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Abstract

Background Nonalcoholic fatty liver disease (NAFLD) is a major global health problem. The most common cause of death
in these patients is due to cardiovascular disorders. The aim of this study was to examine the effects of curcumin sup-
plementation on cardiovascular risk factors in patients with NAFLD.

Methods and materials In this randomized, placebo-controlled, clinical trial, fifty two patients with NAFLD were randomly
assigned to receive life style recommendations plus either 1500 mg curcumin or placebo for 12 weeks. Anthropometric
indices, blood lipid profile, insulin resistance, as well as hepatic steatosis and fibrosis scores were measured at the beginning
and the end of the study, and compared between and within groups.

Results Hepatic fibrosis, serum cholesterol, glucose and alanin aminotransferase (ALT) reduced significantly only in cur-
cumin group (p <0.05). Anthropometric indices, blood lipid profile, insulin resistance, and hepatic steatosis decreased
significantly in both groups (p <0.05), without any significant difference between two groups.

Conclusion Our results showed that daily intake of 1500 mg curcumin plus weight loss is not superior to weight loss alone in
amelioration of cardiovascular risk factors in patients with NAFLD. Further studies with different dosages of curcumin are
needed to be able to conclude about the effects of this dietary supplement on cardiovascular risk factors and NAFLD

characteristics.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is one of the
most common chronic liver diseases in the world that
causes several morbidities and mortalities [1-3]. NAFLD
encompasses a wide spectrum of disorders from simple
steatosis to steatohepatitis, which can progress to life-
threatening states including cirrhosis and hepatocellular
carcinoma [4, 5]. The disease pathophysiology is related to
some metabolic disorders such as obesity and type 2 dia-
betes [5, 6]. Currently, the multiple hit model is an accepted
hypothesis in the pathophysiology of NAFLD, indicating
that insulin resistance, obesity, environmental or nutritional
factors, gut microbiota, genetic and epigenetic factors are
involved in the development of this disease [7]. Today, a
definitive pharmacological treatment has not yet been
approved for the treatment of NAFLD. Neither anti-
inflammatory nor anti-oxidants are yet the treatment of
choice for NAFLD [8-11].
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Curcumin is one of the active components of turmeric,
which is isolated from the plant Curcuma longa Linn, and
used as a spice and dye in food preparation [5, 12, 13]. In
the late twentieth century, curcumin was recognized as an
active agent for most of the biological activity of turmeric
[14]. The World Health Organization (WHO) research
committee approved it as an additive for daily intake of up
to 3milligramsper kilogram of body weight [15].

Antioxidative and anti-inflammatory properties of this
substance have been observed in a number of studies [16—
20]. In vivo and in vitro studies have shown that curcumin
inhibits the activation of hepatic stellate cells through
blocking leptin signaling, regulating intracellular glucose
and lipid metabolism, as well as balancing formation and
degradation of the extracellular matrix of the liver [21]. It
has been shown that curcumin has anti-inflammatory, anti-
fibrotic, and anti-hyperlipidemic effects in experimental
models of NAFLD [22-24].

Considering the small number of randomized clinical
trial investigating the effects of supplementation with cur-
cumin in patients with NAFLD [25-27], and limitations of
these studies, we aimed to investigate the effects of curcu-
min supplementation on lipid profiles, liver enzymes and
hepatic steatosis and fibrosis in patients with NAFLD in a
randomized clinical trial.

Materials and methods
Ethical consideration

All participants signed the consent form after receiving an
explanation of the study protocol. The research protocol
was approved by the Ethics Committee of the National
Nutrition and Food Technology Research Institute at Shahid
Beheshti University of Medical Sciences (IR.SBMU.
NNFTRI.1395.106).

Study design and participants

This study was a placebo-controlled, double-blind, rando-
mized clinical trial to evaluate the effects of curcumin on
NAFLD patients.

The sample size was calculated for the Fibroscan con-
trolled attenuation parameter (CAP) score. Determining
sample size for this study was based on detection of a 10
unit difference in the mean CAP score with a power of 80%
(f =20%), yielding a sample size of 21 for each group. Due
to the potential loss of samples, 25 patients in each group
were considered [8].

In this study, adult subjects referring to the Taleghani
Hospital Hepatology Clinic (THHC) with a diagnosis of
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NAFLD, including ultrasonographic findings of hepatic
steatosis grade 2 or more were screened in terms of the
study’s inclusion criteria. Fifty-two patients who met the
inclusion criteria were enrolled in the study. Inclusion cri-
teria included age of 18 years or older, and evidence of
NAFLD in Fibroscan (CAP>263 dB/m). Anyone with a
history of alcohol use, diseases such as hepatitis, cirrhosis,
biliary disorders, autoimmune disorders, malignancies,
hypertension, diabetes, hypothyroidism, Cushing’s syn-
drome, respiratory, cardiovascular and renal diseases; use of
metformin, vitamin E, ursodeoxycholic acid, phenytoin,
tamoxifen, lithium, corticosteroids and methotrexate within
three months of the study; weight loss or bariatric surgery in
recent years; pregnancy, supplement intolerance and unex-
pected adverse effects was excluded from the study.

Randomization

Eligible patients were block randomized based on body
mass index (BMI) and gender, then using a randomization
number table, they were assigned to receive either curcumin
or placebo capsules for 12 weeks.

Intervention

Patients in the curcumin group received three, 500 mg
capsules of curcumin per day. Curcumin capsules were
filled withBCM-95 (BIO-CURCUMIN®, a proprietary
combination of 95% curcuminoids and essential oil of
turmeric-ar-turmerone. Patients in the placebo group
received three placebo capsules filled with maltodexterin.
The placebo capsules were similar to the curcumin capsules
in terms of the size, color, shape, and distribution bottles.
Both Curcumin and placebo (Maltodexterin) capsules were
produced by Arjuna Natural Extract, India, and labeled as A
or B, so that both investigators and participants were una-
ware of the capsules’ contents. Patients were interviewed
every 4 weeks. A 4-week supply of capsules was given to
the patients at the beginning of the study and at the end of
the fourth and eighth weeks. We asked patients to take three
capsules with cold water every day, each capsule after a
main meal. Compliance was assessed by counting the
remaining capsules in each visit. Patients who had not
consumed at least 90% of the expected capsules were
excluded from the study.

Lifestyle modifications

An energy-balanced diet and physical activity recommen-
dations were given to all participants based on the Clinical
Guidelines on the Identification, Evaluation, and Treatment
of Overweight and Obesity in Adults from the National
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Fig. 1 Flowchart of study

77 patients with NAFLD refer to our clinic

25 did not have our
criteria

52 patients were enrolled and underwent
randomization

|
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25 patients assigned to be 27 patients assigned to be
placebo group curcumin group

One was excluded from

study due to non-referral

’ Follow up in 4™ week I

‘ Follow up in 4™ week ‘

hospitalization

One was excluded due to |«

Institutes of Health and recommendations by the North
American Association for the Study of Obesity [28]. The
distribution of nutrients in relation to the total energy value
was as follows: total fat,<30% total energy value, SFA,
10%; MUFA, 15%; PUFA, 5%; protein, 15-18%; carbo-
hydrates, 52-55%; dietary cholesterol, <300 mg per day;
and 20-30 g of fi The/d. In addition, they were advised to
exercise at least for 30 min, three times per week. Dietary
intakes and physical activity were assessed at the beginning
and the end of the study using three 24-hour recalls (two
week days and one weekend), and a metabolic equivalent of
task (MET) questionnaire, respectively [29].

Clinical, para-clinical assessment

Weight was measured for all patients at the beginning of the
study using a Squeal Scale to an accuracy of 100 g. Height
was measured using a Seca scale without shoes and to a
precision of 0.5m. Waist circumference was measured
using a tape with a precision of 0.5 cm at the narrowest part
between the last rib and the iliac bone. Hip circumference
was measured with the tape measure to a precision of 0.5
cm at the outermost part of the hip. BMI was calculated by
dividing weight in kilograms to height in squared meters.
Every 4 weeks, anthropometric measurements were re-
performed.

Blood samples were collected at the beginning and end
of the study, after 12—14 h of fasting. Serum concentration
of triglyceride, total cholesterol, HDL cholesterol, glucose,
aspartate amino transferase (AST), alanin amino transferase
(ALT), and gamma glutamine tranferase (GGT) were

‘ Follow up in 8" week ‘

’ Follow up in 8" week ‘

27 were included in final
analysis

23 were include in final
analysis

assessed by enzymatic methods using Pars azmun Kkits
(Parsazmun Co., Tehran, Iran). Serum concentration of
LDL cholesterol was calculated using the Friedwald for-
mula (LDL-C=TC - HDL - 0.16 (TG)) [30]. Serum
Insulin was measured using the Monobind kit (Monobind,

c., Lake FOREST, CA, USA, Catalog NO: 58K1L4).
Homeostatic model assessment for insulin resistance
(HOMA-IR) was calculated by HOMA-IR =
glucoseconcentrdtlon(mg/dl)+msullnconcenu'dnon («U/mL) [31] and quan-
titative insulin check index (QUICKI) was calculated by
QUICKI =
[32].

Hepatic fibrosis and steatosis were also assessed for all
participants at the beginning and at the end of the study
using FibroScan (Echosense, France). All measurements
and recommendations were performed/given by the same
individuals to limit intra-observer biases.

\/ glucoseconcentration (";,g) -+V/insulinconcentration(«U/mL)

Primary and secondary outcomes

The primary outcome of the study was a significant
reduction in hepatic steatosis scores through the Fibroscan
measurements. Secondary outcomes were changes in serum
concentrations of liver enzymes, lipids, glucose, insulin and
insulin sensitivity indices as well as reduction in anthro-
pometric measurements.

Statistical analyses

In this study, the analysis of 24-h food recall questionnaires
was done using Nutritionist IV (N4) software and statistical
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Table 1 Clinical and demographic characteristics of participants in the

treatment and control groups at baseline of the study®

Variables Placebo group ~ Curcumin group PP
(n=23) (n=27) value

Gender 0.407

Male 14 (51.9%) 13 (48.1%)

Female 9 (%39.1) 14 (60.9%)

Age 45.13+10.9 46.19£11.5 0.473

Male 38.93+6.58 40.69 +9.64 0.581

Female 54.78+9.393  51.29+£10.97 0.441

Physical Activity 32.03+4.63 32.69 +3.65 0.592

(MET.h.d)

Smoking 0.167

No (Never smoked) 19 (82.6%) 25 (92.5%)

Yes (smoker or 4 (17.4%) 2 (7.4%)

ex-smoker)

Metabolic characteristics

Height (Centimeter) 166.39+11.39 162.56+8.9 0.188

Weight (kilogram) 89.22+13.05 85.02x11.16  0.225

Body mass index 32.38£5.02 32.3+£4.55 0.956

Waist circumference 103.28 £ 8.83 102.19+£8.78 0.948

(cm)

Hip circumference 111.61 +7.37 113.41+9.2 0.455

(cm)

Waist/hip ratio 0.92 £0.06 0.90 +£0.05 0.374

Total energy (kcal) 2323.01 235541« 0.858
540.59 703.69

Biochemistry test

ALT(IU/L) 28.02+13.06  26.05+15.09 0.619

AST(IU/L) 16.23 +5.66 17.65+9.95 0.629

GGT(U/L) 33.37+12.05 36.14x25.73  0.616

Serum triglyceride 149.47+78.07 164.55+75.6  0.528

(mg/dl)

Total cholesterol 192.88+33.13 183.59+30.59 0.348

(mg/dl)

HDL cholesterol 40.13+0.21 39.9+0.27 0.292

(mg/dl)

LDL cholesterol 122.85+34.616 110.77+28.71 0.214

(mg/dl)

Serum glucose 100.34 £22.23  98.56 +19.51 0.781

(mg/dl)

Insulin (mU/L) 15.07+7.86 12.95+5.51 0.301

HOMA-IR 3.96 +1.95 3.44+1.37 0.342

QUICKI 0.19+0.01 0.19+£0.007 0.589

Liver histology

Fibrosis grade (kPa) 6.52 +£2.38 6.98 +2.42 0.132

Steatosis grade 315.18+35.69 298.35+29.5  0.218

(dB/m)

Data are presented as mean + SD except for gender, which is reported

as number(%)

bp values indicate comparison between the changes of each variable
between the two groups
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analysis of data was done using SPSS software version 21.
Normality was checked through the Kolmogorov—Smirnov
test. To compare the categorical variables X test was per-
formed. To compare mean of quantitative variables,
ANCOVA, independent and paired t-tests, or Wilcoxon and
Mann-Whitney were performed where applicable. A
p value <0.05 was considered significant.

Results

Fifty two patients were enrolled in this study (Fig. 1). Only
two patients (8%) in the placebo group were excluded from
the study due to personal reasons and hospitalization. The
number of drop-outs did not differ between two groups
(p =0.161). Fifty patients were included in the study ana-
lysis. Participation rate in this study was 96%. Baseline
characteristics of the study groups were comparable in
terms of age, gender, physical activity, smoking, anthro-
pometric indices, total energy, lipid profile, serum levels of
glucose and insulin, liver enzymes and histology (p > 0.05)
(Table 1). Both groups were similar in having insulin
resistance and metabolic syndrome. Only one patient in
each group did not have insulin resistance, while eight
patients in each group had metabolic syndrome. Dietary
intakes of patients before and after intervention are shown
in Table 2. All dietary intakes reduced significantly in both
groups; however, there was no significant difference
between the two groups.

As shown in Table 3, weight, BMI, waist circumference,
hip circumference, energy intake and physical activity
decreased significantly in both groups (p < 0.05). Waist/hip
ratio decreased significantly only in the curcumin group (p
<0.05). None of these changes were significantly different
between the two groups.

Hepatic fibrosis score, and serum levels of cholesterol
and glucose reduced significantly only in the curcumin
group, while hepatic steatosis score, serum insulin con-
centration, and insulin resistance decreased significantly in
both groups (p <0.05). However, these changes were also
not significantly different between the two groups (Table 4).

Discussion

To our knowledge, this is the first randomized, double
blind, placebo controlled, clinical trial evaluating the effects
of curcumin supplementation in NAFLD patients using
FibroScan. Our results showed that consumption of 1500
mg per day curcumin beside lifestyle modification is not
superior to lifestyle modification alone in amelioration of
CVD risk factors in NAFLD patients.
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I}?;Irecflayggitiir?rtlﬁl ig;zl:rc;sei?d characteristic Baseline After 12 week Change (%) P?
and control groups at baseline Energy (kcal/d)
and after 12 weeks
Curcumin group 2355.41+703.69 1476.5 +404.35 —878.91+£299.34 0.238
Placebo group 2323.01 £ 540.59 1640.36 £ 512.79 —682.65+27.8
Carbohydrate (g/d)
Curcumin group 335+80.02 208.55 £ 63.95 —126.45+16.07 0.613
Placebo group 322.54 +107.62 218.13 £ 58.69 —104.41 +48.93
Protein (g/d)
Curcumin group 87.87+31.43 60.44+17.6 —27.43+13.83 0.210
Placebo group 85.28 +24.74 67.6+19.8 —17.68 £4.94
Fat (g/d)
Curcumin group 80.66 +40.45 49.43+£14.98 —31.23£25.47 0.187
Placebo group 82.70 +20.97 60.99 +33.84 —21.71+£12.87
Cholesterol (mg/d)
Curcumin group 359.45 +246.54 179.05+115.18 —180.4+131.36 0.628
Placebo group 345.73 +218.81 197.13 £ 131.22 —148.6 £87.59
Fiber (g/d)
Curcumin group 27.09 £9.28 19.63 +7.47 —7.46+1.81 0.394
Placebo group 25.01 £10.46 21.83+9.61 —3.18+0.85
SFA (g/d)
Curcumin group 27+18.83 15.44+5.61 —11.56£13.22 0.226
Placebo group 28.59 +10.97 18.01 +8.44 —10.58 £2.53
MUFA (g/d)
Curcumin group 27.1+13.78 16.97 +4.98 —10.13£8.8 0.181
Placebo group 27.82+7.48 21.62+16.76 —6.2+9.28
PUFA- w6 (g/d)
Curcumin group 5.36+25 4.54+1.36 —0.82+1.14 0.249
Placebo group 4.96+2.15 3.93+2.15 —1.03
PUFA- w3(g/d)
Curcumin group 141+1.23 0.94+1.09 —-0.2+0.14 0.998
Placebo group 1.24+1.12 0.94+1.25 —0.3+0.13
Vitamin E (mg/d)
Curcumin group 14.96 +4.39 11.66 +2.55 —33+1.84 0.789
Placebo group 16.30+3.85 11.99 +5.56 —431+1.71
Vitamin C (mg/d)
Curcumin group 114.57 + 83.69 72.03 +44.72 —42.54 £38.97 0.576
Placebo group 96.70 + 60.42 80.79 +59.63 —1591+0.79
Zinc (mg/d)
Curcumin group 13.16 +6.21 8.33+3.74 —4.83+2.47 0.615
Placebo group 12.36 +4.63 8.85+2.73 —3.51+19
Selenium (mg/d)
Curcumin group 106.81 £39.31 64.58 +30.32 —42.23£8.99 0.467
Placebo group 99.97 +£47.01 70.34 +16.61 —29.63£30.4

Anti-inflammatory, anti-fibrotic, and anti-hyperlipidemic
effects of curcumin have been shown in experimental
models of NAFLD [22-24]. The most common dosages
used for curcumin were 50-200 mg/kg body weight, which

P values indicate comparison between the changes of each variable between the two groups

is more than what is used in clinical trials [33, 34]. Previous
clinical trials used 1000 mg per day [25] or 500 mg per day
for 8 weeks [26]. Due to poor absorption, bio-distribution,
metabolism, and bioavailability of curcumin, as well as its

SPRINGER NATURE



446 S. Saadati et al.
Zlalgrlcherli\;[t?zz;)lgcits changes in characteristic Baseline After 12 week Change (%) P value®
e st nd ool ST i

Curcumin group 85.02+11.16 82.62+11.78 —2.39+345 0.188

Placebo group 89.22+13.05 86.38 +14.26 —3.9+4.08

Body mass index

Curcumin group 32.3+4.55 31.44+5.02 —0.85+1.3 0.259

Placebo group 32.38+5.02 31.33+6.08 —1.33+1.44

Waist circumference

Curcumin group 102.19 +8.78 96.93£9.29 —5.259+3.94 0.332

Placebo group 103.28 + 8.83 99.5+11.39 —3.77+6.19

Hip circumference

Curcumin group 113.41+9.2 110.04 £9.32 —3.37+6.08 0.992

Placebo group 111.61 £7.37 108.33+£7.6 —3.39+5.56

Waist/hip ratio

Curcumin group 0.90 +0.05 0.88 £0.06 —0.02+0.04 0.396

Placebo group 0.92 +0.06 0.92+0.06 —0.008 £ 0.04

Energy intake

Curcumin group 2355.41 £703.69 1476.5 £ 404.35 —878.9+£642.94 0.6

Placebo group 2323.01 £ 540.59 1640.36 £512.79 —769.5£732.65

Physical activity (MET.h.d)

Curcumin group 31.58 £4.36 33.11+4.59 1.53+£0.53 0.012

Placebo group 33.75+3.48 34.06 +3.31 0.31+2.01

P values indicate comparison between the changes of each variable between the two groups

maximum safe dose (3 mg/kg body weight) [15], we deci-
ded to use 1500 mg/day for 12 weeks.

In this study, we advised both groups to follow an
energy-balanced diet and perform physical activity, and
both groups followed the recommendations. Thus, the
energy intakes, and body weight reduced significantly in
both groups. Therefore, we could not find any significant
difference between the two groups in cardiovascular risk
factors and NAFLD characteristics. This finding confirms
the pivotal role of weight loss in amelioration of cardio-
vascular risk factors and NAFLD characteristics, which had
been shown previously [35]. Furthermore, it indicates that
1500 mg per day curcumin consumption plus weight loss is
not superior to weight loss alone in reduction of cardio-
vascular risk factors in NAFLD patients.

Previous clinical trials on NAFLD patients had evaluated
the effects of lower doses (500—-1000 mg/day) of curcumin
with shorter study durations (8 weeks) [25, 26]. Although
these trials had not evaluated hepatic steatosis and fibrosis
by a reliable method such as Fibroscan, they observed
improvements in Ultrasound examination of the liver.
Fibroscan (ultrasonic elastography) measures the stiffness
of the liver non-invasively, measuring it in volumes equal to
one centimeter in diameter and 5 centimeter in length,
which is almost 100 times the volume of liver biopsy.
Therefore, less sampling error is one of its advantages
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compared to ultrasonography [36]. Fibroscan has been
approved for NAFLD detection with a sensitivity of 0.94
and specificity of 0.95 [37].

All participants had normal hepatic enzymes at the
baseline, which indicates that they were in initial stages of
NAFLD. This might be another reason for the non-
significant difference observed in the liver enzymes
between two groups.

This study has several strengths; the stratified block
randomization design, using Fibroscan for hepatic steatosis
and fibrosis measurement, and the inclusion of patients with
newly diagnosed NAFLD who had not yet received any
treatment. All of these strengths are unique in comparison
with few other clinical trials that have evaluated the effects
of curcumin alone on NAFLD.

The limitation of this study is that we used a single
dosage of curcumin, which makes it hard to conclude about
the effects of curcumin on the study outcomes. Moreover,
we considered only the natural form of curcumin, which has
low bioavailability. Since previous studies have shown that
the micronized and liquid micelles of curcumin have the
optimum bioavailablity [38], it would be beneficial if we
could compare these forms of curcumin with the natural
type, in addition to the different dosage. Furthermore, since
the study was conducted in a single center, the general-
izability of results should be examined in further studies.
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;?sht.loiOZiy:I:jl?;)gin?sr;ﬂ:;ilvdertheir Characteristic Baseline After 12 week Change (%) P value®
changes in the treatmer.lt and ALT (IU/L)
control groups at baseline and .
after 12 weeks Curcumin group 26.05+15.09 20.42+10.46 —5.63+14.5 0.799
Placebo group 28.02 +13.06 212+7.72 —6.82+15.83
AST (IU/L)
Curcumin group 17.65 £9.95 14.93+7.6 —2.72+7.68 0.734
Placebo group 16.23 +5.66 12.77 +£4.05 —3.46+543
GGT (U/L)
Curcumin group 36.14+25.73 34.57 +33.67 —1.57+21.03 0.981
Placebo group 33.37+12.05 31.67 +£21.91 —1.7+14.15
Serum triglyceride (mg/dl)
Curcumin group 164.55+75.6 145.96 £ 64.7 —18.59 £79.45 0.107
Placebo group 149.47 £ 78.07 166 + 81.36 16.52 +47.18
HDL cholesterol (mg/dl)
Curcumin group 39.9+0.27 37.33+9.47 —2.57+9.56 0.200
Placebo group 40.13+£0.21 39.98 +0.34 —0.147£0.37
LDL cholesterol (mg/dl)
Curcumin group 110.77 £28.71 103.66 £29.28 —7.11£20.91 0.861
Placebo group 122.85+34.616 114.46 £36.34 —8.39+27.01
Serum total cholesterol (mg/dl)
Curcumin group 183.59 +30.59 170.19£31.99 —13.4x22.64 0.892
Placebo group 192.88 +33.13 187.65 £37.7 —5.23+£27.79
Serum glucose (mg/dl)
Curcumin group 98.56 +19.51 93.96 £ 15.87 4.59+7.63 0.896
Placebo group 100.34 +22.23 96.24 + 14.39 4.10+14.25
Insulin (mU/L)
Curcumin group 12.95+5.51 10.26 +5.02 2.69+3.09 0.368
Placebo group 15.07 +7.86 11.17+£6.33 3.90+4.84
HOMA-IR
Curcumin group 3.44+1.37 276 +1.24 —0.67+0.77 0.378
Placebo group 3.96+1.95 2.99+1.57 —097+1.21
QUICKI
Curcumin group 0.19 +0.007 0.2+0.008 0.005 +0.005 0.942
Placebo group 0.19+0.01 0.2+0.009 0.005 +0.007
Fibrosis (kPa)
Curcumin group 6.98+2.42 6.2+2.38 —0.78 +0.89 0.364
Placebo group 6.52+2.38 6.02+1.8 —0.49+1.15
Steatosis (dB/m)
Curcumin group 298.35+29.5 282.65 +40.09 —15.69 £30.72 0.112
Placebo group 315.18 +£35.69 283.18 £49.83 —32+343

P values indicate comparison between the changes of each variable between the two groups

Conclusion

In conclusion, this double-blind, placebo-controlled clinical
trial showed that the daily intake of 1500 mg curcumin plus
weight loss is not superior to weight loss alone in ameli-
oration of cardiovascular risk factors in patients with
NAFLD. Further studies with different dosages of curcumin

are needed to be able to conclude about the effects of this
dietary supplement on cardiovascular risk factors and
NAFLD characteristics.
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