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Background and Aims—Little is known about how weight loss affects magnetic resonance 

imaging (MRI) of liver fat and volume or liver histology in patients with non-alcoholic 

steatohepatitis (NASH). We measured changes in liver fat and liver volume associated with 

weight loss using an advanced MRI method.

Methods—We analyzed data collected from a previous randomized controlled trial, in which 43 

adult patients with biopsy-proven NASH underwent clinical evaluation, biochemical tests, and 

MRI and liver biopsy analyses at the start of the study and after 24 weeks. We compared data 

between patients who did and did not have at least a 5% decrease in body mass index (BMI) 

during the study period.

Results—Ten of 43 patients had at least a 5% decrease in BMI during the study period. These 

patients had a significant decrease in liver fat, based on MRI proton density fat fraction estimates 

(18.3% ±7.6 to 13.6% ±13.6, P=0.03)— a relative 25.5% reduction. They also had a significant 

decrease in liver volume (5.3%). However, no significant changes in levels of alanine 

aminotransferase or aspartate aminotransferase were observed with weight loss. Thirty-three 

patients without at least a 5% decrease in BMI had insignificant increases in estimated liver fat 

fraction and liver volume.

Conclusions—A reduction in BMI of at least 5% is associated with a significant decrease in 

liver fat and volume in patients with biopsy-proven NASH. These data should be considered in 

assessing effect size in studies of patients with non-alcoholic fatty liver disease or obesity that use 

MRI-estimated liver fat and volume as endpoints.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) has become an increasingly common problem. It 

now affects approximately 30–40% of adults in the western world,[1, 2] including 60–70% of 

obese adults,[3] and its prevalence may continue to rise with the worldwide obesity 

epidemic.[2] It is well known that obesity, insulin resistance and metabolic syndrome play a 

central role in the development and progression of NAFLD [4–6]. Although most patients 

with NAFLD have a relatively benign clinical course, 10–20% have nonalcoholic 

steatohepatitis (NASH), which can lead to advanced fibrosis, hepatic decompensation and 

liver-related mortality.[7–10]

Despite the increasing clinical relevance of NAFLD, few effective therapies have been 

identified for this disease. Treatment of NASH with thiazolidinediones may reduce liver 

steatosis and inflammation, however, their use has been associated with weight gain, 

cardiovascular complications and bladder cancer.[11–15] In randomized controlled trials, 

vitamin E has also been effective in reducing steatosis and inflammation in NASH [13, 16], 

however, it is unclear whether this medication may be associated with an increase in all-

cause mortality.[17] Other pharmacologic therapies including metformin, omega-3 fatty 

acids, bile acids and bile acid sequestrants have been ineffective in the treatment of 

NASH.[18, 19]
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Weight loss remains the mainstay of treatment for NAFLD and NASH. Several studies have 

shown a reduction in transaminases as well as histology-determined steatosis grade and 

inflammation in patients with NASH who had significant weight loss.[20, 21] In retrospective 

and prospective cohort studies, bariatric surgery has also been effective in reducing 

steatosis, steatohepatitis and fibrosis in patients with NAFLD.[22, 23]

Although many studies have demonstrated that weight loss is an effective therapy for 

NAFLD and NASH, most have utilized intensive lifestyle or dietary interventions. It is 

under-appreciated if weight loss leads to a decrease in liver volume along with a parallel 

decrease in liver fat or whether the liver volume remains unchanged and a reduction in liver 

fat alone is seen. This study addresses that gap in knowledge.

In addition, many previous studies have relied on histologic findings of steatosis to 

determine changes in liver fat. More recently, magnetic resonance spectroscopy (MRS) has 

shown a quantitative reduction in liver fat with weight loss and dietary interventions.[24–26] 

Although MRS has been considered the gold-standard for quantitative liver fat assessment in 

patients with NAFLD, recent studies have utilized an advanced chemical-shift based 

gradient-echo MRI technique that measures the proton-density-fat-fraction (PDFF), a 

quantitative marker of fat content in tissue.[19, 27–29] This technique has been validated with 

MRS and has been shown to be more sensitive than histology-determined steatosis grade in 

quantifying increases and decreases in liver fat content.[30, 31] Unlike MRS, this technique 

creates a parametric fat map of the abdomen, which allows for assessment of changes in 

liver volume and fat content in other organs including the pancreas. Changes in liver volume 

in patients with NAFLD may be an important marker of disease progression as well as 

regression, as it has been linked to metabolic syndrome and reduction in steatosis and size is 

also noted in cirrhosis of the liver.[32, 33]

In this study, we aim to determine the quantitative effect of weight loss on MRI-PDFF 

estimated liver fat and liver volume in patients with biopsy-proven NASH. We hypothesized 

that weight loss leads to reduction in both liver fat and volume.

METHODS

Study design and patient population

This is a secondary analysis of a randomized controlled trial of 43 adult patients with 

biopsy-proven NASH. The primary outcome was change in MRI-estimated liver PDFF and 

MRI-estimated liver volume between the start (week 0) and completion (week 24) of the 

study. All patients were diagnosed with NASH based upon liver biopsy as well as exclusion 

of other causes of liver disease (detailed in the following section).

As part of the original study, all patients were randomized to receive either colesevelam, a 

bile acid sequestrant, or placebo over 24 weeks.[19] Patients underwent clinical evaluation, 

physical examination, biochemical testing and MRI at baseline and after 24 weeks. All 

patients provided written informed consent to participate in the study and the study was 

approved by the University of California at San Diego institutional review board. All 

patients underwent a standard history and physical exam, biochemical testing, and MRI 
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examination at UCSD. They also all underwent an alcohol history assessment by completing 

the AUDIT and Skinner Lifetime Drinking questionnaires.

Two cohorts for this secondary analysis were derived according to those who had at least a 

5% decrease in body-mass-index (BMI) and those who did not have at least a 5% decrease 

in BMI.

Inclusion and exclusion criteria, clinical and histologic evaluation are available in the 

supplementary text 1.

MRI protocol

In order to quantify liver fat and volume, we used a previously described advanced 

chemical-shift based gradient-echo MRI technique that estimates PDFF, which is a 

standardized and objective measure of fat content.[27, 30, 31, 35–38] It acquires multiple 

echoes at different echo times with fat and water signals nominally in phase or out of phase 

with each other and applies an algorithm to generate a PDFF parametric map depicting fat 

quantity and distribution throughout the liver. This method has been shown to reliably 

measure liver fat content when compared to other magnetic resonance techniques and 

histology-determined steatosis, and it is sensitive in detecting changes in liver fat 

content[31, 36, 39]. In order to estimate PDFF across the entire liver, 3 regions of interest 

(ROIs) 300mm2 to 400mm2 in area were placed in each of the nine liver segments on the 

PDFF parametric maps (figure 1). In addition, fat content in the pancreas (pancreatic PDFF) 

was measured by placing 1 to 2 ROIs of 100mm2 in the head, body and tail of the pancreas 

in each slice of the PDFF parametric maps. These protocols have been described in prior 

studies.[27, 31] The mean of all ROIs in the liver and pancreas was calculated to determine 

the average PDFF in each organ. Liver volume was calculated by measuring the liver area in 

each slice of the original MR images and integrating this across all MRI slices.

A single resident physician, trained in the MRI analysis, performed the measurements. The 

physician was blinded to clinical and histological data and was under the supervision of the 

radiology investigator (CS).

Statistical analysis

The two-tailed t-test was used for comparison of continuous variables across groups. The 

chi-squared test was used for comparisons of categorical variables. Patients were stratified 

into two groups according to whether a 5% or greater reduction in BMI was achieved. The 

mean and standard error values were calculated for demographic, biochemical, histologic 

and MRI-PDFF results and statistical analyses with t-tests were performed between these 

two groups. Paired t-tests were used to compare MRI-PDFF and liver volume changes 

between week 0 and week 24 of the study. All statistical analyses were performed using 

Excel and SPSS software packages. A P-value < 0.05 was considered statistically 

significant.
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RESULTS

Demographic and biochemical data of patients

Forty-three patients with biopsy-confirmed NASH were included in this secondary analysis 

of a previously published RCT. Between the start of the study (week 0) and the completion 

(week 24), 10 patients had at least a 5% decrease in BMI while 33 patients either gained 

weight or had less than a 5% reduction in BMI. Overall, patients who had a 5% or greater 

decrease in BMI lost an average of 4.73 kg (±1.87) while patients who either gained weight 

or had less than a 5% decrease in BMI had an average weight gain of 0.61kg (±1.76). 

Baseline demographic and biochemical data at week 0 for these two groups were similar 

(table 1). Of note, patients with greater than 5% reduction in BMI had a slightly greater 

baseline BMI than patients without this degree of weight loss (33.7kg ±5.2 vs. 31.1 ±4.6), 

however, this difference was not statistically significant.

Change in MRI-PDFF estimated liver fat and liver volume with weight loss

Patients with a 5% or greater decrease in BMI had slightly higher baseline MRI-estimated 

hepatic PDFF at week 0 than those without a 5% decrease in BMI (18.3 ±7.6% vs. 15.9 

±7.0%), however this difference was not statistically significant (p=0.36). Patients with a 

5% or greater decrease in BMI had a significant decrease in MRI-estimated hepatic PDFF 

(18.3 ±7.6% to 13.6 ±13.6%, p=0.03), a 25.5% relative decrease (table 2, figure 2A, figure 

2B). Similarly, total liver volume decreased significantly by 5.3% from 2003.8 mL (±474.4) 

to 1898.3 mL (±539.0), (p=0.02) in this group. A 9.4% relative decrease in MRI-estimated 

pancreatic PDFF was also noted in this group, however, this decrease was not significant. 

Patients who either gained weight or had less than 5% decrease in BMI experienced a slight 

increase in MRI-estimated hepatic PDFF (15.9 ±7.0% to 16.8 ±6.3%), a 4.1% relative 

increase. Liver volume also increased slightly by 4.2% from 1933.9 mL (±590.1) to 

2015.1mL (±575.0). Neither of these changes were significant. Patients with a 5% or greater 

decrease in BMI also had a significant decrease in fasting glucose (111.5 ±42.9 to 95.7 

±13.2, p = 0.02) and Hgb A1c (6.3 ±1.2 to 5.9 ±0.5, p=0.02) (table 3). The mean (±SD) 

decrease in serum ALT between the weight loss group and no weight loss group was −17.3 

(±28.9) and +12.5 (±55.5), respectively. The mean (±SD) decrease in serum AST between 

the weight loss group and no weight loss group was −3.6 (±16.6) and +2.3 (±44.4), 

respectively. Neither of these changes were statistically significant.

Change in liver histology with weight loss

29 of 43 patients had a repeat liver biopsy at completion of the study. This included 8 

patients who had a 5% or greater decrease in BMI and 21 patients who gained weight or had 

less than a 5% decrease in BMI. Patients with a 5% or greater decrease in BMI had a 

significant decrease in steatosis grade (2.3 ±0.5 to 1.6 ±0.7, p= 0.049), however, no 

significant change in other components of NAS score was noted in either group in this trial 

(table 4).
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DISCUSSION

In this secondary analysis of a randomized controlled trial using an advanced, validated 

MRI-method that allows non-invasive fat quantification of the liver, we demonstrate that 

patients with biopsy-proven NASH with at least a 5% reduction in BMI have a significant 

decrease in MRI-estimated liver PDFF from 18.3 ±7.6% to 13.6 ±13.6%, a relative decrease 

of 25.5%. This weight loss is also associated with a reduction in liver volume. We also 

found that weight loss leads to a decreased in pancreatic fat, however, this decrease did not 

reach statistical significance. Although weight loss resulted in a decrease in histology-

determined steatosis grade, no decreased in NAS or reduction in transaminases was noted. In 

summary, these findings provide quantitative data that a 5% change in body weight is 

associated with a significant reduction in liver fat and volume. These data could be utilized 

to determine effect size and sample size estimation for future clinical trials in NASH and/or 

obesity. For example, if a drug/intervention is expected to lead to 5% reduction in BMI 

compared to placebo then a relative liver fat fraction reduction of 25% and a liver volume 

reduction of 5% may be expected.

As discussed previously, very few effective treatments for NASH are available. Weight-loss 

and lifestyle changes are considered important therapeutic strategies for reducing steatosis 

and inflammation in patients with NASH. In a study of 50 patients with biopsy-proven 

NASH treated with vitamin E, caloric restriction and or list at or placebo for 36 weeks, 

Harrison et al. showed that a 5% reduction in weight was associated with a significant 

reduction in biopsy-determined liver steatosis. A significant reduction in biopsy-determined 

lobular inflammation, hepatocyte ballooning and NAS was seen in patients with a 9% or 

greater weight reduction.[20] In a study of 31 patients with NASH, intensive diet, exercise 

and behavior modifications resulted in a significant reduction in NAS and an average 9.3% 

weight loss. In addition, degree of weight loss correlated strongly with reduction in NAS.[21]

Similar to prior studies, our study revealed a significant decrease in histology-determined 

liver steatosis and MRI-estimated hepatic PDFF with weight loss. Unlike prior studies by 

Harrison et al. and Promrat et al, weight loss in our study did not result in an improvement 

in histology-determined NAS.[20, 21] This may be due to sample size limitations, as not all 

patients had a repeat liver biopsy at completion of the study. It should be noted, however, 

that an improvement in NAS was seen in patients with a greater than 9% reduction in body 

weight and an average 9.3% reduction in body weight respectively in these prior studies. 

Patients in our study did not have this large of a weight loss. This suggests that a larger 

reduction in weight may be required to improve liver inflammation (lobular inflammation 

and hepatocyte ballooning) in patients with NASH. Similarly, a larger reduction in weight 

may be required to reduce liver transaminases, as no significant decrease in AST or ALT 

was seen in our study.

Early trials of weight loss in NAFLD relied on histologic assessment, however, several 

recent studies have also shown a decrease in MRS-determined steatosis in patients with 

NAFLD treated with lifestyle changes and weight loss.[24–26, 40] Overall, lifestyle 

modification and weight loss have reduced relative MRS-estimated liver fat by 21–80% in 

prior studies.[18] Our study showed a similar reduction in liver fat fraction of 25.5%, as 
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assessed by MRI-PDFF, an advanced and standardized MRI technique. This technique has 

been validated with MRS and has been shown to be more sensitive than histology-

determined steatosis grade in quantifying increases and decreases in liver fat content.[30, 31] 

Our study identified a decrease in liver volume associated with weight loss, which is likely 

caused by decreased liver fat and improvement in metabolic parameters associated with 

weight loss.[32, 33]

Pancreatic fat has been linked to liver fat content and may play a role in the development 

and progression of NAFLD and insulin resistance.[27, 28] Despite this association, there was 

only a small, insignificant reduction in MRI-estimated pancreatic PDFF with weight loss. 

This suggests that a greater reduction in weight may be required to result in decreased 

pancreatic fat content.

A prior meta-analysis of placebo patients in NASH revealed that a third of patient in the 

placebo arm of four studies had an improvement in a histologic parameter at the conclusion 

in the study.[41] Our study suggests that this may be in part due to incidental weight loss and 

lifestyle changes that should be accounted for when designing clinical trials for the treatment 

of NASH. Our study may also help in determining sample size estimation in designing 

future studies on NASH to target a 5% decreased in BMI with MRI-determined fat fraction 

as an endpoint.

Strengths and Limitations

The major strengths of this study include the use of a well-characterized patient population 

with biopsy-proven NASH and the use of an MRI technique that has been validated as a 

sensitive measure of changes in liver steatosis in patients with NAFLD. This study is also 

unique in assessing changes in liver volume and pancreatic fat content with weight loss. In 

addition, histologic assessment was available at the start and completion of our study. 

Despite this, we do acknowledge limitations of this study. This cohort study was derived 

from a prospective study of colesevelam, a bile-acid sequestrant, in the treatment of NASH. 

Although colesevelam did not significantly reduce liver fat or histologic parameters of 

NASH in this study, the effect of colesevelam may not have been entirely accounted for. In 

addition, there were limitations in sample size that may have reduced the ability to identify 

significant changes in histologic parameters associated with weight loss.

CONCLUSIONS

A reduction in BMI of at least 5% is associated with a significant decrease in MRI-estimated 

liver PDFF and volume in patients with biopsy-proven NASH. Although weight loss 

resulted in a decrease in histology-determined steatosis grade, no decreased in NAS or 

reduction in transaminases was noted. These data have implications in assessing effect size 

in NAFLD and obesity trials that use MRI-estimated liver fat and volume as endpoints.
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Figure 1. Measurement of liver fat using MRI-PDFF
A magnetic resonance image (MRI) proton density fat fraction (PDFF) parametric fat map is 

shown for the superior and inferior liver at week 0 and week 24 in a patient who had a 6.7% 

decrease in BMI during the study period. Source image was obtained with a slice thickness 

of 8 mm. Regions of interest (ROIs) 300 mm2 in area were obtained in each segment of the 

liver. The PDFF parametric fat map shows a decrease in fat fraction in each ROI from week 

0 to week 24.
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Figure 2. 
Figure 2A. Change in MRI-PDFF liver versus weight loss

Data are expressed as mean MRI-PDFF with standard error bars shown.

Abbreviations for tables: MRI, magnetic resonance imaging; PDFF, proton density fat 

fraction.

Figure 2B. Percent change in MRI-PDFF liver, liver volume and MRI-PDFF pancreas 

versus weight loss

Data are expressed as percent change from week 0 to week 24.

Abbreviations for tables: MRI, magnetic resonance imaging; PDFF, proton density fat 

fraction.
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Table 1

Baseline Demographics and Laboratory Data

Weight loss <5% or gain (n=33) Weight loss >5% (n=10) p-value

Demographics

 Male (%) 18 (54.5%) 6 (60%) 0.86

 Age (years) 49.1 (±11.5) 46.1 (± 13.6) 0.49

 Weight (kg) 88.5 (± 18.9) 97.7 (± 21.6) 0.20

 Height (m) 1.67 (± 0.14) 1.70 (± 0.13) 0.57

 BMI (kg/m2) 31.1 (± 4.6) 33.7 (± 5.2) 0.14

 Waist (cm) 103.1 (± 13.5) 108.9 (± 13.6) 0.25

 Hip (cm) 105.7 (± 12.0) 109.3 (± 10.8) 0.40

 Waist/Hip ratio 0.98 (± 0.11) 1.0 (± 0.10) 0.63

Biochemical profile

 ALT (U/L) 88.2 (± 68.0) 62.9 (± 28.5) 0.26

 AST (U/L) 59.5 (± 46.7) 34.5 (± 10.4) 0.10

 Glucose (mg/dL) 109.5 (± 25.7) 111.5 (± 42.9) 0.86

 Insulin (μIU/mL) 30.6 (± 41.1) 24.9 (± 8.8) 0.67

 HOMA-IR 9.1 (± 13.1) 7.0 (± 4.5) 0.63

 Hgb A1c (%) 6.3 (± 0.8) 6.3 (± 1.2) 0.91

 Triglycerides (mg/dL) 180.5 (± 135.5) 179.5 (± 93.0) 0.98

 Total cholesterol (mg/dL) 205.0 (± 43.1) 186.7 (± 45.2) 0.25

 LDL (mg/dL) 125.3 (± 37.3) 102.7 (± 30.0) 0.10

 HDL (mg/dL) 48.6 (± 18.2) 44.4 (± 6.4) 0.48

 FFA (mg/dL) 0.51 (± 0.16) 0.52 (± 0.24) 0.89

 Alk Phos (U/L) 80.3 (± 24.5) 71.6 (± 17.4) 0.30

 GGT (U/L) 77.7 (± 73.2) 58.9 (± 26.3) 0.43

 Total bilirubin (mg/dL) 0.63 (± 0.44) 0.45 (± 0.10) 0.20

 Direct bilirubin (mg/dL) 0.13 (± 0.06) 0.11 (± 0.03) 0.30

 Albumin 4.6 (± 0.3) 4.6 (± 0.2) 0.99

Data are expressed as mean with standard deviation in parentheses unless otherwise noted. All baseline data was collected at week 0. Abbreviations 
for tables: BMI, body mass index; ALT, alanine aminotransferase; AST, aspartate aminotransferase; HOMA-IR, homeostatic model of insulin 
resistance; Hgb A1c, hemoglobin A1c; LDL, low-density lipoprotein; HDL, high-density lipoprotein; FFA, free fatty acids; Alk Phos, alkaline 
phosphatase; GGT, gamma glutamyl transferase. Insulin levels were measured while fasting. T-test for P-value assuming equal variance between 
groups.

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2016 March 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Patel et al. Page 14

T
ab

le
 2

M
R

I-
PD

FF
 li

ve
r,

 li
ve

r 
vo

lu
m

e 
an

d 
M

R
I-

PD
FF

 p
an

cr
ea

s 
vs

. w
ei

gh
t l

os
s

W
ei

gh
t 

lo
ss

 <
 5

%
 o

r 
w

ei
gh

t 
ga

in
 (

n=
33

)
W

ei
gh

t 
lo

ss
 >

 5
%

 (
n=

10
)

p-
va

lu
e*

*  
(b

et
w

ee
n 

gr
ou

ps
)

W
ee

k 
0

W
ee

k 
24

p-
va

lu
e*

W
ee

k 
0

W
ee

k 
24

p-
va

lu
e*

M
R

I-
PD

FF
 li

ve
r 

(%
)

15
.9

 (
7.

0)
16

.8
 (

6.
3)

0.
54

18
.3

 (
7.

6)
13

.6
 (

7.
5)

0.
03

0.
02

M
R

I 
L

iv
er

 V
ol

um
e 

(m
L

)
19

33
.9

 (
59

0.
1)

20
15

.1
 (

57
5.

0)
0.

17
20

03
.8

 (
47

4.
4)

18
98

.3
 (

53
9.

0)
0.

02
0.

01

M
R

I-
PD

FF
 p

an
cr

ea
s 

(%
)

8.
3 

(6
.7

)
8.

5 
(6

.3
)

0.
76

9.
0 

(6
.4

)
8.

2 
(6

.3
)

0.
14

0.
13

D
at

a 
ar

e 
ex

pr
es

se
d 

as
 m

ea
n 

w
ith

 s
ta

nd
ar

d 
de

vi
at

io
n 

in
 p

ar
en

th
es

es
. A

bb
re

vi
at

io
ns

 f
or

 ta
bl

es
: M

R
I,

 m
ag

ne
tic

 r
es

on
an

ce
 im

ag
in

g;
 P

D
FF

, p
ro

to
n 

de
ns

ity
 f

at
 f

ra
ct

io
n.

* P-
va

lu
e 

be
tw

ee
n 

w
ee

k 
0 

an
d 

w
ee

k 
24

 d
et

er
m

in
ed

 w
ith

 p
ai

re
d 

T
-t

es
t a

ss
um

in
g 

eq
ua

l v
ar

ia
nc

e 
be

tw
ee

n 
ba

se
lin

e 
an

d 
w

ee
k 

24
 g

ro
up

s.

**
P-

va
lu

e 
be

tw
ee

n 
gr

ou
ps

 r
ep

re
se

nt
s 

ch
an

ge
 b

et
w

ee
n 

w
ee

k 
0 

an
d 

w
ee

k 
24

 b
et

w
ee

n 
2 

gr
ou

ps
 (

gr
ou

p 
1:

 w
ei

gh
t l

os
s 

<
 5

%
 o

r 
w

ei
gh

t g
ai

n,
 g

ro
up

 2
: w

ei
gh

t l
os

s 
>

 5
%

) 
de

te
rm

in
ed

 w
ith

 u
np

ai
re

d 
T

-t
es

t 
as

su
m

in
g 

eq
ua

l v
ar

ia
nc

e 
be

tw
ee

n 
gr

ou
ps

.

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2016 March 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Patel et al. Page 15

T
ab

le
 3

B
io

ch
em

ic
al

 c
ha

ng
es

 v
er

su
s 

w
ei

gh
t l

os
s

W
ei

gh
t 

lo
ss

 <
 5

%
 o

r 
w

ei
gh

t 
ga

in
W

ei
gh

t 
lo

ss
 >

 5
%

p-
va

lu
e*

*  
(b

et
w

ee
n 

gr
ou

ps
)

W
ee

k 
0

W
ee

k 
24

p-
va

lu
e*

W
ee

k 
0

W
ee

k 
24

p-
va

lu
e*

W
ei

gh
t (

kg
)

88
.5

 (
18

.9
)

89
.1

 (
18

.9
)

0.
05

3
97

.7
 (

21
.6

)
92

.9
 (

20
.5

)
<0

.0
01

<0
.0

01

B
M

I 
(k

g/
m

2 )
31

.1
 (

4.
6)

31
.6

 (
4.

6)
0.

05
5

33
.7

 (
5.

2)
31

.8
 (

4.
7)

<0
.0

01
<0

.0
01

W
ai

st
 (

cm
)

10
3.

1 
(1

3.
5)

10
3.

7 
(1

2.
1)

0.
46

10
8.

9 
(1

3.
6)

10
6.

4 
(1

5.
6)

0.
04

0.
04

H
ip

 (
cm

)
10

5.
7 

(1
2.

0)
10

6.
7 

(1
1.

3)
0.

28
10

9.
3 

(1
0.

8)
10

8.
0 

(1
1.

7)
0.

46
0.

24

W
ai

st
/H

ip
 r

at
io

0.
98

 (
0.

11
)

0.
97

 (
0.

08
)

0.
56

1.
00

 (
0.

10
)

0.
98

 (
0.

08
)

0.
42

0.
67

A
L

T
 (

U
/L

)
88

.2
 (

68
.0

)
10

0.
7 

(6
6.

9)
0.

20
62

.9
 (

28
.5

)
45

.6
 (

21
.9

)
0.

09
0.

22

A
ST

 (
U

/L
)

59
.5

 (
46

.7
)

61
.8

 (
38

.5
)

0.
77

34
.5

 (
10

.4
)

30
.9

 (
19

.3
)

0.
51

0.
68

G
lu

co
se

 (
m

g/
dL

)
10

9.
5 

(2
5.

7)
11

2.
1 

(2
9.

8)
0.

38
11

1.
5 

(4
2.

9)
95

.7
 (

13
.2

)
0.

18
0.

02

In
su

lin
 (

μI
U

/m
L

)
30

.6
 (

41
.1

)
37

.8
 (

52
.6

)
0.

26
24

.9
 (

8.
8)

26
.7

 (
16

.5
)

0.
74

0.
86

H
O

M
A

-I
R

9.
1 

(1
3.

1)
10

.8
 (

15
.2

)
0.

40
7.

0 
(4

.5
)

6.
1 

(3
.7

)
0.

65
0.

63

H
gb

 A
1c

 (
%

)
6.

3 
(0

.8
)

6.
4 

(1
.0

)
0.

28
6.

3 
(1

.2
)

5.
9 

(0
.5

)
0.

12
0.

02

D
at

a 
ar

e 
ex

pr
es

se
d 

as
 m

ea
n 

w
ith

 s
ta

nd
ar

d 
de

vi
at

io
n 

in
 p

ar
en

th
es

es
. A

bb
re

vi
at

io
ns

 f
or

 ta
bl

es
: B

M
I,

 b
od

y 
m

as
s 

in
de

x;
 A

L
T

, a
la

ni
ne

 a
m

in
ot

ra
ns

fe
ra

se
; A

ST
, a

sp
ar

ta
te

 a
m

in
ot

ra
ns

fe
ra

se
; H

O
M

A
-I

R
, 

ho
m

eo
st

at
ic

 m
od

el
 o

f 
in

su
lin

 r
es

is
ta

nc
e;

 H
gb

 A
1c

, h
em

og
lo

bi
n 

A
1c

.

* P-
va

lu
e 

be
tw

ee
n 

w
ee

k 
0 

an
d 

w
ee

k 
24

 d
et

er
m

in
ed

 w
ith

 p
ai

re
d 

T
-t

es
t a

ss
um

in
g 

eq
ua

l v
ar

ia
nc

e 
be

tw
ee

n 
ba

se
lin

e 
an

d 
w

ee
k 

24
 g

ro
up

s.

**
P-

va
lu

e 
be

tw
ee

n 
gr

ou
ps

 r
ep

re
se

nt
s 

ch
an

ge
 b

et
w

ee
n 

w
ee

k 
0 

an
d 

w
ee

k 
24

 b
et

w
ee

n 
2 

gr
ou

ps
 (

gr
ou

p 
1:

 w
ei

gh
t l

os
s 

<
 5

%
 o

r 
w

ei
gh

t g
ai

n,
 g

ro
up

 2
: w

ei
gh

t l
os

s 
>

 5
%

) 
de

te
rm

in
ed

 w
ith

 u
np

ai
re

d 
T

-t
es

t 
as

su
m

in
g 

eq
ua

l v
ar

ia
nc

e 
be

tw
ee

n 
gr

ou
ps

.

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2016 March 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Patel et al. Page 16

T
ab

le
 4

C
ha

ng
es

 in
 li

ve
r 

hi
st

ol
og

y 
ve

rs
us

 w
ei

gh
t l

os
s

W
ei

gh
t 

lo
ss

 <
 5

%
 o

r 
w

ei
gh

t 
ga

in
 (

n=
21

)
W

ei
gh

t 
lo

ss
 >

 5
%

 (
n=

8)
p-

va
lu

e*
*  

(b
et

w
ee

n 
gr

ou
ps

)
W

ee
k 

0
W

ee
k 

24
p-

va
lu

e*
W

ee
k 

0
W

ee
k 

24
p-

va
lu

e*

N
A

S 
Sc

or
e 

(0
–8

)
4.

6 
(1

.5
)

4.
5 

(2
.0

)
0.

90
4.

8 
(0

.9
)

4.
1 

(1
.4

)
0.

28
0.

43

St
ea

to
si

s 
gr

ad
e 

(0
–3

)
1.

9 
(0

.8
)

1.
5 

(0
.8

)
0.

05
2.

3 
(0

.5
)

1.
6 

(0
.7

)
0.

04
9

0.
35

L
ob

ul
ar

 in
fl

am
m

at
io

n 
(0

–3
)

1.
6 

(0
.7

)
1.

8 
(0

.8
)

0.
33

1.
5 

(0
.5

)
1.

5 
(0

.5
)

1.
0

0.
62

H
ep

at
oc

yt
e 

ba
llo

on
in

g 
(0

–2
)

1.
1 

(0
.8

)
1.

2 
(0

.7
)

0.
60

1.
0 

(0
.8

)
1.

0 
(0

.5
)

1.
0

0.
77

D
at

a 
ar

e 
ex

pr
es

se
d 

as
 m

ea
n 

w
ith

 s
ta

nd
ar

d 
de

vi
at

io
n 

in
 p

ar
en

th
es

es
. A

bb
re

vi
at

io
ns

 f
or

 ta
bl

es
: N

A
S,

 n
on

-a
lc

oh
ol

ic
 f

at
ty

 li
ve

r 
di

se
as

e 
ac

tiv
ity

 s
co

re
.

* P-
va

lu
e 

be
tw

ee
n 

w
ee

k 
0 

an
d 

w
ee

k 
24

 d
et

er
m

in
ed

 w
ith

 p
ai

re
d 

T
-t

es
t a

ss
um

in
g 

eq
ua

l v
ar

ia
nc

e 
be

tw
ee

n 
ba

se
lin

e 
an

d 
w

ee
k 

24
 g

ro
up

s.

**
P-

va
lu

e 
be

tw
ee

n 
gr

ou
ps

 r
ep

re
se

nt
s 

ch
an

ge
 b

et
w

ee
n 

w
ee

k 
0 

an
d 

w
ee

k 
24

 b
et

w
ee

n 
2 

gr
ou

ps
 (

gr
ou

p 
1:

 w
ei

gh
t l

os
s 

<
 5

%
 o

r 
w

ei
gh

t g
ai

n,
 g

ro
up

 2
: w

ei
gh

t l
os

s 
>

 5
%

) 
de

te
rm

in
ed

 w
ith

 u
np

ai
re

d 
T

-t
es

t 
as

su
m

in
g 

eq
ua

l v
ar

ia
nc

e 
be

tw
ee

n 
gr

ou
ps

.

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2016 March 01.


