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Metabolic dysfunction-associated fatty liver disease (MAFLD) is a common cause of chronic liver
disease and can progress to nonalcoholic steatohepatitis and cirrhosis. This study aims to summarize
the evidence for the effects of curcumin on MAFLD progression. Studies were identified from

Medline and Scopus databases until April 2022. Systematic reviews and meta-analyses (SRMA) and
randomized controlled trials (RCT) were selected based on pre-specified criteria. Three reviewers
independently extracted data and assessed quality of included studies. Of the 427 identified records, 6
SRMAs and 16 RCTs were included in the analysis. Very high overlap was observed among SRMAs with
corrected covered area of 21.9%. From an updated meta-analysis, curcumin demonstrated significant
improvement in aspartate and alanine aminotransferase with pooled mean difference [95% confidence
interval (Cl)] of -3.90 (-5.97, -1.82) and -5.61 (-9.37, -1.85) units/L, respectively. Resolution and
improvement of hepatic steatosis was higher in curcumin than control group with pooled relative risk
(95% Cl) of 3.53 (2.01, 6.22) and 3.41 (1.36, 8.56), respectively. Curcumin supplementation also led to
lower fasting blood sugar, body mass index, and total cholesterol. Further trials should be conducted
to assess the effect of curcumin on liver histology, especially regarding non-invasive hepatic fibrosis
and steatosis.

Nonalcoholic fatty liver disease (NAFLD) is one of the most common causes of chronic liver disease!, and its
incidence is increasing across the world along with greater metabolic dysfunction, including hypertension, ath-
erosclerosis, type 2 diabetes (T2D), and obesity®**. The spectrum of NAFLD consists of two subtypes: nonalco-
holic fatty liver (NAFL) and nonalcoholic steatohepatitis (NASH)*. Recent studies highlighted that patients with
both NAFL and NASH are at increased risk for disease progression* with up to 25% of NAFLD cases progressing
to advanced fibrosis or cirrhosis, and 7% to end-stage liver disease* with the only curative option for the latter
involving liver transplantation.

Given improved understanding of the pathogenesis of NAFLD, an international panel of experts has pro-
posed new terminology around the term metabolic dysfunction-associated fatty liver disease (MAFLD)>¢, which
is based on evidence of hepatic steatosis, along with one or more of the following conditions: obesity/over-
weight, T2D, or laboratory results representing metabolic dysregulation®’. The pathophysiology of MAFLD and
NASH is complex, involving multiple environmental exposures and genetic predisposition®. The accumulation of
free fatty acid in the liver from the systemic circulation, de novo hepatic lipogenesis, and dietary lipids, all con-
tribute to hepatic steatosis®. Stimulation of hepatic stress mechanisms, followed by oxidative stress, mitochondrial
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dysfunction, stellate cell activation, and intestinal dysbiosis, aggravate the pathogenesis of MAFLD and NASH®.
The degree of liver fibrosis can be established by liver biopsy, which is the gold standard for diagnosis and severity
assessment; however, this method is invasive and susceptible to sampling error. New imaging modalities (e.g.,
magnetic resonance elastography (MRE) and transient elastography (FibroScan®) focus on measuring liver stiff-
ness, a surrogate marker for liver fibrosis.

Despite increasing prevalence of MAFLD globally, there has been no approved pharmacotherapy for this
condition®!°. Curcumin, a polyphenol found in turmeric, has been reported to have antioxidant, anti-inflamma-
tory, hepatoprotective and anti-atherosclerotic effects'"'? in metabolic syndrome, MAFLD, T2D, and polycystic
ovarian syndrome, etc. Several systematic reviews and meta-analyses (SRMAs) have summarized the effects of
curcumin in MAFLD patients'>~!7. However, the results relating to liver enzymes are still controversial, with
some meta-analyses (MAs) demonstrating positive results'>!¢ while others report negative effects of curcumin
on aspartate aminotransferase (AST) and/or alanine aminotransferase (ALT)*!>!7. Furthermore, no SRMAs have
investigated liver fat content or liver stiffness. This review was conducted to summarize and update the effects
of curcumin on the progression of MAFLD.

Methods
This review was conducted following the Preferred Reporting Items for Systematic Review and Meta-Analysis
(PRISMA) guidelines'® and was registered at PROSPERO (CRD42022323057).

Search strategies. Studies were identified from Medline via PubMed and Scopus databases up to April
2022. In addition, reference lists of identified studies were searched. Search terms were constructed based on
only population (P) and intervention (I) domains. Population was defined as adult patients with MAFLD (i.e.,
NAFLD or NASH) with or without comorbidity (e.g., T2D, obesity, etc.). Intervention was any form of curcumin
supplement including curcumin extracts and turmeric powder with a placebo or standard treatment compara-
tor. These search terms were combined within and between domains using conjunctions ‘OR’ and ‘AND;, respec-
tively. The search terms are listed in Supplementary Appendix A. The study designs included SRMA for the
umbrella review and randomized controlled trials (RCT) for the updated MA.

Study selection. SRMAs published in English or other languages translatable using Google Translate were
selected if they met the following inclusion criteria: SRMAs of RCTs of adults with MAFLD or NASH, com-
parisons between any form of supplemented curcumin (e.g., curcumin or turmeric powder, Curcuma domestica,
Curcuma longa, curcuminoid) and placebo or only standard treatment, and pooled any outcome of interest indi-
cated below. For updated pooling by MA, individual RCTs were selected if they included adults with MAFLD,
compared curcumin supplement with placebo or standard treatment, and reported any of the following out-
comes: liver function tests, resolution/improvement of hepatic steatosis by ultrasonography (US), or liver stiff-
ness, and steatosis by elastography. Studies were excluded if they duplicated publications of the same studies,
their full-texts could not be retrieved, or published in non-English languages that could not be translated by
Google translator. Three reviewers (ATa, SB, TL) independently selected studies. Disagreements were discussed
and resolved by consensus.

Outcomes of interest. The outcomes of interest were liver enzymes [i.e., ALT, AST, alkaline phosphatase
(ALP), and gamma-glutamyl transpeptidase (GGT)], the resolution of hepatic steatosis (i.e., MAFLD grade
1-3 resolved to grade 0) or the improvement of hepatic steatosis (i.e., lowering of MAFLD grading after treat-
ment) assessed with ultrasound, and liver stiffness and steatosis evaluated with transient elastography (known as
FibroScan’). In addition, glycemic indices (i.e., HbAlc and fasting blood sugar: FBS), body mass index (BMI),
lipid profile [i.e., total cholesterol (TC), triglycerides (TG), low-density lipoprotein cholesterol (LDL-C), and
high-density lipoprotein cholesterol (HDL-C), blood pressure (i.e., systolic blood pressure (SBP) and diastolic
blood pressure (DBP))], and other fibrosis indices [i.e., platelet count, Fibrosis-4 (FIB4), NAFLD Fibrosis Score
(NFS), the AST-to-platelet ratio index (APRI), and the BMI, AST/ALT ratio, and diabetes (BARD) score] were
also assessed.

Data extraction. Three reviewers (ATa, SB, TL) independently extracted data from the published studies.
Any difference in data extracted was discussed and resolved by consensus. The following data were extracted:
publication year, end search, number of included studies, participant characteristics (gender and age), type of
patients (i.e., MAFLD/NASH), interventions, follow-up time, outcomes and methods of synthesis.

In addition, outcomes from the SRMAs were extracted, including number of studies, number of participants,
pooled effect size (ES) with 95% confidence interval (CI) for each outcome, heterogeneity diagnostics (1), and
conflict of interest. Lastly, information regarding individual RCTs in each SRMA was extracted (first author and
year) to construct a study-citation matrix across SRMAs.

Quality assessment. The Risk of Bias in Systematic Reviews (ROBIS) checklist'® was used for umbrella
reviews considering four domains, i.e., study eligibility criteria, methods for identification and selection of stud-
ies, data collection and study appraisal, data synthesis and findings. The results were graded as low or high risk
of bias, if there was sufficient information to assess; otherwise, the results were graded as unclear.

For individual RCTs included in the updated MA, the Cochrane risk-of bias-tool for randomized trials (RoB
2)% was applied to evaluate bias arising from the randomization process, deviations from intended interventions,
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missing outcome data, measurement, and findings reported. Overall judgment was low or high risk of bias or
some concerns.

Statistical analysis. The SRMAs findings were described for each outcome separately. The original effect
sizes including mean difference (MD) and standardized mean difference (SMD) along with 95% CIs were
described in a summary table and forest plots where appropriate. The degree of study overlap was estimated
from a study-citation matrix by covered area (CA) and corrected covered area (CCA), and was categorized as
slight (0-5%), moderate (6-10%), high (11-15%) or very high (>15%).

For the integrated and updated MA, the efficacy of supplemented curcumin and control were directly com-
pared and pooled for each outcome if at least two studies provided a comparison. MD and risk ratio (RR) were
estimated for continuous outcomes (e.g., liver function test and fat content) and dichotomous outcome (US
resolution), respectively. These effect measures were pooled across studies using a random-effect model if hetero-
geneity was present, otherwise a fixed-effect model was applied. Heterogeneity was assessed using Cochrane’s Q
test and I? statistics, and considered present if p-value < 0.10 or I*> 25%. Source of heterogeneity was explored by
fitting covariables [e.g., dose and form of curcumin (whole compounds, curcumin extracts, and bioavailability-
enhanced forms), follow-up time, etc.] individually within a meta-regression model; with subgroup analyses
performed accordingly. Publication bias was assessed using a funnel plot and Egger’s test. If asymmetry was
detected, a contour enhanced funnel plot was constructed to identify the cause of asymmetry. All analyses were
performed using STATA software, version 17. A p-value <0.05 was considered statistically significant.

Results

Umbrella review. Identification and selection of SRMAs and individual studies. ~Of the 427 studies identi-
fied from PubMed and Scopus, six previous SRMAs met the eligibility criteria and were included in the umbrella
review, see Fig. 1. Of these, 23 RCTs were included in the SRMAs; these were then combined with 25 individual
RCTs identified from our additional searches. After removing duplicates and two RCTs that could not be re-
trieved, 27 RCTs were assessed for eligibility, and 16 were included in the updated MA.

Description of SRMAs. Of the six SRMAs, five studies were direct MAs"*~¢?! and one was a network meta-
analysis (NMA)". These studies were published between 2019 and 2022 and included 4 to 15 RCTs with a total
sample size of 228 to 934 patients (see Table 1). Regarding the outcomes of interest, all SRMAs pooled effect sizes
for AST and ALT by pooling MD'*-1¢ and SMD'7?!. Only one SRMA also pooled GGT, ALP, and improvement
in NASH or fibrosis'”. All studies used both curcumin extracts and turmeric powder'*~'>172! with the exception
of a single study'® that used only the curcumin extract form. The follow-up time ranged from 4 to 24 weeks.

Methodological quality of included systematic reviews. Supplementary Appendix B summarizes the methodo-
logical quality of all six SRMAs included. Two SRMAs (33.33%) were considered at low risk of bias'*'*, in con-
trast to four SRMAs (66.67%) that were considered high risk due to the identification and selection of studies'®,
data collection and study appraisal’?!, and synthesis and findings'+161721,

Degree of overlap in SRMAs. A study-citation matrix was constructed to calculate the degree of overlap between
the individual RCTs included in the pooling of AST and ALT across the SRMAs. The CCA score was 21.9% rep-
resenting a very high degree of overlap. Fourteen of the 21 RCTs were included in multiple SRMAs, suggesting
that each SRMA failed to add incremental information, see Supplementary Appendix C.

Liver enzymes.  All six SRMAs reported changes of AST and ALT: four SRMAs'*~'¢ pooled MD, whereas two
SRMAs'7! pooled SMD. For AST, the pooled MDs reported in four SRMAs ranged from —0.78 to —7.43 units/L
with an I? of 0 to 92%. However, only three'>™"> of these four MDs, ranging from —4.68 to —7.43 were significant,
suggesting curcumin could enable a small reduction in AST (about 5 to 7 units/L) compared to placebo, see Sup-
plementary Appendix D. Two remaining SRMAs!”?! showed pooled SMDs ranging from —0.25 and —0.35, but
these were not significant.

The pooled MDs of ALT ranged from 0.46 to 7.47 units/L with heterogeneity ranging from 0 to 82.3%. Of
these, two MDs!*!¢ were statistically significant suggesting curcumin could reduce ALT by 0.46 to 7.47 units/L,
see Supplementary Appendix E. Two other SRMAs'”*! showed no significant effect.

Updated meta-analysis. Sixteen RCTs**"¥ were included in the updated MA with the outcomes including
AST (N=15), ALT (N=14), ALP (N=6), GGT (N =2), US grading (N =9), liver stiffness (N =2), platelet count
(N=2), FBS (N=12), HbAlc (N=3), BMI (N=13), TC (N=11), TG (N = 11), LDL-C (N = 11), HDL-C (N = 10),
SBP (N=5), DBP (N =5), FIB4 (N=1), NES (N=1), APRI (N = 1), and BARD (N=1), see Fig. 1.

Baseline characteristics. Baseline characteristics for the studies included are shown in Table 2. All compared
curcumin supplement to placebo. Most studies were conducted in Iran with the exception of a single study
conducted in Thailand. Mean age ranged from 41.0 to 52.7 years and 37.8 to 56.7 years in curcumin and placebo
groups, respectively. Gender was distributed similarly between the interventions in 4 of the 14 studies that pro-
vided information. Mean BMI ranged from 27.6 to 32.3 kg/m? and 27.3 to 32.9 kg/m? in both groups. Curcumin
forms varied including bioavailability-enhanced forms of curcumin (80-1000 mg/day) in 11 RCTs, curcumin
extracts (1500 mg/day) in two RCTs, and whole compounds, i.e., turmeric powder, (2000-3000 mg/day) in three
RCTs. The bioavailability-enhanced forms included phytosomal curcumin (N=5), curcumin combined with
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Figure 1. The PRISMA flow diagram visually summarizing the screening process.

piperine (N = 3), nano-micellar curcumin (N =2), and curcumin amorphous dispersion (N =1). The study dura-
tion ranged from 8 to 24 weeks.

Risk of bias of RCTS included. The risk of bias was considered low for the outcomes measured and the selec-
tion of results reported, see Supplementary Appendix F and Supplementary Appendix G. However, half of the
studies generated some concerns (43.8%) or high risk of bias (6.3%) given reported deviations from intended
interventions, mostly due to the use of per-protocol analyses in their respective studies. Furthermore, 12.5% of
the studies were represented by a high risk of bias in the randomization process and missing data outcomes. The
overall risk of bias was rated as some concerns in 43.8% and high in 31.3% of studies.

Liverenzymes. AST. Fifteen studies?>*~ assessed the effect of curcumin supplement on AST, see Fig. 2.
The overall pooling of data indicated that curcumin supplementation was significantly associated with reduced
AST with MD (95% CI) of —3.90 (-5.97, —1.82) units/L, although high heterogeneity was observed (I1>=73.9%).
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First Conflict
author, End n Female Mean age Followup | of
No |year Country | search N (studies) | (patients) | (%) (years) Patients Intervention | Outcome | Measure | time interest
Pairwise meta-analysis
Goodarzi, 20 Nov Turmeric/ 8,12,
1 2019 Iran 2018 6 315 50.5 40-65 NAFLD curcumin AST, ALT | MD 24 weeks No COI
Mansour- Curcumin:
2 | Ghanaei, |Iran Dec2017 |4 228 NR 421-66.7 | NAFLD/ | Turmeric/ | yop A1 | MD 8,12 weeks | No COI
2019 Placebo: NASH curcumin
40.4-64.4
AST, ALT,
Curcumin: TC, LDL,
42.09- HDL,
. . 52.70 NAFLD/ Turmeric/ TG, FBS, 8,12,
3 Wei, 2019 | China Mar 2018 |4 229 48.0 Placebo: NASH curcumin HbAIc, MD 24 weeks No COI
40.38- insulin,
56.67 HOMA-IR,
weight
AST, ALT,
LDL,
Curcumin: HDL, TC,
41.8-46.64 Curcumin TG, FBS,
4 Jalali,2020 | Iran 1Sep 2019 | 9 588 46.4 Placebo: NAFLD onl HbAlc, MD 8,12 weeks | No COI
37.75- nly insulin,
48.95 HOMA-IR,
weight,
WC, BMI
AST, ALT,
Khalili, . Turmeric/ TC, LDL, 4,8,
5 2022 Iran April 2021 | 14 714 NR NR NAFLD curcumin HDL, TG, SMD 12 weeks No COI
FBS, BMI
Network meta-analysis
Turmeric/ Liver
Curcumin: curcumin, pathology
obeticholic : 8 weeks
4A 3515 ?92;12 gg'gg_ NAFLD/ |2cid ment, AST, | E to 2 years
. 14 Aug . in .7 ; ment, , | Exponen-
6 Zhou, 2021 | China curcumin | (oL NR Placebo: NASH elaﬁbrgqor, ALT, GGT, | tial SMD (8-12 weelgs No COI
trials) . cenicriviroc, for curcumin
trials) 40.06- selonsertib. ALR, TC, trials)
64.36 silymarin ? TG, LDL,
Y > HDL
resveratrol

Table 1. Baseline characteristics of systematic reviews and meta-analyses included. ALT alanine
aminotransferase, ALP alkaline phosphatase, AST aspartate aminotransferase, BMI body mass index, COI
conflict of interest, FBS fasting blood sugar, GGT gamma glutamyl transpeptidase, HbA 1c hemoglobin
Alc, HDL high-density lipoprotein, HOMA-IR homeostatic model assessment of insulin resistance, LDL
low-density lipoprotein, MD mean difference, NAFLD nonalcoholic fatty liver disease, NASH nonalcoholic
steatohepatitis, NR not reported, SMD standardized mean difference, TC total cholesterol, TG triglyceride.
Significant values are in bold.

Fitting follow-up time in the meta-regression did not improve I%. Subgroup analysis was performed by cur-
cumin forms, i.e., whole compounds (N=3)?***%, curcumin extracts (N=1)*', and bioavailability-enhanced
forms (N = 11)?32527-30.32-343637 The AST-lowering effect was stronger across all bioavailability-enhanced forms
[MD (95% CI) of —4.59 (-7.03, —2.15) units/L], but not significant for whole compounds [MD (95% CI) of —3.02
(=7.55, 1.52) units/L]. However, heterogeneity was still high at 76.1% in the bioavailability-enhanced forms but
lower for whole compounds (12 =32.4%).

The bioavailability-enhanced forms were further classified into phytosomal curcumin (N = 5)23272%3236,
nano-micellar curcumin (N =2)*?*, curcumin combined with piperine (N =3)****%7, and curcumin amorphous
dispersion (N =1)%; sensitivity analyses by pooling the effects of these forms lowered heterogeneity to 0% to
49.1%, see Supplementary Appendix H. Phytosomal curcumin and nano-micellar curcumin were significantly
associated with lowering AST level with MD (95% CI) of -7.42 (-10.68, —4.15) and —4.41 (-5.09, —3.74) units/L,
respectively. However, the effect of curcumin-piperine was not significant on AST [MD (95% CI) of 0.70 (-1.85,
3.24) units/L].

ALT. Fourteen studies’***>?-" evaluated the effect of curcumin supplementation on ALT, see Fig. 3. The
overall pooling indicated that curcumin supplementation was significantly associated with reduced ALT [MD
(95% CI) of —5.61 (=9.37, —1.85) units/L] with moderate heterogeneity observed (I*=64.3%). Fitting follow-up
time in the meta-regression did not improve I>. In subgroup analyses, a similar effect and moderate levels of
heterogeneity were still observed among the majority of studies that used bioavailability-enhanced forms [MD
(95% CI) of —5.38 (—9.72, —1.03) units/L, I*=67.7%]. In contrast, studies using whole compounds doubled the
effect on lower ALT [MD (95% CI) of —11.61 (-19.22, —3.99) units/L] with no heterogeneity observed (I>=0%).
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Patients’ characteristics (curcumin vs placebo) Curcumin

Age, years BMI, kg/m?*
Study Country | Enrollment period | (meanz+SD) % Female | (meanzSD) Form Dose, mg/day | Follow-up, weeks
ZCg‘li;apO“gsath"m Thailand | Aug 2010-Aug 2011 | 227370 e i Whole compound | NA 2
R
Navekar 2017 Iran s o Y Sp Whole compound | 3000 12
e
Saadati 2018 Iran Mar 2017-Aug 2017 | $29+117 5o NA Curcumin extract | 1500 12
Chashmniam 2019 | Iran Jan 2017-Aug 2017 ‘;?:g s g; ;‘g gg:? i g:; 53§§f°mal cur- 250 8
Jazayeri-Tehrani 2019 | Iran ggizg igg gg;i%i Nanocurcumin 80 12
N
Panahi 2019 Iran igg i ;g ﬁ? NA Curcumin + Piperine | 500 12
Saadati 2019a Iran ig? i }(1)3 gg? ggiigg Curcumin extract 1500 12
Hariri 2020 Iran Jan 2017—May 2018 i(l):‘l)i gg ‘;g ;g:g : g:z frry;?;omal cur- 250 8
%;gadi-Kelardeh Iran NA NA ;;g i }g Nanocurcumin 80 12
Saberi-Karimian 2020 | Iran NA NA ggg ir i? Curcumin + Piperine | 500 8
Jarahzadeh 2021 Iran ggé ir ?044 igg ggg i g(l) Whole compound 2000 8
Mirhafez 2021a Iran Jan 2017-Aug 2017 | >0 - S fl];}:i"lf"mal cur- 250 8
Mirhafez 2021c Iran Jan 2017-Aug 2017 | $97110 o SO Curcumin + Piperine | 500 8

Table 2. Baseline characteristics for the randomized-controlled trials included within the updated meta-
analysis. NA not available, SD standard deviation.

Similarly, pooling the effects on ALT by bioavailability-enhanced forms in a sensitivity analysis reduced
heterogeneity (I>=0% to 45.6%), and phytosomal curcumin and nano-micellar curcumin were significantly
associated with lower ALT [MD (95% CI) of —9.29 (-15.02, —3.55) and —7.49 (-10.00, —4.98) units/L, respec-
tively]. In contrast, the overall effect of curcumin-piperine was not significant [MD (95% CI) of 0.83 (-6.46,
8.12) units/L], see Supplementary Appendix I.

ALP and GGT.  Six studies®?”**33637 reported the effect of curcumin supplement on ALP, see Supplemen-
tary Appendix J. There was no significant association between curcumin supplement and ALP [MD (95% CI)
of —8.88 (—24.68, 6.93) units/L]. All studies included used different types of bioavailability-enhanced curcumin
forms with a high degree of heterogeneity (1?=92.7%). For GGT, two studies*** were included but no signifi-
cant effect was observed [MD (95% CI) of —3.87 (—10.66, 2.93) units/L] and levels of heterogeneity were low
(I*=11.6%), see Supplementary Appendix K.

Hepatic steatosis by ultrasonography. Nine studies?*~>>2%3034=37 reported a change in MAFLD grade assessed
by liver US after curcumin supplementation. A significant resolution of hepatic steatosis was observed follow-
ing curcumin supplementation with an overall RR (95% CI) of 3.53 (2.01, 6.22) with no heterogeneity detected
across studies (I>=0%), see Fig. 4. A slightly stronger effect was observed across the seven studies?*?>2830343637
that used bioavailability-enhanced curcumin forms [RR (95% CI) of 3.77 (2.09, 6.80), 1>=0%].

Changes in hepatic steatosis was also investigated across three studies***>*°. Bioavailability-enhanced cur-
cumin supplement was also significantly associated with improved hepatic steatosis with RR (95% CI) of 3.41
(1.36, 8.56), although high levels of heterogeneity were observed (I*=78.7%), see Supplementary Appendix L.

Liver stiffness.  Liver stiffness was assessed with transient elastography and reported as a fibrosis score (kPa)
in two studies?®*!. The overall effect showed no significant association between curcumin supplementation and
liver stiffness, with MD (95% CI) of —0.31 (=0.75, 0.13) kPa, I*=0%, see Supplementary Appendix M. Unfortu-
nately, liver steatosis, represented by the controlled attenuation parameter of transient elastography, was reported
in only one study®! and was not significant.
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Heterogeneity: ©° = 9.47, I° = 73.85%, H® = 3.82
Test of 6, = 6;: Q(14) = 53.53, p = 0.00
Testof 6 =0: z=-3.68, p = 0.00

Test of group differences: Q,(2) = 5.68, p = 0.06

Curcumin Placebo Difference of MD Weight

N MD SD N MD SD with 95% Cl (%)
Whole compounds
Chirapongsathorn , 2012 10 1.20 1212 10 11.00 1212 ————&%— -9.80[-20.42, 0.82] 2.89
Navekar, 2017 23 0.14 751 23 -0.28 12.00 —— 0.42[ -5.37, 6.21] 6.17
Jarahzadeh , 2021 32 -5.62 9.14 32 -2.03 10.72 —i— -3.59[ -8.47, 1.29] 7.16
Heterogeneity: ©° = 5.33, I° = 32.40%, H* = 1.48 —— -3.02[ -7.55, 1.52]
Test of 6, = 6;: Q(2) = 2.96, p = 0.23
Testof 6 =0:z=-1.30,p=0.19
Extract
Saadati, 2019a 27 -2.72 7.68 25 -3.46 543 i 0.74[ -2.90, 4.38] 8.69
Bioavailability-enhanced form
Rahmani, 2016 40 -5.04 6.49 40 2.02 11.79 —i— -7.06 [-11.23, -2.89] 8.02
Panahi, 2017 50 -6.95 7.47 52 3.79 6.43 - -10.74 [-13.44, -8.04] 9.88
Chashmniam , 2019 30 -3.31 18.40 28 4.90 10.09 —— -8.21[-15.93, -0.49] 4.50
Jazayeri-Tehrani, 2019 42 -6.40 149 42 197 1.67 [ | -4.43[ -5.11, -8.75] 11.71
Panahi, 2019 35 -9.44 26.33 35 -5.68 19.82 —_— -3.76 [-14.68, 7.16] 2.77
Mirhafez , 2019a 33 -2.00 1433 32 244 11.69 —— -4.44[-10.81, 1.93] 5.61
Hariri , 2020 27 -2.03 1199 27 110 842 —— -3.13[ -8.66, 2.40] 6.44
Moradi-Kelardeh, 2020 11 -0.47 1294 11 0.00 13.07 -0.47 [-11.34, 10.40] 2.79
Saberi-Karimian , 2020 27 013 7.09 28 -1.08 5.19 1.21[ -2.07, 4.49] 9.16
Mirhafez , 2021a 40 -5.50 14.50 40 2.50 10.50 —— -8.00[-13.55, -2.45] 6.42
Mirhafez , 2021c 39 3.00 9.20 40 2.50 10.50 0.50[ -3.86, 4.86] 7.79
Heterogeneity: ©° = 9.97, I” = 76.13%, H® = 4.19 < -459[ -7.03, -2.15]
Test of 6, = 6;: Q(10) = 41.89, p = 0.00
Testof 6 =0:z=-3.69, p=0.00
Overall <> -3.90[ -5.97, -1.82]

20  -10 0 10
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Sorted by: year author

Figure 2. Forest plots demonstrating the effect of curcumin on aspartate aminotransferase: all curcumin forms.

Platelet levels were assessed in two studies®***. The pooled mean difference in platelet count between cur-

cumin supplementation and placebo is not statistically significant with MD of 8.27 (-19.42, 35.95) x 10°/L, see
Supplementary Appendix N. For other fibrosis indices, i.e., FIB4, NFS, APRI, and BARD, they were assessed in
only one study®® thus these outcomes could not be pooled.

Glycemic indices. Twelve studies?>27-31:34-37 ggsessed reduction of FBS indicating curcumin supplementation
was associated with a significant reduction in FBS, with MD (95% CI) of —2.05 (-3.08, =1.01) mg/dL, I*=0%, see
Supplementary Appendix O. A significant effect persisted in bioavailability-enhanced curcumin with MD (95%
CI) of —1.94 (-3.01, —0.87) mg/dL, I>=0%. However, curcumin was not significantly associated with HbA1lc
based on pooling three included studies*>?** with MD (95% CI) of —0.24 (-0.66, 0.18) %, 1*=85.8%, see Sup-
plementary Appendix P.

Body mass index (BMI). Thirteen studies?*-2%31-343637 agsessed reduction of BMI indicating curcumin supple-
mentation was effective in lowering BMI with MD (95% CI) of —0.34 (-0.62, —0.05) kg/m? 1> =62.7%, see Sup-
plementary Appendix Q. The effect is slightly stronger for curcumin in bioavailability-enhanced forms but with
mildly higher heterogeneity across studies [MD (95% CI) of —0.44 (-0.78, —0.10) kg/m? 1?=67.4%)].
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Curcumin Placebo Difference of MD Weight
Study N MD SD N MD SD with 95% ClI (%)
Whole compounds
Chirapongsathorn , 2012 10 -20.40 14.12 10 -11.29 14.12 —— -9.11[-21.49, 3.27] 5.51
Jarahzadeh, 2021 32 -9.05 19.46 32 4.08 19.96 —— -13.13[-22.79, -3.47] 7.19
Heterogeneity: 7° = 0.00, I” = 0.00%, H* = 1.00 i -11.61[-19.22, -3.99]
Test of 6;=6;: Q(1) = 0.25, p = 0.62
Testof 6 =0:z=-2.99, p=0.00
Extract
Saadati , 2019a 27 -5.63 1450 25 -6.82 15.83 _F 1.19[ -7.05, 9.43] 8.25
-
Bioavailability-enhanced form
Rahmani, 2016 40 -2.99 47.38 40 -1.62 12.30 —#— -1.37[-16.54, 13.80] 4.24
Panahi, 2017 50 -10.61 15.49 52 451 7.40 —— -15.12[-19.80, -10.44] 11.28
Chashmniam, 2019 30 -6.80 32.12 28 545 1918 —@W—F -12.25[-25.99, 1.49] 4.84
Jazayeri-Tehrani , 2019 42 -10.20 2.48 42 -250 8.10 L 3 -7.70[-10.26, -5.14] 12.86
Mirhafez , 2019 33 -6.12 26.60 32 1.22 15.96 —— -7.34[-18.05, 3.37] 6.49
Panahi, 2019 35 -12.63 29.88 35 -1.27 3662 — W —T— -11.36 [-27.02, 4.30] 4.06
Hariri, 2020 27 -2.82 2255 27 -0.46 16.49 —— -2.36 [-12.90, 8.18] 6.60
Moradi-Kelardeh , 2020 11 -1.97 1559 11 0.15 15.49 —®— -2.12[-15.11, 10.87] 5.20
Saberi-Karimian , 2020 27 -0.18 12.75 28 -4.72 10.74 —— 454 -1.68, 10.76] 9.95
Mirhafez , 2021a 40 -5.70 25.00 40 -1.30 25.50 —a—— -4.40[-15.47, 6.67] 6.26
Mirhafez , 2021c 39 0.20 16.90 40 -1.30 25.50 —a— 1.50[ -8.07, 11.07] 7.26
Heterogeneity: ©° = 29.34, I = 67.71%, H* = 3.10 <> -5.38[ -9.72, -1.03]
Test of 6, = 6;: Q(10) = 30.97, p = 0.00
Testof 6=0:z=-2.43,p=0.02
Overall < -5.61[ -9.37, -1.85]
Heterogeneity: ©° = 26.92, I° = 64.31%, H* = 2.80
Test of 6, = 6;: Q(13) = 36.42, p = 0.00
Testof 6=0:z=-2.93, p=0.00
Test of group differences: Q,(2) = 5.01, p = 0.08
3 -20 -10 0 10

Random-effects DerSimonian?Laird model
Sorted by: year author

Figure 3. Forest plots demonstrating the effect of curcumin on alanine aminotransferase: all curcumin forms.

Lipid profile. ~Eleven studies?>?*?7-3134-37

assessed changes in TC, TG, and LDL-C, while ten studies assessed

the effect on HDL-C**?773134737_ A significant reduction in TC was observed following curcumin supplementa-
tion with an overall MD (95% CI) of —8.18 (-14.07, —2.29) mg/dL with moderate heterogeneity across studies
(I=42.5%). The effect is slightly stronger when bioavailability-enhanced forms were used with MD (95% CI) of
-10.04 (-17.55, —2.53) mg/dL and I* of 50.0%, see Supplementary Appendix R. However, the pooled effects of
curcumin supplementation on LDL, HDL, and TG were not statistically significant regardless of its forms, see
Supplementary Appendix S-U.

Blood pressure.  Five studies*>?%**%%37 assessed changes in blood pressure indicating no significant effect of
curcumin supplementation on both SBP and DBP with pooled MD (95% CI) of —0.29 (-0.91, 0.34) and —0.02
(=0.55, 0.52) mmHg, respectively, see Supplementary Appendix V-W.

Sensitivity analysis. ~ Sensitivity analysis excluding studies with a high risk of bias was performed for AST, ALT,
and the resolution of hepatic steatosis (by US). The AST- and ALT-lowering effects of curcumin were still sig-
nificant with MD (95% CI) of —3.72 (-6.25, —1.19) and —-5.62 (-10.57, —0.66) units/L, respectively, while the
association between curcumin and the resolution of hepatic steatosis was slightly stronger with RR (95% CI) of
3.90 (2.01, 7.60), see Supplementary Appendices X-Z.
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Curcumin Placebo Risk ratio Weight
Study Yes No Yes No with 95% ClI (%)
Whole compounds
Navekar , 2017 0 219 0 21 1.00[0.02, 48.19] 2.13
Jarahzadeh , 2021 2 3 1 3 —_—T 2.00[0.19, 20.97] 5.79
Heterogeneity: ©° = 0.00, I* = 0.00%, H® = 1.00 —_— 1.66[0.22, 12.38]
Test of 8;=6;: Q(1) = 0.09, p = 0.76
Testof 6 =0:z=0.49, p=0.62
Bioavailability-enhanced form
Rahmani , 2016 6 31 0 40 —=—14.03[0.82, 240.64] 3.96
Panahi, 2017 15 29 1 42 —a—— 1466[2.02, 106.19] 8.15
Jazayeri-Tehrani , 2019 20 22 5 37 - 4.00[1.66, 9.66] 41.12
Panahi, 2019 5 30 0 35 —=— 11.00[ 0.63, 191.69] 3.91
Saberi-Karimian , 2020 3 24 2 26 —— 1.56[0.28, 8.59] 10.94
Mirhafez , 2021a 4 31 2 35 — 2.11[0.41, 10.83] 11.98
Mirhafez , 2021c 4 29 2 35 —a— 2.24[0.44, 11.46] 12.01
Heterogeneity: 7° = 0.00, I = 0.00%, H® = 1.00 2 3.77[2.09, 6.80]
Test of 6; = 6;: Q(6) = 5.09, p = 0.53
Testof6=0:z=4.42,p=0.00
Overall <@ 3.53[2.01, 6.22]
Heterogeneity: 7° = 0.00, I = 0.00%, H® = 1.00
Test of 6;=6;: Q(8) =5.77, p = 0.67
Testof 6 =0:z=4.38,p=0.00
Test of group differences: Q,(1) = 0.59, p = 0.44
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Figure 4. Forest plots demonstrating the effect of curcumin on the resolution of hepatic steatosis by

ultrasonography.

Publication bias. Publication bias was assessed by funnel plots and Egger’s test for all outcomes except GGT

and liver stiffness due to the small number of pooled studies available. For AST, ALT, ALP, the resolution of
steatosis, BMI, TC, and TG, the funnel plots were symmetrical and the Egger tests were not significant, suggest-
ing no publication bias, see Supplementary Appendices AA-GG. For the improvement of hepatic steatosis, FBS,
HbAlc, LDL-C, HDL-C, SBP, and DBP, the funnel plots were asymmetrical, however, the contour-enhanced
funnel plots showed that the asymmetrical funnel plots were more likely caused by other reasons than publica-
tion bias, see Supplementary Appendices HH-TT. Heterogeneity might cause asymmetrical funnel plots of the
improvement of hepatic steatosis, HbAlc, LDL-C, HDL-C, SBP, and DBP.

Discussion

This study identified six meta-analyses of curcumin supplements for MAFLD/NASH patients. Although the
degree of overlap was very high (CCA 21.9%), we still identified two RCTs***’ that had not been included in
previous meta-analyses because they were published after the end search of previous MAs. In addition, we also
excluded two RCTs*®*, whose patients were not MAFLD but were mistakenly included in previous MAs. This
allows prior findings to be updated. Significant but clinically small reductions in AST and ALT levels with cur-
cumin were observed in our updated meta-analysis, consistent with previous reports. Reductions of GGT and
ALP levels were also observed from curcumin supplementation but these were not significant. AST and ALT
improvement may arise as a consequence of the antioxidative effects of curcumin which theoretically amelio-
rates liver cell injury®, in contrast to GGT and ALP, markers of cholestasis, which are less likely to benefit from
antioxidant effects.

Anti-inflammatory effects of curcumin and related substances have been extensively studied in both in vitro
and in vivo models. These studies suggested that curcumin may act on various pathways known to be associated
with liver diseases such as TGF-B1/Smad, JNK1/2-ROS, NF-kB and other anti-inflammatory and antioxidant
signaling pathways*!. Curcumin might also induce activities of antioxidative stress enzymes (e.g., glutathione-
linked detoxifying enzymes and heme oxygenase-1)*>**. Histological findings from studies using rodents
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showed that curcumin and related substances ameliorated liver fibrosis and reduced number of necrotic cells in
a dose-dependent fashion**~*. Furthermore, curcumin might inhibit hepatic stellate cell proliferation, collagen
synthesis‘”, and matrix metalloproteinase“, leading to liver fibrosis improvement.

US is an acceptable screening modality for MAFLD diagnosis. The echogenicity of the liver parenchyma
increases with hepatocyte fat deposition. Based on ultrasonographic appearance, the grading of hepatic steatosis
can be classified as mild, moderate, and severe. The RRs associated with the resolution of hepatic steatosis were
pooled, and to the best of our knowledge, this is the first meta-analysis to consider these outcomes. Curcumin
supplementation yielded approximately a 3.5-fold higher resolution rate of hepatic steatosis than placebo. It is
widely accepted that MAFLD is strongly related to obesity and weight loss therapy may significantly improve
liver steatosis*->!. This improvement in steatosis could therefore be mediated through weight loss associated with
curcumin supplementation, although the efficacy of curcumin on weight reduction remains controversial'2-55,
In our updated review, significant weight loss was observed in some RCTs*»*>* but not in the others?*2%3!3236:37,

In this meta-analysis, improvement of liver fibrosis was assessed by transient elastography (FibroScan’) and
no significant differences between curcumin and placebo were identified, although we were unable to pool this
outcome given only a single RCT reported this outcome™'.

In a curcumin formulation subgroup analysis, the effects on AST, ALT, and the resolution of hepatic steatosis
remained significant in patients receiving bioavailability-enhanced forms, suggesting this curcumin supplement
formulation may be more efficacious than crude extracts or turmeric powder. This is consistent with the fact that
curcumin has very low water solubility leading to low absorption, as well as rapid metabolism®>*”. As a conse-
quence, curcumin bioavailability in the blood circulation is low. Phytosomal curcumin (i.e., curcumin-phospho-
lipid complex), nano-micelles containing curcumin, amorphous solid dispersion of curcumin, and curcumin
combined with piperine as an adjuvant represent curcumin formulations designed to improve gastrointestinal
absorption, improving bioavailability and therapeutic effect®®’”. However, non-significant associations with whole
compounds may have resulted from inadequate power in studies with insufficient participant numbers.

It should be noted that curcumin might improve liver-specific outcomes in MAFLD patients through reducing
some metabolic dysfunctions as reported in previous MAs suggesting improvement not only of lipid profile and
weight control but also of glycemic outcomes after curcumin supplements'®*'; corresponding to our findings
which showed significant effect of curcumin on the improvement of FBS level. Our MA also indicated significant
improvement of BMI in MAFLD patients receiving curcumin, and agreed with the recently published MA3®
which also reported significant body weight and waist circumference reduction following curcumin supplement.
Given that weight loss is the most effective treatment for steatosis and NASH*’, curcumin supplement could be
considered in MAFLD patients with obesity. Significant reduction in TC levels was observed from our evidence
synthesis but not for LDL-C, HDL-C, and TG. Most included RCTs assessed curcumin supplementation for only
8 to 12 weeks; therefore, longer curcumin supplementation might be required to see the effects of curcumin on
LDL-C, HDL-C, and TG levels. Further large-scale studies are required to prove if curcumin has a direct effect
on MAFLD or its effect is through these metabolic and/or anthropometric measures. Recently, the relationship
between MAFLD and metabolic syndrome have been suggested to be bidirectional®®-®2. In other words, treat-
ments that alleviate MAFLD, such as curcumin, possibly work through well control of metabolic syndrome, or
vice versa. From our findings, curcumin could improve multiple metabolic outcomes, which should be beneficial
for MAFLD patients as for the current practice guideline®® that recommended intensive control of metabolic
syndrome in MAFLD patients.

While life-style modification targeting weight loss remains the mainstay of MAFLD treatment, several
medications have been proposed to improve MAFLD/NASH associated outcomes. According to treatment
guidelines®~%, potential medications include insulin sensitizers (i.e., metformin and thiazolidinediones),
glucagon-like peptide-1 agonists, vitamin E, ursodeoxycholic acid, and omega-3 fatty acid, etc. Of these, only
pioglitazone, semaglutide, and vitamin E could improve steatosis or NASH®-%°. Our study suggests that cur-
cumin could be a nutraceutical option in the treatment of MAFLD patients. Curcumin safety was demonstrated
in several RCTs with no major toxicity observed®. The major adverse reaction was gastrointestinal disturbance
(i.e., nausea and diarrhea). However, curcumin may potentially interact with some medications given its inhibi-
tory effect on cytochrome P450°%%. As such, appropriate consideration is required for prescription in patients
with multiple comorbidities.

Our study had some limitations. First, most of the studies included were conducted in Iran, which might
affect the generalizability of our findings. Second, several outcomes (i.e., GGT, hepatic steatosis improvement,
and liver stiffness) were reported in only a small number of studies which adversely impacts the precision of the
effect sizes reported. Third, various formulations of curcumin were used in different studies with the majority
of RCTs using bioavailability-enhanced curcumin in contrast to several RCTs that used whole turmeric com-
pounds or curcumin extract. As a consequence, the pooled results based on studies that used whole compounds
or extracts may be less precise. Finally, the high levels of heterogeneity detected may be due to the variation in
turmeric source and quality, extraction methods, and dosage between studies, which may reduce the robustness
of the evidence synthesized.

Nevertheless, our comprehensive review provides support for the positive effects of curcumin on slowing the
progression of MAFLD. We found a 3.5-fold significantly higher chance of resolution in hepatic steatosis, and a
small but significant lowering in aminotransferase levels, FBS, BMIL, and TC. However, improvements associated
with NASH histology and liver fibrosis has not been confirmed in this review. Further trials should address these
shortcomings given the small number of RCTs available to date.

Data availability
All data generated or analysed during this study are included in this published article and its supplementary
information files.
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