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ORIGINAL RESEARCH • GASTROINTESTINAL IMAGING

Nonalcoholic fatty liver disease, including the progres-
sive liver disease nonalcoholic steatohepatitis (NASH), 

is the most common liver disorder in Western countries 
and affects 25% of the worldwide population (1–3). There 
are no current U.S. Food and Drug Administration– 
approved medications for the treatment of NASH, and 
numerous placebo-controlled clinical trials are underway 
in search of potential therapies (4). Many early phase trials 
use noninvasive imaging markers as primary outcomes to 
assess treatment response. In particular, the proton den-
sity fat fraction (PDFF) as measured using MRI accurately 
quantifies liver triglyceride content and assesses steatosis 

grade (5–9). Because this imaging marker is highly repro-
ducible and robust across scanner types, its use is gaining 
popularity in clinical trials that assess changes in liver fat 
content as a primary end point (10–14).

Prior trials for potential NASH treatments have  
demonstrated substantial changes in primary end points after 
placebo treatment alone, a phenomenon termed “the  
placebo effect.” In some trials, the placebo effect is equal to 
or greater than the effect of the drug under investigation, sig-
nificantly confounding the results of the study and limiting 
generalizability to larger populations (15). The groups who  
received placebo in these trials were typically small and 

Background:  Several early-phase clinical trials for the treatment of nonalcoholic steatohepatitis (NASH) use liver fat content as  
measured with the MRI-derived proton density fat fraction (PDFF) for a primary outcome. These trials have shown relative  
reductions in liver fat content with placebo treatment alone, a phenomenon termed “the placebo effect.” This phenomenon  
confounds the results and limits generalizability to future trials.

Purpose:  To quantify the effect of placebo treatment on change in the absolute PDFF value and to identify variables associated with 
this observed change.

Materials and Methods:  This is a secondary analysis of prospectively collected data from seven early phase clinical trials that included 
participants with a diagnosis of NASH based on MRI and/or liver biopsy who received placebo treatment. The primary outcome 
was a greater than or equal to 30% relative reduction in PDFF after placebo treatment. Normalization of PDFF, relative change 
in alanine aminotransferase (ALT) level, and normalization of ALT level were also examined. An exploratory linear mixed-effects 
model was used to estimate an overall change in absolute PDFF and to explore parameters associated with this response.

Results:  A total of 187 participants (median age, 52 years [IQR, 43–60 years]; 114 women) who received placebo treatment were  
evaluated. A greater than or equal to 30% relative reduction in baseline PDFF was seen in 20% of participants after 12 weeks of 
placebo treatment (10 of 49), 9% of participants after 16 weeks (two of 22), and 28% of participants after 24 weeks (34 of 122). 
A repeated-measures linear mixed-effects model estimated a decrease of 2.3 units (median relative reduction of 13%) in absolute 
PDFF values after 24 weeks of placebo treatment (95% CI: 3.2, 1.4; P < .001).

Conclusion:  In this analysis of 187 participants, a clinically relevant decrease in PDFF was observed with placebo treatment. Based 
on the study model, assuming an absolute PDFF decrease of approximately 3 units (upper limit of 95% CI) to account for this 
“placebo effect” in sample size calculations for future clinical trials is suggested.
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ent trials”). The published parent trials include NCT01066364 
with 25 placebo participants (16), NCT01766713 with 25 pla-
cebo participants (9), NCT01963845 with 25 placebo partici-
pants (17), NCT02443116 with 27 placebo participants (18), 
and NCT02546609 with 22 of 24 placebo participants (two 
were excluded due to missing data) (19). In addition, unpub-
lished trials NCT02316717 and NCT02442687 had 41 and 22 
placebo participants, respectively. Trials were included because 
primary data were accessible. Participants gave written informed 
consent. Trial sponsors gave permission to analyze data and had 
no role in study design, analysis, or manuscript preparation.

Participants
The sample included 187 participants who received placebo 
treatment and underwent MRI for PDFF estimation at base-
line and at least one additional time point (per parent trial pro-
tocol). Participants met individual inclusion and exclusion cri-
teria for each parent trial. Common inclusion criteria included 
adults who gave informed consent and had a diagnosis of NASH 
within the past 12 months based on MRI (baseline PDFF of 
6%–15%), alanine aminotransferase (ALT) level (maximum  
19 U/L for women and 30 U/L for men), and/or liver biopsy. 
Common exclusion criteria were the presence of chronic liver 
disease other than NASH, including hepatitis B or C, auto-
immune hepatitis, hemochromatosis, Wilson disease, and al-
pha-1 antitrypsin deficiency, as well as previous and/or cur-
rent excessive alcohol use. Additional exclusion criteria unique 
to each trial are provided in Table S1. In brief, multiple trials 
excluded participants with decompensated liver cirrhosis, re-
cent weight loss, prior bariatric surgery, type 1 diabetes, recent 
change in diabetic medications, and use of agents known to 
affect steatosis.

Data Collection
Baseline clinical data included age, sex, and self-reported race 
and ethnicity according to funding agency requirements. Ad-

imaging marker assessments were limited to a few time points, 
thus limiting the ability to assess the magnitude of the placebo 
response for generalizations that can inform future trial designs.

The purpose of this study was to quantify the effect of pla-
cebo treatment on change in absolute PDFF values for 187 
pooled participants who received placebo in seven different 
early-phase NASH treatment trials. An additional goal was 
to identify variables associated with change in absolute PDFF 
over time.

Materials and Methods

Study Design
This was a Health Insurance Portability and Accountability Act–
compliant, institutional review board–approved secondary anal-
ysis of prospectively collected data in placebo-treated participants 
pooled from seven early-phase NASH clinical trials from 2012 to 
2018 (registered with ClinicalTrials.gov and hereafter termed “par-

Abbreviations
ALT = alanine aminotransferase, NASH = nonalcoholic steatohepatitis, 
PDFF = proton density fat fraction

Summary
In nonalcoholic steatohepatitis clinical trials, placebo treatment 
resulted in decreased liver fat as assessed using the MRI-derived proton 
density fat fraction.

Key Results
	■ This secondary analysis of pooled data from seven clinical trials 

included 187 participants with a diagnosis of nonalcoholic  
steatohepatitis who received placebo treatment.

	■ A greater than or equal to 30% relative reduction in MRI proton 
density fat fraction (PDFF) was observed in 28% of participants 
after 24 weeks of placebo treatment.

	■ After 24 weeks of placebo treatment, a median relative reduction 
in baseline PDFF of 13% was observed (P < .001).

Table 1: Baseline Demographics of Participants across the Seven Parent Trials

Characteristic
Total  
(n = 187)

Trial 1  
(n = 25)

Trial 2  
(n = 41)

Trial 3  
(n = 25)

Trial 4  
(n = 27)

Trial 5 (n = 
22)

Trial 6  
(n = 25)

Trial 7  
(n = 22) P Value

Age (y)* 52 (43–60) 53 (45–58) 50 (41–57) 49 (41–61) 56 (46–52) 46 (41–55) 57 (46–64) 50 (40–60) .3†

Sex
  F 114 (61) 13 (52) 20 (49) 17 (68) 20 (74) 11 (50) 17 (68) 16 (73) .2‡

  M 73 (39) 12 (48) 21 (51) 8 (32) 7 (26) 11 (50) 8 (32) 6 (27)
Race and ethnicity
  Hispanic 50 (27) 7 (28) 3 (7) 9 (36) 12 (44) 5 (23) 9 (36) 5 (23) <.001‡

  White,  
non-Hispanic

105 (56) 8 (32) 32 (78) 12 (48) 13 (48) 14 (64) 10 (40) 16 (73)

Body mass  
index (kg/m2)*

32.8  
(30.1–37.7)

31.9  
(26.4–36.2)

33.2  
(30.8–37.9)

32.5  
(30.4–35.0)

34.7  
(30.7–39.5)

32.1  
(30.1–36.8)

30.7  
(28.4–33.5)

35.6  
(31.4–40.0)

.06†

Type 2 diabetes 77 (41) 10 (40) 17 (42) 7 (28) 18 (67) 0 (0) 13 (52) 12 (55) <.001†

Note.—Except where indicated, data are numbers of participants, with percentages in parentheses.
* Data are medians, with IQRs in parentheses.
† Kruskal-Wallis test.
‡ χ2 test.
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ditional parameters included body mass index, baseline he-
moglobin A1c level, histologic characteristics (if biopsy was 
required), ALT level, aspartate aminotransferase results, total 
bilirubin level, homeostatic model assessment for insulin resis-
tance results, and PDFF.

MRI PDFF Technique
Imaging was performed using 1.5-T or 3-T clinical MRI sys-
tems (Siemens Healthcare, GE Healthcare, Philips Healthcare, 
or Hitachi Medical Corporation) at trial sites in the United 
States, Australia, and Israel. Protocols were composed by one 
of two MRI core laboratories (Bashir Laboratory for Liver Im-
aging Research, Duke University and Liver Imaging Group, 
and University of California San Diego) and distributed to 
sites in manuals. Protocols used either a six-echo or dual-dual 

echo chemical shift-encoded gradient-echo technique, depend-
ing on sequence availability, with low flip angles to minimize 
T1 bias. Imaging parameters included repetition time, greater 
than or equal to 150 msec; flip angle, less than or equal to 15° 
at 1.5 T and less than or equal to 10° at 3 T; image matrix, 
128–256 × 92–256. For the six-echo sequences, nominal in-
phase and opposed-phase echo times were used based on field 
strength. For the dual-dual echo sequences, two acquisitions 
were performed; the first used the two earliest in-phase echo 
times, while the second used the first opposed-phase and first 
in-phase echo times.

To ensure protocol adherence, deidentified digital imag-
ing and communications in medicine, or DICOM, images 
were sent to a core laboratory for quality control and analysis. 
PDFF measurements were performed using algorithms within 

Table 2: Baseline Biochemical, Histologic, and Imaging Information of Participants across the Seven Parent Trials

Variable
Total  
(n = 187)

Trial 1  
(n = 25)

Trial 2  
(n = 41)

Trial 3  
(n = 25)

Trial 4  
(n = 27)

Trial 5  
(n = 22)

Trial 6  
(n = 25)

Trial 7  
(n = 22) P Value

ALT (U/L)* 57.0  
(40.0–84.6)

73.0  
(45.0–92.0)

59.0 
(42.0–94.0)

47.0 
(36.0–62.0)

52.8 
(41.9–84.6)

63.5 
(42.0–80.0)

40.0 
(25.0–1.0)

70.0 
(57.0–128.0)

<.001†

Total bilirubin 
(mg/dL)*

0.5  
(0.3–0.6)

0.5 
(0.4–0.6)

0.5 
(0.4–0.7)

0.4 
(0.3–0.5)

0.3 
(0.2–0.4)

0.5 
(0.5–0.7)

0.5 
(0.3–0.7)

0.5 
(0.4–0.7)

<.001†

Hemoglobin 
(g/dL)*

14.1  
(13.5–15.2)

NA 14.2 
(13.8–15.3)

13.8 
(13.0–15.5)

NA 14.9 
(12.9–15.8)

14.0 
(13.3–14.9)

13.6 
(12.5–14.4)

.07†

  HbA1c (%)* 6.1  
(5.6–6.7)

6.1 
(5.9–6.8)

5.9 
(5.4–6.8)

6.1 
(5.6–6.6)

6.6 
(5.8–6.9)

5.7 
(5.3–5.9)

6.2 
(5.8–6.6)

6.1 
(5.7–6.8)

.003†

HOMA-IR‡ 8.8 ± 8.9 8.3 ± 9.8 11.5 ± 9.3 9.8 ± 7.8 7.8 ± 10.5 3.2 ± 1.1 7.4 ± 6.5 11.1 ± 10.0 <.001†

Liver inflammation .1§

  1 56 (40) 16 (64) 15 (37) 8 (32) 11 (41) NA NA 6 (27)
  2 74 (53) 7 (28) 23 (56) 17 (68) 14 (52) NA NA 13 (59)
  3 10 (7) 2 (8) 3 (7) 0 (0) 2 (7) NA NA 3 (14)
Ballooning <.001§

  0 8 (6) 5 (20) 0 (0) 3 (12) 0 (0) NA NA 0 (0)
  1 69 (49) 15 (60) 23 (56) 12 (48) 14 (52) NA NA 5 (23)
  2 63 (45) 5 (20) 18 (44) 10 (40) 13 (48) NA NA 17 (77)
NAFLD  

activity score
.2§

  3 and 4 44 (31) 13 (52) 13 (32) 7 (28) 9 (33) NA NA 2 (9)
  5 38 (27) 7 (28) 9 (22) 5 (20) 8 (30) NA NA 9 (41)
  6 36 (26) 4 (16) 11 (27) 8 (32) 6 (22) NA NA 7 (32)
  7 21 (15) 0 (0) 8 (20) 5 (20) 4 (15) NA NA 4 (18)
  8 1 (0.7) 1 (4) 0 (0) 0 (0) 0 (0) NA NA 0 (0)
Fibrosis <.001§

  0 and 1 67 (48) 18 (72) 18 (44) 16 (64) 11 (41) NA NA 4 (18)
  2 34 (24) 2 (8) 16 (39) 2 (8) 7 (26) NA NA 7 (32)
  3 36 (26) 3 (12) 7 (17) 6 (24) 9 (33) NA NA 11 (50)
  4 3 (2) 2 (8) 0 (0) 1 (4) 0 (0) NA NA 0 (0)
MRI proton  

density fat 
fraction (%)*

18.0 
(11.5–22.9)

16.4 
(11.3–21.7)

17.3 
(14.0–21.4)

19.6 
(13.2–24.4)

15.4 
(11.0–20.7)

23.1 
(21.3–26.3)

15.8 
(10.8–21.7)

13.2 
(8.0–21.5)

Note.—Except where indicated, data are numbers of participants, with percentages in parentheses. Histologic data were available for 140 
of 187 participants. ALT = alanine aminotransferase, HbA1c = hemoglobin A1c, HOMA-IR = homeostatic model assessment for insulin 
resistance, NA = not available, NAFLD = nonalcoholic fatty liver disease.
* Data are medians, with IQRs in parentheses.
† Kruskal-Wallis test.
‡ Data are means ± SDs.
§ χ2 test.
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an image viewer (OsiriX version 7.5.1; Pixmeo) or in MAT-
LAB (MathWorks). Both techniques have been validated 
against MR spectroscopy and incorporate corrections for T2* 
effects and spectral fat complexity (8,20,21). For dual-dual 
echo sequences, the initial pair of in-phase echoes was used 
to estimate T2* based on monoexponential decay, and the 
regional T2* estimate was used along with 
the in-phase and opposed-phase data to 
estimate PDFF.

Outcome Measures
A primary outcome of greater than or equal 
to 30% relative reduction in PDFF after 12, 
16, and/or 24 weeks of placebo treatment 
was selected, as this metric corresponds to 
histologic NASH resolution (22). Second-
ary outcomes after 12, 16, and/or 24 weeks 
of placebo treatment include (a) PDFF nor-
malization, defined as a less than or equal to 
5% absolute PDFF value; (b) greater than 
50% relative reduction in ALT level; and (c) 
ALT normalization, defined as less than or 
equal to 30 U/L for men and less than or 
equal to 19 U/L for women.

Statistical Analysis
Baseline data were analyzed using medians 
with IQRs for continuous variables or fre-
quency and percentages for categorical vari-
ables. Differences were compared using the 
Kruskal-Wallis test for continuous variables 

and χ2 test for categorical variables. Changes in relative PDFF and 
ALT values were examined with the Student t test or Wilcoxon 
signed-rank test. A repeated-measures linear mixed-effects model 
with a compound symmetry covariance was used to evaluate the 
relationship between absolute PDFF and time (the placebo ef-
fect). The multiple imputation by chained equations (MICE) 

Figure 1:  Dot plot shows the mean and standard error for relative change in baseline MRI proton  
density fat fraction (PDFF) values for all participants (n = 187) in the study at all time points across the 
seven parent trials.

Table 3: Relative Change Rate in MRI PDFF and ALT Level across the Seven Parent Trials

% Change
from Baseline

Total 
(n = 187)

Trial 1 
(n = 25)

Trial 2 
(n = 41)

Trial 3 
(n = 25)

Trial 4 
(n = 27)

Trial 5 
(n = 22)

Trial 6 
(n = 25)

Trial 7 
(n = 22) P Value

Mean PDFF 
at 12 weeks

–8.1 ± 24.4 … … … −0.7 ± 22.2 … … −17.1 ± 24.4 .03*

Mean PDFF 
at 16 weeks

–10.1 ± 17.5 … … … … −10.1 ± 17.5 … … .01*

Mean PDFF 
at 24 weeks  

–9.0 ± 32.8 −7.7 ± 32.4 −3.7 ± 37.2 −4.2 ± 29.0 … … −13.9 ± 30.1 −22.2 ± 27.8 .003*

No. of missing 
data points

14† 3 … 3 … … 8 2

Median ALT 
at 12 weeks

–13.0  
(–28.8 to 12.0)

… … … 7.5  
(–13.2 to 21.6)

… … −24.2  
(–41.5 to –13.0)

.10‡

Median ALT 
at 16 weeks )

–0.1  
(–31.4 to 18.8)

… … … … −0.1  
(–31.4 to 18.8)

… … .86‡

Median ALT 
at 24 weeks

–15.0  
(–35.7 to 8.3)

−28.1  
(–42.6 to 5.7)

−16.7  
(–35.7 to 5.8)

−2.4  
(–21.8 to 18.8)

… … −4.5  
(–32.3 to 15.4)

−28.1  
(–50.9 to −7.0)

<.001‡

No. of missing 
data points

13 2 1 2 4 … 3 1

Note.—Except were indicated, data are means ± SDs or medians, with IQRs in parentheses. P values test the null hypothesis that the mean 
or median of the variable of interest is equal to 0 for all participants at that time point (regardless of trial). ALT = alanine aminotransferase, 
PDFF = proton density fat fraction.
* Student t test.
† Two participants with missing data at 24 weeks in trial 7 had available data at 12 weeks.
‡  Wilcoxon signed-rank test.
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method was used for missing information (23,24). Because miss-
ingness can be attributed to trial collection, data were assumed 
missing at random (25). The imputation was aggregated over 
10 sets. Candidate variables were added to a linear mixed-ef-
fects model along with a priori selected explanatory variables. 
Analyses were conducted using R version 3.4.3 (The R Foun-
dation) and SAS version 9.4 (SAS Institute). Two-sided tests 
were employed (P < .05), and a threshold for assessing a statis-
tically significant difference was set at α = .05.

Results

Participant Characteristics
As shown in Table 1, a total of 187 participants met inclusion cri-
teria for individual parent trials and received placebo treatment 
during each parent trial. The median age of participants was 52 
years (IQR, 43–60 years), with 114 women. Fifty-six percent (105 
of 187) of participants self-identified as non-Hispanic White and 
27% (50 of 187) self-identified as Hispanic (Table 1). The median  
body mass index was 32.8 kg/m2 (IQR, 30.1–37.7 kg/m2;  
n = 186) and 41% (77 of 187) of participants had diabetes, 
with a median baseline hemoglobin A1c level of 6.1% (IQR, 
5.6%–6.7%; n = 184) (Table 2). The study sample median base-
line ALT level was 57.0 U/L (IQR, 40.0–84.6 U/L) and me-
dian baseline MRI PDFF was 18.0% (IQR, 11.5%–22.9%). 
There was no evidence of differences in participant age, sex, and 
body mass index across parent trials. Differences were observed 
across the parent trials for race and ethnicity, diabetes diagnosis, 
baseline ALT level, total bilirubin level, hemoglobin A1c level,  
homeostatic model assessment for insulin resistance result, baseline 
ballooning, and baseline fibrosis (Tables 1, 2). Two of seven par-
ent trials collected data after 12 weeks of placebo treatment in 49 
of 187 participants. One parent trial collected data at 16 weeks 
in 22 of 187 participants. Five of the seven trials collected data at 
24 weeks in 122 of 187 participants. A single trial included data 
at both the 12-week and 24-week time points in 20 participants. 
Actual data collected, including missing data points for each trial, 
are included in Table 3.

Relative Reduction in MRI PDFF
As shown in Figure 1, we observed a relative reduction in the 
mean MRI proton density fat fraction (PDFF) at all time points 
examined among the parent trials. Table 3 demonstrates the rela-
tive change in PDFF observed for each trial at all their specified 
end points. A statistically significant decrease in baseline PDFF 

Table 4: Observed Change in MRI PDFF and ALT Level across 
Time Points

Variable Week 12 Week 16 Week 24
MRI PDFF  

characteristics
  ≥30% relative  

reduction in PDFF
10/49 (20) 2/22 (9) 34/122 (28)

  ≥30% relative  
increase in PDFF

2/49 (4) 0/22 (0) 11/122 (9)

  PDFF normalization  
(<5% at end of study)

2/49 (4) 0/22 (0) 6/122 (5)

Biochemical  
characteristics

  ≥50% relative  
reduction in ALT level

3/45 (7) 2/22 (9) 15/129 (12)

  ALT normalization  
(ALT ≤19 U/L for  
women, ≤30  
U/L for men)

0/45 (0) 1/22 (5) 8/129 (6)

Note.—Except were indicated, data are numbers of participants, 
with percentages in parentheses. ALT = alanine aminotransferase, 
PDFF = proton density fat fraction.

Figure 2:  Schematic shows the model selection process and variables for the linear mixed-effects model used to evaluate the percentage change in 
baseline MRI proton density fat fraction (PDFF). ALT = alanine aminotransferase, BMI = body mass index, HbA1c = hemoglobin A1c, HOMAR-IR = homeo-
static model assessment for insulin resistance, NAS = nonalcoholic fatty liver disease activity score.
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was observed with 12 weeks of placebo treatment (mean rela-
tive change, −8.1% ± 24.4 [SD]; P = .03), 16 weeks of placebo 
treatment (mean relative change, −10.1% ± 17.5; P = .01), and 
24 weeks of placebo treatment (mean relative change, −9.0% ± 
32.8; P = .003). A greater than or equal to 30% relative reduction 
in MRI PDFF correlates with a change in liver fat on histologic 
reports and is, therefore, an important benchmark indicating 
clinically meaningful changes in hepatic steatosis and resolution 
of NASH (22). A greater than or equal to 30% relative reduction  
in PDFF was observed in 20% (10 of 49) of participants af-
ter 12 weeks, 9% (two of 22) of participants after 16 weeks, 
and 28% (34 of 122) of participants after 24 weeks of pla-
cebo treatment (Table 4). By comparison, a relative increase 
in PDFF of greater than or equal to 30% was observed in 4%  
(two of 49) of participants after 12 weeks, 0% (0 of 22) of par-
ticipants after 16 weeks, and 9% (11 of 122) of participants af-
ter 24 weeks of placebo treatment. As shown in Table 4, PDFF 
normalization, defined as a PDFF value less than or equal to 
5% at follow-up, was observed in 4% (two of 49) of partici-
pants at 12 weeks, 0% (0 of 22) of participants at 16 weeks,  
and 5% (six of 122) of participants at 24 weeks. Figure S1  
shows the relative change in baseline PDFF values for all par-
ticipants at each time point and demonstrates marked vari-
ability in participant PDFF values as a response to placebo 
treatment over time.

Relative Reduction in ALT
Clinically relevant reductions in ALT, defined as a greater 
than or equal to 50% relative reduction in the ALT level 
from baseline, were observed in 7% (three of 45) of partici-
pants after 12 weeks, 9% (two of 22) of participants after 16 
weeks, and 12% (15 of 129) of participants after 24 weeks 
of placebo treatment (Table 4). There was no evidence of a 

relative percent change in ALT level from 
baseline after 12 weeks (median change, 
−13.0% [IQR, −28.8% to 12.0%]; P = 
.10) or 16 weeks (median change, −0.1% 
[IQR, −31.4% to 18.8%]; P = .86) of pla-
cebo treatment (Table 3). However, there 
was a relative percent change after 24 
weeks, with a calculated median ALT re-
duction from baseline of –15.0%  (IQR, 
−35.7% to 8.3%; P < .001). Normaliza-
tion of ALT, defined as an ALT level less 
than or equal to 30 U/L for men and less 
than or equal to 19 U/L for women at 
clinical follow-up, was observed in 5% 
(one of 22) of participants at 16 weeks 
and 6% (eight of 129) of participants at 
24 weeks. No participants demonstrated 
ALT normalization at 12 weeks.

Association between Absolute Change in 
MRI PDFF and Explanatory Variables
After applying the variable selection crite-
ria, the parameters of baseline ballooning, 
baseline nonalcoholic fatty liver disease 

activity score, baseline total bilirubin level, baseline fibrosis, 
and parent trial were selected as variables for the final explor-
atory mixed-effects model along with the a priori determined 
explanatory variables of time, sex, race and ethnicity, and age 
(Fig 2). Correlated participant observations nested within tri-
als were treated as repeated measures. The model estimated a 
2.3-unit decrease in absolute PDFF after 24 weeks following 
the start of the trial (95% CI: 3.2, 1.4; P < .001) (Fig 3). In the 
current pool of participants, with a median baseline PDFF of 
18.0%, this corresponds to a relative reduction in the median 
PDFF after placebo treatment of approximately 13% (95% 
CI: 18, 8). As shown in Table 5, key histologic parameters 
that included high levels of ballooning in the histologic report 
(level 2 ballooning: effect estimate, −6.2; 95% CI: −12.5, 0.01;  
P = .05), higher levels of fibrosis in the histologic report (level 
3 or 4 fibrosis: effect estimate, −3.8; 95% CI: −6.9, −0.7;  
P = .02), total bilirubin level (effect estimate, −3.5; 95% CI: 
−6.7, −0.04; P = .03), and a nonalcoholic fatty liver disease 
activity score greater than 5 (effect estimate, 5.7; 95% CI: 
3.0, 8.4; P < .001) were predicative of baseline PDFF. None 
of these parameters were associated with a change in baseline 
PDFF over time (data not shown). Adjusted linear estimates 
for all selected variables are provided in Table 5.

Discussion
Given the noninvasive nature of imaging, clinical trials for non-
alcoholic steatohepatitis (NASH) are moving toward use of the 
MRI-derived proton density fat fraction (PDFF) to quantify 
changes in liver fat content as a response to medical intervention 
(26). Multiple early-phase trials have demonstrated a significant 
change in relative PDFF values with placebo treatment alone, a 
phenomenon termed “the placebo effect.” Unfortunately, early 

Figure 3:  Line graph shows absolute change in MRI proton density fat fraction (PDFF) as a function of 
duration of placebo treatment (weeks) for our repeated-measures linear mixed-effects model, which esti-
mates a mean absolute reduction in baseline MRI PDFF of 2.3 units after 24 weeks of placebo treatment.
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trials are often not sufficiently powered to accurately quantify 
the placebo effect to inform future clinical trial designs. To this 
end, we examined the change in PDFF in 187 participants who 
received placebo treatment across seven early-phase clinical trials. 
We observed a clinically significant relative reduction in PDFF 
(greater than or equal to 30% relative decrease) in 20% and 
28% of participants after 12 and 24 weeks of placebo treatment, 

respectively. We generated a linear mixed-effects model to esti-
mate an absolute decrease in PDFF of 2.3 units (95% CI: 3.2, 
1.4), which corresponds to a relative decrease of approximately 
13% in the median PDFF (95% CI: 18, 8) after 24 weeks of 
placebo treatment in our pool of participants. As a conserva-
tive estimate for future clinical trials, we recommend assuming 
an absolute decrease of approximately 3 units in baseline PDFF 
(upper 95% CI limit) as a result of placebo treatment for sample 
size calculations.

Our findings are consistent with a recent meta-analysis that 
showed a placebo response in NASH clinical trials with a variety 
of end points, including serum aspartate aminotransferase and 
ALT levels, histologic steatosis, MR spectroscopy, and PDFF 
(27). The current study extends these results by estimating the 
magnitude of the change in PDFF over time, a value that can be 
used to inform sample size calculations in future clinical trials. 
Our study also provides a glimpse into the large intrinsic hetero-
geneity, as measured with the PDFF, among participants over 
time. We found that 28% of participants had a relative decrease 
in PDFF values after 24 weeks of placebo treatment, while 9% 
had a relative increase in PDFF values. We did not find a spe-
cific clinical or biochemical parameter that was associated with 
change in the absolute PDFF over time in our mixed-effects 
model. Given this, the observed heterogeneity is likely due to 
the high sensitivity of PDFF for quantification of liver fat, 
as well as multiple confounding variables such as changes in 
participant diet and lifestyle during the observation period.

Our study had multiple limitations. First, while the pooling 
of data yielded increased statistical power, differing inclusion and  
exclusion criteria among the parent trials led to significant dif-
ferences in sample demographics, as well as multiple clinical, 
biochemical, and histologic parameters. For example, hemo-
globin A1c levels varied among the parent trials (median, 6.1% 
[IQR, 5.6%–6.7%]; P = .003) as a result of differences in ex-
clusion criteria of participants with type 2 diabetes. One trial 
excluded participants with a hemoglobin A1c level greater 
than 8.0%, others excluded participants with recent changes in 
diabetic medications, and one trial eliminated those taking any 
form of metformin, effectively excluding all participants with 
type 2 diabetes. This specific example limits the generalizability 
of our study, as type 2 diabetes and NASH typically coexist in 
Western populations. To address the effect of varying trial inclu-
sion and exclusion criteria on our results, correlated observations 
for participants nested within a trial were accounted for, along 
with the inclusion of the parent trial as an explanatory variable 
in our mixed-effects model. Although this level of variation is 
addressed, the proposed model specification must be tested in 
external data sets for confirmation.

Second, an important limitation is the absence of data regard-
ing participant diet, caloric intake, and exercise or weight-loss 
regimens. It is thought that a relative change in biochemical im-
aging markers in response to placebo treatment results from these 
factors, which are outside medical intervention and not routinely 
assessed in data collection. To minimize this, multiple parent tri-
als excluded participants with recent weight loss and those tak-
ing drugs known to encourage weight loss or influence hepatic 
steatosis, such as dipeptidyl peptidase–4 inhibitors and vitamin 

Table 5: Estimated Effect from Linear Mixed Model on 
Absolute Percentage Change in MRI PDFF with Placebo 
Treatment

Covariate Effect Estimate P Value
Intercept 23.5 (15.9, 31.1) <.001
Time since start  

of trial [P < .001]
  Baseline Reference
  12 weeks −1.0 (−2.4, 0.3) .13
  24 weeks −2.3 (−3.2, −1.4) <.001
Sex
  M Reference
  F −1.2 (−3.4, 1.1) .31
Race and ethnicity [P = .51]
  White, non-Hispanic Reference
  Hispanic −0.8 (−3.3, 1.6) .50
  Other* −1.4 (−4.2, 1.3) .31
Age (y) −0.01 (−0.1, 0.08) .77
Baseline ballooning  

[P = .01]
  Level 0 Reference
  Level 1 −1.5 (−6.9, 3.9) .59
  Level 2 −6.2 (−12.5, 0.1) .05
Baseline NAFLD  

activity score
  Levels 3 or 4 Reference
  Level 5 or higher 5.7 (3.0, 8.4) <.001
Baseline total  

bilirubin level
−3.5 (−6.7, −0.4) .03

Baseline fibrosis  
[P = .047]

  Level 1 Reference
  Level 2 −2.5 (−5.6, 0.6) .11
  Level 3 or 4 −3.8 (−6.9, −0.7) .02
Trial [P = .28]
  Trial 2 Reference
  Trial 1 −1.5 (−5.1, 2.1) .41
  Trial 3 −0.7 (−4.2, 2.7) .68
  Trial 4 −1.0 (−4.4, 2.4) .56
  Trial 5 3.4 (−0.5, 7.2) .09
  Trial 6 −0.7 (−4.4, 2.9) .72
  Trial 7 −1.7 (−5.1, 1.8) .36

Note.—Data in parentheses are 95% CIs. P values in brackets 
indicate the type III tests of fixed effects, which allow for multiple 
degrees of freedom when the model of interest includes categorical 
variables with three or more levels of interest. NAFLD = 
nonalcoholic fatty liver disease, PDFF = proton density fat fraction.
* Participants who self-reported non-Hispanic ethnicity (or those 
who did not specify ethnicity) who identified as either Asian, 
Black, or mixed race.
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E, respectively. Third, trial length varied across the included stud-
ies with short-interval follow-up at 12 and 16 weeks being un-
derrepresented in our cohort. Given this, our model may not be 
generalizable to clinical trials with a shorter duration. Finally, par-
ent trials did not correlate biochemical or imaging markers with 
histologic findings. While our primary end point of a greater than 
or equal to 30% relative reduction in PDFF is known to correlate 
with histologic resolution of NASH, we do not have biopsy data 
to confirm this in our sample (22). Lack of histologic correlation 
makes it unclear whether the observed changes in PDFF values 
are truly a placebo effect or if they represent disease resolution due 
to interventions outside of medical intervention.

In conclusion, this secondary analysis of pooled data from 
seven clinical trials included participants with nonalcoholic ste-
atohepatitis who received placebo treatment. A greater than or 
equal to 30% relative reduction in MRI-derived proton density 
fat fraction (PDFF) values was observed in 28% of participants 
after 24 weeks of placebo treatment. We suggest future clinical 
trials aim to account for a “placebo effect” in their sample size 
estimates by assuming an absolute decrease in baseline PDFF  
of approximately 3 units with placebo treatment alone. 
However, to ensure the results of our analysis are unbiased, our 
model needs validation in additional, external data sets.
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