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A B S T R A C T   

Myo-inositol (MI) has known to exert anti-diabetic, anti-oxidative and anti-inflammatory properties. The present 
study examined the effects of MI supplementation on the expression of some inflammatory genes, serum high- 
sensitivity C-reactive protein (hs-CRP), WBC-derived inflammatory biomarkers, body composition and liver 
function in obese patients with non-alcoholic fatty liver disease (NAFLD). Forty-eight obese patients with NAFLD 
were randomly allocated into either MI (4 g/day) or placebo (maltodextrin 4 g/day) group along with dietary 
recommendations for 8 weeks. At the end of the study, reduction in fat mass and an increase in fat free mass were 
statistically greater in the MI group compared with placebo group. Moreover, MI supplementation resulted in a 
significant reduction in TNF-α mRNA expression, compared with placebo. Despite the decrease in systemic 
inflammation response index (SIRI) and monocytes to lymphocyte ratio (MLR) in the MI group, no differences 
were observed in other WBC-derived inflammatory markers as well as serum hs-CRP.   

1. Introduction 

Nowadays, parallel to obesity epidemic, the prevalence of non- 
communicable chronic diseases is increasing rapidly. The obese 
phenotype is characterized by adipocyte disruption, the recruitment/ 
activation of immune cells and the increased secretion of pro- 
inflammatory mediators that finally emerge as the state of “chronic 
low- grade systemic inflammation” (Alisi et al., 2017). Chronic 

inflammation is linked to a number of pathologies, including diabetes 
mellitus (DM), cardiovascular disease (CVD) and non-alcoholic fatty 
liver disease (NAFLD) (Ebrahimi-Mameghani, Irandoost, & Pourmora
dian, 2020; Luci, Bourinet, Leclère, Anty, & Gual, 2020). NAFLD, the 
most prevalent and burdensome chronic liver disorder, is triggered 
through the ectopic deposition of fatty substrates in the liver paren
chyma (Arefhosseini, Ebrahimi-Mameghani, Najafipour, & Tutunchi, 
2022; Petrescu et al., 2022). A recent meta- analysis has reported the 
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global prevalence of NAFLD as 32.4% by 2022, which proposed to reach 
33.5% by 2030 (Estes, Razavi, Loomba, Younossi, & Sanyal, 2018; Riazi 
et al., 2022). NAFLD is an umbrella term that comprises a broad spec
trum of disease phenotypes, from simple hepatic steatosis to liver 
cirrhosis (Welch et al., 2022). The pathogenesis of NAFLD is based on 
the “Multi- hit” theory that suggests the interplay between genetic fac
tors, insulin resistance (IR), lipotoxicity, intestinal dysbiosis, oxidative 
stress and chronic inflammation (Marchisello et al., 2019). Steatosis and 
IR trigger a number of signaling pathways that mediate hepatic immuno- 
inflammatory response (Buzzetti, Pinzani, & Tsochatzis, 2016). 

Phosphatidylinositol-3-kinase/protein kinase-B (PI3K/Akt) signaling 
pathway is a predominant physiologic/pathologic regulator affecting 
apopototic, oxidative, autophagic and inflammatory states (M. Wang, 
Zhang, & Gong, 2022). This pathway changes the transcription levels of 
nuclear factor kappa-B (NF-κB) and subsequently, its downstream pro- 
inflammatory cytokines including tumor necrosis factor alpha (TNF-α), 
interleukin 1-β (IL-1β) and interleukin 6 (IL-6) (M. Wang et al., 2022; 
Xiao et al., 2017). These mediators contribute to the hepatic recruitment 
and activation of immune cells e.g. macrophages and neutrophils (Luci 
et al., 2020). More precisely, interleukins are contributed to IR and more 
severe levels of hepatic apoptosis and inflammation (Nov et al., 2013; 
Srinivas, Suresh, Santhekadur, Suvarna, & Kumar, 2020). Hence, the 
over-expression of these mediators facilitates the progression of NAFLD 
to non-alcoholic steatohepatitis (NASH) and histological liver damages 
(Alisi et al., 2017; Srinivas et al., 2020). Therefore, PI3K/Akt pathway 
might be considered as a possible therapeutic target for NAFLD. 

To date, lifestyle modification through calorie restriction and exer
cise interventions remains the first-line therapeutic strategy for the 
treatment of NAFLD (Filipovic et al., 2021; Rooholahzadegan et al., 
2023). Notwithstanding the advances in novel pharmacological treat
ments for NAFLD, there is not an approved pharmacologic approach at 
present (Friedman, Neuschwander-Tetri, Rinella, & Sanyal, 2018). 

Inositols (INSs) –the pioneer of carbocyclic polyalcohols- refer to the 
family of nine-stereoisomeric sugars found in eukaryotic cells (Gambioli, 
Forte, Buzzaccarini, Unfer, & Laganà, 2021). Myo-inositol (MI) as the 
prominent isoform, is present in different tissues, particularly in blood, 
brain and kidney and endogenously synthetized up to 4 g/day (Bev
ilacqua & Bizzarri, 2018; Pani et al., 2020). MI is actively involved in a 
broad spectrum of physiological settings such as signaling transduction, 
metabolic regulation and mRNA transcription (Chatree, Thongmaen, 
Tantivejkul, Sitticharoon, & Vucenik, 2020; Gambioli, Forte, et al., 
2021; M. Wang et al., 2022). In addition, MI supplementation has shown 
pleiotropic effects in the management of DM, dyslipidemia, polycystic 
ovarian syndrome (PCOS), metabolic syndrome (Mets) and is currently 
investigated through its anti-diabetic, anti-cancer, anti- oxidative and 
anti-inflammatory properties (Caputo et al., 2020). In the case of 
inflammation, the effects of INS supplementation has been observed in 
airway allergy, cancer and liver damage by in vivo and in vitro studies 
(Antonowski et al., 2019) reporting the positive effects on the suppres
sion of pro-inflammatory cytokines (Fortis-Barrera et al., 2013; Gam
bioli, Montanino Oliva, et al., 2021). The underlying mechanism is 
proposed as the inhibition of PI3K/Akt pathway (Sánchez-Hidalgo, 
Leon-Gonzalez, Galvez Peralta, González-Mauraza, & Martin-Cordero, 
2021). The effects of MI on the liver via modulating steatosis, oxida
tive stress and inflammation, have been reported through animal studies 
(Pani et al., 2020). Collectively, the insulin- like and anti-inflammatory 
properties of MI could be proposed as a therapeutic target for the 
treatment of NAFLD as well. On the basis of current evidence, there is 
only one human clinical trial assessing the effect of INS supplementation 
(in the form of D-pinitol) on patients with NAFLD (E. Lee, Lim, Kwon, & 
Kwon, 2019). Accordingly, the aim of the present randomized clinical 
trial (RCT) was to investigate the effects of MI supplementation on the 
expression of some inflammatory genes, serum hs-CRP, WBC-derived 
inflammatory biomarkers, body composition as well as liver function 
indices in obese patients with NAFLD. 

2. Materials and methods 

2.1. Study design and participants 

The present double-blind placebo-controlled RCT was carried out on 
obese patients with NAFLD to examine the effects of MI supplementation 
on mRNA expression level of NF-κB, TNF-α, IL-1β, IL-6 genes, serum hs- 
CRP, WBC-derived inflammatory biomarkers and liver function. The 
protocol of the trial was approved by the Ethics Committee of Research 
vice-chancellor of Tabriz University of Medical Sciences, Tabriz, Iran 
(Ethics code: TBZMED. REC.1400.567). In addition, this trial was 
registered in the Iranian Registry of Clinical Trials (http://www.irct.ir, 
Registration Number: IRCT20100209003320N22). 

The participants were collected from sub-specialised clinics of Tabriz 
University of Medical Sciences, Tabriz, Iran. In this study, fifty one obese 
patients (18–55 years old, body mass index (BMI) between 30–40 Kg/ 
m2) with NAFLD were studied. NAFLD was diagnosed based on Hama
guchi et al. (Hamaguchi et al., 2007) using ultrasonography (Sonoace X4 
Medisio, South Korea) in a fasting state. Those with grade I and II liver 
steatosis evaluated by a single radiologist were eligible to participate. 

The exclusion criteria were as follow: pregnancy, lactation, meno
pause, cigarette smoker or alcohol drinker, taking any kind of dietary 
supplements during the last three months, taking lipid and glucose 
lowering medications, contraceptives, antibiotic and anti-inflammatory 
drugs, having special diet as well as suffering from any kind of liver 
diseases, infections, inflammation and metabolic disorders (DM, CVD, 
cancer, hypertension, and PCOS) and renal disease. After thoroughly 
explaining the studys aim and method, all patients were asked to read 
the informed consent form carefully and then sign it at the beginning of 
the trial. 

2.2. Sample size 

As there was no available data regarding the fold-changes of studied 
genes expression and since the study was parallel to another ongoing 
trial (Arefhosseini et al., 2023), by considering mean (SD) of change in 
serum triglyceride (TG) levels in an RCT conducted by Lee et al. (E. Lee 
et al., 2019) in patients with NAFLD, (a 10 mg/dl change as effect size), 
80% power (β = 0.20), 95% confidence level (α = 0.05) and two-sided 
test using power analysis and sample size software (PASS; NCSS, LLC, 
US), sample size was estimated 18 for each group. The sample size 
increased to 24 per group considering a 30% drop-out rate. 

2.3. Randomization, concealment and blinding 

To assign the patients into each of MI and placebo groups, Random 
Allocation Software (RAS) and randomized block procedure were used. 
Allocation of the patients was done by a trained person who had no 
contact with the participants and had no further involvement in the 
other study processes using a randomized block procedure with a ratio 
of 1:1 as follows:] gender (female vs. male), age (18–35 yrs. vs. 36–55 
yrs.) and BMI (<35 kg/m2 vs ≥ 35 kg/m2)]. MI and placebo (malto
dextrin) sachets were prepared, packaged and labeled using a 3-digit 
code for each of the experimental groups by the research assistant. 
The assignment was concealed before randomization for the researcher. 
The participants, researcher and those who involved in assessment were 
blinded to the assignment. 

2.4. Intervention 

As calorie restriction is considered as an acceptable approach in 
NAFLD management, healthy dietary recommendations for weight loss 
were given to all of the patients (Evert et al., 2014). They were also 
asked to maintain their lifestyle habits and follow the dietary recom
mendations. Body weight was monitored every two weeks through the 
study. 
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MI powder as intervention (Wholesale Health Connection, China) 
and maltodextrin powder as placebo were provided and then packaged 
into the sachets (2 g) in hygiene condition. The patients in the MI group 
were asked to consume two sachets (2 g) per day after dissolved in 240 
ml water, 30 min before lunch and dinner. Similarly, in placebo group, 
the patients received two sachets of maltodextrin (2 g) per day for 8 
weeks. Both MI and maltodextrin sachets were identical in size, color 
and all other aspects and given fortnightly to the patients. Indeed, in 
order to assess the compliance rate, the patients were asked to count the 
remaining sachets and return unused sachets. Compliance rate was 
considered as the consumption of ≥ 90% of the sachets. All the partic
ipants were visited every two weeks during the intervention. 

2.5. Anthropometric, body composition and physical activity assessment 

All patients fulfilled demographic questionnaire and disease history 
at the beginning of the study. Height and weight were measured based 
on standard protocol using Seca stadiometer (Hamburg, Germany) and a 
calibrated scale and to the nearest 0.5 cm and 100 g, respectively. BMI 
was calculated according to following formula: BMI (Kg/ m2) = weight 
(Kg)/ (height (m)) 2. Indeed, total body fat mass (FM) and total body fat- 
free mass (FFM), muscle mass (MM) and total body water (TBW) were 
measured using bioelectrical impedance analysis (MC-780;Tanita, 
Amsterdam, The Netherlands) according to the standard protocol of the 
instrument for body analysis. 

Physical activity level (PAL) was assessed using a validated inter
national physical activity questionnaire-short form (IPAQ-SF) by 
recording the time that patients spent doing the defined intensity-varied 
activities during the previous week and the total Metabolic Equivalent of 
Task (MET-minutes/week) score was estimated. Then, PAL was cate
gorized to three classes i.e. “low”, “moderate” and “high” according to 
the manual (M. Fan, Lyu, & He, 2014). 

2.6. Dietary assessment 

To evaluate energy and macronutrient intakes at the beginning and 
end of the trial, a three-day food recall (two non-consecutive weekdays 
and a weekend) was completed through face-to-face interview. The 
average daily intake of foods and beverages intake was analyzed using 
Nutritionist IV software modified for Iranian foods (First Databank, San 
Bruno, CA, USA) at baseline and end of the trial. 

2.7. Laboratory assessment 

After 12–14 h overnight fasting, blood samples were taken before 
and after the study. Blood samples were divided into two tubes; 5 ml 
whole blood in EDTA-containing vacuum blood collection tubes 
(Vacutainer K2E) used to isolate peripheral blood mononuclear cells 
(PBMCs) immediately after collection and 5 ml vacuumed gel separator 
tubes for extracting serum after centrifuging and then sera were stored 
at − 80 ◦C until assays. At the end of the study, platelet count and white 
blood cells (WBC) profile were measured in whole blood using auto
mated and daily-calibrated Coulter CBCH1 counter for determining total 
WBC count, neutrophil, lymphocyte, monocyte count per mm3 of blood. 
The ratios of neutrophil to lymphocyte (NLR), monocytes to lymphocyte 
(MLR), platelet to lymphocyte (PLR) as WBC- derived inflammatory 
biomarkers were estimated. High- sensitivity C-reactive protein (hs- 
CRP) was assessed using enzyme-linked immune- sorbent assay (ELISA) 
kits (Aptec, Belgium). Moreover, systemic inflammation response index 
(SIRI), as a systemic inflammatory response biomarker, was calculated 
according to following formula: SIRI = neutrophil count * (monocyte 
count / lymphocyte count). 

Liver enzymes (alanine aminotransferase (ALT) and aspartate 
transaminase (AST)) in serum were assessed using the International 
Federation of Clinical Chemistry (IFCC) approved method (Schumann 
et al., 2011). Then, AST to Platelet Ratio Index (APRI) considered as a 

non-invasive index which is highly correlated with liver biopsy findings 
of fibrosis as well as NAFLD fibrosis score (NFS) was assessed based on 
the following formulas: 

APRI = [(AST/upper limit of the normal AST range) X 100]/Platelet 
Count (J. Lee et al., 2021). 

NFS = –1.675 + 0.037 × age (years) + 0.094 × BMI (kg/m2) + 1.13 
× impaired fasting glucose/diabetes (yes = 1, no = 0) + 0.99 × AST/ 
ALT ratio – 0.013 × platelet (×109/L) – 0.66 × albumin (g/dl) (Angulo 
et al., 2007). 

NFS is classified into 3 categories as follows: “Low probability of 
advanced fibrosis” (score < − 1.455), “Intermediate probability of 
advanced fibrosis” (− 1.455 ≤ score ≤ 0.676), and “High probability of 
advanced fibrosis” (score greater than 0.676) (Angulo et al., 2007). 

2.8. RNA isolation from PBMCs 

The fresh blood samples (5 ml) taken from patients were used for 
PBMCs and RNA isolation. To isolate PBMCs from anticoagulant-treated 
blood, ficoll- histopaque solution gradient (Ficoll-Paque, GmbH, Ger
many) was used through density gradient centrifugation. After total 
RNA extraction, purification was carried out using Ambion Trizol LS 
reagent (Thermo Fisher Scientific, USA), according to the manufacturer 
instruction. After that, NanoDrop spectrophotometer (NanoDrop One/ 
Onec, Thermo Scientific) was applied to check the quality and quantity 
of the extracted RNA. To convert total RNA to complementary DNA 
(cDNA), oligo (dT), random hexamer primer and reverse transcriptase 
(BioFact™ RTase, South Korea) were used. In addition, standard agarose 
gel electrophoresis was used for checking the RNA integrity. 

2.9. RT-qPCR for gene expression 

The reverse transcription quantitative real- time polymerase chain 
reaction (RT-qPCR) technique was performed using Bio-Rad IQ5 system 
(Bio-Rad, USA), for assessing the mRNA expression levels of NF-κB, TNF- 
α, IL-1β and IL-6 genes. SYBR Green Master mix (BioFACT™ 2X Real- 
Time PCR Master Mix, South Korea) was used for RT-qPCR. Further
more, primer sequences were designed using Primer Bank. Table 1 
summarises the specific primers for the human NF-κB, TNF-α, IL-1β, IL-6 
and β-actin genes. The amounts of the mRNA were normalized to the 
β-actin transcript level as internal reference, using ΔΔCT comparative 
method for data analysis. Finally, fold change was calculated using 2- 

ΔΔCT equation, as the relative expression of after intervention/placebo. 

2.10. Study outcomes 

In this study, changes in the expression levels of NF-κB, TNF-α, IL-1β 
and IL-6 in the PBMCs were considered as the primary outcomes 
whereas, the secondary outcomes were changes in body composition, 
serum hs-CRP, WBC-derived inflammatory biomarkers and liver func
tion indices. 

Table 1 
Sequence of gene primers for reverse transcription quantitative real-time 
PCR (RT-qPCR).  

NF-κB Forward CTGTCCTTTCTCATCCCATCTT 
Reverse TCCTCTTTCTGCACCTTGTC 

TNF-α Forward GCAGGTCTACTTTGGGATCATT 
Reverse AGAAGAGGTTGAGGGTGTCT 

IL-1β Forward CTCTCACCTCTCCTACTCACTT 
Reverse TCAGAATGTGGGAGCGAATG 

IL-6 Forward GCAGAAAACAACCTGAACC 
Reverse GCTTGTTCCTCACTACTCTC 

β-actin Forward GGTGAAGGTGACAGCAGT 
Reverse TGGGGTGGCTTTTAGGAT 

Abbreviations: RT-qPCR, Reverse Transcription quantitative real- time 
polymerase chain reaction; NF-κB, Nuclear factor-κB; TNF-α, Tumor ne
crosis factor- α; IL-1β, Interleukin-1 β; IL-6, Interleukin-6. 
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2.11. Statistical analysis 

For data entry and analysis, IBM SPSS statistics software (IBM SPSS 
Statistics, Armonk, USA, version 23) was applied. The normality of the 
distribution of numeric variables was checked using Kolmogorov- 
Smirnov test. Continuous and categorical data were presented as mean 
(±standard deviation [SD]) and number (percent), respectively. 
Intention-to-treat approach was used for analyses. To obtain difference 
in the measures over the trial, the following formula was used: differ
ence = baseline measure – endpoint measure. 

Inter-group differences at baseline were performed using two- 
independent samples t- and Mann-Whitney U tests for continuous vari
ables and Chi-square test for categorical ones. Intra-group changes were 
done using paired samples t- and Wilcoxon signed-rank test. To compare 
between-group changes in quantitative variables at the end of the trial, 
analysis of covariance (ANCOVA) test was used and baseline values as 
well as energy intake were considered as the confounders. p value <
0.05 was set as statistically significant. 

3. Results 

3.1. General characteristics of the trial 

Forty eight patients (n = 24 from each group) of 51 enrolled subjects 
finished the trial. One patient in MI group and two patients in placebo 
group failed to continue the trial because of unrelated causes to the 
supplementation. The flowchart of the study is shown in Fig. 1. No side 
effects or symptoms were reported by the subjects, following MI 
supplementation. 

3.2. Baseline characteristics of the study participants 

Table 2 shows the baseline characteristics of patients with NAFLD. 
The mean age of the participants was 36.33 ± 8.49 years in the MI 
group, and 37.50 ± 6.86 years in the placebo group (p = 0.603). Around 
50% of the patients were female and more than 80% were married in 

both groups. The frequency of grade II-NAFLD was 62.5% and 54.2% in 
the MI and placebo groups, respectively (p = 0.558). No significant 
differences in baseline characteristics were observed between the groups 
(Table 2). 

3.3. Expression of NF-κB, TNF-α, IL-1β and IL-6 genes 

Based on analysis of covariance (ANCOVA) test and after adjusting 
for the potential confounding variables (baseline values and energy 
intake), mRNA expression levels of NF-κB, TNF-α, IL-1β, and IL-6 were 
lower in the intervention group, in comparison to their expression levels 
in the placebo group at the end of the trial [fold change of NF-κB: 1.32 ±
0.17 (MI group) vs. 1.51 ± 0.20 (placebo group); fold change of TNF-α: 
1.24 ± 0.17 (MI group) vs. 2.67 ± 0.37 (placebo group); fold change of 
IL-1β: 0.84 ± 0.12 (MI group) vs. 1.26 ± 0.22 (placebo group); and fold 
change of IL-6: 1.45 ± 0.38 (MI group) vs. 1.87 ± 0.64 (placebo group), 
(Fig. 2). However, these inter-group differences were only statistically 
significant regarding TNF-α mRNA expression (p = 0.005). The test re
sults in none of the other genes showed statistically significant differ
ences between two studied groups (NF-κB (p = 0.539), IL-1β (p = 0.159), 
and IL-6 (p = 0.644)). 

One sample T-test was done to compare the expression level changes 
of studied genes with unchanged states (steady-state expression). Only 
significant increases in fold change of NF-κB (p = 0.020) and TNF-α (p <
0.001) were seen in the placebo group compared with their steady-state 
levels (Fig. 2). 

3.4. Physical activity and dietary intake 

Changes in dietary intake and physical activity levels are shown in 
Table 3. Intra-and inter-group differences in physical activity based on 
METs- minutes/ week were not statistically significant after adjusting 
for baseline values (p = 0.819). Moreover, only a significant reduction in 
energy intake was found in both groups (− 579.17 Kcal in MI group vs 
− 688.65 Kcal in the placebo group, (p < 0.001 in both groups)), 
although the energy changes were not significant after adjusting for the Fig. 1. Study Flow chart.  

Table 2 
Baseline characteristics of the participants.  

Variable MI (N ¼ 24) Placebo (N ¼ 24) p* 

Age (yr.) 36.33 ± 8.49 37.50 ± 6.86 0.603 
Weight (Kg) 96.43 ± 14.68 96.93 ± 14.78 0.907 
Height (m) 1.69 ± 0.10 1.68 ± 0.10 0.859 
BMI (Kg/m2) 33.77 ± 3.53 34.16 ± 3.38 0.701 
AST (IU/L) 31.41 ± 16.53 28.50 ± 13.05 0.501 
ALT (IU/L) 37.42 ± 23.36 42.83 ± 30.99 0.498 
Platelets (*103 /mm3) 253.08 ± 49.76 242.04 ± 41.52 0.408 
Albumin (g/dL) 4.75 ± 0.35 4.74 ± 0.41 0.919 
WBC (*103 /mm3) 7.75 ± 1.59 7.40 ± 1.74 0.479 
Neutrophils (%) 54.70 ± 7.00 56.54 ± 6.15 0.339 
Lymphocytes (%) 34.79 ± 6.73 34.11 ± 5.38 0.701 
Monocytes (%) 6.88 ± 1.97 5.74 ± 2.41 0.080  

% %  
Male 

Married 
54.2 
83.3 

47.6 
87.5 

0.594 
0.683 

Educational level 
University degrees  45.8  70.8 

0.079 

BMI status 
<35 Kg/m2 

35–39.9 Kg/m2  
62.5 
37.5  

62.5 
37.5 

0.686 

NAFLD severity 
Mild 
Moderate  

37.5 
62.5  

45.8 
54.2 

0.558 

MI, Myo-inositol; BMI, Body mass index; AST, Aspartate aminotransferase; ALT, 
Alanine transaminase; WBC, White blood cell, NAFLD, Non-alcoholic fatty liver 
disease. 
Data presented as Mean ± SD. 

* p- value for continuous variables using Independent sample t-test and for 
categorical variables using Chi square test. 
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baseline values (p = 0.177) (Table 3). 

3.5. Body composition compartments 

As demonstrated in Table 4, regarding the changes in body compo
sition compartments, FM and MM reduced significantly, whereas, TBW 
and the percent of FFM increased significantly in both groups. However, 
after adjusting for baseline values and energy intake, only the reduction 
in FM and increase in the prercent of FFM were statistically greater in 
the MI group compared with the placebo group (p = 0.002 and p =
0.004, respectively) (Table 4). 

3.6. Liver function indices and inflammatory biomarkers 

Table 5 shows the changes in liver function indices and inflammatory 
biomarkers in both groups over the trial. Despite significant decrease in 
APRI in both groups (− 0.18 in MI group vs − 0.12 in placebo group, p =
0.001 and p = 0.015, respectively), MI supplementation failed to 
significantly improve NFS and APRI in comparison to placebo. 

Regarding the changes in the severity of NAFLD, those in the MI 
group showed one and two grades reduction in liver steatosis (50% and 
12.5%, respectively), while, patients in the placebo group showed only 
one grade reduction (16.7%) at the end of the trial (Fig. 3). Inter-group 
analysis showed that MI supplementation could significantly reduce 

one-grade liver steatosis, compared with placebo (p = 0.014) based on 
ultrasonography findings, however, this difference was not significant in 
the case of two-grades reduction (p = 0.234), (Fig. 3). 

Changes in WBC-derived inflammatory biomarkers are also demon
strated in Table 5. Reduction in NLR (p = 0.995) and increase in PLR (p 
= 0.775) were not statistically marked in inter-group analysis. Only MLR 
and SIRI significantly decreased after supplementation in the MI group 
(p = 0.006 and p = 0.001, respectively), although after adjusting for the 
confounders, inter-group differences were not statistically significant. 
Results showed no significant inter- or intra- group differences in serum 
hs-CRP level after adjusting for the confounders (p = 0.835). 

4. Discussion 

To the knowledge, this study is the first clinical trial investigating the 
effect of MI supplementation in patients with NAFLD with a view point 
on inflammatory pathways. We examined the effects of an eight weeks 
MI supplementation on the mRNA expression levels of some pro- 
inflammatory genes, serum levels of hs-CRP, WBC- derived inflamma
tory biomarkers and liver function in patients with NAFLD and found a 
considerable improvement in TNF-α gene expression and liver function. 
Possible mechanistic effects of MI in the treatment of NAFLD are shown 
in Fig. 4. 

As mentioned, inflammation is mediated through PI3K-Akt pathway 

Fig. 2. The effects of intervention on inflammatory genes expression in both groups after 8 weeks. Fold change of NF-κB, TNF-α, IL-1β, and IL-6 mRNAs expression. 
Values are mean of fold change ± s.e.m. Data analysis was done using One Sample T-test (*p < 0.05 vs. baseline) and ANCOVA test (adjusted for baseline values and 
energy intake; **p < 0.05 vs. placebo). p < 0.05 is considered statistically significant. Abbreviations: MI, Myo- inositol; NF-κB, Nuclear factor-κB; TNF-α, Tumor 
necrosis factor- α; IL-1β, Interleukin-1 β; IL-6, Interleukin-6. 
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and its downstream pro-inflammatory cytokines, resulting in NAFLD 
(Luci et al., 2020; M. Wang et al., 2022; Xiao et al., 2017). Moreover, 
TNF-α as a cornerstone mediator, triggers IR, monocyte recruitment and 
cell damage in hepatocytes (Alisi et al., 2017; Kakino et al., 2018). Our 
results revealed that MI supplementation significantly reduced TNF-α 
mRNA expression levels compared to placebo. Despite the slight down- 
regulation of IL-1β gene in the MI group, inter-group differences were 
not statistically significant. Moreover, differences in NF-κB and IL-6 
mRNA expression levels remained non-significant between two 
groups. Our findings are in line with a number of cellular and animal 
models of inflammation illustrating that INS compounds (in the forms of 
pinitol and MI) down-regulate TNF-α mRNA expression (Bhowmik et al., 
2017; Y. Fan et al., 2021; Pallio et al., 2019) or decrease its serum levels 
(An, Li, Liu, Fan, & Tian, 2020; Sivakumar, Palsamy, & Subramanian, 
2010b). In addition, the positive effects of INSs on serum interleukins 
(IL-1β and IL-6) (An et al., 2020; Sivakumar et al., 2010b) or gene 
expression levels (Bhowmik et al., 2017; Y. Fan et al., 2021; Wee, Yang, 
Chen, Yen, & Wang, 2021) have been documented previously. Our 
findings were also in agreement with two experimental models of rats 
with hepatic and spinal cord injury which supplementation with D- 
pinitol (50 mg/kg and 10–30 mg/kg, respectively) resulted in a signif
icant reduction in serum levels of TNF-α, IL-1β and IL-6 (An et al., 2020; 
Sivakumar, Palsamy, & Subramanian, 2010a). Moreover, a recent ani
mal study examined the effect of INS supplementation (doses from 0.17 
g/Kg to 6.59 g/Kg) on hybrid groupers for 8 weeks and showed favor
able effects on liver histology as well as hepatic IL-6, IL-8 and renal TNF- 
α gene expression (Pan et al., 2022). The anti-inflammatory effect of INS 
has been investigated through limited RCTs on different study pop
ulations. Lopez-Domenech et al (López-Domènech et al., 2018) reported 

reduced serum IL-6 and TNF-α after consuming a pinitol-enriched 
beverage (containing 2 g of pinitol and 0.29 g other INSs) for 12 
weeks in patients with obesity (López-Domènech et al., 2018). In the 
same study, ex-vivo evidence showed a noticeable reduction in gene 
expression and protein levels of IL-6 and TNF-α in subcutaneous adipose 
tissue samples of these patients. Jamilian et al. (Jamilian et al., 2017) 
observed a significant down-regulation in IL-1, without any changes in 
IL-8 and TNF-α mRNA expression in PBMCs in patient with PCOS whome 
received MI supplements (2 g of MI plus 200 μg of folic acid twice/ day) 
compared with metformin (500 mg three times/day) for 12 weeks. The 
proposed anti-inflammatory mechanism of MI has been attributed to the 
inhibition of PI3K/Akt signaling pathway (Sánchez-Hidalgo et al., 
2021). In this context, exogenous MI participates in intra- cellular INS 
pool, changes surfactant phosphatidylinositol activity, down- regulates 
PI3K/Akt and its down-stream inflammatory cytokines (Fig. 4) (Dinicola 
et al., 2016; Laganà, Unfer, Garzon, & Bizzarri, 2020; Weinberg, Sun, 
Yang, Liao, & Yang, 2020). In addition, MI could suppress the phos
phorylation/degradation of IκBα and the compensatory activation of NF- 
κB which in turn, mediates the production of inflammatory cytokines 
(Vasaikar et al., 2018). To our knowledge, PBMC gene expression is 
considered as a promising approach in the field of nutrigenomics and 
clinical pharmacogenomics. Feasibility of blood collection, fast molec
ular analysis and the ability to reflect the inflammatory state and hepatic 
regulation in a variety of metabolic disease makes PBMCs a subject of 
interest. Therefore, we assessed the effects of MI supplementation in 
PBMCs in the present trial (Caimari, Oliver, Keijer, & Palou, 2010; de 
Mello, Kolehmanien, Schwab, Pulkkinen, & Uusitupa, 2012). 

Based on pionnering studies, serum hs-CRP reflects the state of low- 

Table 3 
Changes in physical activity and dietary intake over the trial.  

Variable MI 
(N ¼ 24)  

Placebo 
(N ¼ 24) 

p 

PAL (MET-minutes/ 
week) 

Baseline 
End 
MD (95 % CI) 
p*  

63.53 ± 37.17 
57.69 ± 30.70 
5.84 (-10.39,22.07) 
0.464  

57.54 ± 39.42 
54.79 ± 31.95 
2.74 (-9.79, 15.27) 
0.655  

0.590** 

0.819*** 

Energy (Kcal) 
Baseline 
End 
MD (95 % CI) 
p*  

2284.29 ± 866.15 
1705.13 ± 827.83 
579.17 (291.48, 
866.85) 
<0.001  

2133.71 ± 797.53 
1445.06 ± 421.60 
688.65 (448.61, 
928.68) 
<0.001  

0.534** 

0.177*** 

Carbohydrates (%) 
Baseline 
End 
MD (95 % CI) 
p*  

57.24 ± 10.64 
57.12 ± 10.890.12  
(-4.15, 4.40) 
0.952  

56.2 ± 8.54 
61.13 ± 9.90 
− 4.21 (-10.27, 
1.86) 
0.165  

0.907** 

0.189*** 

Protein (%) 
Baseline 
End 
MD (95 % CI) 
p*  

15.99 ± 3.28 
17.61 ± 5.16 
− 1.62 (-3.79, 0.54) 
0.135  

15.49 ± 2.43 
16.43 ± 2.78 
− 0.94 (-2.35, 0.46) 
0.179  

0.249** 

0.329*** 

Fat (%) 
Baseline 
End 
MD (95 % CI) 
p*  

28.68 ± 8.72 
28.24 ± 9.86 
0.44 (-3.85, 4.73) 
0.833  

29.31 ± 8.12 
25.49 ± 6.34 
3.82 (0.003, 7.64) 
0.005  

0.799** 

0.256*** 

MI, Myo- inositol; PAL, Physical activity level; METs, Metabolic equivalents 
(MET-minutes/week). 
Mean (SD) and Mean Difference (95 % CI) are presented for data. 
Bold values indicates statistically significant p < 0.05. 

* p- value for paired- t test; 
** p- value for Independent samples t-test; 
*** p- value for ANCOVA test (adjusted for baseline values). 

Table4 
Changes in body composition compartments over the trial.  

Variable MI 
(N ¼ 24)  

Placebo 
(N ¼ 24) 

p 

FM (%) 
Baseline 
End 
MD (95 % CI) 
p*  

33.86 ± 4.67 
32.52 ± 5.78 
1.36 (0.50, 2.22) 
0.003  

33.78 ± 6.18 
32.39 ± 6.71 
1.40 (0.64, 2.15) 
0.001  

0.954** 

0.985*** 

FM (Kg) 
Baseline 
End 
MD (95 % CI) 
p*  

32.31 ± 6.07 
29.75 ± 7.23 
2.56 (1.36, 3.76) 
<0.001  

32.67 ± 8.27 
30.42 ± 8.92 
2.25 (1.28, 3.23) 
<0.001  

0.863** 

0.002*** 

FFM (%) 
Baseline 
End 
MD (95 % CI) 
p*  

65.72 ± 4.61 
67.35 ± 5.75 
− 1.62 (-2.47, − 0.78) 
0.001  

65.83 ± 6.07 
67.29 ± 6.61 
− 1.45 (-2.19, − 0.70) 
0.001  

0.941** 

0.004*** 

FFM (Kg) 
Baseline 
End 
MD (95 % CI) 
p*  

63.53 ± 11.40 
61.78 ± 11.08 
1.76 (1.23 ± 2.92) 
<0.001  

63.72 ± 10.58 
62.78 ± 10.33 
0.94 (0.35, 1.53) 
0.003  

0.953** 

0.106*** 

MM (Kg) 
Baseline 
End 
MD (95 % CI) 
p*  

60.36 ± 10.87 
58.70 ± 10.56 
1.66 (1.16, 2.17) 
<0.001  

60.55 ± 10.09 
59.65 ± 9.85 
0.90 (0.34, 1.46) 
0.003  

0.950** 

0.101*** 

TBW (%) 
Baseline 
End 
MD (95 % CI) 
p*  

47.38 ± 3.32 
48.30 ± 4.19 
− 0.92 (-1.59, − 0.25) 
0.009  

47.46 ± 4.60 
48.45 ± 5.02 
− 0.99 (-1.56, − 0.43) 
0.001  

0.949** 

<0.001*** 

MI, Myo- inositol; FM, Fat mass; FFM, Fat free mass; MM, Muscle mass; TBW, 
Total body water; 
Mean (SD) and Mean Difference (95 % CI) are presented for data. 
Bold values indicates statistically significant p < 0.05. 

* p- value for paired- t test; 
** p- value for Independent samples t-test; 
*** p- value for ANCOVA test (adjusted for baseline values and energy intake). 
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grade inflammation and correlates with the severity of NAFLD (Kumar 
et al., 2020). Results showed that supplementation with MI did not in
fluence serum hs-CRP, which is in line with previous studies by Kim et al. 
(Kim et al., 2007) who showed that 12 weeks supplementation with 
pinitol (20 mg/Kg/day) did not exert any significant change in plasma 
CRP levels in patients with T2DM. However, Jamilian et al. (Jamilian 
et al., 2017) reported that MI supplementation (2 g MI plus 200 μg of 
folic acid twice/ day) compared with metformin in women with PCOS 
resulted in a significant reduction in serum hs-CRP levels. 

On the other hand, a growing body of evidence suggests WBC- 
derived inflammatory markers as novel, feasible, inexpensive and highly 
sensitive indices to reflect inflammation in a variety of diseases such as 
NAFLD (Aktas et al., 2020; Alkhouri et al., 2012). Elevated NLR, MLR 
and PLR could predict NAFLD (Aktas et al., 2020). Moreover a positive 
correlation between higher NLR, MLR and hepatic steatosis, histological 
findings of NAFLD, liver inflammation and ballooning has been docu
mented previously (Aktas et al., 2020; Alkhouri et al., 2012). Although 
significant decreases in MLR and SIRI were found in MI group at the 
endpoint, we failed to show any significant effect of MI on WBC-derived 
inflammatory biomarkers. However, it has been documented that 
indices such as SIRI- an index estimated based on three sub-unites of 

inflammatory cells including neutrophils, monocytes, and lympho
cytes)- reflect directly immune- inflammatory state (T. C. Wang, An, Li, 
& Pang, 2021). Animal experiments have shown improved inflammation 
after supplementation with INSs. These studies appear to be as high- 
controlled experimental studies whereas human studies are relatively 
low- controlled due of the role of confounding variables (such as dif
ferences in behavioral factors, food intake and physical activity assessed 
through self- reporting methods). Therefore, similar results could not be 
always achieved from both animal and human studies. Moreover, in 
spite of controlling some of the important confounders at baseline or 
over the trial, differences in dosage and relatively short period of 
intervention could be attributed to controversies in results. 

MI has been also known as potent nutraceutical with anti-obesity 
features. Significant reduction was observed in body weight and BMI 
in both groups. In addition weight reduction in MI group was signifi
cantly more than the placebo group, after adjusting for the confounders 
(− 4.72 Kg in MI group vs − 3.27 Kg in the placebo group, p = 0.049) 
(based on our previous published article (Arefhosseini et al., 2023)). In 
the present trial, a marked and greater reduction in FM and an obvious 
increase in FFM and TBW were found in the MI group, after adjusting for 
the confounders. However, no significant differences were found in 
energy intake, physical activity and MM between the groups. The pos
itive effects of MI supplementation on weight and body composition 
have been reported not only in numerous experimental studies but also 
in a meta-analysis carried out by Zarezadeh et al. (Zarezadeh et al., 
2022) who documented the effects of INSs on the reduction of BMI 
(particularly in MI isoform). The possible underlying mechanisms of the 
anti-obesity property of INS compounds reported due to regulating en
ergy metabolism, increasing energy expenditure, adipocyte thermo
genesis and serum leptin levels, as well as reducing fat deposits and fatty 
acid synthase activity, which in turn resulting in improvements in body 
composition compartments (Chatree et al., 2020; S. Lee & Bedford, 
2016). Regarding the potent link between obesity and chronic inflam
mation, FM values positively correlate with the secretion of pro- 
inflammatory cytokines such as TNF-α (Jorge et al., 2018; Tutunchi 
et al., 2021). Therefore, observed significant improvements in FM may 
be proposed as a probable mechanism involved in the down- regulation 
of TNF-α in this study. 

We previously documented the positive effects of MI supplementa
tion on liver enzymes in patients with NAFLD (Arefhosseini et al., 2023). 
MI supplementation led to significant reductions in serum levels of AST 
and ALT in both groups; while, changes in serum AST were greater in the 
MI group (11.72 IU/L in MI group vs 7.12 IU/L in placebo group), but 
not significant (Arefhosseini et al., 2023). Robust evidence highlights 
the correlation between the increases in aminotransferase levels and 
liver damage in patients with NAFLD, attributed to the hepatocyte 
membrane damage and liver fibrosis estimated by NFS and APRI (E. Lee 
et al., 2019; J. Lee et al., 2021). NFS and APRI as non-invasive multi- 
marker models are calculated based on age, BMI and laboratory pa
rameters and used for the prediction and staging fibrosis in liver- related 
conditions (J. Lee et al., 2021). In the current study, MI supplementation 
led to a significant reduction in APRI index compared to baseline. 
Despite the greater reduction in APRI in the MI group, between-group 
differences were not significant. 

These findings are in line with a recent systematic review reporting 
the beneficial effects of MI and pinitol on reducing hepatic TG and 
cholesterol accumulation, liver aminotransferases and improving liver 
histology in a number of pre-clinical studies (Pani et al., 2020). Zhou 
et al. (Zhou, Park, Cho, & Song, 2008) also showed that pinitol admin
istration (0.1%, 1% and 2%) in D-galactosamine-induced liver injury in 
rats decreased aminotransferase levels, liver cholesterol accumulation 
and attenuated inflammation and oxidative state. To the best of our 
knowledge, there is only one RCT by Lee et al. (E. Lee et al., 2019) who 
assessed the effects of pinitol on liver markers after 12 weeks in patients 
with NAFLD. The underlying mechanism is related to the ability of MI in 
down- regulating genes involved in fatty acid synthesis and reducing 

Table 5 
Changes in liver function indices and inflammatory biomarkers over the trial.  

Variable MI 
(N = 24) 

Placebo 
(N = 24) 

p 

NFS 
Baseline 
End 
MD (95 % CI) 
p*  

− 2.60 ± 0.84 
− 2.64 ± 0.79 
0.05 (-0.24, 0.34) 
0.715  

− 2.59 ± 1.00 
− 2.62 ± 1.02 
0.04 (-0.15, 0.22) 
0.686  

0.975** 

0.762*** 

APRI 
Baseline 
End 
MD (95 % CI) 
p*  

0.50 ± 0.29 
0.32 ± 0.10 
0.18 (0.08,0.27) 
0.001  

0.47 ± 0.25 
0.35 ± 0.12 
0.12 (0.03, 0.22) 
0.015  

0.682** 

0.181*** 

NLR 
Baseline 
End 
MD (95 % CI) 
p*  

1.67 ± 0.54 
1.65 ± 0.47 
0.02 (-0.22,0.24) 
0.897  

1.72 ± 0.42 
1.67 ± 0.36 
0.05 (-0.13, 0.23) 
0.594  

0.723** 

0.995*** 

MLR 
Baseline 
End 
MD (95 % CI) 
p*  

0.20 ± 0.07 
0.17 ± 0.06 
0.03 (0.01, 0.06) 
0.006  

0.17 ± 0.08 
0.17 ± 0.07 
− 0.001 (-0.03, 0.03) 
0.919  

0.116** 

0.277*** 

PLR 
Baseline 
End 
MD (95 % CI) 
p*  

100.73 ± 33.92 
107.15 ± 27.55 
− 6.42 (-17.94, 5.11) 
0.261  

102.68 ± 32.79 
105.11 ± 24.59 
− 2.43 (-14.78, 9.93) 
0.688  

0.840** 

0.775*** 

SIRI 
Baseline 
End 
MD (95 % CI) 
p*  

0.88 ± 0.41 
0.67 ± 0.39 
0.21 (0.09, 0.32) 
0.001  

0.70 ± 0.33 
0.65 ± 0.20 
0.05 (-0.08, 0.18) 
0.431  

0.110** 

0.404*** 

hs-CRP (mg/dL) 
Baseline 
End 
MD (95 % CI) 
p†

5.70 ± 4.11 
6.33 ± 4.47 
− 0.63 (-2.04, 0.78) 
0.391  

5.44 ± 3.95 
5.98 ± 5.66 
− 0.54 (-1.67, 0.59) 
0.338  

0.829††

0.835*** 

MI, Myo- inositol; NFS, NAFLD fibrosis score; APRI, Aspartate aminotransferase 
to platelet ratio index; NLR, Neutrophil-to-lymphocyte ratio; MLR, Monocyte/ 
lymphocyte ratio; PLR, Platelet/lymphocyte ratio; SIRI, System
ic inflammation response index; hs-CRP, High-sensitivity C-reactive protein. 
Mean (SD) and Mean Difference (95 % CI) are presented for data. 
Bold values indicates statistically significant p < 0.05. 

* p- value for paired- t test; 
** p- value for Independent samples t-test; 
*** p- value for ANCOVA test (adjusted for baseline values and energy intake), 
† p- value for Related samples Wilcoxon signed rank test, 
†† p- value for Mann- Whitney U test. 
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carbohydrate-responsive element-binding protein (a potent transcrip
tion factor in lipogenesis) (Pani et al., 2020). The relatively short 
duration of the intervention and MI dosage might lead to disagreements 
regarding the reported results. 

This trial had some strengths such as enrolling newly diagnosed 
patients with NAFLD, implementing healthy dietary recommendations, 
controlling with placebo, low dropout rate as well as high compliance 
rate and estimating NFS and APRI as non-invasive markers instead of 
liver biopsy. However, the subjective assessment of dietary intake and 
physical activity, relatively short duration, conservative MI dose 
selected and studying only patients with obesity could be considered as 

study limitations. 

5. Conclusion 

MI supplementation at a dose of 4 g/day for 8 weeks exhibited anti- 
obesity effects, reduced MLR, TNF-α mRNA expression levels and 
improved liver-related markers. Further research with larger sample 
sizes, longer duration, various MI doses and applying other INS isoforms 
is recommended. 

Fig. 3. Reductions in steatosis severity in both groups.*p value for chi- square test; p < 0.05 is considered statistically significant. Abbreviations: MI, Myo- inositol.  

Fig. 4. Possible mechanistic effects of MI in the treatment of NAFLD. Exogenous MI takes part in intra-cellular INS pool and changes in surfactant phosphatidyli
nositol activity which results in the inhibition of PI3K/Akt pathway. The subsequent down- regulation of TNF-α, in turn, inhibits insulin resistance, inflammatory and 
apoptotic processes. On the other hand, MI also exerts anti-obesity effects and reduces fat accumulation through suppressing FASN which results in improving 
inflammatory state. Abbreviations: FASN, fatty acid synthase; INS, inositol; MI, myo-inositol; NAFLD, non-alcoholic fatty liver disease; PI3K/Akt, 
Phosphatidylinositol-3-kinase/protein kinase-B; TNF-α, Tumor necrosis factor alpha. 
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Antonowski, T., Osowski, A., Lahuta, L., Górecki, R., Rynkiewicz, A., & Wojtkiewicz, J. 
(2019). Health-Promoting Properties of Selected Cyclitols for Metabolic Syndrome 
and Diabetes. Nutrients, 11(10), 2314. https://doi.org/10.3390/nu11102314 

Arefhosseini, S., Ebrahimi-Mameghani, M., Najafipour, F., & Tutunchi, H. (2022). Non- 
alcoholic fatty liver disease across endocrinopathies: Interaction with sex hormones. 
Frontiers in Endocrinology (Lausanne), 13, 1032361. https://doi.org/10.3389/ 
fendo.2022.1032361 

Arefhosseini, S., Roshanravan, N., Tutunchi, H., Rostami, S., Khoshbaten, M., & 
Ebrahimi-Mameghani, M. (2023). Myo-inositol supplementation improves 
cardiometabolic factors, anthropometric measures, and liver function in obese 

patients with non-alcoholic fatty liver disease. Frontiers in Nutrition, 10, 1092544. 
https://doi.org/10.3389/fnut.2023.1092544 

Bevilacqua, A., & Bizzarri, M. (2018). Inositols in Insulin Signaling and Glucose 
Metabolism. International Journal of Endocrinology, 2018, 1968450. https://doi.org/ 
10.1155/2018/1968450 

Bhowmik, A., Ojha, D., Goswami, D., Das, R., Chandra, N. S., Chatterjee, T. K., … 
Chattopadhyay, D. (2017). Inositol hexa phosphoric acid (phytic acid), a 
nutraceuticals, attenuates iron-induced oxidative stress and alleviates liver injury in 
iron overloaded mice. Biomedicine & Pharmacotherapy, 87, 443–450. https://doi.org/ 
10.1016/j.biopha.2016.12.125 

Buzzetti, E., Pinzani, M., & Tsochatzis, E. A. (2016). The multiple-hit pathogenesis of 
non-alcoholic fatty liver disease (NAFLD). Metabolism, 65(8), 1038–1048. https:// 
doi.org/10.1016/j.metabol.2015.12.012 

Caimari, A., Oliver, P., Keijer, J., & Palou, A. (2010). Peripheral blood mononuclear cells 
as a model to study the response of energy homeostasis-related genes to acute 
changes in feeding conditions. OMICS A Journal of Integrative Biology, 14(2), 
129–141. https://doi.org/10.1089/omi.2009.0092 
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as a Key Supporter of Fertility and Physiological Gestation. Pharmaceuticals (Basel), 
14(6), 504. https://doi.org/10.3390/ph14060504 

Gambioli, R., Montanino Oliva, M., Nordio, M., Chiefari, A., Puliani, G., & Unfer, V. 
(2021). New Insights into the Activities of D-Chiro-Inositol: A Narrative Review. 
Biomedicines, 9(10), 1378. https://doi.org/10.3390/biomedicines9101378 

Hamaguchi, M., Kojima, T., Itoh, Y., Harano, Y., Fujii, K., Nakajima, T., … Okanoue, T. 
(2007). The severity of ultrasonographic findings in nonalcoholic fatty liver disease 
reflects the metabolic syndrome and visceral fat accumulation. Official journal of the 
American College of Gastroenterology| ACG, 102(12), 2708–2715. https://doi.org/ 
10.1111/j.1572-0241.2007.01526.x 

Jamilian, M., Farhat, P., Foroozanfard, F., Afshar Ebrahimi, F., Aghadavod, E., 
Bahmani, F., … Asemi, Z. (2017). Comparison of myo-inositol and metformin on 
clinical, metabolic and genetic parameters in polycystic ovary syndrome: A 
randomized controlled clinical trial. Clinical Endocrinology, 87(2), 194–200. https:// 
doi.org/10.1111/cen.13366 

Jorge, A. S. B., Andrade, J. M. O., Paraíso, A. F., Jorge, G. C. B., Silveira, C. M., de 
Souza, L. R., … De-Paula, A. M. B. (2018). Body mass index and the visceral adipose 
tissue expression of IL-6 and TNF-alpha are associated with the morphological 
severity of non-alcoholic fatty liver disease in individuals with class III obesity. 
Obesity research & clinical practice, 12(1), 1–8. 

Kakino, S., Ohki, T., Nakayama, H., Yuan, X., Otabe, S., Hashinaga, T., … Yamada, K. 
(2018). Pivotal Role of TNF-α in the Development and Progression of Nonalcoholic 

S. Arefhosseini et al.                                                                                                                                                                                                                           

http://refhub.elsevier.com/S1756-4646(23)00124-X/h0005
http://refhub.elsevier.com/S1756-4646(23)00124-X/h0005
http://refhub.elsevier.com/S1756-4646(23)00124-X/h0005
http://refhub.elsevier.com/S1756-4646(23)00124-X/h0005
https://doi.org/10.1155/2017/8162421
https://doi.org/10.1155/2017/8162421
https://doi.org/10.1111/j.1478-3231.2011.02639.x
https://doi.org/10.1007/s11011-020-00537-y
https://doi.org/10.1002/hep.21496
https://doi.org/10.1002/hep.21496
https://doi.org/10.3390/nu11102314
https://doi.org/10.3389/fendo.2022.1032361
https://doi.org/10.3389/fendo.2022.1032361
https://doi.org/10.3389/fnut.2023.1092544
https://doi.org/10.1155/2018/1968450
https://doi.org/10.1155/2018/1968450
https://doi.org/10.1016/j.biopha.2016.12.125
https://doi.org/10.1016/j.biopha.2016.12.125
https://doi.org/10.1016/j.metabol.2015.12.012
https://doi.org/10.1016/j.metabol.2015.12.012
https://doi.org/10.1089/omi.2009.0092
https://doi.org/10.1016/j.jtcme.2020.03.005
https://doi.org/10.1016/j.jtcme.2020.03.005
https://doi.org/10.3390/molecules25215079
https://doi.org/10.1002/mnfr.201100685
https://doi.org/10.1016/j.yexcr.2016.05.007
http://refhub.elsevier.com/S1756-4646(23)00124-X/h0085
http://refhub.elsevier.com/S1756-4646(23)00124-X/h0085
http://refhub.elsevier.com/S1756-4646(23)00124-X/h0085
http://refhub.elsevier.com/S1756-4646(23)00124-X/h0085
https://doi.org/10.1002/hep.29466
https://doi.org/10.2337/dc14-S120
https://doi.org/10.2337/dc14-S120
http://refhub.elsevier.com/S1756-4646(23)00124-X/h0100
http://refhub.elsevier.com/S1756-4646(23)00124-X/h0100
http://refhub.elsevier.com/S1756-4646(23)00124-X/h0100
http://refhub.elsevier.com/S1756-4646(23)00124-X/h0105
http://refhub.elsevier.com/S1756-4646(23)00124-X/h0105
http://refhub.elsevier.com/S1756-4646(23)00124-X/h0105
http://refhub.elsevier.com/S1756-4646(23)00124-X/h0105
https://doi.org/10.3390/ijms222413219
https://doi.org/10.1111/jphp.12119
https://doi.org/10.1038/s41591-018-0104-9
https://doi.org/10.3390/ph14060504
https://doi.org/10.3390/biomedicines9101378
https://doi.org/10.1111/j.1572-0241.2007.01526.x
https://doi.org/10.1111/j.1572-0241.2007.01526.x
https://doi.org/10.1111/cen.13366
https://doi.org/10.1111/cen.13366
http://refhub.elsevier.com/S1756-4646(23)00124-X/h0145
http://refhub.elsevier.com/S1756-4646(23)00124-X/h0145
http://refhub.elsevier.com/S1756-4646(23)00124-X/h0145
http://refhub.elsevier.com/S1756-4646(23)00124-X/h0145
http://refhub.elsevier.com/S1756-4646(23)00124-X/h0145


Journal of Functional Foods 104 (2023) 105524

10

Fatty Liver Disease in a Murine Model. Hormone and Metabolic Research, 50(1), 
80–87. https://doi.org/10.1055/s-0043-118666 

Kim, M. J., Yoo, K. H., Kim, J. H., Seo, Y. T., Ha, B. W., Kho, J. H., … Chung, C. H. (2007). 
Effect of pinitol on glucose metabolism and adipocytokines in uncontrolled type 2 
diabetes. Diabetes research and clinical practice, 77(3), S247–S251. https://doi.org/ 
10.1016/j.diabres.2007.01.066 

Kumar, R., Porwal, Y. C., Dev, N., Kumar, P., Chakravarthy, S., & Kumawat, A. (2020). 
Association of high-sensitivity C-reactive protein (hs-CRP) with non-alcoholic fatty 
liver disease (NAFLD) in Asian Indians: A cross-sectional study. Journal of Family 
Medicine and Primary Care, 9(1), 390–394. https://doi.org/10.4103/jfmpc.jfmpc_ 
887_19 
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López-Domènech, S., Bañuls, C., de Marañón, A. M., Abab-Jiménez, Z., Morillas, C., 
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