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IMPORTANCE Aspirin may reduce severity of metabolic dysfunction–associated steatotic liver
disease (MASLD) and lower the incidence of end-stage liver disease and hepatocellular
carcinoma, in patients with MASLD. However, the effect of aspirin on MASLD is unknown.

OBJECTIVE To test whether low-dose aspirin reduces liver fat content, compared with
placebo, in adults with MASLD.

DESIGN, SETTING, AND PARTICIPANTS This 6-month, phase 2, randomized, double-blind,
placebo-controlled clinical trial was conducted at a single hospital in Boston, Massachusetts.
Participants were aged 18 to 70 years with established MASLD without cirrhosis.
Enrollment occurred between August 20, 2019, and July 19, 2022, with final follow-up on
February 23, 2023.

INTERVENTIONS Participants were randomized (1:1) to receive either once-daily aspirin, 81 mg
(n = 40) or identical placebo pills (n = 40) for 6 months.

MAIN OUTCOMES AND MEASURES The primary end point was mean absolute change in hepatic
fat content, measured by proton magnetic resonance spectroscopy (MRS) at 6-month
follow-up. The 4 key secondary outcomes included mean percentage change in hepatic fat
content by MRS, the proportion achieving at least 30% reduction in hepatic fat, and the mean
absolute and relative reductions in hepatic fat content, measured by magnetic resonance
imaging proton density fat fraction (MRI-PDFF). Analyses adjusted for the baseline value of
the corresponding outcome. Minimal clinically important differences for study outcomes
were not prespecified.

RESULTS Among 80 randomized participants (mean age, 48 years; 44 [55%] women; mean
hepatic fat content, 35% [indicating moderate steatosis]), 71 (89%) completed 6-month
follow-up. The mean absolute change in hepatic fat content by MRS was −6.6% with aspirin
vs 3.6% with placebo (difference, −10.2% [95% CI, −27.7% to −2.6%]; P = .009). Compared
with placebo, aspirin treatment significantly reduced relative hepatic fat content (−8.8 vs
30.0 percentage points; mean difference, −38.8 percentage points [95% CI, −66.7 to −10.8];
P = .007), increased the proportion of patients with 30% or greater relative reduction in
hepatic fat (42.5% vs 12.5%; mean difference, 30.0% [95% CI, 11.6% to 48.4%]; P = .006),
reduced absolute hepatic fat content by MRI-PDFF (−2.7% vs 0.9%; mean difference, −3.7%
[95% CI, −6.1% to −1.2%]; P = .004]), and reduced relative hepatic fat content by MRI-PDFF
(−11.7 vs 15.7 percentage points; mean difference, −27.3 percentage points [95% CI, −45.2 to
−9.4]; P = .003). Thirteen participants (32.5%) in each group experienced an adverse event,
most commonly upper respiratory tract infections (10.0% in each group) or arthralgias (5.0%
for aspirin vs 7.5% for placebo). One participant randomized to aspirin (2.5%) experienced
drug-related heartburn.

CONCLUSIONS AND RELEVANCE In this preliminary randomized clinical trial of patients with
MASLD, 6 months of daily low-dose aspirin significantly reduced hepatic fat quantity compared
with placebo. Further study in a larger sample size is necessary to confirm these findings.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT04031729
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M etabolic dysfunction–associated steatotic liver dis-
ease (MASLD) is the most common cause of chronic
liver disease in Western countries, affecting more

than 30% of US adults.1 Up to one-third of patients with MASLD
develop progressive steatohepatitis and fibrosis, which can lead
to cirrhosis, hepatocellular carcinoma, and death.2,3 Yet, ap-
proved medications that effectively and safely reverse steato-
sis, inflammation, and fibrosis are lacking.

Aspirin may represent a promising and low-cost strategy for
treating MASLD and preventing progression to fibrosis, cirrho-
sis, and hepatocellular carcinoma. In preclinical studies of ste-
atohepatitis, platelets were the first cells to infiltrate the liver,
promoting inflammation by activating Kupffer cells and releas-
ing proinflammatory α-granules.4 In those models, aspirin
reversed steatosis and necroinflammation, and prevented fi-
brosis and hepatocellular carcinoma through glycoprotein 1b
α-mediated inhibition of platelet activation and immune cell
signaling.4 Aspirin also exhibited anti-inflammatory and anti-
tumor effects by inhibiting proinflammatory cyclooxygen-
ase-2 and platelet-derived growth factor signaling,5-9 and it
modulated bioactive lipids.10 Consistent with those findings, ob-
servational studies in patients with MASLD demonstrated that
aspirin use was associated with lower rates of disease progres-
sion to advanced fibrosis,11 hepatocellular carcinoma, and liver-
related mortality.12-14 Additionally, a preliminary nonrandom-
ized study of 22 adults with steatotic liver disease reported
reduced liver fat content after 6 months of antiplatelet therapy
with either aspirin or combined aspirin and clopidogrel, com-
pared with no treatment.4 However, this prior study was small,
had an observational design, and could not distinguish aspirin-
specific benefits from those related to P2Y12 inhibition (clopi-
dogrel) or statins, which were initiated in all but 4 aspirin-
treated patients. Consequently, the therapeutic effects of aspirin
for treating MASLD remain unclear.

This phase 2 randomized clinical trial tested the effects of
low-dose aspirin (81 mg/day) for reducing hepatic fat at 6-month
follow-up, compared with placebo, in adults with MASLD.

Methods
Study Design and Participants
This double-blind, randomized, placebo-controlled, single-
center clinical trial recruited adults with MASLD without cir-
rhosis between August 20, 2019, and July 19, 2022. The pro-
tocol was approved by the Mass General Brigham institutional
review board; all participants provided written informed con-
sent. The protocol and statistical analysis plan are included in
Supplement 1. Final follow-up occurred on February 23, 2023.

Eligibility and Exclusion Criteria
Eligible participants were aged 18 to 70 years with steatotic liver
disease documented either by liver histology or an appropri-
ate imaging modality confirming steatosis (ie, >5% hepatic fat
content).15 We excluded individuals with significant alcohol
use (≥3 drinks/day in men; ≥2 drinks/day in women), with al-
ternative causes of liver disease (diagnosis of viral hepatitis B
or hepatitis C infection [by serologies], hemochromatosis,

α-1 antitrypsin deficiency, Wilson disease, autoimmune hepa-
titis, or HIV [by medical record review or self-report]), or with
any evidence of cirrhosis or liver decompensation (by medi-
cal record review and confirmation from the treating clini-
cian). We excluded individuals who used aspirin-containing
medications within the prior 3 months; currently used an-
other antiplatelet, antithrombotic, or anticoagulant medica-
tion; had thrombocytopenia, bariatric surgery within the prior
2 years, or active malignancy (except nonmelanoma skin can-
cer); were currently pregnant or breastfeeding; or with any con-
traindication to aspirin or magnetic resonance imaging (MRI).

Randomization and Masking
Eligible participants were randomized (1:1 using a computer-
generated randomization schedule in permuted blocks of 2 and
8) to receive aspirin 81 mg or identical placebo pill once daily
for 6 months. Participants, investigators, and study person-
nel were unaware of treatment assignment and remained
masked to postbaseline assessments until all patients had com-
pleted follow-up testing.

Procedures
Study drug was administered orally once daily for 6 months af-
ter the baseline/randomization visit. Visits were conducted fast-
ing, and participants received standard nutritional counsel-
ing for MASLD at screening. To meet requirements of the US
National Institutes of Health, race and ethnicity data were col-
lected from participants by self-report, using fixed categories.
The baseline visit included MRI assessments of hepatic fat frac-
tion and markers of intrahepatic inflammation and fibrosis,16-18

anthropometrics, laboratory testing (hematology, chemis-
tries), standardized bionutrition and physical activity assess-
ments, and liver stiffness measurements of fibrosis by vibration-
controlled transient elastography (VCTE), using established cut
points.19 Assessments were repeated at 6 months. Hematocrit
level was assessed after 3 months. Participants with a de-
crease in hematocrit of greater than 20% compared baseline
were asked to discontinue use of the study drug. Safety, toler-
ability, and adherence were evaluated by self-report at all vis-
its, and adherence was assessed with returned pill count at
month 6. Laboratory analyses were conducted using standard
methods and performed at Quest Laboratories.

Key Points
Question In patients with metabolic dysfunction–associated
steatotic liver disease (MASLD), does 81 mg of aspirin daily reduce
the quantity of hepatic fat at 6-month follow-up compared with
placebo?

Findings In this phase 2 randomized clinical trial of 80 individuals
with MASLD, daily aspirin reduced the quantity of hepatic fat at
6-month follow-up compared with placebo (mean difference,
−10.2%).

Meaning In a preliminary randomized clinical trial of adults with
MASLD, 6 months of daily low-dose aspirin significantly reduced
liver fat content compared with placebo, but findings are
preliminary and require confirmation in a larger population.
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Primary Outcome
The primary end point was mean absolute change from base-
line to month 6 in hepatic fat fraction, measured by single voxel
breath-hold 1H-MR spectroscopy (MRS).16-18 Hepatic fat frac-
tion was calculated as the area under the spectroscopic lipid
peak divided by the total area under the water and lipid peaks,
with higher values indicating more severe steatosis (range, 0%-
100%: grade 0 [healthy, <5%]; grade 1 [mild, 5%-33%], grade 2
[moderate, 34%-66%], and grade 3 [severe, >66%]). MRS is
well-validated for quantifying liver fat, with an area under the
receiver operating characteristic curve of 0.94 (95% CI, 0.88
to 1.0).17 Although a minimal clinically important difference
for change in hepatic fat fraction by MRS was not prespeci-
fied, prior studies support an absolute reduction of greater than
1% as meaningful, given corresponding biological responses
(ie, changes in liver enzymes and body weight),20-22 changes
in histological steatosis severity, and markers of hepatic apop-
tosis and necroinflammation.23

Secondary Outcomes
Four prespecified, key secondary end points consisted of the
6-month relative (percentage) change in hepatic fat fraction
by MRS, attainment of at least a 30–percentage point relative
reduction in hepatic fat, and both absolute and relative
changes in liver fat content by MRI proton density fat fraction
(MRI-PDFF).20,21,24 MRI-PDFF is well-validated for quantify-
ing hepatic fat (area under the receiver operating characteris-
tic curve, 0.95 [95% CI, 0.91 to 1.0)25 and for detecting small
but meaningful changes in hepatic fat content.20-23 While
no MCID was prespecified, prior studies support a relative
reduction in hepatic fat of 30% or greater as clinically mean-
ingful because that degree of change was associated with his-
tological improvements in steatohepatitis20-23 and fibrosis.26

Prespecified nonkey secondary end points consisted of
6-month absolute changes in alanine aminotransferase (ALT),
aspartate aminotransferase (AST), iron-corrected T1 score, a
validated composite MRI estimate of hepatic inflammation and
fibrosis,18,27-29 VCTE-estimated liver fibrosis, body weight, and
body mass index (calculated as weight in kilograms divided
by height in meters squared). No MCID was prespecified for
nonkey secondary outcomes.

Post Hoc Exploratory Outcomes
Post hoc exploratory outcomes included attainment of (a) ALT
reduction of 17 IU/L or greater, (b) both ALT reduction of 17 IU/L
or greater and 30 percentage point or greater reduction in
hepatic fat fraction, and (c) a 50–percentage point or greater
reduction in hepatic fat fraction.

Adverse Events
Safety end points included laboratory tests at month 3 and
month 6 (hematocrit) and adverse events, assessed as open-
ended questions at all visits.

Sample Size
We calculated that a sample size of 80 participants would pro-
vide effective power of greater than 90% to demonstrate supe-
riority of aspirin 81 mg per day vs placebo for the primary end

point (6-month absolute change in hepatic fat fraction), with a
2-sided P value of less than .05, assuming more than a 3% dif-
ference in mean absolute hepatic fat fraction change between
the 2 groups, a standard deviation of 2.5%, and a drop-out rate
of 15% (ie, yielding an effective sample of 68 participants).30,31

Statistical Analysis
Continuous end points were assessed by analysis of covari-
ance, with treatment group at randomization included as a
fixed effect and baseline value included as a covariate. Logis-
tic regression was used for binary end points. The primary
analysis set included all of the 80 randomized participants, ana-
lyzed according to assigned treatment group, and assumed
missing outcomes data were missing at random32; data for
missing outcomes were imputed via multiple imputation with
20 imputations, based on same treatment group, with the out-
come variable and its corresponding baseline value, age, sex,
race and ethnicity, type 2 diabetes, previous liver biopsy, and
body weight (except for analyses of weight) as covariates. Each
imputed data set was analyzed separately, with estimates com-
bined using the Rubin formula.

Per-Protocol Analyses
Prespecified per-protocol analyses evaluated study end points
among all 71 randomized participants with complete out-
comes assessments, using similar analysis of covariance and
logistic-regression procedures.

For analyses of the primary end point, nonkey secondary
end points, and post hoc exploratory end points, 2-sided
P value of less than .05 denoted statistical significance. For the
4 key secondary end points, the sequentially rejective Holm
procedure accounted for multiple testing,33 with a threshold
P value of .0125 for relative change in hepatic fat by MRS,
a P value of .0167 for proportion achieving at least 30% he-
patic fat reduction, and P values of .025 for absolute change
and .05 for relative change in hepatic fat by MRI-PDFF. For the
nonkey secondary and exploratory end points, no multiplic-
ity adjustments were applied. Because of the potential for
type I error due to multiple comparisons, findings for nonkey
secondary and post hoc end points should be interpreted
as exploratory.

Prespecified sensitivity analyses for the primary and key
secondary end points included the following: (a) treating miss-
ing end point data as nonresponses by carrying forward base-
line values; (b) constructing multivariable-adjusted regres-
sion models accounting for potential confounders (ie, age, sex,
race and ethnicity, type 2 diabetes, body weight and visceral
adipose tissue volume)34; and (c) repeating analyses after ex-
cluding participants who lost 3% or more of body weight dur-
ing the trial to address potential confounding from weight loss.

In planned subgroup analyses, the outcomes of absolute
and relative change in hepatic fat content by MRS were as-
sessed among participants with significant, stage 2 or greater
fibrosis (by VCTE).19

Post Hoc Analyses
Post hoc subgroup analyses were conducted among partici-
pants with more than 20% hepatic fat at baseline and separately
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after excluding any participant with a weight gain of more than
15 kg during the trial.

Analyses were conducted using SAS version 16 (SAS Insti-
tute) and JMP version 17.1 (SAS Institute); Stata Version 17 SE
(StataCorp) was used for figures.

Results
Participants
Between August 2019 and July 2022, there were 87 individu-
als who underwent screening, and 80 participants were ran-
domized to receive aspirin (n = 40) or placebo (n = 40)
(Figure 1). Among randomized participants (Table 1), the mean
age at baseline was 48.0 years, and 44 (55.0%) were female;
overall mean body mass index was 33.7, and mean (SD) hepatic
fat fraction by MRS was 35.2% (25.6%), with similar propor-
tions in each group. Of the 80 randomized participants, 9
([11.25%]; 3 in the aspirin group and 6 in the placebo group)
did not complete 6-month follow-up; the remaining 71 par-
ticipants (89%) who completed 6-month follow-up for study

outcomes comprised the per-protocol population (37 in the
aspirin group and 34 in the placebo group; Figure 1, eTable 1
in Supplement 2). Adherence rates, measured by returned pill
counts at month 6, were greater than 90% for 94.5% [35] in
the aspirin group and 88.2% [30] in the placebo group (eTable 2
in Supplement 2). Characteristics of the 71 participants who
completed 6-month follow-up and the 9 who did not com-
plete 6-month follow-up are in eTable 3 in Supplement 2.

Primary Outcome
Among all 80 randomized participants, aspirin significantly re-
duced absolute hepatic fat fraction (−6.6% [95% CI, −11.9% to
−1.3%]) compared with placebo (3.6% [95% CI, −1.7% to 8.9%]),
with a mean difference of −10.2% (95% CI, −27.7% to −2.6%;
P = .009) (Table 2, Figure 2A).

Key Secondary Outcomes
Aspirin significantly reduced relative hepatic fat fraction (−8.8
percentage points [95% CI, −28.3 to 10.8]) compared with pla-
cebo (30.0 percentage points [95% CI, 10.4 to 49.6]; a mean
difference, −38.8 percentage points [95% CI, −66.7 to −10.8];

Figure 1. Participant Screening, Randomization, and Treatment

117 Adults aged 18 to 70 y with established metabolic
dysfunction–associated steatotic liver disease without
cirrhosis were assessed for potential eligibilitya

87 Approached for screening

83 Provided consent

30 Excluded
10 Did not meet study inclusion criteria

20 Other reasons
16 Declined participationb

2 COVID-19–related concerns
2 Moved abroad

4 Contraindication(s) to magnetic
resonance imaging

3 Bariatric surgery within <2 y
2 Intolerance to aspirin
1 Current oral anticoagulant use

4 Excluded
3 Declined participation after screening
1 Aspirin use within prior 3 mo

3 Did not proceed to randomization
2 Withdrew consent
1 Treating clinician initiated aspirin

80 Randomized

40 Included in the primary analysisc

34 Included in the per-protocol analysisd

40 Randomized to receive placebo, 1 pill/d
34 Received placebo as randomized

40 Randomized to receive aspirin, 81 mg/d
37 Received aspirin as randomized

40 Included in the primary analysisc

37 Included in the per-protocol analysisd

4 Lost to follow-up
2 Withdrew from the trial

2 Lost to follow-up
1 Withdrew from the trial

a Prescreening for potential eligibility
was conducted by the investigator
team (see study protocol in
Supplement 1).

b Common reasons for which patients
declined to participate included lack
of time or childcare concerns. For
additional details regarding reasons
for early trial discontinuation, see
Results section and eTable 1 in
Supplement 2.

c The full analysis set included all 80
randomized participants.

d The per-protocol analysis set
included all 71 randomized
participants who provided consent,
were randomized, and who
completed the 6-month visit
assessments for study outcomes.
There were no missing data in
this set.

MASLD indicates metabolic
dysfunction–associated steatotic liver
disease.
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P = .007) (Table 2). Rates of achieving 30–percentage point re-
ductions or greater in hepatic fat were 42.5% with aspirin vs
12.5% with placebo (mean difference, 30.0% [95% CI, 11.6%
to 48.4%]; P = .006). When liver fat was quantified by MRI-
PDFF, the mean absolute change in liver fat content was −2.7%
(95% CI, −4.5% to −1.0%) with aspirin vs 0.9% (95% CI, −0.8%
to 2.6%) with placebo (mean difference, −3.7% [95% CI, −6.1%
to −1.2%]; P = .004), and the mean relative change in liver fat
content was −11.7 percentage points (95% CI, −24.3 to 1.0) with
aspirin vs 15.7 percentage points (95% CI, 3.0 to 28.3) with pla-
cebo (mean difference, −27.3 percentage points [95% CI, −45.2
to −9.4]; P = .003) (Table 2).

Other Secondary Outcomes
Aspirin significantly reduced levels of ALT (−16.1 IU/L [95% CI,
−21.1 to −11.0] with aspirin vs −0.5 IU/L [95% CI, −5.6 to 4.5]
with placebo; mean absolute difference, −15.6 IU/L [95% CI,
−22.7 to −8.4]; P < .001), AST (−14.6 IU/L [95% CI, −17.8 to −11.3]
with aspirin vs −0.2 IU/L [95% CI, −3.5 to 3.0] with placebo;
difference, −14.3 IU/L [95% CI, −19.0 to −9.7]; P < .001), cor-
rected T1-estimated inflammation and fibrosis (−19.2 milli-
seconds [95% CI, −42.1 to 3.8] with aspirin vs 15.7 millisec-
onds [95% CI, −7.3 to 38.7] with placebo; difference, −34.9
milliseconds [95% CI, −67.3 to −2.4]; P < .001), and fibrosis es-
timated by VCTE (−1.1 kPA [95% CI, −2.0 to −0.2] with aspirin

Table 1. Baseline Characteristics of All Randomized Participants (N = 80)

Characteristica Aspirin (n = 40) Placebo (n = 40)
Demographics

Age, mean (SD), y 46.6 (12.1) 49.3 (12.1)

Female sex 21 (52.5) 23 (57.5)

Male sex 19 (47.5) 17 (42.5)

Race

American Indian or Alaska Native 1 (2.5) 0

Asian 2 (5) 1 (2.5)

Black or African American, non-Hispanic 1 (2.5) 0

White, non-Hispanic 30 (75.0) 33 (82.5)

Hispanic or Latino ethnicity 6 (15.0) 6 (15.0)

Anthropometrics, mean (SD)

Weight, kg 98.9 (21.1) 93.8 (21.0)

Body mass indexb 34.0 (5.8) 33.4 (6.2)

Visceral adipose tissue volume, cm3 204.5 (87.4) 180.0 (74.3)

Comorbidities

Type 2 diabetes 16 (40.0) 15 (37.5)

Hypertension 15 (37.5) 14 (35.0)

Prescription medication usec 14 (35.0) 15 (37.5)

Metformin 6 (15.0) 7 (17.5)

Statin 5 (12.5) 6 (15.0)

Vitamin E 3 (7.5) 4 (10.0)

Glucagon-like peptide-1 receptor agonist 3 (7.5) 3 (7.5)

Laboratory values, mean (SD)

Alanine aminotransferase, IU/L 53.1 (30.4) 51.1 (32.1)

Aspartate aminotransferase, IU/L 40.5 (16.5) 39.8 (20.2)

Hemoglobin A1c, % 5.7 (1.0) 5.7 (1.4)

Low-density lipoprotein cholesterol, mg/dL 114.8 (26.2) 110.9 (32.3)

High-density lipoprotein cholesterol, mg/dL 44.0 (10.8) 45.2 (9.3)

Hepatic assessments, mean (SD)

Hepatic fat fraction by MRI spectroscopy, % 39.1 (26.1) 31.4 (24.8)

Hepatic fat by MRI proton density fat fraction, % 16.7 (9.2) 14.7 (8.6)

Liver stiffness by VCTE, kPA 6.9 (5.9) 6.6 (3.6)

Significant (stage ≥2) fibrosis, by VCTEd 15 (37.5) 17 (42.5)

Eligible prior clinical liver biopsye 23 (57.5) 21 (52.5)

Steatohepatitis, % of total with biopsy 19 (82.6) 18 (85.7)

Fibrosis (stage 1-3), % of total with biopsy 16 (69.6) 15 (71.4)

Stage 0 7 (30.4) 6 (28.6)

Stage 1 8 (34.8) 7 (33.3)

Stage 2 7 (30.4) 7 (33.3)

Stage 3 1 (4.3) 1 (4.8)

Abbreviations: MRI, magnetic
resonance imaging;
VCTE, vibration-controlled
transient elastography.

SI conversion factors: To convert
alanine aminotransferase or aspartate
aminotransferase to μkat/L, multiply
by 0.0167; high-density lipoprotein
cholesterol or low-density lipoprotein
cholesterol to mmol/L, multiply by
0.0259.
a There were no statistically

significant differences between
groups at baseline for any of the
variables shown. Data presented as
No. (%) unless otherwise indicated.
No data were missing.

b Calculated as weight in kilograms
divided by height in meters
squared.

c Although not mandated by the
study protocol, all randomized
participants with baseline
prescription medication use had
been taking stable (unchanged)
dosages of the listed prescriptions
(ie, metformin, statin, vitamin E,
glucagon-like peptide-1 receptor
agonists) for at least 6 months prior
to enrollment. No participant had a
dosage change of these medications
during the treatment period.

d Significant, fibrosis of stage 2 or
greater was estimated by VCTE,
using the established cut point of
8.6 kPA (see Methods).

e Eligible prior clinical biopsies
occurred within less than 12 months
of the screening date (see Methods
and study protocol).
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vs 1.7 kPA [95% CI, 0.8 to 2.6] with placebo; difference, −2.8 kPA
[95% CI, −4.0 to −1.5]; P < .001) (Table 2). There were no sig-
nificant differences between groups in mean absolute weight
change (0.5 kg [95% CI, −0.6 to 1.6] with aspirin vs 0.7 kg
[95% CI, −0.4 to ] with placebo; difference, −0.2 kg [95% CI,
−1.7 to 1.4]; P = .82) or in the proportions who lost 3% or more
of body weight during the trial (12.5% [5 participants] with as-
pirin vs 10.0% [4 participants] with placebo; difference, 2.5%
[95% CI, −11.3% to 16.3%]; P = .74) (Table 2).

Per-Protocol Analyses
Within the per-protocol population (n = 71), aspirin signifi-
cantly reduced absolute hepatic fat fraction (−5.9% [95% CI,
−11.6% to −0.2%] compared with placebo (4.7% [95% CI, −1.2%
to 10.7%]; mean difference, −10.6% [95% CI, −19.0% to −2.2%];
P = .01) (eTable 4 in Supplement 2). Results for all key and non-
key secondary outcomes in the per-protocol population were
similar in both magnitude and significance to those from the
full randomized population (eTable 4 in Supplement 2).

Sensitivity Analyses
Prespecified sensitivity analyses of the primary and key sec-
ondary outcomes yielded similar results. First, when baseline
values were carried forward for missing outcomes data, the ab-
solute treatment effect with aspirin remained statistically sig-
nificant (−5.4% [95% CI, −10.6% to −0.2%] with aspirin vs 4.0%
[95% CI, −1.2% to 9.2%] with placebo; mean difference, −9.4%
[95% CI, −16.8% to −1.9%]; P = .01) (eTable 5 in Supplement 2).
Second, prespecified models adjusting for age, sex, race and eth-
nicity, type 2 diabetes, body weight, and visceral adipose tis-
sue volume yielded similar, statistically significant absolute
treatment effects with aspirin in the full population (−8.7%
[95% CI, −15.8% to −1.6%] with aspirin vs 2.4% [95% CI,
−4.4% to 9.2%] with placebo; mean difference, −11.1% [95% CI,
−19.4% to −2.8%]; P = .009) (eTable 6 in Supplement 2) and in
the per-protocol set (−7.2% [95% CI, −15.1% to 0.7%] with aspi-
rin vs 3.9% [95% CI, −3.9% to 11.8%] with placebo; mean dif-
ference, −11.1% [95% CI, −20.4% to −1.9%]; P = .02) (eTable 7 in
Supplement 2). Third, aspirin significantly reduced absolute

Figure 2. Effect of Daily Aspirin 81 mg Compared With Placebo on Hepatic Fat Fraction

0

100

80

60

40

20

H
ep

at
ic

 fa
t f

ra
ct

io
n,

 %

Group

Between-group
change

Absolute change in HFF from baseline to mo 6 for all randomized participants (N = 80)A

Baseline mo
6

40 401 Baseline mo
6

–50

30

20

10

0

–40

–30

–20

–10

Ch
an

ge
 fr

om
 b

as
el

in
e

Aspirin Placebo1

Participants

Aspirin Placebo

0

100

80

60

40

20

H
ep

at
ic

 fa
t f

ra
ct

io
n,

 %

Group

Between-group
change

Absolute change in HFF from baseline to mo 6 or the per-protocol population (N = 71)B

Baseline mo
6

37 341 Baseline mo
6

–50

30

20

10

0

–40

–30

–20

–10

Ch
an

ge
 fr

om
 b

as
el

in
e

Aspirin Placebo1

Participants

Aspirin Placebo

Data in the center of each panel
present individual participant
changes in the absolute hepatic fat
fraction (HFF) by magnetic resonance
spectroscopy and by treatment
group. Box plots indicate the median
(thick horizontal line), mean (circle),
IQR (box top and bottom), and
maximum and minimum changes in
HFF (whiskers). The orange box plots
on the left side in each panel show
within-group changes in the aspirin
group; the blue box plots on the right
side in each panel show within-group
changes in the placebo group; the
orange and blue box plots at the far
right show between-group absolute
changes between baseline and
month 6.
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hepatic fat fraction, compared with placebo, among partici-
pants in the full randomized population without 3% body weight
loss or greater during the trial (n = 71; −7.1% [95% CI, −13.0% to
−1.2%] with aspirin vs 5.0% [95% CI, −0.9% to 10.8%] with pla-
cebo; mean difference, −12.1% [95% CI, −20.7% to −3.5%];
P = .006) (eTable 8 in Supplement 2) and among participants
in the per-protocol set without 3% body weight loss or greater
(n = 64; −6.2% [95% CI, −12.6% to 0.1%] with aspirin vs 5.9%
[95% CI, −0.6% to 12.4%] with placebo; mean difference, −12.1%
[95% CI, −21.5% to −2.8%]; P = .01) (eTable 9 in Supplement 2).

Subgroup Analyses
Thirty-two participants (15 in the aspirin group and 17 in the
placebo group) had significant stage 2 or greater fibrosis at base-
line. Within this prespecified subgroup, aspirin significantly
reduced absolute hepatic fat fraction compared with placebo
(−11.7% with aspirin vs 1.9% with placebo; mean difference,
−13.7% [95% CI, −26.4% to −1.0%]; P = .03). Aspirin signifi-
cantly reduced relative hepatic fat compared with placebo
(−23.3 vs 33.0 percentage points; mean difference, −56.3 per-
centage points [95% CI, −104.0 to −8.6]; P = .02).

Post Hoc Exploratory Outcomes and Analyses
Within the per-protocol population (n = 71), significantly more
participants in the aspirin group achieved ALT reduction of
17 IU/L or greater than in the placebo group (32.4% vs 8.8%;
difference, 23.6% [95% CI, 5.8% to 41.4%]; P = .02), ALT re-
duction of 17 IU/L or greater and hepatic fat reduction of 30
percentage points or greater (20.6% in the aspirin group vs 2.9%
in the placebo group; difference, 17.7% [95% CI, 3.5% to 31.9%];
P = .04), and hepatic fat reduction of 50 percentage points or
greater (24.3% in the aspirin group vs 5.9% in the placebo
group; difference, 18.4% [95% CI, 2.5% to 34.3%]; P = .05).

eTable 10 in Supplement 2 compares baseline character-
istics by group among participants with baseline hepatic fat
levels greater than 20%. Within this subgroup, aspirin signifi-
cantly reduced absolute hepatic fat fraction (−9.8% [95% CI,
−17.2% to −2.4%]) compared with placebo (3.4% [95% CI,
−5.0% to 11.7%]; mean difference, −13.1% [95% CI, −24.4% to
−1.9%]; P = .02), and results for the key secondary end points
were similar in both direction and magnitude (eTable 11 in
Supplement 2). After excluding 1 participant from the pla-
cebo group who experienced more than a 15-kg weight gain
during the trial period, absolute liver fat content was signifi-
cantly reduced with aspirin (−6.7% [95% CI, −12.0% to
−1.4%]) compared with placebo (3.4% [95% CI, −2.0% to
8.8%]; mean difference, −10.1% [95% CI, −17.7% to −2.4%];
P = .01), and results for the key secondary outcomes also
remained similar (eTable 12 in Supplement 2).

Adverse Events
Mean (SE) 6-month percentage changes in hematocrit level in
the aspirin group were 0.3% (3.2%) vs −0.9% (0.8%) in the pla-
cebo group (eTable 13 in Supplement 2). No participant devel-
oped anemia, thrombocytopenia, or experienced bleeding.
eTable 14 in Supplement 2 outlines adverse events. Thirteen
participants (32.5%) in each group experienced an adverse
event, most commonly upper respiratory tract infections

(4 [10.0%] in each group) or arthralgias (2 [5.0%] in the aspi-
rin group vs 3 [7.5%] in the placebo group). One participant ran-
domized to aspirin experienced drug-related heartburn (2.5%).
No adverse event met protocol-defined criteria for investiga-
tor discontinuation.

Discussion
In this preliminary randomized, double-blind, placebo-
controlled clinical trial of adults with MASLD, 6 months of daily
low-dose aspirin (81 mg) significantly reduced mean absolute
liver fat by 10.3% compared with placebo. Aspirin also pro-
duced greater reductions in the prespecified, key secondary
outcomes of percentage point change in liver fat, the abso-
lute and percentage point changes in liver fat by MRI-PDFF,
and the proportion attaining a 30–percentage point or greater
reduction in liver fat content.

MRI is well-established as an accepted measure for quan-
tifying hepatic fat.16-18,20-22,24 Reducing hepatic fat by 30
percentage points or more has been defined as a mean-
ingful treatment effect in early-phase MASLD trials, based on
substantial corresponding histological improvements in
steatohepatitis20-22 and fibrosis.26 However, beyond improv-
ing steatosis, the US Food and Drug Administration has iden-
tified that reducing steatohepatitis and preventing fibrosis
progression are important histological end points for defining
therapeutic efficacy in late-phase MASLD trials.35 Previous
epidemiologic studies reported that both the severity and
progression of MASLD histological features (ie, steatosis, ste-
atohepatitis, and fibrosis) were associated with major
adverse clinical outcomes, including cirrhosis, liver decom-
pensation, and death.3,36,37 Thus, future clinical trials that
confirm these findings should include histological and clini-
cal outcomes. Future studies will also need to define the
optimal aspirin dose, timing of initiation, and the durability
of benefit.

Low-dose aspirin was safe and well-tolerated. There were
no drug-related serious adverse events or bleeding events.
However, treatment duration was short, and studies from the
general population reported a bleeding risk of approximately
1.7 events/1000 person-years (95% CI, 0.65 to 3.10) associ-
ated with low-dose aspirin.38 Aspirin has known benefit for sec-
ondary risk reduction in established cardiovascular disease;
however, for patients without cardiovascular disease, ben-
efits of aspirin for primary prevention are unclear. Thus, for
patients with MASLD who would not otherwise meet criteria
for routine aspirin use, future studies are needed to define its
risk-benefit profile.

For the placebo group, the present study found a modest
increase in absolute hepatic fat fraction, consistent with some
recent early-phase MASLD clinical trials that included partici-
pants with early-stage disease.39-41 Other previous trials that
reported small, placebo group reductions in absolute liver fat
by MRS (ie, pooled mean change of −1.5% with placebo) often
included participants with more advanced steatohepatitis
and/or fibrosis, and placebo responses correlated with clini-
cal factors, including changes in body weight or body mass
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index.42 Consistent with those observations, in the present
study, the response in the placebo group was more attenu-
ated in the subgroup with stage 2 fibrosis or greater after mul-
tivariable adjustment and after excluding 1 person from the pla-
cebo group with a weight gain of more than 15 kg and increased
liver fat during the trial. In each of those analyses, the treat-
ment effects with aspirin remained similar. Nevertheless,
future large and multicenter studies are needed to validate
these findings.

Limitations
This study has several limitations. First, the sample size was
small and follow-up was relatively short. Second, this clini-
cal trial was conducted in a single center, which could limit
generalizability. Third, this study had statistical power to de-
tect changes in steatosis, and did not comprehensively col-
lect liver histology at baseline and follow-up. Fourth, this trial
focused on surrogate hepatic outcomes (ie, liver fat) and did

not ascertain clinical end points including progression to cir-
rhosis or death. Fifth, modest differences in baseline charac-
teristics between the 2 study groups, including hepatic fat, may
have introduced confounding and favored the aspirin inter-
vention. Sixth, the primary analysis applied multiple imputa-
tion to 9 participants with missing outcomes data, assuming
missing data were missing at random, which may have intro-
duced bias, and the missing at random assumption could not
be tested within the data set.

Conclusions
In a preliminary randomized clinical trial of patients with
MASLD, 6 months of daily low-dose aspirin significantly re-
duced hepatic fat quantity compared with placebo. Further
study in a larger sample size is necessary to confirm these
findings.
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