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Abstract

Background The global burden of non-alcoholic fatty liver disease (NAFLD) has significantly risen over the past
decade. Dietary intake strongly influences its development and should be a component of any prevention and
treatment plan strategy. Dietary pattern analysis enables the investigation of the overall diet and permits the
consideration of interactions and cumulative effects of dietary components. The current study aimed to systematically
review observational studies and intervention trials to determine the associations between various dietary patterns
and NAFLD.

Methods The protocol was written according to the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. We searched PubMed, Embase, and the Cochrane Library. We included studies that
reported a priori dietary pattern (i.e, diet quality scores) or a posteriori method, which identified existing eating
patterns (i.e,, principal component analysis) in adult participants. Two investigators conducted independent
screening, extraction, and quality assessment using the Newcastle—Ottawa or Jadad scale. A third reviewer resolved
conflicts.

Results We identified 27 relevant observational and 16 interventional studies from 16 countries. A Mediterranean
or DASH diet might prevent and improve NAFLD, whereas dietary patterns such as Western dietary patterns
characterized by high consumption of sweets and animal foods such as red meat and fast food are positively
associated with NAFLD. A low-carbohydrate diet effectively prevents and treats NAFLD; however, we need more
research on the effects of a low-fat diet and the type of fats.

Conclusion Healthy dietary patterns, mainly plant-based or adjusted macronutrient distributions, such as the
adoption of a low-carbohydrate diet, are linked to a reduced risk of NAFLD and could halt its progression. We
proposed recommendations for future studies to fill the gap in knowledge regarding the management of NAFLD via
dietary modifications.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is defined as
a hepatic triglyceride content of more than 5% in the
absence of significant alcohol consumption or any sec-
ondary causes for hepatic steatosis [1]. NAFLD encom-
passes a broad spectrum of liver dysfunctions, ranging
from simple steatosis to nonalcoholic steatohepatitis
(NASH) and cirrhosis that may progress to hepatocel-
lular carcinoma [2]. As NAFLD is linked to an increased
risk for metabolic disease conditions, the prevention and
management of NAFLD is one of the major public health
challenges [1].

There is no specific treatment for NAFLD. However,
lifestyle interventions, including physical activity, weight
reduction, and dietary modification, are recommended
as the primary options for the therapeutic management
of NAFLD [3]. Since single nutrients or food groups are
not consumed alone, exploring overall diet as a dietary
pattern has been suggested to provide a more compre-
hensive view of the relationship between diet and chronic
diseases, especially as components of these patterns may
interact antagonistically or synergistically [4].

Despite considerable research, dietary strategies for the
nutritional management of NAFLD are still an open issue.
The optimal distribution of macronutrients to improve
NAFLD is unclear. Recent studies reported that improv-
ing adherence to healthy dietary patterns, including the
Mediterranean diet (MD) and Dietary Approaches to
Stop Hypertension diet (DASH), which are characterized
by an abundance of fruits, vegetables, and whole grains,
may have an inverse association with hepatic steatosis
[5]. Two systematic reviews of observational studies sug-
gested that an unhealthy dietary pattern (a high intake of
high-fat dairy products, red and processed meats, refined
grains, and sweets) is associated with an increased risk of
NAFLD. Conversely, a healthy diet (high in whole grains,
legumes, fruits, vegetables, poultry, and fish) was asso-
ciated with a reduced risk for NAFLD [6, 7]. However,
interventional studies provide better evidence of any
effects. A systematic review of only three interventional
studies evaluating fatty liver by biopsy, MRI, and MRS
demonstrated that MD reduced hepatic fat content [8].
Therefore, in this systematic review, we reviewed all stud-
ies that diagnosed and evaluated fatty liver disease with
common NAFLD assessment tools and included both
observational and interventional studies in this review to
systematically review all available evidence and to ascer-
tain the associations between dietary patterns consumed,
macronutrient distribution and NAFLD.

Methods

The protocol for our systematic review was written using
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement guidelines
[9]. The purpose of the study was to determine the rela-
tionship between dietary patterns and NAFLD, and the
protocol was registered in the International Prospec-
tive Register of Systematic Reviews (PROSPERO) data-
base (CRD42022340506). We included randomized and
nonrandomized interventions and observational stud-
ies that evaluated dietary patterns and NAFLD in adult
participants.

Search strategy

A comprehensive search was conducted in PubMed,
Embase, and the Cochrane Central Register of Controlled
Trials. The merger of MeSH and non-MESH terms were
composed by experts in the field and included the fol-
lowing terms: (“diet” OR “food” OR “eating” OR “eat” OR
“dietary” OR “feeding” OR “nutrition” OR “nutrient” OR
“dietary score” OR “Diet Quality Index” OR “Food Score”
OR “Diet Score” OR “MedDietScore” OR “Dietary Pat-
tern Score” OR “healthy eating index” OR “diet quality”
OR “dietary pattern” OR “diet pattern” OR “eating pat-
tern” OR “food pattern” OR “eating habit” OR “dietary
habit” OR “food habit” OR “dietary profile” OR “food
profile” OR “diet profile” OR “eating profile” OR “dietary
guideline” OR “dietary recommendation” OR “food intake
pattern” OR “dietary intake pattern” OR “diet pattern” OR
“eating style” OR “DASH” OR “dietary approaches to stop
hypertension” OR “Diet, Mediterranean” OR “Mediter-
ranean” OR “vegan” OR “vegetarian” OR “Diet, Vegetar-
ian” OR “prudent diet” OR “Western diet” OR “southern
diet” OR “omniheart” OR “Optimal Macronutrient Intake
Trial to Prevent Heart Disease” OR “Okinawa” OR “Eth-
nic Groups” OR “plant based”) and (“Non-alcoholic fatty
liver disease” OR “Non alcoholic fatty liver disease” OR
“NAFLD” OR “Non-alcoholic steatohepatitis” OR “Non
alcoholic steatohepatitis” OR “NASH” OR “MAFLD” OR
“Metabolic Fatty Liver Disease” OR “MASLD” OR “Met-
abolic Dysfunction-Associated Steatotic Liver Disease”).
To prevent missing relevant studies, a manual search of
reference lists cited was conducted to identify articles
that may not have been included within the electronic
databases searched.

Eligibility criteria

Studies with the following conditions were included in
this systematic review: (a) cohort, case-control, cross-
sectional studies, and clinical trials; (b) performed on
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individuals over 18 years of age; (c) reported a priori
dietary patterns (hypothesis-driven approach) or a pos-
teriori dietary patterns (exploratory approach); and (d)
diagnosed NAFLD using valid methods, including liver
biopsy, imaging methods or validated scores that predict
NAFLD using biomarkers. The studies were restricted
to those published in English up until September 2021.
Table 1 shows the inclusion and exclusion criteria in
detail.

Data extraction

Two independent reviewers (FB and DB) screened the
titles and abstracts of the relevant studies and conducted
the study selection, while a chief investigator (MH) was
also present to resolve any disagreements. The full texts
of potentially eligible articles were reviewed to iden-
tify relevant studies for inclusion. Two dietary pattern
approaches were used: a priori methods, using dietary
indices to evaluate the adherence of participants to a
priori defined dietary patterns, such as the MD or a pos-
teriori methods, using factor analysis, cluster analysis,
or reduced rank regression to aggregate the participants
into groups such as the Western diet. The following data
were recorded from each study: first author’s name, year
of publication, method of diagnosing NAFLD, study
design and duration, study location, study character-
istics/group, dietary assessment tool, dietary pattern
approach (a posteriori or a priori), type of dietary pattern
(MD, and other), corresponding odds ratio (OR), relative
risk (RR), or hazard ratio (HR) with 95% CI, and P value.
We extracted the OR, RR, or HR values with the most
adjustment models.

Table 1 The inclusion and exclusion criteria for study selection
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These two investigators also independently assessed the
quality of each study by utilizing the Newcastle-Ottawa
scale [10] for cohort, case-control, and cross-sectional
studies and utilizing the Jadad scale [11] for randomized
controlled trials. The Newcastle-Ottawa scale assigns up
to a maximum of nine points for the least risk of bias in
three domains: (a) selection of study groups (four points);
(b) comparability of groups (two points); and (c) deter-
mining exposure and outcomes (three points) for case-
control and cohort studies, respectively [10]. The Jadad
scale utilizes a 3-item scale covering the randomization
method, the blinding method, and withdrawals/drop-
outs. The Jadad scores range from 0 to 5, with >3 points
indicating a high-quality study and <2 points indicating a
low-quality study [11]. The chief investigator resolved any
discrepancies in the scores given to each paper.

Results

Description of studies

After searching the databases, we identified 2608 ref-
erences, which were reduced to 2050 after excluding
deduplications. Of the 2050 references screened by title
and abstract, 73 went forward for inclusion and exclu-
sion by reading the full text. Most studies had a low or
moderate risk of bias, except for two studies, which
scored below two according to the Jedad score. These
were not included in the analysis [12, 13]. Additionally,
we excluded one study as it had been flagged with an
expression of concern by the publishers [14]. The body of
evidence included 43 articles, 27 of which were observa-
tional studies [5, 15-40] and 16 of which were interven-
tional trials [41-56] (Fig. 1).

Category Inclusion criteria

Exclusion criteria

Cohort Studies
Case-control Studies
Cross-sectional Studies
Randomized clinical trials

Study design

Intervention/Exposure

Studies that examined consumption of and/or adherence to a dietary pattern,
dietary score, or dietary index (i.e., Mediterranean Diet, Healthy Eating Index)

Animal Studies
Cellular and Molecular Studies
Systematic reviews

Did not provide a description of
the dietary pattern

Examined consumption of a single
macronutrient vs. patient outcome

Comparison Individuals in highest category of dietary scores compared to those in lowest NA
category
Outcomes Nonalcoholic fatty liver disease Alcoholic fatty liver disease

Language of publication
Study participants

English

Human participants

Male participants

Female participants

Adults (aged 18-64y)

Older adults (aged 65 y or older)

Age of study participants

Health status of study
participants

Date of publication No limit to September 2021

Studies that enrolled participants who were healthy and/or at risk for NAFLD
Studies that enrolled participants who were diagnosed with NAFLD

Language other than English
Non-human participants

Children and adolescents (aged
2-17y)

Studies that enrolled participants
who were diagnosed with a dis-
ease or injury not related to NAFLD
NA
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Fig. 1 PRISMA flowchart of the search results and the included studies

Fig. 2 Distribution of countries included in the systematic review

Most studies included both males and females in their
interventions (between 10 and 60% females), and only
two studies were limited to males [52, 55]. The stud-
ies were conducted in 16 different countries. A total of
19 studies originated from Europe [5, 16, 17, 23, 27-31,
41-44, 46, 49, 51-53, 55], 17 from Asia and the Middle
East [18-22, 2426, 34—40, 47, 50], and six from North
America and Australia [15, 32, 33, 45, 54, 56] (Fig. 2).

Dietary variables were measured by using a variety of
instruments. Most studies utilized validated FFQs [5,

16-18, 20-23, 25-35, 37-41, 46-50, 53, 55, 57], whereas
the remaining studies used dietary recalls (n=1) [15],
food records (n=5) [24, 36, 45, 51, 56], a combination
of dietary assessment tools (n=1) [44], a modified Burke
diet history interview (n=1) [54], and not specified (n=4)
[19, 42, 43, 52].

NAFLD was assessed using liver biopsy [30, 44]; imag-
ing methods, including ultrasound [15, 17, 19-24, 26-29,
34-39, 41-43, 48, 51, 52, 55, 56], transient elastography
[16, 25, 30, 46], CT scan [32, 40], magnetic resonance
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imaging (MRI) ) [5, 47, 49, 57], magnetic resonance spec-
troscopy (MRS) [18, 45, 50, 54], and nuclear magnetic
resonance (NMR) [53]; or scores predicting NAFLD
severity, including the fatty liver index (FLI) or triglycer-
ide-glucose (TyQG) criteria [28, 29, 31], and NAFLD score
[28, 29]. The FLI includes several criteria, such as body
mass index (BMI), waist circumference, gamma-glutamyl
transferase (GGT), and triglyceride levels. TyG includes
triglycerides and fasting plasma glucose. The NAFLD
score includes the presence of metabolic syndrome, type
2 diabetes, fasting concentrations of insulin, aspartate
aminotransferase (AST), and the aspartate aminotrans-
ferase (AST)/alanine transaminase (ALT) ratio [28, 29].

The results of the studies were reported according to
study design, observational (Table 2) or interventional
studies (Table 3).

Observational studies

Table 2 shows the characteristics of observational stud-
ies investigating the association of dietary patterns with
nonalcoholic fatty liver disease, with 15 studies using a
priori dietary patterns as follows:

Mediterranean dietary scores (MDS)
Of the 11 studies that assessed adherence to the MDS
[5, 16-18, 23, 28-33], six reported that the MDS was
inversely associated with steatosis or fibrosis, including
two cohort studies [31, 32], one case-control study [23],
and three cross-sectional studies [5, 17, 28]. The cohort
study in the US used CT scans in the second-and third-
generation Framingham Heart Study cohorts [32], and
the cohort study in Greece used the TyG index [31].
Some articles reported nonsignificant results for adher-
ence to the MDS: The Multiethnic Cohort Study (MEC)
in the US using linkage to 1999-2016 Medicare claims
[33], the Rotterdam study in the Netherlands using tran-
sient elastography [16], and the Swiss CoLaus Study in
Switzerland using the FLI and NAFLD score for NAFLD
diagnosis [29].

Dietary approach to stop hypertension (DASH)

In the four studies that reported adherence to the DASH
diet, the MEC study [33], and two cross-sectional studies
using MRI and ultrasound for diagnosis [5, 38], a signifi-
cant inverse association between adherence to the DASH
diet and NAFLD was reported. A case-control study by
Hekmatdoost et al. using a fibroscan [25] showed null
results.

Healthy eating index (HEI) and alternative healthy eating
index (AHEI)

In the MEC study, adherence to HEIs was significantly
associated, while adherence to AHEIs was not associated
with a reduced risk of NAFLD [33]. In the Framingham
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cohort study, adherence to the AHEI was associated
with a 21% decrease in the incidence of fatty liver [32]. A
case-control study in Iran using ultrasound for diagnosis
revealed no association between adherence to HEIs and
NAELD [24].

Other priori dietary patterns

A few studies evaluated adherence to the WHO score
[16], Dutch dietary guidelines [16], dietary diversity score
[24], Diet Quality Index International [18], and a vegetar-
ian diet [19] (Table 2).

As Table 2 shows, 12 studies used posteriori dietary
patterns. All of the a posteriori dietary patterns were
extracted from case-control or cross-sectional studies.
Studies that used a Posteriori dietary method showed
that unhealthy dietary patterns [40], such as West-
ern dietary patterns [34, 35], high carbohydrate intake,
snacks, and sweets [15, 26, 36, 37], animal foods [37, 39],
fast food [21, 22, 27, 37], and high meat [22, 36], were
positively associated with NAFLD, whereas adherence to
healthy dietary patterns [15, 34], plant-based food pat-
terns [15, 35, 39, 40], dietary patterns consisting of high
amounts of vegetables, low-fat dairy [21, 36], legumes
[36], and simple meal patterns [20] were associated with
a reduced risk of NAFLD. Nonsignificant associations
were reported between some a posteriori-driven dietary
patterns and NAFLD [15, 20, 21, 26, 27, 37], such as a
high-protein diet [20, 27]. The traditional dietary patterns
(TDPs) were country-specific, and the associations with
NAFLD were not consistent. Negative [21, 22], positive
[15, 20, 39], and null associations [34, 37] were reported
for various a posteriori dietary patterns.

The limited number of studies precludes the conduct of
a meta-analysis.

Interventional studies

We report the results of interventional studies for two
outcomes: changes in NAFLD severity indices and
changes in the levels of various liver enzymes.

NAFLD severity indices

All 16 articles reported a significant improvement in
hepatic fat accumulation or stiffness despite intervention
with a variety of dietary indices used as follows:

Mediterranean Diet (MD) MD vs. control: All four stud-
ies showed that adherence to an MD is more effective
than a habitual or healthy diet [42, 43, 48, 50].

Low-fat diet (LFD) Of five studies [47, 53-56] investi-
gating the effect of low-fat diets on liver steatosis, three
found a significant reduction in liver steatosis.
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D . ) MD vs. LFD Two studies have investigated the effect of
E S g g @ .g SX‘ MD vs. LFD on liver steatosis. One study on 24 obese
CEWE~ o ESC patients showed that an MD is more beneficial than a
9 ES = Z g @ low-fat diet [55], and another study on 100 patients with
N o . . . . . .
E (T) = E P high cardiovascular risk showed no significant difference
;t 5 § g § g g between these two dietary patterns [53].
g = ~ o g2
5e = = %%é MD combined with low carbohydrate diets vs. LFD or
3o
%5 .. . . |2 ai control Other studies have reported the effect of low car-
3 ﬁ 5%¢ 5¢¢ s 2 bohydrate plus MD (MD/LC) or low glycemic index plus
i r 55 S % 558 % g%% MD (LGIMD) or carbohydrate-restricted diet vs. LFD
=< Cessn0assnRy % or control group (following a healthy dietary pattern) on
o
§ & S NAFLD [41, 45-47, 49, 51, 54, 56]. In summary, following
c
% 52 a low carbohydrate/low glycemic index diet is effective in
s 2E reversing steatosis.
a © E
E e § ©
g EgE
‘g c % c £ DASH Other dietary patterns, including DASH, have
© c
2 5 £o¢ been investigated in a few studies. The only RCT evaluat-
@ > a B @ ing the DASH diet was excluded as it had been flagged
e = = g %’,g with an expression of concern by the publishers [14].
SEZ
>0 w9 . . . .
58w _ 229 Low-Carbohydrate Diet While there is no scientific
v [ = .
524 § S s¢ge consensus on the exact level of carbohydrate intake that
= §§ Lé defines a low-carbohydrate diet [58], some studies have
92 2 .S 2 =i utilized it as an intervention. According to the Brown-
©n © ., - = X
ok g 3 § S ing et al. [45] study, two weeks of a low-carbohydrate
= © ks - © . . . .
2 Zs8 |= §e2o |£E8 diet (8% carbohydrate, 33% protein, 59% fat) significantly
o T D = U © O < g I . . . . .
53 2 improved hepatic fat in 18 patients with NAFLD.
o=k
PRV
ko S Liver enzymes A total of 12 studies measured changes
= § in alanine transaminase (ALT) [41-45, 48, 49, 52-56],
T <
% cg five studies measured changes in aspartate transaminase
g %% (AST) [41, 45, 49, 52, 55], and nine studies measured
g g é E changes in gamma-glutamyl transpeptidase (GGT) [41-
22% 5 44, 48, 49, 54-56).
c =
g8a
2508
SEZZ MD MD or LGIMD vs. control. In five studies that inves-
% £55 tigated the effect of MD or LGIMD vs. conventional diets
2 §§ g on liver enzymes, no difference was found between the
ERR-E _
% . ; é’é E é groups [41-43, 48, 49].
kel 2 o i - §+:| > é 3 LFD Two studies showed that a low-fat diet may improve
2 —= —= <
g £ 2 S g g 5 Eg % e liver enzymes [54, 55], and three studies showed null
.G SR8 2R |58 results [41, 51, 55].
S5 cxns5esRNZdh 582883
25 IS8 g3 1255 gg B MD vs. LFD or LFD/High Carbohydrate Diet (LFD/HCD):
_ B s 2% 3 In nine studies investigating the effect of MD vs. LFD/
5 g g 2OEE HCD on transaminase enzymes, no difference was
5 g I (" Zf;; g £ observed between the two groups [44, 47, 53-56]. Only
gz oA pA %%’ T Ristic-medic et al. [55] and Biolato et al. [44] reported
% a S S ZISE that AST and ALT significantly decreased in the MD and
N
S 5o - § g ;E’ LED groups, respectively (P=0.02 and 0.04, respectively).
5 |2 ke 25 g_< 524 g Low Carbohydrate Diet (LCD) In a study by Browning
S22 59 S %9 LREQ et al. (20 g carbohydrate/day) [45], only AST decreased




Page 11 of 21

(2024) 10:153

Bakhshimoghaddam et al. BMC Nutrition

¥00=d)
x€6F08:199HV
(c00=d)
/L F0Y 1SV V
(880=d) (131p |en1igey) dnoib [01UoD) '¢
«091LF0G 1V V (Bwi Q| auolyyen|b-1'bw 05|
(L00=4d) dnoib suIuoIyIdW-T 'BUW 400
*9/F0CI14V [SiSlep) auidoyoid
S00<d (200=4d) ‘b g/ pioe d1usbolojyd
199V «£SFGUODV ‘B 0z | uewA|is) Juswajddns
S00<d (0L1'0=d) xa|dwod Juepixonue+dn Ajey
HINAY *CCFLUSYV an't 09-0 obe
S00<d (6¥Y'0=d) 18} 9G€-0C '%0C—G 1 (S[ewa} %0t)
HRLAY «99FELIVV sut@104d '9609-05 OHD YiM dT4VN Yim Syjuow 9 [ev] 2102
200=d (2000=4) (P/1e240091-00 1) sdnoib  paypads  syusned 1ybdlam I9l[esed (AL
S RRERY} *9ELFOC- M4V AW [[e o4 s1aIp paduisal-Abiaug 10N -I9AO 0§ =U 1DY punosel|n ljoARUSqY
[(urtens iexuely)
250qo/b pujopm p/6 001 +e3)
u2a1b Aep/sdnd —¢ +sinujem
Aep/6 8z] AQW-us316 ¢
(sinujem Aep/b 82) AW ¢ |9es]
(1000>d) (Buiasunod |G :9be ueawl
OQH A [euonLanu piepuels) 5aH 'L (opWa) % L)
anW-usa1b (uswi Joj p/|ed% 0081—00S L a14vN
(€00=0) %68 %IHIV AW-USRID  pue uawom Joy p/jeay 00t | Yum syusied [05] 120z
AW ‘sA %961~ %d4HI V anw -002 1) sdnoib ||e 10} s321p elwapidisAp  syjuow g| NRERIEIN
S gW-usaib %L %4HIV S5dH pa1oH3saI-ABIaUS pue vd 044 /Ausaqopez=u  |3]|eled 1D SYN EY|OXSeA
(QW) 1210 UeaURLISYPIN
oo}
sdnoib LW uoneing sisoubelp
JUBWISSASSE  UdIMI] (19148/21043q) SaNjeA 4 uianed -ssasse  sdnsuaeIRY) ubisaqg a14dV¥NJo (9dua49)3Y)
Ajend sanjead synsay fieya1q sdnoJb Apnis fieya1q Apms Apms poyla|y Jes) 4oyiny

|95e35IP J3A| A118) J]0yod[euOU Yim suisiied Aleisip JO UoneROosse Uy BuiebiIsaAUl S3IpMIS [BUOAUSAIRIUL JO SOSHSIORIRYD € dqel



Page 12 of 21

(2024) 10:153

Bakhshimoghaddam et al. BMC Nutrition

(0473310 184 MO 'SA (AW) 1910 UBSURLIIPS

S00<d (sygey das|s buinoidu
199V pue vd buiseainun) o\ g
S00<d (G1k1say]
WAV (S00<d) x5€9F6:19DV 191p AYyjeay) dnolb jonuod) 7 ESEEIG)
L000>d (SO0<d) x€8LF0 LIV V aw-'lL LLFO0S
SSaUYNS (SO0<d) ¥'TFT0:SSOUYNS 49N dnoib spidi| 95¢ :2be ueawl
19A1 Y (S00<d) L'l F'¢-:2103s sisoiqy dT14V¥N V [leli¥lelp) pue uR10.4d %07 ‘'OHD %St (91PWd} 9%7€)
S00<d (S00<d) x/ LEFST-19DV UM (usw oy al14vN
121025 (S00<d) «LCFLL-IV V P/[e2X 0081 Uswom yumsiuoned  sypuow 9 [87] 810C
sisoiqy (S00<d) §'L F87'¢- 24005 sisoiqy QI4VN V 10} p/[e3% 005 1) sdnolb |e 95990/1yblam [9]eJed e
S VYNV (S00>d) L'ZFH0- [SSOUYNAS J9AIT YV an 10} S131p PaIdLISal-AbIaug 044 -I3N0 €9=U 10y punoses|n juobesiey|
(L¥00=d)
*€66F001 19DV
(€00=d)
%€6' LCFV ISV V
(89°0=d)
*SLOLLFLLLVY (321p [enygey) dnoib josuod) €
(110=4d) dnoib (bw 9768
«S'LFC4V |0U0D 21L1908 J UIWRYA ‘DU 16|
S00<d (L€0=4d) auljoydApieydsoyd ‘bul 16
199V «€9FGUDDV uIgA|is) Juswajddns xa|dwod
S00<d (c€0=d) juepixoiue snid g ¢ Aley
N AY L EFLIUSYV an’t 09-G abe
S00<d (1€0=4d) 18} 9G€-0C '%0C—G 1 (S1ewWs} %0€)
HRLAY *LCFLLI-V Y su12301d 9%09-05 OHD Yim QT4VYN Yim syuow 9 [ev] SLOC
6000=d (200=4) (Aep/e2 0091-00%1) sdnoib  paypads  syuaned jybam I91[esed (AL
€ 4V *CYLFCE IV AN e 1oy s13Ip parosa-Abiau] 10N -loAO OE=U 1Dy punosein ljoAeUSqY
jooy
sdnoib jusw uoneing sisoubelp
JUDWISSASSE  UdIMID( (19)4e/21049q) SanjeA 4 wianed -ssasse  sdnsudRIRYD ubisaqg dT14dVNJo  (dudI9)9y)
Ajjend sanjead synsay fieya1q sdnoub Apnis fieya1q Apms Apms poyla|y Jes) 4oyiny

(panupuod) € 3)qeL



Page 13 of 21

(2024) 10:153

Bakhshimoghaddam et al. BMC Nutrition

(S00<d) 0'L8F00E-:19D V

(S00<d)
69FS LSV V (38} %81
(SO0<d) VECF LTIV Y ad1 ‘uimoid %07 ‘'OHD %79) 41T Aley|
(S00<d)0LF8TL-'19DV (18} %01 044  ¢vobe uepaw
(100=4d) ‘ut2301d 907 ‘OHD %0Y) AW 'L pue|[esay (9lewa) %01)  sLpuow 7|
L6F¥ 9ISV V (p/1e2¥ 00% 1) sdnoib yiog Areyaiq dT4VN Yim I9AOSSOID [b¥] 610¢C
€ - (L000=d) SCFEBT- 1V V aw 104 s331p parouisas-Abiaug U-vz  swened oz=u 12D Asdoiqianr] e 19 olejoig
20=d
199V (S00=d)9S.F6l-199V eljRNSNY
9c0=4d (#000=d) €OV FCL-:1TV V YeELFILS
HRLAY, (1000>d) 0'9F ¢'9- 38} deday v a4 (uiR101d :abe ueaw
¢L'0=d (l000>d) 0CLF61-:19DV 902 18} %0€ ‘OHD %0S) A41°C  SIsIPRYD (Slews} %61) SYuow ¢ [¥Sl18L0¢C
) dijed (6¥00=d) TLEFS- 1V V (u301d %07 passasse dT4YN Yim [o]|eted eie
S =YV (1000>d) 66FC0L-:1e4dneday v AW 18} 9%07-5€ ‘OHD %0) AN 'L +lesAlleg  siudned gy=u ‘104 SN 1z1adold
S121p 21RIPAYOQIED MO| YIM PRUIqUIOD (JW) 3210 UeSURLIS)PSA
uleds
(g4 @2npai 9+ %9
(S00<d) [1'8E-1'/1] 87T 1V ¥ 0} PAPUBLILIOY3Y) 041 °E 560 UPSW
(S00<d) [FOL-9°0] %L 384 JoAT ¥ a41 (Aep 1ad spuowe b 5/ (31eWay 9%/€)
[70=d (S00<d) [§9€-861] 09C 1V V pue ‘sinujazey b G/ ‘sinujem s1 Jeind
VY (SO0<d) [0LL-T0l %LT A} IDATY  SINU+AWN B G1) SINU paxIW+ AN 7 -serolpied ybiy
L00=d (S00<d) [F87-9911 T61 1TV ¥V (Aep 1d |10 a0 UIBbIIA yum siuaped sieak ¢ [eS]1610T
S 3BjIRAITY (S00<d) [rv=0] %C 178} I9ANTY  OOAI+AW  -B11%2 JO TW 09) OOAT+AN 'L 044 QHYNOOL=U [3][eied 104 AN B30 oluld
(L000>d) S9F¥GL-:1D9DV
(9000=4d)
L'0FS0L-1SV V
(l000>d) S6FTLE-1TIV V
770=d (1000>d) LTFL'8SIHV
199V (1000>d)
200=4d ILLFY8C-114V as SIeIEIN
HINAY, (1000>d) 6£ZF L'€C-:19D V (184 965T Tv—L¢ be
€1'0=d (L000>d) ‘uta3oid 951 ‘OHD %09) d41°C (oeWia) 960)
HRIAY SOLFGCL-1USYV (¥e) %G€ aT14vN
er0=d (1000>d) L'6LF8E-1V V ‘ur2301d 951 ‘OHD %05) AW 'L Yum syuaied
SIHV (L000>d) 0EFE8-SIHV (uondnpai 953q0 A|23eI3 [SSlocoT
200=d (1000>d) p/1e3% 008-009) sdnoib yioq -pow/iyblam  sypuow ¢ 3E]
S n4v 09F£8E-14V an 10} S131P Pa12UISAI-ABISUT 044 -J9A0 7= [3][eded ‘1 DY punosen|n  JIPaW-dAsly
oo}
sdnoib jusw uoneing sisoubelp
JUSWISSISSE  UIIMID] (19)4/21043q) SaNjeA 4 usanied -ssasse  sdlisuareleyd) ubisaqg a14dV¥NJo  (9duUa43)3Y)
Ajjend sanjead synsay fieya1q sdnoub Apnis fieya1q Apms Apms poyla|y Jes) 4oyiny

(panupuod) € 3)qeL



Page 14 of 21

(2024) 10:153

Bakhshimoghaddam et al. BMC Nutrition

18} 95€-0 ‘uiR104d

%SE-01 ‘OHD %S59-G1 Yim
suonepuswiuiodal wSt:uc@,{
JO JuaWeda 'S 94l PaMO|

S00<d -|04) 1210 [BUOHUSAUOD "¢
HI55Y; (1000>d) TECFLYL-19DV (Kep e s|jeaw G- 18}
S00<d (100>d) TLLFY LISV V %0%—5¢ ‘sui101d %07 ‘(197)
HISTAV (1000>d) 98F¥v- LIV V. 121A [BUON 1Y) 95H-01 <) Yd-AWIDT T
500<d (L000>d) 8L F 61~ (%) 18} JoAI| UBSN V -USAUO) (Kep e sjeaw ujeds
HRI'AY (S00<d) L1LF6LL-19DV £ 18} 95€-0€ ‘uts101d 9657 09-0v obe
€00=d (S00<d) "(1I97) OHD %St—0%) Aousnb (91eWj960t)
(%) &4 SYEFSPL-IISYV  Adusnbay -9J [eaw ybIY-awIoT "L d14vN
13N (L00>d) TOLFTE- VY [eaw ybiy sdnoib PUB IO YUM  SYIUOW 9 [1¥] Leoz
S CLEEAY (L000>d) 90L F99- (%) 18J JOAI| UBSIN ~AWIDT  |[B 10} SIRIP pRIdLiisal-ABIaud 044 swsnedgel=u [3esed 1DY punoseljjn ‘|19 S1eqqy
(S00<d)
V/1LF0¢E-1DDV
(S00<d)
86LF0Y- LV V
(S00<d)
OCFCL-%IHIV aoH/aAN
S00<d (S00<d) eljensny
199V CoLF0P-1199V 71+GS
S00<d (S00<d) (384 960¢ ‘uran04d :9be ueawl
HRAY LLF0Y-LIV V 9%0C ‘OHD %0S) ADH/A41°C (S1ewWs} %05) oM 8|
100=d (S00>d) (18} %01 Spiodal AT4VN Yim 19A0-5501> SHN/AT4VN [9s] €10C
S %THI V Y/LF9G%IHIV J1/AW - ‘udi01d %07 'OHD %0%) AN L poo4  syjuaned gl =N 104 usnold-Asdoiq o132 uehy
|oeIS|
(B lelV) 8t :obe ueaw
40 BuI 00€ pue Je} pajeInies (Gleway %1 1)
%01 YHIM 18J 9%0€) d41°C a14vN
(sinujem 6 gz + xe1ul 1) pue yum syuaned
$00=d u1a101d paseasnul ue ‘kep/b 0/ ejuwapidisAp
:(9) Y&y T/ F8'G (%) 1oy dneday v d41  ordnaseanul jenpeib e yim /AUS9QO U syUOW g /¥ 610T
G onedsHvy T6F €L~ (%) Yoy dijedaH v J1/anW OHD Aep/b 0 >) /AN “L 044 -lwopgeg/c=u  |9]eled ‘| DY MW e 39 Jauden
oo}
sdnoib jusw uoneing sisoubelp
JUSWISSISSE  UIIMID] (19)4/21043q) SaNjeA 4 usanied -ssasse  sdlisuareleyd) ubisaqg a14dV¥NJo  (9duUa43)3Y)
Ajjend sanjead synsay fieya1q sdnoub Apnis fieya1q Apms Apms poyla|y Jes) 4oyiny

(panupuod) € 3)qeL



Page 15 of 21

(2024) 10:153

Bakhshimoghaddam et al. BMC Nutrition

(1000>d) ¥/LFITL-1DDV

1210 21eIpAYOQUED MO

690=d (1000>d) TLLFTOL-:1TIV V
199V (1000>d) L'LF6€-11SV V
/70=d (1000>d)
HRI'Av OvL+9¢-14V
210=d (070=d) SOF L'0 'SSSUYIS USAIT V (18J %0€ ‘UIS)
SV V (L000>d) €E€F9€-:(%) 18} ATV [0UOD  —0id 94G| ‘OHD %SS—0G YIm
10=d (L000>d) §LTFTL-'1D9DV UONRIDOSSY 1B Uedliawy
RRERY (L000>d) 6'LLFOLL-1TV V 93} AQ pamO|[04) [03U0D T ureds
900=d (0£0=d) €SFC-ISY V (384 9%5€-0¢ ‘uIR104d %G 08-0t 2be
SSOUPNS (1000>d) "(1977) OHD %SH—0t Yiim sa|did (S]ews}
IOAITV 9YLF6¢-114V -und @ ay3 uo paseq) OI4 'L 9%/ ¥) 9590 10 610¢
L£0=d (81'0=d) (/124 005 1-00¢ 1) 1yblamiano pue  syuow 9 l6v] e
(%) 184 G0+ L'0-:SSauins JoA v @wio) sdnoib yjoq 104 s11p Q14N Yim [2]|eled 19 2Jpuefely
€ IOAITV (L000>d) SEF (%) 3184 19N V [OJRE| pa1dLIsaI-ABISUS pue Vd 044  swened gg=u 104 4N -ulew
Aley
6/-0¢ 9be
(S1ews) %9¢)
(OHM AQ papuswiodal syuaied
181p Ay3jeay) 191p [013U0D 7 Q74VN 219735 syuow 9 [1s1 /102
S00>d (S00>d) TOLF96-:114V P [0AUOD  (3e) 950 ‘UIR101d 96075 | ‘OHD pJod3l 0} 91e |9]|eded ‘e
S RRERY} (S00>d) 90CFGE€C- 114V AWIDT %05) AWIDT "L Aleyoiq  -19pow ge=u 104 punosel|n eubepsipy
welboid
ANADY pauIquIoD +dNIDT 9
welboud
ANy DIqosay +AWIDT 'S
weiboid AUAIDY pPauIquiod)
wieiboid ANAIDY JIqoIaY '€
(saulepinb Aley
AJe}| UO paseq) 191 [043U0D T 0L F66Y
(v4ndtm :2be ueaw
pue v4nIA Yo1y (91eway 9%8¢)
(€10=4d) 1BId  yum |97 ue pue siej pajeinies dT4vN
SL0=d (S1'£°20°9S- 1D %56 ‘OFt¢-) 121035 A14YN V [[Vep)} WOl PIALISP 31e S3LI0[eD 213A35 10 1P
121025 (€00=4d) Ajiep 103 JO 960 UBY} 210W -J9POW YUM  SLpuoul € lov] 0zoT
€ QHYNV  (PES—PEY9- 1D %S6 ‘Y8 PE-) 21035 JT4VYN V awien ou) AWIDT 'L D44 swanedpyl=u  |9|jeied 1Y uedsoiqi4  [e 3 odueld
oo}
sdnoib jusw uoneing sisoubelp
JUSWISSISSE  UIIMID] (19)4/21043q) SaNjeA 4 usanied -ssasse  sdlisuareleyd) ubisaqg a14dV¥NJo  (9duUa43)3Y)
Ajjend sanjead synsay fieya1q sdnoub Apnis fieya1q Apms Apms poyla|y Jes) 4oyiny

(panupuod) € 3)qeL



Page 16 of 21

(2024) 10:153

Bakhshimoghaddam et al. BMC Nutrition

191p UeaURLIBHPAN d1Ua60313Y Ysiueds (QANS ‘el P3||0JIUOD paziwopuel ] DY ‘spide A1iey pajeiniesunk|od :y4nd ‘AHA1De [edisAyd iyd ‘9oueuosal dizaubew Jespnu iy AN ‘spide A11e) pajeiniesunouow :y4 N\ ‘Adodsoldads
2doueUOSI d3dUBRW Y ‘Bulbew adueuosal d13RUBRW YA DWOIPUAS djogelaw §Ia ‘dnoib 31A1saj1| ueaURLIBHPI (DT ‘21e4PAYOQIRD-MO|/URSURLIDHPI DT/ ‘331P UBSURLISIP3A A 13IP UBSURLIDYPI X3pUl
31WdA|6 MO| :QWIDT 331p d1e4pAyoagued ybiy/iey Mo| :dDH/4T I31P 1e4-Mo| 47 ‘1. d1redayeiiul i{H| ‘Xxapul sisoleals deday :SH ‘Jua3uod 3ey d3eday :D4H ‘sauljepinb A1eisip Ayyesy :pQgH ‘esesaysuesy [Awein|b-ewweb
119D ‘AUs2qo Ul JaA1 K13ey (014 XSpUl JSAI| K313B4 174 {10 SAIIO UIBIIA-R1IXS :OOAT |1} [eD1Ul]d P3]|0J3U0D 1] D) ‘2405 JaA1| 3Ybliq :S7g ‘asereydsoyd auljeye :dy ‘@seuiwesuel) sleyiedse ;] Sy ‘dseujwesuel) aujuele 7y

SOSFSURIPAIN, "PRILIIPUI 9SIMIDYIO SS9|UN [YD[] 10 SGSFSUeaW dJe sanjep,

uleds

8UCFSL' LY

:2be uesw
(1000>d) (3(ewW) 960) [eslLioz
9LFV¥8L-1USY V AT14vN pue SW e
(1000>d) (OHD Aep/B 0g > yumialp  payinads ynm syusijed YoM 7L opesing
€ - C6F8YE- VY AmMs AB1aus paywiun) QNS 'L 10N 959q0yL=N  wied|buls punosesin ~Z3l,9d

(S00<d)
0EFy-LIVV
(S00>d) Il
080=d Y9+ Ly-1SVY V po1oLsal (38} %1€ ‘ul304d %91 ‘OHD

R AV, (L00'0>d) 0'ECF0'8C- (%) 18 dledaH v -3UOIED 940G YIM USWIOM 10} [BDY 007 | VSN

0£0=d (S00<d) pue uaw Joj [e24 005 1) TLFSh

ASY V 9/ FGLUIVV 18Ip 131p PA1DLISAI-ILO[ED T :2be uesw
L000>d (S00>d)  pa1dlisal (184 %65 (oPWI=) 9%8°T/) SHIIM ¢ [S¥] L10T
(%) 14 BLFEE-USYV  -21RIpAY ‘ut101d %£€ ‘OHD %8) 121P piodai d14YN yim |3]/esed e
¢ onedsHv (1000>d) 1 F 55~ (%) ¥4 dijeday v -0g/ed paiisal-areIpAyoque) ‘| Aieyoig  syusned gL =N 104 SN Buiumoig

Joo}
sdnoib usw uoneinQg sisoubelp

JUSWISSISSE  UdIMIDq (19)ye/21049q) Sanjen 4 wened -ssasse  sdsudRIRYD ubisaqg d1dvNjo (Sduai349Y)
Anjend sanjeadq s} nsay Aieyaiq sdnoub Apnis Aieya1q Apms Apmis poyla|y Jesp “4oyiny

(panunuod) €3|qeL



Bakhshimoghaddam et al. BMC Nutrition (2024) 10:153

in both the carbohydrate- and calorie-restricted groups
(P<0.05). According to the Pe’rez-Guisado et al. [52]
study, a 12-week Spanish Ketogenic Mediterranean Diet
(SKMD) (<30 g carbohydrate/day) significantly improved
ALT (P<0.001) and AST (P<0.001) levels in 14 obese
men with NAFLD.

Sensitivity analyses
When we restricted our study to cohort studies to limit
recall bias, two studies reported MD [29, 31], one study
reported HEI and DASH [33], one study reported AHEI
[32], and one study reported that WHO dietary patterns
[16] are associated with a decreased risk of NAFLD.
When we restricted our results to articles that used
biopsy, MRI, or MRS as accurate methods for NAFLD
diagnosis, we found that the MD, DASH, MD/LC, low-
carbohydrate diet, and LFD methods are all beneficial for
managing NAFLD [5, 18, 30, 44, 45, 47, 49, 50, 54, 56].
Several studies have evaluated the effects of supple-
ments [42, 43], sleep habits [48], and physical activity
[41, 48] as a separate group of interventions. We have not
included these results in the tables since the purpose of
this study was to evaluate dietary patterns only, and there
were few of these separate groups.

Discussion

Our study showed that most of the studies on dietary pat-
terns and NAFLD evaluated the MD, and the evidence dem-
onstrated that adhering to an MD is associated with a lower
risk of NAFLD [5, 17, 23, 28, 31, 32]. Additionally, most
interventional studies have shown the benefits of MD in
improving intrahepatic lipids, which can ultimately improve
NAFLD [41-44, 47-50, 54-56]. Additionally, the use of
other healthy dietary patterns, such as DASH, or the manip-
ulation of macronutrient distribution, such as a low-glyce-
mia/low-carbohydrate diet, could be effective in reversing
steatosis. Studies that used a posteriori diet showed that
unhealthy dietary patterns, such as Western dietary patterns
characterized by high consumption of sweets, red meat, and
fast food, were positively associated with NAFLD.

MD

Concerning the prevention of chronic disorders, one of the
most well-known dietary patterns in the literature is the MD
[59]. However, there are various MD scoring systems, such
as 9-point and 14-point scales which could potentially chal-
lenge the validity of our results. The MD is characterized
by an abundance of plant foods, vegetables, fruits, legumes,
whole grains, nuts, fish, extra virgin olive oil, and less con-
sumption of dairy, poultry, and red and processed meat [60].
Moreover, MD improves NAFLD through its antioxidant
and anti-inflammatory effects. The MD is rich in mono-
unsaturated fatty acids (MUFAs), omega-3 polyunsatu-
rated fatty acids (PUFAs), fibers, and polyphenols, which
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have been found to have a beneficial effect on glycemic and
lipoprotein metabolism and therefore on NAFLD. MUFAs
improve metabolic parameters such as glycemic disorders,
lipid metabolism, and blood pressure, decreasing the risk
of NAFLD [61]. Omega-3 PUFAs show beneficial effects
via a reduction in the inflammatory response and oxidative
stress and improvement of insulin sensitivity and therefore
can decrease hepatic steatosis [62]. Furthermore, dietary
fiber can reduce the risk of type 2 diabetes, dyslipidemia,
and NAFLD by increasing the production of short-chain
fatty acids and phenolic compounds, both of which act as
antioxidants and modulate the gut microbiota [63]. Poly-
phenols, as an important component of an MD, are found in
foods such as olive oil, nuts, and red wine (when consumed
in moderation). Mitochondrial dysfunction is directly asso-
ciated with chronic diseases, and polyphenols exert their
beneficial effects by regulating genes and signaling pathways
that influence inflammation, mitochondrial function, and
oxidative stress [64].

DASH

The DASH diet pattern was associated with improved
NAFLD parameters such as liver steatosis in observa-
tional studies [5, 25, 33, 38, 57]. However, its effectiveness
in NAFLD management has rarely been investigated in
interventional studies. Dietary patterns based on DASH
emphasize the consumption of whole grains, legumes,
seeds, nuts, vegetables, fruits, low-fat dairy products,
fish, and chicken, with a reduction in red meat, fat,
sweet, and sugary drink consumption [65]. Whole grains
and nuts are important components of the DASH diet
and contribute to the reduction of risk factors and dis-
ease severity of NAFLD due to the nutrients, fibers, and
phytochemical composition [66, 67]. DASH diets also
include fruits and vegetables with high natural antioxi-
dants, which are beneficial for managing NAFLD [68].
The MD and DASH dietary patterns have most of their
recommendations in common, but the MD does not
include dairy, while the DASH contains low-fat dairy.

Other dietary patterns
Furthermore, other studies have shown an inverse associa-
tion between NAFLD and other healthy dietary patterns.
Various labels were assigned to different healthy dietary
patterns, including MD, DASH, HEI, AHEL and plant-
based diets. However, all nutrient-dense diets, that provide
a high amount of essential nutrients, were associated with
a reduced risk of NAFLD [5, 16, 18, 19, 32, 33, 38, 57]. This
consistency across nutrient-dense dietary patterns with dif-
ferent names has been reported in other studies with differ-
ent outcomes [69-72].

According to studies that assessed dietary patterns
using the a posteriori method, unhealthy dietary pat-
terns, including the Western dietary pattern, and dietary
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patterns characterized by high consumption of sweets
and animal foods such as red meat and fast food were
positively associated with NAFLD [21, 22, 27, 36, 37]. The
Western dietary pattern is often regarded as a diet con-
taining a high amount of refined sugars and saturated fats
that can affect metabolic pathways and increase intrahe-
patic triglycerides by stimulating adipose tissue lipolysis.
Furthermore, excess energy from simple sugars leads to
an increase in triglycerides in the liver through de novo
lipogenesis [73]. Previous studies evaluating the associa-
tion between animal foods and sweets as a food item and
NAFLD showed similar findings [74, 75].

In contrast, adherence to a healthy diet rich in high
amounts of fruit, vegetables, legumes, and low-fat dairy
was associated with a reduced risk of NAFLD [21, 36].
These findings are similar to those of previous studies on
NAFLD and specific food items, including whole grains
[76], legumes [77], low-fat dairy [78], and vegetables [75].
However, we observed conflicting results for fruits. In the
Fakhoury-Sayegh et al. [22] study, a dietary pattern char-
acterized by more than 2-3 servings/d of fruits increased
the odds of NAFLD, while Tutunchi et al. [36] reported
that a healthy dietary pattern characterized by high con-
sumption of fruit, vegetables, legumes, and low-fat dairy
products was associated with a reduced risk for NAFLD.
Furthermore, in healthy dietary patterns, approximately
2 servings/day of fruits are recommended. This discrep-
ancy may be explained by the fact that fruits contain
simple carbohydrates, such as fructose, which has been
associated with NAFLD and metabolic syndrome com-
ponents, including visceral adiposity, dyslipidemia, insu-
lin resistance, and hypertension [79]. When exposed to
high loads of fructose, enterocytes metabolize more fruc-
tose locally, leading to an increase in de novo lipogenesis.
Excess fructose can contribute to the formation of tri-
glycerides, which may enter circulation, raising the risk
of developing NAFLD or other metabolic disorders [80].
The discrepancy observed may also stem from limitations
inherent in certain methodologies used for dietary data
collection.

Diet based on macronutrient distribution

The optimal distribution of macronutrients to improve
NAFLD is unclear. However, the current review revealed
that manipulating the macronutrient composition by
restricting carbohydrate content [41, 45-47, 49, 51, 56] plays
a key role in improving NAFLD. Nevertheless, there is still
no scientific consensus on the specific level of carbohydrate
intake that defines a low-carbohydrate diet [58]. A few stud-
ies have shown that a low-fat diet may improve NAFLD [47,
54, 55]. An LED usually limits fat energy to less than 30% of
total daily calories, while less than 20% is considered a very
LFD [81]. However, we noticed that the authors defined the
low-fat diet differently, from 18 to 30%, or even only advised
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the participants to decrease fat intake [53]. This could be
the reason for inconsistent results on the effect of LFD on
NAFLD. More studies are needed to compare LFD with
MD and LFD with LCD/LGL

Strengths and limitations

Providing up-to-date information about NAFLD and differ-
ent dietary patterns and manipulating macronutrient distri-
bution using both observational and interventional studies
is one of the main strengths of this systematic review. We
used two popular methods to evaluate the risk of bias in
the studies, and most studies had a low to moderate risk
of bias. Moreover, it encompasses a variety of populations
with different dietary patterns and various designs, provid-
ing a more reliable and generalized view of the topic from
various perspectives. However, there are several limitations.
The first limitation is that there is heterogeneity in studies
regarding the duration of intervention and follow-up, char-
acteristics of participants, the timing of data collection, and
outcome criteria. Different methods have been used for
NAFLD diagnosis, and even studies that used an accurate
method for diagnosis, such as biopsy, did not repeat the
accurate method for follow-up. Varying diagnostic criteria
can result in misclassification bias. Studies that use imaging
techniques (e.g., ultrasound, MRI) may have different sensi-
tivity and specificity compared to studies using liver biopsy.
This makes it difficult to directly compare results across
studies and reduces the strength of any pooled estimates.
Variations in dietary assessment tools like FFQs, 24-hour
recalls, or dietary diaries with distinct advantages and
limitations can introduce bias or variability in the results.
Differentiating between the scoring systems of dietary pat-
terns such as MD in the analysis was beyond the scope of
this study. The transition from NAFLD to MAFLD toward
the end of the study period limited the available studies on
MAEFLD, highlighting the need for future systematic reviews
[82]. Moreover, publication bias should be considered in
this systematic review. All published studies were analyzed,
while unpublished studies were not considered. The dietary
patterns extracted via exploratory methods may vary in dif-
ferent populations; for example, the Western dietary pattern
in one population is not the same as that in another popula-
tion. Since this review takes a comprehensive approach, the
methodological heterogeneity of the dietary patterns cov-
ered allows for qualitative analysis.

Recommendations for future studies

The aforementioned limitations prompted us to develop
reporting recommendations for future studies to fill the
gap in knowledge regarding the management of NAFLD
via dietary modifications:

« More research in different countries is needed. There
were no studies from Africa or South America.
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«+ The effectiveness of the DASH diet for NAFLD
management has rarely been investigated in
interventional studies.

+ All of the a posteriori dietary patterns were extracted
from cross-sectional or case-control studies that
are prone to recall bias. The use of cohort studies is
recommended for more exploratory dietary patterns.

+ More interventional research is needed to
evaluate the optimal macronutrient proportions.
More research on low-fat diets, especially on the
percentage of fat as well as the type of fats, including
MUFAs and PUFAs, is needed. More studies are
needed to compare LFD with MD and LFD with
LCD/LGL

+ More interventional studies on the effect of fruit
consumption on NAFLD are needed.

+ More high-quality research using accurate methods
for the diagnosis of NAFLD in both diagnosis and
follow-up is needed.

+ Given the recent shift in terminology from NAFLD
to MAFLD, future studies would benefit from
utilizing the updated MAFLD criteria in literature
searches and analysis.

Conclusions

Our results demonstrated that following a healthy dietary
pattern such as the MD or DASH diet is an effective way
to prevent and manage NAFLD. All other healthy dietary
patterns characterized by high consumption of vegetables,
whole grains, nuts and legumes, vegetable oils, and fish
were associated with a lower risk of NAFLD, and unhealthy
dietary patterns such as Western dietary patterns charac-
terized by high consumption of sweets, red meat, and fast
food were positively associated with NAFLD. A low-carbo-
hydrate diet is effective at preventing and treating NAFLD;
however, more research on a low-fat diet is needed.

Abbreviations

AHEI Alternative healthy eating index

ALP Alkaline phosphatase

ALT Alanine transaminase
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DASH Dietary approaches to stop hypertension
HEI Healthy Eating Index

EVOO Extra virgin olive oil

FLI Fatty liver index
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MD Mediterranean diet
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