
Karimi et al. BMC Nutrition           (2023) 9:145  
https://doi.org/10.1186/s40795-023-00794-x

STUDY PROTOCOL Open Access

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

BMC Nutrition

The effects of intermittent fasting diet 
in comparison with low-calorie diet on lipid 
profile, glycemic status, and liver fibrosis 
in patients with non-alcoholic fatty liver 
(NAFLD): a study protocol for a randomized 
controlled clinical trial
Mehdi Karimi1, Maryam Mofidi Nejad2, Camellia Akhgarjand1, Amir Ali Sohrabpour3, Hossein Poustchi4, 
Hossein Imani1* and Hamed Mohammadi1 

Abstract 

Introduction Non-alcoholic fatty liver disease (NAFLD) is a common liver disease characterized by an increase in fat 
in liver cells. The outbreak of NAFLD is estimated to be 32.4% worldwide, with higher rates in Asia and Iran. Nutri-
tional factors such as excessive calorie intake, high fructose intake, copper deficiency, and increased iron intake play 
an important role in NAFLD. Since there is no specific treatment for NAFLD, intermittent fasting (IF) diet has been 
suggested as an alternative treatment for obesity and related complications. Previous studies showed the potential 
positive effects of IF on metabolic health and the reduction of oxidative stress in NAFLD. This randomized controlled 
trial (RCT) will be aimed to examine the effect of the IF diet in comparison with a low-calorie diet (LCD) on lipid pro-
file, glycemic status, and liver fibrosis in patients with NAFLD.

Methods and analysis This is a parallel randomized clinical trial conducted on 52 overweight and obese patients 
with NAFLD. Participants will be randomly assigned to receive either 16:8 IF (fasting from 8 P.M. to 12 P.M. the next day) 
or a low-calorie (55% carbohydrate- 30% fat, 15% protein) diet for 12 weeks. Anthropometric measurements, liver 
assessments, and metabolic evaluations will be assessed before and after the intervention. Primary outcomes include 
liver steatosis and fibrosis, while secondary outcomes include liver function enzymes, insulin resistance, lipid profile, 
and anthropometric measurements.

Discussion Since obesity and insulin resistance are the most important risk factors of NAFLD, and there is no treat-
ment for it, it seems that lifestyle changes such as low caloric diet like IF and exercise can improve lipid metabolism 
and liver enzymes.

Trial registration Iranian registry of clinical trials (IRCT20170202032367N5).
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Introduction
Nonalcoholic fatty liver disease (NAFLD) is one of the 
most common liver diseases [1, 2] with a variety of condi-
tions including simple steatosis, nonalcoholic steatohepa-
titis (NASH), and fibrosis [3, 4]. NAFLD is characterized 
by an increase in the amount of fat within liver cells with-
out excessive alcohol consumption [5]. The prevalence 
of NAFLD was estimated to be 32.4% worldwide [6] and 
in Asia, the outbreak of NAFLD is reported to be 29.6% 
[7]. In addition, in the Iranian population, the preva-
lence is estimated to be around 33.9% [8]. Diet appears 
to play an important role in improving NAFLD [9]. Die-
tary factors involved in this disease include excess calo-
rie intake, amount of carbohydrates consumed, types of 
fats consumed, high fructose intake, copper deficiency, 
and increased iron intake [10]. Currently, there is no 
specific treatment for NAFLD, however, a combination 
of increased physical activity and nutritional modifica-
tions are the best alternative treatments for this disease 
[11, 12]. Adherence to a variety of diets, including low-
fat and low-carbohydrate diets, has been less successful 
in reducing and maintaining weight loss and improving 
metabolic risk factors in obese individuals, so preventing 
or controlling associated risk factors can be considered as 
an alternative treatment [13–15]. Recently, intermittent 
fasting (IF) diet has been used to limit daily energy intake 
to treat obesity and its complications, and as an anti-
aging method to extend lifespan compared to traditional 
low-calorie diets (LCDs( [16, 17]. Several studies sug-
gest that compared to LCD, IF may improve metabolic 
health including significant reductions in insulin resist-
ance, blood pressure, and blood lipids [18]. Some studies 
have shown that weight gain is associated with increased 
inflammation and oxidative stress, which may be one of 
the triggers of NAFLD [19]. On the other hand, one of 
the positive effects of the IF diet on reducing oxidative 
stress was the change in body weight and slight upregu-
lation of the sirtuin-3 gene (SIRT3), which is one of the 
effective therapeutic strategies in fatty liver [20, 21].

Considering the high complications of this disease and 
the direct and indirect cost of its complications, it seems 
that low-cost and effective methods such as IF diets can 
be effective in controlling and preventing the progression 
of this disease. Therefore, we decided to investigate the 
effects of an IF diet on lipid profile, blood glucose, and 
liver fibrosis markers in patients with NAFLD as a novel 
disease progression prevention and management method 
that has been studied to a limited extent [22, 23].

Methods and analysis
The present study is a parallel randomized controlled clini-
cal trial that will be performed at Masoud Clinic in Tehran, 
Iran on patients with NAFLD. All patients must complete 

and sign an informed written consent before complet-
ing their registration. The research has been approved 
by the Bioethics Committee of TUMS, Tehran, Iran (No. 
IR.TUMS.MEDICINE.REC.1400.682). This RCT was reg-
istered on the IRCT web page (IRCT20170202032367N5).

Participants
Participants with NAFLD will be recruited based on the 
inclusion criteria. NAFLD will be diagnosed according to 
the Fibro Scan (Metavir-score ≤ F2 and controlled attenu-
ation parameter (Cap) score > 263). To better reflect pop-
ulation diversity and obtain more generalizable results, 
individuals will be recruited through popular online 
advertising applications.

Inclusion criteria
This clinical trial will be performed on both men and 
women with NAFLD (Metavir-score ≤ F2 and controlled 
attenuation parameter (Cap) score > 263), BMI between 
25 to 35 kg/m2, and aged from 20 to 50 years.

Exclusion criteria
Patients with the following criteria will be excluded from 
the clinical trial: pregnancy or breastfeeding, consump-
tion of alcohol, smoking or drug use, suffering from 
other liver diseases, diabetes, taking hepatotoxic (pheny-
toin, lithium, tamoxifen, antibiotics), antihyperglycemic, 
weight loss medications, corticosteroids and persons per-
formed night-shift work, and following a special diet in 
the past three months.

Sample size calculation
To compare the studied variables between the two 
groups, considering the error of 5%, the power of 80%, 
and the effect size of 0.8 (based on Cohen’s criterion), the 
minimum sample size is equal to 26 people in each group 
and a total of 52 people will be determined.

t tests—Means: Difference between two independent 
means (two groups)

Analysis: A priori: Compute required sample size
Input: Tail(s) = Two
Effect size d = 0.80
α err prob = 0.05
Power (1-β err prob) = 0.8
Allocation ratio N2/N1 = 1
Output
Noncentrality parameter δ = 2.8844410
Critical t = 2.0085591
Df = 50
Sample size group 1 = 26
Sample size group 2 = 26
Total sample size = 52
Actual power = 0.8074866
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Study design
A diagram of the study design is demonstrated in Fig. 1. 
A flow chart of the study process is demonstrated in 
Fig. 2. A total of 52 patients with NAFLD will be screened 
based on the inclusion criteria. After participant recruit-
ment from online advertisements and social media, 
52 participants who meet the eligibility criteria will be 
enrolled for the trial. We used stratified block randomi-
zation with a block size of 2 Patients will be randomly 
assigned to either an intervention or control group based 
on BMI (25–30 and 30–35) and gender (male or female). 
First, we select patients who meet the criteria. Then that 
variable is used to match the next person with the first 
person. After all, two patients with similar character-
istics are in the same block. Finally, two subjects in the 
same block are randomly assigned to either the IF diet 
or the low-calorie diet using random assignment soft-
ware. All individuals who meet the inclusion criteria and 
voluntarily participate in the study will receive complete 
information regarding the purpose of the study, the type 
of intervention, and the duration of the study. Then, 
written informed consent will be obtained from individ-
uals. The current clinical trial will be done based on the 
Helsinki Declaration. All participants will be informed 
that all services will be free of charge and that they can 
withdraw from the study at any time. Each person will be 
given a pre-made meal plan booklet with a set of menus 
and recipes for breakfast, lunch, dinner, and snacks 
based on the recommended diet.

Intervention
Participants will be randomly assigned to either inter-
vention or control group. During the conversation with 
the patients, each patient will be assigned to either 
the IF diet or the LCD. Individuals in the intervention 
group will follow a 16:8 IF diet that will allow them to 
consume only water and non-energy beverages such as 
tea, coffee, and sugar-free chewing gum for 16 h and eat 
food ad  libitum for 8 h. The control group will receive 
LCD with 3 main dishes and 3 snacks with 55% carbo-
hydrate, 30% fat, and 15% protein (300 kcal less than 
energy requirements) for 12 weeks.

Compliance
Participants’ food intake will be recorded every week 
to assess how well they are adhering to their diet. 
Participants will complete a total of 12 food records. 
Patients will be requested to report their dietary 
intakes using home measurements to complete their 
daily recall. Finally, home measurements will be con-
verted to grams using the brochure provided. Par-
ticipants’ total food intake will be examined using 
the average of all meal recalls during the intervention 
period. We will calculate energy intake, micronutri-
ents, and macronutrients from dietary recalls using 
Nutrition IV software (First Databank, San Bruno, 
CA, USA) modified for Iranian meals. Text messages 
will be sent to patients to increase diet compliance and 
remind them to follow the diet.
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Intervention safety
There are no important side effects associated with fast-
ing diets. To assess possible side effects, the participant 
will be asked to report any changes during the trial with 
an assessment of their diet via telephone interview.

Assessment of variables
Primary and secondary outcome
The primary outcome of this RCT will be determining 
the level of steatosis and liver fibrosis stage by FibroS-
can. The major secondary outcome variables will be the 
measurement of serum liver function enzymes including 
aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), and gamma-glutamyl transferase (GGT), 
and fasting blood insulin (FBI), fasting blood sugar (FBS), 
homeostatic model assessment for insulin resistance 
(HOMA-IR), quantitative insulin sensitivity check index 
(QUICKI), lipid profile including serum total cholesterol 
(TC), serum triglycerides (TG), low-density lipoprotein 
cholesterol (LDL_C), high-density lipoprotein choles-
terol (HDL_C) and anthropometric indicators including 
weight, height, and waist circumference (WC).

Assessment of dietary intake
As mentioned above, dietary intake will be assessed using 
24-h dietary recall (including one weekend day and two 
working days) at baseline, weeks four, eight, and twelve 
of the intervention. Experienced and trained profession-
als will collect these recalls from the participants, and 
the mean intake of food items during these four recalls 
will be calculated in grams per day. The nutrient intake 
of individuals will be calculated using N4 software 
(Nutritionist4).

Assessment of hepatic fibrosis and steatosis
Steatosis and fibrosis of the liver will be assessed in 
study participants using transient elastography and CAP, 
respectively with FibroScan before and after intervention 
by the same gastroenterologist. FibroScan is a noninva-
sive diagnostic ultrasound-based device used to meas-
ure liver scarring or fibrosis. To assess liver stiffness, 
transient elastography with fibroscan will be performed. 
Patients are requested to fast for at least 2 h before the 
test. Patients will be laid in the dorsal decubitus position 
and measurements will be taken with a probe placed on 

Fig. 1 Diagram of the study design
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the intercostal space and right lobe of the liver. FibroScan 
takes 10 min to complete and liver stiffness is expressed 
in kilopascals (kPa) [24]:

F0/F1 (kPa < 7.3): No fibrosis or mild fibrosis
F2 (kPa 7.3–12.5): Moderate fibrosis
F3 (kPa 12.6–17.6): Severe fibrosis

F4 (kPa > 17.6): Cirrhosis

Also, we will use the FibroScan device’s CAP test to 
assess steatosis of the liver. Individuals will be classified 
based on CAP cutoffs as follows [25]:

S0: no steatosis: CAP < 238
S1: mild steatosis: 238 ≤ CAP < 260
S2: moderate steatosis: 260 ≤ CAP < 293
S3: severe steatosis: 293 ≤ CAP

Biochemical assessments
Biochemical factors will be assessed in the TUMS 
nutrition faculty laboratory. To measure liver enzyme 
levels (ALT, AST, and GGT), blood glucose, and serum 
lipids (including TC, serum TG, and HDL_C), a 10 mL 
sample of venous blood will be collected after 10–12 
h fast. After 30 min in the laboratory environment to 
clot the blood, it will be centrifuged at 3000 rpm for 
10 min to extract serum. ALT, AST enzyme levels, and 
serum lipid profile, including TC, HDL-C, LDL-C, and 
serum TG, will be measured using commercial kits and 
enzymatic methods (Pars Azmoon kit, Tehran, Iran). 
The GGT level will also be measured using the Inter-
national Federation of Clinical Chemistry (IFCC) rec-
ommended calorimetric-kinetic method. Blood glucose 
will be measured using the enzymatic glucose oxidase 
method using a glucose-specific kit. Also, a specific kit 
using the ELISA method will be used to measure FBI, 
and HOMA-IR and QUICKI indices will be calculated 
based on the formula below using FBI and fasting blood 
glucose (FBG) measurements [26, 27]:

Fig. 2 Flow chart of enrolment, intervention, and assessments. The ‘X’ refers to the time of allocation, intervention, and assessment of variables. 
NAFLD, non-alcohol fatty liver disease
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Anthropometric measures
At the beginning and end of the study, data will be col-
lected regarding anthropometric measurements, includ-
ing height, weight, BMI, and WC. Body weight will be 
measured in a fasted state, wearing minimal clothing 
and without shoes, using a digital scale with a precision 
of 100 g. WC will be measured using a measuring tape, 
measuring the distance between the suprailiac bone and 
the last rib with a precision of 0.5 cm. Standing height 
will be measured using a standard stadiometer without 
shoes, with a precision of 0.5 cm. BMI will be calculated 
using the measured height and weight (weight in kilo-
grams/height in square meters) [28].

Statistical analysis
Statistical data will be analyzed using SPSS software ver-
sion 22. The results will be reported as mean ± standard 
deviation (SD). The normality of variable distributions 
will be checked using the Kolmogorov–Smirnov test. If 
a variable does not follow a normal distribution, a loga-
rithmic transformation will be applied. The independ-
ent t-test will be used to compare the consumption of 
food and nutrients between the two groups, and the chi-
square test will be used to compare qualitative variables 
between the two groups. The analyses will be performed 
based on the intention-to-treat (ITT) approach. Miss-
ing values will be treated according to the linear regres-
sion method. ANCOVA with adjustment with baseline 
values will be used to assess the effect of intervention on 
dependent variables. p-value < 0.05 will be considered 
statistically significant.

Discussion
Obesity resulting from excessive calorie intake is a major 
risk factor for insulin resistance (IR), which is a key fac-
tor in the development of metabolic syndrome and type 
2 diabetes [29]. IR promotes the development of NAFLD 
in a subgroup of patients, which can progress to a more 
severe form, namely NASH [30]. Despite weight loss, 
there is still no consensus on appropriate strategies 
for managing NAFLD patients, and unfortunately, our 
knowledge of more effective treatment options to mini-
mize or its removal remains limited [31, 32]. Many guide-
lines support recommendations on risk factor control 
and lifestyle changes, including diet and physical activ-
ity [33]. Furthermore, for the treatment of obesity and 

QUICKI = 1/ log (fasting insulin µU/mL + log fasting glucose mg/dL

HOMA1-IR =
(

fasting insulin (µU/L)× fasting glucose (mmol/L)
)

/22.5

metabolic parameters, energy restriction can be consid-
ered as the main mechanism [34]. Energy restriction in 
an IF diet can lead to the mobilization of free fatty acids, 
increased fat oxidation, and thus the generation of ketone 
bodies [22]. Despite this, a study conducted by Santos 
HO and colleagues showed that IF has beneficial effects 
on lipid metabolism at the molecular level [35]. By reduc-
ing apolipoprotein B (apoB) production, increasing fatty 
acid oxidation, and reducing TG content in the liver, IF 
may help improve lipid profiles and reduce the risk of 
metabolic diseases [35]. On the other hand, because 
NAFLD and atherosclerotic dyslipidemia are related to 
each other [36], recent studies have shown that IF leads 
to a decrease in the levels of very low-density lipoprotein 
cholesterol (VLDL_C), LDL_C, and small dense low-den-
sity lipoprotein cholesterol (sdLDL_C), highlighting the 
anti-atherogenic effects of IF diets [35, 37]. In individu-
als, moreover, with NAFLD, liver function enzymes (AST, 
ALT, and GGT) are commonly considered in clinical 
assessment. Johari and colleagues after 8 weeks of calorie 
restriction, observed a reduction in AST and ALT levels 
in patients with NAFLD [33]. The authors described this 
reduction in liver tests as an improvement in steatosis or 
visceral fat in the liver [33].

The results of this study can be applied to the manage-
ment of NAFLD patients. Because dietary modification 
is likely the most cost-effective method for disease man-
agement and treatment, the results of our study can be 
widely used by hepatologists and nutritionists.

In conclusion, because dietary modification is most 
likely a cost-effective method of disease management and 
treatment, the results of this study can be applied to the 
management of NAFLD patients.

Strengths and limitations
This is the first clinical trial to assess the effects of the 
16:8 IF diet in comparison with LCD on lipid profile, gly-
cemic status, and liver fibrosis in patients with NAFLD. 
It should be noted that this procedure is inexpensive 
and the patient will not incur additional costs. We will 
use stratified block randomization to match participants 
based on several confounding variables that may affect 
the results. People, moreover, will participate via pub-
lic announcements. Therefore, all participants can be 
eager to comply with dietary recommendations. Some 
limitations need to be considered. First, we will assess 
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adherence to the IF diet through self-reported food 
recalls. Therefore, self-reporting of food consumption 
may influence study results. Second, although Fibro-
Scan has been established as a noninvasive and reliable 
method for diagnosing fibrosis and steatosis in NAFLD 
patients, the gold standard for assessing liver steatosis is 
magnetic resonance imaging-proton density fat fraction 
(MRI-PDFF). Third, we will assess physical activity using 
a physical activity questionnaire. Fourth, stool sample 
measurements will not be performed in this study. There-
fore, dysbiosis of intestinal flora cannot be measured. 
Eventually, we have no access to bio-electrical impedance 
analysis (BIA) to examine body composition in this study.
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