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Abstract

Purpose Non-alcoholic fatty liver disease (NAFLD) is the leading chronic hepatic condition. Low-grade chronic inflam-
mation contributes to disease progression. Diet has protective effects on hepatic health and inflammatory pathways. The
purpose of this review is to systematically review and describe the effects of anti-inflammatory dietary patterns on NAFLD.
Methods The Cochrane CENTRAL Library, Cumulative Index of Nursing and Allied Health Literature, Embase, MEDLINE
and Web of Science databases were searched. A total of 252 records were identified, 7 of which were included in this review.
The revised Cochrane risk-of-bias tool was used to conduct a quality assessment for randomised trials. Certainty of evidence
was assessed using the grading of recommendations, assessment, development, and evaluation tool.

Results Of the 7 included studies, 6 were classified as low risk of bias and studies ranged from high to very low certainty
of evidence. In the randomised-controlled studies systematically reviewed, either adherence to the Mediterranean, DASH,
or FLiO diet was studied, against usual care or energy matched controls, with a total of 255 participants. Anti-inflammatory
dietary pattern adherence significantly reduced the severity of most hepatic and inflammatory markers, and secondary out-
comes. A minority of outcomes were improved significantly more than controls.

Conclusion Anti-inflammatory dietary patterns showed benefits to NAFLD risk factors, severity markers and inflammatory
markers compared to the control diet. It is unclear whether reductions in the evaluated parameters are related solely to the anti-
inflammatory diet or weight loss resulting from caloric restriction, as improvements in control groups were also evidenced.
Current limited body of evidence indicates need for further research including isocaloric dietary patterns, longer interven-
tions, measures of inflammatory markers, and studies including normal-weight subjects to confirm findings at higher certainty.
PROSPERO Registration CRD42021269382.
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Introduction comprised within foods common to the diet of large popu-

lations [3]. With current recommendations indicating the

In Western countries, non-alcoholic fatty liver disease
(NAFLD) is the most common chronic liver disease [1].
Risk factors for NAFLD cause low-grade chronic inflam-
mation which contributes to progression towards higher
risk cirrhotic states [2]. Dietary intake of nutrients also
has effects on inflammatory pathways within the body
whilst many sources of pro-inflammatory compounds are
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most effective treatment is weight reduction through lifestyle
modifications [4], it is important to study what dietary modi-
fications are most effective. Increased consumption of foods
with high energy density and sugar sweetened beverages
are key mediators of obesity, oxidative stress, and related
hepatic lipid influx [5]. Current studies suggest there is an
association between liver health and nutrition with therapeu-
tic intervention strategies commonly involving modification
of dietary intake. Given there is a clear correlation between
NAFLD and inflammation, it is important to assess how that
is affected by changes in dietary habits, more specifically,
the adherence of anti-inflammatory diets.

A growing awareness of the health benefits of anti-inflam-
matory dietary patterns is reflected in the literature, yet a
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specific dietary definition is yet to exist. Instead, it is char-
acterised by a set of eating patterns with anti-inflammatory
properties from nutrients found with increased intake of
vegetables, legumes, whole grains, fruits, fish, and olive oil
whilst reducing intake of red meat, dairy, and refined carbo-
hydrates, as is foundational to the Mediterranean diet and the
Dietary Approaches to Stop Hypertension (DASH) diet [3,
4]. These diets are indicated to be an effective therapeutic
option because of its beneficial effects on all risk factors
associated with metabolic syndrome and NAFLD develop-
ment, offering protective anti-inflammatory properties.
There are proven anti-inflammatory effects of the Medi-
terranean diet as a whole [6], and its components, such as
olive oil [7-9] and nuts [10]. The Mediterranean diet has
been proven to have protective benefits against cardiovascu-
lar disease (CVD) [4], and studies have shown an association
between NAFLD and CVD, possibly due to similar risk fac-
tors [11]. The DASH diet has shown improvements in circu-
lating serum inflammatory biomarkers in adults, when com-
pared to their usual diet, proving it to be a valuable strategy
in suppressing inflammatory processes [12]. Within these
diets, common components including low GI and fibre rich-
legumes has been found to significantly improve hs-CRP
levels [13, 14] and reduce inflammatory processes by sup-
pressing the production of inflammatory cytokines [15-17].
In addition, antioxidant compounds in fruits and vegetables
[18] may also have anti-inflammatory properties [19-21].
There are no other systematic reviews identified that
examine the relationship between anti-inflammatory dietary
patterns and inflammatory markers, as well as NAFLD pro-
gression and severity. Therefore, the aim of this research
is to systematically review the literature and describe the
effects of anti-inflammatory dietary patterns on non-alco-
holic fatty liver disease in adults aged 18 years and over.

Methods

Prior to study commencement, the systematic review was
registered at the PROSPERO International Prospective Reg-
ister of Systematic Reviews (CRD42021269382) to avoid
duplication and promote transparency [22] and was reported
following the PRISMA (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses) guidelines (Table S1).

Database search

To find relevant and existing literature, a comprehensive
database search was conducted by two reviewers for records
available prior to the 16th of September 2021. Electronic
databases used included Cochrane CENTRAL Library,
Cumulative Index of Nursing and Allied Health Literature
(CINAHL), Embase, MEDLINE, and Web of Science.

@ Springer

In order to conduct extensive research, search strategy key
terms were separated into three groups: population, exposure
and outcome of interest, and are as follows: “non-alcoholic
fatty liver disease”, “fatty liver, non-alcoholic”, “fatty liv-
ers, non-alcoholic”, “liver, non-alcoholic fatty”, “livers, non-
alcoholic fatty”, “non-alcoholic fatty liver”, “non-alcoholic
fatty livers”, “non-alcoholic steatohepatitis”, “steatohepa-
titis, non-alcoholic” for population and search terms; and
“inflammatory dietary pattern”, OR “dietary patterns”, OR
“low Inflammatory diet”, OR “pro-inflammatory diet”, OR
“anti-Inflammatory diet”, OR “anti- Inflammatory dietary
pattern”, OR “anti-Inflammatory type diet”, OR “dietary
inflammatory index” OR “DII”, OR “D-AII”, OR “Medi-
terranean diet”, OR “Mediterranean dietary pattern”, OR
“Mediterranean type diet”, OR “DASH diet” AND “inflam-
mation” (“inflammation”, “cytokines” OR “c-reactive pro-
tein”, OR “crp”, “interleukin”, “IL-6", “tumour necrosis

factor”, “tnf”, “adiponectin”, “fibrinogen”).
Screening and selection criteria

Following the database search, the first stage of screening
involved assessing titles and abstracts against inclusion and
exclusion criteria (Table 1), by two reviewers JA and SA.
From this, the journal articles that were selected underwent
a second stage of screening via full-text retrieval by the same
two reviewers, using the same criteria.

Data extraction

Data were extracted in duplicates from each study by two
reviewers (SA, JA) and the extracted data were checked
by the same two reviewers. Data extracted includes study
details (author, year of publication, study’s country, study
design, setting, recruitment, eligibility criteria, and follow-
up duration), population characteristics (age, sex, race, sam-
ple size, withdrawal or exclusions, and underlying disease
status of participants), intervention or exposure (dietary pat-
tern studied, diet assessment method, level of dietary con-
trol, randomisation, and comparator), and outcomes (hepatic
markers, inflammatory markers, anthropometric markers,
glycaemic markers, and lipid markers), statistical method
and potential confounders. The authors were contacted for
any missing full text or data.

Quality assessment

A quality assessment was conducted by JA and SA, indepen-
dently, to assess the risk of bias using the revised Cochrane
risk-of-bias tool for randomised trials (RoB 2.0) at the study
level. From this, they were rated as ‘low risk of bias’, “high
risk of bias” or “some concerns”. The outcome as effect
estimates by dietary pattern of each study were assessed
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for certainty using GRADE (Grading of Recommendations
Assessment, Development and Evaluation) and were catego-
rised appropriately as one of the following: “high”, “moder-

ate”, “low”, “very low”.

Results

The search strategy retrieved 252 studies from the accessed
databases and registers; 60 were excluded for cross-data-
base duplication screening. After reviewing the titles and
abstracts, 162 publications were excluded, and 30 articles
were eligible for full-text retrieval; however, one article
could not be retrieved due to availability. After carefully
assessing the 29 articles, 25 were excluded, leaving 4 stud-
ies. A further 4 articles were retrieved following citation
searching within these articles, with 1 excluded. A final 7
studies were included to be systematically reviewed.

A schematic diagram of the search strategy and reasons
for exclusions are presented in Fig. 1. The duration of the
intervention studies ranged from 6 weeks to 24 months; the
participants were adults aged 18 and above; and the sample
size ranged from 12 to 98 participants. In this review, the
data are from 255 adults, 131 were part of the intervention
group and 136 were part of the control group with studies

conducted in Greece (1), Spain (2), Australia (2), Iran (1),
and Serbia (1). Study characteristics are presented (Table 2).

The interventions involved the Mediterranean diet (MD)
in four studies [23, 26, 28, 29], Fatty Liver in Obesity (FLiO)
diet in two studies [24, 25] and Dietary Approaches to Stop
Hypertension (DASH) diet each in one study [27]. Compari-
son dietary interventions included low-fat (LF) diet [26, 28],
low-fat high carbohydrate (LFHC) diet [29], American Heart
Association (AHA) [24, 25], and macronutrient equivalents
to anti-inflammatory dietary patterns [23, 27]. Inflammatory
and anti-inflammatory markers were measured in 4 studies
[24, 25, 27, 28]. Hepatic steatosis, as liver fat, raw hepatic
fat, or intra-hepatic lipid %, was measured with magnetic
resonance spectroscopy or ultrasound in four studies [24-26,
29]. NAFLD grade was measured in one study [27]. Liver
stiffness was measured using shear wave elastography in four
studies [23, 24, 26], FLI and HSI were measured in three
studies [24, 25, 28]. Varying serum liver enzyme levels were
evaluated in all studies [23-29].

Risk of bias analysis

A risk-of-bias assessment was conducted using the Cochrane
RoB 2 tool for randomised-controlled trials and cross-over
randomised-controlled trials (Table S2). All studies were
classified as being at “low risk of bias” in all evaluated

[ Identification of studies via databases and registers ] [ Identification of studies via other methods ]
N
c . . . Records removed before
S Records |dent|f|ed_from. screening: Records identified from:
S Databases (n = 241) Duplicate records removed Citation searching (n = 4)
= Registers (n = 11) ———> (n=192)
g
i
|
— v
Records screened Records excluded
(n=192) > (n=162)
|
] Reports sought for retrieval Reports not retrieved
Reports sought for retrieval Reports not retrieved (n=4) (n=0)
o (n=230) (n=1)
[=
= L i
[
o
3 o Reports excluded:
Reforts assessed for eligibility Study Dels|gn (rl =4) Rgpolrt_s assessed for Reports excluded:
(n=29) Intervention (n = 2) eligibility Outcomes (n = 1)
Population (n = 8) (n=4)
Unpublished (n = 11)
| |
3
= Studies included in review
= =7
2 (n=7)
—

Fig. 1 Flowchart presenting article selection process. [42]. From:
Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mul-
row CD, et al. The PRISMA 2020 statement: an updated guideline for
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reporting systematic reviews. BMJ 2021;372:n71. https://doi.org/10.
1136/bmj.n71. For more information, visit:http://www.prisma-state
ment.org/
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Table 2 Characteristics of studies systematically reviewed

Reference; study design

Sample size

Characteristics

Outcome measurements

Quality assessment
(Cochrane RoB 2.0)

Katsagoni et al. (2018) [23]
Randomised-controlled trial
Greece

Marin-Alejandre et al. (2019)
[24]

Randomised-controlled trial

Spain

Marin-Alejandre et al. (2021)
[25]

Randomised-controlled trial

Spain

Properzi et al. (2018) [26]

Randomised-controlled trial

Australia

Razavi Zade et al. (2016) [27]

Randomised-controlled trial

Iran

Ristic-Medic et al. (2020) [28]

Randomised-controlled trial

Serbia

Ryan et al. (2013) [29]

Final sample: 35/42 (83%
participation)
Excluded/withdrew: 7
Final sample: 76/98 (78%
participation)
Excluded/withdrew: 22

Final sample: 58/98 (59%
Participation)
Excluded/withdrew: 40

Final sample: 48/51 (94%
participation)
Excluded/withdrew: 3
Final sample: 60/75 (80%
participation)
Excluded/withdrew: 15
Final sample: 24/27 (89%
participation)
Excluded/withdrew: 3

Final sample: 12/12 (100%

Age range: 18-65 years
% Sex (F/M): 38/62

Mean age: 50 years
% Sex (F/M): 48/52

Mean age: 50 years
% Sex (F/M): 48/52

Mean age: 52 years
% Sex (F/M): 49/51

Mean age: 41 years
% Sex (F/M): 50/50

Mean age: 34 years
% Sex (F/M): 0/100

Mean age: 55 years

Ultrasonography, anthro-
pometric measures, blood
analysis

Ultrasonography, anthro-
pometric measures, blood
analysis, MRI

Ultrasonography, anthro-
pometric measures, blood
analysis, MRI

Ultrasonography, anthro-
pometric measures, blood
analysis, MRS

Ultrasound, anthropometric
measures, blood analysis

Ultrasonography, anthro-
pometric measures, blood
analysis

Ultrasonography, MRI,

Low risk of bias

Low risk of bias

Low risk of bias

Low risk of bias

Low risk of bias

Low risk of bias

Some concerns

Crossover randomised-con-
trolled trial
Australia

participation)
Excluded/withdrew: 0

% Sex (F/M): 50/50

H-MRS, blood analysis and
anthropometric measures

items. This is except for Ryan et al. 2013 which was clas-
sified as having “some concerns” for its final judgement
as well as “some concerns” within the domain relevant to
cross-over RCTs of risk of bias arising from period and car-
ryover effects (Domain S) [29].

Primary outcomes

A detailed review of outcomes measured in studies of
interest is provided, where only statistically significant
results are reported (Table 3). The two studies measuring
inflammatory markers reported a statistically significant
reduction in hs-CRP with MD and DASH interventions
[27, 28]. There was no significant difference between MD
and LF [28]. Regarding markers of oxidative stress, a sig-
nificant improvement was reported in glutathione (GSH)
and malondialdehyde (MDA) but not total antioxidant
capacity (TAC) with DASH [27]. There was a greater
reduction in NAFLD with the DASH intervention com-
pared with control [27]. Hepatic steatosis was significantly
reduced in two studies with MD intervention, but not with
significant difference to the LF control group [26, 29].
The two studies with FLiO interventions also significantly
reduced hepatic steatosis, with no significant difference
between AHA control [24, 25]. In these studies, liver stiff-
ness was significantly reduced only 24 months with the

FLiO intervention [24, 25]. In two studies incorporating an
MD, significant improvement in liver stiffness was noted in
one of these 6-month interventions [25], but not the other
[26]. The three studies measuring FLI and HSI showed
a significant decrease with MD and FLiO interventions,
and AHA and LF control groups [24, 25, 28]. All stud-
ies evaluated the impact of dietary intervention on ALT,
with all but Ryan et al. (2013) demonstrating a significant
improvement [29]. There was no significant reduction in
ALT when compared with a control group except Razavi
Zade et al. (2016) [27]. A significant reduction was noted
in all four studies measuring AST with MD, DASH, AHA
and FLiO interventions [24, 25, 27, 28], and there was no
significant difference to the LF control [28]. Three stud-
ies reported significant reduction in GGT with MD inter-
ventions, of which Ristic-Medic et al. (2020) reported a
significant reduction in GGT with the LF control, whereas
Properzi et al. (2018) and Katsagoni et al. (2018) did not
[23, 26, 28]. Marin-Alejandre et al. and Ryan et al. (2013)
reported no significant change in GGT with interventions;
however, Marin-Alejandre et al. (2019) reported a signifi-
cant reduction with AHA control at 6 and 12 months [24,
25, 29]. Razavi Zade et al. uniquely measured grade of
fatty liver where it was reported that all patients achieved
a significant reduction in grade with the DASH diet [27].

@ Springer
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Secondary outcomes

Weight change and BMI was assessed in six studies [23-26,
28, 29], with participants achieving significant weight loss
and reduction in BMI in all but Ryan et al. (2013) [29]. How-
ever, when compared with a control group, for most studies,
there was no significant difference between diets in weight
loss or BMI reduction in any of the six studies [23-26, 28,
29]. Waist circumference was included in all studies as an
outcome [23-29]; however, Katsagoni et al. (2018) assessed
the percentage of abnormal waist circumference amongst
participants [23]. All studies showed a significant reduction
in waist circumference [23-29]. Within the Marin-Alejandre
et al. studies, there was a significant reduction amongst all
time points in the FLiO diet intervention group, compared
with 6 and 12 months in the AHA control group [24, 25].
HOMA-IR was measured by all studies [23-29], with all
studies showing a significant reduction, except for Properzi
et al. (2018) [26]. However, when compared with a con-
trol group, all studies, other than Razavi Zade et al. (2016),
showed no significant difference in HOMA-IR reduction
between intervention groups [23-29].

Within the cholesterol outcomes, total cholesterol and
LDL-c was assessed in six studies, all reporting a signifi-
cant reduction in total cholesterol [23-28], whilst LDL-c
was significantly reduced in three studies [24, 25, 28].
Marin-Alejandre et al. (2019 and 2021) showed significant
reduction in total cholesterol at 6- and 12-month time points
within the FLiO intervention group, and at the 6-month
time point within the AHA control group, neither having
a significant reduction at the 24-month time point [24, 25].
For LDL-c, the FLiO intervention group at the 12-month
time point showed a significant reduction in LDL-c [25].
HDL-c was assessed in all studies, with four studies show-
ing a significant improvement, [23, 25, 27, 28] where the
12-month time point in the FLiO intervention group within
the Marin-Alejandre et al. (2021) study showed a significant
improvement [25], and there was no significant difference
between intervention and control in other studies [23, 24,
26-29]. For LDL-c, all studies showed no significant differ-
ence in LDL-c reduction between intervention and control
[24-29], except Katsagoni et al. (2018) [23]. Triglycerides
were measured in six studies [24—29], of which there was a
significant reduction in five of the studies [23-28]. For the
Marin-Alejandre et al. (2019 and 2021) study, at the time
points 6 and 12 months, the FLiO intervention group showed
a significant reduction, and at the time point of 6 months,
the AHA control group showed a significant reduction in
triglycerides, but at 24 months, neither the intervention nor
control showed a significant reduction [24, 25]. Two studies
also showed a significant difference in triglyceride reduction
between intervention and control groups [27, 28].

Certainty of evidence

The quality of outcome evidence has been summarised
using the GRADE tool (Table S3). The seven reviewed
studies mostly had primary and secondary outcomes that
were directly comparable; however, some outcomes and
measures of exposure were not. Overall, using the GRADE
system, the quality of evidence was rated as Moderate. The
results for each domain of GRADE for the reviewed stud-
ies follow.

Risk of bias

All studies were of high-quality regarding risk of bias of out-
come, except for Ryan et al. 2013 and Marin-Alejandre et al.
(2021) [25, 29]. All studies were randomised and included
either allocation concealment or blinding. Marin-Alejandre
et al. (2021) was not of high quality due to a high dropout
rate, having a 59% participation rate at the 24-month time
point [25]. Ryan et al. (2013) was of low quality due to a
small sample size (n=12) [29].

Inconsistency

Due to inconsistencies between outcome measures of
NAFLD and types of control groups used, the seven studies
could not be directly compared with each other. However,
overall, all seven studies showed a similar direction of effect,
with exposure to anti-inflammatory dietary patterns caus-
ing an improvement in markers of NAFLD. The common
primary measure amongst all studies, ALT, showed a sig-
nificant decrease in all studies except Ryan et al. (2013) [29].
Inflammatory markers studied differed but showed a similar
trend where inflammatory markers significantly decreased,
and anti-inflammatory markers increased.

In addition to this, the dietary pattern given to partici-
pants to adhere to in control groups varied between stud-
ies, including dietary patterns of current standard practice,
macronutrient and calorie equivalents to intervention diets
or ad libitum diets. In addition, for both intervention and
control diets, some studies were calorie restricted.

Imprecision

In total, there were 334 participants across the seven
reviewed studies. Due to differences in outcome measures
for NAFLD, it was not possible to calculate the overall treat-
ment effect and relative risk. It was, therefore, not possible
to calculate pooled relative risk and confidence intervals,
because the studies were not able to be directly compared,
meaning a meta-analysis could not be conducted.

@ Springer
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Indirectness

When making comparisons between studies on interventions
of interest, these were indirect due to differences in NAFLD
outcome measures and differences in length of dietary expo-
sure. However, all participants studied had NAFLD, and,
therefore, results are most likely generalisable to populations
of people with NAFLD, other than those examined. How-
ever, in Ryan et al. (2013), it was said that the period of the
intervention may have been too short to see any significant
change in ALT and GGT. This was the shortest intervention
period out of all seven reviewed studies [29].

All studies but one selected were comparable by their
populations as the mean age was similar. Ristic-Medic et al.
(2020) was the exception due to only studying males, and the
mean age being lower in comparison to other studies [28].

Publication bias

All studies were rated high as there was no indication of
missing evidence. In saying this, publication bias cannot
be completely ruled out, as most studies showed significant
results regarding the relationship between anti-inflammatory
dietary patterns and the severity of NAFLD, but perhaps
there are studies that were not published, and, therefore, not
included in this review, because they had non-significant
findings.

Discussion

The present systematic review aimed to review and describe
the effects of anti-inflammatory dietary patterns on NAFLD
severity indices. This is the first study to systematically
review the effects of anti-inflammatory dietary patterns on
inflammatory markers in adults with NAFLD. A systematic
review by Moosavian et al. (2020) assessed the effects of
Mediterranean diet on serum metabolic profiles and anthro-
pometric measures in adults with NAFLD, however, did not
aim to assess broader anti-inflammatory dietary patterns or
the effect on inflammatory markers [30]. This systematic
review identified a relationship between adherence to vari-
ous anti-inflammatory dietary patterns and improvement in
inflammatory markers, liver enzymes, lipid profiles, insulin
markers and anthropometric measures. Central to this review
is the concept of inflammation contributing to NAFLD pro-
gression and the potential of an anti-inflammatory dietary
pattern on mediating these pathways. Based on the findings
of the seven reviewed studies, involving 255 adults with
NAFLD, adherence to an anti-inflammatory dietary pattern
was associated with a significant decrease in inflammatory
markers, increase in anti-inflammatory markers and lower

@ Springer

severity of NAFLD. All studies, except for Ristic-Medic
et al. (2020), assessed and showed an increased adherence
from baseline to end of intervention in regard to following
an anti-inflammatory dietary pattern. Although a breadth of
outcomes was reported, these outcomes were not evaluated
across every included study. When compared to the control
diet, there was no significant difference between diets for
most outcomes measured. Specifically, studies assessing the
inflammatory marker hs-CRP showed a significant decrease
with anti-inflammatory diet adherence, compared to base-
line [27, 28]. The significant decrease in hs-CRP at 8 weeks
with DASH compared to control may be attributed to the
intervention’s inflammatory potential, as the control diet was
of macronutrient and energy equivalence [27]. Conversely,
the significant decrease in hs-CRP with MD, but not when
compared to LF control diet, may be related to the anti-
inflammatory effects of weight loss, as a significant reduc-
tion in weight was reported in both energy-restricted diet
groups [28]. Three other markers of oxidative stress were
studied as they contribute to inflammation. Of these, GSH
and MDA were seen to be improved significantly more than
in the control group [27]. The FLiO diet was assessed within
the study and shown to have similar characteristics to MD
[24, 25]. At multiple time points within the study, the FLiO
diet improved adiponectin levels significantly more than the
AHA diet [24, 25]. Given there was no significant differ-
ence in weight loss between the intervention and control
group, these improvements may be attributed to the anti-
inflammatory potential of FLiO diet. The overall effect of
anti-inflammatory dietary patterns was seen to be effective
in most studies in improving inflammatory markers signifi-
cantly more than control diets. However, as the four studies
assessing inflammatory markers were also energy restricted,
it is difficult to distinguish whether reduction in inflamma-
tion is related to the dietary patterns or weight loss itself. In
accordance with the present results, other systematic reviews
have also demonstrated that hs-CRP correlated with adipos-
ity and that weight loss was associated with a decline in
hs-CRP level, indicating weight loss may be an effective
strategy for lowering levels of the inflammatory marker [31].

Anti-inflammatory dietary patterns were associated
with significant improvements in most primary liver mark-
ers of the reviewed studies, suggesting a reduction in the
severity of NAFLD, except for Ryan et al. (2013) [29]. The
liver enzymes ALT and GGT are commonly used to reflect
hepatic inflammation and injury in NAFLD patients, with
ALT >40 IU/L and GGT > 30 IU/L providing highest posi-
tive predictivity presence of NAFLD according to Sanyal
et al. (2015) [32]. Reduction to levels below these ranges
was not observed in the included studies. Liver stiffness
outcomes in studies with longer intervention periods were
significantly more effective than control groups compared
with shorter intervention periods [23-26].
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Similarly, FLI and HSI algorithms which utilise ALT,
AST, GGT, triglyceride and BMI measures and serve as sur-
rogate markers for liver fat were significantly improved with
longer intervention periods of 12 and 24 months, but only in
some shorter intervention periods [24, 25, 28]. The studies
conducted by Marin-Alejandre et al. (2019, 2021) uniquely
measured outcomes at 6, 12 and 24 months in subjects with
NAFLD and provide valuable insight into the longer term
effects of dietary intervention on patients with NAFLD [24,
25]. These findings suggest longer term anti-inflammatory
dietary interventions may offer prolonged improvement in
relevant diagnostic markers. Prior studies have noted the
importance of adequate intervention length, with Saeed et al.
(2019) suggesting a 6-month-based intervention period to
provide meaningful data [33].

Most secondary outcomes showed significant improve-
ments, most consistently for anthropometric measures, apart
from Ryan et al. (2013) [29]. Importantly the intervention
period used by Ryan et al. (2013) was the shortest in length
and had the smallest sample size which contributed to “some
concerns” for risk of bias and scoring “low” and “very low”
for primary outcome measurements using the GRADE tool.
Improvements in secondary outcomes reveal improvement in
NAFLD risk factors of dyslipidaemia, insulin resistance and
obesity. These findings suggest that whilst anti-inflammatory
dietary patterns caused significant improvements in anthro-
pometric measures, glycaemic control, and lipid profiles
in comparison to control groups, there was no consistently
shown benefit to adhering to one anti-inflammatory dietary
pattern over other healthy eating patterns. Adults with diag-
nosed NAFLD tend to follow dietary patterns including high
fat and sodium with suboptimal micronutrient intake and
low physical activity [34]. Hence, it is unsurprising that the
results show a significant improvement in secondary out-
comes with both intervention and control diets as each rep-
resents a significant change to usual dietary intake.

Overweight and obesity are risk factors associated with
NAFLD, with reduction in weight commonly recommended
in primary care [35]. Previous studies have demonstrated
the association between weight loss and improvements in
NAFLD. Given five of the seven included studies imple-
mented an energy restriction aiding in weight loss [23-25,
27, 28], it is expected that a significant reduction in weight,
BMI and waist circumference was reported. In addition, the
health benefits associated with these reductions includes
improvements to many of the outcomes analysed in the cur-
rent study. These results reflect those of Kenneally et al.
(2017) who also found that 5-10% weight loss using dietary
restriction, as achieved with many of the included studies,
demonstrated significant reduction in steatosis and markers
of NAFLD activity [36].

In studies conducted by Ristic-Medic et al. (2020) and
Properzi et al. (2018) intervention periods and control diets

were the same; however, the former was energy restricted,
and the latter was not [26, 28]. It was seen in an energy-
restricted study that all primary and secondary outcomes
were significantly improved, when compared to baseline
[28]. In the study that was not energy-restricted, only three of
five primary outcomes and five of eight secondary outcomes
significantly improved, when compared to baseline [26]. In a
recent review conducted by Reddy et al. (2019), it was found
that more favourable change in inflammatory markers was
found with anti-inflammatory dietary interventions that were
energy restricted, in adults with NAFLD [37]. In addition,
more favourable change was also seen in anti-inflammatory
dietary interventions as part of a co-intervention, specifi-
cally along with nutraceuticals or a pharmacological sup-
plementation, rather than dietary intervention alone [37].
Furthermore, significant improvements in inflammatory
markers were seen to be attributed to weight loss when
adhering to anti-inflammatory dietary patterns, considering
that significant reductions in adipocytes and IL-6 is likely to
be responsible for significant reductions in CRP [37]. Simi-
larly, a review by Soltani et al. (2018) revealed DASH diet
adherence to have significant benefits on hs-CRP levels, in
comparison to unhealthy or habitual diets, mediated by diet-
induced weight loss [12]. When comparing the DASH diet
to other healthy diets, there was no significant difference in
the reducing effect on hs-CRP [12]. The anti-inflammatory
dietary patterns assessed within this review, the DASH and
Mediterranean diets, have both been shown to be associated
with weight loss maintenance [38, 39]. It is important to
note following anti-inflammatory dietary patterns has been
shown to protect and prevent people from chronic condi-
tions which are associated with inflammation, for example,
reducing risk of fatal and non-fatal cardiovascular diseases
by 20 percent [40]. In addition, anti-inflammatory nutrition
has been shown to be associated with lower odds of NAFLD
for individuals with metabolic syndrome, a risk factor for
NAFLD [1, 40]. Energy-restricted dietary patterns leading
to significant weight loss meant that the true effect of the
anti-inflammatory diet alone, and the mechanism through
which NAFLD severity significantly improved, was unclear.

Limitations and strengths

There are limitations to this systematic review which
should be considered. Significant heterogeneity was pre-
sent between the included studies due to a broad range
of outcomes, duration of intervention, different methods
for assessment of NAFLD severity, different dietary pat-
tern definitions, and comparator diets used. Therefore,
results could not be pooled for a meta-analysis. Caloric
restriction in some but not all interventions and control
groups [24, 25, 27, 28], meant that any improvement in
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NAFLD severity or inflammatory markers could not be
solely attributed to the anti-inflammatory dietary pattern.
Another aspect that may also have contributed to the dif-
ficulty in specifically quantifying the effect of anti-inflam-
matory diets was the Hawthorne effect [41], where partici-
pants may have engaged in healthier lifestyle and dietary
habits as they knew they were being studied. Of the seven
included studies, only three measured inflammatory mark-
ers as outcomes as such the ability to analyse the effect of
dietary interventions on inflammatory markers has been
compromised. Further limitations include the limited num-
ber of included studies which matched inclusion criteria,
mostly small sample sizes of participants, and the lack of
effect of sex measurements. There were also strengths to
the present systematic review. Registration with PROS-
PERO allowed for transparency of the systematic review
reporting methods. The comprehensive search strategy
exhausted four databases and one register. Quality assess-
ment tools allowed for risk-of-bias assessment at the out-
come level for randomised-controlled trials using RoB 2.0.
Certainty of evidence for each dietary pattern and outcome
was assessed through GRADE. The included randomised-
controlled trials were conducted in different countries, and
thus differences in participant lifestyle were considered.

Conclusion

Anti-inflammatory dietary patterns significantly improved
NAFLD severity indices, liver enzymes, lipid profiles,
anthropometric measures, and glycaemic indices amongst
adults with NAFLD. Significant reductions in body weight
reported with both intervention and control diets may have
contributed to improvements in the evaluated inflamma-
tory and hepatic parameters. Inconsistencies amongst
included studies have made it challenging to compara-
tively assess interventions and determine if the effect is
greater than that of comparator dietary patterns, which
also showed benefit, significantly reducing primary out-
comes pertaining to NAFLD severity, to a similar extent.
In line with this, in most of the studies, significant changes
were also observed in the control group with no signifi-
cant differences to the intervention group. This needs to
be addressed in more depth. However, when compar-
ing adherence to an anti-inflammatory diet to a calorie-
restricted dietary pattern, an anti-inflammatory dietary
pattern showed significant benefit to NAFLD severity
indices. The current body of evidence of the effects of
anti-inflammatory dietary patterns on NAFLD is small;
nonetheless, it appears to be an effective management
option for patients. The limited body of evidence indi-
cates a requirement for further research to confirm these
findings at a higher level of certainty, using isocaloric
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dietary patterns, longer intervention periods and studying
a broader range of inflammatory markers on an adequate
sample size. In addition, studies including normal-weight
subjects would be valuable in identifying differences in
effective nutrition therapies for this demography. Further
work may help identify and more accurately assess the
direct effect of anti-inflammatory dietary patterns for treat-
ment of NAFLD and to inform future guidelines.
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