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Background: Nonalcoholic fatty liver disease (NAFLD) has a major impact on public health owing to its high morbidity and
mortality due to its close relationship with several conditions, includingmetabolic syndrome, cirrhosis, and cancer.Terefore, this
review aimed to systematically compile and summarize the scientifc literature on early risk factors for NAFLD development.
Methods: A systematic review of population-based cohort studies was conducted. Studies reporting the risk factors associated
with nonalcoholic steatohepatitis (NASH) and NAFLD were screened.
Results:Te search yielded 987 unique records, of which 196 articles were selected after title and abstract screening. A total of 39
articles were read in full text after quality analysis using Downs and Black criteria; 10 of the studies were excluded due to
heterogeneity or inconclusive results. Finally, 30 publications were included in this systematic review. Te review revealed that
clinical conditions such as obesity, weight change, psoriasis, polycystic ovary syndrome, diabetes, thyroid disorders, and elevated
serum uric acid levels increase the risk of developing nonalcoholic fatty liver. In addition, lifestyle factors such as sedentary
behavior, active or passive smoking, poor sleep quality, and consumption of carbonated beverages are associated with this
condition.
Conclusions: Evidence was found on the association between diferent clinical and lifestyle risk factors andNAFLD.Tis supports
the need for preventive, diagnostic, and therapeutic strategies to improve the metabolic, hepatic, and oncological outcomes related
to this condition.
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1. Background

Hepatic steatosis or fatty liver is a signifcant public health
issue owing to its association with metabolic diseases such as
diabetes mellitus (DM), obesity, and metabolic syndrome
(METS). Tey are recognized as major causes of morbidity
and mortality. Hepatic steatosis may occur secondary to

nonalcoholic fatty liver disease (NAFLD), alcoholism,
chemotherapy, toxicity, and infectious agents. Although
NAFLD is asymptomatic in its initial stages, it leads to an
increased incidence of hepatic and nonhepatic comorbid-
ities, including cirrhosis, hepatocellular carcinoma, car-
diovascular disease, and other metabolic disturbances [1].
Tis is particularly true in developed countries [2].
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Notwithstanding, the burden of metabolic diseases (type 2
DM and fatty liver) has increased worldwide at all levels of
development [3].

NAFLD has many spectra, ranging from simple fat
accumulation with no symptoms (NAFLD) to symptomatic
nonalcoholic steatohepatitis (NASH). Simple steatosis has
a silent and benign course in the early stages; however, if it
progresses to NASH, it can lead to liver cirrhosis and he-
patocellular carcinoma [4]. Genetically susceptible in-
dividuals under adverse environmental conditions are prone
to developing NAFLD. Intrahepatic lipid accumulation
induces the production of reactive oxygen species, leading to
local and systemic infammation that progressively evolves
into NASH. If these processes persist, interstitial collagen
deposition and fbrosis can occur, leading to cirrhosis. A
persistent infammatory microenvironment favors cancer
development [5]. In these advanced scenarios, the only vi-
able treatment is liver transplantation (LT) [6].

It is estimated that more than a quarter of the population
has NAFLD. In Latin America, the prevalence of NAFLD
ranges from 17% to 33.5% [7], and NASH accounts for 75%
of all chronic liver diseases.Te global prevalence of NAFLD
is estimated to be 25% in the general population. Most
epidemiological studies on NAFLD have been conducted in
the United States, where the prevalence is 24.13%. African
Americans had the lowest prevalence, followed by European
Americans and Hispanic Americans. Despite the ability to
diagnose NAFLD through noninvasive methods, the exact
prevalence of NASH in the general population remains
unknown because, to date, only liver biopsy can precisely
confrm the diagnosis, and indirect data suggest that the
prevalence of NASH in the general population ranges from
3% to 5%, using estimates from American population
data [8].

In the United States, healthcare related to liver disease
care is the most expensive, with an estimated total cost of
13.1 billion dollars (80.6% indirect costs and 19.3% direct
costs) [9]. According to data from the European Liver
Transplant Registry (ELTR) and the United Network for
Organ Sharing (UNOS) databases, NAFLD has been the
fastest-growing transplant indication in the last 20 years. It is
currently the second leading cause of transplant-requiring
liver disease, present in 1321 (21.5%) adult patients who
underwent LT in 2018. A similar trend was observed in
European countries, where NAFLD-related cirrhosis
accounted for 1.2% of LT in 2002 and 8.4% in 2016 [10].

To control the progression from NAFLD to NASH, it is
essential to understand the underlying mechanisms.
Terefore, this review aimed to systematically compile and
summarize the scientifc literature on early risk factors for
the development of NAFLD.

2. Methodology

Tis systematic review was conducted and reported fol-
lowing the Preferred Reporting Items for Systematic Reviews
(PROSPERO) (CRD42022357262) and Meta-Analyses
(PRISMA) statement. Analytical observational data that
included social, demographic, and clinical risk factors

associated with NAFLD development in the adult and pe-
diatric populations were analyzed. Te following databases
were consulted to identify indexed publications: the
Cochrane Central Register of Controlled Trials (CENTRAL),
the Cochrane Library, MEDLINE through the PUBMED
search engine, and Latin American and Caribbean Health
Sciences Literature (LILACS). In addition, snowball searches
were conducted based on references from published pub-
lications or those provided by clinical experts. Te protocol
for this systematic review is registered in the International
Prospective Register of Systematic Reviews (PROSPERO).

2.1. Search Strategy. Key terms in natural languages from
the research questions in the PICOT format were used to
construct the search strategy. Te search syntax was
composed of controlled vocabulary, such as Medical
Subject Headings (MeSH) terms for Medline and Cochrane
engines and DeCS terms (Health Science Descriptors) for
the LILACS engine. Free terms were also used, considering
synonyms, abbreviations, acronyms, and spelling varia-
tions, and were complemented with feld identifers,
truncators, and Boolean operators. Details of the search
strategies used and their results are presented in Appendix
A. Te list of bibliographic references obtained through the
described methods was imported into Mendeley, where
references were combined and duplicate publications were
removed.

2.2. Study Selection. Studies were chosen following the
PRISMA fowchart (Matthew J. Page, 2021), with the as-
sistance of the systematic review software Rayyan (https://
rayyan.qcri.org) [11]. Te refnement process began with
duplicate detection using Rayyan software. After eliminating
duplicated results, two independent authors (CL and NL)
reviewed the titles and abstracts to identify studies eligible
for full-text review. In the case of discrepancies, the eval-
uation criteria were revisited. Subsequently, a third evaluator
reviewed all articles to reduce any bias in the initial review by
the initial evaluators. After this process, full-text reading was
conducted independently by two evaluators to determine
whether each study should be included or excluded from
evidence synthesis. Discrepancies were resolved through
consensus among the evaluators, and if disagreements
persisted, a third evaluator was consulted.

Studies with fve or fewer patients with critical results
were excluded as they were considered to have insufcient
reliability. Case reports, case series, and systematic liter-
ature reviews were excluded. Articles lacking complete
information about the type of patient, exposure factors to
be evaluated, inclusion and exclusion criteria, or outcomes
were also excluded. Downs and Black’s criteria [12] were
used to assess the quality of the studies; they evaluated
report quality (10 items), external validity (3 items), in-
ternal validity (bias: 8 items and confusion: 6 items), and
statistical power (1 item). In addition, this instrument
assessed study biases. Articles with a score of ≥ 80% were
defned as high quality and were included. Evaluation was
independently conducted by two methodologists (CL and
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NL); in case of discrepancies in the initial assessment of any
of these criteria, resolution occurred through consensus
among evaluators.

2.3. Data Extraction. For each included study, information
was extracted in a standardized format. Te qualitative
synthesis of articles included information about the authors,
study design, location, period, restrictions on patient se-
lection, and study results. Patient characteristics, including
sex, age, bodymass index (BMI), clinical and/or pathological
history, and the method of detecting hepatic steatosis, were
collected. Extraction was independently performed by two
reviewers (CL and NL). Tis information serves as the basis
for constructing a body of evidence.

2.4. Data Analysis. For each study, data were extracted in
a standardized format: author, country, publication date,
population, risk factors for NAFLD, and age. Te extraction
was performed independently by two reviewers. In each
study, according to the statistical analysis, reported risk
measures (odds ratio [OR], relative risk [RR], or hazard ratio
[HR]), and confdence interval (CI) for each risk factor were
included. Te extraction was performed independently by
two reviewers. Te results were presented narratively, in-
dicating the main fndings for each included article based on
the identifed risk factors.

3. Results

Figure 1 displays a PRISMA fowchart depicting the article
selection process. Te search yielded 987 records. A total of
196 manuscripts were selected after screening the titles and
abstracts. Downs and Black quality analysis yielded 39 ar-
ticles for full-text reading. Of these, 9 studies were excluded
due to heterogeneity or inconclusive results. Ultimately, 30
publications were included in this systematic review
(Figure 1).

Studies from Korea, Japan, the United States, Turkey,
Brazil, the Netherlands, Germany, Sweden, the
United Kingdom, Spain, and China were included, com-
prising data on over 21 million individuals. Among the
eligible studies, twelve had a prospective cohort design, two
had a retrospective cohort design, nine were cross-sectional,
and six were case-control studies. All study samples were
community-based general populations and some were de-
fned through data linkage. Table 1 presents the risk factors
identifed in the review process. In 21 articles, the study
population consisted of middle-aged adults (18–60 years);
six included young adults and adolescents, and two involved
middle-aged adults and school-age individuals. Te most
commonly used method for detecting hepatic steatosis was
ultrasound, which was used in 22 of the included studies.

3.1. Clinical Conditions. Four studies assessed weight
change, overweight, or obesity as prognostic factors in adults
and two studies in adolescents. VanWagner et al. [13]
evaluated BMI change patterns over 25 years in a prospective

cohort of 4423 patients aged 18–30 years. Tey found that
increasing BMI changes had progressively higher odds of
NAFLD compared with the stable group: OR: 3.35 (95% CI:
2.07–5.42), 7.80 (4.60–13.23), and 12.68 (6.68–24.09) for
moderate, high, and extreme increases, respectively. Kim
et al. [14] prospectively collected data from 110,054 women,
revealing that women with ≥ 20 kg weight gain in adulthood
had a multivariable adjusted HR (aHR) of 6.96 (5.27–9.18)
for NAFLD development, which remained signifcant after
BMI adjustment. Cho et al. [16] conducted a longitudinal
cohort study in 1907 participants and found that the risk of
incident NAFLD was signifcantly higher in subjects with ≥
10% weight gain (HR: 2.43; 1.65–3.58). Regarding the ad-
olescent population, Boyraz et al. [17] conducted a pro-
spective cohort study in 451 obese pubertal children
(8–18 years old). Among them, 217 (48.1%) were diagnosed
with NAFLD, and 96 (21.3%) were diagnosed with METS.
Te prevalence of METS is higher in patients with NAFLD.
In addition, the number of patients with METS increased in
parallel with the severity of hepatic steatosis [17].

Gestational diabetes mellitus (GD) has also been iden-
tifed as an independent risk factor for NAFLD. Ajmera et al.
evaluated 1115 women without DM before pregnancy from
the Coronary Artery Risk Development in Young Adults
(CARDIA) multicenter cohort study; these patients un-
derwent hepatic steatosis quantifcation using computed
tomography (CT) 25 years after cohort entry. Te crude risk
of NAFLD at the 25-year visit was signifcantly higher in
women with gestational diabetes than in those without
gestational diabetes (OR: 2.56 and 95% CI: 1.44–4.55). In
these studies, remaining overweight was associated with
a lower chance of resolving steatosis [22].

Lavrentaki et al. conducted a retrospective matched-
cohort study using the Health Improvement Network
(THIN), a large database of 9640 women with GD and
31,296 healthy controls. Te unadjusted incidence rate for
NAFLD development in women with and without GD was
3.28 (95% CI: 2.14–5.02), which remained signifcant after
adjustment for a wide range of potential confounding fac-
tors. Finally, the Swedish ESPRESSO cohort study found that
maternal BMI was associated with NAFLD in ofspring (OR
3.26; 95% CI: 1.72–6.19) [23].

Te relationship between serum uric acid level and
NAFLD was also investigated. A prospective cohort study,
including 2832 subjects without NAFLD, analyzed four
groups based on initial serum uric acid levels. Cox regression
analysis revealed that the RR for NAFLD was 1.431 (95% CI:
1.123–1.823), 1.610 (95% CI: 1.262–2.054), and 1.666 (95%
CI: 1.287–2.157) in the second, third, and fourth quartiles of
serum uric acid, respectively, adjusted for other confounding
factors. Kaplan–Meier analysis revealed that individuals
with higher uric acid levels had a higher risk of NAFLD than
those with lower uric acid levels [33]. Similarly, a cross-
sectional study with subsequent longitudinal follow-up
analyzed uric acid levels in 60,455 subjects according to
sex-specifc quartiles. Te ORs for NAFLD in the cross-
sectional population were 1.211 (95% CI: 1.109–1.322), 1.519
(95% CI: 1.395–1.654), and 1.903 (95% CI: 1.748–2.072) for
the second, third, and fourth quartiles, respectively. In the
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longitudinal population, compared with the reference group,
those in q2, q3, and q4 had HR of 1.127 (95% CI:
0.956–1.330), 1.380 (95% CI: 1.157–1.644), and 1.589 (95%
CI: 1.310–1.927) for NAFLD, respectively [34].

In addition, the risk of developing NAFLD in individuals
with thyroid disorders has been investigated. A German
case-control study compared 57,483 patients with NAFLD
with 57,483 patients without liver disease. Hypothyroidism
(OR: 1.17 and 95% CI: 1.10–1.24) and autoimmune thy-
roiditis (OR: 1.53 and 95% CI: 1.35–1.73) were associated
with a higher risk of NAFLD [25]. Chen et al. conducted
a cohort study with 3144 euthyroid subjects, of which 2089
were followed up after 2.2 years. Te age-adjusted mean
levels of FT3 and the FT3/free thyroxine (FT4) ratio were
higher in subjects with NAFLD than in those without
NAFLD [43].

Xu et al. conducted a cross-sectional study of 439 pa-
tients with psoriasis. Te prevalence of NAFLD in this
cohort was 55.8%. NAFLD was frequently identifed in early
onset patients (74.2%), and this diagnosis is particularly
common in patients under 40 years of age (85.3%) [44]. In
addition, a case-control study by Ogdie et al. found that the
risk of cirrhosis was higher in patients with psoriasis and
psoriatic arthritis. Furthermore, the prevalence of liver

disease and cirrhosis gradually increases as the body surface
area afected by psoriasis increases [28]. Busca Arenzana
et al. conducted a retrospective observational study on HIV-
positive patients diagnosed with psoriasis. In a cohort of 80
patients with psoriasis, the prevalence of steatosis was 72.5%
(95% CI: 65–85). Severe psoriasis was an independent risk
factor for steatosis (OR: 12 and 95% CI: 1.2–120) [29].

Polycystic ovary syndrome (PCOS) is associated with
NAFLD onset. A case-control study identifed that patients
with PCOS had a signifcantly higher rate of NAFLD (OR:
4.30 and 95% CI: 4.11–4.50) [30]. In another cross-sectional
study that analyzed 29 women with PCOS, patients with
hyperandrogenic PCOS had signifcantly higher hepatic fat
than patients with normoandrogenic syndrome (OR: 3.7%;
95% CI: 0.6–13.1) and controls (OR: 2.1%; 95% CI:
0.3–6.6) [31].

3.2. Lifestyle. One study reported an association between
poor sleep quality and the onset of NAFLD. Tis cross-
sectional study assessed sleep quality of 69,463 middle-aged
workers and their spouses. After controlling for con-
founding factors, the adjusted OR for NAFLD, comparing
sleep duration less than 5 h (compared with the reference of

Studies included in review
(n = 30)

Identification of studies via databases and registers

Id
en

tif
ic

at
io

n
Records identified: (n = 1176) Records removed before screening:

(n = 189)
Sc

re
en

in
g

Records screened
(n = 987)

Records excluded∗∗

(n = 791)

Reports sought for retrieval
(n = 196)

Reports not retrieved
(n = 157)

Reports assessed for eligibility
(n = 39)

Reports excluded:
Wrong intervention (n = 1)
Wrong outcome (n = 8)

Id
en

tif
ic

at
io

n

Figure 1: PRISMA fowchart.

4 Canadian Journal of Gastroenterology and Hepatology



Ta
bl

e
1:

C
ha
ra
ct
er
ist
ic
s
of

th
e
st
ud

ie
s
in
cl
ud

ed
in

th
e
re
vi
ew

.

M
ai
n

ri
sk

fa
ct
or

A
dd

ed
ri
sk

fa
ct
or

A
ge

gr
ou

p
Ty

pe
of

st
ud

y
n

O
R
/H

R
/

R
R

C
on

fd
en

ce
in
te
rv
al

95
%

D
ia
gn

os
tic

m
et
ho

d
us
ed

R
ef
er
en

ce
s

W
ei
gh

tv
ar
ia
bi
lit
y

In
cr
ea
se

in
BM

I
>
10
%

Yo
un

g
ad
ul
t

(1
8–

30
ye
ar
s)

C
oh

or
t
st
ud

ie
s

44
23

O
R:

3.
35

2.
07
–5

.4
2

C
T
sc
an

[1
3]

K
or
ea

W
ei
gh

t
ga
in
>
6
kg
,r
eg
ar
dl
es
s
of

BM
I
cl
as
sif

ca
tio

n.
A
du

lts
:m

id
dl
e
ag
e

C
oh

or
t
st
ud

ie
s

11
0,
05
4

H
R:

1.
59

1.
17
–2

.1
6

U
ltr
as
ou

nd

[1
4]

In
cr
ea
se

in
vi
sc
er
al

ad
ip
os
ity

,
m
ea
su
re
d
by

w
ai
st
–h

ip
ra
tio

an
d

BM
I

A
du

lts
:m

id
dl
e
ag
e

C
oh

or
t
st
ud

ie
s

H
R:

1.
18

1.
13
–1
.2
4

EE
U
U

W
ei
gh

tg
ai
n
>
3
kg

in
th
e
sh
or
t

te
rm

(2
ye
ar
s)
.

A
du

lts
:m

id
dl
e
ag
e

C
oh

or
t
st
ud

ie
s

27
,0
64

M
.H

R:
2.
00

M
.1
.9
0–

2.
12

U
ltr
as
ou

nd
[1
5]

F.
H
R:

1.
92

F.
1.
83
–2

.0
1

Ja
pa
n

W
ei
gh

t
ga
in
>
7%

,r
eg
ar
dl
es
s
of

th
e
BM

I
ra
ng

e
lo
ng

te
rm

:5
ye
ar
s.

A
du

lts
:m

id
dl
e
ag
e

C
oh

or
t
st
ud

ie
s

19
07

H
R:

2.
43

1.
65
–3

.5
8

U
ltr
as
ou

nd
[1
6]

p
<
0.
00
1

K
or
ea

M
or
bi
d
ob

es
ity

an
d
di
ab
et
es

A
do

le
sc
en
ts

C
as
es

an
d

co
nt
ro
ls

59
0

O
R:

6.
77

2.
72
–1
6.
89

U
ltr
as
ou

nd
[1
7]

M
or
bi
d
ob

es
ity

an
d
hy
pe
rt
en
sio

n
O
R:

2.
28

1.
16
–4

.4
5

Tu
rk
ey

p
<
0.
02

O
be
sit
y
in

ad
ol
es
ce
nc
e

M
or
bi
d
ob

es
ity

an
d
di
ab
et
es

A
do

le
sc
en
ts

C
oh

or
t
st
ud

ie
s

24
2

O
R:

6.
77

2.
72
–1
6.
89

U
ltr
as
ou

nd
[1
8]

EE
U
U

D
ia
be
te
s
m
el
lit
us

ty
pe

1
an
d

dy
sli
pi
de
m
ia

C
ro
ss
-s
ec
tio

n
10
3

O
R:

1.
01

1.
00
–1
.0
2

U
ltr
as
ou

nd
[1
9]

p
0.
01
2

Br
az
il

C
on

su
m
pt
io
n
of

2
dr
in
ks
/

da
y
w
ith

su
ga
r
in
de
pe
nd

en
t

of
BM

I

N
o
ot
he
r
as
so
ci
at
ed

fa
ct
or
s

C
hi
ld
ho

od
C
oh

or
t
st
ud

ie
s

19
40

O
R:

3.
02

1.
34
–6

.8
3

M
ag
ne
tic

re
so
na
nc
e

[2
0]

N
et
he
rla

nd
s

N
o
ot
he
r
as
so
ci
at
ed

fa
ct
or
s

A
du

lts
:m

id
dl
e
ag
e

C
oh

or
t
st
ud

ie
s

14
,8
45

H
R:

1.
23

1.
08
–1
.4
0

p
<
0.
00
01

U
ltr
as
ou

nd
[2
1]

C
hi
na

G
es
ta
tio

na
ld

ia
be
te
s

O
ve
rw

ei
gh

t
or

ob
es
ity

du
ri
ng

pr
eg
na
nc
y

A
du

lts
:m

id
dl
e
ag
e

C
oh

or
t
st
ud

ie
s

11
15

O
R:

2.
29

1.
23
–4

.2
7
p
0.
01

C
T
sc
an

[2
2]

EE
U
U

C
as
es

an
d

co
nt
ro
ls

40
,9
36

RR
:2

.4
6

1.
51
–4

.0
0

U
ltr
as
ou

nd
[2
3]

U
ni
te
d
K
in
gd
om

C
hi
ld
re
n:

ad
ol
es
ce
nc
e:
yo
un

g
ad
ul
t

C
as
es

an
d

co
nt
ro
ls

88
2

O
R:

3.
26

1.
72
–6

.1
9

Li
ve
r
bi
op

sy
[2
4]

Sw
ed
en

T
yr
oi
d
di
so
rd
er
s

A
ut
oi
m
m
un

e
th
yr
oi
di
tis

A
du

lts

C
as
es

an
d

co
nt
ro
ls

11
4,
96
6

O
R:

1.
53

1.
35
–1
.7
3

U
ltr
as
ou

nd
[2
5]

p
<
0.
00
1

G
er
m
an
y

H
yp
ot
hy
ro
id
ism

C
as
es

an
d

co
nt
ro
ls

O
R:

1.
17

1.
10
–1
.2
4

U
ltr
as
ou

nd
p
<
0.
00
1

FT
3
>
5.
34

pm
ol
/L

A
du

lts
C
oh

or
t
st
ud

ie
s

31
44

O
R:

2.
00

1.
70
–2

.3
6

p
<
0.
00
1

U
ltr
as
ou

nd
[2
6]

C
hi
na

Canadian Journal of Gastroenterology and Hepatology 5



Ta
bl

e
1:

C
on

tin
ue
d.

M
ai
n

ri
sk

fa
ct
or

A
dd

ed
ri
sk

fa
ct
or

A
ge

gr
ou

p
Ty

pe
of

st
ud

y
n

O
R
/H

R
/

R
R

C
on

fd
en

ce
in
te
rv
al

95
%

D
ia
gn

os
tic

m
et
ho

d
us
ed

R
ef
er
en

ce
s

Ps
or
ia
sis

Ea
rly

-o
ns
et

m
od

er
at
e
to

se
ve
re

ps
or
ia
sis

A
du

lts
C
ro
ss
-s
ec
tio

n
43
9

H
R:

2.
11

1.
55
–2

.8
7

U
ltr
as
ou

nd
[2
7]

C
hi
na

Ps
or
ia
sis

m
an
ag
ed

w
ith

sy
st
em

ic
th
er
ap
y

A
du

lts
C
as
es

an
d

co
nt
ro
ls

1,
54
3,
44
3

H
R:

2.
23

1.
73
–2

.8
7

U
ltr
as
ou

nd
[2
8]

Ps
or
ia
sis

m
an
ag
ed

w
ith

sy
st
em

ic
th
er
ap
y

A
du

lts
H
R:

2.
11

1.
55
–2

.8
7

U
ni
te
d
K
in
gd
om

Se
ve
re

ps
or
ia
sis

in
ad
ul
ts

w
ith

H
IV

in
fe
ct
io
n

A
du

lts
C
oh

or
t
st
ud

ie
s

54
52

O
R:

12
1.
2–
12
0
p
0.
03

U
ltr
as
ou

nd
[2
9]

Sp
ai
n

Po
ly
cy
st
ic

ov
ar
y
sy
nd

ro
m
e

H
yp
er
an
dr
og
en
ism

A
du

lts
C
as
es

an
d

co
nt
ro
ls

50
,7
85

35
4

O
R:

4.
30

4.
11
–4

.5
0

p
<
0.
00
1

U
ltr
as
ou

nd
[3
0]

EE
U
U

A
du

lts
C
as
es

an
d

co
nt
ro
ls

51
O
R:

3.
7

0.
6–
13
.1

p
<
0.
05

U
ltr
as
ou

nd
[3
1]

U
ni
te
d
K
in
gd
om

In
cr
ea
se
d
ur
ic

ac
id

le
ve
ls

O
be
sit
y

A
du

lts
C
ro
ss
-s
ec
tio

n
43
23

O
R:

2.
05
4

1.
44
–2

.9
2

p
<
0.
00
01

U
ltr
as
ou

nd
[3
2]

C
hi
na

M
en
.≥

42
0
m
ol
/L

W
om

en
W
om

en
.≥

36
0
m
ol
/L

Po
st
m
en
op

au
sa
lw

om
en

N
o
ot
he
r
as
so
ci
at
ed

fa
ct
or
s

A
du

lts
C
oh

or
t
st
ud

ie
s

24
,1
02

H
R:

1.
66

1.
28
–2

.1
5

U
ltr
as
ou

nd
[3
3]

C
hi
na

N
o
ot
he
r
as
so
ci
at
ed

fa
ct
or
s

A
du

lts
C
ro
ss
-s
ec
tio

n
60
,4
55

F.
H
R:

2,
35

F.
1.
70
–3

.2
5

U
ltr
as
ou

nd
[3
4]

M
.H

R:
1.
24

M
.0

.9
7–
1.
60

C
hi
na

O
be
sit
y

A
du

lts
C
oh

or
t
st
ud

ie
s

16
,8
39

F.
O
R:

5.
71

F.
2.
25
–1
4.
45

U
ltr
as
ou

nd

[3
5]

M
.O

R:
1.
99

M
.1
.1
5–

3.
45

C
hi
na

p
<
0.
01

6 Canadian Journal of Gastroenterology and Hepatology



Ta
bl

e
1:

C
on

tin
ue
d.

M
ai
n

ri
sk

fa
ct
or

A
dd

ed
ri
sk

fa
ct
or

A
ge

gr
ou

p
Ty

pe
of

st
ud

y
n

O
R
/H

R
/

R
R

C
on

fd
en

ce
in
te
rv
al

95
%

D
ia
gn

os
tic

m
et
ho

d
us
ed

R
ef
er
en

ce
s

Li
fe
st
yl
e

C
on

su
m
pt
io
n
of

ca
rb
on

at
ed

dr
in
ks

A
du

lts
C
ro
ss
-s
ec
tio

n
75
16

O
R:

1.
99

1.
29
–3

.0
5
p
0.
02

U
ltr
as
ou

nd
[3
6]

C
hi
na

Se
de
nt
ar
y
lif
es
ty
le

A
du

lts
C
ro
ss
-s
ec
tio

n
79
,0
48

H
R:

1.
07

1.
02
–1
.1
3

U
ltr
as
ou

nd
[3
7]

K
or
ea

Lo
ng

w
or
ki
ng

ho
ur
s(
>
41

h/
w
ee
k)

A
du

lts
C
ro
ss
-s
ec
tio

n
O
R:

1.
06

0.
87
–1
.3
0
p
0.
55

U
ltr
as
ou

nd
[3
8]

K
or
ea

Pa
ss
iv
e
sm

ok
in
g+

ob
es
ity

an
d/
or

dy
sli
pi
de
m
ia

C
hi
ld
ho

od
C
oh

or
t
st
ud

ie
s

13
15

RR
:1
.0
4

1.
02
–1
.0
7

U
ltr
as
ou

nd
[3
9]

A
du

lts
RR

:1
.1
4

1.
05
–1
.2
5

U
ltr
as
ou

nd
Fi
nl
an
d

To
ot
h
br
us
hi
ng

A
du

lts
C
ro
ss
-s
ec
tio

n
42
59

O
R:

2.
26

1.
22
–4

.1
9
p
0.
06
4

U
ltr
as
ou

nd
[4
0]

K
or
ea

Sl
ee
p
qu

al
ity

A
du

lts
C
ro
ss
-s
ec
tio

n
45
,2
93

M
.O

R:
1.
28

M
.1
.1
3–
1.
44

U
ltr
as
ou

nd

[4
1]

F.
O
R:

1.
71

F.
1.
38
–2

.1
3

K
or
ea

≤
5
h
of

sle
ep

Sl
ee
p
qu

al
ity

M
.O

R:
1.
10

M
.1
.0
2–
1.
19

U
ltr
as
ou

nd
F.

O
R:

1.
36

F.
1.
17
–1
.5
9

Po
or

sle
ep

qu
al
ity

Sm
ok

in
g

A
du

lts
C
oh

or
t
st
ud

ie
s

38
60

O
R:

1.
98

1.
05
7,

3.
59
5

U
ltr
as
ou

nd
[4
2]

Ja
pa
n

Canadian Journal of Gastroenterology and Hepatology 7



more than 7 h), was 1.28 (1.13–1.44) in men and 1.71
(1.38–2.13) in women. After adjusting for BMI, this asso-
ciation remained signifcant in women (OR: 1.59 and 95%
CI: 1.23–2.05) [41].

Regarding dental hygiene habits, a retrospective longi-
tudinal study in 25,804 individuals showed that brushing the
teeth 1–2 times a day (OR: 0.85 and 95% CI: 0.77–0.95) and
3 times a day (OR: 0.74 and 95%CI: 0.67–0.82) is a protective
factor for the development of NAFLD [36]. A prospective
cohort study investigated the association between sugary
carbonated beverage consumption and NAFLD in 14,845
participants. Te multivariable HR for NAFLD incidence
was 1.00 for < 1 serving/week of carbonated beverage, 1.18
(95% CI: 1.03–1.34) for 1 serving/week of carbonated bev-
erage, 1.23 (95% CI: 1.08–1.40) for 2–3 servings/week of
carbonated beverage, and 1.47 (95% CI: 1.25–1.73) for ≥ 4
servings/week of carbonated beverages [40].

A study that included 79,048 Korean adults without
NAFLD evaluated the relationship between fatty liver and
weekly working hours in the ranges of 35–40, 41–52, 53–60,
and > 60 h. During a median follow-up of 6.6 years, 15,095
participants developed new-onset NAFLD. After adjusting
for confounding factors, the RR for NAFLD development in
41–52, 53–60, and > 60 working hours compared with 35–40
working hours were 1.07 (95% CI: 1.02–1.13), 1.06 (95% CI:
1.00–1.13), and 1.13 (95% CI: 1.05–1.23), respectively [45].
Furthermore, a cross-sectional study based on the Korean
National Health and Nutrition Examination Survey VII
included 5661 working adults without liver disease, classifed
into three groups according to working hours: 36–42, 43–52,
and 53–83 h per week. Te prevalence of NAFLD (Hepatic
Steatosis Index [HIS] ≥ 36) increased with longer working
hours: 23.0%, 25.6%, and 30.6% in the 36–42, 43–52, and
53–83 h/week groups, respectively (p< 0.001). Subjects
working 53–83 h per week were more likely to have NAFLD
than those working 36–42 h per week (OR: 1.23, 95% CI:
1.02–1.50, and p � 0.033) after adjusting for age, sex, BMI,
smoking, alcohol consumption, exercise, diabetes mellitus,
hypertension, serum triglycerides, and total cholesterol [38].

Tobacco enhances NAFLD by impairing fatty acid syn-
thesis, IR, infammation, and glucose metabolism [42]. A
study found that smoking was related to NAFLD with an HR
of 1.988 (95% CI: 1.057, 3.595) in 3860 participants; the HR
increased as the number of cigarettes increased. In that study,
the prevalence of NAFLD was 10% in those without tobacco
exposure, 25% in those who smoked 1–14 cigarettes daily, and
up to 30% in those who smoked more than 25 days [42].

3.3. Risk of Bias. Te risk of bias in the sample was assessed
using the Downs and Black Checklist [12]. Once this in-
strument was applied and the individual ratings of the 39
studies for each item were obtained, the percentage of
studies that met each item was calculated for each subscale.
In this way, the results obtained in the diferent subscales
show that the external validity and internal validity of the
sample were adequate for 29 articles, which were fnally
analyzed for the systematic review, and 10 articles were
excluded due to heterogeneity in the fndings.

4. Discussion

In this systematic review of 29 studies including over 21
million people, we addressed early risk factors for NAFLD
development. Several clinical, metabolic, hormonal, in-
fammatory, and lifestyle features are associated with the
onset of NAFLD. NAFLD and METS share pathophysio-
logical pathways, which explain why they have several
common risk factors, both of which are triggered by IR and
systemic infammation [1]. In up to 73% of the cases, both
entities coexist, although some authors proposed NAFLD as
an early marker of METS [46, 47].

Central obesity and overweight are classically associated
with NAFLD [3]. However, there are diferent assessments
for estimating the risk of NAFLD beyond BMI [13, 14]. Te
2017-2018 National Health and Nutrition Examination
Survey found that, after 10 years, a weight increase larger
than 9.07 kg increases the odds of NAFLD (OR: 2.63 and
95% CI: 1.72–4.02) and that, for every kilogram weight
increase, this risk increases by 3% [47]. Tis review found
that DM facilitated NAFLD. Similarly, a meta-analysis in-
cluding 3901 patients with type I DM found that 19.1% of
them had NAFLD [48]. IR is crucial for NAFLD: when type
II diabetics are compared with healthy controls and type I
diabetics, they are found to have NAFLD more often (62.8%
vs. 13.4% vs. 4.7%, respectively). Interestingly, in type I
diabetes patients, NAFLD has been identifed in those with
uncompensated disease and overweight/obesity [49].

An increased BMI at conception, excessive weight gain,
or GD increases the odds of NAFLD [22, 50, 51]; however,
causality is not always determined, as approximately 10% of
women of childbearing age have NAFLD prior to pregnancy
[51, 52]. Furthermore, children whose mothers develop
NAFLD during pregnancy are also at risk of developing this
condition, especially if their mothers have abnormal peri-
conceptional BMI, METS, abnormal weight gain after
pregnancy, early pregnancy, tobacco exposure during
pregnancy, or if the person had low weight at birth
[50, 53, 54].

People from developed countries have increased expo-
sure to screens [55]; however, this also occurs in developing
countries [36]. In conjunction with increased working time,
screen exposure is associated with NAFLD because it is
related to poor feeding habits; omitting breakfast; eating out
of time; instant food, alcohol, and tobacco consumption;
overfeeding; chronic stress; and sleep deprivation [56].
Similarly, poor sleep quality may cause NAFLD as it en-
hances IR and infammation [57]. In a survey of 143,306
healthy people, poor sleep quality was observed in 20.1% of
the cases; in this group, 45.8% slept less than 5 h daily. After
a 4-year follow-up, the HR for NAFLD was 1.19 if a person
sleeps for less than 5 h [57]. Similarly, a Japanese study of
2172 healthy individuals found an NAFLD prevalence of
29.6%; higher rates were found in those who slept less than
6 h daily (OR: 1.44 (CI 95%� 1.06–1.96)) [58]. Interestingly,
another study suggested that this efect could be mitigated if
people catch up on weekends [59].

Tobacco enhances NAFLD by impairing fatty acid
synthesis, IR, infammation, and glucose metabolism [42]. In
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this review, a study found that smoking was related to
NAFLD with an HR of 1.988 (CI 95%: 1.057± 3.595) in 3860
participants and that the HR increased as the number of
cigarettes increased. Furthermore, a meta-analysis of 20
observational studies involving 20,149 patients found that
smoking had an OR of 1.11 (CI 95%: 1.028–1.199), while
passive smoking had an OR of 1.380 (CI 95%: 1.199–1.588).
Unfortunately, smoking cessation did not prevent the onset
of NAFLD (OR� 1.316 and CI 95%: 1.158–1.496) [60].

With regard to chronic infammatory conditions, we
found that psoriatic patients had an increased prevalence of
NAFLD. When compared with the general population, the
prevalence of NAFLD in this population is 17%–66% vs. 8%–
35% [61]. It also causes more severe steatosis, fbrosis, and
progression to NASH [61]. Moreover, HIV coinfection
magnifes this efect [62], mainly because antiretroviral
therapy and the virus itself impair lipid metabolism [63, 64].

Lastly, this review revealed that hormonal disturbances
increase the risk of NAFLD. Ametanalysis of 44,140 patients
with thyroid disturbances found that clinical hypothyroid-
ism was related to NAFLD, whereas subclinical hypothy-
roidism was not [65]; other meta-analyses that included
61,548 patients afrms that both entities increased NAFLD
risk [2]. Similarly, NAFLD is 2–3.5 more common and
severe in women than inmen.Tis is explained in part by the
fact that sex hormones play key roles in lipid and protein
metabolism. In a study of 159 men with NAFLD, 26% had
decreased testosterone levels. A decrease in this hormone
level was also more frequent in patients with NASH (88% vs.
67%) and advanced fbrosis (27% vs. 14%) [67]. Interestingly,
androgen excess, rather than defciency, causes adverse ef-
fects in women. Tis is supported by a meta-analysis in
which androgen levels of 13,721 men and 5840 women were
compared, fnding that androgens were markedly decreased
in males with NAFLD, whereas they were increased in
women with steatosis they were increased [66]. Tis also
explains why women presenting with PCOS have NAFLD
more often than the healthy population (37%–70% vs. 14%–
34%) (OR� 3.93 and 95%CI: 2.17–7.11) [67].Te prevalence
of NAFLD in women with PCOS is estimated to be 27%–
62% [68]. Obesity is not a necessary factor for NAFLD in

PCOS but may exacerbate the efects of PCOS on the
liver [69].

Tis study had several limitations. First, it should be
noted that some studies, but not all, focused on data from the
general population, which allows the results to be applicable
to unselected populations in some cases. Second, the studies
were heterogeneous in design, defnitions, and type of
measurement. Each study set diferent thresholds for
NAFLD diagnosis according to diagnostic technique (bi-
opsy, ultrasound, CT, and MRI). Tird, in most cases, co-
existence rather than causality was described. Fourth, other
potential risk factors for NAFLD were not included in this
review because the study design did not match the eligibility
criteria.

5. Conclusion

Despite this, this review summarizes substantial evidence on
the association between diferent clinical and lifestyle risk
factors and NAFLD, supporting the need for a more
structured approach for the prevention and detection of
nonalcoholic liver disease. Understanding these early risk
factors is crucial for proposing prompt preventive and
therapeutic interventions in exposed patients so that further
major morbidities such as NASH and cirrhosis could be
prevented. Given the increasing prevalence of obesity, un-
healthy lifestyles, and METS, particularly during early ages,
it is essential to develop screening strategies and follow-up
starting in childhood.

Tis could be accomplished through public health
policies that promote healthy lifestyles and follow-up,
particularly in vulnerable populations who lack access to
proper healthcare programs. Longitudinal studies and
population-based follow-up focusing on how to efectively
intervene in NAFLD risk factors should be proposed so that
their results can guide the development of national policies
aimed at preventing chronic conditions.

Appendix A: Search Strategy Used in the Study
With Their Corresponding MeSH Terms and
Search Strategies

Table A1: Te search strategy.

Question MeSH term Strategy

Population

“Adolescent”

(“Adolescent”) OR (“adult”) OR (“adult, young”) OR (“middle aged”) OR (“aged”)
OR (“aged, 80”)

“Adult”
“Adult, young”
“Middle aged”

“Aged”
“Aged, 80”
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Alcohólico (EHGNA) En Una Población De Niños Obesos En
Valencia, Venezuela,” Archivos Latinoamericanos de
Nutrición 64, no. 2 (2014): 73–82.

[5] R. Carr, A. Oranu, and V. Khungar, “Non-Alcoholic Fatty
Liver Disease: Pathophysiology and Management,” Gastro-
enterology Clinics of North America 45, no. 4 (2016): 639–652,
https://doi.org/10.1016/j.gtc.2016.07.003.

[6] S. Battistella, F. D’Arcangelo, M. Grasso, et al., “Liver
Transplantation for Non-Alcoholic Fatty Liver Disease: In-
dications and Post-Transplant Management,” Clinical and
Molecular Hepatology 29 (2023): S286–S301, https://doi.org/
10.3350/cmh.2022.0392.

[7] C. Yang, S. Yang, W. Xu, J. Zhang, W. Fu, and C. Feng,
“Association Between the Hyperuricemia and Nonalcoholic
Fatty Liver Disease Risk in a Chinese Population: A Retro-
spective Cohort Study,” PLoS One 12, no. 5 (2017): 1–12,
https://doi.org/10.1371/journal.pone.0177249.

[8] T. Jensen, K. Niwa, I. Hisatome, et al., “Increased Serum Uric
Acid Over Five Years Is a Risk Factor for Developing Fatty
Liver,” Scientifc Reports 8, no. 1 (2018): 1–8, https://doi.org/
10.1038/s41598-018-30267-2.

[9] M. R. Taskinen, C. J. Packard, and J. Borén, “Dietary Fructose
and the Metabolic Syndrome,” Nutrients 11, no. 9 (2019):
1–16, https://doi.org/10.3390/nu11091987.

[10] P. Burra, C. Becchetti, and G. Germani, “NAFLD and Liver
Transplantation: Disease Burden, Current Management and
Future Challenges,” JHEP reports: Innovation in Hepatology 2,
no. 6 (2020): 100192, https://doi.org/10.1016/j.jhepr.2020.100192.

[11] D. Moher, L. Shamseer, M. Clarke, et al., “Preferred Reporting
Items for Systematic Review and Meta-Analysis Protocols
(PRISMA-P) 2015 Statement,” Systematic Reviews 4, no. 1
(2015): 1, https://doi.org/10.1186/2046-4053-4-1.

[12] S. H. Downs and N. Black, “Te Feasibility of Creating
a Checklist for the Assessment of the Methodological Quality
Both of Randomised and Non-Randomised Studies of Health
Care Interventions,” Journal of Epidemiology and Community
Health 52, no. 6 (1998): 377–384, https://doi.org/10.1136/
jech.52.6.377.

Table A1: Continued.

Question MeSH term Strategy

Intervention

“Risk factor”

(“Risk factor”) OR (“risk factors”) OR (“genetic factors”) OR (“cardiovascular risk
factor”) OR (“metabolic syndrome”) OR (“lifestyle factors”) OR (“physical

inactivity”) OR (“sedentary lifestyle”) OR (“anthropometric”) OR (“environmental
factors”) OR (“sociodemographic”) OR (“social determinants of health”)

“Risk factors”
“Genetic factors”

“Cardiovascular risk factor”
“Metabolic syndrome”
“Lifestyle factors”
“Physical inactivity”
“Sedentary lifestyle”
“Anthropometric”

“Environmental factors”
“Sociodemographic”

“Social determinants of health”

Outcome “Non-alcoholic fatty liver disease”
(“Non-alcoholic fatty liver disease”) OR (“NAFLD”) OR (“metabolic
dysfunction-associated fatty liver”) OR (“MAFLD”) OR (“nonalcoholic
steatohepatitis”) OR (“NASH”) OR (“liver steatosis”) OR (“fatty liver”)

10 Canadian Journal of Gastroenterology and Hepatology

http://doi.org/10.1177/https
http://doi.org/10.1177/https
http://doi.org/10.14744/hf.2022.2022.0014
http://doi.org/10.1016/j.dld.2018.08.012
http://doi.org/10.1016/j.dld.2018.08.012
http://doi.org/10.1016/j.gtc.2016.07.003
http://doi.org/10.3350/cmh.2022.0392
http://doi.org/10.3350/cmh.2022.0392
http://doi.org/10.1371/journal.pone.0177249
http://doi.org/10.1038/s41598-018-30267-2
http://doi.org/10.1038/s41598-018-30267-2
http://doi.org/10.3390/nu11091987
http://doi.org/10.1016/j.jhepr.2020.100192
http://doi.org/10.1186/2046-4053-4-1
http://doi.org/10.1136/jech.52.6.377
http://doi.org/10.1136/jech.52.6.377


[13] L. B. VanWagner, S. S. Khan, H. Ning, et al., “Body Mass
Index Trajectories in Young Adulthood Predict Non-
Alcoholic Fatty Liver Disease in Middle Age: Te CARDIA
Cohort Study. Liver International,” Ofcial Journal of the
International Association for the Study of the Liver 38, no. 4
(2018): 706–714, https://doi.org/10.1111/liv.13603.

[14] M. N. Kim, C. H. Lo, K. E. Corey, et al., “Weight Gain During
Early Adulthood, Trajectory of Body Shape and the Risk of
Nonalcoholic Fatty Liver Disease: A Prospective Cohort Study
Among Women,” Metabolism Clinical and Experimental 113
(2020): 154398, https://doi.org/10.1016/j.metabol.2020.154398.

[15] G. Yamada, Y. Hagiwara, T. Kimura, et al., “Impact of Body
Weight Gain on the Incidence of Nonalcoholic Fatty Liver
Disease in Nonobese Japanese Individuals,” American Journal
of Gastroenterology 116, no. 4 (2021): 733–740, https://
doi.org/10.14309/ajg.0000000000001030.

[16] E. J. Cho, S. J. Yu, G. C. Jung, et al., “BodyWeight Gain Rather
Tan Body Weight Variability Associated With Increased
Risk of Nonalcoholic Fatty Liver Disease,” Scientifc Reports
11, no. 1 (2021): 14428, https://doi.org/10.1038/s41598-021-
93883-5.
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