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Abstract

Aims Evidence indicates that curcumin seems to improve outcomes in non-alcoholic fatty liver disease (NAFLD). A meta-
analysis was performed to evaluate the effects of curcumin inNAFLD.

Methods We searched PubMed, EMBASE, and the Cochrane Library from inception through March 2018 to identify
randomized controlled trials (RCTs) evaluating the role of curcumin inNAFLD. The mean difference (MD) and 95%
confidence interval (CI) were calculated.

Results Four RCTs with a total of 229 NAFLD patients were included. Curcumin was more likely to lower LDL-C,
triglycerides, FBS, HOMA-IR, weight and AST levels compared with placebo, and the difference was statistically sig-
nificant [MD = — 27.02, 95% CI (— 52.30, — 1.74); MD = — 33.20, 95% CI (— 42.30, — 24.09); MD = — 5.63, 95% CI
(— 10.36, — 0.90); MD = — 0.53, 95% CI (— 1.00, — 0.05); MD = — 2.27, 95% CI (— 3.11, — 1.44); MD = — 7.43,
95% CI (— 11.31, — 3.54), respectively]. However, the beneficial effect of curcumin did not achieve statistical significance
in lowering total cholesterol, HDL-C, HbAlc, ALT or insulin levels [MD = — 30.47,95% CI (— 60.89. — 0.06); MD =
— 0.98, 95% CI (— 2.88, 0.92); MD = — 0.41, 95% CI (— 1.41, 0.59); MD = — 6.02, 95% CI (— 15.61, 3.57); MD =
— 0.92, 95% CI (— 2.33, 0.49)].

Conclusions Curcumin is effective in lowering LDL-C, triglycerides, FBS, HOMA-IR, weight, and AST levels in NAFLD
patients, and it is well tolerated. Further RCTs are required to confirm our findings.
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Abbreviations wC Waist circumference
NAFLD Non-alcoholic fatty liver disease NA Not available
MD Mean difference HbAlc Hemoglobin Alc
CI Confidence interval HOMA-IR Homeostasis model assessment-insulin
SDs Standard deviations resistance index
RCTs Randomized controlled trials FBS Fasting blood sugar
BMI Body mass index LDL-C Low density lipoprotein cholesterin
M Male HDL-C High density lipoprotein cholesterol
F Female ALT Alanine aminotransferase
AST Aspartate aminotransferase
GRADE Grading of recommendations assessment,
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is due to the
Department of Gastroenterology, The Second Affiliated accumulation of fat in the liver cells [1] and it is associated
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and metabolic syndrome [2]. NAFLD is the most common
chronic liver disease in affluent nations [3]. In Western
countries, approximately 30% of adults develop NAFLD
and the prevalence is steadily increasing owing to the rising
epidemiology of obesity and diabetes [4]. Poor control can
result in serious consequences, such as cirrhosis, liver
failure, and hepatocellular carcinoma [5, 6].

The first-line therapy for NAFLD is lifestyle interven-
tion which consists of diet, exercise, and weight loss. Of
these, overall weight loss is the key [7], but only a few
patients are able to reach the threshold required for
NAFLD resolution [8]. A prospective study showed that
only 10% of patients with NAFLD who committed to
lifestyle intervention could reach the goal to induce
regression of fibrosis [9, 10]. Health agencies have
approved the development of new drugs and treatments for
NAFLD, which are urgently needed [8, 11].

Curcumin is a naturally occurring polyphenol that is
obtained from turmeric [12]. Previous animal studies have
shown that curcumin has antioxidant, anti-inflammatory,
antimicrobial and anticarcinogenic effects [13—17]. Several
clinical trials have shown that curcumin can affect
NAFLD; however, the sample sizes were relatively small
and the outcomes were controversial. Various phase 2 trials
have shown that curcumin had no side effects even at high
doses of 8—12 g/day [18]. However, the precise effects of
curcumin supplementation on NAFLD have not been
established.

In this study, we systematically reviewed all the pub-
lished randomized controlled trials on curcumin supple-
mentation and assessed its overall efficacy and safety in
patients with NAFLD. To our knowledge, this is the first
meta-analysis about the effects of curcumin supplementa-
tion on NAFLD.

Methods
Search strategy

We conducted a literature search that assessed the asso-
ciation between curcumin and NAFLD in humans. We
searched PubMed, EMBASE, and the Cochrane Library
up to March 2018. The search strategy included free-text
words and MeSH terms. The following search terms were
used: (curcumin OR curcuminoid OR curcuminoids OR
Curcuma OR Curcuma OR turmeric) AND (Non-alco-
holic Fatty Liver Disease OR Non-alcoholic Fatty Liver
Disease OR NAFLD OR Non-alcoholic Fatty Liver Dis-
ease OR Non-alcoholic Fatty Liver OR Non-alcoholic
Fatty Livers OR Non-alcoholic Steatohepatitis OR Non-
alcoholic Steatohepatitides). In addition, we conducted a
manual literature search of the reference lists of

manuscripts and reviews. The literature search was inde-
pendently conducted by two systematic reviewers and any
disagreement was resolved through discussion with a third
reviewer.

Inclusion and exclusion criteria
Inclusion criteria

The included literature met the following criteria:

1. Randomized, placebo-controlled, parallel trial;

2. Patient age > 18 years;

3. NAFLD (grades 1-3) was diagnosed according to liver
ultrasound.

4. The intervention group received curcumin, and the
comparison group received placebo;

Exclusion criteria

1. Pregnancy or breastfeeding.

2. NAFLD secondary to alcohol consumption, smoking,
consumption of hypoglycemic, hypolipidemic, or anti-
inflammatory medications.

3. NAFLD secondary to any drug known to affect hepatic
function,.

4. Presence of hepatitis, coronary, renal, pulmonary, or
thyroid diseases.

Data extraction

Two reviewers independently extracted data from the lit-
erature in this review, and disagreements were resolved by
consensus and discussion with a third reviewer. The
extracted data included the following: author, year, geo-
graphic location, interventions, dose, duration, inclusion
criteria, exclusion criteria, blinding, sample size, gender
(M/F), age, weight, body mass index (BMI), waist cir-
cumference (WC), diabetes, dyslipidemia, total cholesterol,
low density lipoprotein cholesterin (LDL-C), high density
lipoprotein cholesterol (HDL-C), triglycerides, fasting
blood sugar (FBS), aspartate aminotransferase (AST),
alanine aminotransferase (ALT), hemoglobin Alc
(HbAlc), insulin, and homeostasis model assessment-in-
sulin resistance index (HOMA-IR).

Quality assessment
The Cochrane Risk Bias Tool was used to evaluate the
study quality [19, 20]. The key points of the Cochrane

Handbook include the following: selection bias, perfor-
mance bias, detection bias, attrition bias, reporting bias,
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and other biases. The quality assessment was carried out
independently by two researchers, and disagreements were
resolved through discussion with a third reviewer.

Quality of evidence

To evaluate the quality of evidence, we adopted the
Grading of Recommendations Assessment, Development
and Evaluation (GRADE) criteria [21]. The quality of
evidence involves consideration of the following factors:
inconsistency of findings, indirectness, imprecision, mag-
nitude of effect, dose—response relationship, publication
bias and other biases.

Statistical analyses

Analyses were performed using Review Manager5.3
(Copenhagen, Denmark: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2014). The mean differences
(MDs), standard deviations (SDs), and 95% confidence
intervals (CIs) were calculated. In the studies that only pro-
vided medians and interquartile ranges, the SDs of the mean
differences were calculated using the following formula,
which was recommended by Hozo et al. [22]:
SD? = (SDpretreatment)” +(SDyposttreatment)” — (2R x
SDpretreatment X SDpostireatment)s assuming R = 0.5. The
heterogeneity analysis was performed using the Cochran
Q test (significant when p < 0.10) and the I value (signifi-
cant when I* > 50%) [23]. A random effects model was
applied to combine the outcome effects of the difference
between the experimental group and the control group.
Sensitivity analysis was‘ conducted using the 1-study-re-
moved method on all outcomes with > 3 studies to assess
the influence of each study on the total effect. Publication
bias was achieved by Begg test and Egger test using statal2.0
(Stata Corp., College Station, TX, USA). A p value less than
0.05 was considered to indicate statistical significance.

Results
Literature search

The literature search identified 99 studies, of which 53
studies were from PubMed, 11 were from the Cochrane
Library and 35 were from Embase. After excluding 79
repeated titles, 20 titles and abstracts were reviewed, and
14 records were excluded after the titles and abstracts were
reviewed. Furthermore, we screened the remaining six
studies, and two studies were excluded based on the
inclusion criteria. One study with no relevant data [24] and
a protocol article [25] were excluded. Thus, a total of four
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RCTs were included in this meta-analysis (Fig. 1 details
the study selection flowchart).

Study characteristics and quality assessment

Study characteristics are listed in Table 1. The included
trials were conducted between 2012 and 2017. There were
four RCTs [12, 26-28] with a total of 229 NAFLD patients
(115 curcumin users and 114 placebo). The number of
participants in these four RCTs ranged from 20 to 87. A
wide range of curcumin dosing (turmeric pow-
der3000 mg/day, curcumin 500-1000 mg/day) was used in
the included trials. Duration of supplementation with cur-
cumin ranged from 8 weeks to 6 months. In all trials, three
adverse effects were reported in the curcumin group. All
the trials were parallel-group studies and had high quality
according to the Cochrane risk bias tool. The quality
assessment of the included studies is summarized in Fig. 2.

Meta-analyses
The effect of curcumin on serum lipids
Lowering total cholesterol levels

A total of three RCTs [12, 27, 28] with 187 patients (94
curcumin users and 93 nonusers) reported a change in total
cholesterol. Compared with placebo, curcumin is more
likely to lower total cholesterol levels than placebo; how-
ever, the statistical difference was not critically significant
[mean difference = — 30.47, 95% CI (— 60.89, — 0.06),
p = 0.05], and there was significant heterogeneity between
studies (p < 0.001, I* = 92%) (Fig. 3).

Lowering LDL-C levels

A total of three RCTs [12, 27, 28] reported a change in
LDL-C in 187 patients (94 curcumin users and 93 nonu-
sers). The results of the meta-analysis showed that there
was a significant effect of the curcumin supplementation on
lowering LDL-C levels compared to the placebo [mean
difference = — 27.02, 95% CI (- 52.30, — 1.74),
p = 0.04]. Significant heterogeneity among studies was
observed (p < 0.001, P= 91%) (Fig. 3).

Lowering HDL-C levels

Two RCTs [12, 27] reported the results of HDL-C levels in
84 curcumin users and 83 nonusers. Compared with pla-
cebo, curcumin was more likely to lower HDL-C levels,
but the difference was not statistically significant [mean
difference = — 0.98, 95% CI (— 2.88, 0.92), p = 0.31].
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Fig. 1 Study selection flowchart
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There was no evidence of heterogeneity between the
included studies (p = 0.75, I = 0%) (Fig. 3).

Lowering triglyceride levels

A total of three RCTs [12, 27, 28] reported the impact of
curcumin on triglycerides. There were 94 curcumin users
and 93 nonusers included in the study. Compared with
placebo, curcumin was significantly associated with lower
triglyceride levels [mean difference = — 33.20, 95% CI
(— 42.30, — 24.09), p < 0.001]. Heterogeneity was not
observed among the studies (p = 0.41, I = 0%) (Fig. 3).

Based on the RCTs, there was considerable evidence in
the estimates supporting the use of curcumin for lowering
triglyceride levels in NAFLD patients. Because of the
heterogeneity, there was moderate evidence in the esti-
mates supporting the use of curcumin for lowering total
cholesterol and LDL-C levels in NAFLD patients. In
addition, there was moderate evidence in the estimates
supporting the use of curcumin for not lowering HDL-C
levels in NAFLD patients, primarily because of the
inconsistency.

The effect of curcumin on glycemic indices
Lowering FBS levels

A total of four RCTs [12, 26-28] evaluated the change in
FBS in 115 curcumin users and 114 nonusers. The meta-
analysis showed that there was a significant effect of the
curcumin supplementation on lowering FBS levels com-
pared to placebo [mean difference = — 5.63, 95% CI
(— 10.36, — 0.90), p = 0.02]. There was no evidence of
heterogeneity between the included studies (p = 0.43,
I? = 0%) (Fig. 4).

Lowering HbA1c levels

Two RCTs [12, 27] reported the results of HbAlc levels in
84 curcumin users and 83 nonusers. Compared with pla-
cebo, curcumin was more likely to lower HbAlc levels, but
the difference was not statistically significant [mean dif-
ference = — 0.41, 95% CI (— 1.41, 0.59), p = 0.42]. Sig-
nificant heterogeneity between the studies was observed
(p = 0.0003, I = 92%) (Fig. 4).
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Fig. 2 Quality assessment of
included studies
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Lowering insulin levels

Two RCTs [26, 27] evaluated the change in insulin in 65
curcumin users and 64 nonusers. Compared with placebo,
curcumin was more likely to lower insulin levels, but the
difference was not statistically significant [mean differ-
ence = — 0.92, 95% CI (— 2.33, 0.49), p =0.20]. The
heterogeneity test showed that there was low heterogeneity
between the studies (p = 0.24, I* = 28%) (Fig. 4).

Lowering HOMA-IR levels

Two RCTs [26, 27] reported the results of HOMA-IR
levels in two groups consisting of 65 curcumin users and
64 nonusers. Compared with placebo, curcumin signifi-
cantly decreased HOMA-IR levels [mean differ-
ence = — 0.53, 95% CI (— 1.00, — 0.05), p =0.03].
Heterogeneity between the studies was not observed
(p = 0.37, F = 0%) (Fig. 4).

The data were derived from high-quality RCTs with no
inconsistencies, which qualify as high-quality evidence
regarding the effect of curcumin in lowering FBS, insulin,
and HOMA-IR levels. Because of the heterogeneity, this
constitutes moderate-quality evidence to support the asso-
ciation between curcumin use and HbAlc levels in NAFLD
patients.

The effect of curcumin on transaminase

Lowering ALT levels

Two RCTs [12, 28] evaluated the change in ALT levels in
50 curcumin users and 50 nonusers. Compared with pla-

cebo, curcumin was more likely to lower ALT levels, but
the difference was not statistically significant[mean

difference = — 6.02, 95% CI (— 15.61, 3.57), p = 0.22].
Heterogeneity was not observed between the studies
(p = 0.44, P = 0%) (Fig. 5).

Lowering AST levels

Two RCTs [12, 28] reported the results of AST levels in 50
curcumin users and 50 nonusers. The meta-analysis
showed that there was a significant effect of curcumin
supplementation on lowering AST levels compared to the
placebo [mean difference = — 7.43, 95% CI (— 11.31,
— 3.54), p =0.0002]. Heterogeneity was not observed
between the studies (p = 0.64, P =0%) (Fig. 5).

Based on the RCTs, there was high evidence in the
estimates supporting the use of curcumin for lowering ALT
and AST levels in NAFLD patients.

The effect of curcumin on weight

Two RCTs [12, 28] evaluated the impact of curcumin on
weight in 50 curcumin users and 50 nonusers. Compared
with placebo, curcumin could significantly lower weight
[mean difference = — 2.27, 95% CI (- 3.11, — 1.44),
p < 0.0001]. Heterogeneity was not observed between the
studies (p = 0.62, I* = 0%) (Fig. 6).

The overall confidence in this estimate was high as the
data were derived from high-quality RCTs with no
inconsistencies.

Adverse events
Three RCTs [12, 26, 27] reported the results of adverse
events, of which two RCTs reported no adverse events in

the curcumin and placebo groups. One RCT [12] reported
three cases of adverse events in the curcumin group (one
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curcumin placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.2.1 total cholesterol
Chirapongsathorn 2012 6.44 1612 10 857 1612 10 33.6% -2.13[-16.26,12.00]
Panahi,Y 2016 4128 2842 44 153 46.01 43 329% -56.58[-72.69,-4047 —&
Rahmani,S 2016 2422 381 40 905 2498 40 33.6% -33.27[-47.39,-19.15] i
Subtotal (95% Cl) 9% 93 100.0% -30.47 [-60.89, -0.06] N
Heterogeneity: Tau? = 665.48; Chi? = 25.48, df = 2 (p < 0.00001); 1> = 92%
Test for overall effect: Z = 1.96 (p = 0.05)
1.2.2 LDL-C
Chirapongsathorn 2012 39 2212 10 1029 2212 10 304% -6.39[-25.78, 13.00] —
Panahi,Y 2016 -3025 2127 44 2101 2936 43 34.7% -51.26[-62.05, -40.47] &
Rahmani,S 2016 1146 2418 40 943 235 40 34.9% -20.89[-31.34,-10.44] -
Subtotal (95% Cl) 9% 93 100.0% -27.02[-52.30, -1.74] -
Heterogeneity: Tau? = 449.00; Chi? = 23.27, df = 2 (p < 0.00001); 1> = 91%
Test for overall effect: Z=2.09 (p = 0.04)
1.2.3 HDL-C
Panahi,Y 2016 173 462 44 083 522 43 84.1% -0.85[-2.92,1.22] .
Rahmani,S 2016 242 54 40 41 1439 40 159% -1.68 [-6.44, 3.08] bl
Subtotal (95% Cl) 84 83 100.0% -0.98 [-2.88, 0.92] f
Heterogeneity: Tau? = 0.00; Chiz=0.10, df = 1 (p = 0.75); P = 0%
Test for overall effect: Z=1.01 (p = 0.31)
1.2.4 triglycerides
Chirapongsathom 2012 147 2012 10 27 2012 10 26.7% -41.70[-59.34,-24.06] —
Panahi,Y 2016 -26.09 2981 44 561 2431 43 63.6% -31.70[-43.12,-20.28] . B
Rahmani,S 2016 -26.24 8061 40 662 49.07 40 97% -19.62[-48.87,9.63] [
Subtotal (95% Cl) 9% 93 100.0% -33.20 [-42.30, -24.09] L 2
Heterogeneity: Tau? = 0.00; Chi2=1.79, df =2 (p = 0.41); P = 0%
Test for overall effect: Z=7.14 (p < 0.00001)
I I I I
-100  -50 0 50 100

Favours [curcumin]  Favours [placebo]

Fig. 3 Meta-analysis of the effect of curcumin supplementation on serum lipids compared with the control group

case of abdominal pain and two cases of combined
abdominal pain and nausea).

Sensitivity analysis

By exclusion of each individual study one at a time, we
found a significant change in the heterogeneity of lowering
LDL-C levels (heterogeneity p < 0.001, I* =91%). If
Panahi’s study was removed, there was a low heterogeneity
of lowering LDL-C levels (heterogeneity p = 0.20,
I* = 40%). Sensitivity analysis was performed on other
outcomes with three studies and there were no significant
changes in the heterogeneity of other outcomes.

@ Springer

Publication bias

Due to the small number of included studies, we took the
effect of the curcumin supplementation on lowering FBS
levels as an example, and the visual inspection of the
funnel plot revealed a roughly symmetrical distribution of
included studies (Fig. 7). The Begg test (p = 0.089) and
Egger test (p = 0.155) were not significant for publication
bias. However, the reliability was limited by the small
number of studies.
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curcumin placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
5.8.1 FBS
Chirapongsathom 2012 -16 1812 10 1243 1812 10 89% -14.03[-29.91,1.85] 7
Ghaffari, A 2017 -157 200 21 104 972 21 247% -8.61[-18.12,0.90] ]
Panahi,Y 2016 -71.34 2592 44 728 1911 43 245%  -0.06[-9.61,9.49] B B
Rahmani,S 2016 408 1942 40 127 1331 40 420% -5.35[-12.65, 1.95] —ir
Subtotal (95% Cl) 115 114 100.0% -5.63 [-10.36, -0.90] L 4
Heterogeneity: Tau? = 0.00; Chi? = 2.76, df = 3 (p = 0.43); I = 0%
Test for overall effect: Z =2.33 (p = 0.02)
5.8.2 HbA1c
Panahi,Y 2016 021 053 44 -029 074 43 520% 0.08 [-0.19, 0.35] :
Rahmani,S 2016 078 111 40 016 1.09 40 48.0% -0.94[-1.42,-0.46]
Subtotal (95% Cl) 84 83 100.0%  -0.41[-1.41,0.59] {
Heterogeneity: Tau? = 0.48; Chi? = 13.07, df = 1 (p = 0.0003); I>= 92%
Test for overall effect: Z = 0.80 (p = 0.42)
5.8.3 Insulin
Ghaffari, A 2017 201 409 21 028 496 21 21.7%  -2.29[-5.04,0.46] ™
Panahi,Y 2016 067 268 44 -013 172 43 783%  -0.54[-148,040] .
Subtotal (95% Cl) 65 64 100.0%  -0.92[-2.33,0.49] '
Heterogeneity: Tau? = 0.43; Chi? = 1.39, df = 1 (p = 0.24); I = 28%
Test for overall effect: Z = 1.27 (p = 0.20)
5.8.4 HOMA-R
Ghaffari, A 2017 064 099 21 01 121 21 502% -0.74[-1.41,-0.07] :
Panahi,Y 2016 058 205 44 -027 097 43 498%  -0.31[-0.98, 0.36]
Subtotal (95% Cl) 65 64 100.0% -0.53[-1.00, -0.05]
Heterogeneity: Tau? = 0.00; Chi? = 0.79, df = 1 (p = 0.37); 2= 0%
Test for overall effect: Z =2.18 (p = 0.03)

2010 0 10 20
Favours [curcumin]  Favours [placebo]

Fig. 4 Meta-analysis of the effect of curcumin supplementation on glycemic indices compared with the control group

Discussion

To our knowledge, this is the first meta-analysis to com-
prehensively assess the effects of curcumin on NAFLD. In
the present meta-analysis, we observed a significantly
beneficial effect of curcumin supplementation on reduction
in LDL-C, triglycerides, FBS, HOMA-IR, weight, and
AST. However, the beneficial effect of curcumin did not
achieve statistical significance in total cholesterol, HDL-C,
HbAlc, ALT and insulin levels.

NAFLD is the result of hepatic fat accumulation not due
to excessive alcohol consumption [29]. NAFLD is always
accompanied by metabolic and nonmetabolic changes,
such as dyslipidemia, insulin resistance, inflammation and

oxidative stress. Therefore, the treatment of NAFLD
should be concerned with correcting all of these disorders.
Curcumin is the active ingredient of turmeric and is the
reason for its unique pharmacological action. Curcumin has
been shown to be active against various chronic diseases
including diabetes, obesity, cancers, and cardiovascular
and pulmonary diseases [30]. Curcumin is a highly potent
antimicrobial agent and exhibits effects against different
liver diseases such as hepatitis B, hepatitis C, NAFLD, and
alcoholic liver disease [31, 32]. Additionally, curcumin has
been shown to reduce liver damage in animal models of
liver injury [33]. Previous studies have shown that cur-
cumin has antioxidant, anti-inflammatory, antimicrobial
and anticarcinogenic effects [13—17], and using curcumin
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curcumin placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
5.9.1 ALT
Chirapongsathom 2012 204 1412 10 -11.29 1412 10 60.0% -9.11[-21.49, 3.27]
Rahmani,S 2016 299 4738 40 -1.62 123 40 40.0% -1.37[-16.54, 13.80]
Subtotal (95% Cl) 50 50 100.0% -6.02[-15.61, 3.57]
Heterogeneity: Tau? = 0.00; Chi2 = 0.60, df = 1 (p = 0.44); I= 0%
Test for overall effect: Z=1.23 (p = 0.22)
5.9.2 AST
Chirapongsathom 2012 12 1212 10 11 1212 10 134% -9.80[-20.42,0.82] ]
Rahmani,S 2016 5.04 649 40 202 1179 40 86.6% -7.06[-11.23,-2.89 .
Subtotal (95% CI) 50 50 100.0% -7.43[-11.31,-3.54] ‘
Heterogeneity: Tau? = 0.00; Chi?=0.22, df =1 (p = 0.64); I?= 0%
Test for overall effect: Z = 3.75 (p = 0.0002)
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Fig. 5 Meta-analysis of the effect of curcumin supplementation on transaminase levels compared with the control group
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Chirapongsathorn 2012 -0.11 812 10 0.36 812 10 14%  -047[-7.59,6.65] ]
Rahmani,S 2016 -1.81 201 40 049 183 40 986% -2.30[-3.14,-1.46]
Total (95% Cl) 50 50 100.0% -2.27 [-3.11, -1.44] f
ity 2 = “Chi2 = = = 2= f f f f
Heterogeneity: Tau? = 0.00; Chi? = 0.25, df = 1 (p = 0.62); I* = 0% 50 25 0 %5 50
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Fig. 6 Meta-analysis of the effect of curcumin supplementation on weight compared with the control group
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Fig. 7 The funnel plot of the effect of curcumin supplementation on
lowering FBS levels

in patients is safe [18]. Through multiple pharmacological

mechanisms, curcumin might play an important role in
preventing fatty liver disease and its fibrotic evolution.
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Several meta-analyses have been conducted on the effects
of curcumin on metabolic parameters [34-37]. A review
presents pathophysiological mechanisms of curcumin
supplementation on NAFLD [38]. However, the effect of
curcumin on NAFLD is still unknown in clinical studies,
which warrants further investigation and consideration.
Numerous studies revealed that curcumin could lower
serum lipid levels and prevent hepatic lipid accumulation
through a variety of mechanisms. Yiu et al. [39] found that
curcumin supplementation significantly decreased plasma
total cholesterol levels in hypercholesterolemic rats. Kim
et al. [40]. demonstrated that curcumin supplementation
significantly decreased TG, TC, and LDL-cholesterol. The
possible mechanisms included a curcumin-induced
increase in the expression of cholesterol 7a-hydroxylase,
hemeoxygenase-1, and low density lipoprotein receptors
and a similar decrease in the expression of HMG-CoA
reductase [39]. Obesity is an important factor leading to
non-alcoholic fatty liver disease and could accelerate the
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progression of NAFLD. Many studies have documented
improvement in fatty liver following steady weight loss
[41]. The results of Agrawal et al. [42] showed that cur-
cumin supplementation could decrease body weight and
significantly decreased liver weight. A possible mechanism
could be that curcumin decreases the expression of the key
transcription factors in adipogenesis and lipogenesis
(PPARY andC/EBPw).

One of the curcumin’s most recognized effects is the
ability to increase insulin sensitivity. Panzhinskiy et al.
[43] found that curcumin restored glucose uptake and
reversed insulin resistance and protein kinase B phospho-
rylation. Consequently, curcumin could improve insulin
signaling and glucose intolerance. Curcumin showed liver
protection in acute and chronic liver injury [31]. Gu et al.
[44] demonstrated that curcumin supplementation
decreased the production of ALT, proinflammatory
cytokines such as TNF-o and IFN-v, and CRP, IL-6 levels
[45, 46] and, as a result, reduced hepatocyte apoptosis.

Another mechanism that could contribute to the efficacy
of curcumin in the treatment of NAFLD is related to gut
microbiota composition [47]. It is increasingly recognized
that changes of gut microbiota are closely related to the
development of NAFLD [48]. The oral bioavailability of
curcumin is very low and curcumin reaches the gut almost
unaltered [49]. Curcumin supplementation has been shown
to improve gut barrier function, which may be related to
the effects of curcumin on microbiota; as a result, curcumin
could exert potentially beneficial effects on the gut
microbiota and finally improve metabolic parameters of
NAFLD [50].

This meta-analysis has several limitations. First, similar
to other medicines obtained from herbs such as silymarin
[51], curcumin is endemic to the Eastern hemisphere; thus,
it may not have the same effect on all populations world-
wide. Therefore, there may be an intrinsic geographic bias
of the human population. Additional studies of curcumin
applied to a wider area are needed to confirm our findings.
Second, there were few eligible RCTs, and most of them
had small number of patients, which might be the reason
why some results were not significant. Moreover, several
outcomes only included two studies, and the heterogeneity
was significant. We performed the sensitivity analysis, but
did not find the cause of heterogeneity. This might be
related to population characteristics, curcumin dose and
duration of supplementation. However, heterogeneity was
minimized using a random effects mode of analysis. Fur-
thermore, only one study [12] evaluated the influence of
curcumin on severity of hepatic steatosis and found that
curcumin could significantly reduce the severity of hepatic
steatosis, which might be an important outcome; however,
we could not perform further analysis due to the limited
number of studies. Finally, studies with dyslipidemia or

hyperglycemia were not available for all subjects with
NAFLD, which might affect the degree of changes in
glycemic indices and serum lipids caused by curcumin.

In conclusion, for non-alcoholic fatty liver disease,
curcumin supplementation is likely to lower LDL-C,
triglycerides, FBS, HOMA-IR levels, weight and AST
levels compared to placebo and is not better than placebo
in lowering total cholesterol, HDL-C, HbAlc, ALT and
insulin levels. More RCTs with large sample sizes are
needed to confirm our findings.
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