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Effect of dietary intervention, with or without co-interventions,
on inflammatory markers in patients with nonalcoholic fatty
liver disease: a systematic literature review

Anjana J. Reddy, Elena S. George, Stuart K. Roberts, and Audrey C. Tierney

Context: Nonalcoholic fatty liver disease (NAFLD) represents a spectrum of liver
disorders, ranging from simple steatosis to nonalcoholic steatohepatitis (NASH), with
inflammation acting as a key driver in its pathogenesis and progression. Diet has the
potential to mediate the release of inflammatory markers; however, little is known
about the effects of various diets. Objective: This systematic review aimed to evaluate
the effect of dietary interventions on cytokines and adipokines in patients with NAFLD.
Data Sources: The electronic databases MEDLINE, EMBASE, CINAHL, and Cochrane
Library were searched for clinical trials investigating dietary interventions, with or with-
out supplementation, on cytokines and adipokines in NAFLD patients. Data
Extraction: Basic characteristics of populations, dietary intervention protocol, cyto-
kines, and adipokines were extracted for each study. Quality of evidence was assessed
using the American Dietetic Association criteria. Data Analysis: Nineteen studies with
a total of 874 participants were included. The most frequently reported inflammatory
outcomes were C-reactive protein (CRP), tumor necrosis factor alpha (TNF-a), interleu-
kin 6 (IL-6), adiponectin, and leptin. Hypocaloric, isocaloric, or low-fat diets significantly
(P < 0.05) lowered levels of CRP, TNF-o,, and adiponectin. The addition of nutraceutical
or pharmacological supplementation to dietary interventions appeared to elicit addi-
tional benefits for all of the most frequently reported inflammatory markers.
Conclusions: Hypo- or isocaloric diets alone, or with co-interventions that included
a nutraceutical or pharmacological supplementation, appear to improve the in-
flammatory profile in patients with NAFLD. Thus, anti-inflammatory diets may have
the potential to improve underlying chronic inflammation that underpins the path-
ophysiological mechanisms of NAFLD. In the absence of any known liver-sensitive
markers, the use of cytokines and adipokines as a surrogate marker of liver disease
should be further investigated in well-controlled trials.

INTRODUCTION affecting at least 25% of adults.” Rates of NAFLD paral-

lel the obesity epidemic and are present in up to 80% of

Nonalcoholic fatty liver disease (NAFLD) is the most obese individuals and 75% of people with type 2
common cause of liver disease in developed countries,’ diabetes.”*
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Although the pathogenesis of NAFLD is not well
understood, Tilg and Moschen have proposed a
“multiple parallel hit” hypothesis, suggesting that in-
flammatory mediators derived from various tissues,
specifically adipose tissue and the gut, play a central
role in the cascade of inflammation and fibrosis.”
Adipose tissue itself can produce and secrete pro-
inflammatory cytokines, including tumor necrosis fac-
tor alpha (TNF-o) and interleukin 6 (IL-6), as well as
adipokines and adiponectin and leptin, which are both
implicated in the progression of insulin resistance (IR)
and metabolic dysregulation in NAFLD.®” In contrast
with leptin, adiponectin secretion is often diminished in
obesity and acts to increase insulin sensitivity.® In re-
sponse to the secretion of cytokines, extrahepatic pro-
duction of the acute-phase protein high-sensitivity
C-reactive protein (hs-CRP) exacerbates a pro-
inflammatory milieu and drives further hepatic and car-
diometabolic damage.*’

There is currently no proven, safe, and effective
pharmacotherapy for the treatment of NAFLD.'’
Current recommendations emphasize weight loss,
which may be achieved through management of life-
style, including diet.'' Dietary intakes of individuals
with NAFLD have been reported to be high in saturated
fat, refined carbohydrates, fructose, and cholesterol and
low in antioxidants and omega-3 fatty acids.'> These
diets are known to exacerbate inflammatory cytokine
and adipokine production, release free fatty acids
(FFAs), stimulate oxidative stress, and influence disease
progression in metabolic diseases.® Furthermore, over-
feeding can cause impaired energy homeostasis, appe-
tite dysregulation, and weight fluctuation, which is
regulated by the pro-inflammatory cytokine, leptin."’
One of the main physiological roles of leptin is to pre-
vent lipid accumulation in nonadipose sites, including
the liver.'"* Although leptin is not commonly reported
in existing studies, patients with NAFLD tend to have
increased serum leptin concentrations.'”

Low-fat diets, although well-researched in chronic
disease management, show variable results for the
effects on inflammatory markers and seem to be depen-
dent on weight loss.'® Hypocaloric diets typically pro-
vide an energy deficit of 500-1000 kcal/day and are
aimed at inducing a total body weight loss of approxi-
mately 5%-10%,'” which may ameliorate hepatic and
metabolic outcomes via a reduction in adiposity and
improvement of glucose and lipid metabolism."®

However, weight loss can be difficult to achieve
and maintain, and thus isocaloric diets that aim for en-
ergy balance focus on dietary components that are anti-
inflammatory in nature.'® This includes the
Mediterranean diet, which is predominantly plant-
based, high in fiber, high in monounsaturated and
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polyunsaturated fats, and has anti-inflammatory prop-
erties'"'? and thus may alleviate hepatic and cardiome-
tabolic stress irrespective of weight loss.”’>*

Alternative therapies, including nutraceuticals (ie,
substances derived from biologically active isolated
nutrients or functional foods) are being increasingly
considered in the treatment of NAFLD.?>"?” Presently,
there is not enough substantial evidence to make any
recommendations for the use of nutraceutical agents in
the management of NAFLD.

Despite the number of trials that have assessed
varying diet and supplementation approaches, there is
currently no consensus regarding the optimal dietary
intervention(s) to improve the inflammatory milieu
within the liver that is responsible for hepatocyte injury
and fibrosis in individuals with NAFLD. Hence, the
present systematic review aims to assess the current lit-
erature and to determine the effect of dietary interven-
tions on cytokines and adipokines in adults diagnosed
with NAFLD.

METHOD

This systematic review adheres to the relevant criteria
of the Preferred Reporting Items for Systematic reviews
and Meta-Analyses (PRISMA) statement (see Appendix
S1 in the Supporting Information online)*® and the
Cochrane Handbook for Systematic Reviews of
Interventions.” The review was registered in
PROSPERO, the international prospective register of
systematic reviews (http://www.crd.york.ac.uk/
PROSPERO; registration no.: CRD42017055921).

Search strategy

A search for all relevant articles was performed using
the electronic databases MEDLINE Ovid (1946-pre-
sent), EMBASE Ovid (1947-present), CINAHL
(EBSCO), and the Cochrane Library (Wiley Online
Library). The last search was run on January 15, 2018.
English language limits were applied. The search strat-
egy used combinations of the terms “nonalcoholic fatty
liver disease,” “NAFLD,” “nonalcoholic steatohepatitis
(NASH),” “cirrhosis,” “diet,” and “nutrition” as both
medical subject headings (MeSH) and subject headings
specific to each database and keywords or free-text
words and included a wide range of derivations to en-
sure an extensive search was performed (see Appendix
S2 in the Supporting Information online). The search
was not limited to specific outcomes to ensure all rele-
vant literature investigating cytokines and adipokines
was captured. Citation tracking and hand-searching of
the reference lists of relevant reviews and articles that
were retrieved in searches were also undertaken.
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Conference abstracts and reports were also screened,
and the full articles of potentially eligible studies were
retrieved.

Eligibility criteria

The inclusion and exclusion criteria were developed us-
ing the Patient, Intervention, Comparators, Outcome,
and Study Design (PICOS)*® method (Table 1).

References were imported into a bibliographic
database to automatically exclude duplicates (EndNote
X7.4). References were screened in duplicate by 2
researchers by title and abstract, and full publications of
potentially eligible references were obtained.

Quality assessment and data extraction

Once eligible studies were identified, 2 independent
researchers assessed the methodological quality of each
using the American Dietetic Association Quality
Criteria Checklist for Primary Research.’’ The criteria
checklist for validity assessment contained 10 questions.
A study was considered negative (—) if >6 validity
questions were answered “no”; a study was considered
unclear (s) if 4 specific validity questions were an-
swered “yes”; and a study was considered positive (+) if
most validity questions were answered “yes.”

The process of extracting data from eligible articles
was then completed independently by 1 researcher, af-
ter which a second reviewer cross-checked all extracted
data. When articles contained insufficient information
to perform quality assessment or extract relevant data,
the corresponding author was contacted for further in-
formation. This occurred for 5 articles.””° Two
authors responded.’*® Disagreements regarding eligi-
bility, quality assessment, and data extraction were re-
solved through discussion and consensus.

Data analysis

A meta-analysis was not undertaken due to the hetero-
geneity of the dietary interventions, study designs, and
participants within the included studies, as well as in-
consistent control and experimental intervention
groups, including co-interventions. Due to this variabil-
ity, researchers were unable to group dietary interven-
tions for analysis. Where numerical values for
inflammatory markers were presented in different units
(eg, mmol/L vs mg/dL), measures were converted into
the same unit to allow comparisons to be made. The
difference in means and level of significance were
extracted from each study, and change was calculated as
a percentage.
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RESULTS

A total of 3855 articles were retrieved from the database
search, and after duplicates were removed 2993
remained. Following a review of titles and abstracts, 79
were deemed potentially eligible. Full-text articles were
examined, and 20 fulfilled the inclusion criteria. One ar-
ticle was excluded because it contained no result tables
or figures with numerical values and no response was
obtained after contacting the authors.”” Nineteen studies
were therefore included. Reference lists of all eligible
studies and relevant reviews were checked for potential
inclusions; however, no additional articles were retrieved.
The study selection process is summarized in Figure 1.
All 19 included studies were randomized controlled
trials (RCTs): 3 were nonblinded®~*?% 2 were single-
blinded***’; 3 were double-blinded***>*'; 7 were double-
blind, placebo-controlled****; 3 were open-label, parallel-
arm>*>*% and 1 study was a prospective, single-blinded,
random-order, controlled dietary feeding study.”"

Study characteristics and participants

Studies included in this review were published between
2003 and 2018; there were a total of 874 participants with
NAFLD, and the length of interventions ranged from
2 weeks to 12 months. Of the overall sample, 488 (56%)
were males and 386 (44%) were females. The age of par-
ticipants ranged from 36 to 65 years, and body mass in-
dex (BMI) ranged 23-35kg/m’. Three of the 19 studies
used the gold-standard liver biopsy (Bx) to diagnose
NAFLD,***®** 3 used magnetic resonance spectroscopy
(*H-MRS),*"%*! 2 ysed abdominal ultrasound alone,>**?
1 used Fibroscan alone,® 2 used a combination of
Fibroscan and liver enzymes,*®*’ 1 used a combination
of ultrasound and Fibroscan,*” and 7 used a combination
of ultrasound and liver enzymes*?%3%41434448
Characteristics of each study, patient population, and
study design are presented in Table 2.d** % #>47-51

Intervention characteristics

Of the 19 studies included in this review, 2 compared a
hypocaloric diet with a hypocaloric diet plus a co-
intervention (a cholesterol absorption inhibitor and an
oral hypoglycemic agent).”*** One study compared a
hypocaloric diet with a Dietary Approaches to Stop
Hypertension (DASH) diet,! and 1 compared an isoca-
loric diet with an isocaloric diet plus the addition of
Corinthian currants.*” Two studies compared an
energy-balanced diet with an energy-balanced diet with
the addition of a synbiotic supplement,***® and 4 stud-
ies compared an energy-balanced diet with an energy-
balanced diet plus supplementation (prebiotic,
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Table 1 PICOS criteria for inclusion and exclusion of studies

PICOS Inclusion/exclusion criteria® Data extracted

Population Inclusion: Adults aged >18 y, diagnosed with NAFLD using >1 of the
following diagnostic criteria: 1) histological examination of biopsies;
2) magnetic resonance imaging and/or magnetic resonance spectroscopy;
3) computed tomography; 4) ultrasound; and 5) blood concentrations of
liver enzymes alanine aminotransferase and/or aspartate aminotransferase
Exclusion: Any animal, pediatric, or pregnancy studies
Intervention  Inclusion: Studies that compared a dietary intervention with an alternative
diet or control. Studies where supplementation was provided alongside a
dietary intervention, as long as there was an independent dietary inter-
vention group (eg, supplementation plus dietary intervention vs dietary
intervention alone)

Interventions that included a dietary intervention alongside a co-
intervention such as physical activity, behavior training, or other lifestyle
interventions were eligible if the control or other diet arm was stand-alone
(ie, dietary intervention only). Studies that suggested physical activity rec-

Location (country), method of NAFLD
diagnosis, no. of participants, age,
sex, body mass index

Intervention length, type of dietary inter-
vention, dietary intervention protocol

The addition of supplementation or co-
intervention

ommendations alongside both dietary intervention and control groups
were included if these recommendations were consistent among groups

and not a primary outcome

Exclusion: Studies that intervened only with supplements or pharmacologi-
cal drugs or investigated only postprandial effects of a dietary or meal

intervention
Comparators  Inclusion: Control group or stand-alone diet
Exclusion: Studies without a comparator group

Outcomes
adipokines

Exclusion: Studies that did not present results as numerical values for in-

flammatory cytokines and/or adipokines

Study design  Inclusion: The current review included only randomized controlled trials.
Publications were eligible if they were published in peer-reviewed scien-
tific journals, written in English language or had English versions of foreign

language studies available

Exclusion: Reviews, cohort studies, cross-sectional studies, case-control stud-
ies, conference abstracts, editorials, letters, and reviews. Non-English lan-

guage only papers

Intervention length, type of dietary in-
tervention, dietary intervention
protocol

Inclusion: Studies that reported outcomes of inflammatory cytokines and/or ~ Type of inflammatory marker. Pre- and

post- intervention results of each in-
flammatory marker

Type of study design

Level of evidence of each study, as deter-
mined using the NHMRC Evidence
Hierarchy Methodological quality of
each study using the American Dietetic
Association Quality Criteria Checklist for
Primary Research®’

“Where 2 reports relate to the same patient group, the most complete report was included to avoid duplication of patient numbers.
Abbreviations: NAFLD, nonalcoholic fatty liver disease; NHMRC, National Health and Medical Research Council.

probiotic, ginger, green coffee bean extract [GCBE], or
flaxseed). 474850 Bour studies used a low-fat diet
(LFD) intervention (American Diabetes Association
guide for weight-management diet,"” National
Cholesterol Education Program [NCEP] Adult
Treatment Panel IIT therapeutic lifestyle-change diet,*
and Step One American Heart Association [AHA]
Diet)**** compared with the same LFD plus supple-
mentation (soy isoflavone,*” L-carnitine,*” vitamin E,**
and n-3 polyunsaturated fatty acid [PUFA]).** One
study compared an LFD with a high-fat diet (HFD),”!
another study compared a plant protein isocaloric diet
with an animal protein isocaloric diet,”” and another
compared a Mediterranean diet with an identical diet
plus olive oil enriched with n-3 PUFA.”° A trial with 3
intervention arms compared a low-calorie diet, a
low-calorie and low-carbohydrate diet, and a soy-
containing, low-calorie, low-carbohydrate diet.”
Protocols for the dietary interventions were diverse;
the nutrient composition and caloric intake targets,
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major food sources, and physical activity (PA) recom-
mendations are  detailed in  Table3.? !
Definitions for the calorie-restricted diets ranged from
unspecified*” to a 250-kcal-per-day deficit to 700-kcal-
per-day deficit*’; in most cases, caloric requirements
were calculated on an individual basis and were depen-
dent on baseline BMI. The energy-balanced diet and
PA recommendations implemented in 6 studies®>***
4839 were according to Clinical Guidelines for the Study
of Obesity.””> The Mediterranean diet protocol was
unspecified.”

Inflammatory markers

Cytokines.
The most commonly analyzed cytokines in the included

studies were hs-CRP, TNF-o, and IL-6, which were
reported in 12 33,38,40,41,44-51 11 35,39,40,42,44-50 and 6 stud—
ies, respectively.”>*4>*>4%>1 Data extracted for interven-
tion effects of cytokines within each study are presented
in Table 4 33,35,38-42,44-51
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£ Records identified through Additional records identified
= database searching through other sources
2 (n = 3855) (n=0)
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=
@
)
— A
Records after duplicates removed
(n=2993)
(7
£
&
g ¥
o Records screened Records excluded
(n =2993) (n=2914)
hd
Full-text articles assessed Full-text articles excluded
£ for eligibility {n=58)
% (n=79) * Not a study design of
] interest
(n=22)
—/ * Not an intervention of
interest
e (n=18)
Y
* Not an outcome of
b Studies included in interest (n = 16)
E quantitative synthesis
E (n = 20) . Not a population of
— interest
(n=3)
|

Full-text excluded due to
no supplementary data

Studies included in
quantitative synthesis
(n=19)

(n=1)

Figure 1 PRISMA flow chart for study selection

High-sensitivity C-reactive protein. Of the 12 studies that
evaluated hs-CRP, 11 studies reported significant (P <
0.05) improvements from pre- to post-intervention, and
1 study reported nonsignificant (P > 0.05) improve-
ments (Table 4).333>3-4244-51 Kaliora et al*” conducted
a 24-week RCT that found that participants who re-
ceived isocaloric dietary advice alone and participants
who received isocaloric dietary advice with an addi-
tional 35 g of Corinthian currents both significantly im-
proved hs-CRP (P=0.023 and 0.002, respectively). No
significant differences were seen between treatment

Nutrition Reviews® Vol. 77(11):765-786

groups (P=0.748). After an 8-week intervention com-
paring a hypocaloric diet with a DASH diet, there was a
significant reduction in hs-CRP for the DASH diet
group only (P=0.08 and 0.004, respectively).*' Another
8-week intervention saw a reduction in hs-CRP follow-
ing a low-calorie, low-carbohydrate, soy-containing diet
(P=0.01).?* Both a food-based and a meal replacement
very-low-energy diet (VLED) significantly reduced hs-
CRP (P=0.007 and 0.004, respectively).*® Of the stud-
ies intervening with diet plus supplementation, Chan
et al*” reported significant improvements following a
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Table 5 Data extracted for intervention effects of adipokines

Adiponectin

Reference Diet

Pre-intervention, ug/mL  Post-intervention, ug/mL P value Change

Dietary intervention alone

Marina et al (2014)*'  LF 3.4+ 0.94 41+38 ns +20.6%
HF 42+28 46+38 ns +9.5%
Markova et al (2016)*  Plant protein isocaloric 42+17 36*+13 0.003 —143%
Animal protein 41+35 3.6 =30 ns —12.2%
isocaloric
Sofi et al (2010)* Mediterranean 117 £ 0.08 1.25 * 0.06 nd +6.8%
Mediterranean plus ol- 1.14 = 0.02 1.48 = 0.09 0.04* +29.8%
ive oil enriched with
n-3 PUFA
Dietary intervention plus co-intervention
Chan et al (2010)* Hypocaloric, LF 59+22 6.8+ 25 <0.05* +15.2%
Hypocaloric, LF + cho- 49 *+27 6.1 +3.5 <0.05* +24%
lesterol-lowering
agent
Garinis et al (2010)*? Hypocaloric 79+*44 85*46 0.17 +7.6%
Hypocaloric + oral hy- 58+27 70*33 0.005* +20.7%
poglycemic agent
Dietary intervention plus supplementation
Behrouz et al (2017)*  Energy-balanced 258+94 39.4 +24.2 0.005%  +52.7%
Energy-balanced + pro- 244+11.1 40.7 =241 <0.001* +66.8%
biotic supplement
Energy-balanced + pre- 27.8 £ 104 439+ 156 <0.0071* +57.9%
biotic supplement
Leptin
Reference Diet Pre-intervention, ng/mL  Post-intervention, ng/mL P value Change
Dietary intervention alone
Marina et al (2014)*'  LF 13.9 =104 15.1 %104 ns +8.6%
HF 173+ 111 16.8 =12.6 ns —2.9%
Dietary intervention plus co-intervention
Kaliora et al (2016)* Isocaloric 63.5 + 48.6 55.2+39.4 0.09 —13.1%
Isocaloric diet + 959+ 816 85.2+76.8 0.19 —11.16%
Corinthian currants
Dietary intervention plus supplementation
Behrouz et al (2017)*  Energy-balanced 758 +269 744 +26.2 0.629 —1.8%
Energy-balanced + 73.1£26.8 486 = 13.6 <0.001* —33.5%
probiotic supplement
Energy-balanced + 80.3 +29.7 56.8 +22.8 <0.0071* —29.3%

prebiotic supplement

Data presented as mean = SD or % change (calculated from mean values).

*Statistically significant. P < 0.05 significant.

Abbreviations: HF, high fat; LF, low fat; nd, no data; ns, not significant; PUFA, polyunsaturated fatty acid.

hypocaloric, low-fat diet plus a cholesterol-lowering
supplement (P < 0.05) in comparison with a hypo-
caloric, low-fat diet alone, which resulted in a non-
significant increase in hs-CRP (NS). Similarly, an
NCEP diet plus L-carnitine supplement significantly
reduced hs-CRP (P < 0.05) in comparison with the
nonsignificant reduction seen in the NCEP diet alone
(NS).*° Significant reductions in hs-CRP occurred af-
ter both an energy-balanced diet alone and an energy-
balanced diet alongside ginger supplementation
(P=0.005 and 0.007, respectively).”” In contrast,
Shahmohammadi et al*® found an energy-balanced
diet alone did not change levels of hs-CRP, whereas
an energy-balanced diet plus GCBE supplement

Nutrition Reviews® Vol. 77(11):765-786

improved hs-CRP (P=0.846 and <0.001, respec-
tively). Two studies compared an energy-balanced
diet alone with an energy-balanced diet plus synbiotic
supplement, and a third study compared an energy-
balanced diet with or without flaxseed supplementa-
tion; all studies reported a decrease in hs-CRP for all
groups, although the mean decrease in supplementa-
tion groups were significantly greater (P <
0.001),44:46:50

Tumor necrosis factor alpha. Ten of the 11 studies that
analyzed TNF-a reported significant improvements
with dietary interventions, and 1 study reported benefi-
cial change in the supplementation group only, albeit
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RELEVANCE VALIDITY
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Baldry et al (2017)%# : Ly o L ) o ¥ Y N @ X ¥ Y Y *
Behrouz et al (2017)% : Y Y Y Y ¥ X Y Y Y i ¥ Y +
Chan et al (2010)* Y ¥ iy X § ¥ Y 4] N ¥ i Y Y +
Eslamparast et al (2014)* Y Y Y Y Y Y Y Y Y Y Y Y +
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Abbreviations: Y; Yes, N; No, @; Unclear

Figure 2 Individual quality assessment of studies according to American Dietetic Association quality checklist.

without statistical significance (Table4).?>>>7% 424451
Of the diet-alone studies, Kaliora et al*® found that
TNF-o significantly decreased following an isocaloric
diet alone (P=0.004) but adversely increased following
an isocaloric diet with the addition of Corinthian cur-
rents (P=0.063). Markova et al*® found significant
reductions in TNF-o following a plant protein isocaloric
diet and no increase following an animal protein isoca-
loric diet (P=0.016 and 0.925, respectively). Of the stud-
ies implementing a diet alongside supplementation,
Chan et al*” reported significant improvement in TNF-
o for the hypocaloric, low-fat diet plus cholesterol-
lowering supplement (P < 0.05) in comparison with the
hypocaloric, low-fat diet alone (NS). Similarly, the
NCEP diet plus L-carnitine supplementation signifi-
cantly reduced TNF-o (P < 0.001) compared with the
NCEP diet alone (NS).*’ Likewise, Amanat et al** found
significant reductions of TNF-o following a weight-
management diet plus soy isoflavone supplement and
no change following a weight-management diet alone
(P=0.01 and 0.99, respectively). One study investigating
an energy-balanced diet alone compared with an
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energy-balanced diet plus synbiotic supplementation**
and 1 study investigating an energy-balanced diet alone
compared with an energy-balanced diet plus flaxseed
supplement™ reported a decrease in TNF-o for all
groups, although the mean decrease in supplementation
groups were significantly greater (P < 0.001).
Furthermore, both an energy-balanced diet alone and
an energy-balanced diet alongside ginger supplementa-
tion significantly reduced levels of TNF-o (P=0.003 and
<0.001, respectively).*’

Interleukin 6. Six studies reported on the effects of a die-
tary intervention on levels of IL-6, with 4
studies reporting significant improvements and 2
studies  reporting  nonsignificant improvements
(Table 4).333538-4244-51 Of the diet studies, a 24-week
study conducted by Kaliora et al*’ found significant
reductions in IL-6 with the isocaloric diet plus
Corinthian currants compared with a nonsignificant re-
duction with isocaloric diet alone (P=0.009 and 0.322,
respectively). Of the diet and supplementation studies
investigating IL-6, Amanat et al** reported significant

Nutrition Reviews® Vol. 77(11):765-786
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reductions in IL-6 following a weight-management diet
plus soy isoflavone supplement compared with a
weight-management diet alone, for which no change
was seen (P=0.01 and 0.80, respectively). Chan et al*’
reported significant changes for IL-6 in the hypocaloric,
low-fat diet plus cholesterol-lowering supplement group
(P < 0.05) in comparison with the hypocaloric, low-fat
diet alone (NS). Kugelmas et al®* compared an AHA
diet with an AHA diet plus vitamin E supplementation
and merged these groups for data analysis (due to small
and similar intervention groups), reporting a significant
decrease in IL-6 concentration (data not presented in
table because numerical values were not provided).

Other cytokines. Interleukins 4, 8, 10, 12, and
18, monocyte chemoattractant protein 1 (MCP-
1),%° interferon gamma (IFN-7),”" visfatin,*” and retinol
binding protein 4 (RBP-4)*" were each included in 1
study (see Table S1 in the Supporting Information on-
line). Nuclear factor kB (NF-xB)***® and fetuin A®**°
were included in 2 studies. An animal protein isocaloric
diet resulted in significantly decreased IL-18 (P <
0.05).”> Nuclear factor kB decreased following an
energy-balanced diet with and without synbiotic and
flaxseed supplementation,***® although the mean de-
crease in supplementation groups before versus after in-
tervention were significantly greater than for diet alone
(P < 0.001). A hypocaloric, low-fat diet alone and a
hypocaloric, low-fat diet plus cholesterol-lowering sup-
plement significantly lowered both RBP-4 (P < 0.05)
and fetuin A (P < 0.05).* Very-low-energy diets in the
form of a food-based diet and meal-replacement plan
both reduced fetuin A significantly (P < 0.05).”® No
significant changes were reported for all other markers
(P > 0.05).

Adipokines.

The effects of a dietary intervention on adiponectin
were investigated in 6 studies,”**>***>***! and 3 stud-
ies included leptin.*>***! Data extracted for interven-
tion effects of adipokines within each study are
presented in Table 5.°%>20:40:434%:31

Adiponectin. Of the 6 studies evaluating adiponectin, 5
reported a significant (P < 0.05) increase in serum adi-
ponectin levels, suggesting improvement in inflamma-
tory status, and 1 study showed no significant (P >
0.05) change (Table 5).32:35:36,40.434951 (3f the djet-alone
studies, Markova et al’>® reported a significant improve-
ment in adiponectin following a plant protein isocaloric
diet (P=0.003) but not an animal protein isocaloric diet
(NS). Moreover, Sofi et al*® observed a significant in-
crease of adiponectin levels in the Mediterranean diet
enriched with n-3 PUFA olive oil (P=0.04), whereas a

Nutrition Reviews® Vol. 77(11):765-786

nonsignificant increase was reported for the
Mediterranean diet alone (NS). Of the dietary interven-
tion plus supplementation studies, Behrouz et al*’
reported a significant increase in adiponectin for each
of the energy-balanced diets alone, the energy-balanced
diet plus probiotic, and the energy-balanced diet plus
prebiotic groups (P=0.005, <0.001, and 0.001, respec-
tively). A study of a hypocaloric, low-fat diet plus
placebo and a hypocaloric, low-fat diet plus cholesterol-
lowering agent found that adiponectin increased signifi-
cantly in both groups (P < 0.05).* Garinis et al*
showed that a hypocaloric diet alone compared with a
hypocaloric diet plus oral hypoglycemic supplement in-
creased adiponectin for both groups, although the in-
crease reached statistical significance in the hypocaloric
diet plus oral hypoglycemic agent group (P < 0.005)
and not in the hypocaloric diet-only group (P < 0.17).

Leptin. Behrouz et al*’ reported significant reductions
in leptin following both an energy-balanced diet plus
probiotic supplement (P < 0.001) and an energy-
balanced diet plus prebiotic supplement (P < 0.001), al-
though no significant changes were seen following the
diet-alone group (P > 0.05).

Liver imaging and histology

Five studies assessed liver imaging and histology after
intervention using abdominal ultrasound,>>36:3%4148 1
study used ultrasound and transient elastography (TE)
Fibroscan,” 4 studies used TE Fibroscan only,*****>
3 used 'H-MRS,>>***! and 2 performed liver bi-
opsy.”>*> Of the 19 studies, 4 did not assess postinter-
vention liver imaging or histology. Data extracted for
each of these measures are presented in Table S2 (see
Table S2 in the Supporting Information online). Most
significant changes occurred following a hypocaloric
diet with and without an oral hypoglycemic agent
(P <0.029 and P < 0.0001),* hypocaloric diet with and
without a cholesterol-lowering agent (P < 0.05),"’ hypo-
caloric and DASH diet(s) alone (P < 0.001),*" isocaloric
diet with and without current supplementation
(P<0.05),” or energy-balanced dietary intervention
alone or with synbiotic,***® ginger,*” or flaxseed*® sup-
plementation. The Mediterranean®® and AHA™ diets
(with or without n-3 PUFA supplement) have also
achieved significant reductions in hepatic steatosis and
insulin resistance in an NAFLD population, although P
values were not reported. Using liver biopsy, the NCEP
diet alone significantly reduced NASH activity scores
(P <0.001), as did the NCEP diet plus L-carnitine sup-
plementation (P < 0.001).*
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Quality assessment of studies

The quality assessment of studies using the American
Dietetic Association Quality Criteria Checklist for Primary
Research® is presented in Table 2**>%**>*~>! and the
assessment of internal and external biases of each study is
shown in Figure 2327363851 ANl studies were, overall,
found to be of positive (+) quality, with 7 of the 20
studies ranking positive in all sections.’>*"****” Ten
studies ranked negative (—) or unclear (o) due to inad-
equate blinding of participants or research person-
nel ?>?473638-40.49-51 Blinding is often not possible in
dietary intervention trials; however, blinding of out-
come assessors, technicians, and laboratory staff
enhances research rigor if applied to all trials. This in-
tent was not clear in the above studies that ranked neg-
ative for this domain. Of the aforementioned 11
studies, 6 ranked negative (—) or unclear () in the
way they described withdrawals,’*>**>*®°! and a fur-
ther 2 had groups that were considered noncompar-
able and may affect interpretation of outcome
measures due to significant (P < 0.05) differences at
baseline.**!

Of the 19 included studies, only 7 stud-
ies??2%3941°43 calculated sample size using statistical
power generated to see a significant change, although
these outcomes were not specific to inflammatory
markers. Furthermore, it was unclear in most studies
whether the inflammatory marker(s) were examined as
a primary or secondary outcome.

DISCUSSION

This systematic review provides evidence that dietary
interventions implemented in RCTs can lower levels of
circulating serum inflammatory cytokines and increase
levels of circulating adiponectin in individuals with
NAFLD. Although the effects of dietary interventions
on inflammatory markers varied, diets that demon-
strated more favorable change were those that were cal-
orie restricted, those that were isocaloric, and those that
adhere to DASH or NCEP dietary guidelines. Dietary
interventions with the addition of a co-intervention,
specifically nutraceuticals or a pharmacological supple-
mentation, demonstrated added benefits compared
with diet alone in an NAFLD population.

In this review, the most effective studies were
calorie-restricted dietary interventions that resulted in
significant (P < 0.05) weight loss. Typically in the treat-
ment of NAFLD weight loss is considered a primary fo-
cus because restriction of energy intake induces rapid
adipose tissue reduction, thus lowering IR and hepatic
steatosis.”>* Adipokine and cytokine production is
inhibited subsequent to the decrease in adiposity.”

782

Although clinical trials investigating calorie-restricted
diets report inflammatory changes following weight
loss, due to their restrictive nature these diets are often
unsustainable in NAFLD patients and may result in
portal fibrosis or necroinflammation following rapid
weight loss.”

This review also highlighted the effects of the
NCEP diet, which is advocated in NAFLD to balance
macronutrient intake and anti-inflammatory foods, and
the DASH eating plan, recommended as a
low-glycemic-index, low energy-dense diet with an em-
phasis on reduced sodium intake. In trials, the NCEP
diet has been successful in lowering CRP,>® as well as
hepatic steatosis and fibrosis.*> The DASH diet has also
reduced CRP levels in adults with NAFLD,*" adoles-
cents with metabolic syndrome,”” and patients with
polycystic ovary syndrome®®—chronic diseases in which
insulin resistance, obesity, and abdominal fat accumula-
tion are underlying pathophysiological contributors.
These changes have been attributed to weight loss, con-
sidering a reduction in adipocytes accompanied by a re-
duction in IL-6 is likely to be responsible for the
reduction in CRP.”’

One small study included in this review investi-
gated the Mediterranean diet; researchers did not find a
substantial effect for diet alone in an NAFLD popula-
tion.”® In this study, however, an improvement in adi-
ponectin was seen following a Mediterranean diet with
n-3 enriched olive oil supplementation.”® Adhering to a
diet rich in antioxidants and phenolic compounds from
whole grains, fruits, vegetables, nuts, and extra-virgin
olive oil may decrease hs-CRP, as well as circulating lev-
els of free radicals and pro-inflammatory cytokines IL-
6, IL-18, and TNF-o.'” These dietary components, typi-
cal of the Mediterranean diet, are extensively investi-
gated in the treatment of IR and metabolic
syndrome.'”*> Moreover, Kaliora et al*’ found that
within a Greek population, adherence to a
Mediterranean diet supplemented with Corinthian cur-
rents as a regular dietary snack was associated with an
improvement in levels of hs-CRP and IL-6. This was
not unprecedented as the authors noted recent studies
identifying bioactive phytochemicals and phenolic com-
pounds in currents could potentially ameliorate fasting
glucose, inflammation, and the fibrosis stage.49

A diet receiving considerable attention in recent
RCTs for NAFLD populations and within this review
was an energy-balanced diet; implementing “general
tips for healthy eating,” low-fat cooking methods, and
moderate PA recommendations,’” this diet improved
hs-CRP, TNEF- o, and adiponectin. Improvements in
these inflammatory markers were further enhanced
when an energy-balanced diet was combined with pre-
biotic,*? probiotic,43 synbiotic,“’46 ginger,47 flaxseed,>®
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or GBCE™ supplements. Although the efficacy of die-
tary intervention was partially assessed in these studies,
the effect of supplementation was considered the pri-
mary outcome and found to elicit superior benefits than
diet alone. Hence the diet-alone group was used as a
control rather than as an experimental group, although
noteworthy effects were seen following diet only.
Shahmohammadi et al** attributed a significant (P <
0.05) decrease in hs-CRP to the anti-inflammatory and
antioxidant activities of a GCBE supplement. Similarly,
Rahimlou et al*’ found their results to be in line with
previous studies reporting that ginger supplementation
exhibited antidiabetic, anticancer, and anti-
inflammatory properties, leading to a significant (P <
0.05) decrease in serum levels of TNF- o and hs-
CRP.®*®' Flaxseed oil, a supplement that has been
shown to have potential health benefits for cardiovascu-
lar disease, metabolic syndrome, and dyslipidemia,®***
is thought to improve weight management, lipid profile,
IR, and the inflammatory cytokines hs-CRP and TNEF-
¢.”® Given that flaxseed is a rich source of n-3 fatty
acids, it’s mechanism of action is to ameliorate hepatic
lipid accumulation and oxidative stress. This review
found improvements in both leptin and adiponectin
following prebiotic, probiotic, and synbiotic supple-
mentation.*’ Few studies have investigated the effects of
prebiotics and probiotics in adipokines in humans, al-
though evidence is mounting for potential use of synbi-
otic supplements to protect the liver from damage. It is
thought that synbiotic supplements retard inflamma-
tion, resulting in downregulation of insulin signaling in
adipose tissue, thereby decreasing fat accumulation.
Animal models have displayed the benefits of probiotics
on leptin.”> Moreover, a recent meta-analysis found
that microbial therapies of prebiotic, probiotic, and syn-
biotic supplementation did not improve levels of CRP
and TNF-0.°® L-Carnitine supplementation was seen to
have beneficial effects on the inflammatory cytokines
hs-CRP and TNF-«*’; although this has been confirmed
in an animal model,”” human studies in an NAFLD
population have yet to prove L-carnitine as a convinc-
ing therapeutic option.*®

Alternatively, Kuglemas et al’* concluded that life-
style modification and exercise were associated with im-
provement in liver enzymes and cholesterol in patients
with NASH, whereas vitamin E supplementation pro-
vided no apparent added benefit. Previous studies in
NAFLD have shown the potential beneficial effects of
vitamin E® and nutraceutical supplementation on he-
patic outcomes when administered alongside diet*’;
however, additional evidence is required before pre-
scription can be recommended for the alleviation of in-
flammatory outcomes. Whether participants in
supplement arms of trials adhere better to the
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intervention is difficult to determine, as is the efficacy
of these therapies alongside diet. The effect of nutraceu-
tical intervention in NAFLD has the potential to be fur-
ther investigated in a short- to medium-term capacity.
However, in this review supplements were only in-
cluded if they were within an intervention that had a
stand-alone dietary intervention arm.

Physical activity, although not a primary outcome
of this review, also plays a central role in the alleviation
of hepatic and inflammatory outcomes and may inde-
pendently reduce disease severity.”® The majority of
studies in this review recommended that all study par-
ticipants, regardless of their assigned intervention
group, engage in moderate PA for 30 minutes > 3 times
per week. Recommendations were brief and generally
advised low- to moderate-intensity aerobic exercise and
routine stretching. Although PA recommendations
were given, adherence to this parameter was not
recorded or reported; hence these changes could not be
assessed. In future studies, PA should be monitored
and/or controlled for so that the true impact of dietary
intervention can be assessed.

The use of pharmaceuticals is also emerging in
NAFLD. Chan et al** showed that ezetimibe, a potent
cholesterol absorption inhibitor, improved adiponectin,
hs-CRP, TNF-u, and IL-6. The underlying mechanism
of ezetimibe is to reduce low-density lipoprotein choles-
terol concentrations and therefore improve dyslipide-
mia. For this reason, it was thought to be an optimal
approach in the clinical setting, as well as for modera-
tion of weight loss. Additional studies have found im-
provement in weight loss when ezetimibe was
combined with statins.”**>”® Definitive conclusions for
ezetimibe cannot be drawn yet due to insufficient evi-
dence surrounding the effects for short- and long-term
use.

Although it was not a primary outcome of this re-
view, noteworthy changes in liver histology were
evident following hypocaloric,”>*"** isocaloric,* en-
ergy-balanced,*****>** DASH,*' AHA,” NCEP,* and
Mediterranean®® diets. The addition of various co-
interventions resulted in prominent changes in markers
of steatosis and fibrosis, as defined by abdominal ultra-
sound, '"H-MRS, TE Fibroscan, and/or liver biopsies.
Changes in liver severity were difficult to compare
among studies due to the various liver imaging and his-
tology tools, although findings are relatively consistent
with previous literature. Although liver biopsy remains
the gold-standard approach in confirming NAFLD se-
verity, the approach remains too invasive, particularly
in large dietary intervention cohorts of patients with
simple steatosis. Therefore, additional large studies of
this disease cohort are required to elucidate the specific-
ity of cytokines and adipokines as surrogate markers of
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disease. Given the pathophysiology and underlying
mechanisms of the chronic inflammatory state of
NAFLD, it is important to consider the inflammatory
markers presented in this review and the role they place
in disease progression in the absence of any known
liver-sensitive markers.

This review highlights the limited evidence that is
currently available to assess the impact of optimal die-
tary composition on pro-inflammatory cytokines and
adipokines in an NAFLD population. A pooled estimate
of effect, or meta-analysis, was not possible given the
heterogeneity of control and experimental groups
within each study. The populations across the studies
were diverse, and the impact of habitual diets and ge-
netics may influence the extent of response to dietary
interventions. Other limitations of this review include
the small sample size of included studies, reducing sta-
tistical power for inflammatory markers as a primary
outcome, especially when some inflammatory markers
may be more susceptible to change with diet and other
external factors. Two studies*™”" included in this review
focused on recruiting obese individuals, of whom 10
participants did not have NAFLD intrahepatic triglycer-
ide content < 5%. Some studies did not report a macro-
nutrient breakdown of the recommended diets;
therefore it was difficult to make comparisons or pool
together dietary prescriptions. Dietary compliance was
often not monitored or reported, and there was incon-
sistency in regards to cytokines and adipokines studied.

Still this systematic review study has important
strengths in that the overall population within the in-
cluded studies—age, sex, anthropometry, and general
characteristics—were reflective of and therefore gener-
alizable to the NAFLD population. Moreover, liver bi-
opsy, ultrasound, magnetic resonance spectroscopy, TE,
and/or liver chemistries were used in the diagnosis and
reporting of NAFLD in all included studies.

To determine whether dietary interventions, with
or without co-interventions, are effective at improving
inflammatory outcomes in individuals with NAFLD
and to more widely assess liver outcomes, future re-
search should involve large, statistically powered
cohorts with specific pro-inflammatory cytokines and
adipokines as primary outcome measures in patients
with biopsy- or ultrasound-proven NAFLD.'® Dietary
interventions should consist of an experimental diet in
comparison with a control (or habitual) diet for the
same duration of time. To determine whether dietary
interventions are effective at improving inflammatory
outcomes, supplementation should not be administered
in either group because it will allow the dietary inter-
ventions with quality of diet or active nutrients of inter-
est to be adequately assessed. It will also be beneficial,
from a mechanistic and clinical standpoint, to
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distinguish between the effect of diet on serum cyto-
kines and adipokines in the absence of weight loss.

CONCLUSION

Dietary interventions including hypocaloric diets, isoca-
loric diets, or diets that adhere to DASH or NCEP die-
tary guidelines appear to demonstrate improvements in
circulating serum inflammatory cytokines and adipo-
kines in an NAFLD population. However, these effects
were predominantly driven by weight loss. Dietary
interventions, including nutraceutical or pharmacologi-
cal supplementation, appear to elicit superior outcomes
compared with diet alone in patients with NAFLD.
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