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ABSTRACT

Background & Aims: Non-alcoholic fatty liver disease (NAFLD) is associated with insulin resistance and
changes in serum adipocytokine levels. The aim of the current study was to evaluate the effect of phytosomal
curcumin on serum adiponectin and leptin levels in patients with NAFLD.

Methods: In this randomized double-blind, placebo-controlled trial, 65 eligible patients were randomly
allocated into curcumin and placebo recipient groups using a blocked randomized technique. Parameters of
weight, height, body mass index (BMI), fasting blood sugar (FBS), lipid profile, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), adiponectin, leptin, and the leptin:adiponectin ratio were measured
at baseline and eight weeks after intervention.

Results: High-density lipoprotein cholesterol (HDL-C) levels increased significantly in the curcumin group
compared to the placebo group (p=0.01). Serum adiponectin levels increased significantly (p<0.001) and
serum leptin levels decreased significantly (p<0.001) with a decrease in the leptin: adiponectin ratio in the
curcumin group compared to the placebo group after 8 weeks of intervention.

Conclusions: Non-alcoholic fatty liver disease was associated with changes in serum adipokines levels.
Phytosomal curcumin effectively improved leptin and adiponectin levels. It is possible that curcumin efficacy
will increase with long-term use of higher doses of this substance.

Key words: non-alcoholic fatty liver disease — curcumin — adiponectin — leptin
Abbreviations: ALT: alanine aminotransferase; AST: aspartate aminotransferases; BMI: body mass index;

FBS: fasting blood sugar; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein
cholesterol; NAFLD: non-alcoholic fatty liver disease; VLDL: very low density lipoprotein; TG: triglycerides.

INTRODUCTION

Non-alcoholic fatty liver
disease (NAFLD) is a common
liver disease that threatens the
health of adults and children
globally, with the highest
prevalence being in the Middle
East and South America [1].
This pathology is diagnosed by
evidence of hepatic steatosis
(accumulation of free fatty acids
and triglycerides) and the absence
of secondary causes of liver fat
accumulation. Steatosis without
necro-inflammatory injury and
steatosis with inflammatory
injury of hepatocytes are
considered to be types of NAFLD.

Increased lipid synthesis, excess fatty acid delivery, reduced
lipid export in the form of very low density lipoprotein (VLDL),
reduced lipid oxidation or imbalances in any of these pathways
can be a cause of lipid accumulation in the liver [2]. Nearly 90%
of NAFLD cases have at least one specific metabolic syndrome
characteristic [3]. Obesity, type 2 diabetes, high blood pressure,
and dyslipidemia are components of the metabolic syndrome
that are strongly associated with NAFLD.

In case of insulin resistance, increased lipolysis and
increased release and flux of fatty acids to the liver are
associated with excessive synthesis and fat accumulation
in hepatocytes [4]. This event is the first to affect the liver,
causing it to become susceptible to secondary hits from
oxidative stress, inflammatory cytokines and adipocytokines
[5]. Evidence suggests that adipocytokines are involved in
NAFLD pathology by affecting insulin resistance [6]. Adipose
tissue acts as an energy source in the form of lipids and also
produces and secretes the pro- and anti-inflammatory proteins
called adipokines (adipocytokines).
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Leptin and adiponectin are important adipokines that
affect insulin sensitivity. These proteins are produced mainly
by adipocytes [7]. Changes in fat mass increase the circulating
levels of leptin and decrease the levels of adiponectin in obese
individuals [8]. Considering the relationship between adipose
tissue and the liver, disturbances in adipokines production can
affect the liver metabolism and hepatic insulin sensitivity [9].

Adiponectin is a 30 kDa protein that prevents hepatic fat
accumulation by decreasing de novo lipogenesis and increasing
liver sensitivity to insulin. The liver expresses adiponectin
receptors AdipoR1 and AdipoR2 as the main targets of
adiponectin. Adiponectin is an anti-inflammatory agent that
reduces plasma and liver tumor necrosis factor a (TNF-a)
concentrations and increases production of interleukin 10
(IL-10). Leptin is a 16 kDa protein that regulates the energy
balance by acting on receptors in the arcuate nucleus of the
hypothalamus. Decreased sensitivity to leptin occurs in obesity
and insulin resistance [10, 11]. High levels of leptin have been
reported in patients with NAFLD and are an indicator of the
severity of the disease [12].

At present, there is no definitive cure for NAFLD. Current
treatments are the use of insulin sensitizers, weight loss,
diabetes control and exercise. As a result, understanding the
new therapeutic approaches will require extensive research.
Lifestyle, physical activity, and dietary composition are among
the factors that can influence NAFLD. Today, the use of herbal
medicine and bioactive natural products have been considered
[13, 14].

A body of evidence has shown that curcumin has a
positive impact on NAFLD [15, 16]. Curcumin [1, 7-bis-(4-
hydroxy-3-methoxyphenyl)-1, 6-heptadiene-3, 5-dione] is an
active phytochemical component of turmeric. The turmeric
plant (Curcuma longa Linn) is used to create a dietary spice
that is common to most parts of Asia and offers multiple
biological and pharmacological effects. The anti-inflammatory,
antioxidant, anti-atherosclerotic, cardioprotective, and
anti-cancer properties of curcumin have been investigated
[17]. Curcumin has been reported to reduce the synthesis of
pro-inflammatory cytokines and increase anti-inflammatory
cytokines through different biological mechanisms. In this
study, we aimed to evaluate the effect of curcumin on serum
levels of adiponectin, leptin and the leptin:adiponectin ratio
in patients with NAFLD.

METHODS

Study design

A randomized, double-blind, placebo-controlled, clinical
trial was designed to investigate the effect of phytosomal
curcumin on serum adiponectin and leptin levels for eight
weeks of treatment. The volunteers included 74 patients with
a previous history of NAFLD or new cases referred to the
gastroenterology clinic of 22 Bahman Hospital in the city
of Neyshabur, Iran. The inclusion criteria for participation
in the study were age over 18 years of either gender,
confirmed diagnosis of NAFLD (bright liver findings) from
liver ultrasound scans. Exclusion criteria were a diagnosis
of autoimmune or viral hepatitis, Wilson’s disease, alcohol
consumption, pregnancy, diabetes, thyroid disorders,
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malignancy, lactation, hemochromatosis, and use of dietary
supplements and other sources of increased liver enzyme levels.

Eligible individuals completed the informed consent form.
They were free to leave the study at any time. The study designer
used the blocked randomized technique to allocate participants
to either the curcumin (A) or placebo (B) recipient groups
with a block size of four for the two groups (ABAB, BAAB,
BABA, etc.). Only the main researcher knew the contents of the
packages and the types of drugs. Phospholipidated curcumin
(Meriva; each capsule composed of 250 mg/day equivalent
to 50 mg/day pure curcumin) and placebo capsules with the
same appearance were given to patients in A and B bottles for
eight weeks.

Blood sampling and measurements

Anthropometric parameters of weight, height, and body
mass index (BMI) were evaluated at baseline and at the end of
intervention using an InBody 770 connected to a BSM 370. In
the fasting state, 10 mL of venous blood was collected from each
patient at baseline and eight weeks later. The blood samples
were centrifuged for 10 min at 2500 rpm to separate the serum
and stored at -80°C. Laboratory tests for liver enzymes (ALT
and AST), fasting blood glucose (FBS), and lipid panel (total
cholesterol, high-density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol (LDL-C) and triglycerides
(TG) were measured with an autoanalyzer (BT-2000) (Pars
Azmoun; Iran). Enzyme-linked immune sorbent assay (ELISA)
based on sandwich-assay using two specific and highly affine
antibodies was used to assay the serum adiponectin and leptin
(Mediagnost; Germany).

Statistical analysis

Version 20 of SPSS Statistics (SPSS; USA) was used for
statistical analysis and data management. The mean, standard
deviation, frequency and percentage were reported to describe
the data. The paired sample ¢-test was used to determine the
mean difference between two related groups before and after
treatment (within-group comparison). The independent
sample t-test was used for between-group comparisons. In
the general linear model, univariate analysis was carried out
to eliminate the effect of confounding variables. A p-value
<0.05 was considered statistically significant. The protocol of
this trial was registered in Iranian Registry of Clinical Trials
center, IRCTID: IRCT2015052322381N1.

Ethic and informed consent

This project was approved by the Research Ethics
Committee of the Neyshabur University of Medical Sciences
(IR.NUMS.REC.1395.48). Informed consent was obtained
from all participants.

RESULTS

Sixty-five patients with NAFLD who met the inclusion
criteria were randomly assigned to either the curcumin (n=33)
or placebo (n=32) groups. A total of 61 patients completed
the study. Three patients in the placebo group and one in the
curcumin group (Fig. 1) were lost to follow-up. There were no
significant differences between groups at baseline for the clinical
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Fig. 1. Flowchart of patients entered into the study.

and demographic characteristics. However, serum levels of total
cholesterol (p=0.02), and LDL-C (p=0.01) were higher in the
curcumin group that in the placebo group (Table I).

Effect of curcumin on weight and BMI
The anthropometric parameters of weight and BMI were
compared at baseline and eight weeks after intervention in

both groups. Within-group comparisons showed that weight
(p=0.13) and BMI (p=0.12) increased in the placebo group
and decreased in curcumin-treated group (weight; p=0.16
and BMI; p=0.12), although the changes were not significant
(Table IT). No statistically significant changes were observed in
between-group analysis for weight (p=0.07) and BMI (p=0.08)
(Table III).

Table I. Baseline demographic and clinical characteristics of study groups.

Variables Curcumin Placebo p
Age (years) 44.8 (11.14) 40.7 (11.83) 0.12
Gender

Male (%) 18 (48.6) 19 (51.4)

Female (%) 14 (63.6) 8(36.4) 0.21
Weight (kg) 83.86 (20.81) 76.99 (16.68) 0.21
BMI (kg/m?) 30.06 (5.76) 27.72 (5.97) 0.19
Leptin (ng/mL) 23.21 (16.93) 15.01(18.92) 0.08
Adiponectin (ng/mL) 14.35(7.72) 11.85 (6.75) 0.21
Leptin: adiponectin 1.81 (1.90) 1.59 (3.22) 0.72
FBS (mg/dL) 109.83 (49.68) 105.92 (21.56) 0.69
TG (mg/dL) 130.46 (87.27) 139.19 (58.51) 0.66
Total cholesterol (mg/dL) 204.21 (37.68) 183.64 (29.14) 0.02
HDL-C (mg/dL) 41.43 (13.86) 45.00 (10.55) 0.18
LDL-C (mg/dL) 138.40 (40.39) 108.71 (24.14) 0.001
AST (mg/dL) 32.45 (18.60) 25.18 (11.11) 0.08
ALT (mg/dL) 47.66 (35.20) 40.07 (19.82) 0.32

Results are expressed in terms of mean (SD). p-values refer to comparison between
curcumin and placebo groups at the baseline. ALT: alanine aminotransferase; AST: aspartate
aminotransferase; FBS: fasting blood sugar; HDL-c: high-density lipoprotein cholesterol;
LDL-c: low-density lipoprotein cholesterol; TG: triglyceride.
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Table II. Within-group comparisons of parameters between curcumin and placebo groups

Curcumin Placebo

Variables Before After 95% CI p Before After 95% CI p

Weight (kg) 83.86 (20.81) 83.09 (20.90) -0.33 - 1.86 0.16 77.99 (16.68) 79.99 (11.60) -7.00 - 1.00 0.13
BMI (kg/m?) 30.06 (5.76) 29.75 (5.84) 0.08 - 0.68 0.12 27.72 (5.97) 28.78 (4.22) 2.48-0.35 0.13
Leptin (ng/mL) 23.21(16.93) 17.85 (14.11) 1.66 - 9.06 <0.001 15.01(18.92) 15.86 (17.06) -4.36 - 2.64 0.61
Adiponectin (ng/mL) 14.35 (7.72) 1823(9.75)  -580--1.94  <0.001  11.85(6.75) 10.87 (4.95) 20.29-2.25 0.12
Leptin: adiponectin 1.81 (1.90) 1.12 (1.09) 0.30 - 1.08 <0.001 1.59 (3.22) 1.97 (4.07) -0.90 - 0.12 0.13
FBS (mg/dL) 109.83 (49.68) 101.00 (8.02) -8.91 - 26.59 0.31 105.92 (21.56)  107.74 (22.69) -6.03 - 2.40 0.38
TG (mg/dL) 13046 (87.27)  130.37 (83.68) -14.95-15.09  0.99  139.19 (58.51)  140.53 (66.39)  -17.08 -14.39  0.86
Total cholesterol (mg/dL) ~ 204.21 (37.68)  195.12 (40.61)  -0.92-19.11 0.07 183.64 (29.14)  187.76 (31.34) -6.88 - 15.12 0.44
HDL-C (mg/dL) 4143 (13.86)  41.93(13.93)  -3.35-2.36 072 45.00(10.55)  42.41 (10.59) -0.50 - 5.22 0.05
LDL-C (mg/dL) 138.40 (40.39)  130.98 (42.75) (-3.00 - 17.83) 0.15 108.71 (24.14)  119.73 (24.60) -19.83 - -2.20 0.01
AST(mg/dL) 32.45(18.60)  30.45(15.61)  (-3.08-7.08) 042 2518 (11.11)  27.62(9.89) (-7.07-2.18) 0.8
ALT(mg/dL) 47.66 (35.20) 41.54 (22.98)  (-5.44-15.57) 0.33 40.07 (19.82) 41.29 (19.29) (-7.35 - 5.09) 0.69

Results are expressed in terms of mean (SD). p-value: Within-group comparisons at the baseline and 8 weeks after intervention. (For abbreviations see Table I)..

Table III. Between-group comparison of parameters between curcumin
and placebo groups

Variables Curcumin Placebo p
Weight (kg) -0.76 (2.78) 2.00 (8.79) 0.07
BMI (kg/m?) 1.06 (3.27) -0.31 (0.96) 0.08
Leptin (ng/mL) -5.36 (10.26) 0.85 (8.86) <0.001
Adiponectin (ng/mL) 3.87 (5.17) -0.97 (5.17) <0.001
Leptin: adiponectin -0.69 (1.05) 0.38 (1.18) <0.001
FBS (mg/dL) -8.83 (48.41) 1.81 (10.66) 0.24
TG (mg/dL) -0.09 (41.60) 1.34 (38.97) 0.89
Total cholesterol (mg/dL) -9.09 (27.79) 4.12 (26.65) 0.08
HDL-C (mg/dL) 0.49 (7.93) -3.98 (5.76) 0.01
LDL-C (mg/dL) 741(2791) 1102 (20.38) 0.10
AST(mg/dL) -2.00 (14.33) 2.44 (11.69) 0.19
ALT(mg/dL) -6.12 (26.60) 1.22 (15.96) 0.17

p-value: Between-group comparisons after intervention. (For abbreviations
see Table I).

Effect of curcumin on serum levels of FBS and lipids

Within-group comparisons revealed that serum FBS
levels increased in the placebo group (p=0.38) and decreased
in the curcumin group (p=0.31), although the changes were
not statistically significant (Table II). There was no significant
change in comparison of means between groups (p=0.24)
(Table III).

The serum levels of total cholesterol and TG increased
non-significantly in the placebo group (p=0.44 and p=0.86,
respectively) and non-significantly decreased in the curcumin
group (p=0.07 and p=0.99, respectively). There was a significant
increase in serum LDL-C (p=0.01) and a borderline decrease
in HDL-C (p=0.05) in the placebo group. In the curcumin
group, there was a decrease in LDL-C (p=0.15) and an increase
in HDL-C (p=0.72), but the changes were not statistically
significant (Table II). In between-group analysis, significant
differences were observed in serum LDL-C (p=0.01) and
HDL-C (p=0.01) in the curcumin group compared to the
placebo group (Table ITI), although the change in serum LDL-C
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was not significant after adjusting for baseline differences
between groups (p=0.10).

Effect of curcumin on serum levels of liver enzymes

Within-group comparison showed that serum levels of liver
enzymes were not significantly elevated in the placebo group
(ALT: p=0.96; AST: p=0.28) and non-significantly decreased
in the curcumin group (ALT: p=0.33; AST: p=0.42) (Table
II). Comparison of the change values showed no significant
differences between groups (ALT: p=0.17; AST: p=0.19) (Table
I11).

Effect of curcumin on serum levels of leptin and
adiponectin hormones

The mean serum levels of leptin and adiponectin were
compared at baseline and eight weeks after intervention in the
placebo and the curcumin groups. Within-group analysis showed
no significant difference in serum levels of leptin (p=0.61) and
adiponectin (p=0.12) in the placebo group. By contrast, there
was a significant decrease in serum leptin (p<0.001) and a
significant increase in serum adiponectin (p<0.001) in the
curcumin group (Table II). Analysis of between-group changes
revealed a significant decrease in serum leptin (p<0.001) and
a significant increase in serum adiponectin (p<0.001) in the
curcumin group compared to the placebo group. The leptin:
adiponectin ratio also significantly decreased in the curcumin
group compared to the placebo group (p<0.001) (Table III).
These changes remained statistically significant after adjustment
for baseline differences between groups.

Bivariate correlations

Bivariate correlation analysis in the curcumin group
showed that changes in serum levels of adiponectin correlated
with changes in serum levels of ALT (p=0.01). Changes in
the serum leptin levels correlated with changes in the serum
levels of LDL-C (p=0.01), and total cholesterol (p=0.03). The
changes in the leptin: adiponectin ratio correlated with changes
in serum levels of total cholesterol (p=0.01). No significant
correlations were observed in the placebo group (Table IV).



Curcumin and adipokines in NAFLD

187

Table IV. Bivariate correlations between parameters in the curcumin of placebo groups.

Variables Curcumin Placebo
Leptin Adiponectin Leptin: adiponectin Leptin Adiponectin Leptin: adiponectin
r p r p r p r p r p r p

Weight 0.15 0.43 -0.31 0.13 -0.16 0.43 0.10 0.66 0.27 0.24 -0.13 0.59
BMI 0.14 0.47 -0.35 0.08 -0.16 0.44 0.09 0.68 0.27 0.26 -0.12 0.58
FBS 0.16 0.39 -0.02 0.91 0.18 0.33 -0.27 0.17 0.15 0.45 -0.05 0.82
LDL-C 0.45 0.01 0.15 0.43 0.33 0.08 -0.33 0.12 0.04 0.08 -0.04 0.86
HDL-C 0.17 0.35 0.19 0.30 0.09 0.63 0.16 0.42 -0.14 0.52 0.09 0.66
Total cholesterol 0.40 0.03 0.13 0.47 0.49 0.01 -0.29 0.15 -0.30 0.17 0.08 0.72
TG 0.02 0.88 0.12 0.51 0.30 0.10 0.01 0.95 0.20 0.34 0.06 0.78
AST 0.07 0.67 -0.32 0.08 0.01 0.97 0.03 0.86 -0.01 0.99 0.13 0.95
ALT 0.06 0.72 -0.46 0.01 0.01 0.95 0.05 0.78 -0.22 0.29 0.08 0.69

Results of Pearson's Correlation. (For abbreviations see Table I).

Safety
The curcumin was found to be safe and no patients reported
side effects with its use.

DISCUSSION

A curcumin-phosphatidylcholine phytosomal complex
with high bioavailability [18] was used to evaluate the effect
of curcumin on the serum levels of adiponectin, leptin and the
leptin:adiponectin ratio in patients with NAFLD. It is known
that obesity is associated with an increase in inflammatory
factors, insulin resistance and NAFLD development [19]. The
results of a meta-analysis study of 21 cohort studies indicated
that there is a relationship between BMI and NAFLD, with a
3.5-fold higher risk of disease for obese subjects than normal-
weight subjects [20]. According to the evidence [20, 21], the
majority of patients in this study were overweight or obese.

The findings of this trial indicated that curcumin did not
significantly reduce weight and BMI in the curcumin group
compared to the placebo group. Some studies have shown
that intake of curcumin significantly decreased the weight
and BMI of overweight subjects with metabolic syndrome
[22]. In this study, it is possible that the effect of curcumin
on anthropometric parameters increased with an increase in
the dose or duration of intervention in the curcumin-treated
group. Curcumin can be effective for weight loss by activating
AMP-activated protein kinase (AMPK) and regulating lipid
metabolism [23]. AMPK by phosphorylation of acetyl-CoA
carboxylase 1 (ACC1) and sterol regulatory element-binding
protein lc (SREBPI1c) inhibits synthesis of fatty acids,
cholesterol, and triglycerides and stimulates fatty acid uptake
and B-oxidation [24].

Curcumin can also increase P-oxidation of fatty acids
by increasing expression of carnitine palmitoyltransferase-
1(CPT-1). It has been proven that curcumin can increase the
rate of energy expenditure in high-fat-fed mice [25]. It also has
been shown that curcumin decreases plasma glucose levels by
activation of glycolytic enzymes, inhibition of gluconeogenic
enzymes and improving insulin sensitivity [26]. Consistent
with these findings, curcumin reduced serum levels of FBS in
the curcumin-treated group compared to the placebo group
in the current study.

Curcumin could also be effective in reducing serum lipid
levels, so that serum levels of TG, LDL-C and total cholesterol
were not significantly decreased in the curcumin group
compared with the placebo group. Studies have shown that
curcumin can decrease the lipid profile by stimulating the
peroxisome proliferator-activated receptor (PPARY) [27].
Panabhi et al. reported that administration of curcumin (1000
mg/day for 8 weeks) significantly reduced the serum levels of
total cholesterol, LDL-C, and triglycerides in patients with
NAFLD [15].

Data from a systematic review and meta-analysis of
randomized controlled trials revealed that curcumin had no
effect on lipid parameters; however, heterogeneity in the study
populations, duration of intervention, dose and the bioavailability
of curcumin could affect outcomes [28]. Several studies have
shown that curcumin enhances the expression of lipolytic genes
(CPT-1 and PPAR-y) and reduces the expression of lipogenic
genes (SREBP-1¢, FAS and ACC) [25, 29]. The findings of the
current study showed that serum levels of liver enzymes decreased
in the curcumin group and increased in the placebo group;
however, these differences were not statistically significant. It is
possible that an increase in the duration of intervention or the
use of higher doses of curcumin could be more effective.

A systematic review of randomized controlled trials
suggested that high doses of curcumin supplementation (>1000
mg/day) significantly reduced serum levels of ALT and AST
in patients with NAFLD [30]. Several reports have shown that
increased hepatic diacylglycerol content, along with activation
of protein kinase C and inhibiting insulin signaling could
induce insulin resistance in the NAFLD [31]. The activation
of nuclear factor kB (NF-kB) increased inflammatory cytokine
production. It is known that altered adipokines levels are one
pathological aspect of insulin resistance in NAFLD.

Curcumin can improve insulin sensitivity by inactivating
NF-kB and reducing the expression of pro-inflammatory
cytokines such as TNF-a [32, 33]. An increase in inflammatory
cytokine levels, including IL-6 and TNF-q, is associated with
inhibition of adiponectin expression, leptin resistance and high
leptin levels in obese NAFLD patients; therefore, impaired
production and secretion of adipokines appear to occur in
NAFLD [32]. Vayghan et al. [34] reported serum levels of leptin
and adiponectin of 8.3 and 30.63 ng/ml, respectively, in the
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healthy adults from Iran. In our study, changes in serum leptin
and adiponectin levels were observed in patients with NAFLD
and were associated with an increase in serum leptin levels and
a decrease in serum adiponectin levels. The findings of the
current study showed that curcumin effectively reduced the
leptin levels and increased adiponectin levels in the curcumin-
treated group compared to the placebo group. Navekar et al.
[35] showed that turmeric supplementation caused a significant
reduction in the leptin levels of NAFLD patients.

There is limited evidence regarding the effects of curcumin
treatment on adipokines in NAFLD. In an animal model study,
it was found that curcumin increased adiponectin mRNA
expression by decreasing the methylation of adiponectin
DNA [36]. Chuengsamarn et al. [37] showed that curcumin
increased adiponectin levels in type 2 diabetes. Another study
on metabolic syndrome showed that curcumin significantly
increased adiponectin levels and decreased leptin levels [38].
Curcumin increases adiponectin levels by downregulation
of inflammation-related genes (NF-kB, IL-6, and TNF-a)
[29]. Moreover, curcumin reduces macrophage infiltration of
white adipose tissue, increases adiponectin production and
suppresses hepatic inflammatory factors [39].

The current study was limited by the lack of classification
of patients according to the severity and degree of NAFLD, the
small sample size, short-term intervention and consumption
of a single dose of curcumin, although the curcumin used had
a high bioavailability formulation. However, due to limited
studies in this field, our study results could be effective, but
more extensive research is required. It is recommended to
investigate the effects of curcumin on adiponectin, leptin,
and other adipocytokines in accordance with the severity of
NAFLD and, in order to reduce nutritional intervention the
patients should adhere to a controlled diet.

CONCLUSION

The most important finding of this study was the significant
increase in serum adiponectin levels and a significant decrease
in serum leptin levels after consumption of phytosomal
curcumin by patients with NAFLD. It is possible that the effect
of curcumin on other factors could increase with long-term
use of higher doses of curcumin.
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