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Effect of orlistat on liver fat content in 
patients with nonalcoholic fatty liver  
disease with obesity: assessment using 
magnetic resonance imaging-derived  
proton density fat fraction
Junzhao Ye, Yanqin Wu, Fuxi Li, Tingfeng Wu, Congxiang Shao, Yansong Lin,  
Wei Wang, Shiting Feng and Bihui Zhong

Abstract
Background: The liver effect of orlistat as a weight control treatment in patients with 
nonalcoholic fatty liver disease (NAFLD) with obesity remains undetermined. This study 
quantified liver fat improvement by orlistat in a Chinese cohort with NAFLD accompanied by 
obesity, diagnosed by a lower body mass index threshold than that for White patients.
Materials and methods: We conducted a parallel-group, open-label, 24-week, randomized 
clinical trial registered at the Chinese Clinical Trial Registry (ChiCTR-IPR-17012258). Obese 
participants with NAFLD were randomized 1:1.5 to the intervention group with orlistat or 
conventional care. Liver fat quantification was assessed by magnetic resonance imaging-
based proton density fat fraction with Dixon sequence.
Results: Overall, 170 (n = 68, orlistat 120 mg three times/day and n = 102, conventional therapy) 
and 130 patients with NAFLD (n = 56, orlistat and n = 74, conventional therapy) were included 
for intention-to-treat (ITT) and per-protocol (PP) analysis, respectively. Orlistat reduced liver 
fat content to a greater degree than conventional care [−5.45% versus −1.96%, p < 0.001 (ITT 
analysis) and −6.66% versus −2.68%, p < 0.001 (PP analysis)]. The 6-month rate of decrease 
in steatosis grades was higher in the orlistat group [45.6% versus 22.5% (ITT analysis), 57.4% 
versus 30.3% (PP analysis), both p < 0.001]. Multivariate logistic regression analysis identified 
orlistat treatment [odds ratio (OR) = 2.4; 95% confidence interval (CI) 1.1–5.6, p = 0.036] as 
an independent predictor of steatosis improvement. Among patients with orlistat therapy, 
weight loss (OR = 1.2, 95% CI 1.1–1.4, p = 0.040) and severe steatosis (OR = 6.7, 95% CI: 1.1–40.3, 
p = 0.03) remained predictive of steatosis improvement.
Conclusions: Orlistat can effectively promote steatosis improvement and may serve as a 
treatment option for controlling NAFLD.
Chinese Clinical Trial Registry identifier: ChiCTR-IPR-17012258

Keywords: magnetic resonance imaging-derived proton density fat fraction, nonalcoholic fatty 
liver diseases, obesity, orlistat

Received: 8 May 2019; revised manuscript accepted: 2 September 2019.

Correspondence to:  
Bihui Zhong  
Department of 
Gastroenterology, the First 
Affiliated Hospital, Sun 
Yat-sen University, No. 58 
Zhongshan II Road, Yuexiu 
District, Guangzhou, 
510080, China 
sophiazhong@hotmail.
com

Junzhao Ye  
Fuxi Li  
Tingfeng Wu  
Congxiang Shao  
Yansong Lin  
Department of 
Gastroenterology, the 
First Affiliated Hospital, 
Sun Yat-Sen University, 
Guangzhou, China

Yanqin Wu  
Department of 
Interventional Oncology, 
the First Affiliated 
Hospital, Sun Yat-Sen 
University, Guangzhou, 
China

Wei Wang  
Department of Medical 
Ultrasonics, the First 
Affiliated Hospital, Sun 
Yat-Sen University, 
Guangzhou, China

Shiting Feng  
Department of Radiology, 
the First Affiliated 
Hospital, Sun Yat-Sen 
University, Guangzhou, 
China

879047 TAG0010.1177/1756284819879047Therapeutic Advances in GastroenterologyJ Ye, Y Wu
research-article20192019

Original Research

https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/tag
mailto:sophiazhong@hotmail.com
mailto:sophiazhong@hotmail.com


Therapeutic Advances in Gastroenterology 12

2 journals.sagepub.com/home/tag

Introduction
Nonalcoholic fatty liver disease (NAFLD) is a 
chronic, metabolism-mediated disease character-
ized by excessive intrahepatic lipid accumulation, 
inflammation and fibrosis and can ultimately pro-
gress to cirrhosis, hepatocellular carcinoma and 
other extra-liver complications (such as diabetes 
and cardiovascular diseases).1 With the persis-
tently increasing prevalence of obesity, NAFLD 
has become the most prevalent cause of chronic 
liver disease, affecting up to 26% of the global 
population.2 Given the role of obesity in the 
pathogenesis of NAFLD, all the guidelines rec-
ommended weight loss by lifestyle interventions 
as the cornerstone in management of NAFLD.1,3,4 
To achieve improvement of liver histological stea-
tosis, weight loss of at least 5% is needed, while 
improvement of inflammation and fibrosis 
requires at least 7% and 10% weight loss, respec-
tively.3 However, only approximately 10% of 
patients can achieve weight loss via lifestyle inter-
ventions after 52 weeks.5 Developing adjunctive 
pharmaceutical interventions to promote weight 
loss remains a great challenge with the growing 
burden of NAFLD.

Orlistat, an oral gastrointestinal lipase inhibitor 
with weight-reducing effects, reduces the fat 
absorption of food and thus blocks dietary triglyc-
erides from entering the liver.6 Several studies 
have explored the therapeutic effects of orlistat in 
NAFLD. A recent meta-analysis of 330 patients 
with NAFLD found that orlistat treatment signifi-
cantly reduced the levels of body mass index 
(BMI; mean difference = −1.97; p = 0.02), but 
limited data were available for an analysis of 
hepatic steatosis.7 In a randomized, double-blind, 
placebo-controlled clinical trial8 from Israel, no 
significant decrease in body weight was observed, 
but ultrasound examination detected a higher 
reversal rate of fatty liver (24% versus 17%, 
p = 0.04) in patients treated with orlistat for 
24 weeks compared with that in the control group. 
Another landmark randomized controlled trial 
(RCT)9 using pathological score as endpoints 
showed that orlistat therapy for 36 weeks was not 
superior to lifestyle modification in inducing 
weight loss or improving hepatic steatosis in White 
patients. Taken together, these results suggest 
that the efficacy of orlistat in weight management 
and steatosis improvement remains controversial.

Significant differences in obesity severity, distri-
bution of adipose tissue and genetics exist between 

Asian and White populations.10–12 Lower BMI 
thresholds (BMI ⩾ 25 kg/m2) have been applied 
to diagnose obesity in patients from Asia with 
NAFLD.11 These patients also manifest more 
prevalent abdominal obesity in the same BMI cat-
egories than do White patients with NAFLD.10 
Whether heterogeneity in obesity influences orl-
istat-mediated weight loss and steatosis improve-
ment in Asian populations remains unclear.

Magnetic resonance imaging (MRI)-derived pro-
ton density fat fraction (PDFF) has been emerg-
ing as a non-invasive, quantitative and sensitive 
measure of the entire liver fat content, whose 
results show a robust correlation with magnetic 
resonance spectroscopy (gold standard for non-
invasive hepatic fat quantification).13 This method 
may assist in assessing the relative reduction in 
liver fat content after orlistat intervention from 
baseline, thus estimating treatment response 
accurately. Therefore, the main objective of the 
present study was to prospectively assess the effi-
cacy of orlistat in steatosis by MRI-PDFF in 
Chinese patients with NAFLD.

Materials and methods

Study design and participants
This study was a prospective, open-label, mono-
centric, RCT (registered at the Chinese Clinical 
Trial Registry, ChiCTR-IPR-17012258) con-
ducted in the First Affiliated Hospital of Sun Yat-
sen University, a tertiary NAFLD referral center 
in China. Patients with NAFLD who received 
treatment were identified between August 2017 
and August 2018. The study protocol was 
approved by the Clinical Research Ethics 
Committee of the First Affiliated Hospital of Sun 
Yat-sen University and written informed consent 
was obtained from all patients.

Inclusion criteria included the following: (1) a 
diagnosis of fatty liver confirmed by MRI-PDFF; 
(2) age between 18 and 60 years; (3) BMI ⩾ 25 kg/m2; 
(4) no history of use of medication associated 
with obesity; and (5) complete anthropometric 
measurements and radiological examinations.

The exclusion criteria were as follows: (1) exces-
sive alcohol consumption (⩾10 g/day in women 
and ⩾20 g/day in men); (2) use of steatosis- 
causing drugs such as tamoxifen and corticoster-
one; (3) secondary steatosis, including autoimmune 
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liver disease (screened by nuclear antibody, mito-
chondrial antibody, smooth muscle antibody, 
liver kidney microsomal antibody) and viral hepa-
titis (positive hepatitis B surface antigen or anti-
body against hepatitis C virus); (4) serious heart, 
kidney, or lung comorbidities or diabetes; (5) 
nursing or pregnant women; and (6) radiographic 
evidence of cirrhosis.

Allocation and intervention
Base on a predefined computer-generated num-
ber with a 1:1.5 allocation that was concealed 
using serially numbered, opaque, sealed enve-
lopes, the patients were stratified into an orlistat 
group and a conventional therapy group, and the 
selection of therapy regimen was open label. 
Patients in the orlistat group received orlistat 
(120 mg, three times daily) without additional 
treatment. Only patients who completed 24 weeks 
of orlistat treatment were included in the analysis. 
Orlistat intake was confirmed by prescription and 
records of patient interviews during clinic visits.

For the routine treatment group, patients received 
lifestyle modifications according to the Dietary 
Reference Intakes,14 the Dietary Guidelines15 and 
World Health Organization Global Strategy on 
Diet, Physical Activity and Health.16 The patients 
were instructed to restrict carbohydrate and fat 
intake and to exercise three times/week for 30 min 
per session. An easy-to-carry brochure with per-
sonalized exercise and dietary prescriptions based 
on sex, age, BMI, occupation and medical history 
was offered to each patient. For patients with indi-
cations for drug therapy to lipid profiles, blood 
pressure or uric acids, pharmacological therapy 
was added as recommended by guidelines.17–20 
Briefly, this therapy comprised metformin or insu-
lin for glucose control, benzbromarone for uric acid 
control, renin–angiotensin blockade or a calcium 
channel blocker for blood pressure control, and a 
statin for low-density lipoprotein cholesterol (LDL-
C) control. The prescription of specific agents was 
determined by the supervising physicians.

Clinical data collection
For eligible patients, we examined the basic demo-
graphic characteristics (age and sex), smoking hab-
its, past medication use, family history of metabolic 
disease and anthropometric parameters (blood 
pressure, weight, height, waist circumference, 
abdominal circumference, hip circumference) 

from the structured interview using a question-
naire. BMI was calculated as weight (kg) divided 
by height (m) squared. We also documented bio-
chemical indicators measured in the fasting state 
from medical electronic records, including alanine 
aminotransferase (ALT), aspartate amino trans-
ferase (AST), glutamyl transpeptidase, lipid pro-
files, blood glucose levels, plasma insulin levels and 
uric acids. The homeostasis model of assessment 
for insulin resistance (HOMA-IR) was calculated 
as [fasting plasma glucose level (mmol/l) × fasting 
plasma insulin level (μU/ml)]/22.5.21 After the ini-
tial visit, the above anthropometric indexes and 
biochemical indicators were measured at 1, 3 and 
6 months with a maximum delay of 1 month at 
each arranged visit.

Liver stiffness assessment by two-dimensional 
shear wave elastography
Liver stiffness was measured using two-dimensional 
shear wave elastography (Aix-en-Provence, 
France) within 2 weeks after the first clinic visit. 
Patients were required to be fasting for over 8 h 
and were placed in a supine position with the 
right arm elevated above the head. When shear 
wave image frames presented a color-coded sam-
ple area, physicians selected a fixed circular region 
of interest (ROI) with a diameter of 2.5 cm to 
avoid liver capsules.

Liver fat quantification with MRI-PDFF
MRI-PDFF was utilized with a 3.0-Tesla MRI 
scanner (SIEMENS 3.0T MAGNETOM Verio) 
for the baseline and follow-up liver fat estima-
tions. Fat–water separation images of the liver 
and pancreas were acquired using a T1volumetric 
interpolated breath-hold examination (VIBE) 
Dixon sequence with the following parameter set-
tings adopted from our previous study:22 TE1 
2.5 ms; TE2 3.7 ms; repetition time 5.47 ms; 5° 
flip angle; ±504.0 kHz per pixel receiver band-
width; and a slice thickness of 3.0 mm. The fat 
content was calculated in an irregular-shaped 
ROI covering the entire liver in 21 consecutive 
slices (max-area centered) of each patient placed 
by two trained radiologists manually as our previ-
ous study.22 MRI-PDFF maps for all segments 
were also generated by placing circular ROIs with 
diameter of 20 mm centrally in each of the eight 
liver segments. For the pancreas, the fat fraction 
of the head, body, and tail of the pancreas were 
documented in square-shaped ROIs (5 × 5 mm2) 
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from the corresponding region. The average fat 
content values were calculated for the entire liver 
and total pancreas. The steatosis grades was clas-
sified by MRI-PDFF as without (<5%) and mild 
(5–10%) with these cut-off values for discriminat-
ing steatosis degree were validated in the previous 
clinical trials for estimating the effects of different 
drugs on NAFLD.23–25 For distinguishing moder-
ate and severe steatosis, as a recent meta-analysis 
showed that thresholds of MRI-PDFF ranged 
from 16.37% to 23.3% for distinguishing moder-
ate and severe steatosis,26 we adopted 20%, 20–
30% and above 30% as cut-off values for 
moderate, moderate-to-severe, and severe steato-
sis, thus there were five categories in estimating 
steatosis grades as without (<5%), mild (5–10%), 
moderate (10–20%), moderate-to-severe (20–
30%) and severe (>30%). All the radiologists 
performing the MRI-PDFF measurements were 
blinded to the allocation in the two groups and 
the treatment of all participants. The initial con-
tent of liver fat was compared with that after 
treatment for 6 months, primary outcome was 
defined as liver fat fraction reduction with MRI-
PDFF and the secondary outcome was defined as 
at least 1 degree of liver fat content decrease from 
the baseline.

Sample size calculation
According to the previous clinical trials evaluating 
the efficacy of various drugs (colesevelam, 
ezetimibe, sitagliptin and empagliflozin) with 
MRI-PDFF on NAFLD,27–30 a liver fat fraction 
reduction of 5% after follow up was set to the orl-
istat group, while the control group was assumed 
to achieve 1% reduction in liver fat after follow 
up. A dropout rate of 20% would be considered. 
With these settings calculated by the PASS soft-
ware (NCSS, Kaysville, UT, USA), the estimated 
sample size needed to be 25 for the orlistat group 
and 40 for the control group to achieve a power of 
90% with an alpha of 0.05, we planned to rand-
omize at least 65 patients to ensure adequate 
study power, even with dropouts.

Statistical analysis
The results are presented as the mean ± standard 
deviation or median (interquartile range). An 
independent sample Student’s t-test was applied 
to compare baseline characteristics. Chi-square 
tests were used to compare the categorical varia-
bles. A paired Student’s t-test was used to assess 

therapeutic changes between baseline and end of 
treatment. The effects of orlistat on obesity-
related parameters were investigated using 
repeated-measures analysis of variance (ANOVA). 
Missing laboratory data were analyzed with the 
last-observation-carried-forward technique. The 
statistical analyses in both the intention-to-treat 
(ITT) and per-protocol (PP) populations are 
given. Univariate logistic regression was per-
formed to screen for potential covariates associ-
ated with steatosis improvement. The covariates 
with p < 0.1 were entered the multivariable model 
using the forward condition method. Multivariate 
linear regression analysis was conducted to reveal 
the estimated effect of orlistat on hepatic steato-
sis. All statistical analyses were performed with 
the R statistical package version 3.4.3 (the R 
Project for Statistical Computing, Vienna, 
Austria) with two-tailed tests. A p value <0.05 
was considered statistically significant.

Results

Patient characteristics
A total of 191 patients were initially enrolled in 
the study, and 21 patients were excluded for such 
reasons as refusal to participate (n = 12), use of 
steatosis-causing drugs (n = 3) and excess alcohol 
intake (n = 6). The remaining 170 patients with 
NAFLD with a BMI > 25 kg/m2 (68 patients 
receiving orlistat therapy and 102 receiving rou-
tine treatment) were randomized at baseline. Of 
these patients, 40 withdrew during 6 months of 
follow up, with 14 patients in orlistat treatment 
and 26 patients in routine treatment failing to 
return. Finally, of the remaining 130 patients, 54 
(41.5%) received orlistat therapy, and 76 (58.5%) 
received lifestyle intervention in combination 
with drug therapy. The participant enrollment 
and allocation flow chart is presented in Figure 1. 
Table 1 presents the baseline characteristics for 
ITT and PP analysis. The mean ages of the 
patients at randomization in the orlistat group 
and routine treatment group were 46.0 years 
(range 28–58 years) and 45.3 years (range 25–
63 years), respectively. There were no significant 
differences in the demographics, metabolic pro-
files or comorbidities of the patients between the 
groups in either the ITT or PP population 
(Table 1). No difference was found between the 
patients who dropped out and those who com-
pleted the treatment. In the orlistat therapy group 
at randomization for the ITT population, 8 
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patients (11.8%) were classified as having severe 
steatosis, and 17 (25%) were classified as having 
moderate-to-severe steatosis, and these percent-
ages showed no significant differences compared 
with those in the routine treatment group (8.8% 
for severe steatosis and 24.5% for moderate-to-
severe steatosis, p = 0.17). Likewise, the propor-
tions of patients with each steatosis degree were 
similar in the PP analysis.

Effects of orlistat on steatosis, weight loss and 
metabolic indicators
After intervention for 6 months, a significantly 
greater decrease in total liver fat content (Figure 2) 
according to MRI-PDFF using the whole liver as 

the ROI was found in the orlistat treatment group 
compared with the routine treatment group 
[−5.45% versus −1.96%, p < 0.001 for ITT analy-
sis; Figure 3(a), and −6.66% versus −2.68%, 
p < 0.001 for PP analysis; Figure 3(b)]. Orlistat 
improved the steatosis grade by four grades in 
1.5% of patients, by two grades in 11.8% of 
patients and by one grade in 44.1% of patients in 
the ITT population, while steatosis improved by 
four grades in 1.9%, two grades in 14.8% and one 
grade in 53.7% of patients in the PP subgroup. 
Steatosis improved in a higher percentage of 
patients receiving orlistat treatment than in the 
routine treatment group [57.3% versus 23.5%, 
p < 0.001 for ITT analysis, and 70.4% versus 
32.9%, p < 0.001 for PP analysis, Figure 3(c, d)]. 

Figure 1. Flow diagram of participant recruitment, screening and allocation.
MRI, magnetic resonance imaging.
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Table 1. Baseline characteristics.

Group Intention-to-treat analysis Per-protocol analysis

 Routine 
treatment

Orlistat p Routine
treatment

Orlistat p

n 102 68 76 54  

Age, years 45.3 ± 12.8 46.0 ± 13.6 0.73 45.4 ± 13.0 45.4 ± 13.3 0.99

Male 70 (68.6%) 37 (56.1%) 0.08 56 (73.7%) 32 (59.3%) 0.08

Smoking, yes 14 (13.5%) 10 (15.2%) 0.76 11 (14.5%) 9 (16.7%) 0.73

Weight, kg 82.5 ± 11.6 84.8 ± 12.5 0.23 82.7 ± 11.4 85.5 ± 12.1 0.18

Body mass index, kg/m2 29.7 ± 2.3 
30.6 ± 3.0

30.3 ± 3.0 
30.6 ± 3.0

0.14 29.9 ± 2.4 30.7 ± 3.0 0.07

Waist circumference, cm 95.6 ± 7.8 98.0 ± 8.3 0.06 95.9 ± 7.5 98.2 ± 8.6 0.11

Bell circumference, cm 99.4 ± 7.9 101.8 ± 8.5 0.06 99.7 ± 7.3 101.9 ± 7.8 0.10

Waist-to-hip ratio 0.9 ± 0.08 0.9 ± 0.13 0.10 0.9 ± 0.04 0.9 ± 0.12 0.35

SBP, mmHg 131.4 ± 18.1 133.6 ± 16.6 0.42 131.8 ± 18.3 132.7 ± 17.2 0.78

DBP, mmHg 85.6 ± 14.8 88.4 ± 13.6 0.22 85.1 ± 12.4 87.8 ± 11.6 0.20

Liver biochemistry  

ALT, U/l 44.6 ± 30.0 48.4 ± 37.1 0.46 44.8 ± 31.9 48.7 ± 34.6 0.52

AST, U/l 36.3 ± 25.7 35.7 ± 17.6 0.87 35.3 ± 25.1 35.8 ± 17.5 0.89

GGT, U/l 57.8 ± 40.0 53.1 ± 43.5 0.47 59.9 ± 40.6 53.5 ± 46.4 0.79

Alkaline phosphatase, U/L 76.8 ± 19.4 85.8 ± 52.5 0.12 76.1 ± 20.9 83.5 ± 42.9 0.20

Serum albumin, U/l 46.8 ± 2.9 45.9 ± 3.1 0.08 46.7 ± 2.9 45.8 ± 2.9 0.09

Serum globulin, U/l 27.9 ± 4.3 28.4 ± 3.8 0.45 28.3 ± 4.2 28.9 ± 3.5 0.41

Total bilirubin, μmol/l 14.4 ± 6.1 14.6 ± 6.2 0.80 14.2 ± 6.0 14.0 ± 5.7 0.89

Direct bilirubin, μmol/l 2.7 ± 1.0 2.8 ± 1.1 0.27 2.7 ± 1.0 2.8 ± 1.1 0.69

Metabolism  

Uric acid, μmol/l 426.6 ± 97.1 418.6 ± 119.0 0.63 420.1 ± 97.9 423.7 ± 114.8 0.85

Cholesterol, mmol/l 5.2 ± 1.0 5.1 ± 1.2 0.50 5.2 ± 1.1 5.1 ± 1.3 0.51

Triglyceride, mmol/l 2.1 ± 1.9 1.8 ± 1.5 0.42 2.3 ± 2.2 1.9 ± 1.6 0.27

HDL-cholesterol, mmol/l 1.2 ± 0.2 1.2 ± 0.3 0.20 1.1 ± 0.2 1.2 ± 0.3 0.24

LDL-cholesterol, mmol/l 3.6 ± 3.5 3.2 ± 0.8 0.32 3.8 ± 4.1 3.2 ± 0.8 0.32

Apolipoprotein -A, mmol/l 1.3 ± 0.2 1.3 ± 0.3 0.63 1.3 ± 0.2 1.3 ± 0.3 0.76

Apolipoprotein -B, mmol/l 1.0 ± 0.2 1.0 ± 0.2 0.23 1.0 ± 0.2 1.0 ± 0.2 0.19

Free fatty acid, mmol/l 607.0 ± 196.5 608.5 ± 198.2 0.97 609.8 ± 212.1 605.1 ± 196.2 0.91

Fasting glucose, mmol/l 5.2 ± 1.1 5.3 ± 1.2 0.74 5.3 ± 1.2 5.3 ± 1.2 0.81

(Continued)
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Figure 2. Example of measuring the percentage change in liver fat fraction with MRI-PDFF. A 45-year-old 
male with moderate-to-severe steatosis was treated with orlistat. (a) Pretreatment MRI-PDFF demonstrated 
a total liver fat fraction of 29.4%. (b) The 6-month follow-up MRI-PDFF imaging exhibited a 21.2% decrease in 
the liver fat content of the total segments of liver (total liver fat fraction of 8.2%). (c) A pretreatment MRI-PDFF 
map. (d) A 6-month follow-up MRI-PDFF imaging map, placing ROIs centrally in all liver segments for the 
same patient.
MRI-PDFF, magnetic resonance imaging-derived proton density fat fraction; ROI, region of interest.

Group Intention-to-treat analysis Per-protocol analysis

 Routine 
treatment

Orlistat p Routine
treatment

Orlistat p

Fasting insulin, μU/ml 12.9 ± 5.3 13.5 ± 7.0 0.26 13.9 ± 4.9 14.2 ± 7.2 0.77

HOMA-IR 3.1 ± 1.6 3.3 ± 2.3 0.25 3.3 ± 1.5 3.5 ± 2.4 0.57

Liver fat content of a whole-liver ROI, %

Total 18.4 ± 8.6 18.0 ± 8.9 0.77 18.8 ± 8.5 18.2 ± 9.0 0.69

Pancreas fat content, %  

Head 2.8 ± 2.7 3.0 ± 2.8 0.67 2.8 ± 2.6 3.1 ± 3.2 0.60

Body 2.8 ± 2.4 2.6 ± 2.7 0.80 2.7 ± 2.3 2.8 ± 3.1 0.96

Tail 2.6 ± 2.0 2.4 ± 3.0 0.69 2.6 ± 1.8 2.6 ± 3.4 0.98

Liver stiffness with 2D-SWE, kpa*

SWE, (kpa)
5.2 (4.3–6.7) 5.4 (4.6–6.5) 0.43 5.4 (4.5–6.8) 5.6 (4.7–6.4) 0.27

Values shown are n (%) or means ± standard deviation.
*Continuous variables are expressed as median with 25–75% interquartile range for non-Gaussian distribution.
2D-SWE, two-dimensional shear wave elastography; ALT, alanine aminotransferase; ALP, alkaline phosphatase; AST, aspartate aminotransferase; 
DBP, diastolic blood pressure; GGT, gamma-glutamyl transferase; HDL, high-density lipoprotein; HOMA-IR, homeostasis model assessment of 
insulin resistance; LDL, low-density lipoprotein; ROI, region of interest; SBP, systolic blood pressure.

Table 1. (Continued)

https://journals.sagepub.com/home/tag


Therapeutic Advances in Gastroenterology 12

8 journals.sagepub.com/home/tag

By reassessing our MRI-PDFF measurements 
with centrally placed ROIs in all liver segments, 
decreases in the mean liver fat fraction of −6.41% 
and −2.46% were observed in the orlistat therapy 
and routine treatment groups, respectively, in the 
PP population, which were similar to the decreases 
observed using the whole-liver ROI (p = 0.84 and 
p = 0.69, respectively). Furthermore, there was a 
strong correlation between the liver fat fraction 
changes measured by these two different methods 
(orlistat group: Pearson’s r = 0.96, p < 0.0001; 
routine treatment group: Pearson’s r = 0.92, 
p < 0.0001). No significant difference in the 
reduction of the fat fraction across liver segments 
was detected by ANOVA (p = 0.98, Table 2).

Regarding obesity-related parameters, the mean 
percentage changes in BMI and waist circumfer-
ence decreased significantly over time in the two 

groups, although more remarkably in the orlistat 
group (repeated-measures ANOVA, p < 0.001, in 
both the ITT and PP cohorts; Figure 4) than in 
the routine treatment group. The mean changes 
in ALT, AST, total cholesterol, triglyceride, 
LDL-C, fasting blood glucose levels, fasting 
plasma insulin levels, uric acids, free fatty acids, 
and the fat fraction of the pancreas over the 
6-month intervention in the orlistat and routine 
treatment groups were similar after ITT and PP 
analysis (Table 3).

Predictors of steatosis improvement
We analyzed the factors in the binary logistic 
regression model of steatosis improvement in the 
PP cohort. For all patients, orlistat treatment, 
hypercholesterolemia, moderate-to-severe and 
severe steatosis according to MRI-PDFF and 

Figure 3. Changes in liver fat fraction with MRI-PDFF in the ITT analysis (a) and PP analysis (b). Proportion 
of fatty liver grade reduction from baseline to 6 months of treatment in the ITT analysis (c) and PP analysis 
(d). Paired Student’s t-tests were used to determine whether changes in liver fat fraction were significantly 
different between cohorts. ***p < 0.001.
ITT, intention to treat; MRI-PDFF, magnetic resonance imaging-derived proton density fat fraction; PP, per protocol.
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change in body weight were identified as predic-
tors of steatosis improvement in the univariate 
analysis (Table 4). After multivariate analysis, 
orlistat treatment [odds ratio (OR) = 3.1, 95% 
confidence interval (CI) 1.3–7.4, p = 0.009], 
moderate-to-severe and severe steatosis accord-
ing to MRI-PDFF (OR = 3.6, 95% CI 1.5–8.6, 
p = 0.003) and weight loss (OR = 1.3, 95% CI 
1.1–1.5, p < 0.001) were identified as predictors 
of steatosis improvement (Table 4). A univariate 
analysis of the change in the fat fraction according 
to MRI-PDFF as a continuous variable also 
revealed significant correlations of the orlistat 
treatment, weight change and moderate-to-severe 
and severe steatosis with the whole-liver fat con-
tent. The multivariate linear regression analysis 
revealed that the estimated effect of orlistat on 
hepatic steatosis was −2.1% (p = 0.04) after con-
trolling for baseline steatosis (β = −4.5, p < 0.001) 
and weight loss (β = −0.6, p < 0.001).

Among patients receiving orlistat therapy, we 
found that weight loss and moderate-to-severe 
and severe steatosis according to MRI-PDFF 
were favorable predictors of steatosis improve-
ment in the univariate analysis (Table 4). 
Multivariate analysis after adjustment for con-
founders confirmed that weight loss (OR = 1.3, 
95% CI 1.0–1.6, p = 0.016) and moderate-to-
severe and severe steatosis according to 

MRI-PDFF (OR = 8.1, 95% CI 1.4–46.2, 
p = 0.018) remained independent predictors of 
steatosis improvement (Table 4).

Discussion
In this single-center study, 130 patients with 
NAFLD receiving orlistat therapy or routine 
treatment were prospectively analyzed. The 
results showed that orlistat treatment resulted in a 
higher degree of amelioration of steatosis grade 
than routine therapy. We further identified that 
increased weight loss within 6 months and severe 
steatosis were predictors of steatosis response. To 
the best of the authors’ knowledge, this is the first 
study to examine the true extent of the effect of 
orlistat therapy on steatosis in a cohort of Asian 
patients using MRI-PDFF as the endpoint.

Liver fat content has been established as an 
important risk factor for diabetes and ischemic 
heart disease.22,31 Improvement of steatosis was 
associated with remission of hepatic apoptosis 
and necroinflammation, suggesting that reducing 
hepatic fat may be critical for improving hepatic 
inflammation and even the long-term prognosis.25 
According to our research, significant reductions 
in liver fat content were observed with orlistat 
treatment for 24 weeks compared with routine 
treatment. Similarly to our results, ultrasound 

Table 2. Segmental changes of liver fat fractions by orlistat therapy and routine treatment.

Routine treatment (n = 76) Orlistat (n = 54)  

Liver segment Before After Changes Before After Changes p value for changes

I 17.9 ± 8.4 15.6 ± 7.6 –2.3 ± 5.6 18.5 ± 8.7 12.2 ± 7.3 –6.3 ± 6.8 0.004

II 18.0 ± 8.4 16.7 ± 7.5 –2.3 ± 5.6 17.8 ± 8.6 11.4 ± 7.2 –6.4 ± 6.8 0.003

III 18.0 ± 8.3 15.7 ± 7.5 –2.3 ± 5.6 17.7 ± 8.7 11.4 ± 7.3 –6.3 ± 6.8 0.004

IV 18.1 ± 8.4 16.9 ± 7.5 –2.2 ± 5.5 17.8 ± 8.6 11.5 ± 7.2 –6.3 ± 6.8 0.002

V 18.8 ± 8.6 16.0 ± 7.7 –2.8 ± 6.2 18.6 ± 9.4 11.9 ± 7.5 –6.7 ± 7.2 0.001

VI 18.4 ± 8.7 15.6 ± 7.5 –2.8 ± 6.3 18.9 ± 9.2 12.6 ± 7.5 –6.3 ± 6.9 0.003

VII 19.1 ± 8.8 16.6 ± 7.8 –2.5 ± 6.3 19.1 ± 9.2 12.5 ± 7.4 –6.6 ± 7.0 <0.001

VIII 19.1 ± 8.6 15.6 ± 7.8 –2.5 ± 6.1 18.9 ± 9.3 12.8 ± 7.5 –6.1 ± 7.1 0.002

Liver fat content, average 
in all segments, %

18.5 ± 8.5 16.0 ± 7.6 –2.46 ± 5.8 18.4 ± 8.9 12.0 ± 7.3 –6.41 ± 6.9 <0.001

Values were devied from the per-protocol analysis cohort.
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grading improvements in fatty liver were reported 
at higher rates in 30 patients (66.67%) in an orl-
istat group than in 14 patients (43.75%) in a diet 
control group in a previous study.32 Furthermore, 
another RCT from Israel8 demonstrated that 
patients treated with orlistat for 24 weeks had a 
higher reversal rate of fatty liver (24% versus 17%, 
p = 0.04) than those in a hypocaloric diet group. 
However, another landmark RCT9 assessed with 
histopathology showed that orlistat therapy for 
36 weeks was not superior to lifestyle modifica-
tion in inducing improvements in hepatic steato-
sis in White patients. The reason for the conflicting 
results may be due in part to the method used to 
measure steatosis improvements. Although 
abdominal ultrasound is the preferred first-line 
screening method for NAFLD, it is subjective 
and qualitative in assessing NAFLD, especially 

for mild steatosis.33 Therefore, it may detect 
treatment efficacy with low accuracy. Liver biopsy 
with histology scoring is the gold standard for 
estimating steatosis improvements; however, liver 
biopsy cannot sample exactly the same anatomic 
location at baseline and after treatment and there-
fore allows only a semi-quantification of steato-
sis.34 The reductions in steatosis grade may vary 
by different liver fat distributions and patholo-
gists. As MRI-PDFF provides a measure of the 
fat infiltration severity across the whole liver with 
a mean value of the fat fraction, we were able to 
more sensitively investigate the change in liver fat 
content, strengthening the argument that orlistat 
treatment may be beneficial in lowering the fat 
fraction in NAFLD. Our study is the first to 
report an estimated mean difference of 4% in the 
change in fat content (orlistat: −6.66% versus 

Figure 4. Body mass index (a) and waist circumference (c) at baseline and after 1, 3 and 6 months of treatment 
with orlistat or routine treatment in the ITT analysis. Body mass index (b) and waist circumference (d) at 
baseline and after 1, 3 and 6 months of treatment with orlistat or routine treatment in the PP analysis. Bars 
show the mean, and error bars represent standard deviations of relative reduction to baseline. Data points in 
each group with repeated measures at each time point are shown with an interconnecting line.
ANOVA, analysis of variance; ITT, intention-to treat; PP, per protocol.
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Table 3. Changes of obesity, liver biochemistry and other metabolic outcomes with orlistat or routine treatment at week 24.

Group Intention-to-treat analysis Per-protocol analysis

 Routine
treatment

Orlistat p Routine
treatment

Orlistat p

n 102 68 76 54  

Body mass index, kg/m2 –0.4 ± 0.9 –1.3 ± 1.4 <0.001 –0.5 ± 1.0 –1.5 ± 1.4 <0.001

Waist circumference, cm –1.1 ± 2.8 –4.6 ± 5.3 <0.001 –1.2 ± 2.9 –4.5 ± 5.2 <0.001

Bell circumference, cm –1.1 ± 2.7 –4.8 ± 5.4 <0.001 –1.1 ± 2.9 –4.7 ± 5.1 <0.001

SBP, mmHg –1.2 ± 9.0 –0.6 ± 15.5 0.75 –1.1 ± 9.9 0.3 ± 16.4 0.57

DBP, mmHg –0.1 ± 7.6 –2.5 ± 13.1 0.14 0.0 ± 7.8 –1.8 ± 12.9 0.32

Liver biochemistry  

ALT, U/l –6.4 ± 20.5 –15.1 ± 38.5 0.06 –5.6 ± 20.2 –16.5 ± 39.8 0.06

AST, U/l –3.7 ± 8.4 –7.0 ± 16.9 0.09 –3.2 ± 7.8 –8.3 ± 17.1 0.08

GGT, U/l –9.5 ± 14.2 –12.8 ± 23.8 0.31 –8.6 ± 14.7 –15.7 ± 26.0 0.07

ALP, U/l –1.6 ± 8.6 –10.8 ± 48.9 0.06 –1.2 ± 9.7 –5.4 ± 42.0 0.43

Metabolism  

Uric acid, μmol/l –23.3 ± 63.8 –25.2 ± 132.3 0.91 –22.9 ± 58.4 –12.3 ± 32.9 0.56

Cholesterol, mmol/l –0.2 ± 0.9 –0.5 ± 1.4 0.09 –0.2 ± 0.7 –0.4 ± 1.1 0.21

Triglyceride, mmol/l –0.4 ± 1.3 –0.1 ± 1.3 0.24 –0.4 ± 1.5 –0.1 ± 1.4 0.21

LDL-cholesterol, mmol/l –0.5 ± 3.3 –0.4 ± 0.9 0.84 –0.6 ± 4.0 –0.3 ± 0.8 0.63

Apolipoprotein -A, mmol/l 0.0 ± 0.3 –0.1 ± 0.3 0.20 0.0 ± 0.4 0.0 ± 0.2 0.51

Apolipoprotein -B, mmol/l 0.0 ± 0.1 –0.1 ± 0.3 0.06 0.0 ± 0.1 0.1 ± 0.2 0.11

Free fatty acid, mmol/l –36.6 ± 150.4 –95.1 ± 257.7 0.063 –41.6 ± 159.5 –88.3 ± 257.7 0.27

Fasting glucose, mmol/l –0.2 ± 0.6 –0.5 ± 1.5 0.07 –0.2 ± 0.6 –0.3 ± 1.2 0.42

HOMA-IR –0.2 ± 1.2 –0.6 ± 1.3 0.07 –0.2 ± 1.3 –0.7 ± 1.6 0.06

Pancreas fat content, %  

Head –0.6 ± 1.9 –0.2 ± 3.7 0.41 –0.8 ± 2.1 –0.2 ± 3.9 0.26

Body –1.1 ± 1.5 –0.3 ± 3.4 0.07 –1.2 ± 1.5 –0.3 ± 3.5 0.21

Tail –0.8 ± 1.6 0.0 ± 3.2 0.06 –1.0 ± 1.7 0.0 ± 3.3 0.21

ALT, alanine aminotransferase; ALP, alkaline phosphatase; AST, aspartate aminotransferase; DBP, diastolic blood pressure; GGT, gamma-glutamyl 
transferase; HOMA-IR, homeostasis model assessment of insulin resistance; LDL, low-density lipoprotein; SBP, systolic blood pressure.
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−2.68% for the routine treatment) in orlistat 
treatment compared with the routine treatment 
after 6 months of therapy in an Asian cohort. It 
was reported that histologic responders in a clini-
cal trial in NAFLD presented a marked reduction 
according to MRI-PDFF of −4.1% ± 4.9 versus 
−0.6 ± 4.1 (difference of 3.5%, p < 0.04).35 
Therefore, a reduction in fat content of 4% may 
reflect histologic remission; however, this hypoth-
esis should be interpreted with caution because 
paired biopsies were not performed in our 
research. Interestingly, the estimated mean differ-
ence of 4% in fat content was also similar to the 
percentages in two recent reports advocating 
novel effective treatments for lowering the liver 
fat fraction.30,36 Therefore, orlistat was beneficial 
for improving intrahepatic lipid accumulation in 
NAFLD.

Currently, weight loss is recognized as a key 
determinant of steatosis improvement after life-
style changes. However, whether the effect of orl-
istat on steatosis depends on weight loss is 
unclear. Several other studies have reported that 
weight, BMI and waist-to-hip ratio were not sig-
nificantly decreased between orlistat groups 
(intervention for 16 or 24 weeks) and control 
groups,8,32 although a statistically significant 
reversal of sonographic fatty liver in the orlistat 
group was observed. In contrast, the orlistat-
treated patients in our study obtained a signifi-
cant reduction of 2.1 in BMI after 6 months, and 
weight reduction was identified as an independ-
ent determinant of steatosis improvement. Our 
results are well in line with a recent meta-analysis7 
of approximately 330 patients with NAFLD with 
a follow up ranging from 16 to 36 weeks that 
demonstrated that orlistat intervention enabled a 
significant reduction in BMI of 1.97 (95% 
CI = −3.60 to −0.33). In another study,9 only 
weight loss of 9% following orlistat treatment was 
associated with a histological response (decrease 
in NAFLD activity score after treatment). These 
discrepancies may be related to differences in die-
tary habits, the orlistat intervention period and 
genetic background across studies, as most other 
studies performed on White individuals adminis-
tered orlistat for less than 24 weeks and the diets 
and genetic backgrounds of the participants were 
different from those of the Chinese population. In 
this study, we found that weight loss induced by 
orlistat was associated with steatosis improve-
ments in Chinese obese patients with NAFLD. 
Moreover, after controlling for baseline steatosis 

and weight loss, the multivariate linear regression 
analysis demonstrated the independent effect of 
orlistat on hepatic steatosis. This finding provides 
the important perspective that while hepatic fat 
loss was driven primarily by weight loss, there is 
an effect of orlistat on the NAFLD liver in addi-
tion to its primary effect on body weight in 
NAFLD.

Aggregations of visceral adiposity are now known 
to be highly correlated with NAFLD. In a recent 
clinical trial aimed at evaluating the efficacy of 
orlistat in Japanese participants with excessive 
visceral fat accumulation but no metabolic dis-
eases, visceral fat area measured by computed 
tomography, waist circumference, and body 
weight were more effectively reduced in the orl-
istat group than in the placebo group.37 These 
findings were consistent with those of our research 
using simpler nonspecific fat indexes, including 
body weight, abdominal circumference and BMI. 
However, MRI techniques in our center could 
not quantify the visceral adiposity area, and the 
relationship between fat reduction in the right 
lobe of the liver and changes in the visceral adi-
posity area requires further study. Moreover, 
determining whether splanchnic-derived fatty 
acids are specifically inhibited by orlistat will 
require further physiological and mechanistic 
experiments.

In the logistic regression model analysis, patients 
with severe steatosis were more likely to obtain 
steatosis improvement from orlistat therapy, with 
an OR of 2.3 in the current study. Although it 
might be reasonable to attribute the primary effi-
cacy of orlistat in patients with NAFLD to weight 
reduction,38 severe steatosis at baseline remained 
a statistically significant determinant even after 
adjusting for weight loss. Another potential expla-
nation may be the reduction in the serum levels of 
lipopolysaccharide, periostin and tumor necrosis 
factor-α by orlistat, as well as the increase in pro-
tective endocrine cytokines, such as adiponectin,32 
which were not measured in our study. These 
potentially relevant cytokines have been 
reported to correlate with steatosis grade, and 
changes in their levels promote amelioration of 
steatosis by orlistat treatment. In patients with 
mild or moderate steatosis, baseline cytokine 
levels were only mildly abnormal, and improv-
ing the fatty liver degree by reducing these lev-
els is difficult with such a short duration of 
orlistat treatment.
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Liver fat overaccumulation is caused by excessive 
lipid uptake and de novo lipogenesis combined 
with decreased lipid export or oxidation in the 
liver.39 The lipids that overflow to the liver origi-
nate from the release of free fatty acids (FFAs) by 
peripheral adipose tissue, which is mainly driven 
by both increased total body adiposity and an 
increased rate of FFA release.39 Orlistat treat-
ment significantly reduced the BMI (mean differ-
ence = −1.97; p = 0.02) and visceral fat area in 
patients with obesity, therefore effectively lower-
ing the mass of adipose tissues. Moreover, over-
feeding with saturated FFAs markedly increased 
the severity of hepatic steatosis in humans,40 while 
a fat-lowering diet with an isocaloric strategy 
appears to reduce liver fat content.41 This evi-
dence supports the idea that orlistat, as an inhibi-
tor of fat uptake from the gut, would also be 
beneficial in preventing steatosis.

Although the two groups (receiving orlistat or 
routine treatment) exhibited similar baseline 
characteristics, several limitations existed in our 
study. The nonalcoholic steatohepatitis (NASH) 
proportion at baseline and histological remission 
could not be evaluated, as liver biopsy was not 
routinely performed in most of the included 
patients. With the open-label nature of the study 
design, the lack of blinding may have introduced 
a performance bias. The radiologists evaluating 
the MRI scans were blinded to the patients’ allo-
cation to the two groups, and the outcome meas-
urements by MRI-PDFF were therefore objective, 
which could partly reduce the ascertainment bias 
of the findings of this study. We also conducted 
ITT analyses, which naturally include some devi-
ation from the protocol to lessen the impact of the 
open-label design. Although the sample size was 
similar to that of previous studies, it remained 
small, and the small number of patients in the 
subgroup analysis may weaken the power of the 
conclusions in our study.

In conclusion, our study suggested that orlistat 
can be an important treatment option for promot-
ing steatosis improvement and achieving weight 
loss goals in Chinese patients with NAFLD in a 
general medical setting. A weight reduction 
greater than 5% after 6 months and severe steato-
sis at baseline might predict high steatosis 
improvement rates with orlistat treatment. More 
multicenter, prospective studies are needed to 
verify the long-term efficacy of orlistat treatment 
in NAFLD.
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