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Abstract 

Background  Non-alcoholic fatty liver disease (NAFLD) is associated with an increased incidence of hepatic and extra-
hepatic cancers, in particular those linked to obesity. In people with chronic liver disease, aspirin may confer protec-
tion against hepatocellular carcinoma (HCC). We explore the potential chemoprotective effect of aspirin/other anti-
platelet agents on obesity-related cancers, including HCC in people with NAFLD.

Methods  We performed a retrospective cohort study of anonymised electronic medical records using the TriNetX 
network (Cambridge, MA, USA), a global federated database. We identified adults aged 18 or over with a diagnosis 
of NAFLD, prior to commencing antiplatelet agents. Two groups were created: antiplatelet (1) versus no antiplatelet 
use (2). We propensity score matched for nine variables. Antiplatelet use was defined as aspirin, ticagrelor, cangrelor, 
clopidogrel or prasugrel use for at least 1 year. The outcomes of interest were incidence of HCC and other obesity-
related cancers. Follow-up was for 5 years. We performed subgroup analyses on aspirin users only and stratified find-
ings for sex and age. Sensitivity analysis was conducted on individuals with 3- and 5-year aspirin exposure.

Results  Post matching, there were 42,192 people per group. Antiplatelet use in people with NAFLD was associated 
with statistically significant reduction in all obesity-related cancers (HR 0.71, 95% CI 0.65–0.78, p < 0.001) and individu-
ally for HCC (HR 0.52, 95% CI 0.40–0.68, p < 0.001), breast carcinoma (HR 0.78, 95% CI 0.66–0.92, p = 0.003), pancreatic 
carcinoma (HR 0.61, 95% CI 0.47–0.78, p < 0.001) and colorectal carcinoma (HR 0.68, 95% CI 0.56–0.84, p < 0.001). 
For women, there was a significant reduction in risk of ovarian carcinoma (HR 0.75, 95% CI 0.57–0.98, p = 0.034). 
Aspirin monotherapy was similarly associated with reduced incidence of HCC (HR 0.46, 95% CI 0.32–0.64, p < 0.001) 
and all obesity-related cancers (HR 0.71, 95% CI, 0.56–0.90, p = 0.004), with benefits observed in males (HR 0.71, 95% CI 
0.56–0.90, p = 0.004), females (HR 0.77, 95% CI 0.67–0.88, p < 0.001) and in older (HR 0.72, 95% CI 0.63–0.82, p < 0.001) 
but not younger people (HR 0.78, 95% CI 0.60–1.03, p = 0.589).

Conclusions  Aspirin/antiplatelet agents may have a role in primary cancer prevention in people living with NAFLD.
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Background
Obesity is a chronic complex disease associated with a 
wide range of health complications including medical 
(cardiovascular disease, type 2 diabetes, non-alcoholic 
fatty liver disease (NAFLD)), musculoskeletal, mental 
health complications and risk of multiple malignancies 
(oesophageal, gastric, colorectal, liver, pancreatic, gall 
bladder, breast, uterine, ovarian, thyroid, meningioma, 
multiple myeloma) [1]. Prevalence of obesity has doubled 
from 1990 to 2022, according to World Health Organisa-
tion data, with 43% of adults living with been overweight 
or obese (60% in Europe and 67% in the Americas) [2].

NAFLD has emerged as the leading cause of chronic 
liver disease, affecting up to one third of the global 
population [3]. NAFLD occurs where there is exces-
sive hepatic fat accumulation with secondary inflamma-
tion and potentially fibrosis. NAFLD is now the main 
driver for increased chronic liver disease incidence [4] 
and is associated with cirrhosis and hepatocellular car-
cinoma (HCC). As a multisystem disorder, it is also 
independently associated with cardiovascular disease 
[5], chronic kidney disease [6] and extra-hepatic cancer 
[7]. A recent meta-analysis including 10 cohort studies 
(182,202 people, median follow-up 5.8  years) identified 
that NAFLD was significantly associated with a 1.5- to 
2.0-fold increased risk of incident gastrointestinal can-
cers (oesophagus, stomach, pancreas, colorectal can-
cers) and a 1.2- to 1.5-fold increased risk of lung, breast, 
gynaecological or urinary system [7]. These risks were 
independent of age, sex, smoking, obesity and diabetes 
status, although many patients will have multiple com-
mon metabolic-related oncogenic risk factors.

Obesity also may adversely affect/limit oncological 
treatment options, increase the risk of cancer-related 
mortality and increase rates of disease recurrence [8]. 
Prevention and early detection/timely treatment of can-
cer are therefore critical for people living with obesity. 
There has been increasing interest in the use of aspirin, 
an inhibitor of cyclooxygenase (COX)−2, for primary 
prevention of cancer and to improve cancer survival post 
diagnosis. Evidence is strongest for colorectal and other 
gastrointestinal tract [9]. Aspirin has also been shown to 
be protective against HCC in the general population and 
people with chronic liver disease in recent meta-analyses 
[10, 11], although no benefit was seen for people with cir-
rhosis who are at the highest risk of HCC [11]. For indi-
viduals with NAFLD, aspirin has recently been shown to 
halve the risk of HCC in a large retrospective study using 
Taiwan’s National Health Insurance Research Database 
(145,212 NAFLD patients, 33,484 received daily aspirin 
for 90 days or more and 55,543 patients did not receive 
any antiplatelet therapy, adjusted hazard ratio, HR 0.48, 
95% CI 0.37–0.63) [12]. To our knowledge, the benefits 

of either aspirin or other anti-platelet agents has not 
been explored in people with NAFLD for prevalence of 
other cancers associated with obesity. This is highly clini-
cally relevant given the high burden of metabolic related 
(oncogenic) risk factors in this population. Using a large 
international cohort of patients, we therefore explored 
the chemoprotective role of aspirin, and other anti-plate-
let agents, for the prevention of HCC and other cancers 
associated with obesity in the literature.

Methods
Network characteristics
We performed a retrospective cohort study using the Tri-
NetX (TriNetX LLC, Cambridge, MA, USA) platform. 
The TriNetX research platform is a global collabora-
tive network providing access to real-time anonymised 
electronic medical records. TriNetX has data usage and 
publication agreements in place with all health care 
organisations (HCOs). The TriNetX Global Collabora-
tive network composes of over 135 million individuals 
across over 100 health care organisations (HCOs), pri-
marily, secondary and tertiary units in North America 
and Europe. Data contained with the network includes 
demographics, diagnosis, procedures, medications and 
health care utilisation. We conformed to Strengthening 
the Reporting of Observational Studies in Epidemiology 
(STROBE) guidelines (Additional File 1: Table  S1). The 
data used in this study was collected on 30 March 2024.

Primary cohorts
We identified all adults, aged 18 or over, with NAFLD, 
defined by the presence of International Classification of 
Diseases 10th revision (ICD-10) codes K75.8 (other spec-
ified inflammatory liver diseases) or K76.0 (fatty change 
of the liver not elsewhere classified). We excluded indi-
viduals with other causes of chronic liver disease (Addi-
tional File 1: Table S2).

Two groups were created: (1) anti-platelet use and (2) 
no anti-platelet use. Anti-platelet use was defined as aspi-
rin, ticagrelor, cangrelor, clopidogrel or prasugrel use for 
at least 1 year. Individuals must have had a diagnosis of 
NAFLD prior to commencement of antiplatelet use. We 
adopted an active comparator new user design where 
analysis was of new starters of antiplatelets. Individu-
als in the ‘no antiplatelet use’ group must not have had 
any coding of antiplatelet use in their electronic medical 
record. The index event for antiplatelet users was defined 
at 1  year post initiation of medication, and the index 
event for non-users was defined at 1  year post the first 
diagnosis of NAFLD (Fig. 1). In addition, we performed 
an analysis of people using aspirin monotherapy as com-
pared to people not prescribed any anti-platelet agents.
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Groups were propensity score matched (PSM) for age 
at index event, sex, ethnicity, presence of type 2 diabetes 
(T2D) (ICD-10 E11), obesity (defined as BMI ≥ 30  kg/
m2), all neoplasms (ICD-10 C00-D49), ischaemic heart 
diseases (ICD-10 I20-25), cerebrovascular disease (ICD-
10 I60-69) and other peripheral vascular disease (ICD-10 
I73). Primary outcome was incidence of new HCC [13] 
(ICD-10 C22). Secondary outcomes included incidence 
of other cancers known to be associated with obesity 
according to the literature (oesophageal [14], gastric [15], 
colorectal [16], gallbladder [17], pancreatic [18], breast 
[19], ovarian [20], uterine [21], thyroid [22], multiple 
myeloma [23]) (ICD codes in Additional File 1: Table S3). 
Individuals with a history of an outcome of interest were 
excluded from prospective analysis of that respective 
outcome only. Individuals were followed up for 5  years 
post index event. Participants that died during the study 
period or who were lost to follow-up (e.g. moving to 
another HCO not included within the network) were 
censored at that time point. Sensitivity analysis was con-
ducted for 3- and 5-year aspirin exposure, with outcomes 
analysed from the point of drug initiation.

Statistical analysis
Due to the nature of the data source, this dataset may 
face some typical data quality challenges of EMRs 
such as incomplete or inaccurate data entries, under-
reporting of certain conditions, limited granularity 
and exclusion of data not integrated into the HCO’s 
EMR. Nevertheless, TriNetX employs data valida-
tion processes to ensure the accuracy and reliability of 
its data. These processes include regular data quality 
checks to identify and correct discrepancies, valida-
tion against external benchmarks to ensure consistency 
and accuracy and collaboration with data contribu-
tors to resolve any identified issues and improve data 
quality continuously. Statistical analysis is conducted 
within the TriNetX platform using the R survival pack-
age as a backbone. Groups were 1:1 propensity score 

matched (PSM). We used greedy nearest neighbour 
matching with a caliper of 0.1 pooled standard devia-
tions. The proportional hazard assumption was tested 
using the generalised Schoenfeld approach built into 
the platform. Hazard ratios alongside 95% CI and p 
values are reported for the prospective analysis and 
mean and standard deviation for baseline characteris-
tics. Kaplan–Meier curves were calculated for survival 
probability. If the last data entry (outcomes of interest, 
date of death, end of data collection, or loss to follow-
up) in the patient’s record was in the time window for 
analysis, the patient was censored on the day after the 
last fact in their record. We calculated the E-value for 
each outcome of interest. The E-value is defined as the 
minimum strength of association, on the risk ratio scale 
that an unmeasured confounder would need to have 
with both treatment and outcome to fully explain away 
a specific treatment-outcome association [24]. There is 
no threshold of significance for the E-value and should 
be interpreted in context with the size of the HR [25]. 
Variables with strictly standardised mean difference 
(SSMD) < 0.1 is well matched between groups. Statisti-
cal significance is set at the 5% level.

Results
Baseline characteristics
We identified a total of 1,086,684 individuals. 42,649 
had been issued an antiplatelet agent for at least 1  year 
post diagnosis of NAFLD, and 1,044,035 had no cod-
ing of any anti-platelet agent use ever. Post PSM, there 
were 42,192 in each group. Aspirin monotherapy was the 
most frequent group consisting of 66.9% of all individuals 
(n = 28,220). Clopidogrel, prasugrel, ticagrelor and can-
grelor monotherapy made up 2.6%, 0.5%, 0.4% and < 0.1% 
respectively. The remaining 29.0% of individuals used a 
combination of antiplatelet therapy. For individuals pre-
scribed ‘any’ antiplatelet, 93% included a prescription for 
aspirin. Table 1 summarises the baseline demographics.

Fig. 1  Timeline of included individuals for the main cohort analysis
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Incidence of obesity‑related cancer according to any 
anti‑platelet use for people with NAFLD
Effect of any anti‑platelet use on cancer incidence for people 
with NAFLD
Overall, there were 796 cancer events in people pre-
scribed anti-platelets and 1033 events for people not 
prescribed anti-platelets respectively. Antiplatelet use 
was associated with statistically significant reduction 
in all obesity-related cancers (HR 0.71, 95% CI 0.65–
0.78, p < 0.001, E-value 1.85) in people with NAFLD 
(Table 2). Antiplatelet use was associated with a signifi-
cantly reduced risk of HCC (HR 0.52, 95% CI 0.40–0.68, 
p < 0.001, E-value 2.52) compared to non-users (Fig. 2). 
Benefit was observed after a year of prescription and 
increased over time (Fig. 2).

Antiplatelet agent use was associated with statistically 
significant reduction in incident breast carcinoma (HR 
0.78, 95% CI 0.66–0.92, p = 0.003, E-value 1.66), pancre-
atic carcinoma (HR 0.61, 95% CI 0.47–0.78, p < 0.001, 
E-value 2.16) and colorectal carcinoma (HR 0.68, 95% 
CI 0.56–0.84, p < 0.001, E-value 1.94). For women, there 
was a significant reduction in risk of uterine carcinoma 
(HR 0.75, 95% CI 0.57–0.98, p = 0.034, E-value 1.74) 
(Table  2). There was no significant difference between 
users and non-users of anti-platelet agents in incidence 
of gallbladder carcinoma (HR 0.66, 95% CI 0.29–1.48, 
p = 0.305), gastric carcinoma (HR 0.76, 95% CI 0.50–
1.13, p = 0.171), oesophageal carcinoma (HR 0.70, 95% 
CI 0.42–1.17, p = 0.174), ovarian carcinoma (HR 0.87, 
95% CI 0.61–1.25, p = 0.443), multiple myeloma (HR 
0.98, 95% CI 0.68–1.39, p = 0.889) and thyroid carci-
noma (HR 0.82, 95% CI 0.60–1.13, p = 0.225) (Table 2).

Effect of any anti‑platelet use on cancer incidence for people 
with NAFLD stratified by sex
A reduced incidence of all obesity-related cancer accord-
ing to anti-platelet use was observed for both men (HR 
0.69, 95% CI 0.58–0.82, p < 0.001, E-value 1.91) and 
women (HR 0.78, 95% CI 0.70–0.88, p < 0.001, E-value 
1.66) (Table 3, Fig. 3). For men, antiplatelet use was asso-
ciated with reduced risk of HCC (HR 0.49, 95% CI 0.34–
0.72, p < 0.001, E-value 2.66) and colorectal carcinoma 
(HR 0.70, 95% CI 0.52–0.96, p = 0.026, E-value 1.88). For 
women, a benefit was observed for colorectal carcinoma 
(HR 0.71, 95% CI 0.54–0.94, p = 0.018, E-value 1.85), pan-
creatic carcinoma (HR 0.45, 95% CI 0.31–0663, p < 0.001, 
E-value 2.86) and uterine carcinoma as described previ-
ously (Table 3, Fig. 3).

Incidence of obesity‑related cancer according to aspirin 
monotherapy use for people with NAFLD
Effect of aspirin monotherapy use on cancer incidence 
for people with NAFLD
Overall, 28,220 individuals were issued aspirin only post 
PSM. Aspirin monotherapy was associated with statis-
tically significant reduction in incident obesity-related 
cancers combined (HR 0.64, 95% CI 0.55–0.74, p < 0.001, 
E-value 2.06). For individual cancers, aspirin use was 
found to be protective for HCC (HR 0.46, 95% CI 0.32–
0.64, p < 0.001, E-value 2.80), colorectal carcinoma (HR 
0.63, 95% CI 0.49–0.82, p = 0.001, E-value 2.10), pancre-
atic carcinoma (HR 0.61, 95% CI 0.45–0.84, p = 0.002, 
E-value 2.16) and breast carcinoma (HR 0.80, 95% CI 
0.65–0.97, p = 0.024, E-value 1.61). There was no signifi-
cant difference between aspirin users and non-users of 

Table 1  Baseline patient demographics and characteristics post propensity score matching

Anti-platelet use (n = 42,192) No antiplatelet use (n = 42,192) Strictly 
standardised 
mean difference

Demographics
  Age at index event (years) 62.8 ± 12.6 63.2 ± 12.7 0.029

  Sex (female) [%] 58 57 0.007

  Race (White/Black or African American/Asian) [%] 71/9/4 70/9/3 0.011/0.006/0.012

Anthropometrics
  Body mass index (kg/m2) 33.4 ± 7.6 33.9 ± 7.5 0.062

Comorbidities [%]

  Type 2 diabetes 33.8 33.4 0.009

  Ischaemic heart disease 20.1 19.8 0.008

  History of any neoplasm 14.4 14.8 0.012

  Cerebrovascular disease 6.7 6.4 0.010

  Other peripheral vascular disease 3.3 3.0 0.019
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anti-platelets in incidence of oesophageal carcinoma (HR 
0.58, 95% CI 0.31–1.08, p = 0.082), gastric carcinoma (HR 
0.73, 95% CI 0.45–1.19, p = 0.207), gallbladder carcinoma 
(HR 0.62, 95% CI 0.22–1.75, p = 0.365), multiple myeloma 
(HR 0.79, 95% CI 0.50–1.22, p = 0.283) or thyroid carci-
noma (HR 0.92, 95% CI 0.62–1.36, p = 0.665) (Table 2).

Effect of aspirin monotherapy use on cancer incidence 
for people with NAFLD stratified by sex
For women, aspirin prescription was associated with 
reduced incidence of all obesity-related cancers (HR 
0.77, 95% CI 0.67–0.88, p < 0.001, E-value 1.69). Specifi-
cally, a significant risk reduction was observed for colo-
rectal carcinoma (HR 0.65, 95% CI 0.45–0.94, p = 0.019, 
E-value 2.03), pancreatic cancer (HR 0.41, 95% CI 0.25–
0.68, p < 0.001, E-value 3.09) and breast carcinoma (HR 
0.76, 95% CI 0.62–0.93, p = 0.009, E-value 1.71). No sta-
tistically significant association was observed for other 
obesity-related cancers (Table 4, Fig. 4). For men, aspirin 
use was associated with reduced incidence of all obesity-
related cancers (HR 0.71, 95% CI 0.56–0.90, p = 0.004, 
E-value 1.85) and HCC (HR 0.41, 95% CI 0.24–0.68, 
p < 0.001, E-value 3.09), (Table 4, Fig. 4).

Effect of aspirin monotherapy use on cancer incidence 
for people with NAFLD stratified by age
For individuals aged over 60, aspirin use was associated 
with reduced incidence of all obesity-related cancers (HR 

0.72, 95% CI 0.63–0.82, p < 0.001, E-value 1.82), HCC 
(HR 0.41, 95% CI 0.28–0.59, p < 0.001, E-value 3.09), colo-
rectal carcinoma (HR 0.67, 95% CI 0.51–0.90, p = 0.006, 
E-value 1.97), pancreatic carcinoma (HR 0.70, 95% CI 
0.49–0.99, p = 0.040, E-value 1.88), gastric carcinoma 
(HR 0.59, 95% CI 0.36–0.97, p = 0.035, E-value 2.24) and 
breast carcinoma (HR 0.74, 95% CI 0.59–0.92, p = 0.005, 
E-value 1.77). Cancer incidence was significantly less in 
individuals aged 60 or less and aspirin was not associated 
with any reduced incidence of cancers (Additional File 1: 
Table S4, Additional File 1: Fig. S1).

Effect of aspirin monotherapy use on cancer incidence 
for people with NAFLD stratified by exposure time
Aspirin exposure for at least 3 and 5 years was associated 
with a statistically significant reduced incidence of all 
obesity-related cancers, HCC and pancreatic carcinoma 
(Additional File 1: Table S5, Additional File 1: Fig. S2).

Sensitivity analysis
Aspirin exposure for 3  years, with follow-up beginning 
from the point of drug initiation, was associated with a 
statistically significant reduced incidence of obesity-
related cancers (HR 0.79, 95% CI 0.69–0.89, p < 0.001, 
E-value 1.63) and HCC (HR 0.55, 95% CI 0.39–0.78, 
p < 0.001, E-value 2.39). Additionally, aspirin exposure for 
5 years, from the point of initiation, was associated with a 
greater reduced incidence of obesity-related cancers (HR 

Fig. 2  Kaplan–Meier estimates of time to HCC diagnosis
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0.74, 95% CI 0.61–0.89, p = 0.001, E-value 1.77) and HCC 
(HR 0.44, 95% CI 0.26–0.76, p = 0.003, E-value 2.91).

Discussion
Using a large global federation health research network, 
we demonstrate that use of anti-platelet agents (for which 
over 90% included a prescription for aspirin) is associ-
ated with reduced incidence of HCC and other cancers 
known to be linked to obesity, namely colorectal, breast, 
pancreatic and uterine cancer in people with NAFLD fol-
lowing propensity score matching for confounders. For 
aspirin monotherapy, there was a reduction in risk for 
HCC, colorectal, breast cancer and pancreatic cancer. 
This protection was lost for people under 60 years where 
cancer incidence was reduced. This is the first study in a 
Western population to examine the association between 
aspirin and incident HCC in people with NAFLD and the 
first to analyse the wider chemoprotective role of aspirin 
for other obesity-related cancers in this population.

Observational data supports a chemoprotective role 
of aspirin for HCC. In a recent systematic review and 
meta-analysis, aspirin use was associated with a lower 
incidence of HCC in a dose-dependent and duration-
dependent manner and was also found to be associated 
with reduced recurrence and mortality [26]. In a further 
meta-analysis (12 cohort studies, 4 case–control studies; 
822,680 aspirin users, 20,626 HCC cases), Abdelmalak 
et  al. demonstrated that aspirin use reduces incident 
HCC by 30%, although this protection was not demon-
strated for people with cirrhosis, a leading risk factor for 
HCC [11]. This association has not been studied in the 

setting of a randomised control trial (RCT) however. Few 
studies have examined a chemoprotective role for aspirin 
in people with NAFLD. This is of particular interest as 
the prevalence of NAFLD-associated HCC [27]. Lee et al. 
conducted a large retrospective cohort study to assess 
the relationship between aspirin and reduction in risk 
of HCC in people with NAFLD using Taiwan’s National 
Health Insurance Research database, involving 145,212 
NAFLD patients, 33,484 patients continuously receiv-
ing a daily dose of aspirin for at least 90 days and 55,543 
patients who did not receive any antiplatelet therapy [12]. 
Aspirin therapy was associated with a reduced HCC risk 
(adjusted HR 0.48 [95% CI 0.37–0.63]), and aspirin use 
for greater than 3  years was associated with the lowest 
risk of HCC. In this study, we observe a similar reduction 
in risk for both aspirin monotherapy and any platelet use 
for people with NAFLD. Following stratification for sex, 
protection against incident HCC in this study was only 
observed for men, which may be related to the higher 
incidence of primary liver cancer in this group. A sensi-
tivity analysis, with follow-up starting from the point of 
antiplatelet initiation, demonstrated a reduction in inci-
dence of obesity-related cancers and HCC, with a greater 
effect seen with 5-year aspirin exposure compared to 
3 years.

We also demonstrate a reduction in incident colorectal 
cancer in addition to breast, uterine and pancreatic can-
cer for women and colorectal cancer for men for people 
with NAFLD prescribed any anti-platelet therapy. While 
observational data supports a protective role of aspirin 
use for colorectal cancer [28], meta-analysis of RCT data 

Fig. 3  Forest plot of all clinical outcomes at 5 years in all antiplatelet users with NAFLD, sub-stratified by sex
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has shown conflicting results. Ma et  al. concluded that 
while aspirin use overall did not reduce colorectal can-
cer incidence, a pooled analysis of studies which used 
low dose aspirin showed moderate benefit (relative risk 
0.84) [29]. Aspirin was also found to reduce recurrence 
and cancer-related mortality [29]. Conversely, Shah et al. 
concluded that only high-dose aspirin is protective [30]. 
Ghaddaf et al. reported that aspirin use only reduces the 
risk of advanced lesions for up to 5 years [31]. Indeed, an 
updated evidence report and systemic review for the US 
Preventative Services Task Force (USPSTF) concluded 
that while low-dose aspirin was associated with small 
absolute risk reductions in major cardiovascular disease, 
‘colorectal cancer results were less robust and highly vari-
able’ [32].

With respect to the role of aspirin and incidence of 
other cancers, most data available for analysis is obser-
vational. Meta-analysis data do suggest a chemo-preven-
tative benefit for aspirin for incident pancreatic cancer, 
in particular for people taking high-dose aspirin with a 
longer duration of use [33, 34]. Similarly, meta-analyses 
have reported a modest reduced incidence of gastric can-
cer (33 studies, risk ratio 0.89) [35] and breast cancer (42 
studies, relative risk 0.92) [36], although there was signifi-
cant heterogeneity between studies. Pooled analyses of 

12 observational studies have identified a 13% reduction 
in incident ovarian cancer in all subgroups other than 
women with endometriosis [37]. This benefit is not borne 
out in RCT data however. In the Women’s Health Study, 
a randomised 2 × 2 factorial trial of aspirin 100 mg daily 
and aspirin placebo (39,876 US women) for 10 years did 
not reveal any difference in incidental cancer at any site 
other than non-melanoma skin cancer [38]. While other 
studies have identified reduced incidence of oesophageal 
cancer (metanalysis, 9 studies) [39], this data is observa-
tional only. In common with this study, no benefit has 
been demonstrated for aspirin against incidence mye-
loma [40] and minimal data exists for gallbladder cancer.

In this cohort, we identify that any anti-platelet use 
is associated with reduced incidence of HCC, colorec-
tal cancer, pancreatic cancer, uterine cancer and breast 
cancer, and aspirin monotherapy was only found to be 
protective against all the above but not uterine cancer. 
It is unclear whether this is related to a lower number of 
people at risk and lower number of events in the aspi-
rin monotherapy group or a compound effect of dual or 
consecutive anti-platelet use. Aspirin inhibits cyclooxy-
genase-2, which promotes inflammation and cell pro-
liferation and inhibits nuclear factor kappa light chain 
induction of apoptosis. In terms of HCC, aspirin may 

Fig. 4  Forest plot of all clinical outcomes at 5 years in aspirin monotherapy users with NAFLD, sub-stratified by sex
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influence carcinogenesis via reduction in hepatic fat con-
tent, recently demonstrated in a preliminary phase 2 trial 
[41]. Antiplatelet therapy (aspirin/clopidogrel) has also 
been shown to reduce intrahepatic platelet accumulation 
and platelet–immune cell interaction, limiting hepatic 
immune cell trafficking leading to attenuated intrahepatic 
cytokine and chemokine release, macrovesicular steatosis 
and hepatic inflammation [42].

The clinical implications of our findings are hugely 
significant considering NAFLD represents a major pub-
lic health challenge [3]. Breast and colorectal carcinoma 
represent two of the leading causes of cancer in the UK. 
Although HCC is less common, survival rates are poor 
at it is the only cancer for which incidence and mortal-
ity rates are increasing [43]. Our study supports previous 
findings from observational research that anti-platelet 
therapy may be beneficial for primary prevention of 
common obesity-related cancers. However, these find-
ings have not yet been convincingly reproduced in RCTs, 
the level of evidence required for clinical recommenda-
tions. In 2016, the US Preventive Services Task force 
(USPSTF) endorsed for the first time low-dose aspirin 
for prevention of colorectal cancer, in addition to car-
diovascular disease, for individuals aged 50–59  years 
with a 10% 10-year cardiovascular risk [44]. However, in 
2022, the USPSTF revised its recommendations regard-
ing aspirin for primary prevention of CVD and withdrew 
its recommendation regarding colorectal cancer, cit-
ing ‘inadequate’ evidence to support aspirin’s reduction 
of colorectal cancer risk [32]. Therefore, future proof-
of-concept trials should be performed to confirm, or 
refute, our findings, to help inform clinical guidelines. 
Such clinical guidelines would need to detail a practi-
cal and cost-effective approach to identify those at high 
risk of obesity-related complications (without imaging or 
biopsy studies) best placed for anti-platelet-based cancer 
chemoprotection. Non-invasive markers of fibrosis, e.g. 
fibrosis-4 score could be used to triage patients into more 
specific investigations.

Our study has several strengths, including being the 
first and largest real-world study performed in a Western 
population to assess the impact of anti-platelet therapy 
on protection against obesity-related cancers in people 
with NAFLD. The topic is highly clinically relevant given 
the rising rates of obesity in adults and children [2], and 
subsequently NAFLD, and the burden of hepatic and 
extrahepatic cancers in this group. Of note, the compos-
ite outcome of ‘obesity-related’ cancer used in this paper 
was chosen given the clinical relevance of this topic and 
strong evidence in the literature linking certain can-
cers with obesity. It does not translate that all the inci-
dent cancer cases reported here were directly related to 
obesity and instead will have occurred as a result of a 

complex interplay of metabolic risk, lifestyle factors and 
genetics.

We must acknowledge some limitations. Firstly, these 
are real-world data, and comparisons are not randomised 
nor controlled. Therefore, we cannot comment on causa-
tion. Second, resulting from data being extracted from 
electronic health records of an administrative database, 
there is potential for a lack of data completeness. For 
example, data may not be recorded by the HCO, such as 
the dose, or duration, of treatment, or recorded in free 
text that we are unable to extrapolate. We attempted to 
mitigate against challenges faced in determining treat-
ment duration by ensuring that repeat coding for anti-
platelet therapy was present. NAFLD may have resolved 
in some participants over the study time course. We 
were unable to identify which patients had experienced 
NAFLD resolution as such assessment would require 
serial biopsies or imaging data that was not available to 
us. Related, we could not analyse the impact of individual 
anti-platelets, aside from aspirin, on obesity-related can-
cer outcomes, as the sample size was too small. Moreover, 
as with any retrospective database study, despite thor-
ough covariate adjustment through PSM at baseline, it is 
possible that minimal residual bias confounding remains. 
We attempted to reduce risk of unidentified residual con-
founding through calculation of E-values as a quantita-
tive bias analysis to assist readers in the interpretation of 
the strength of our results [24]. The 1-year time lag may 
have introduced an element of immortality bias, but this 
was consistent between groups. In addition, a sensitivity 
analysis from the point of drug initiation was performed 
which further supports our findings. Individuals adhering 
to long-term medication may have higher socioeconomic 
status and healthier lifestyles which are better controlled 
for and evaluated through RCTs. We could not evaluate 
outcomes over a longer period of follow-up (e.g. 10 years) 
due to the loss of signal. Finally, although ICD-10 revi-
sion coding is a validated method for identifying disease 
outcomes, variability in diagnostic and coding practices 
might influence its accuracy. We used diagnostic codes 
that pertain to the diagnosis of ‘NAFLD’, despite the 
recent update in the nomenclature to metabolic dysfunc-
tion associated steatotic liver disease (MASLD) as there 
are significant gaps in metabolic data measured which is 
necessary to make a diagnosis of MASLD.

Conclusions
In summary, our study highlights the novel potential of 
anti-platelet therapy, notably aspirin, in reducing the 
incidence of several hepatic and extra-hepatic obesity-
related cancers, in individuals with NAFLD, a high-risk 
population. Randomised, controlled studies should 
explore their potential primary cancer prevention role.
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