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Background: Non-alcoholic fatty liver disease (NAFLD) as the hepatic manifestation

of metabolic syndrome is closely associated with type 2 diabetes mellitus. Myo-

inositol (MI)—a 6-C sugar alcohol—with insulin-mimetic, anti-diabetic, lipid-lowering,

and anti-inflammatory properties has exerted favorable e�ects on insulin resistance-

related disorders and metabolic disease, while recent animal studies revealed its

positive e�ects on liver function. This study aimed to investigate the e�ects of MI

supplementation on cardiometabolic factors, anthropometric measures, and liver

function in obese patients with NAFLD.

Methods: This double-blinded placebo-controlled randomized clinical trial was

carried out on 48 obese patients with NAFLD who were randomly assigned to either

MI (4g/day) or placebo (maltodextrin 4g/day) along with dietary recommendations

for 8 weeks. Glycemic indices, lipid profile, liver enzymes anthropometric measures,

and blood pressure were evaluated pre- and post-intervention. Dietary intakes

were assessed using a 3-day 24h recall and analyzed by Nutritionist IV software.

Insulin resistance was estimated using the homeostasis model assessment of insulin

resistance (HOMA-IR), and beta-cell function (HOMA-B) was also estimated.

Results: Anthropometric measures decreased significantly in both groups, while the

reduction in weight (p= 0.049) and systolic blood pressure (p= 0.006) in the MI group

was significantly greater than in the placebo group after adjusting for baseline values

and energy intake. Although energy andmacronutrient intakes decreased significantly

in both groups, between-group di�erences were not significant after adjusting for

the potential confounders. MI supplementation led to a significant reduction in

serum fasting insulin (p = 0.008) and HOMA-IR (p = 0.046). There were significant

improvements in lipid profile, liver enzymes, and aspartate aminotransferase/alanine

aminotransferase ratio as well as serum ferritin level in the MI group, compared to the

placebo group at the endpoint. By MI supplementation for eight weeks, 1 in 3 patients

reduced one- grade in the severity of NAFLD.

Conclusion: MI supplementation could significantly improve IR, lipid profile, and liver

function in patients with NAFLD. Further clinical trials with larger sample sizes, longer

duration, di�erent MI doses, and other inositol derivatives are recommended.
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Introduction

Over the last decades, the most common etiology of chronic

liver diseases has been non-alcoholic fatty liver disease (NAFLD)

(1). Various estimates of NAFLD prevalence have been reported in

the general population. By 2030, the prevalence of NAFLD among

the adult population is projected at 33.5% (2). NAFLD—as an

umbrella term—refers to different types of fatty liver diseases, ranging

from simple steatosis to hepatic fibrosis in the absence of alcohol

consumption (3). “Multi-hit” pathogenesis has been introduced

for NAFLD, characterized by the synergic role of genetic and

epigenetic factors, including insulin resistance (IR), inflammation,

oxidative stress, and changes in gut microbiota (4). NAFLD is

closely associated with type 2 diabetes mellitus (T2DM) in a bi-

directional way (5). It is estimated that about three out of four patients

with diabetes suffer from NAFLD (6). IR, as the fundamental core

in both of these conditions, is defined by disturbances in intra-

cellular insulin signaling pathways such as phosphatidylinositide 3-

kinase/Akt (PI3K/AKT) pathway (7). Furthermore, simple steatosis

at the beginning of NAFLD is followed by a number of metabolic

abnormalities such as reduced hepatic fatty acid oxidation and

enhanced de novo lipogenesis and adipose tissue lipolysis that

eventually lead to IR (7, 8). In turn, IR is linked to other endocrine

and metabolic disorders such as obesity, polycystic ovary syndrome

(PCOs), metabolic syndrome (Mets), and cardiovascular diseases

(CVD) (7). Recent evidence indicates the inter-relationship between

obesity and NAFLD, proposing the role of adipose tissue in regulating

endocrine signaling pathways such as hormones, adipokines, and

pro-inflammatory cytokines (9, 10). Accumulating evidence suggests

that NAFLD is the hepatic manifestation of Mets due to the

coexistence of visceral obesity, IR, dyslipidemia, and hypertension.

Recently, it has been recommended to rename NAFLD as metabolic

dysfunction-associated fatty liver disease (MAFLD) (4, 11).

Currently, there is not a confirmed therapeutical approach;

however, conjugated therapy targeting improvements in lifestyle

(such as weight reduction and dietary modification) along with

supplementation/medication (e.g., glucose and lipid-lowering agents)

have been frequently applied in the management of NAFLD

Abbreviations: ALT, alanine aminotransferase; AMPK, protein kinase 50-AMP-

activated; ANCOVA, analysis of covariance; ARR, absolute risk reduction;

AST, aspartate aminotransferase; BMI, body mass index; BP, blood pressure;

CI, confidence interval; CVD, cardiovascular diseases; DBP, diastolic blood

pressure; DCI, D-chiro-inositol; ELISA, enzyme-linked immunosorbent

assay; FBS, fasting blood sugar; GGT, gamma-glutamyl transferase; HbA1c,

glycosylated hemoglobin A1c; HDL-C, high-density lipoprotein cholesterol;

HOMA-IR, homeostasis model assessment of insulin resistance; HOMA-B,

homeostasis beta-cell function; HTN, hypertension; IFCC, International

Federation of Clinical Chemistry; INS, inositol; IPAQ-SF, International Physical

Activity Questionnaire-Short Form; IP6, Inositol hexakisphosphate; IR, insulin

resistance; LDL-c, low-density lipoprotein cholesterol; MAFLD, metabolic-

associated fatty liver disease; MET, metabolic equivalent of task; Mets,

metabolic syndrome; MI, myo-inositol; NAFLD, non-alcoholic fatty liver

disease; NC, neck circumference; NNT, number needed to treat; PCOs,

polycystic ovary syndrome; PI3K/AKT, phosphatidylinositide 3-kinase/Akt

pathway; RAS, Random Allocation Software; RCT, randomized clinical trial;

SD, standard deviation; SBP, systolic blood pressure; T2DM, type 2 diabetes

mellitus; TC, total cholesterol; TG, triglyceride; WC, waist circumference.

(12). Inositols (INS), as 6-C sugar alcohol derivatives, are natural

supplements that have exhibited a plethora of pharmacological

properties in the management of IR-related conditions (13). Myo-

inositol (MI)—a cyclic carbohydrate with six hydroxyl groups—is

the predominant isoform of INS and is endogenously formed from

D-glucose by the kidneys and the liver in the human body up to

4 g/day (14). Beans, nuts, seeds, grains, vegetables, and fruits are

among the main dietary sources of MI (14, 15). MI mediates a

large number of eukaryotic cellular processes, including cell growth

and survival, ATP production, energy homeostasis, osmoregulation,

and insulin-mimetic feature via acting as a secondary messenger

or neurotransmitter (in the form of INS glycans and INS

triphosphate) (16).

In addition, MI has shown a wide range of therapeutical aspects,

e.g., anti-inflammatory/antioxidant, anti-cancer, and, particularly,

anti-diabetic properties (16). A large number of clinical trials have

revealed the favorable effects of MI on the management of IR-

related diseases such as T2DM, PCOs, and Mets (17). The insulin-

mimetic property of MI enhances insulin sensitivity accompanied by

alleviating metabolic disturbances, gene expressions, inflammatory

pathways, oxidative stress biomarkers, and hormonal states (16, 18).

Therefore, it appears that MI could be a powerful ingredient in

the management of NAFLD as well. Recent animal studies have

reported positive effects of MI on liver steatosis, oxidative stress, and

inflammation (19). To the best of our knowledge, there is only one

human clinical trial assessing the effect of INS supplementation (in

the form of D-pinitol) on patients with NAFLD (20). Accordingly,

the present randomized clinical trial (RCT) aimed to investigate

the effects of MI supplementation on cardiometabolic factors,

anthropometric measures, and liver function in obese patients

with NAFLD.

Materials and methods

Study design

To investigate the effects of MI on cardiometabolic factors

and liver function, this double-blind placebo-controlled RCT was

conducted on patients with NAFLD. This trial design was approved

by the Ethics Committee of Research vice-chancellor of Tabriz

University of Medical Sciences, Tabriz, Iran (Ethics code: TBZMED.

REC.1400.567), and also registered in the Iranian Registry of Clinical

Trials (IRCT20100209003320N22). An informed consent form was

read and signed by the patients at the beginning of the trial.

Participants

Fifty-one obese men and women (Body mass index (BMI) = 30–

40 Kg/m2) aged 18–55 years withmild andmoderate NAFLD referred

from specialized and sub-specialized clinics of Tabriz University of

Medical Sciences, Tabriz, Iran, were recruited and confirmed by a

gastroenterologist. NAFLD diagnosis was performed by a radiologist,

using ultrasonography (Sonoace X4 Medisio, South Korea) in a

fasting state. The severity of liver steatosis was assessed by an

ultrasonographist and classified into three grades, i.e., grade I as

“mild,” grade II as “moderate” based on Hamaguchi et al. (21). Those

who were pregnant, lactating, menopause, alcohol drinker, smoker,
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following special diets or taking any herbal and dietary supplements

over the past 3 months, takingmedications affecting lipid and glucose

metabolism (e.g., glucose and lipid-lowering or anti-hypertensive

medications), contraceptives and those suffering from liver, kidney,

and gastro-intestinal diseases as well as metabolic disorders (e.g.,

T2DM, PCOs, and cancer) were excluded.

Sample size

Changes in serum triglyceride (TG) levels by Lee et al. (20) among

patients with NAFLD who consumed D-pinitol were applied for

sample size estimation, using power analysis and sample size software

(PASS; NCSS, LLC, US). By considering 95% confidence interval (CI)

and 80% power, the obtained sample size for each group was 18.

Moreover, we increased sample size to 24 persons in each group by

supposing a 30% drop-out rate.

Randomization, blinding, and intervention

Random Allocation Software (RAS) and randomized block

procedure were applied for allocating the patients with NAFLD into

one of the two experimental groups (i.e., MI and placebo) (1:1) by a

research assistant who was not involved in the study and randomized

block procedure of size 3 ]gender (female vs. male), age (18–35 yrs.

vs. 36–55 yrs.), and BMI (<35 kg/m2 vs. ≥35 kg/m2)]. The research

assistant packaged and prepared the supplement and placebo sachets

with a three-digit code for each of the treatments. The patients,

assessors, and researchers were blinded to the study allocation. The

assignment was concealed from the researcher before randomization

for treatment.

MI powder (Wholesale Health Connection, China) was packaged

into 2 g sachets in hygienic condition. The patients in theMI group (N

= 25) received MI sachets (2 g) twice a day by dissolving in one glass

of water before lunch and dinner, while those in the placebo group (N

= 26) received maltodextrin sachets (2 g) twice a day by dissolving in

one glass of water before lunch and dinner for 8 weeks. The MI and

maltodextrin sachets were completely similar and identical in size,

color, and all other aspects. The sachets were delivered every 2 weeks,

and the patients were asked to return unused sachets fortnightly to

assess the compliance rate. Healthy dietary recommendations for

weight loss were given to all patients, and changes in weight were

assessed every 2 weeks (22). The patients were also asked to maintain

their usual lifestyle habits and follow the dietary recommendations.

Assessment of anthropometric measures,
physical activity, dietary intake, and blood
pressure

At baseline, demographic and disease details were collected for

each patient. Anthropometric measurements, physical activity levels,

and dietary intakes were assessed at the beginning and end of the trial.

Weight and stature were measured with minimal clothing and

without shoes using a Seca stadiometer (Hamburg, Germany) to the

nearest 100 g and 0.5 cm, respectively. Then, BMI was estimated as

weight (Kg) divided by height squared (m2). The circumferences

of the neck (NC) and waist (WC) were also assessed using non-

stretchable tape halfway between the base of the neck and the upper

part of the sternum and halfway between the lower ribs and the iliac

crest to the nearest 0.1 cm, respectively. The ratios of NC to height

and WC were also estimated.

The International Physical Activity Questionnaire-Short Form

(IPAQ-SF) was applied for assessing physical activity levels through

a face-to-face interview. The patients reported how much time they

spent doing each of the defined intensity-varied activities during the

past week. The metabolic equivalent of task (MET-hours/week) score

was calculated to classify the patients into “high,” “moderate,” or “low”

levels of activity based on the manual (23).

A 3-day food recall (2 weekdays and aweekend) was used to assess

dietary intakes at baseline and end of the trial. Daily dietary data

were analyzed using Nutritionist IV software modified for Iranian

foods (First Databank, San Bruno, CA, USA) to obtain energy and

macronutrients intakes.

Systolic (SBP) and diastolic blood pressure (DBP) were assessed

after 15min resting in a seated position using an automated digital

sphygmomanometer (Microlife A100–30, Berneck, Switzerland). The

measurement was repeated three times with a 5-min interval, and the

mean of three measurements was used for data analysis.

Laboratory assays

Venus blood samples were collected after 12–14 h overnight

fasting from each patient. Serum was separated and stored at −80◦C

until assays. Fasting serum was used to assess fasting blood sugar

(FBS), total cholesterol (TC), high-density lipoprotein cholesterol

(HDL-c), and TG based on colorimetric-enzymatic methods using

commercial kits (Pars-Azmoon Co., Tehran, Iran), and then,

low-density lipoprotein cholesterol (LDL-c) was estimated using

Friedewald equation (24). Serum alanine aminotransferase (ALT)

and aspartate transaminase (AST) concentrations were assessed at

baseline and at the end of the study using the International Federation

of Clinical Chemistry (IFCC) approved method (25). Hemoglobin

A1C (HbA1c) was assessed using photometry in whole blood using

a Pars Azmoun Company kit (Pars Azmoun, Iran) and Hitachi

auto-analyzer (Hitachi-917, Tokyo, Japan). Insulin and ferritin were

quantified using the enzyme-linked immunosorbent assay (ELISA)

method and commercial kits (Monobind, Lake Forest, CA, USA).

For assessing IR, the homeostatic model assessment for IR (HOMA-

IR) and homeostasis beta-cell function (HOMA-B) were applied as

follows (26):

HOMA-IR = [fasting insulin (µIU/mL) × fasting

glucose (mg/dL)]/405.

HOMA-B = 360 × fasting insulin (µU/mL)/(fasting glucose

(mg/dL) – 63).

Study outcomes

Changes in serum glycemic indices, lipid profiles, blood pressure,

energy and macronutrient intakes, and anthropometric indices were

considered the primary outcomes of this trial, while changes in

the serum levels of liver enzymes and NAFLD grade were the

secondary outcomes.
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FIGURE 1

Study flow chart.

Statistical analysis

SPSS Statistics software (IBM SPSS Statistics, Armonk, USA,

latest version) was applied for data entry and statistical analysis. The

Kolmogorov–Smirnov test was used for assessing the distribution of

continuous variables and expressed by mean ± standard deviation

(SD) whereas frequency (percentage) for categorical variables. After

the treatment approach was used for both primary and secondary

outcomes, between-group and within-group differences were tested

using independent samples t-test and paired samples t-test for

continuous variables, respectively. Intra- and inter-group differences

of the qualitative variables were done using the sign and chi-square

tests, respectively. At the end of the trial, inter-group changes

were examined using the analysis of covariance (ANCOVA) test

by adjusting for the confounders (i.e., baseline values and energy

intake). To assess the effectiveness of treatment with medication, the

number needed to treat (NNT) was calculated for one- and two-grade

reduction in liver steatosis based on the following formula: NNT =

1/Absolute risk reduction (ARR). The significance level was defined

at a p-value lower than 0.05.

Results

Of 51 patients, 48 subjects (24 patients in each group) completed

the trial while two patients in the placebo group and one patient in

the MI group dropped out for reasons unrelated to the interventions

(Figure 1).

Table 1 demonstrates baseline characteristics in the two studied

groups. Approximately half of the studied patients in both groups

were women, and most of them were married. At baseline, there
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were no statistically significant differences in baseline characteristics

between the two groups.

Changes in dietary intakes, anthropometric measures, and

physical activity levels over the study in the placebo and MI groups

are presented in Table 2. Apart from DBP, no significant differences

in anthropometric measures, physical activity, dietary intakes, and

SBP were found between the groups at baseline. Anthropometric

measures decreased significantly in both groups, while the reductions

in weight (−4.72Kg vs.−3.27Kg, p= 0.049) and SBP (−4.37 mmHg

vs. 0.83 mmHg, p= 0.006) in the MI group were significantly greater

than the placebo group, after adjusting for potential confounders

including baseline values and energy intake. Intra- and inter-group

differences in physical activity were not statistically significant

(Table 2). Although energy and macronutrient intakes decreased

significantly in both groups, between-group differences were not

significant after adjusting for the confounders. Therefore, physical

activity and dietary macronutrient intakes were not considered

confounders in data analysis.

Table 3 shows changes in IR, lipid profile, and liver function

parameters over the trial. Although the mean of HOMA-B was

greater in the MI group compared to the placebo group at

baseline (p = 0.027), other glucose-related factors did not show any

significant differences. MI supplementation significantly decreased

serum fasting glucose, insulin, HbA1c, and IR, while no changes were

found in glucose homeostasis in the placebo group. After adjusting

for baseline values and energy intake, inter-group differences in

insulin and HOMA-IR reached a statistically significant level (p =

0.008 and 0.046, respectively).

Indeed, after adjusting for baseline values and energy intake, MI

supplementation resulted in improvements in all lipid factors [TC (p

= 0.010), TG (p= 0.002), LDL-c (p= 0.004), andHDL-c (p= 0.016)].

Moreover, supplementation withMI reduced serumALT (p= 0.027),

AST (p = 0.066), and AST/ALT ratio (p = 0.006). The serum ferritin

level noticeably decreased in the MI group (p = 0.042) compared

to the placebo at the endpoint, considering the role of the potential

confounders (Table 3).

The clinical effectiveness of MI supplementation on liver steatosis

severity has been shown in Table 4. MI conferred a 33.3 and 12.5%

ARR in the reduction of steatosis severity. The estimated NNT for

1-grade and 2-grade reduction in steatosis severity was 3 and 8, i.e.,

of every three and eight patients with NAFLD who supplemented

with MI (4g/day) for 8 weeks, one patient would experience one-

grade reduction in liver steatosis and treated completely (2-grade

reduction), respectively.

Discussion

The results of the present RCT on the effect of MI

supplementation in NAFLD for 8 weeks showed considerable

improvements in IR, lipid profile, and liver steatosis. MI

supplementation accompanied by dietary recommendations

resulted in a significant reduction in dietary intakes of energy and

macronutrients and an average weight loss of 4.72Kg in theMI group

vs. 3.27 Kg in the placebo group (Table 2). Although no significant

differences in physical activity and reduction in energy intake (−579

Kcal and−688 Kcal in the MI group and placebo group, respectively)

were found between the groups at the end of the study, the greater

reductions in weight, BMI, NC, and NC/height ratio in the MI

TABLE 1 Baseline characteristics of the study participants.

Variable Placebo
(N = 24)
Mean
± SD

MI
(N = 24)

Mean ± SD

p

Age (yr.) 37.50± 6.86 36.33± 8.49 0.603∗

Weight (Kg) 96.93± 14.78 96.43± 14.68 0.907∗

Height (m) 1.68± 0.10 1.69± 0.10 0.859∗

NC (cm) 40.15± 3.76 39.54± 3.50 0.565∗

WC (cm) 111.33± 9.21 109.85± 9.57 0.588∗

BMI (Kg/m2) 34.16± 3.38 33.77± 3.53 0.701∗

PAL (MET-min/wk) 57.54± 39.42 63.53± 37.17 0.590∗

% %

Female 52.4 45.8 0.594∗∗

Married 87.5 83.3 0.683∗∗

Educational level 0.079∗∗

Up to high school 29.2 54.2

University degrees 70.8 45.8

Occupation 0.456∗∗

Student 4.1 12.5

Housewife 41.7 33.3

Employee 33.3 20.9

Other 20.9 33.3

BMI status 0.686∗∗

<35 Kg/m2 62.5 62.5

35–39.9 Kg/m2 37.5 37.5

NAFLD severity 0.558∗∗

Mild 45.8 37.5

Moderate 54.2 62.5

MI, myo-inositol; NC, neck circumference; WC, waist circumference; BMI, body mass index;

PAL, physical activity level; MET, total metabolic equivalents; NAFLD, non-alcoholic fatty liver

disease. Mean (SD) is presented for data. ∗p-value for independent sample t-test; ∗∗p-value for

the chi-square test.

group are attributed to MI supplementation, after adjusting for the

confounders. There is evidence illustrating that INS derivatives,

particularly inositol hexakisphosphate (IP6) could decrease weight

through increasing serum leptin which in turn, could regulate food

intake in T2DM rats (27). INS phosphates reduced fat deposits

and body weight via increased oxygen consumption and energy

expenditure but without any changes in energy intake in IP6 kinase

knockout mice (28). NC—a simple inexpensive, non-invasive, and

quick assessment, can reflect subcutaneous fat accumulation and

obesity, particularly mid-upper body obesity (29). NC is also linked

to metabolic disorders such as CVD and atherosclerosis as well as

influenced by changes in insulin levels (29). A recent meta-analysis

reported not only the beneficial effects of INSs on BMI reduction

but also a stronger association of MI with BMI reduction compared

to other derivatives of INS (30). Moreover, SBP was significantly

reduced in the MI group compared to the placebo group (p =

0.006), while no significant inter-group difference was observed

Frontiers inNutrition 05 frontiersin.org

https://doi.org/10.3389/fnut.2023.1092544
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Arefhosseini et al. 10.3389/fnut.2023.1092544

TABLE 2 Anthropometric, blood pressure, physical activity, and dietary

intakes of the study participants throughout the study.

Placebo
(n = 24)

MI (n = 24) P

Mean ±
SD

Mean ± SD

Weight (Kg)

Baseline 96.93± 14.78 96.43± 14.68 0.907∗∗

End 93.66± 15.16 91.71± 14.75 0.049∗∗∗

MD (95 % CI) 3.27(1.99,

4.56)

4.72 (3.25, 6.19)

P∗ <0.001 <0.001

BMI (Kg/m2)

Baseline 34.16± 3.38 33.77± 3.53 0.701

End 33.0± 3.46 32.11± 3.55 0.052

MD (95% CI) 1.16 (0.72,

1.60)

1.66 (1.16, 2.17)

P <0.001 <0.001

NC (cm)

Baseline 40.15± 3.76 39.54± 3.50 0.565

End 39.17± 3.62 38.06± 3.18 0.073

MD (95% CI) 0.98 (0.66,

1.30)

1.47 (1.00, 1.95)

P <0.001 <0.001

NC/height ratio

Baseline 0.24± 0.02 0.23± 0.02 0.371

End 0.23± 0.02 0.22± 0.01 0.061

MD (95% CI) 0.006 (0.004,

0.008)

0.009 (0.006, 0.011)

P <0.001 <0.001

NC/WC ratio

Baseline 0.36± 0.04 0.36± 0.03 0.903

End 0.37± 0.04 0.36± 0.03 0.329

MD (95% CI) −0.01 (−0.01,

0.00)

−0.00 (−0.007,

0.005)

P 0.081 0.777

SBP (mmHg)

Baseline 108.33± 11.67 114.17± 16.20 0.16

End 109.17± 11.00 109.79± 13.95 0.006

MD (95% CI) −0.83 (−7.67,

6.00)

4.37 (−0.73, 9.48)

P 0.803 0.09

DBP (mmHg)

Baseline 72.50± 11.98 81.04± 13.27 0.024

End 74.17± 11.00 72.29± 11.23 0.06

MD (95% CI) −1.67 (−7.12,

3.78)

8.75 (3.35, 14.15)

P 0.533 0.003

(Continued)

TABLE 2 (Continued)

Placebo
(n = 24)

MI (n = 24) P

Mean ±
SD

Mean ± SD

PAL (METs)

Baseline 57.54± 39.42 63.53± 37.17 0.59

End 54.79± 31.95 57.69± 30.70 0.819

MD (95% CI) 2.74 (−9.79,

15.27)

5.84 (−10.39,22.07)

P 0.655 0.464

Energy (Kcal)

Baseline 2133.71±

797.53

2284.29± 866.15 0.534

End 1445.06±

421.60

1705.13± 827.83 0.177

MD (95% CI) 688.65 (448.61,

928.68)

579.17 (291.48,

866.85)

P∗ <0.001 <0.001

Carbohydrates (g)

Baseline 309.24±

147.17

334.21± 154.41 0.57

End 216.68± 55.07 256.39± 178.45 0.307

MD (95% CI) 92.57 (40.62,

144.51)

77.83 (22.56,

133.10)

P 0.001 0.008

Protein (g)

Baseline 80.97± 27.67 89.21± 34.95 0.37

End 60.00± 21.80 74.57± 39.60 0.123

MD (95% CI) 20.97 (11.08,

30.86)

14.64 (1.04, 28.24)

P <0.001 0.036

Fat (g)

Baseline 69.63± 34.01 71.59± 32.46 0.839

End 41.51± 18.99 52.57± 39.81 0.226

MD (95% CI) 28.12 (16.46,

39.77)

19.02 (0.13, 37.92)

P <0.001 0.049

Cholesterol (mg)

Baseline 240.91±

108.03

270.30± 172.73 0.483

End 194.48±

146.14

233.04± 239.33 0.504

MD (95% CI) 46.43 (−20.22,

113.08)

37.26 (−18.44,

92.96)

P 0.163 0.18

SFA (g)

Baseline 21.18± 12.16 22.12± 11.40 0.783

End 11.27± 5.28 12.38± 6.50 0.518

(Continued)
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TABLE 2 (Continued)

Placebo
(n = 24)

MI (n = 24) P

Mean ±
SD

Mean ± SD

MD (95% CI) 9.92 (5.35,

14.48)

9.74 (4.54, 14.95)

P <0.001 0.001

MUFA(g)

Baseline 18.23± 9.59 20.54± 11.21 0.447

End 10.96± 5.26 12.79± 8.0845 0.355

MD (95% CI) 7.28 (3.62,

10.93)

7.75 (2.76, 12.74)

P <0.001 0.004

PUFA (g)

Baseline 18.14± 13.23 16.72± 12.07 0.699

End 11.18± 10.23 15.86± 21.40 0.339

MD (95% CI) 6.96 (1.61,

12.30)

0.86 (−8.45, 10.18)

P 0.013 0.85

Simple sugar (g)

Baseline 56.09± 29.67 61.67± 23.38 0.473

End 44.55± 33.25 47.50± 33.41 0.761

MD (95% CI) 11.54 (2.43,

20.63)

14.17 (4.19, 24.16)

P 0.015 0.007

MI, myo-inositol; BMI, body mass index; NC, neck circumference; WC, waist circumference;

SBP, systolic blood pressure; DBP, diastolic blood pressure; PAL, physical activity level; METs,

metabolic equivalents (MET-minutes/week); SFA, saturated fatty acid; MUFA,monounsaturated

fatty acid; PUFA, polyunsaturated fatty acid. Mean (SD) and mean difference (95 % CI) are

presented for data. ∗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). Bold values indicates

statistically significant p < 0.05.

in DBP (Table 2). Nestler et al. (31) reported that D-Chiro-INS

(DCI) administration improves not only IR and plasma TG levels

but also blood pressure in women with PCOs. Tari et al. (32) in

their meta-analysis on seven RCTs reported the potential beneficial

effects of supplementation with MI, DCI, and pinitol (0.6–4 g/day)

on blood pressure, particularly in those with Mets for a longer

duration. The proposed mechanism for the hypotensive property of

INSs is related to releasing nitric oxide and a subsequent vasodilator

effect as well as downregulating nuclear factor-kB gene expression,

reducing pro-inflammatory cytokines and thereby lowering blood

pressure (32).

There is cumulative evidence regarding the favorable effect of

supplementation with INS derivatives on IR, particularly in T2DM,

PCOs, and gestational diabetes mellitus (GDM). These findings could

be attributed to patients with NAFLD due to the significant link

between T2DM and NAFLD, through their mutual risk factors (5).

Our results demonstrated a significant reduction in serum insulin

levels and HOMA-IR as well as a decrease but not statistically

significant in HOMA-B after adjusting for potential confounders

(Table 3) which are in agreement with previous animal (33) and

human studies (34). A systematic review and meta-analysis on 20

TABLE 3 Cardiometabolic indices and liver parameters of the study

participants throughout the study.

Placebo
(n = 24)

MI (n = 24) P

Mean ±
SD

Mean ± SD

FBS (mg/dL)

Baseline 97.52± 12.26 91.59± 8.58 0.059∗∗

End 96.31± 8.04 86.73± 6.28 0.263∗∗∗

MD (95% CI) 1.21 (−2.68,

5.10)

4.87 (1.28, 8.45)

P∗ 0.525 0.01

Insulin (µIU/mL)

Baseline 13.99± 7.77 16.62± 7.79 0.248

End 13.13± 4.56 12.50± 4.64 0.008

MD (95% CI) 0.86 (−3.08,

4.81)

4.12 (1.06, 7.19)

P∗ 0.655 0.011

HbA1c (%)

Baseline 5.41± 0.40 5.32± 0.46 0.465

End 5.37± 0.46 4.99± 0.44 0.186

MD (95% CI) 0.04 (−0.10,

0.17)

0.33 (0.15, 0.50)

P∗ 0.585 0.001

HOMA–IR

Baseline 3.42±2.07 3.81± 2.00 0.503

End 3.12±1.08 2.70± 1.08 0.046

MD (95% CI) 0.29 (−0.70,

1.28)

1.11 (0.33, 1.90)

P∗ 0.546 0.007

HOMA–B

Baseline 157.79± 80.47 219.45± 105.32 0.027

End 149.77± 68.04 194.12± 69.08 0.077

MD (95% CI) 8.02 (−36.05,

52.09)

25.34 (−20.08,

70.75)

P∗ 0.71 0.26

TC (mg/dL)

Baseline 186.13± 27.19 196.63± 40.87 0.301

End 175.21± 27.12 178.38± 36.77 0.01

MD (95% CI) 10.92 (2.68,

19.15)

18.25 (4.67, 31.83)

P∗ 0.012 0.011

TG (mg/dL)

Baseline 157.67± 57.85 181.40± 90.65 0.285

End 140.63± 50.59 169.32± 87.36 0.002

MD (95% CI) 17.04 (−3.29,

37.37)

12.07 (−17.98,

42.13)

(Continued)
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TABLE 3 (Continued)

Placebo
(n = 24)

MI (n = 24) P

Mean ±
SD

Mean ± SD

P∗ 0.096 0.414

HDL-c (mg/dL)

Baseline 43.33± 9.39 43.82± 10.07 0.863

End 42.79± 6.61 45.60± 10.27 0.016

MD (95% CI) 0.54 (−3.62,

4.70)

−1.78 (−0.54, 1.80)

P∗ 0.792 0.314

LDL-c (mg/dL)

Baseline 197.92± 29.79 204.16± 43.63 0.566

End 189.87± 30.08 190.11± 34.83 0.004

MD (95% CI) 8.04 (−0.54,

16.63)

14.06 (−1.75, 29.86)

P∗ 0.065 0.079

AST (IU/L)

Baseline 28.50± 13.05 31.41± 16.53 0.501

End 21.38± 6.49 19.69± 4.30 0.066

MD (95% CI) 7.12 (2.44,

11.81)

11.72 (5.54, 17.90)

P∗ 0.005 0.001

ALT (IU/L)

Baseline 42.83± 30.99 37.42±23.36 0.498

End 28.56± 13.19 25.21± 10.10 0.027

MD (95% CI) 14.27 (4.14,

24.40)

12.21 (3.99, 20.44)

P∗ 0.008 0.005

AST/ALT

Baseline 0.77± 0.24 0.99± 0.40 0.024

End 0.81± 0.24 0.87± 0.28 0.006

MD (95% CI) −0.05 (−0.14,

0.04)

0.12 (−0.01, 0.25)

P∗ 0.259 0.069

Ferritin (ng/mL)

Baseline 94.51± 84.42 93.61± 72.98 0.969

End 103.79± 91.58 77.49± 54.46 0.042

MD (95% CI) −9.29

(−42.75,

24.17)

16.12 (−1.11, 33.36)

P∗ 0.571 0.065

MI, myo-inositol; FBS, fasting blood sugar; HbA1c, glycosylated hemoglobin A1c; HOMA-IR,

homeostatic model assessment of insulin resistance; HOMA-B, homeostasis beta-cell function;

TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C,

low-density lipoprotein cholesterol; AST, aspartate aminotransferase; ALT, alanine transaminase;

AST/ALT, AST-to-ALT ratio. Mean (SD) and mean difference (95 % CI) are presented for data.
∗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). Bold values indicates statistically significant p

< 0.05.

RCTs including 1,239 subjects with different types of IR revealed

that INS supplementation resulted in decreased FBS, insulin, and

HOMA-IR (35). Swathi et al. (36) showed that MI supplementation

plus diet was more effective in glucose reduction than diet alone

in patients with GDM. MI treatment has been shown to improve

IR (assessed by HOMA-IR), metabolic, and hormonal disturbances

in PCOs (37). A meta-analysis on nine RCTs also reported a

significant reduction in IR after 12–24 week supplementation with

MI in patients with PCOs (38). Moreover, MI supplementation

compared with metformin and oral contraceptive revealed similar

or even greater effectiveness with fewer side effects in improving IR

(39). The underlying mechanism of insulin-sensitizing effect of MI

could be explained by (1) activating PI3K/AKT signaling pathway,

followed by glycogen synthase stimulation, (2) increasing glucose

transporter type 4 (GLUT-4) translocation to the cell membrane

and thereby improving glucose uptake, (3) enhancing the insulin

receptor substrate activation, (4) amelioration of the adverse effects

of chronic insulin stimulation in adipocytes, (5) insulin-mimetic

property, and (6) reducing glucose absorbance and post-prandial

glucose circulation and reducing intestinal transit time (14) in

an independent manner from weight reduction (34). Our results

also showed beneficial effects of MI on lipid profile (Table 3), i.e.,

significant reductions in serum levels of TG, TC, and LDL-c as well

as a marked increase in serum HDL-c. Animal studies have shown

lowering TG accumulation in the liver and serum lipids of different

types of INSs (mostly MI and pinitol) (19). Furthermore, pinitol

supplementation (300 and 500 mg/day) in subjects with NAFLD for

12 weeks resulted in a slight but not significant reduction in TC

and LDL-c levels, andthe lowest level of TG was found in high dose

pinitol (20). The proposed mechanism of pinitols could be explained

by alleviating oxidative stress and fatty acid deposition, leading to

the regulation of energy and lipid metabolisms (20) which, in turn,

positively improves liver dysfunction by reducing the oxidative stress

in hepatic tissues (40). A systematic review of 14 RCTs on patients

with metabolic conditions reported improvements in lipid profile

after MI supplementation without any significant effect on HDL-

c level (17). INSs seem to improve lipid oxidation and profile by

improving AMP-activated protein kinase (AMPK) activity (33).

The present results also found the positive effects of MI

supplementation on liver function in terms of serum liver enzymes,

AST/ALT ratio, and ferritin (Table 3). Genetic and epigenetic factors

simultaneously affect IR (as the focal hit of NAFLD) and hepatic

enzymes and, therefore, lead to liver dysfunction, characterized by

increased ALT, AST, gamma-glutamyl transferase (GGT), bilirubin,

and ferritin in NAFLD (5, 41). Zhou et al. (42) showed that pinitol

supplementation suppressed increased ALT and AST in rats fed by

high- fat diet with hepatic injury. Indeed, Lee et al. (20) reported a

reduction in liver steatosis and enzymes after 300 and 500 mg/day

pinitol supplementation for 12 weeks in NAFLD. Liver iron is an

important source of serum ferritin and is considered the main

prognostic marker for NAFLD (43). Moreover, serum ferritin is

closely related to IR, inflammation, NAFLD incidence, and the

severity of fat accumulation in the liver and increased liver enzymes

(44). INS in the form of IP6 is considered an iron chelator in

hyperferritinemia and thalassemia (45). There is evidence indicating

hyperferritinemia with normal transferrin saturation is an indicator

of glucose–lipid metabolism disorders (46).

From a clinical point of view, as specialists are interested in

therapy options focusing on the benefit to risks, our results found
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TABLE 4 E�ectiveness level for reduction in steatosis severity.

Reduction in NAFLD severity Group N (%) ARR (%) NNT P∗

1 grade MI 12 (50.0) 33.3 3 0.014

Placebo 4 (16.7)

2 grades MI 3 (12.5) 12.5 8 0.234

Placebo 0 (0)

MI, myo-inositol; ARR, absolute risk reduction; NNT, number needed to treat. ∗p-value for the chi-square test.

that the estimated NNTs (Table 4) for one- and two-grade reductions

in liver steatosis also present an improvement in liver function.

To the best of our knowledge, the current trial appears to

be the first human study aimed to investigate the effectiveness

of MI supplementation along with dietary recommendations

on cardiometabolic factors and liver function in obese patients

with NAFLD. Considering possible confounders, applying dietary

recommendations for weight loss as a confirmed approach in NAFLD

management, using a placebo as well as frequent visits, and following

up by phone calls for increasing compliance are considered the major

strengths of the trial. However, the relatively short study duration,

the conservative MI dose selected, and studying only patients with

obesity as well as subjectively assessing physical activity and dietary

intake could be counted as the limitations of the present study.

Conclusion

It is concluded that MI supplementation at a dose of 4 g/day for

8 weeks significantly improves not only IR and lipid profile but also

liver function in NAFLD. Because of the limited RCTs in humans,

further clinical trials with larger sample sizes, longer duration,

different MI doses, and other inositol derivatives are recommended.
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