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Highlights Lay summary

� Weight reduction is the only generally available

treatment for NAFLD today.

� High-fat diets, such as the LCHF, are controversial in
treating NAFLD.

� The 5:2 diet has become popular and is widely used
to achieve weight loss.

� In this RCT, both the LCHF and 5:2 diets were highly
effective in treating NAFLD.

� The 5:2 diet reduced LDL and liver stiffness and was
tolerated to a higher degree.
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For a person with obesity who suffers from fatty liver,
weight loss through diet can be an effective treatment
to improve the condition of the liver. Many popular
diets that are recommended for weight reduction,
such as high-fat diets and diets based on intermittent
fasting, have not had their effects on the liver directly
evaluated. This study shows that both a low-carb
high-fat and the 5:2 diet are effective in treating
fatty liver caused by obesity.
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Background & Aims: The first-line treatment for non-alcoholic fatty liver disease (NAFLD) is weight reduction. Several diets
have been proposed, with various effects specifically on liver steatosis. This trial compared the effects of intermittent calorie
restriction (the 5:2 diet) and a low-carb high-fat diet (LCHF) on reduction of hepatic steatosis.
Methods: We conducted an open-label randomised controlled trial that included 74 patients with NAFLD randomised in a
1:1:1 ratio to 12 weeks’ treatment with either a LCHF or 5:2 diet, or general lifestyle advice from a hepatologist (standard of
care; SoC). The primary outcome was reduction of hepatic steatosis as measured by magnetic resonance spectroscopy. Sec-
ondary outcomes included transient elastography, insulin resistance, blood lipids, and anthropometrics.
Results: The LCHF and 5:2 diets were both superior to SoC treatment in reducing steatosis (absolute reduction: LCHF: −7.2%
[95% CI = −9.3 to −5.1], 5:2: −6.1% [95% CI = −8.1 to −4.2], SoC: −3.6% [95% CI = −5.8 to −1.5]) and body weight (LCHF: −7.3 kg
[95% CI = −9.6 to −5.0]; 5:2: −7.4 kg [95% CI = −8.7 to −6.0]; SoC: −2.5 kg [95% CI =−3.5 to −1.5]. There was no difference between
5:2 and LCHF (p = 0.41 for steatosis and 0.78 for weight). Liver stiffness improved in the 5:2 and SoC but not in the LCHF group.
The 5:2 diet was associated with reduced LDL levels and was tolerated to a higher degree than LCHF.
Conclusions: The LCHF and 5:2 diets were more effective in reducing steatosis and body weight in patients with NAFLD than
SoC, suggesting dietary advice can be tailored to meet individual preferences.
Lay summary: For a personwith obesity who suffers from fatty liver, weight loss through diet can be an effective treatment to
improve the condition of the liver. Many popular diets that are recommended for weight reduction, such as high-fat diets and
diets based on intermittent fasting, have not had their effects on the liver directly evaluated. This study shows that both a low-
carb high-fat and the 5:2 diet are effective in treating fatty liver caused by obesity.
Clinical Trials Registration: This study is registered at Clinicaltrials.gov (NCT03118310).
© 2021 The Authors. Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Introduction
Non-alcoholic fatty liver disease (NAFLD) is the most common
chronic liver condition, affecting approximately 25% of the
world’s population.1 NAFLD is closely associated with obesity,
type 2 diabetes mellitus (T2DM) and metabolic syndrome2 and
has the potential for progression towards cirrhosis and liver
cancer.3

Currently, there is no approved pharmacological treatment
for NAFLD, although several compounds are under develop-
ment.4 Instead, lifestyle changes leading to weight reduction are
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considered first-line treatment.5 Weight reduction has the po-
tential to reverse steatosis, non-alcoholic steatohepatitis (NASH),
and liver fibrosis.6 Some evidence suggests that diet modifica-
tions are more feasible than exercise and lifestyle changes are
generally more available than bariatric surgery.7

It is unclear whether any specific diet should be recom-
mended to NAFLD patients to achieve a reduction of liver fat.
Recent guidelines for the treatment of NAFLD recommend a
pragmatic and individualised approach and do not advocate for
any specific diet. However, a macronutrient composition
adjusted to the Mediterranean diet is suggested.8

Over the past decades, low-carbohydrate diets (low-CHO)
have gained popularity. One example is the low-carb high-fat
diet (LCHF diet) which has the potential for reducing body
weight and insulin resistance (IR).9–11 However, LCHF includes a
high proportion of dietary fat and may increase serum levels of
LDLs.12
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Another popular diet regime is intermittent calorie restriction
(ICR). One example of ICR is the 5:2 diet which is based on cal-
orie restriction for 2 non-consecutive days per week. ICR diets
may have beneficial effects on body weight and IR.13–15 However,
despite an increasing interest in ICR diets, little is known about
their role as a treatment of NAFLD.16

Here, we present the results from a 12-week randomised
controlled trial comparing treatment for NAFLD with LCHF and
5:2 diets administered by a dietitian, and standard of care (SoC)
recommendations given by a physician. Magnetic resonance
spectroscopy (MRS) was used to measure the reduction of liver
steatosis from baseline to end of treatment (EoT).

Materials and methods
Study participants
Participants were recruited from 2 sources: the outpatient clinic
at the Department of Hepatology, Karolinska University Hospital,
Stockholm, Sweden and by advertisement in a local newspaper.
Inclusion criteria were 1 of either: (1) NAFLD diagnosed by
radiologic assessment (ultrasound, computed tomography [CT]
or magnetic resonance imaging), (2) Fibroscan® (Echosens, Paris,
France) with a controlled attenuation parameter (CAP) >280 dB/
m in combination with obesity (BMI >−30 kg/m2), or (3) CAP >280
and elevated alanine aminotransferase (ALT) (>46 IU/L for
women, >66 IU/L for men) and overweight (BMI >−25 kg/m2).

Exclusion criteria are listed in Figure 1. No participant was
exposed to vitamin E or steatogenic medications such as steroids.
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Fig. 1. Flowchart of screening and inclusion of participants.
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At inclusion, in total 16 participants were on treatment with
statins which have a potentially beneficial effect on the liver
(5:2 n = 7; LCHF n = 5; SoC n = 4). All participants provided
written informed consent and the study protocol was approved
by the Regional Ethics Committee in Stockholm, Sweden (Dnr
2017/258-31) and registered at Clinicaltrials.gov (NCT03118310).
All authors had access to the study data and reviewed and
approved the final manuscript.
Study protocol
Participants entered a 12-week intervention with either the
LCHF diet, 5:2 diet, or SoC. At randomisation, a comprehensive
physical assessment was undertaken (see Supplementary
material). Participants were asked to quantify the level (min/
week) of physical activity in a questionnaire. They were
instructed not to start any dietary supplements during the
intervention. At the final visit, all measures mentioned above
were re-collected.
Diet intervention
Participants were randomised in blocks of 3 in a 1:1:1 ratio by
randomly drawing sealed envelopes. The allocation sequence
was concealed to the participants and to all investigators. A
specialist dietitian (CL) administered diet-specific advice to
participants in the LCHF and 5:2 groups separately, as described
below, and participants were provided written materials and
diet-specific cookbooks. To support adherence to the respective
r eligibility,
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diets, participants randomised to the LCHF or 5:2 diet were fol-
lowed up by phone at weeks 2, 4, and 8 and a visit to the dietitian
was scheduled at week 6. A detailed self-reported 3-day food
diary was used to estimate the dietary intake at baseline and also
to monitor adherence to diet and calculate the intake of mac-
ronutrients at week 6 and 12 of the intervention. To compare
groups the intake for the 5:2 group for fasting and non-fasting
days was weighted by a factor of 2 and 5, respectively, to give
nutrient intake over the entire week and then reported as a daily
mean. Additionally, adherence was also evaluated with a 24-h
dietary recall17 during telephone follow up at week 2, 4, and 8
(Fig. S1).

Participants assigned to SoC treatment had an individual
consultation with a hepatologist at the start of intervention.
During the follow-up, they were instructed to contact the hep-
atologist for study-related questions by telephone or E-mail. For
the SoC-group, the self-reported 3-day food diary was collected
at baseline and at week 12 (Fig. S1). Thus, the SoC group served
as a placebo-treatment and they were therefore not continuously
in contact with the dietitian during the intervention.

The 5:2 diet
On 2 non-consecutive days per week, participants in the 5:2
group were instructed to consume 500 kcal/day for women and
600 kcal/day for men. Recipes were provided with suggestions of
meals that would not exceed the calorie restriction. For the
remaining 5 days of the week, they received instructions and
recipes that followed the Nordic Nutrition Recommendations 2012
(NNR),18 with an intake limit of 2,000 kcal/day for women and
2,400 kcal/day for men. The average daily calorie intake over a
week was set to 1,600 kcal/day for women and 1,900 kcal/day for
men. The percentage of energy (E%) from different macronutri-
ents in the recipes was 45–60 E% carbohydrates, 25 E% fat and
10–20 E% protein. The macronutrient composition of the NNR
shares its principles with the Mediterranean diet but is adapted
to local products and traditions in the Nordic countries.18

The LCHF diet
Participants were instructed to consume an average daily calorie
intake of 1,600 kcal/day for women and 1,900 kcal/day for men.
Carbohydrate intake was restricted to a maximum of 10% of the
total energy intake. Moreover, recipes were provided with an
energy distribution of 5–10 E% carbohydrates, 50–80 E% fat and
15–40 E% protein. The LCHF diet is based on meat, fish, eggs,
vegetables, vegetable oils, and dairy fat. Foods to be avoided
included sugar, bread, pasta, rice, pies, potatoes, and fruit.

Standard of care
The SoC group received individualised guidance from a hep-
atologist on how to choose a healthy diet, to reduce the intake of
sweets and saturated fatty acids, increase sources of unsaturated
fat, avoid large portions, and to regularly eat 3 meals per day.
Each participant was provided a written summary of the dietary
advice (see Supplementary material).

Magnetic resonance spectroscopy
Twenty-four to 72 h before randomisation all participants un-
derwent MRS.19 MRS data were analysed using the Java-based
magnetic resonance user interface software (JAVA, Sun Micro-
systems, Menlo Park, California, US)20 and the fat and water
peaks were quantified using the advanced method for an
JHEP Reports 2021
accurate and efficient spectral fitting algorithm.21 For a complete
description of the MRS method, see the Supplementary material.

Fatty acid composition
In addition to the self-reported data from the food diaries and
24 h recall, samples for detection of plasma total lipid fatty acid
composition were collected at baseline, week 6 (for the 5:2 and
LCHF group) and week 12 to estimate the dietary intake of fat as
a measure of adherence to the diets (Fig. S1). The method is
described in the Supplementary material.

Statistical analysis
An a priori power calculation assumed a 30% relative reduction in
liver fat in the LCHF and 5:2 groups vs. a 10% reduction in the SoC
arm. With an a of 0.05 and 80% power to detect that effect, at
least 16 persons per group were needed. To compensate for drop
out, and to be able to detect a smaller difference in effect be-
tween the 5:2 and LCHF diets, the sample size was expanded to
25 persons per group.

The main analyses were done based on the intention-to-treat
(ITT) population and missing data were assumed to be missing at
random. All participants randomised to the intervention were
included in the ITT analysis. To estimate pre and post values, as
well as changes within and between the diets for the main
outcomes, a linear mixed model was used with diet and time,
including the interaction term, as fixed effects. In this analysis
the participants were included as a random effect. Estimates
were presented as least square means. Paired t tests were used to
evaluate pre-post differences for all secondary outcomes and
data were log-transformed when appropriate.

Two sensitivity analyses were performed. First, sex and MRS
measure of liver fat fraction (MR fat percent) differed at baseline
and were therefore included in the model as adjustment factors.
Second, a per-protocol (PP) analysis was carried out. All partici-
pants who reported adherence to diet until EoT and who were
not lost to follow-up were included in the PP analysis. R version
3.6.1 (R Foundation for Statistical Computing, Vienna, Austria)
was used for all analyses.
Results
Participants and baseline characteristics
Between September 2017 and January 2020, a total of 74 par-
ticipants were randomised to the treatment groups. See flow-
chart for a detailed description of the screening and inclusion of
participants (Fig. 1). In total, dropouts were less common in the
5:2 arm (n = 1 [4%]) as compared with the LCHF arm (n = 5
[20%]), and SoC arm (n = 4 [17%]). Of those who discontinued the
treatment, 7 were lost to follow-up. Hence, 64 participants were
included in the PP analysis. One participant in the 5:2 group
reported a severe adverse event during a fasting day (a fall as a
result of hypoglycaemia). See the Supplementary material for
reasons for discontinuation and adverse events.

At baseline, all groups were balanced on age, BMI, liver
stiffness, waist-to-hip ratio (WHR), prevalence of T2DM, ho-
meostatic model assessment for insulin resistance (HOMA-IR),
blood cholesterol levels, and level of physical activity. No sig-
nificant difference was observed in self-reported consumption of
alcohol at baseline. The proportion of females was higher in the
SoC group. Baseline self-reported energy percent (E%) intake
from carbohydrates, lipids, and proteins was similar between
groups. The MR fat percent at baseline was 12.0% in the 5:2
3vol. 3 j 100256



Table 1. Baseline characteristics at randomisation.

Standard of care (n = 24) 5:2-diet (n = 25) LCHF-diet (n = 25)

Age, years 56 (9) 57 (10) 56 (12)
Gender female, n (%) 17 (71) 12 (48) 12 (48)
Type 2 diabetes, n (%) 6 (25) 6 (24) 5 (20)
BMI, kg/m2 32.9 (5.2) 32.3 (2.7) 32.1 (3.8)
Body weight, kg 94.0 (18.1) 96.9 (14.3) 92.0 (11.8)
WHR 1.0 (0.1) 1.0 (0.1) 1.0 (0.1)
Systolic BP, mmHg 140 (17) 140 (15) 134 (14)
Diastolic BP, mmHg 91 (9) 89 (11) 89 (9)
MR-fat, % 16.6 (8.3) 12.0 (8.1) 12.7 (7.2)
MR-fat >5%, n (%) 23 (95.8) 21 (84.0) 21 (84.0)
Elastography, kPa 7.3 (3.0) 7.5 (3.1) 6.6 (2.8)
CAP, dB/m 339 (40) 340 (42) 330 (46)
HbA1c, mmol/L 41.8 (8.0) 42.6 (8.9) 39.8 (6.9)
HOMA-IR 8.4 (9.3) 6.8 (2.7) 6.1 (3.8)
OGTT, mmol/L 9.3 (2.0) 7.7 (2.0) 7.7 (1.6)
ALT, IU/L 76 (47) 59 (23) 59 (35)
AST, IU/L 48 (21) 37 (17) 36 (14)
Total cholesterol, mmol/L 5.3 (0.9) 5.3 (1.2) 4.8 (0.9)
LDL, mmol/L 3.2 (0.9) 3.2 (1.1) 2.9 (0.8)
HDL, mmol/L 1.3 (0.3) 1.2 (0.2) 1.1 (0.2)
Triglycerides, mmol/L 2.0 (1.4) 1.9 (0.6) 1.6 (0.7)
Total energy intake, kcal 1,897 (360) 1,900 (435) 1,890 (436)
Carbohydrate, E% 39.6 (8.3) 42.0 (6.3) 42.8 (8.2)
Protein, E% 17.5 (3.2) 16.8 (2.4) 17.9 (4.5)
Fat, E% 41.1 (6.4) 39.8 (6.0) 36.4 (7.4)
Alcohol, g/day 4.9 (8.0) 4.1 (9.6) 8.3 (12.5)
Physical activity, min/week 45.1 (23.9) 45.4 (31.0) 61.1 (44.0)

Continuous variables are presented as mean (±SD) or as number of participants (%). BP, blood pressure; CAP, controlled attenuation parameter; HOMA-IR, homeostatic model
assessment for insulin resistance; MR fat, liver steatosis, %, measured with magnetic resonance spectroscopy; OGTT, oral glucose tolerance test; WHR, waist-to-hip ratio.
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group, 12.7% in the LCHF group, and 16.6% in the SoC group
(Table 1).

Reduction of hepatic steatosis
In the ITT analysis, a significant reduction in liver fat was
observed in all 3 groups from baseline to EoT. Absolute and
relative reduction of MR fat percent is shown in Figure 2. In an
inter-group comparison, the absolute reduction of MR fat
percent was significantly higher in both the 5:2 and LCHF groups
compared with the SoC group (difference in change 5:2 vs. SoC:
−2.6% [95% CI = −5.0 to −0.2] and LCHF vs. SoC: −3.9 [95% CI = −6.3
to −1.4]). No difference in liver fat reduction was observed be-
tween the 5:2 and LCHF groups (difference in change LCHF vs.
5:2: −1.3 (95% CI = −3.6 to 1.1).

Effect on liver stiffness and CAP
Liver stiffness decreased significantly from baseline to EoT in the
5:2 and the SoC group but not in the LCHF group (Table 2). In the
inter-group comparison, the reduction of liver stiffness was
significantly larger in both the 5:2 and the SoC group compared
with the LCHF group (difference in change between 5:2 and
LCHF: −1.5 kPa [95% CI = −2.5 to −0.4]) and the SoC group (dif-
ference in change between SoC and LCHF: −1.2 kPa [95% CI = −2.3
to −0.1]). CAP levels decreased from baseline in both the 5:2 and
LCHF groups but not in the SoC group (Table 2). Owing to a
malfunction of the Fibroscan® device (Echosens) during part of
the inclusion period, the collection of CAP-levels was partly
incomplete.

Effect on body weight, insulin resistance, total cholesterol,
and blood lipids
BMI and body weight were significantly reduced in all 3 groups,
with the largest reductions observed in the 5:2 and LCHF groups.
JHEP Reports 2021
The proportions of participants who achieved weight loss of >5%
and >7% was higher in the 5:2 and LCHF groups (SoC >5% n = 6
[28%], >7% n = 4 [19%]; 5:2 >5% n = 20 [83%], >7% n = 15 [63%];
LCHF >5% n = 18 [81%], >7% n = 16 [73%]). Patients in the 5:2 and
LCHF groups significantly reduced HbA1c and HOMA-IR levels. A
significant reduction of total serum cholesterol and LDL levels
was observed in the 5:2 group but not in the LCHF or SoC groups.
In fact, a trend towards higher LDL and a significantly higher HDL
was observed in the LCHF group (Table 2).
Adherence to diet
The LCHF group increased the intake of fat E% by 99% and protein
E% by 24% from baseline value while carbohydrate E% decreased
by 70%. In the 5:2 group protein E% increased by 16%. Intake of
saturated fatty acids significantly increased in the LCHF group,
but decreased in the 5:2 and SoC groups (Table 2 and Fig. S2). At
the EoT, no difference was observed between the groups in the
amount of consumed alcohol.

As a crude measure of total dietary fat intake, the relative
levels of linoleic (LA [C18:2n-6]) and a-linolenic acid (ALA
[C18:3n-6]) were increased from baseline in the LCHF group but
was unchanged in the 5:2 and SoC groups (Fig. S2).
Physical activity
Self-reported duration of physical activity did not differ between
groups at baseline (Table 1). During the follow-up, no significant
change in physical activity was observed for any group (Table 2).
Sensitivity analysis
After adjusting for sex and baseline MR fat percent, no differ-
ences in our primary outcome were seen compared with the
main results (Table S2). The difference in effect on liver stiffness
4vol. 3 j 100256
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Fig. 2. Change in liver steatosis. (A) Boxplot showing MR fat percent at
baseline and at end of treatment, per group: SoC: −3.6% (95% CI = −5.8 to −1.5);
5:2: −6.1% (95% CI = −8.1 to −4.2); LCHF: −7.2% (95% CI = −9.3 to −5.1). *,**p
values for change within each group from baseline to end of treatment. p
values at brackets, significance for between-group comparison with linear
mixed model. (B) Relative change in MR fat from baseline to end of treatment,
per group. *,**p values for change within group with linear mixed model. 5:2,
the 5:2 diet; LCHF, the low-carb high-fat diet; MR, magnetic resonance spec-
troscopy; SoC, standard of care.
between the LCHF and the SoC groups was no longer significant,
although a trend was still observed (p = 0.052).

In the PP analysis the reduction of liver fat remained signifi-
cant in all groups. The change in liver stiffness in the 5:2 and SoC
group also remained significant (Table S3).
Discussion
In this randomised controlled trial, we found that a dietitian-
supported treatment with a LCHF or 5:2 diet was more effec-
tive than SoC in reduction of liver fat after a 12-week treatment.
No difference in liver fat reduction was observed between the
5:2 and the LCHF diet. Previous studies have reported a corre-
lation between weight loss and reduction of liver fat in NAFLD.6

The present results support this correlation and demonstrate
that dietary advice can be individualised to achieve short-term
weight loss. Individualised dietary counselling may be crucial
considering that many person-specific factors affect body
metabolism.22 The US National Institute of Health has recently
JHEP Reports 2021
announced that precision nutrition will be a major research
strategy between 2020 and 2030.23

Although the LCHF diet has become popular over the past
decade,24 the benefit of a low-CHO diet is controversial. Low-
CHO diets, such as the LCHF, have been shown to reduce
obesity and IR in patients with T2DM.11,25 Low-CHO diets can be
equally or more effective in reducing liver steatosis in NAFLD
compared with low-fat or low-calorie diets.26,27 However, the
types of dietary lipid consumed may also be of importance in
NAFLD. Previous studies have shown that obese people with a
high intake of saturated fatty acids develop more steatosis
compared with those who consume a diet rich in poly-
unsaturated fatty acids.28,29 Those findings were not confirmed
in our study given that the LCHF diet was equally effective as the
5:2 diet in reducing steatosis in NAFLD. This finding suggests that
the hypocaloric context is of greater importance when reversing
hepatic steatosis than the macronutrient composition.

ICR diets, such as the 5:2 diet, have gained broad popularity
and are promoted in general media.30,31 ICR diets have shown
good results in reducing body weight, cardiovascular risk factors,
and IR in obese patients.32 To our knowledge, only 2 studies have
investigated the efficacy of ICR as a treatment for NAFLD, with
both indicating that ICR can have beneficial effects on liver
steatosis.33,34 In one of these the studies33 an 8-week interven-
tion with ICR resulted in the reduction of steatosis and fibrosis as
measured by ultrasound and elastography. To our knowledge, no
previous study has compared the efficacy of ICR or, more spe-
cifically, the 5:2 diet with the LCHF diet to treat NAFLD.

The reductionof liverfibrosis is a key targetof treatment.3 In this
study, a significant reduction of liver stiffness was observed in the
5:2 and the SoC groups but not in the LCHF group. Although this
observation is noteworthy, we cannot conclude from these results
that improved liver stiffness directly translates to a reduction of
liver fibrosis. Other causes for changes in elastography measure-
ments, that is the degree of inflammation, cannot be excluded as
liver biopsies were not obtained in this study.

A strong correlation exists between LDL levels and the risk of
cardiovascular disease.35 In this trial, the 5:2 diet resulted in a
reduction of LDL levels, whereas in the LCHF group a trend towards
higher LDLwas noted. Thisfinding is in linewith the results of other
trials investigating the effect of LCHF on LDLs.25 NAFLD patients
often have other risk factors of cardiovascular disease. Longitudinal
studies of the natural course of NAFLD have shown that cardio-
vascular disease is the major cause of death.36–38 Given these cir-
cumstances, LCHF could be less suited as a treatment for NAFLD
patients with cardiovascular comorbidities. However, the present
trial was not designed to study blood cholesterol levels specifically,
andwe also found a significant increase in blood HDL, known to be
cardioprotective, in the LCHF arm. Therefore further research is
needed to explore this issue.

Participants in the LCHF group reported more adverse events,
mainly gastrointestinal, leading to diet discontinuation. As ex-
pected, patients following the 5:2 diet reported hunger and fa-
tigue during fasting days, but few other unforeseen side effects.
Fewer participants dropped out of the 5:2 group compared with
the LCHF and SoC groups. This could suggest that the 5:2 diet is
easier to adhere to and has less side effects, but that would need
to be tested in additional studies.

This study has several strengths. First, it is a prospective
randomised controlled trial with well-balanced groups at base-
line. Second, a large proportion of the participants completed the
study protocol. Third, records of food intake and changes in
5vol. 3 j 100256



Table 2. Description of outcome measures.

Standard of care (n = 24) 5:2-diet (n = 25) LCHF-diet (n = 25)

Complete
data D (95% CI) p

Complete
data D (95% CI) p

Complete
data D (95% CI) p

Weight, % reduction 21 −2.6 (−3.7 to −1.5) <0.001 24 −7.4 (−8.7 to −6.2) <0.001 22 −7.7 (−10.0 to −5.4) <0.001
Weight, kg 21 −2.5 (−3.5 to −1.5) <0.001 24 −7.4 (−8.7 to −6.0) <0.001 22 −7.3 (−9.9 to −5.1) <0.001
BMI, kg/m2 21 −0.9 (−1.3 to −0.5) <0.001 24 −2.4 (−2.8 to −2.0) <0.001 22 −2.5 (−3.3 to −1.7) <0.001
WHR 20 −0.02 (−0.04 to −0.008) 0.004 24 −0.03 (−0.04 to −0.01) 0.001 21 −0.05 (−0.07 to −0.02) 0.002
Systolic BP, mmHg 20 −0.6 (−9.6 to 8.4) 0.89 24 −5.8 (−13.0 to 1.5) 0.114 22 −6.4 (−10.7 to −2.2) 0.005
Diastolic BP, mmHg 20 −2.1 (−6.5 to 2.2) 0.311 24 −3.8 (−7.8 to 0.3) 0.07 22 −4.0 (−7.6 to −0.3) 0.036
Elastography, kPa 20 −1.5 (−2.5 to −0.5) 0.005 24 −1.8 (−2.7 to −0.9) <0.001 22 −0.3 (−1.3 to 0.7) 0.522
CAP, dB/m 13 −20.2 (−46.4 to 6.0) 0.118 16 −63.8 (−86.7 to −40.8) <0.001 18 −61.9 (−84.8 to −39.0) <0.001
Hba1c, mmol/mol 21 −1.1 (−2.4 to 0.2) 0.093 24 −4.8 (−6.5 to −3.0) <0.001 22 −3.2 (−4.6 to −1.7) <0.001
HOMA-IR 21 −2.4 (−5.2 to 0.5) 0.097 24 −3.2 (−4.1 to −2.2) <0.001 22 −2.9 (−4.9 to −0.9) 0.006
ALT, IU/L 21 −11.8 (−17.6 to −3.5) 0.006 24 −17.6 (−29.4 to −11.8) <0.001 22 −17.6 (−29.4 to −3.5) 0.013
AST, IU/L 21 −9.1 (−16.5 to −1.7) 0.018 24 −6.0 (−12.3 to 0.5) 0.068 22 −4.9 (−10.6 to 0.9) 0.091
Total cholesterol, mmol/L 21 −0.07 (−0.3 to 0.1) 0.452 24 −0.50 (−0.8 to −0.3) <0.001 22 0.20 (−0.08 to 0.5) 0.146
LDL-cholesterol, mmol/L 20 −0.05 (−0.2 to 0.1) 0.544 24 −0.40 (−0.6 to −0.2) <0.001 22 0.20 (−0.03 to 0.5) 0.075
HDL-cholesterol, mmol/L 21 0.05 (−0.01 to 0.1) 0.125 24 0.05 (−0.008 to 0.1) 0.085 22 0.10 (0.04 to 0.2) 0.004
Triglycerides, mmol/L 21 −0.2 (−0.4 to 0.04) 0.092 24 −0.4 (−0.6 to −0.1) 0.004 22 −0.2 (−0.5 to −0.01) 0.041
ALA + LA, mol% 18 0.4 (−2.1 to 3.0) 0.724 21 0.5 (−0.6 to 1.5) 0.374 17 1.9 (0.6 to 3.2) 0.008
Energy intake, kcal/day 18 −282.9 (−443.2 to −122.6) 0.002 23 −587.8 (−791.0 to −384.6) <0.001 21 −184.1 (−383.7 to 15.5) 0.069
Carb, E% 18 −1.0 (−5.3 to 3.2) 0.614 23 1.2 (−3.2 to 5.5) 0.585 21 −30.0 (−36.1 to −24.0) <0.001
Protein, E% 18 1.2 (−0.8 to 3.2) 0.237 23 2.2 (0.8 to 3.7) 0.005 21 3.4 (0.4 to 6.4) 0.028
Fat, E% 18 −0.4 (−4.5 to 3.7) 0.832 23 −3.7 (−8.6 to 1.2) 0.13 21 31.6 (26.2 to 37.0) <0.001
SFA, g/day 18 −8.8 (−13.8 to −3.8) 0.002 23 −16.1 (−20.6 to −11.5) <0.001 21 21.2 (11.8 to 30.6) <0.001
PUFA, g/day 18 −0.3 (−3.8 to 3.3) 0.881 23 −2.3 (−4.9 to 0.3) 0.076 21 6.4 (2.9 to 9.8) 0.001
MUFA, g/day 18 −3.3 (−8.1 to 1.5) 0.164 23 −9.6 (−15.3 to −3.9) 0.002 21 15.6 (8.9 to 22.4) <0.001
Fibre, g/day 18 0.6 (−2.8 to 4.0) 0.711 23 −4.2 (−7.6 to −0.8) 0.018 21 −4.8 (−7.2 to −2.4) <0.001
PA, min/week 16 −3.3 (−20.7 to 14.1) 0.699 15 18.4 (−4.7 to 41.5) 0.114 14 1.6 (−35.5 to 38.7) 0.929

Change of outcome measures from baseline to end of treatment. D denotes relative reduction in % for weight and absolute difference of mean from baseline to end of treatment for other variables. Values of p denote comparisons of
means at baseline and end of treatment in each group with paired t test. Values in bold denote statistical significance at the p <0.05 level.
ALA, a-linolenic acid; BP, blood pressure; CAP, controlled attenuation parameter; Carb, carbohydrate; HOMA-IR, homeostatic model assessment for insulin resistance; LA, linoleic acid; MUFA, monounsaturated fatty acids; OGTT: oral
glucose tolerance test; PA, physical activity; PUFA, polyunsaturated fatty acids; SFA, saturated fatty acids; WHR, waist-to-hip ratio.
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plasma lipid concentrations suggest good adherence to the di-
ets.39 The outcome measure in our trial, MRS, is a well-validated
and reliable non-invasive method for measuring liver steatosis.40

A few patients had between 3% and 5% hepatic steatosis. Previ-
ous studies have however shown that a cut-off level of 3% can be
used for detecting steatosis with MRS, which is why we chose to
also include patients with an MR fat percent of 3–5% at base-
line.41 The study population is representative of the majority of
NAFLD patients, ensuring this study has high external validity
and suggests that these diets are appropriate to use at primary
care level.

Some limitations should be acknowledged. As this trial was
investigating dietary treatment of NAFLD it was designed as an
open-label study. In an ideally designed randomised controlled
trial the assigned treatment is double-blinded. However, this
cannot be accomplished in diet interventions where the expo-
sure is obvious to both the participants and the researchers. The
duration of the trial was short (12 weeks). Short-term weight
loss can be difficult to maintain over time.42 Our study cannot
predict the long-term risk of steatosis recurrence after the
intervention. To study this issue future studies should have
longer follow-up periods. Despite randomisation, the SoC group
was not balanced to the same extent as the 5:2 and LCHF groups
for sex and baseline MRS fat percent. However, a sensitivity
analysis adjusting for these factors confirmed the main results.

A 3-day food diary was used to evaluate the diet composition
during the trial. When writing a food diary, patients often under-
JHEP Reports 2021
report the total amount of energy.43 Because of this liability, the
results indicating that all 3 groups had a hypocaloric diet already
at baseline should be interpreted with caution.

Finally, the SoC group did not receive the same guidance by a
dietitian as the LCHF and 5:2 groups. The differences observed in
the LCHF and 5:2 groups compared with the SoC group could be
attributable to more frequent consultations during follow-up.
However, the primary aim of this trial was to compare the ef-
fects of a low-CHO diet and ICR diet with standard of care. The
objective of the design of this trial was that the SoC group served
as a placebo-treatment. Future studies should evaluate whether
the effects of the LCHF and 5:2 diets can be achieved without
comprehensive guidance from a dietitian.
Conclusions
The 5:2 and LCHF diets were equally effective in reducing liver
steatosis, body weight, and measures of IR in NAFLD, supporting
individual decision-making for patients with NAFLD who want to
reduce hepatic steatosis. However, the 5:2 diet also reduced liver
stiffness, was tolerated to a higher degree, and had more
favourable effects on LDL cholesterol than the LCHF diet. Given
this, the 5:2 diet could possibly be overall more beneficial to
patients with NAFLD, especially to those with cardiovascular risk
factors.
Abbreviations
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tance; ITT, intention-to-treat analysis; LCHF, low-carb high-fat diet; low-
CHO, low-carbohydrate diet; MRS, magnetic resonance spectroscopy;
MUFA, monounsaturated fatty acids; NAFLD, non-alcoholic fatty liver
disease; NASH, non-alcoholic steatohepatitis; NNR, Nordic Nutrition
Recommendations 2012; OGTT, oral glucose tolerance test; PP, per pro-
tocol analysis; PUFAs, polyunsaturated fatty acids; SFAs, saturated fatty
acids; SoC, standard of care; T2DM, type 2 diabetes mellitus; WHR, waist-
to-hip ratio.
Financial support
The study was supported by grants from the Stockholm County Council
(ALF LS 2019-0064), the Dietary Science Foundation (Kostfonden), the
Skandia Research Foundation and the Åke Wiberg Foundation. PS was
supported by grants from the Stockholm County Council, Sweden (Clin-
ical research appointment K2017-4579), the Center for innovative medi-
cine, Stockholm, Sweden (CIMED 20180889) and The Swedish Cancer
Society (170690).

Conflict of interest
The authors declare no conflicts of interest that pertain to this work.

Please refer to the accompanying ICMJE disclosure forms for further
details.
Authors’ contributions
Study conception and design: H.H., M.H., P.S. Acquisition of data: M.H.,
C.L., S.P., T.B., H.H., V.T., P.S. Statistical analysis: J.M.-S., M.H. Analysis and
interpretation of data: all authors. Drafting of manuscript: M.H. Critical
revision: all authors. Guarantors of article: M.H., P.S. Approval of the final
version of the article, including the authorship list: all authors.
Data availability
The raw data supporting the findings of this trial was generated at Karolinska
Institutet, Stockholm, Sweden. Anonymised data in the study are available
from the corresponding author on reasonable request. This excludes sharing of
data that is in conflict with the statement of confidentiality in the informed
consent.
Acknowledgements
The authors would like to express their gratitude to Maria Andersson,
Kerstin Eriksson, and Pia Loqvist for all their hard work and assistance
with collection of the data for this study.

Supplementary data
Supplementary data to this article can be found online at https://doi.org/1
0.1016/j.jhepr.2021.100256.

References
Author names in bold designate shared co-first authorship

[1] Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M. Global
epidemiology of nonalcoholic fatty liver disease – meta-analytic assess-
ment of prevalence, incidence, and outcomes. Hepatology 2016;64:73–84.

[2] Bellentani S, Saccoccio G, Masutti F, Croce LS, Brandi G, Sasso F, et al.
Prevalence of and risk factors for hepatic steatosis in Northern Italy. Ann
Intern Med 2000;132:112–117.

[3] Hagstrom H, Nasr P, Ekstedt M, Hammar U, Stal P, Hultcrantz. Fibrosis
stage but not NASH predicts mortality and time to development of
severe liver disease in biopsy-proven NAFLD. J Hepatol 2017;67(6):
1265–1273.

[4] Friedman SL, Neuschwander-Tetri BA, Rinella M, Sanyal AJ. Mechanisms of
NAFLD development and therapeutic strategies. Nat Med 2018;24:908–
922.

[5] Zelber-Sagi S, Nitzan-Kaluski D, Goldsmith R, Webb M, Blendis L,
Halpern Z, et al. Long term nutritional intake and the risk for non-
alcoholic fatty liver disease (NAFLD): a population based study.
J Hepatol 2007;47:711–717.
7vol. 3 j 100256

https://doi.org/10.1016/j.jhepr.2021.100256
https://doi.org/10.1016/j.jhepr.2021.100256
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref1
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref1
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref1
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref2
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref2
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref2
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref3
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref3
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref3
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref3
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref4
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref4
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref4
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref5
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref5
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref5
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref5


Research article
[6] Vilar-Gomez E, Martinez-Perez Y, Calzadilla-Bertot L, Torres-Gonzalez A,
Gra-Oramas B, Gonzalez-Fabian L, et al. Weight loss through lifestyle
modification significantly reduces features of nonalcoholic steatohepati-
tis. Gastroenterology 2015;149:367–378. e5; quiz e14–5.

[7] Thoma C, Day CP, Trenell MI. Lifestyle interventions for the treatment of
non-alcoholic fatty liver disease in adults: a systematic review. J Hepatol
2012;56:255–266.

[8] EASL-EASD-EASO Clinical Practice Guidelines for the management of non-
alcoholic fatty liver disease. J Hepatol 2016;64:1388–1402.

[9] Feinman RD, Pogozelski WK, Astrup A, Bernstein RK, Fine EJ, Westman EC,
et al. Dietary carbohydrate restriction as the first approach in diabetes
management: critical review and evidence base. Nutrition 2015;31:1–13.

[10] Volek JS, Phinney SD, Forsythe CE, Quann EE, Wood RJ, Puglisi MJ, et al.
Carbohydrate restriction has a more favorable impact on the metabolic
syndrome than a low fat diet. Lipids 2009;44:297–309.

[11] Skytte MJ, Samkani A, Petersen AD, Thomsen MN, Astrup A, Chabanova E,
et al. A carbohydrate-reduced high-protein diet improves HbA1c and liver
fat content in weight stable participants with type 2 diabetes: a rando-
mised controlled trial. Diabetologia 2019;62:2066–2078.

[12] Retterstøl K, Svendsen M, Narverud I, Holven KB. Effect of low carbohy-
drate high fat diet on LDL cholesterol and gene expression in normal-
weight, young adults: a randomized controlled study. Atherosclerosis
2018;279:52–61.

[13] Schubel R, Nattenmuller J, Sookthai D, Nonnenmacher T, Graf ME, Riedl L,
et al. Effects of intermittent and continuous calorie restriction on body
weight and metabolism over 50 wk: a randomized controlled trial. Am J
Clin Nutr 2018;108:933–945.

[14] Klempel MC, Kroeger CM, Bhutani S, Trepanowski JF, Varady KA. Inter-
mittent fasting combined with calorie restriction is effective for weight
loss and cardio-protection in obese women. Nutr J 2012;11:98.

[15] Carter S, Clifton PM, Keogh JB. Effect of intermittent compared with
continuous energy restricted diet on glycemic control in patients with
type 2 diabetes: a randomized noninferiority trial. JAMA Netw Open
2018;1:e180756.

[16] Cai H, Qin YL, Shi ZY, Chen JH, Zeng MJ, Zhou W, et al. Effects of alternate-
day fasting on body weight and dyslipidaemia in patients with non-
alcoholic fatty liver disease: a randomised controlled trial. BMC Gastro-
enterol 2019;19:219.

[17] Gibson RS. Principles of Nutritional Assessment. Oxford: Oxford Univer-
sity Press; 2005.

[18] Nordic Council of Ministers. Nordic Nutrition Recommendation
2012(2014)5,(11):1. Integrating Nutrition and Physical Activity. Uppsala:
Swedish National Food Agency; 2012.

[19] Heba ER, Desai A, Zand KA, Hamilton G, Wolfson T, Schlein AN, et al.
Accuracy and the effect of possible subject-based confounders of
magnitude-based MRI for estimating hepatic proton density fat fraction in
adults, using MR spectroscopy as reference. J Magn Reson Imaging
2016;43:398–406.

[20] Naressi A, Couturier C, Devos JM, Janssen M, Mangeat C, de Beer R, et al.
Java-based graphical user interface for the MRUI quantitation package.
MAGMA 2001;12:141–152.

[21] Vanhamme L, van den Boogaart A, Van Huffel S. Improved method for
accurate and efficient quantification of MRS data with use of prior
knowledge. J Magn Reson 1997;129:35–43.

[22] Berry SE, Valdes AM, Drew DA, Asnicar F, Mazidi M, Wolf J, et al. Human
postprandial responses to food and potential for precision nutrition. Nat
Med 2020;26:964–973.

[23] Rodgers GP, Collins FS. Precision nutrition – the answer to “what to eat to
stay healthy”. JAMA 2020;324:735–736.

[24] Noakes TD, Windt J. Evidence that supports the prescription of low-
carbohydrate high-fat diets: a narrative review. Br J Sports Med
2017;51:133–139.

[25] Nordmann AJ, Nordmann A, Briel M, Keller U, Yancy Jr WS, Brehm BJ, et al.
Effects of low-carbohydrate vs low-fat diets on weight loss and cardio-
vascular risk factors: a meta-analysis of randomized controlled trials.
Arch Intern Med 2006;166:285–293.

[26] Browning JD, Baker JA, Rogers T, Davis J, Satapati S, Burgess SC. Short-term
weight loss and hepatic triglyceride reduction: evidence of a metabolic
JHEP Reports 2021
advantage with dietary carbohydrate restriction. Am J Clin Nutr
2011;93:1048–1052.

[27] Goss AM, Dowla S, Pendergrass M, Ashraf A, Bolding M, Morrison S, et al.
Effects of a carbohydrate-restricted diet on hepatic lipid content in ado-
lescents with non-alcoholic fatty liver disease: a pilot, randomized trial.
Pediatr Obes 2020;15:e12630.

[28] Bjermo H, Iggman D, Kullberg J, Dahlman I, Johansson L, Persson L, et al.
Effects of n-6 PUFAs compared with SFAs on liver fat, lipoproteins, and
inflammation in abdominal obesity: a randomized controlled trial. Am J
Clin Nutr 2012;95:1003–1012.

[29] Rosqvist F, Iggman D, Kullberg J, Cedernaes J, Johansson HE, Larsson A,
et al. Overfeeding polyunsaturated and saturated fat causes distinct ef-
fects on liver and visceral fat accumulation in humans. Diabetes
2014;63:2356–2368.

[30] Seimon RV, Roekenes JA, Zibellini J, Zhu B, Gibson AA, Hills AP, et al. Do
intermittent diets provide physiological benefits over continuous diets for
weight loss? A systematic review of clinical trials. Mol Cell Endocrinol
2015;418(Pt 2):153–172.

[31] Alhamdan BA, Garcia-Alvarez A, Alzahrnai AH, Karanxha J,
Stretchberry DR, Contrera KJ, et al. Alternate-day versus daily energy re-
striction diets: which is more effective for weight loss? A systematic re-
view and meta-analysis. Obes Sci Pract 2016;2:293–302.

[32] Trepanowski JF, Kroeger CM, Barnosky A, Klempel MC, Bhutani S,
Hoddy KK, et al. Effect of alternate-day fasting on weight loss, weight
maintenance, and cardioprotection among metabolically healthy
obese adults: a randomized clinical trial. JAMA Intern Med 2017;177:930–
938.

[33] Johari MI, Yusoff K, Haron J, Nadarajan C, Ibrahim KN, Wong MS, et al.
A randomised controlled trial on the effectiveness and adherence of
modified alternate-day calorie restriction in improving activity of non-
alcoholic fatty liver disease. Sci Rep 2019;9:11232.

[34] Drinda S, Grundler F, Neumann T, Lehmann T, Steckhan N, Michalsen A,
et al. Effects of periodic fasting on fatty liver index – a prospective
observational study. Nutrients 2019;11:2601.

[35] Ference BA, Yoo W, Alesh I, Mahajan N, Mirowska KK, Mewada A, et al.
Effect of long-term exposure to lower low-density lipoprotein cholesterol
beginning early in life on the risk of coronary heart disease: a Mendelian
randomization analysis. J Am Coll Cardiol 2012;60:2631–2639.

[36] Fiorentino TV, Succurro E, Sciacqua A, Andreozzi F, Perticone F, Sesti G.
Non-alcoholic fatty liver disease is associated with cardiovascular disease
in subjects with different glucose tolerance. Diabetes Metab Res Rev
2020;36:e3333.

[37] Baratta F, Pastori D, Angelico F, Balla A, Paganini AM, Cocomello N, et al.
Nonalcoholic fatty liver disease and fibrosis associated with increased risk
of cardiovascular events in a prospective study. Clin Gastroenterol Hep-
atol 2020;18:2324–2331. e4.

[38] Paik JM, Deshpande R, Golabi P, Younossi I, Henry L, Younossi ZM. The
impact of modifiable risk factors on the long-term outcomes of
non-alcoholic fatty liver disease. Aliment Pharmacol Ther 2020;51:291–
304.

[39] Raatz SK, Bibus D, Thomas W, Kris-Etherton P. Total fat intake modifies
plasma fatty acid composition in humans. J Nutr 2001;131:231–234.

[40] Lin SC, Heba E, Bettencourt R, Lin GY, Valasek MA, Lunde O, et al.
Assessment of treatment response in non-alcoholic steatohepatitis using
advanced magnetic resonance imaging. Aliment Pharmacol Ther
2017;45:844–854.

[41] Nasr P, Forsgren MF, Ignatova S, Dahlstrom N, Cedersund G, Leinhard OD,
et al. Using a 3% proton density fat fraction as a cut-off value increases
sensitivity of detection of hepatic steatosis, based on results from histo-
pathology analysis. Gastroenterology 2017;153:53–55. e7.

[42] Hensrud DD, Weinsier RL, Darnell BE, Hunter GR. A prospective study of
weight maintenance in obese subjects reduced to normal body weight
without weight-loss training. Am J Clin Nutr 1994;60:688–694.

[43] Cook A, Pryer J, Shetty P. The problem of accuracy in dietary surveys.
Analysis of the over 65 UK National Diet and Nutrition Survey. J Epidemiol
Commun Health 2000;54:611–616.
8vol. 3 j 100256

http://refhub.elsevier.com/S2589-5559(21)00032-X/sref6
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref6
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref6
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref6
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref7
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref7
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref7
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref8
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref8
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref9
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref9
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref9
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref10
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref10
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref10
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref11
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref11
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref11
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref11
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref12
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref12
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref12
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref12
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref13
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref13
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref13
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref13
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref14
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref14
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref14
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref15
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref15
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref15
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref15
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref16
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref16
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref16
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref16
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref17
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref17
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref18
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref18
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref18
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref19
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref19
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref19
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref19
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref19
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref20
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref20
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref20
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref21
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref21
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref21
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref22
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref22
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref22
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref23
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref23
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref24
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref24
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref24
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref25
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref25
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref25
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref25
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref26
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref26
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref26
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref26
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref27
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref27
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref27
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref27
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref28
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref28
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref28
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref28
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref29
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref29
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref29
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref29
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref30
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref30
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref30
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref30
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref31
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref31
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref31
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref31
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref32
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref32
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref32
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref32
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref32
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref33
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref33
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref33
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref33
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref34
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref34
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref34
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref35
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref35
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref35
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref35
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref36
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref36
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref36
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref36
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref37
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref37
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref37
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref37
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref38
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref38
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref38
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref38
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref39
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref39
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref40
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref40
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref40
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref40
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref41
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref41
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref41
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref41
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref42
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref42
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref42
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref43
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref43
http://refhub.elsevier.com/S2589-5559(21)00032-X/sref43

	JHEPR100256_grabs
	JHEPR100256_proof
	Treatment of NAFLD with intermittent calorie restriction or low-carb high-fat diet – a randomised controlled trial
	Introduction
	Materials and methods
	Study participants
	Study protocol
	Diet intervention
	The 5:2 diet
	The LCHF diet
	Standard of care
	Magnetic resonance spectroscopy
	Fatty acid composition
	Statistical analysis

	Results
	Participants and baseline characteristics
	Reduction of hepatic steatosis
	Effect on liver stiffness and CAP
	Effect on body weight, insulin resistance, total cholesterol, and blood lipids
	Adherence to diet
	Physical activity
	Sensitivity analysis

	Discussion
	Conclusions
	Financial support
	Conflict of interest
	Authors’ contributions
	Data availability
	Supplementary data
	References



