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Abstract

Background: Metformin and aspirin are commonly co-prescribed to people with diabetes. Metformin may prevent cancer, but in
older people (over 70 years), aspirin has been found to increase cancer mortality. This study examined whether metformin reduces
cancer mortality and incidence in older people with diabetes; it used randomization to 100 mg aspirin or placebo in the ASPirin in
Reducing Events in the Elderly (ASPREE) trial to quantify aspirin’s impact on metformin users.

Methods: Analysis included community-dwelling ASPREE participants (aged �70 years, or �65 years for members of US minority
populations) with diabetes. Diabetes was defined as a fasting blood glucose level greater than 125 mg/dL, self-report of diabetes, or
antidiabetic medication use. Cox proportional hazards regression models were used to analyze the association of metformin and a
metformin-aspirin interaction with cancer incidence and mortality, with adjustment for confounders.

Results: Of 2045 participants with diabetes at enrollment, 965 were concurrently using metformin. Metformin was associated with a
reduced cancer incidence risk (adjusted hazard ratio [HR]¼ 0.68, 95% confidence interval [CI]¼ 0.51 to 0.90), but no conclusive benefit
for cancer mortality (adjusted HR¼ 0.72, 95% CI¼ 0.43 to 1.19). Metformin users randomized to aspirin had greater risk of cancer mor-
tality compared with placebo (HR¼ 2.53, 95% CI¼ 1.18 to 5.43), but no effect was seen for cancer incidence (HR¼ 1.11, 95% CI¼ 0.75 to
1.64). The possible effect modification of aspirin on cancer mortality, however, was not statistically significant (interaction P¼ .11).

Conclusions: In community-dwelling older adults with diabetes, metformin use was associated with reduced cancer incidence.
Increased cancer mortality risk in metformin users randomized to aspirin warrants further investigation.

ASPREE Trial Registration: ClinicalTrials.gov ID NCT01038583

Cancer is a leading cause of death worldwide (1,2). Cancer inci-
dence is expected to increase in the next decade, with older peo-
ple (eg, those aged over 70 years) at higher risk of incident cancer
and cancer mortality (3). In the context of an aging population
(4), prevention and treatment of cancer are a public health imper-
ative.

Type 2 diabetes is a complex disease characterized by b-cell
failure in the setting of insulin resistance (5); it is a known risk
factor for several types of cancer, including liver, pancreatic, col-
orectal, breast, endometrial, and kidney cancer (6,7). In type 2
diabetes, systemic insulin resistance results in adaptive increases
in b-cell mass and function, which initially conserve glucose
homeostasis at the expense of elevated insulin levels. When this

compensatory mechanism fails, hyperglycemia occurs (5). Thus,
in most people with type 2 diabetes, hyperglycemia is associated
with endogenous hyperinsulinemia. Although the underlying
mechanism behind type 2 diabetes and cancer risk remains
unclear, both hyperglycemia and hyperinsulinemia are associ-
ated with increases in the prevalence and mortality of malignan-
cies (6,8-11), and both contribute to carcinogenic processes,
including enhanced cellular proliferation, invasion, and apopto-
sis inhibition (12-14).

Metformin, an oral antihyperglycemic agent, is the recom-
mended first-line treatment for type 2 diabetes in the absence of
contraindications (12). Metformin acts by suppressing hepatic
glucose production and increasing peripheral glucose uptake (13),
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thereby lowering blood glucose levels without increasing circulat-
ing insulin (14). This specific trait differentiates metformin from
other antihyperglycemic medications, such as sulfonylureas and
insulin therapy, which lower blood glucose levels by increasing
plasma insulin concentrations (15). Recent analyses have sug-
gested that their use may be associated with increased risk of
cancer (16-18). In contrast, several studies have shown that met-
formin may protect against the development and progression of
a variety of malignancies (19-26). Other observational studies,
however, have reported no association between metformin use
and cancer incidence or outcome, with authors citing methodo-
logical biases as tending to exaggerate the benefit of metformin
(27-32). The conflicting evidence suggests that metformin may
exercise different effects on cancer at different anatomical sites
or, alternatively, that analyses of the effect of metformin in clini-
cal practice may be complicated by other factors, such as co-
prescribed medications or residual confounding caused by
comorbid conditions.

Aspirin is commonly co-prescribed with metformin for pre-
vention of cardiovascular disease in people with diabetes (33).
Recent meta-analyses have found that low-dose aspirin, taken
regularly for 4 to 5 years, could reduce cancer incidence, risk of
metastatic spread, and cancer mortality over the subsequent 10
or more years (34-36). That said, a recent clinical trial of aspirin
in older adults, the ASPirin in Reducing Events in the Elderly
(ASPREE) study, showed no effect of aspirin on cancer incidence
but an increased risk of cancer-related death (37,38).
Furthermore, the A Study of Cardiovascular Events in Diabetes
(ASCEND) clinical trial found no evidence of reduction in gastro-
intestinal or other cancer incidences in people with diabetes who
were randomized to aspirin vs placebo after 7 years of treatment
and follow-up (39). Bearing this is mind, it is possible that these
medications have opposing effects on cancer prevention, with
aspirin increasing and metformin decreasing risk. Disentangling
the effects of metformin and aspirin may assist in explaining the
conflicting evidence about metformin and cancer.

In this analysis, we aimed to use the randomization of partici-
pants to aspirin or placebo in the ASPREE trial to examine in older
adults with diabetes 1) the association between metformin and
cancer incidence and mortality, 2) the effect of aspirin (vs pla-
cebo) in metformin users on cancer incidence and mortality, and
3) whether the effect of aspirin (vs placebo) differs between those
who do and do not use metformin.

Methods
The ASPREE clinical trial
This ASPREE trial was a secondary, intention-to-treat analysis of
ASPREE clinical trial data (ClinicalTrials.gov ID NCT01038583).
The ASPREE study enrolled community-dwelling individuals 70
years of age or older (�65 years of age for members of US minor-
ity groups) with no major cardiovascular disease in Australia and
the United States. Preexisting cancer was not an exclusion if life
expectancy was beyond 5 years [19% of participants had preexist-
ing cancer (40)]. Details regarding trial methods, recruitment, and
outcomes have been described previously (37,41-44). Briefly,
19 114 participants were randomly assigned to aspirin (100 mg) or
matching placebo and followed for a median of 4.7 years.
Demographic data, including sex, race, ethnicity, smoking status,
alcohol use and previous aspirin use were collected by partici-
pant self-report. Race/ethnicity categories are Caucasian/White
and other, where other includes Aboriginal/Torres Strait
Islanders, American Indian, Asian, Black/African American,

Hispanic/Latino or Native Hawaiian/Other Pacific Islander/Maori.
Ethics committees at each participating center approved the trial,
and all participants provided written informed consent before
enrollment.

Event data collection and adjudication
Cancer was defined as diagnosis of any new primary cancer,
excluding nonmelanoma skin cancer, that had been histopatho-
logically confirmed or clinically evident on imaging. Cancer mor-
tality was defined as death where the primary cause was
attributable to cancer. Participants completed a questionnaire
designed to record new cancer events at 6-month intervals, and
clinical records were searched annually for new cancer diagno-
ses. All in-trial event reports (cancer and death) triggered the col-
lection of clinical evidentiary documentation (eg, histopathology,
specialist letters, imaging, and death certificates) from hospitals,
pathology services, and responsible physicians. These clinical
documents were compiled into an event summary and presented
to a committee of international clinical experts specializing in
oncology, for adjudication. Where histopathological confirmation
was not undertaken clinically (eg, in the setting of diffuse meta-
static disease or patient refusal of surgical intervention of any
kind), cancer cases were considered to reach the cancer endpoint
only if strong clinical evidence of disease was present on imaging
(computed tomography, positron emission tomography, mag-
netic resonance imaging, or bone scans showing clear primary or
diffuse metastatic disease) or blood biomarkers. Alternatively,
clinically documented treatment for metastatic disease was con-
sidered sufficient to confirm the cancer endpoint. If the results of
imaging investigations were unclear, suspicious, or inconclusive
imaging, the cancer case was not considered a cancer endpoint.
Further details of the cancer and cause-of-death adjudication
processes have been published elsewhere (37,38).

Collection and coding of medications
The ASPREE study defined baseline medications as any medica-
tions prescribed by a physician (or any nonsteroidal anti-
inflammatory drug) and taken regularly at the time of random-
ization. Baseline medication data were collected directly from
ASPREE participants, who brought their medications to the
enrollment visit that immediately preceded randomization.
Medication data were cross-checked with the participant’s medi-
cal record (when available), then transcribed into the ASPREE
data system (45) and coded according to the World Health
Organization Anatomical Therapeutic Chemical coding system
(46). Detailed methods for the coding process have been pub-
lished elsewhere (47).

Definitions
Metformin use refers to the prescription of a medication with an
Anatomical Therapeutic Chemical code of A10BA02. Diabetes
was defined as the presence at study entry of a high fasting blood
glucose level (FBGL) (>125 mg/dL) (48), a self-report of diabetes, or
prescription of an antihyperglycemic medication (see
Supplementary Table 1, available online, for the full list). See
Figure 1 for a flow diagram of the baseline cohort.

Statistical analysis
The purpose of this secondary data analysis was to explore the
long-term associations between metformin use and cancer based
on the principles of intention to treat. Therefore, metformin
exposure was defined as baseline metformin use only. A review
of metformin use or nonuse over the follow-up period revealed
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that 83% of participants maintained consistency of either use or
non-use of metformin. Cox proportional hazards regression mod-
els were used to analyze the relationship between metformin
exposure at study baseline and cancer outcomes. For cancer inci-
dence, the analysis was performed on the first cancer event (date
of diagnosis) of any in-trial cancer, and censoring was defined at
death if non–cancer-related death occurred (as a non–cancer-
related death strongly indicated that cancer was not present) or
the last date on which clinical event data were collected. For can-
cer mortality, the date of death was used as the event date, and
censoring was defined at the end of the study, when the National
Death Indices search was performed. Adjusted hazard ratios
(HRs) were determined for incident cancer and mortality, which
controlled for baseline factors identified as potential confound-
ers. Because of limited sample size, cancer location site and stage
were not analyzed. Competing-risks Nelson-Aalen cumulative
incidence curves of cancer incidence and mortality are presented
for participants with diabetes who do and do not use metformin.

To assess whether the association of metformin on outcome
varied by therapeutic efficacy, additional Cox proportional haz-
ard regression models included an interaction term between
baseline blood glucose and metformin. Using these models, the
log adjusted hazard ratio of metformin, across varying levels of
blood glucose, were visualized using line plots.

The random allocation of ASPREE participants to aspirin
or placebo was used to compare the aspirin effect between those
who do and do not use metformin. Thus, these Cox proportional
hazard regression models included an interaction between met-
formin and aspirin and were not adjusted for baseline factors.

Supplementary analysis was conducted using competing risks
regression through Fine-Gray subdistribution hazard models.

Deaths that occurred when participants were still at risk of can-
cer incidence were considered a competing risk of cancer inci-
dence, but non–cancer-related deaths in participants with a
cancer diagnosis were considered a competing risk of cancer
mortality.

The proportional hazards assumption was assessed using
tests of the Schoenfeld residuals against time (49), which showed
that the assumption was satisfied in all models. Analyses, per-
formed in R, version 4.0.2 (R Foundation for Statistical
Computing), were 2-sided, with P< .05 considered statistically
significant.

Results
Of the 2045 participants with diabetes, 965 used metformin at
baseline (median [Interquartile range, IQR] follow-up¼ 4.6 [3.5-
5.5] years) and 1080 did not (median [IQR] follow-up¼ 4.5 [3.3-
5.5] years) (Figure 1). Most participants with diabetes stayed
within their baseline groups over follow-up (1698 of 2045 [83%]),
although 107 (11%) participants using metformin at baseline
stopped use during follow-up for at least 1 year, and 240 of 1080
(22%) participants not using metformin at baseline subsequently
commenced metformin during follow-up. Table 1 shows baseline
characteristics of ASPREE participants with diabetes, stratified by
metformin use. Metformin users were more likely to be younger
and not White, report previous regular aspirin use, have poly-
pharmacy, have a body mass index of 25 kg/m2 or higher, and
never have used alcohol compared with those who did not use
metformin. Metformin users were also more likely to use other
diabetes medications and have lower FBGLs than those not using
metformin. Supplementary Table 2 (available online) shows

Figure 1. Cohort at baseline included in the current analysis. Elevated blood glucose refers to a fasting blood glucose level >125 mg/dL. Counts of
participants with self-reported diabetes, elevated blood glucose, and anti-diabetic medication use are not mutually exclusive.
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baseline characteristics for participants who did not have
diabetes.

Table 2 describes the relationship between metformin use and
cancer incidence and mortality in participants with and without
diabetes. After adjustment for baseline characteristics, including
FBGL, there was a lower rate of cancer incidence in the metfor-
min group than in the no metformin group (adjusted HR¼ 0.68,
95% confidence interval [CI]¼ 0.51 to 0.90), but no significant dif-
ferences were observed for cancer mortality (adjusted HR¼ 0.72,
95% CI¼ 0.43 to 1.19). Metformin users had similar event rates to
people without diabetes for cancer incidence (adjusted HR¼ 1.09,
95% CI¼ 0.88 to 1.35) and cancer mortality (adjusted HR¼ 1.39,

95% CI¼ 0.96 to 2.02), while people with diabetes who did not use
metformin had higher rates of cancer incidence (adjusted
HR¼ 1.35, 95% CI¼ 1.13 to 1.62) and cancer mortality (adjusted
HR¼ 1.55, 95% CI¼ 1.12 to 2.15). Supplementary analysis with
competing-risks regression were consistent with these results
(Supplementary Table 3, available online). The cumulative-
incidence curves show that metformin users have lower cumula-
tive cancer incidence over time but not lower rates of cancer mor-
tality (Figure 2).

The association of metformin with cancer incidence and mor-
tality as well as continuous FBGL measures are shown in
Figure 3. Visually, there was a suggestion that FBGL modified the

Table 1. Baseline characteristics of ASPREE participants with diabetesa

Diabetes

Metformin (nCharacteristic ¼ No metformin (n965) ¼ Total (N1080) ¼2045) P

Age at randomization, No. (%)
.009145 (7)62 (6)83 (9)65-69 y

1037 (51)541 (50)496 (51)70-74 y
543 (27)288 (27)255 (26)75-79 y
237 (12)134 (12)103 (11)80-84 y

� 83 (4)55 (5)28 (3)85 y
Sex, No. (%)

Female
.7621046 (51)549 (51)497 (52)Male

Ethnicity and race,b No. (%)
1664 (81)909 (84)755 (78)White/Caucasian <.001

Other
BMI category, No. (%)
� .0321771 (87)917 (85)854 (89)25

Smoking status, No. (%)
.94798 (5)51 (5)47 (5)Current

906 (44)482 (45)424 (44)Former
1041 (51)547 (51)494 (51)Never

Alcohol use, No. (%)
1380 (67)767 (71)613 (64)Current <.001

188 (9)83 (8)105 (11)Former
477 (23)230 (21)247 (26)Never

Clinical features
Previous regular aspirin use,c .017359 (18)169 (16)190 (20)No. (%)
CKD,d .385713 (37)368 (36)345 (38)No. (%)
Polypharmacy (� 1065 (52)424 (39)641 (66)5), No. (%) <.001

.971386 (19)204 (19)182 (19)Personal cancer history, No. (%)
Family cancer history,e .1521174 (57)636 (59)538 (56)No. (%)
Physical component summary score,f median (IQR)g .67147.4 (39.7-53.7)47.5 (39.8-54.1)47.4 (39.4-53.5)

Randomized treatment group, No. (%)
–1024 (50)508 (47)Aspirin 516 (53)
–1021 (50)572 (53)Placebo 449 (47)

FBGL
.042131.0 (36.1)129.5 (34.9)FBGL, mean (SD), mg/dL 132.8 (37.4)

–7.3 (2.0)7.2 (1.9)FBGL, mean (SD), mmol/L 7.4 (2.1)
Diabetes treatment, No. (%)

.138157 (8)74 (7)Insulin 83 (9)
501 (24)137 (13)Other antihyperglycemic medication use 364 (38) <.001

Diabetes self-report, No. (%)
–413 (20)413 (38)Self-report diabetes only –

a Missing data in total cohort (N¼ 19 114): age at randomization, n¼0; sex, n¼0; ethnicity, n¼0; BMI, n¼89; smoking, n¼0; alcohol use, n¼0; previous regular
aspirin use, n¼2; CKD, n¼1350; polypharmacy, n¼0; family cancer history, n¼0; randomized treatment group, n¼0; physical component score of the SF-12,
n¼8; personal cancer history, n¼ 22. Percentages exclude missing values from denominator. Baseline characteristics of participants without diabetes are shown in
Supplementary Table 2 (available online). ASPREE ¼ ASPirin Reducing Events in the Elderly; BMI ¼ body mass index; CKD ¼ chronic kidney disease; FBGL ¼ fasting
blood glucose level; SF-12 ¼ 12-Item Short Form Survey.

b Ethnicity and race were collected through participant self-report: White/Caucasian or other; “other” consists of Aboriginal/Torres Strait Islanders, American
Indian, Asian, Black/African American, Hispanic/Latino or Native Hawaiian/Other Pacific Islander/Maori.

c Previous regular aspirin use: self-reported regular aspirin use before entering the study.
d Stage III-V CKD: urine albumin-to- creatinine ratio �3 mg/mmol or estimated glomerular filtration rate <60 mL/min/1.73 m2.
e Family cancer history: cancer history in the participant’s blood relatives (mother, father, siblings, and children) self-reported at baseline; ovarian and cervical

cancer history were included, which were not included in recent ASPREE publication (26).
f Physical component score: physical component score of the SF-12 quality-of-life questionnaire (61).
g IQR; Interquartile Range.
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association between metformin and cancer incidence (interaction
effect P¼ .06), suggesting that the benefit of metformin may be
more pronounced in those with lower FBGLs.

The combined effect of metformin and aspirin is shown in
Table 3. Among those using metformin, those randomized to
aspirin had a similar rate of cancer incidence (HR¼ 1.11, 95%
CI¼ 0.75 to 1.64) but a significantly greater rate of cancer mortal-
ity (HR¼ 2.53, 95% CI¼ 1.18 to 5.43) compared with placebo. For
those without metformin exposure, event rates were similar
between participants randomized to aspirin and placebo for can-
cer incidence (HR¼ 1.10, 95% CI¼ 0.79 to 1.52) and mortality
(HR¼ 1.16, 95% CI¼ 0.64 to 2.09). The possible effect modification
on cancer mortality, however, was not statistically significant
(interaction P¼ .11). Competing-risks regression supplementary
analysis produced similar results (Supplementary Table 4, avail-
able online).

Discussion
In older people with diabetes, we found that a relationship exists
between metformin and cancer prevention that may be modified
by lower FBGLs. Overall, we found that people with diabetes
whose physician had prescribed metformin had a lower cancer
incidence risk than those whose physicians had not prescribed
metformin over 4.5 years of follow up. We found no conclusive
associations between metformin and cancer mortality, however,
likely because of small event numbers. Furthermore, the rate of
incident cancer in those on metformin was similar in ASPREE
participants who did not have diabetes, indicating that the bene-
fits associated with metformin may potentially attenuate diabe-
tes as a risk factor for cancer.

Several potential explanations exist for the risk reduction
associated with metformin use that we observed. A chemopre-
vention effect of metformin has been attributed to several biolog-
ical mechanisms, including 1) activation of the liver kinase B-1–
adenyl-monophosphate protein kinase pathway and subsequent
suppression of hepatic glucose production leading to a reduction
in insulin requirements (50,51) and 2) direct effect on cancer cells
through reduction in insulin and/or insulin-like growth factor-I
(IGFI) receptor signaling (52,53) and inhibition the mammalian
target of rapamycin pathway by Adenosine Monophosphate-
activated protein kinase–dependent mechanisms reducing
adenosine triphosphate synthesis (52,54,55). Therefore,

metformin’s mechanism of chemoprevention is not thought to
be solely attributable to adequate control of blood glucose but
also to its ability to reduce hyperinsulinemia and subsequent
insulin signaling pathway activity.

Our data indicated that the beneficial associations of metfor-
min on cancer incidence may not be observed in those with high
FBGLs (>150 mg/dL), suggesting that if hyperglycemia and hyper-
insulinemia persist, then metformin may have limited clinical
effect on cancer risk. Although our analysis of the interaction
between FBGL and metformin on cancer incidence was not con-
clusive, previous studies have shown that blood glucose control
is essential for minimizing the risk of microvascular complica-
tions, a condition that emerging evidence shows is associated
with future risk of cancer (56,57). Our results are also broadly
consistent with the American Diabetes Association recommenda-
tions for target glucose levels to minimize diabetes-related mor-
bidity (FBGL <150 mg/dL or hemoglobin A1c [HbA1c] below
equivalent cutoff). Although not conclusive, our results suggest
that metformin may make little difference to outcomes if FBGLs
are above the American Diabetes Association recommended
level.

The ASPREE clinical trial found no difference between aspirin
and placebo for cancer incidence but an increased risk of cancer
mortality with aspirin (37). In particular, ASPREE demonstrated
an increased risk of cancer-related mortality with aspirin regard-
less of diabetes status, especially for stage III and above cancers
(37,38). Given that our analysis used the same data but focused
on the subgroup with diabetes, we expected to observe an
increased cancer mortality risk with aspirin. Our goal was specifi-
cally to explore whether metformin use modified this risk. We
found that for metformin users, aspirin use compared with pla-
cebo was associated with a significantly increased risk of cancer
mortality.

Theoretically, aspirin could increase cancer risk through
hyperinsulinemia. Several clinical trials conducted in the 1980s
demonstrated a detrimental effect of aspirin therapy on insulin
sensitivity in people with (58) and without diabetes (59,60). A
more recent clinical study in healthy obese people showed that
high-dose aspirin reduced hepatic glucose production and
peripheral plasma glucose levels, but these effects were at the
expense of a 47% increase in plasma insulin concentrations (61).
Therefore, it is plausible that the insulin-attenuating action of
metformin may present only in the absence of an aspirin-

Table 2. Relationship between metformin use and cancer incidence and mortality compared with people with diabetes but no
metformin use and those without diabetes

Diabetes

No diabetes,
No. (rate)a

Adjusted HR (95%
CI) diabetes and
metformin vs no

diabetesb

Adjusted HR (95%
CI) diabetes and
no metformin vs

no diabetesc
Metformin,
No. (rate)a

No metformin,
No. (rate)a

Adjusted HR (95%
CI) metformin vs
no metforminb

Incident cancerd 1.35 (1.13 to 1.62)1.09 (0.88 to 1.35)1688 (22.8)0.68 (0.51 to 0.90)144 (33.06)101 (25.73)
Cancer mortalitye 1.55 (1.12 to 2.15)1.39 (0.96 to 2.02)437 (5.51)0.72 (0.43 to 1.19)44 (9.28)34 (7.93)

a No. ¼ Number of participants with a cancer event. Rate is the event rate per 1000 person-years. BMI ¼ body mass index; CI ¼ confidence interval; CKD ¼
chronic kidney disease; FBGL ¼ fasting blood glucose level; HR ¼ hazard ratio.

b Adjusted for age at randomization, sex, ethnicity (Caucasian/White vs other, where other includes Aboriginal/Torres Strait Islanders, American Indian, Asian,
Black/African American, Hispanic/Latino or Native Hawaiian/Other Pacific Islander/Maori), BMI (as continuous), smoking status (current and former vs never),
alcohol status (current and former vs never), previous aspirin use, CKD, treatment group, polypharmacy, family cancer history, physical component summary
score, personal cancer history, insulin use, other oral antihyperglycemic medication use, and FBGL.

c Adjusted for age at randomization, sex, ethnicity (Caucasian/White vs other), BMI (as continuous), smoking status (current and former vs never), alcohol
status (current and former vs never), previous aspirin use, CKD, treatment group, polypharmacy, family cancer history, physical component summary score, and
personal cancer history. Baseline characteristics of participants without diabetes are shown in Supplementary Table 2 (available online).

d Time from randomization to first cancer event.
e Time from randomization to cancer-related death. This value includes only deaths that were adjudicated to be cancer related. Cancer deaths where the

participant did not present with cancer before death were also included (n¼20).
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induced increase in plasma insulin concentration and that
aspirin use could result in net harm for cancer outcomes.

Given that the magnitude of the elevated cancer mortality risk
observed within the metformin group was pronounced and
greater than the hazard ratio observed for the overall cohort (37),
we explored whether the risks of aspirin on cancer mortality
were modified or indeed magnified with metformin use. Our
results do not, however, provide sufficient evidence to draw this
conclusion. Although we observed markedly different hazard
ratios for the estimated effect of aspirin on cancer mortality
within the metformin (HR¼ 2.53, 95% CI¼ 1.18 to 5.43) and no
metformin groups (HR¼ 1.16, 95% CI¼ 0.64 to 2.09), our sample
size was limited, and the interaction effect comparing the hazard
ratios was low (P¼ .113) but not statistically significant. A

relatively small proportion of ASPREE participants had diabetes
(10.6%); of these, fewer than half were prescribed metformin, and
a smaller proportion still experienced cancer mortality. Thus,
although our data showed significantly increased risk of cancer
mortality with aspirin among metformin users, we cannot be
sure whether the differences in aspirin effects we observed
between the metformin and no metformin groups were the result
of a true effect modification by metformin or of other factors.

Previous meta-analyses of aspirin clinical trials conducted in
middle-aged individuals (ranging in median age at randomization
from 57.5 to 66.9 years) found that aspirin treatment prevented
cancer, particularly colorectal cancer, over the next 20 years
(34,35). The majority of the studies in these meta-analyses, how-
ever, were conducted before the introduction of metformin into

Figure 2. Nelson-Aalen cumulative-incidence curves (95% confidence interval) for cancer incidence and mortality in people with diabetes by metformin
use. P values (top-left corner) were calculated using Gray tests.
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Figure 3. Log-adjusted hazard ratios (HRs) (95% confidence interval [CI]) of metformin (vs no metformin) across varying levels of baseline fasting blood
glucose. The log-adjusted hazard ratios were determined by using Cox regression models, with an interaction between metformin and blood glucose,
adjusting for baseline confounders: age at randomization, sex, ethnicity (Caucasian/White vs other), body mass index (as continuous), smoking status
(current and former vs never), alcohol status (current and former vs never), previous aspirin use, chronic kidney disease, treatment group,
polypharmacy, family cancer history, physical component summary score, personal cancer history, insulin use, and other oral antihyperglycemic
medication use.

Table 3. Effect of metformin and aspirin use on cancer incidence and mortality in those with diabetes

No metforminMetformin

P interaction of
metformin and aspirina

HRPlaceboAspirin a HRPlaceboAspirin a

No. (rate)b No. (rate)b (95% No. (rate)CI) b No. (rate)b (95% CI)

Incident cancerc .971.10 (0.79 to 1.52)74 (31.76)70 (34.55)1.11 (0.75 to 1.64)45 (24.37)56 (26.94)
Cancer mortalityd .111.16 (0.64 to 2.09)22 (8.67)22 (9.98)2.53 (1.18 to 5.43)9 (4.47)25 (10.99)

a Unadjusted because treatment allocation to aspirin or placebo was randomized. CI ¼ confidence interval; HR ¼ hazard ratio.
b No. ¼ Number of participants with a cancer event. Rate is the event rate per 1000 person-years.
c Time from randomization to first cancer event.
d Time from randomization to cancer-related death. This value includes only deaths that were adjudicated to be cancer related.
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mainstream use in the United States, which occurred in 1995

(62); as such, they will not have metformin as a confounder.

Within the United States today, however, approximately 61.7% of

people with diabetes who are older than 60 years of age and likely

now taking metformin use aspirin for primary prevention, and

this number is increasing with time (63). Taken together, then,

much of the evidence supporting aspirin for cancer prevention in

middle-aged people was gathered from metformin-naive popula-

tions, and much of the recent observational data being used to

examine metformin chemoprevention were likely gathered from

aspirin-enriched populations. Our results are not conclusive, but

we believe that they provide incentive to better understand the

relationship among metformin, aspirin, and cancer outcomes,

particularly in older individuals with diabetes, through research

using larger cohorts and trials.
A key strength of our study was its prospective design, with

regular clinical screening and robust clinical event adjudication

that minimized ascertainment bias. Our cohort had detailed

baseline data collection with limited missing data, including con-

cise ascertainment of medication use (83% of the study popula-

tion maintained their baseline status of metformin use or nonuse

throughout the follow-up period), and we were able to adjust for

a wide range of demographic, lifestyle, and known risk factors.

Randomization of participants to aspirin or placebo enabled us to

analyze the effect of aspirin among metformin users while mini-

mizing confounding bias.
We were limited by the data available to define diabetes, how-

ever. Only a single measure of FBGL was collected at enrollment,

and HbA1c was not collected. Therefore, diabetes was defined

using a single FBGL measure rather than serial FBGLs or HbA1c.

Consequently, the proportion of people with baseline diabetes

may be overestimated. Regardless, the total number of partici-

pants with diabetes was limited; hence, event numbers in those

with metformin exposure was low. This limitation prevented fur-

ther statistical testing of the effect of metformin and aspirin on

cancer by anatomical location. Additionally, we did not capture

pre-enrollment diabetes duration (date of diagnosis) nor com-

mencement date of metformin; thus, we could not address the

concept of metformin treatment latency effects.
In community-dwelling older people with diabetes, metformin

use was associated with reduced cancer incidence. Aspirin use

was associated with increased cancer mortality risk in metformin

users, but the modification effect of metformin and aspirin did

not reach statistical significance. Further research is required to

understand the relationship among metformin, aspirin, and can-

cer risk.
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