prognostic question with 
different implications for clinical practice. Observational 
studies show a consensus that CKD is associated with 
increased all- cause and cardiovascular- related mortality 

Figure 2 A summary of the evidence linking the clinical outcomes for chronic kidney disease (CKD) and non- alcoholic fatty 
liver disease (NAFLD). *Predictors: hepatic fibrosis, age, male, obesity, hypertension, diabetes, dyslipidaemia, cardiovascular 
(CV) disease. eGFR, estimated glomerular filtration rate; ESRD, end- stage renal disease.

https://dx.doi.org/10.1136/bmjopen-2020-040970
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in patients with NAFLD, however, there is disagreement 
regarding whether this effect is independent of metabolic 
confounders and mediators.42 48 49 Individuals receiving 
RRT were also excluded given their unique pathophysi-
ology although evidence suggests that these patients are 
more likely to have CVD and experience non- fatal CVEs 
in the presence of NAFLD.50–52

In addition, significant variability was encountered in 
terms of method of recruitment for participants with 
CKD, definitions of CKD and NAFLD used, outcomes 
assessed and method of adjustment for covariates. The 
use of ultrasound for the detection of NAFLD intro-
duced bias, as patients with CKD without an indication 
for a liver ultrasound scan were excluded. Patients with 
a pre- existing background of CVD were also included in 
both studies that examined the influence of NAFLD on 
mortality. None of the studies looked at the incidence 
of non- fatal and fatal CVEs in combination which is 
highly clinically relevant should represent an important 
endpoint for future prospective studies.

Supporting literature and importance of research topic
Our findings highlight a potential interplay between 
NAFLD and CKD and clinical outcomes. This represents 
an extremely important topic for future research for 
a number of reasons. First the incidence of both CKD 
and NAFLD is rising.10–12 The prevalence risk of CKD 
among individuals with NAFLD is estimated to be twofold 
higher compared with individuals without NAFLD22 and 
reported prevalence rates of NAFLD within CKD cohorts 
to vary from 21% to 86%.40 41 47 The number of individuals 
in the USA with both NAFLD and renal insufficiency was 
estimated to be 18.7 million persons in 2016 (prevalence 
rates 7.7% up from 5.7% in 1999).48 CKD and NAFLD are 
profoundly linked to health inequalities globally. This is 
particularly apparent in advanced disease as a result of 
disparities in access to treatment, increased burden of 
lifestyle- related risk factors and the influence of socioeco-
nomic status and ethnicity on disease progression.53–55 
The development of end- stage disease also accounts for 
the overwhelming majority of healthcare costs for patients 
with kidney disease, with more than half of the CKD 
budget in England being spent on RRT, and the cost of 
excess strokes and myocardial infarctions in this popula-
tion estimated to be £178 million.56 Avoiding progression 
towards ESRD and cardiovascular complications associ-
ated with CKD via the recognition and management of 
NAFLD as a potential high- risk comorbidity could there-
fore be important to reduce these burdens.

Future research and implications for clinical practice
These findings emphasise a need for large prospective 
collaborative studies to better understand the clinical and 
prognostic implications for patients who have both CKD 
and NAFLD. Outcomes should include mortality, CVEs 
and CKD progression. Patients with NAFLD should also be 
assessed for NASH and advanced fibrosis. Large routinely 
collected datasets linked to clinical outcomes maybe less 

useful in this setting as NAFLD screening is likely to lack 
robust assessment of inflammation or markers of fibrosis 
(serum biomarkers, transient elastography and histology), 
instead of being reliant on liver enzymes or simple ultra-
sound scan. It would also be beneficial to examine that 
there is an association with NAFLD and acute kidney 
injury outside the setting of cirrhosis. Other potential 
research opportunities include understanding the impli-
cations of having both CKD and NAFLD- related fibrosis 
or cirrhosis on drug metabolism. Furthermore, shared 
pathophysiological pathways involving proinflamma-
tory mediators, oxidative stress and the gut microbiome 
present promising therapeutic targets for both NAFLD, 
CKD and CVD within a comorbid setting.44 57

Approximately 40 000–45 000 individuals with CKD 
die prematurely each year in England, primarily due to 
CVD.58 59 There are currently no recommendations to 
screen for NAFLD in patients with CKD due to a lack of 
supportive evidence in terms of prevalence, outcomes 
and cost- effectiveness. However, patients with CKD 
undergo annual health checks in primary care. Identi-
fication of the metabolic syndrome, T2DM and obesity 
should prompt ultrasound screening for NAFLD in accor-
dance with current guidelines.46 60 Awareness of these 
guidelines may be low within this setting currently. Liver 
enzymes are frequently normal in patients with NAFLD, 
especially those with CKD and should not be used to rule 
out liver disease.40 41 47 Few specific treatments delay the 
clinical course of CKD, so the identification of NAFLD 
as a potential risk factor for future adverse events will 
hopefully provide a further modifiable target for life-
style (physical activity and Mediterranean diet) or phar-
macological intervention (vitamin E, pioglitazone and 
newer agents).46 60 Current UK guidelines suggest that 
all patients with NAFLD should be assessed for advanced 
fibrosis using the Enhanced Liver Fibrosis score,46 and 
this should also be the case for patients with CKD where 
liver fibrosis has implications for CKD progression and 
mortality.41 48 Patients with NAFLD will nearly certainly 
have an eGFR performed as part of their routine care, 
however it is vital that the clinical implications of an 
abnormal value are appreciated.42 48 49 Encouragingly 
weight loss, currently the only proven effective interven-
tion for patients with NAFLD,61 can reduce the incidence 
of CKD in this cohort62 and improve renal function in 
individuals with biopsy- proven NASH.63

SUMMARY
This systematic review has identified a significant gap in 
the literature regarding the clinical outcomes and prog-
nostic implications of NAFLD within the CKD popula-
tion. Studies are conflicting regarding an association 
between NAFLD and CKD progression and mortality in 
this cohort. Although data suggest a positive correlation 
with non- fatal CVEs, only one study has examined this 
outcome to date. The prevalence of NAFLD and CKD are 
rising and are frequently found together. It is, therefore, 
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vital to understand if there is any synergism in terms 
of CVD risk, progression towards ESRD and death that 
would inform the need for aggressive intervention in this 
potentially high- risk group.
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