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Abstract

tients with NAFLD.

at the end of the trial for biochemical analysis.

placebo.

in NAFLD patients.

Background: Elevated levels of homocysteine (Hcy) and fetuin-A are important risk factors for cardiovascular diseases in patients
with a nonalcoholic fatty liver disease (NAFLD). There is limited evidence regarding the effects of turmeric on NAFLD.
Objectives: This study aimed at investigating the effects of turmeric supplementation on serum levels of Hcy and fetuin-A in pa-

Methods: In this double-blind, randomized, controlled clinical trial, 46 NAFLD patients (21 males and 25 females; age range, 20 - 60
years) with body mass index ranged 24.9 - 40 kg/m® were recruited from Sheikh-ol-Raees clinic in Tabriz City, Iran during Nov 2014-
May 2015. The participants were allocated into the two groups using the block randomization method. The intervention and control
groups received 3g of turmeric (n=23) and placebo (n=23), daily for 12 weeks. Fasting blood samples were collected at baseline and

Results: Turmeric supplementation significantly decreased serum levels of Hcy, compared with the placebo group at the end of
the study (by 27.83%, P = 0.034). No significant difference was observed between the two groups in serum levels of fetuin-A after the
intervention (P> 0.05). Serum levels of glucose, insulin and homeostasis model assessment for insulin resistance were declined

significantly in the turmeric group (by 1.22%, 17.69% and 19.48%, P = 0.039, P = 0.013 and P = 0.001, respectively) compared to the

Conclusions: Turmeric consumption had beneficial effects on serum Hcy levels and may be useful in management of this risk factor

Keywords: Turmeric, Homocysteine, Fetuin-A, Nonalcoholic Fatty Liver
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. Background

Nonalcoholic fatty liver disease (NAFLD) is a common
liver disorder without history of significant consumption
of ethanol (1). The spectrum of NAFLD ranges from sim-
ple steatosis (deposition of triglyceride as lipid droplets in
the cytoplasm of hepatocytes) to the nonalcoholic steato-
hepatitis and end-stage liver disease (2). The prevalence of
this disorder is 20% - 40% in Western countries and 10% -
30% in Asian countries, and it is rising over time in rela-
tion to increase of obesity. Nonalcoholic fatty liver disease
is associated with components of the metabolic syndrome
and is considered as an independent risk factor for cardio-

vascular disease (CVD) (3). Several highly interrelated fac-
tors such as hyperhomocysteinemia contribute to the en-
hanced risk of CVD in persons with NAFLD (4). Homocys-
teine (Hcy), a sulfur containing amino acid, is derived from
the metabolism of methionine (5). It increases susceptibil-
ity of low-density lipoprotein cholesterol (LDL-C) to oxida-
tion, and platelet aggregation and activates the coagula-
tion factors and finally directs injury of the endothelium
(6). Moreover, hyperhomocysteinemia plays a role in the
development of liver steatosis and accelerated progression
to liver fibrosis in chronic hepatitis C. These evidences sug-
gest a possible role of hyperhomocysteinemia in the liver
steatosis-atherosclerosis connection (7).
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Another risk factor for development of NAFLD is high
serum levels of fetuin-A. It is a glycoprotein completely pro-
duced in the liver and is secreted into circulation. Fetuin-
A induces insulin resistance in liver and skeletal muscle
by inhibition of insulin receptor in these target tissues
(8). Higher levels of fetuin-A are associated with obesity,
insulin resistance, NAFLD, myocardial infarction and is-
chemic stroke in general population (9-12). In addition, cir-
culating fetuin-A is independently related with endothe-
lial dysfunction and subclinical atherosclerosis in NAFLD
(8).

In recent years, much research has been focused on
functional natural compounds to reverse the risk factors of
CVD (13). In this context, one of the most investigated and
relatively well-recognized agents with minimal side effects
is turmeric. Turmeric, the rhizome of Curcuma longa L., is
a perennial member of the Zingiberaceae family, and cul-
tivates mainly in India, and Southeast Asia. The primary
active compound responsible for the yellow color named
curcumin. Several studies have demonstrated its antiox-
idant, hepatoprotective and antiatherosclerotic activities
(14). Recently, the effect of the parent plant turmeric and/or
curcumin on cardiovascular systems has received much at-
tention (15). Ramaswami et al. showed that curcumin ef-
fectively blocked the detrimental effect of Hcy on the vas-
cular system in porcine coronary arteries and thus could
be used in patients with hyperhomocysteinemia, and to
prevent cardiovascular diseases (14). In another study,
curcumin treatment appeared to be effective in reducing
serum fetuin-A levels in rat fed a high-fat diet (HFD) (16).

Although some studies have already demonstrated the
beneficial effects of curcumin on Hcy and serum fetuin-A
levels (14, 16), no clinical trials have been conducted to as-
sess the effects of whole turmeric in NAFLD patients. Be-
cause turmeric is commonly used in food, we conducted a
study to evaluate the efficacy of turmeric supplementation
on serum levels of Hcy and fetuin-A in patients with NAFLD.

2. Methods

2.1. Subjects

A total of 204 patients recruited from Sheikh-ol-Raees
clinic in Tabriz, Iran, were screened based on a transab-
dominal ultrasonography to diagnose NAFLD (Figure 1).
One hundred forty-two patients did not meet all inclusion
criteria or met exclusion criteria and 16 people refused to
participate and all excluded. A total of 46 NAFLD patients
(21males and 25 females; age range, 20-60 years) with body
mass index (BMI) ranged 24.9 - 40 kg/m* were included in
the study. This study was approved by the ethics committee
of Tabriz University of Medical Sciences and was registered

on the Iranian registry of clinical trials with the identifi-
cation IRCT201406183664N12. Written informed consent
was obtained from all participants. Subjects with the his-
tory of thyroid disorders, severe anemia, cancer, biliary
and kidney stone, viral hepatitis and other hepatic dis-
eases, being postmenopause, pregnant or breast feeding
were excluded from the study. In addition, patients who
consumed tobacco and alcohol, nutritional supplements
within the previous 4 weeks or during a 12-week study pe-
riod, anticoagulant, oral contraceptive and lipid lowering
medication were ignored from the study.

The study was conducted from November 2014 to May
2015. Sample size was determined based on the serum Hcy
level, which obtained from a pilot study in the beginning
of our research by the size of 8 patients per group. Consid-
ering a=0.05, power of 80%, a two-tailed test,18.5% change
and Pocock formula, at least 18 samples per group were
computed. This number was increased to 23 per group to
consider the anticipated dropout rate.

2.2. Study Design

The study was a randomized, double-blind, placebo-
controlled trial (RCT), in which turmeric and placebo were
compared in patients with NAFLD. After assessing for eli-
gibility, subjects who met the inclusion criteria were ran-
domly assigned into the two groups using a block random-
ization procedure with matched subjects in each block of
size 4 based on age, gender and BMI. Contributors were
randomly allocated into the two groups by using a block
randomization method, which was generated by the ran-
dom allocation software (RAS). A computer-generated ran-
dom sequence was kept in a remote secure location and
administered by an independent third party who was not
involved with the clinical conduct of the study until all
data were collected and verified. Patients and those in-
volved in enrolling participants, administering interven-
tions, and assessing outcomes were blind to group assign-
ments. The turmeric group (n = 21) was given six turmeric
capsules daily for 12 weeks. Each capsule contained 500
mg turmeric powder (6 X 500 mg). The placebo group (n
=21) was given six placebo capsules daily for the same pe-
riod. Placebo capsules contained starch and were similar
in size and color to the turmeric capsules. All of the sup-
plement packs were identical looking. The volunteers were
followed up with telephone once a week and number of re-
turned supplements every 2 weeks (Figure 1).

2.3. Ultrasonography

Transabdominal ultrasonography was performed at
baseline to confirm NAFLD and its stages. Degree of hepatic
steatosis was performed according to the macrovesicular
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Figure 1. Flow Diagram of Subject Recruitment

steatosis and divided into 4 categories included: no steato-
sis, grade 1: up to 33% steatosis, grade 2: 33% - 66% steatosis
and grade 3: 66% steatosis (17). Another ultrasonography
was performed after 12 weeks to evaluate the effect of in-
tervention on NAFLD.

2.4. Herbal Supplement Preparation

Turmeric was purchased locally and were identified
and authenticated by the herbarium of the botany depart-
ment, faculty of pharmacy, Tabriz University of Medical Sci-
ences, Iran. Turmeric rhizomes were lightly washed with
water and air dried on filter paper. Then, turmeric was cut
into small pieces, crushed and put into 500 mg capsules.

Iran Red Crescent Med |. 2017; 19(4):e43193.

2.5. Anthropometric Assessments

Body weight was measured using a scale (Seca, Ham-
burg, Germany) with 0.5 kg accuracy, while participants
were without shoes and wearing light clothing. A tape was
used to measure height with 0.5 cm accuracy, while partic-
ipants were without shoes. The body mass index was calcu-
lated using weight and height measurements (kg/m?).

2.6. Laboratory Assessment

Blood samples were collected in the morning after a
12-hour overnight fasting at the baseline and 12 weeks af-
ter the intervention. The serum glucose was measured us-
ing the standard enzymatic methods with a commercially
available Pars Azmoon kit (Karaj, Iran). The serum insulin
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level was measured by an enzyme-linked immunosor-
bent assay (ELISA) method using the Monobind kit (USA).
Insulin resistance was determined by the homeostatic
model assessment (HOMA) index with the formula: HOMA-
IR = fasting insulin (pUI/mL) x fasting glucose (mg/dL)
[405. Serum aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) were measured by the enzymatic
method using a commercial kit (Pars Azmoon, Tehran,
Iran). The serum Hcy level was determined using a com-
mercial ELISA kit (Axis Homocysteine EIA, Axis-Shield Di-
agnostic Ltd, the Technology Park, and Dundee DD2 1Xa,
UK) as per manufacturer’s instruction. Serum fetuin-A was
measured by a commercially available DiaMetra ELISA kit
(DiaMetra Co, Milan, Italy).

2.7. Statistical Analysis

Statistical analysis was performed using the statisti-
cal package for the social sciences (SPSS Inc, Chicago, Illi-
nois, USA) version 13 based on the intention to treat princi-
ple. Normal distribution was tested with the Kolmogorov-
Smirnov test. Ordinal and nonnormally distributed vari-
ables were shown as the median (interquartile range)
(MED (IQR)) and numeric normally distributed ones were
shown as the mean+standard deviation. Biochemical pa-
rameters of the subjects in both groups at baseline were
compared using independent t tests. The paired t test was
applied to compare means before and after the interven-
tion in each group. Analysis of covariance (ANCOVA) was
used to identify any differences between the groups at the
end of the study, adjusting for baseline values and covari-
ates. A probability (P) value less than 0.05 was considered
significant in all statistical analyses.

3. Results

A total of 4 patients were excluded from the study for
personal reasons (Figure 1). As a result, the data were re-
ported for 42 patients (21 in the turmeric group and 21 in
the placebo group). No side effects were reported by con-
sumption of turmeric during the study. General and bio-
chemical values of the subjects at the beginning of the
study are shown in Table 1. There were no significant dif-
ferences in these variables between the two groups at the
baseline (Table 1).

Biochemical parameters of the subjects at baseline and
aftera12-weekintervention are presented in Table 2. No sig-
nificant differences were observed between the two groups
in serum biochemical values at baseline. Serum levels of
Hcy were decreased significantly in the turmeric group at
the end of the study compared to the baseline values (by
23.14%, P = 0.012). Results of ANCOVA showed a statistically

Table 1. General and Biochemical Characteristics of the Patients with Nonalcoholic
Fatty Liver Disease at Baseline

Variable Turmeric Group Placebo Group P?
(n=21) (n=21)
Gender, (N) %° 0352
male (11)52.4 (8)38.1
female (10) 47.6 (13) 61.9
Age,y* 42.09(7.23) 40.38(9.26) 0.391
Weight, kg® 85.26 (16.47) 87.40 (15.08) 0.663
BMI, kg/m*¢ 31.81(4.58) 32.92 (4.81) 0.447
Energy, kcal/d® 2507.19 (598.74) 2409.90 (759.99) 0.647
AST, U[I 24.00 (11.59) 24.33(13.69) 0.933
ALT, U1 21.00 (15.50,34.00) 23.00 (15.00, 31.50) 0.967

Abbreviations: ALT, Alanine Aminotransferase; AST, Aspartate Aminotrans-
ferase; BMI, Body Mass Index; NAFLD, Non-Alcoholic Fatty Liver Disease.

P for comparing baseline values based on Independent t test.

PData are tested by 2 test.

‘Data are presented as mean (SD).

9Data are presented as median (25th percentile 75th percentile).

significant difference between the two groups in serum
levels of Hcy (by 27.83%, P = 0.034) at the end of the study,
adjusted for energy, BMI and baseline values.

The mean serum fetuin-A levels in the turmeric group
were significantly declined at the end of the

study compared to the baseline values (by 11.27%, P =
0.001). No significant difference was observed between the
two groups in serum levels of fetuin-A after the interven-
tion (P> 0.05).

Significant decreases in serum levels of glucose, in-
sulin and HOMA-IR (P < 0.05 for all) were observed in the
turmeric group after the intervention compared to the
baseline values. Results of ANCOVA showed statistically sig-
nificant differences between the two groups in serum lev-
els of glucose, insulin and HOMA-IR (by 1.22%, 17.69% and
19.48%, P = 0.039, P = 0.013 and P = 0.001, respectively) at
the end of the study, adjusted for energy, BMI and baseline
values (Table 2).

4. Discussion

It has been reported that turmeric has hepatoprotec-
tive characteristics and useful in prevention of human ail-
ments such as the metabolic syndrome, and inflammatory
conditions (18, 19). The nonalcoholic fatty liver disease is
the hepatic component of the metabolic syndrome and ac-
counts as an independent risk factor for CVD (20). Based
on our knowledge, no study has yet been conducted on
the possible cardio metabolic effects of turmeric including
serum Hcy and fetuin-A in patients with NAFLD.

Iran Red Crescent Med |. 2017; 19(4):e43193.
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Table 2. Serum Biochemical Parameters of Patients with NAFLD Throughout the Study

Variable Period Turmeric Group (n=21) Placebo Group (n=21) P Value®*
Before 14.91(6.69) 14.46 (5.66) P=0.812
Homocysteine, ;Lmol/Lb After 1146 (3.56) 15.88 (6.27) P=0.034°
MD?, P value® -3.45(-6.07 t0-0.83), 0.0121 1.42 (-1.69 to 4.54), 0.390
Before 182.20 (90.79) 212.77(82.63) P=0.261
Fetuin-A, ;1g/mL” After 161.67 (89.44) 206.46 (74.14) P=0.203
MDY, Pvalue®  -20.52(-3119 t0-9.86),0.001"  -6.30(-25.93 t013.31), 0.510
Before 92.80 (22.98) 85.23(10.06) P=0.178
FBS, mg/dL” After 85.23 (13.44) 86.28 (9.34) P=0.039°
MDY, Pvalue®  -7.57(-14.05 t0-1.08), 0.024 1.04(-310 t0 5.20), 0.605
Before 13.83(4.20) 14.08 (5.06) P=0.875
Insulin, ;ou/mL” After 11.82(3.97) 14.36 (4.86) P=0.013°
MD?, P value® -2.01(-3.28 t0-0.74), 0.003" 0.28 (-0.80 t0 1.36), 0.595
Before 3.12(1.06) 2.97(1.25) P=0.679
HOMA-IR" After 2.48(0.89) 3.08(1.17) P=0.001°
MD?, P value® -0.64 (-0.98 t0-0.30), 0.001" 0.10 (-0.14 to 0.36), 0.510

Abbreviations: Hcy, Homocysteine; FBS, Fasting Blood Sugar; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance; NAFLD, Nonalcoholic Fatty Liver Disease.

2P value for comparing baseline values based on Independent t test.
®Values for quantitative data are expressed as mean (SD).

P < 0.05 when the ANCOVA test was used and adjusted for baseline variables, BMI and calorie intake.

9Mean difference (95% CI).

P value for comparing baseline with end point values within each group. Paired sample t test was used for parametric comparison.
fStatistically significant difference between the two groups before and after the intervention (P < 0.05).

Homocysteine is formed as an intermediary in a me-
thionine metabolism through two pathways: remethyla-
tion to methionine, which requires folate and vitamin
B12 (or betaine in an alternative reaction); and transsul-
furation to cystathionine, which requires pyridoxal-5™
phosphate (21). Evidence shows that elevated plasma
Hcy, as a risk factor for CVD, alters intracellular lipid
metabolism and is associated with hepatic fat accumula-
tion (22).

Based on our results, turmeric consumption decreased
serum levels of Hcy in patients with NAFLD. In a study
by Kapoor et al., curcumin (200 mg/kg) treatment in
methionine-treated rats for30 days significantly decreased
serum Hcy levels (15). Recently, Ramaswami et al. have re-
ported that curcumin effectively reverses the endothelial
dysfunction induced by Hcy and blocks Hcy-induced su-
peroxide anion production and down-regulation of nitric
oxide synthase in porcine coronary arteries (14). Ataie et
al. declared that curcumin improved learning and mem-
ory deficits by protecting the nervous system against Hcy
toxicity (23). According to the role of insulin in inhibi-
tion of hepatic cystathione beta synthase, which is an en-
zyme involved in methionine metabolism, insulin resis-

Iran Red Crescent Med |. 2017; 19(4):e43193.

tance seems to increase the Hcy levels (24). In the present
study, supplementation with turmeric significantly de-
creased the serum levels of glucose, insulin and HOMA-IR.
Therefore, it was possible that beneficial effects of turmeric
on serum Hcy status in our subjects might be mediated via
regulating glucose and insulin metabolism, in part. Fur-
thermore, it was reported that fresh turmeric rhizomes
possessing important probiotic characteristics and three
lactic acid bacteria (LAB) strains were isolated from them
(25). Due to the ability of LAB to produce folate (26), it was
suggested that turmeric as a probiotic may affect monog-
lutamylated folate production and influence methionine
metabolism and subsequently Hcy.

Fetuin-A is regarded as a key protein in obesity and
NAFLD (27). In some studies, hepatic fetuin-A expression
and its serum levels increased in obesity and there was a
strong association between the serum level of fetuin-A and
liver fat accumulation (28, 29). Hepatic expression of fe-
tuinAisrelated to glucose and lipid metabolism (28). Since
fetuin-A is linked with fatty liver and insulin resistance, it
may be considered as a new therapeutic target in NAFLD
(28,29).

Our results showed that, turmeric consumption re-
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duced the serum fetuin-A level in the intervened group.
However, this reduction was not significant compared
with placebo. Iyidogan et al. demonstrated that curcumin
reduces the serum fetuin-A level in rats fed HFD (16). In an-
other study, liver fetuin-A expression was decreased signif-
icantly by the 1.5 g curcumin/kg treatment in rats received
HFD. A high-fat diet increased expression of hepatic fetuin-
Ain rats (27). It was suggested that curcumin may inhibit
the expression of hepatic fetuin-A by activating the AMP-
activated protein kinase pathway (30). Furthermore, in-
creased serum glucose levels may induce hepatic produc-
tion of the fetuin-A via activation of ERK-1/2 signaling path-
ways (31). Taken together, it is possible that curcumin may
regulate fetuin-A levels through reducing blood glucose
and improvement of insulin resistance.

This study is the first one to investigate the effects of
turmeric on serum levels of Hcy and fetuin-A in patients
with NAFLD. The main strength of the present study is that
it was based on a placebo-controlled, stratification by age,
gender and BMI, which make eliminating inter-individual
differences and not under concomitant any drug therapy.
However, our study had some limitations including small
sample size and using fix dose of turmeric. Therefore, the
results of the present study are not applicable for other
doses or usage durations of turmeric.

4.1. Conclusions

The results of the present study showed that turmeric
consumption had beneficial effects on serum Hcy levels.
The possible effects of turmeric consumption on serum
fetuin-A need other investigations. Further studies with
different doses and usage durations of turmeric are also
warranted to evaluate its underlying mechanisms of ac-
tion in patients with NAFLD.
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