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Abstract: Betel nut chewing, common in several Asian populations, is linked to increased cancer risk, including 
oral, esophageal, gastric, and hepatocellular carcinoma. Aspirin shows potential as a chemopreventive agent. This 
study investigates the association between aspirin use and cancer risk among betel nut chewers. Betel nut chewers 
aged 18 and older were included, with aspirin use defined as at least 28 cumulative defined daily doses (cDDDs). 
Propensity score matching and Cox proportional hazards models, adjusted for time-varying covariates, were used to 
assess cancer risk. The study included 46,302 betel nut chewers, equally divided between aspirin users and non-
users. Aspirin use was associated with a 31% reduction in overall cancer risk (adjusted hazard ratio [aHR], 0.69; 
95% confidence interval [CI], 0.66 to 0.73; P<0.0001). A dose-response relationship was observed, with higher 
cDDDs of aspirin corresponding to greater reductions in cancer risk. The highest quartile of aspirin use (Quartile 4) 
showed a 62% reduction in cancer risk (aHR, 0.38; 95% CI, 0.34 to 0.41; P<0.0001). Daily aspirin intensity was also 
associated with a significant reduction in cancer risk, with doses greater than 1 DDD showing an aHR of 0.54 (95% 
CI, 0.47 to 0.61; P<0.0001) compared to 1 DDD or less. Aspirin use significantly reduces cancer risk among betel 
nut chewers in a dose-dependent manner. These findings suggest aspirin as a potential chemopreventive agent in 
high-risk populations, warranting further investigation.
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Introduction

Betel nut chewing, prevalent in several Asian 
populations, is strongly associated with an 
increased risk of oral cancer, esophageal squa-
mous cell carcinoma (ESCC), gastric cancer, 
and hepatocellular carcinoma (HCC) [1-6]. The 
carcinogenic potential of betel nut is particu-
larly concerning in regions like Taiwan, where 
its use is widespread [1-6]. Emerging evidence 
further implicates betel nut chewing in the 
development of pancreatic, pharyngeal, lung, 

and cervical cancers, suggesting it as a multi-
faceted carcinogen affecting various organs 
[6-12]. Betel nut chewers have a 1.5-fold 
increased risk of pancreatic cancer and approx-
imately a threefold higher risk of pharyngeal 
cancer compared to non-chewers [6, 13, 14]. 
Additionally, those who chew betel nuts and 
smoke face a 1.4-fold increased risk of lung 
cancer, and women in this group have a 1.6-fold 
higher risk of cervical cancer, likely due to the 
immunosuppressive effects of betel nut alka-
loids that may facilitate persistent HPV infec-
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tions [6, 13, 14]. Habitual chewers also have a 
2.2-fold increased risk of stomach cancer [6, 
13, 14].

Aspirin has demonstrated significant promise 
as a chemopreventive agent against various 
cancers, supported by extensive data from 
numerous studies [8, 15-21]. Meta-analyses of 
randomized controlled trials and observational 
studies consistently show that regular aspirin 
use significantly reduces the incidence of sev-
eral types of cancer [15, 20]. For instance, 
long-term aspirin use is linked to a 24% reduc-
tion in colorectal cancer incidence and a 35% 
reduction in mortality [22]. Similarly, aspirin is 
associated with a 20-30% reduction in the risk 
of esophageal, stomach, and breast cancers 
[22-25]. Notably, daily aspirin use for over five 
years reduces the risk of colorectal cancer by 
approximately 30-40% [6, 13, 14, 26].

Betel nut chewing induces chronic inflamma-
tion in the oral mucosa, esophagus, and liver 
due to alkaloids like arecoline, which cause oxi-
dative stress and DNA damage [1-6, 27, 28]. 
This chronic inflammatory state fosters a con-
ducive environment for cancer development 
[29]. Aspirin, by mitigating this inflammation 
[15-17], could potentially reduce the carcino-
genic effects of betel nut. Furthermore, aspi-
rin’s anti-platelet properties may help prevent 
metastasis, as platelets can shield circulating 
tumor cells from immune detection and facili-
tate their adhesion to the endothelium, promot-
ing metastasis [15, 18, 19]. Therefore, aspirin 
might offer a novel approach to reducing can-
cer risk in betel nut chewers, who are at high 
risk due to the combined effects of betel nut 
and tobacco use. Given the wide range of can-
cers associated with betel nut chewing, identi-
fying effective preventive strategies is crucial. 
Our study explores the potential role of aspirin 
in mitigating cancer risk within this high-risk 
population, offering new insights into cancer 
prevention strategies tailored for individuals 
with compounded carcinogenic exposures. By 
leveraging data from a large, real-world cohort, 
we aim to inform targeted approaches to 
address the unique cancer risks faced by betel 
nut chewers, potentially guiding public health 
interventions and clinical practices in regions 
with a high prevalence of betel nut use.

Methods

Study population

We conducted a population-based cohort study 
utilizing data from the Taiwan National Health 
Insurance Research Database (NHIRD) cover-
ing the period from 2008 to 2021. The NHIRD 
is an invaluable resource for epidemiological 
research, providing extensive medical claims 
data for all National Health Insurance benefi-
ciaries in Taiwan, including detailed informa- 
tion on diagnoses, procedures, prescriptions, 
demographics, and enrollment profiles [30-35]. 
The data is anonymized using unique patient 
identifiers and linked to the death registry and 
Taiwan Cancer Registry, enabling accurate 
determination of vital status and causes of 
death for each patient [36-38]. Additionally, the 
Health Promotion Administration of the Mini- 
stry of Health and Welfare in Taiwan initiated an 
oral cancer screening program in 2004, allow-
ing us to identify high-risk individuals based on 
betel nut chewing habits by linking the National 
Oral Cancer Screening database with the 
NHIRD [39]. Consequently, our study popula-
tion included betel nut chewers identified from 
this linked data, representing over 99% of the 
Taiwanese population.

Our study aimed to examine the association 
between aspirin use and cancer risk among 
betel nut chewers aged 18 and older. We uti-
lized data from the Taiwan NHIRD and the 
National Oral Cancer Screening database, 
excluding individuals with incomplete age data. 
Aspirin use was defined as the intake of at least 
28 cumulative defined daily doses (cDDDs) of 
aspirin [40, 41]. The index date was set as the 
date when a patient first reached 28 cDDDs of 
aspirin use. The observation period for each 
betel nut chewer began on the index date and 
continued until a cancer diagnosis or the end of 
the study period (December 31, 2022), which-
ever came first. Patients prescribed at least 28 
cDDDs of aspirin during follow-up were classi-
fied as the case group (aspirin users), while 
those prescribed fewer than 28 cDDDs formed 
the control group (aspirin nonusers). The follow-
up duration was defined as one year after the 
initial aspirin use or cohort entry. To our knowl-
edge, this study is the first to explore the rela-
tionship between aspirin use and cancer risk in 
betel nut chewers, aiming to provide critical 
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insights into the impact of aspirin on cancer 
incidence in this population.

Our study employed stringent exclusion criteria 
to ensure the robustness of our findings. We 
excluded individuals from the cohort if they met 
any of the following conditions: (1) a cancer 
diagnosis within one year of the index date, (2) 
missing data on sex or age, or being under 18 
years of age, (3) a follow-up period of less than 
one year, or (4) a diagnosis of any other type of 
cancer within one year prior to cohort entry. 
These criteria were designed to eliminate 
potential confounders and to ensure that the 
observed association between aspirin use and 
cancer risk was accurately reflected in our 
results. The study protocols were reviewed and 
approved by the Institutional Review Board of 
Tzu-Chi Medical Foundation (IRB number: 
IRB109-015-B).

PSM and study covariates

To account for potential confounding factors, 
we incorporated various covariates into our 
analysis. Participants were stratified into four 
age groups according to their age on the index 
date: 18-49, 50-59, 60-69, and ≥70 years. The 
index date for aspirin users was defined as the 
first instance of aspirin consumption at a dose 
of at least 28 cDDDs. For matched non-users, 
variables recorded at the corresponding index 
date were utilized.

To investigate the association between aspirin 
use and cancer onset while controlling for 
potential confounders, we employed propensity 
score matching (PSM) to minimize confounding 
effects when comparing cancer risk between 
aspirin users and non-users. Matching vari-
ables included age, sex, income level, urbaniza-
tion status, smoking status, alcohol-related  
diseases, and specific comorbidities such as 
diabetes, hyperlipidemia, hypertension, chronic 
obstructive pulmonary disease, tuberculosis, 
asthma, upper respiratory tract infection, hepa-
titis B, hepatitis C, liver cirrhosis, inflammatory 
bowel disease, familial adenomatous polypo-
sis, urinary tract infection, Parkinson’s disease, 
pregnancy, pneumonia, cystic fibrosis, obesity, 
coronary artery disease, cardiac arrhythmia, 
stroke or transient ischemic attack, peripheral 
vascular disease, and congestive heart failure. 
Additionally, medication use - including non-
aspirin NSAIDs, statins, and metformin - as well 
as the Charlson Comorbidity Index (CCI) score, 

were considered in the matching process 
(Table 1).

Comorbidities were identified using the In- 
ternational Classification of Diseases, Ninth 
Revision, Clinical Modification (ICD-9-CM) or 
Tenth Revision, Clinical Modification (ICD-10-
CM) codes, based on either one inpatient visit 
or two or more outpatient visits within the year 
preceding the index date. To avoid repetitive 
adjustments in the multivariate analysis, re- 
peat comorbidities were excluded from CCI cal-
culations. We employed a time-dependent Cox 
proportional hazards model, adjusted for rele-
vant covariates, to compare cancer incidence 
between aspirin users and non-users within the 
Betel Nut Chewers cohort. This model account-
ed for changes in aspirin use over the study 
period, with non-use periods of at least three 
months classified as unexposed. Aspirin expo-
sure status was updated quarterly, enabling 
dynamic adjustment for time-varying covari-
ates and providing a more precise estimate of 
cancer risk. To address the potential for com-
peting risks, we used the Fine and Gray meth-
od, which allowed us to estimate the subdistri-
bution hazard of cancer while considering mor-
tality as a competing event, thereby offering a 
more nuanced understanding of the relation-
ship between aspirin use and cancer incidence 
[42].

To reduce disparities between patient groups, 
we utilized the greedy method for propensity 
score matching, employing a caliper width of 
0.1 to achieve a 1:1 matching ratio [43]. This 
approach involves selecting controls with iden-
tical background covariates deemed essential 
by the investigator for controlling confounding 
factors. Continuous variables are reported as 
means with standard deviations or medians 
with interquartile ranges, depending on the 
data distribution.

Aspirin exposure

In this study, aspirin exposure was assessed 
using prescription data from the NHIRD, classi-
fied according to the Anatomical Therapeutic 
Chemical (ATC) system [44]. Collected informa-
tion included drug type, dosage, administration 
route, prescription date, and the number of pills 
dispensed. Given that patients may have modi-
fied their aspirin use over time, we treated aspi-
rin use as a time-varying covariate in the Cox 
proportional hazards model [45]. The cumula-
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Table 1. Baseline characteristics of betel nut chewers with and without aspirin use after propensity 
score matching

Non-Aspirin use group Aspirin use group
ASMDN = 23,151 N = 23,151

N % N %
Age (mean ± SD) 57.19 ± 12.57 57.07 ± 11.65 0.0100 
Age, median (IQR), years 57.00 (50.00, 66.00) 57.00 (49.00, 66.00)
Age Group, years 0.0780 
    18-49 5,408 23.4% 6,183 26.7%
    50-59 7,546 32.6% 7,251 31.3%
    60-69 6,361 27.5% 6,116 26.4%
    ≥70 3,836 16.6% 3,601 15.6%
Sex 0.0553 
    Female 5,883 25.4% 5,333 23.0%
    Male 17,268 74.6% 17,818 77.0%
Income 0.0250 
    Low income 327 1.4% 345 1.5%
    ≤20,000 15,366 66.4% 15,133 65.4%
    20,001-30,000 3,587 15.5% 3,675 15.9%
    30,001-45,000 2,425 10.5% 2,567 11.1%
    >45,000 1,446 6.3% 1,431 6.2%
Urbanization 0.0053 
    Rural 8,941 38.6% 8,880 38.4%
    Urban 14,210 61.4% 14,271 61.6%
Coexisting comorbidities
    Diabetes 5,319 23.0% 5,256 22.7% 0.0067 
    Hyperlipidemia 15,224 65.8% 14,076 60.8% 0.1030 
    Hypertension 7,268 31.4% 7,357 31.8% 0.0084 
    Chronic obstructive pulmonary disease 2,946 12.7% 2,962 12.8% 0.0018 
    Tuberculosis 183 0.8% 182 0.8% 0.0000 
    Asthma 1,386 6.0% 1,327 5.7% 0.0111 
    Upper respiratory tract infection 13,494 58.3% 13,142 56.8% 0.0308 
    Hepatitis B 486 2.1% 467 2.0% 0.0056 
    Hepatitis C 277 1.2% 263 1.1% 0.0056 
    Liver cirrhosis 3,360 14.5% 3,104 13.4% 0.0317 
    Inflammatory bowel disease 145 0.6% 139 0.6% 0.0038 
    Familial adenomatous polyposis 144 0.6% 144 0.6% 0.0000 
    Urinary tract infection 2,193 9.5% 2,063 8.9% 0.0194 
    Parkinson’s disease 140 0.6% 157 0.7% 0.0100 
    Pregnancy 11 0.1% 14 0.1% 0.0043 
    Pneumonia 641 2.8% 645 2.8% 0.0012 
    Cystic fibrosis 0 0.0% 0 0.0% 0.0000
    Obesity 180 0.8% 178 0.8% 0.0011
    Coronary artery disease 7,435 32.1% 8,317 35.9% 0.0805
    Cardiac arrhythmia 342 1.5% 488 2.1% 0.0475
    Stroke or transient ischemic attack 3,590 15.5% 3,931 17.0% 0.0399
    Peripheral vascular disease 445 1.9% 474 2.1% 0.0093
    Congestive heart failure 808 3.5% 1,073 4.6% 0.0578
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tive dose of aspirin was calculated by multiply-
ing the number of pills dispensed by the pre-
scribed dose, dividing by the days’ supply, and 
converting the result into cDDDs based on the 
World Health Organization’s defined daily dose 
(DDD) for aspirin. Patients were stratified into 
four subgroups according to quartiles of  
cDDDs. The daily intensity of aspirin dosage 
was also analyzed, comparing the risk of can-
cer among betel nut chewers receiving dosag- 
es greater than 1 DDD versus those receiving 1 
DDD or less. Aspirin nonuse was defined as 
fewer than 28 cDDDs to exclude occasional 
use, while aspirin use was defined as at least 
28 cDDDs [40, 41].

Sensitivity analysis

We conducted a sensitivity analysis to assess 
the impact of aspirin use on cancer risk across 
various subgroups, including age, sex, non-

aspirin NSAID use, statin use, and metformin 
use.

Endpoints

The primary endpoint of this study was the inci-
dence of cancers, confirmed through certifica-
tion records in the Registry for Catastrophic 
Illness Patients [46]. Secondary endpoints 
included the risk of specific cancer types. To 
account for potential unmeasured confound-
ing, we assessed the risk of nine negative con-
trol outcomes (NCOs) [47], including conditions 
such as dog bite (ICD-9: E906; ICD-10: W54.0), 
wrist/hand fracture (ICD-9: 814; ICD-10: S62), 
ingrown nail (ICD-9: 703; ICD-10: L60.0), gan-
glion (ICD-9: 727.4; ICD-10: M67.4), ankle 
sprain (ICD-9: 845, 905.7; ICD-10: S93.4), otitis 
externa (ICD-9: 380.0-380.2; ICD-10: H60), 
viral warts (ICD-9: 078.1; ICD-10: B07), atopic 
dermatitis (ICD-9: 690.12, 691.8, 692.3-
692.9; ICD-10: L20, L25, L85.3), and conjuncti-

Habitus
    Ever or current smoking 20,951 90.5% 21,113 91.2% 0.0243
    Alcohol-related diseases 807 3.5% 754 3.3% 0.0127 
Medication use
    Non-Aspirin NSAIDs 12,537 54.2% 11,970 51.7% 0.0491
    Statins 3,563 15.4% 3,963 17.1% 0.0469
    Metformin 3,291 14.2% 3,230 14.0% 0.0078 
CCI scores
    Mean (SD) 1.27 ± 1.33 1.28 ± 1.40
    Median (Q1-Q3) 1.00 (0.00, 2.00) 1.00 (0.00, 2.00)
CCI score categories 0.0481
    0 9,101 39.3% 9,647 41.7%
    ≥1 14,050 60.7% 13,504 58.3%
Aspirin, cDDD
    Nonuse 23,151 100.0% 0 0.0%
    Q1 0 0.0% 5,540 23.9%
    Q2 0 0.0% 5,455 23.6%
    Q3 0 0.0% 5,888 25.4%
    Q4 0 0.0% 6,268 27.1%
Aspirin dosage
    Nonuse 23,151 100.0% 0 0.0%
    < median 0 0.0% 10,995 47.5%
    ≥ median 0 0.0% 12,156 52.5%
Daily intensity of dosage
    nonuse 23,151 100.0% 0 0.0%
    ≤1 DDD 0 0.0% 20,790 89.8%
    >1 DDD 0 0.0% 2,361 10.2%
Abbreviations: ASMD, Absolute Standardized Mean Difference; SD, Standard Deviation; IQR, Interquartile Range; CCI, Charlson 
Comorbidity Index; cDDD, Cumulative Defined Daily Dose; DDD, Defined Daily Dose.
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vitis (ICD-9: 706.8, 360.14, 370; ICD-10: H16). 
These conditions, unlikely to be influenced by 
aspirin use, could nonetheless be impacted by 
differences in healthcare utilization or other 
unmeasured confounders. Each outcome was 
evaluated both individually and as part of a 
composite measure.

Statistical analysis

In this study, we collected patient characteris-
tics, including age, sex, comorbidities, medica-
tion use, and aspirin dosage. Participants were 
stratified into age groups in 10-year intervals, 
and baseline characteristics between aspirin 
users and non-users were compared using 
appropriate statistical tests. Categorical vari-
ables were analyzed with chi-squared tests, 
continuous variables with t-tests, and medians 
with Wilcoxon rank-sum tests. The cohort study 
baseline was defined as the start of follow-up.

To ensure adequate statistical power, we con-
ducted a power calculation based on an antici-
pated effect size of 0.75 for the primary out-
come (cancer risk), assuming a two-sided alpha 
of 0.05 and a sample size of 46,302. This anal-
ysis indicated that our study had over 90% 
power to detect statistically significant differen- 
ces.

To examine the association between aspirin 
use and cancer risk, incidence rates (IRs), inci-
dence rate ratios (IRRs), and adjusted hazard 
ratios (aHRs) with 95% confidence intervals 
(CIs) were calculated using Cox regression 
models, adjusting for confounders such as age, 
sex, income level, urbanization status, smok-
ing, alcohol-related diseases, specific comor-
bidities, medication use, and CCI scores. The 
cumulative incidence of cancers was estimated 
via the Kaplan-Meier method and compared 
using log-rank tests. The daily intensity of aspi-
rin dosage was evaluated by categorizing pa- 
tients into two groups: those taking more than 
1 DDD and those taking 1 DDD or less. This 
classification allowed for the analysis of the 
relationship between daily aspirin dosage 
intensity and cancer risk, with results present-
ed as Kaplan-Meier cumulative incidence 
curves. Statistical analyses were conducted 
using SAS for Windows (version 9.4), with a 
two-sided P-value of less than 0.05 indicating 
statistical significance.

Results

Baseline characteristics

Table 1 presents the baseline characteristics 
of 46,302 betel nut chewers, equally divided 
between aspirin users and non-users (n = 
23,151 each). The mean age was similar 
between groups (57.07 ± 11.65 years for users 
vs. 57.19 ± 12.57 years for non-users, ASMD = 
0.010). The majority were male (74.6% non-
users vs. 77.0% users, ASMD = 0.0553) and 
aged 50-69 years. Income, urbanization,  
smoking habits, and comorbidities were well-
matched, minimizing confounding. Slight differ-
ences in medication use, such as higher statin 
use among aspirin users, were observed but 
remained within acceptable ASMD limits.

Cancer risk outcomes

As shown in Supplementary Table 1, cancer 
incidence was lower in aspirin users (11.1%) 
compared to non-users (15.2%) (P<0.0001). 
Aspirin use was associated with reduced risk 
across several cancers, including hepatocellu-
lar carcinoma (1.3% users vs. 1.8% non-users, 
P<0.0001) and lung cancer (1.6% users vs. 
2.1% non-users, P<0.0001). The median fol-
low-up was 8 years for both groups, providing 
robust data on long-term cancer risk. Figure 1 
shows that aspirin use significantly reduces 
cancer risk in betel nut chewers, as indicated 
by the lower cumulative incidence of cancer 
compared to non-users.

Cancer risk reduction by adjusted hazard ra-
tios

Supplementary Table 2 demonstrates the 
impact of aspirin use on cancer incidence 
among betel nut chewers. Overall cancer inci-
dence was significantly reduced with an adjust-
ed HR of 0.69. Gastric cancer showed the 
greatest reduction among specific cancers, 
with an HR of 0.56, followed by gynecological 
cancers (HR 0.66) and breast cancer (HR 0.69). 
Colorectal cancer had an HR of 0.70, and HCC 
showed a reduction with an HR of 0.72. 
Esophageal and prostate cancers both had an 
HR of 0.73, while lung cancer showed an HR of 
0.74. Other cancers had an HR of 0.76, head 
and neck cancer had an HR of 0.77, and pan-
creatic cancer showed the smallest reduction 
with an HR of 0.82.
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Cox proportional hazards regression model for 
cancer risk

The aHR for cancer incidence in the aspirin use 
group was 0.69 (95% CI, 0.66 to 0.73; P< 
0.0001), indicating a 31% reduction in cancer 
risk compared to non-users (Table 2).

Further stratification by cDDD of aspirin 
revealed a dose-dependent relationship. The 
adjusted HR for the highest quartile of aspirin 
cDDD (Quartile 4) was 0.38 (95% CI, 0.34 to 
0.41; P<0.0001), suggesting a 62% reduction 
in cancer risk. The HRs for the other quartiles 
were similarly reduced, with Quartile 3 at 0.82 
(95% CI, 0.76 to 0.89; P<0.0001) and Quartile 
2 at 0.88 (95% CI, 0.81 to 0.95; P = 0.0019). 
Figure 2 demonstrates a clear dose-response 
relationship, with higher cumulative doses of 
aspirin associated with greater reductions in 
cancer risk. Supplementary Figure 1 also high-
lights that betel nut chewers with aspirin use 
above the mean cumulative dose have a signifi-
cantly lower cancer risk compared to those 
below the mean.

Daily intensity of aspirin use also influenced 
cancer risk, with a greater than 1 defined daily 
dose (DDD) associated with a lower HR of 0.54 
(95% CI, 0.47 to 0.61; P<0.0001), compared to 
an HR of 0.71 (95% CI, 0.67 to 0.75; P<0.0001) 
for those using 1 DDD or less. Supplementary 
Figure 2 shows that daily aspirin doses greater 
than 1 DDD are associated with lower cancer 

reinforces that higher cumulative aspirin doses 
correspond to lower cancer risk.

Incidence rates and incidence rate ratios for 
cancer risk

Aspirin use was associated with a lower can- 
cer incidence rate, with 132.53 events per 
100,000 person-years compared to 188.48 
events per 100,000 person-years in non-users, 
yielding an IRR of 0.70 (95% CI, 0.67 to 0.74; 
P<0.0001) (Table 3).

Aspirin use significantly reduced cancer inci-
dence among betel nut chewers, with an IRR of 
0.70 (95% CI, 0.67 to 0.74; P<0.0001). The 
highest reduction was in the fourth quartile of 
cumulative aspirin dose (IRR 0.44, 95% CI, 
0.40 to 0.48; P<0.0001). Daily doses above 1 
DDD showed a greater reduction (IRR 0.58, 
95% CI, 0.51 to 0.65; P<0.0001) compared to 1 
DDD or less (IRR 0.72, 95% CI, 0.68 to 0.76; 
P<0.0001). These results highlight the signifi-
cant impact of higher aspirin doses and daily 
intensity in reducing cancer risk.

Negative control outcomes

In our analysis of negative control outcomes, 
we evaluated the risk of nine events unrelated 
to aspirin use, including dog bites and wrist/
hand fractures, to assess potential confound-
ing. The adjusted hazard ratio (aHR) for all neg-
ative control outcomes was 1.01 (95% CI, 0.97 

Figure 1. Kaplan-Meier cumulative incidence curves for cancer risk in be-
tel nut chewers with and without aspirin use.

incidence than doses of 1 DDD 
or less.

The competing risk analysis, 
conducted using the Fine and 
Gray method, confirmed the 
robustness of these findings by 
accounting for the competing 
risk of death. The adjusted HR 
for aspirin use in this analysis 
remained consistent, reinforcing 
the protective effect of aspirin 
against cancer in this high-risk 
population. These results high-
light the significant dose-depen-
dent protective effect of aspirin 
on cancer risk among betel nut 
chewers, with both higher cumu-
lative doses and daily intensities 
offering greater reductions in 
risk. Supplementary Figure 3 
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Table 2. Cox proportional hazards regression model for cancer risk in betel nut chewers with and without aspirin use following propensity score 
matching
Subgroup Reference Group Crude HR (95% CI) P-value Adjusted HR* (95% CI) P-value Adjusted HR# (95% CI) P-value
Aspirin Use Non-Aspirin Use Group 1 - - 1 - - 1 - -
    Aspirin Use Group 0.70 (0.66, 0.73) <0.0001 0.69 (0.66, 0.73) <0.0001 0.69 (0.66, 0.73) <0.0001
Cumulative Defined Daily Dose (cDDD) Non-Aspirin Use Group 1 - - 1 - - 1 - -
    Aspirin, cDDD, Quartile 1 0.89 (0.75, 0.94) <0.0001 0.94 (0.87, 0.97) 0.0483 0.94 (0.87, 0.97) 0.0439 
    Aspirin, cDDD, Quartile 2 0.88 (0.81, 0.95) 0.0013 0.89 (0.82, 0.97) 0.0050 0.88 (0.81, 0.95) 0.0019 
    Aspirin, cDDD, Quartile 3 0.86 (0.79, 0.93) 0.0002 0.83 (0.76, 0.9) <0.0001 0.82 (0.76, 0.89) <0.0001
    Aspirin, cDDD, Quartile 4 0.41 (0.37, 0.45) <0.0001 0.37 (0.34, 0.41) <0.0001 0.38 (0.34, 0.41) <0.0001
Aspirin, cDDD (Overall) Non-Aspirin Use Group 1 - - 1 - - 1 - -
    Aspirin, cDDD < Median 0.85 (0.79, 0.9) <0.0001 0.91 (0.86, 0.97) 0.0052 0.90 (0.85, 0.96) 0.0020 
    Aspirin, cDDD ≥ Median 0.58 (0.55, 0.62) <0.0001 0.55 (0.51, 0.58) <0.0001 0.55 (0.51, 0.58) <0.0001
Daily Intensity of Dosage Non-Aspirin Use Group 1 - - 1 - - 1 - -
    Daily Dose ≤1 DDD 0.72 (0.68, 0.76) <0.0001 0.71 (0.68, 0.75) <0.0001 0.71 (0.67, 0.75) <0.0001
    Daily Dose >1 DDD 0.54 (0.47, 0.61) <0.0001 0.55 (0.48, 0.62) <0.0001 0.54 (0.47, 0.61) <0.0001
Abbreviations: HR, Hazard Ratio; CI, Confidence Interval; cDDD, Cumulative Defined Daily Dose; DDD, Defined Daily Dose. *The time-varying Cox proportional hazards model, incor-
porating aspirin use as a dynamic variable, was adjusted for all covariates listed in Table 1. #The Fine and Gray method was employed to estimate the hazard of cancer risk while 
accounting for competing risks of death.
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to 1.05; P = 0.4908), indicating no significant 
association between aspirin use and these out-
comes (Supplementary Table 3). Stratification 
by cumulative defined daily doses (cDDD) 
revealed that hazard ratios remained near 1.00 
across all quartiles, with Quartile 4 showing  
a slightly elevated HR of 1.03 (95% CI, 0.98  
to 1.07). These findings, also illustrated in 
Supplementary Figure 4, confirm that the asso-
ciation between aspirin use and cancer risk is 
unlikely to be influenced by unmeasured con-
founding factors related to healthcare utiliza-
tion or other biases.

Sensitivity analysis

Supplementary Figure 5 demonstrates that 
aspirin use consistently reduced cancer risk 
across all subgroups. The adjusted hazard 
ratios (HRs) were similar across age groups: 
0.68 (95% CI, 0.64 to 0.73) for ages 18-49, 
0.70 (95% CI, 0.65 to 0.74) for 50-59, 0.71 
(95% CI, 0.66 to 0.76) for 60-69, and 0.72 (95% 
CI, 0.66 to 0.79) for those 70 and older. The 
HRs were 0.69 (95% CI, 0.65 to 0.73) for males 
and 0.70 (95% CI, 0.64 to 0.76) for females. 
Among those using non-aspirin NSAIDs, the HR 
was 0.72 (95% CI, 0.68 to 0.76); for statin 
users, 0.68 (95% CI, 0.63 to 0.74); and for met-
formin users, 0.70 (95% CI, 0.65 to 0.75). These 
findings affirm the consistent protective effect 

tionship. Higher cDDDs of aspirin corresponded 
to a greater reduction in cancer risk, with the 
highest quartile showing a 62% reduction in 
risk (aHR 0.38, 95% CI, 0.34 to 0.41) (Table 2). 
Daily aspirin intensity also played a significant 
role; individuals consuming more than 1 DDD 
had a substantially lower cancer risk (aHR 0.54, 
95% CI, 0.47 to 0.61) compared to those taking 
1 DDD or less (aHR 0.71, 95% CI, 0.67 to 0.75). 
Importantly, our use of competing risk analysis 
with the Fine and Gray method confirmed the 
robustness of these findings, reinforcing aspi-
rin’s protective effect against cancer even 
when accounting for competing mortality risks. 
Combined with rigorous sensitivity analyses 
and evaluation of negative control outcomes 
(Supplementary Table 3 and Supplementary 
Figure 5), our study underscores the potential 
of aspirin as a chemopreventive agent in high-
risk populations like betel nut chewers, offering 
valuable evidence for targeted cancer preven-
tion strategies in regions with high prevalence 
of betel nut chewing.

Aspirin reduces cancer risk through several key 
molecular pathways, as evidenced by preclini-
cal and laboratory studies. It primarily inhibits 
COX-2, thereby reducing pro-inflammatory pros-
taglandin production, a crucial factor in tu- 
mor progression [15-17]. Aspirin’s anti-platelet 
effects prevent circulating tumor cells from 

Figure 2. Kaplan-Meier cumulative incidence curves for cancer risk in 
betel nut chewers by different levels of aspirin cumulative defined daily 
dose.

of aspirin across different age 
groups, sexes, and concurrent 
medication use.

Discussion

Our study, utilizing a real-world 
population-based cohort design, 
provides novel insights into the 
association between aspirin use 
and cancer risk among betel nut 
chewers, a group at high risk for 
various malignancies [20]. This 
research is the first to report on 
the IRs, IRRs, and aHRs of can-
cers specifically within this po- 
pulation, highlighting several  
key findings (Tables 2 and 3). 
Aspirin use was associated with 
a 31% reduction in overall can-
cer risk (aHR 0.69, 95% CI, 0.66 
to 0.73) compared to non-users, 
with a clear dose-response rela-
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evading the immune system and metastasizing 
[15, 18, 19]. Additionally, aspirin inhibits the 
NF-κB pathway, which is often overactive in 
cancers, thus decreasing the expression of 
genes involved in tumor survival and growth [8, 
20, 26, 48]. It also interferes with the Wnt/β-
catenin signaling pathway, reducing cell prolif-
eration and contributing to its anti-cancer 
effects [20, 49, 50]. These mechanisms high-
light aspirin’s potential as a chemopreventive 
agent in high-risk populations [8, 15-20, 26, 
48-50], like betel nut chewers. While these 
effects are supported by preclinical studies [8, 
16-19, 26, 48-50], our study is the first to clini-
cally demonstrate aspirin’s protective effects 
against cancer in betel nut chewers, paving the 
way for further research to confirm these find-
ings and explore the underlying mechanisms in 
more detail.

The dose-dependent effects observed with 
aspirin in reducing cancer risk can be explain- 
ed by several biological mechanisms that are 
amplified with higher doses and more consis-
tent use. The primary mechanism of aspirin’s 
chemopreventive effect is the inhibition of COX 
enzymes, particularly COX-2, which is often 
upregulated in various cancers and is associ-
ated with promoting inflammation, cell prolifer-

ation, and angiogenesis while inhibiting apopto-
sis [15-17]. The extent of COX-2 inhibition, and 
therefore the reduction in prostaglandin pro-
duction, is dose-dependent [15-17]. Higher 
doses of aspirin lead to greater COX-2 inhibi-
tion, resulting in a more substantial reduction 
in the inflammatory environment that fosters 
cancer development [15-17, 20]. Moreover, 
aspirin’s ability to inhibit platelet aggregation 
also exhibits dose-dependent effects [15, 18, 
19]. Platelets can protect circulating tumor 
cells from immune surveillance and facilitate 
their anchorage to endothelial cells, promoting 
metastasis [15, 18, 19]. Higher doses of aspi-
rin more effectively inhibit platelet function, 
thereby reducing the risk of metastasis. This 
could explain why higher cDDDs of aspirin in 
our study were associated with greater reduc-
tions in cancer risk among betel nut chewers. 
Furthermore, aspirin’s effects on molecular 
pathways involved in cancer, such as the NF-κB 
pathway and Wnt/β-catenin signaling, are also 
dose-dependent [8, 20, 26, 48-50]. These 
pathways play critical roles in cancer cell sur-
vival and proliferation. Higher doses of aspirin 
can more effectively inhibit these pathways, 
leading to increased cancer cell apoptosis and 
reduced tumor growth.

Table 3. Incidence rates and incidence rate ratios for cancer risk

Events Person-years IR (per 100,000 
person-year) IRR* 95% CI for IRR P-Values

Aspirin use
    Nonuse (≤28 cDDD) 3,526 187,077.6 188.48 Ref.
    >28 2,570 193,913.4 132.53 0.70 (0.67, 0.74) <0.0001
Aspirin use (cDDD)
    Nonuse (≤28 cDDD) 3,526 187,077.6 188.48 Ref.
    Aspirin, cDDD, Quartile 1 640 42,635.3 150.11 0.80 (0.73, 0.87) <0.0001
    Aspirin, cDDD, Quartile 2 705 43,107.3 163.55 0.87 (0.8, 0.94) 0.0006
    Aspirin, cDDD, Quartile 3 697 44,082.0 158.11 0.84 (0.77, 0.91) <0.0001
    Aspirin, cDDD, Quartile 4 528 64,088.8 82.39 0.44 (0.4, 0.48) <0.0001
Aspirin use (cDDD)
    Nonuse (≤28 cDDD) 3,526 187,077.6 188.48 Ref.
    Aspirin, cDDD < Median 1,345 85,742.6 156.86 0.83 (0.78, 0.89) <0.0001
    Aspirin, cDDD ≥ Median 1,225 108,170.8 113.25 0.60 (0.56, 0.64) <0.0001
Aspirin use (Daily Intensity of Dosage)
    Nonuse (≤28 cDDD) 3,526 187,077.6 188.48 Ref.
    Daily Dose ≤1 DDD 2,319 170,754.9 135.81 0.72 (0.68, 0.76) <0.0001
    Daily Dose >1 DDD 251 23,158.6 108.38 0.58 (0.51, 0.65) <0.0001
Abbreviations: IR, Incidence Rate; IRR, Incidence Rate Ratio; CI, Confidence Interval; cDDD, Cumulative Defined Daily Dose; 
DDD, Defined Daily Dose. *The IRR was calculated using Poisson regression models, adjusted for all covariates listed in Table 
1.
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The use of competing risk analysis and nega-
tive control outcomes in our study was crucial 
for ensuring the validity and robustness of our 
findings. Competing risk analysis, particularly 
through the Fine and Gray method, allowed us 
to account for the possibility that deaths from 
causes other than cancer - such as cardiovas-
cular diseases, which aspirin can influence - 
might alter the observed cancer incidence [42, 
51]. This method provides a more accurate 
estimation of the relationship between aspirin 
use and cancer risk by considering these com-
peting events (Table 2), which could otherwise 
lead to an overestimation of cancer risk if not 
properly accounted for [42, 51]. Additionally, 
the inclusion of negative control outcomes [47], 
which are not expected to be affected by aspi-
rin use, served as a vital check against poten-
tial residual confounding or biases. By demon-
strating that aspirin use did not influence these 
control outcomes (Supplementary Table 3), we 
bolstered the argument that the observed pro-
tective effects against cancer were likely genu-
ine and not artifacts of unmeasured confound-
ers or biases. This rigorous approach enhances 
the credibility of our study’s conclusions regard-
ing the role of aspirin in reducing cancer risk 
among betel nut chewers [42, 47, 51].

The findings from our study have significant 
implications for clinical practice, particularly in 
the prevention of cancer among high-risk popu-
lations such as betel nut chewers [3-7, 9-12]. 
Given the strong association between betel nut 
chewing and various cancers [3-7, 9-12], our 
research suggests that the use of low-dose 
aspirin could be a viable chemopreventive 
strategy for reducing cancer risk in this vulner-
able group. Clinicians might consider incorpo-
rating aspirin into the preventive care regimen 
for betel nut chewers, especially those with 
additional risk factors such as smoking or a  
history of chronic inflammation. This approach 
could lead to a substantial reduction in cancer 
incidence, particularly for cancers like oral, 
esophageal, and gastrointestinal malignancies, 
which are prevalent among betel nut users 
(Supplementary Tables 1 and 2). From a public 
health perspective, our study highlights the 
urgent need to address the widespread use of 
betel nut, which remains a significant cancer 
risk factor in many regions, including Taiwan 
and other parts of Asia. Public health initiatives 
should focus on both reducing betel nut con-

sumption and promoting the use of preventive 
measures like aspirin among those who con-
tinue to chew betel nuts. Moreover, the findings 
open avenues for further research into aspirin’s 
protective effects, potentially influencing public 
health policies aimed at reducing cancer bur-
den in high-risk populations. Future efforts 
should include larger clinical trials to confirm 
the effectiveness of aspirin in this context and 
to develop comprehensive cancer prevention 
strategies that incorporate lifestyle modifica-
tions, screening, and pharmacologic interven- 
tions.

Our study provides important insights into the 
dose-dependent effects of aspirin on cancer 
risk reduction among the largest betel nut 
chewers population, including an analysis of 
the optimal daily dose for maximizing protec-
tive benefits. However, there are still several 
limitations to consider. While we identified an 
optimal daily aspirin dosage of approximately 
0.97 DDD that is associated with the greatest 
reduction in cancer risk (Supplementary Figure 
6), the long-term safety of chronic aspirin use 
at this and higher doses remains a concern, 
particularly given the potential risks of gastroin-
testinal bleeding and hemorrhagic stroke. 
Although our dose-response analysis helps to 
mitigate concerns regarding dose optimization, 
the observational nature of our study cannot 
entirely eliminate the possibility of residual con-
founding, which might influence the observed 
associations. Additionally, our findings are 
based on data from the Taiwan NHIRD, which 
may not capture all relevant lifestyle factors or 
genetic predispositions that could impact can-
cer risk or aspirin’s effectiveness. Finally, while 
our study is pioneering in its focus on betel nut 
chewers, further clinical trials are needed to 
confirm our findings and establish evidence-
based guidelines for the use of aspirin in this 
high-risk population.

Conclusion

Our study demonstrates that aspirin use is 
associated with a significant reduction in can-
cer risk among betel nut chewers, a high-risk 
population for various malignancies. We identi-
fied a dose-response relationship, with higher 
cumulative doses of aspirin providing greater 
protective effects, reducing the hazard ratio for 
cancer. These findings suggest that low-dose 
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aspirin could be an effective chemopreventive 
strategy for this vulnerable group. 
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Supplementary Table 1. Cancer risk outcomes among betel nut chewers with and without aspirin use 
after propensity score matching

Non-Aspirin use group Aspirin use group
P ValuesN = 23,151 N = 23,151

N % N %
All Cancers 3,526 15.2% 2,570 11.1% <0.0001
Cancer Type (first occurrence only)
    Pancreatic Cancer 61 0.3% 41 0.2% 0.0475
    Hepatocellular Carcinoma (HCC) 416 1.8% 298 1.3% <0.0001
    Esophageal Cancer 59 0.3% 33 0.1% 0.0024
    Head and Neck Cancer 342 1.5% 273 1.2% 0.0049
    Gastric Cancer 163 0.7% 86 0.4% <0.0001
    Lung Cancer 481 2.1% 358 1.6% <0.0001
    Colorectal Cancer 672 2.9% 459 2.0% <0.0001
    Gynecological Cancer 19 0.1% 7 0.0% 0.0186
    Breast Cancer 114 0.5% 76 0.3% 0.0057
    Prostate Cancer 378 1.6% 281 1.2% 0.0001
    Other Cancers 855 3.7% 676 2.9% <0.0001
Follow up Years (mean ± SD) 8.39 ± 4.05 8.39 ± 4.04 0.9914
Follow up Years Median (IQR) 8.00 (5.00, 12.00) 8.00 (5.00, 12.00) 0.9755
Abbreviations: SD, Standard Deviation; IQR, Interquartile Range.

Supplementary Table 2. Cox proportional hazards model for cancer risk in betel nut chewers with and 
without aspirin use, stratified by cancer type

Cancer types (first occurrence only) Crude HR (95% CI) P-value Adjusted HR*  
(95% CI) P-value Adjusted HR# 

(95% CI) P-value

Aspirin Use (Ref. Non-Aspirin Use Group)

All Cancers 0.70 (0.66, 0.73) <0.0001 0.69 (0.66, 0.73) <0.0001 0.69 (0.66, 0.73) <0.0001

Pancreatic Cancer 0.80 (0.57, 1.12) 0.2020 0.83 (0.59, 1.16) 0.2718 0.82 (0.59, 1.15) 0.2587

Hepatocellular Carcinoma 0.71 (0.62, 0.81) <0.0001 0.72 (0.63, 0.83) <0.0001 0.72 (0.63, 0.83) <0.0001

Esophageal Cancer 0.73 (0.52, 0.92) 0.0059 0.73 (0.52, 0.93) 0.0001 0.73 (0.52, 0.93) 0.0007

Head and Neck Cancer 0.77 (0.67, 0.89) 0.0006 0.77 (0.66, 0.89) 0.0005 0.77 (0.66, 0.89) 0.0005

Gastric Cancer 0.56 (0.44, 0.7) <0.0001 0.56 (0.44, 0.71) <0.0001 0.56 (0.44, 0.71) <0.0001

Lung Cancer 0.75 (0.66, 0.84) <0.0001 0.76 (0.67, 0.85) <0.0001 0.74 (0.65, 0.84) <0.0001

Colorectal Cancer 0.71 (0.63, 0.79) <0.0001 0.71 (0.64, 0.8) <0.0001 0.70 (0.62, 0.79) <0.0001

Gynecological Cancer 0.58 (0.28, 1.22) 0.1513 0.64 (0.3, 1.36) 0.2420 0.66 (0.32, 1.38) 0.2731

Breast Cancer 0.66 (0.5, 0.87) 0.0031 0.70 (0.53, 0.92) 0.0108 0.69 (0.53, 0.91) 0.0084

Prostate Cancer 0.73 (0.63, 0.84) <0.0001 0.75 (0.65, 0.86) <0.0001 0.73 (0.63, 0.84) <0.0001

Other Cancers 0.76 (0.7, 0.84) <0.0001 0.77 (0.7, 0.84) <0.0001 0.76 (0.69, 0.84) <0.0001
Abbreviations: HR, Hazard Ratio; CI, Confidence Interval; cDDD, Cumulative Defined Daily Dose; DDD, Defined Daily Dose. *The time-varying Cox proportional hazards 
model, incorporating aspirin use as a dynamic variable, was adjusted for all covariates listed in Table 1. #The Fine and Gray method was employed to estimate the hazard 
of cancer risk while accounting for competing risks of death.



Aspirin and cancer risk in betel nut chewers

2	

Supplementary Figure 1. Kaplan-Meier cumulative incidence curves for cancer risk in betel nut chewers by aspirin 
use at or above, and below the mean cumulative defined daily dose.

Supplementary Figure 2. Kaplan-Meier cumulative incidence curves for cancer risk in betel nut chewers by daily 
aspirin use intensity: greater than 1 defined daily dose vs. equal to or less than 1 defined daily dose.
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Supplementary Figure 3. Relationship between cumulative defined daily dose of aspirin use and cancer risk.

Supplementary Table 3. Cox proportional hazards model for negative outcomes in betel nut chewers 
with and without aspirin use

Subgroup Reference Group Crude HR (95% 
CI)

P-
value

Adjusted HR* 
(95% CI)

P-
value

Adjusted HR# 
(95% CI)

P-
value

Aspirin Use Non-Aspirin Use Group 1 - - 1 - - 1 - -

    Aspirin Use Group 1.01 (0.97, 1.04) 0.7607 1.02 (0.98, 1.06) 0.2812 1.01 (0.98, 1.05) 0.4908

Cumulative Defined Daily Dose (cDDD) Non-Aspirin Use Group 1 - - 1 - - 1 - -

    Aspirin, cDDD, Quartile 1 1.01 (0.97, 1.06) 0.5366 1.00 (0.95, 1.04) 0.8422 1.01 (0.97, 1.06) 0.6127

    Aspirin, cDDD, Quartile 2 1.00 (0.96, 1.04) 0.9179 1.00 (0.96, 1.04) 0.9412 1.00 (0.96, 1.05) 0.8663

    Aspirin, cDDD, Quartile 3 1.02 (0.97, 1.06) 0.4377 1.00 (0.95, 1.04) 0.9139 1.00 (0.96, 1.05) 0.9984

    Aspirin, cDDD, Quartile 4 1.01 (0.96, 1.05) 0.7438 1.01 (0.97, 1.05) 0.7028 1.03 (0.98, 1.07) 0.2682
Abbreviations: HR, Hazard Ratio; CI, Confidence Interval; cDDD, Cumulative Defined Daily Dose; DDD, Defined Daily Dose. *The time-varying Cox proportional hazards model, 
incorporating aspirin use as a dynamic variable, was adjusted for all covariates listed in Table 1. #The Fine and Gray method was employed to estimate the hazard of cancer 
risk while accounting for competing risks of death.



Aspirin and cancer risk in betel nut chewers

4	

Supplementary Figure 5. Sensitivity analysis for cancer risk in betel nut chewers with and without aspirin use, strati-
fied by age, sex, and medication use subgroups.

Supplementary Figure 6. Dose-response curve of daily defined dose of aspirin and hazard ratio for cancer risk 
among betel nut chewers.

Supplementary Figure 4. Kaplan-Meier cumulative incidence curves for negative outcomes in betel nut chewers 
with and without aspirin use.


