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Aspirin reduces the risk of type 2 diabetes
associated with COVID-19
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This study aimed to determine whether daily low-dose aspirin reduces the risk of type 2 diabetes (T2D)
associated with COVID-19. A longitudinal cohort of 200,000 adults followed from 2018 to 2022 was
analyzed, comparing T2D incidence between aspirin users and non-users. Propensity score matching
was used to balance the groups. The incidence of T2D was substantially lower in the aspirin group, with
Cox regression showing a 52% risk reduction. Kaplan-Meier analysis confirmed a significant

divergence in cumulative T2D risk after two years. This protective effect was observed both before and

during the COVID-19 pandemic, with a stronger association during the pandemic period. These
findings indicate that daily low-dose aspirin significantly reduces the risk of COVID-19-associated
new-onset T2D, highlighting the role of inflammation in the pathogenesis of T2D triggered or

unmasked by COVID-19.

Substantial evidence has shown that the incidence of type 2 diabetes (T2D)
increased during the acute phase of COVID-19 pandemic' ™. Initial reports
compared groups of patients who certainly had a positive SARS-CoV-2 test
vs individuals with similar demographic characteristics who did not have
COVID-19, showing the effect of the long-term individual COVID-19
infection (post-acute sequelae) on the incidence of diabetes [reviewed in
ref. 3].

Recently, we analyzed a large real-world dataset of adults and
demonstrated that the incidence of newly diagnosed T2D in the general
population was 4.85 per 1000 person-years before the COVID-19 pan-
demic, vs 12.21 per 1000 person-years during the pandemic". However,
these findings do not allow any conclusion on the pathophysiologic
mechanisms underlying the increased incidence of T2D in the pandemic
period, which could be ascribed to direct effects of SARS-CoV-2
infection, and indirect effects like stress, changes in diet/exercise and
in cardiovascular prevention strategies, as well as reduced access to
healthcare” ™.

The observation that fully vaccinated individuals might be protected
from the risk of incident diabetes following SARS-CoV-2 infection"” seems to
support a functional role of inflammation, autoimmune dysregulation, and
endothelial dysfunction in the regulation of this process®. Indeed, experi-
mental and epidemiological data have suggested that subclinical inflamma-
tion might contribute to metabolic diseases, insulin resistance, and T2D***.
Specifically, analyzing the comprehensive data collected in the ASPREE
trial”", Zoungas and coworkers™ have tested the hypothesis that treatment of
healthy elder adults with 100 mg daily of enteric-coated oral aspirin would
reduce incident diabetes or slow the increase in fasting glucose plasma con-
centration over time when compared with treatment with placebo. This post
hoc analysis™ revealed that, during a median follow-up of 4,7 years, the
aspirin group had a 15% reduction in risk of incident diabetes (hazard ratio
0-85 [95% CI: 0.75-0.97]; p =0.013) compared to placebo, thus supporting
the potential for anti-inflammatory agents such as aspirin to prevent T2D, at
least in older adults, in which the mechanisms underlying the increased risk of

new-onset T2D can differ from those observed at younger ages”™ .
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Hence, in light of a possible role of inflammation in COVID-19-
induced increased incidence of new diagnosed T2D", in the present study
we specifically analyzed the effect of daily low dose aspirin on incident T2D
in a population closely monitored from 2018 to 2022. We juxtaposed these
findings with data from a cohort not treated with aspirin. The main outcome
of the study was the new diagnosis of T2D.

Results

Demographic and clinical characteristics of our population
Anonymized data from electronic records of 247,975 patients in the
2018-2022 period were considered for the study. After excluding indivi-
duals not meeting our inclusion/exclusion criteria (please see methods), we
obtained data on a cohort of 35,525 participants.

The demographic and clinical characteristics are presented in Supple-
mentary Table 1. The aspirin treated population was older and with a higher
value of BMI; in addition, it had a larger percentage of subjects with pre-
diabetes or dyslipidemia or treated with statins or antihypertensive drugs.

Propensity score matching

Given the difference between individuals treated with aspirin and the
control group in terms of baseline characteristics, propensity scores were
calculated and used to match the two groups according to the baseline
covariates [ie., age, gender, and BMI]. The main characteristics of these
groups after weighting are shown in Table 1. Evaluation of standardized
mean differences of these characteristics after weighting revealed no sig-
nificant difference, suggesting good balance. At the final follow-up visit,
concomitant medication use, including anti-hypertensive drug classes,
statins, and other lipid-lowering medications, was comparable between the
aspirin and the non-aspirin groups.

During the follow-up, 999 (12% of the study population) incident T2D
events were reported, including 330 in the aspirin group (15.9 cases per 1000
person-years) and 664 in the non-aspirin group (32 cases per 1000 per-
son-years).

As shown in Table 2, the incidence of new-onset T2D was significantly
lower in subjects treated with aspirin. However, considering that the inci-
dence of comorbidity was different between the two groups, we performed a
Cox model on the total follow-up period demonstrating a significant pro-
tective effect of aspirin, since assignment to aspirin resulted in a 52%
reduction in risk of incident T2D (HR = 0.48 95% CI: 0,42-0.45, p < 0.001).
Strikingly, Kaplan-Meier curves confirmed a significantly different cumu-
lative risk of T2D for the treated and not treated groups, with a divergence in
case numbers of T2D beginning after the second year of aspirin treatment
(Fig. 1), with an evident progressive increase in the difference between the
curves that plotted the cumulative incidence of T2D (log-rank test p < 0.001).

Daily low-dose aspirin reduces the risk of COVID-19-associated
new-onset T2D

In order to assess whether there was any difference in the protective effect of
aspirin on the incidence of new T2D before and during the pandemic, we

divided the study period into two parts and performed two separate Cox and
Kaplan-Meier analyses. The Cox model of the pre-pandemic period
demonstrated a HR of new-onset T2D in the aspirin treated group of 0.71
(95% CI: 0.56-0.89, p < 0.003) and a difference between the Kaplan-Meier
curves of the two study groups, which achieved statistical significance
(p <0.025; Fig. 2A). During the COVID-19 pandemic, the treatment with
aspirin reduced the HR of new-onset T2D to 0.38 (95% CI 0.32.0.35,
p<001). Even in this study period, Kaplan-Meier curves plotting the
cumulative incidence of new T2D in the aspirin treated and control groups
were statistically different (p <0.0001), starting to diverge very early dis-
playing a difference that progressively increased, so that at the end of the
observation period the cumulative risk of new-onset TD2 in the aspirin
treated patients was less than half of that of the control group (Fig. 2B).

Safety analysis

The safety analysis set included 8278 participants, with 4139 in the aspirin
group and 4139 in the non-aspirin group. Major bleeding occurred in 9
(0.3%) participants in the aspirin group and 3 (0.1%) participants in the
non-aspirin group. Moderate bleeding had an incidence rate of 8.3 events
per 1000 person-years in the aspirin group and 4.2 events per 1000 person-
years in the non-aspirin group. Finally, minor bleeding events, represented
by hematuria, were 6.7 per 1000 person-years in the aspirin group and 4.9
per 1000 person-years in the non-aspirin group. Compared with non-
aspirin, aspirin treatment increased the risk of bleeding, including intra-
cranial, gastrointestinal, and other clinically significant bleeding.

Discussion

To the best of our knowledge, our study is the first to be performed on a large
sample of the general population and not on post hoc analyses of trials
designed to address different primary and secondary outcomes, or databases
of hospitals or outpatient clinics. Indeed, in Italy, all citizens have a primary
care physician (family doctor) who follows them even if they do not have
specific pathologies. Therefore, the database that we used”” includes not only
patients with known illnesses but also individuals who do not have any
disease (or at least are not aware of it).

Thus, the finding that a daily low dose of aspirin reduces the risk of
developing T2D seems noteworthy for the management of the progressive
increase of this disease.

Our finding of a 15.9/1000 person-years incidence of new T2D in the
control population may appear in contrast with the 14.8 reported by
Zoungas ™, but we should consider: (a) the high percentage of subjects with
prediabetes for which has been reported an incidence of new T2D of 21.7%
in three years of follow-up'’; (b) the increase of about twice and half of the
rate of new T2D incidence during the pandemic'*. Interestingly, the
cumulative reduction of ~50% of the risk of new-onset T2D observed in our
study derives from a 29% reduction in the pre-pandemic period and a 62%
reduction during COVID-19.

A cytokine storm in people infected with SARS-CoV-2 is a pro-
thrombotic, highly inflammatory pathological state that may have direct

Table 1 | Data of the study population was divided into two groups according to aspirin therapy after matching

Variable No aspirin N = 4139 Aspirin N =4139 Difference 95% CI

Age (years) 76 76 —0.03 —0.07,0.02
Gender 0.00 —0.04,0.05

F 2274 (55%) 2284 (55%)

M 1865 (45%) 1855 (45%)

Prediabetes (N) 1560 (38%) 1635 (40%) -1.8% —3.9%, 0.31%
BMI (kg/m?) 271 27.0 0.03 —0.01, 0.08
Statins (N) 3018 (73%) 3058 (74%) -0.97% —2.9%, 0.96%
Antihypertensives (N) 3332 (81%) 3314 (80%) 0.43% —-1.3%,2.2%

BMI body mass index.
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Table 2 | Data indicating the incidence of events and morbidity in the matched cohorts

Variable No aspirin N=4,139 Aspirin N = 4139 Difference 95% CI
Diabetes 664 (16%) 330 (8.0%) 8.1% 6.7%, 9.5%
CKD 750 (18%) 1022 (25%) —6.6% —8.4%, —4.8%
Dyslipidemia 3,229 (78%) 3243 (78%) —0.34% —-2.1%,1.5%
CHD 7(0.2%) 30 (0.7%) —0.56% —0.87%, —0.24%
Myocardial infarction 3 (<0.1%) 36 (0.9%) —0.80% -1.1%, —0.48%
Heart failure 43 (1.0%) 114 (2.8%) —-1.7% —2.3%, —1.1%
Ictus 11 (0.3%) 61 (1.5%) -1.2% —1.6%, —0.78%
Cerebral hemorrhage 3 (<0.1%) 9 (0.2%) —0.14% —0.33%, 0.04%
Gastroenteric hemorrhage 88 (2.1%) 172 (4.2%) —2.0% —2.8%, —1.3%
Hematuria 102 (2.5%) 139 (3.4%) —0.89% —1.6%, —0.15%

CHD chronic heart disease, CKD chronic kidney disease. Data in bold denotes a statistically significant difference.

Fig. 1 | Kaplan-Meier curves showing T2D out-
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and indirect effects on pancreatic beta-cells’ . In fact, the current available
evidence on the actual expression of ACE2 in human islets is controversial:
some authors have reported the expression of ACE2 in islets™**’, whereas
these findings have not been confirmed by others*™****. Yet, evidence
from COVID-19 patients indicates a significant increase in pro-
inflammatory cytokines, suggesting that inflammation may play a crucial
role in the impaired glucose homeostasis observed in COVID-19 patients™.
The elevated levels of pro-inflammatory cytokines and acute-phase reac-
tants triggered by COVID-19 may contribute to direct inflammation and
injury of pancreatic -cells. Individuals with acute SARS-CoV-2 infection
can develop a cytokine storm, a severe inflammatory response that impacts
multiple organs, including the pancreas; this heightened inflammatory state
may lead to acute pancreatitis and deterioration of pancreatic islet cells****".
Taken together, these observations corroborate the hypothesis that
inflammation may play a pivotal role in the development of T2D in
COVID-19-infected patients.

The anti-inflammatory effects of aspirin have been proposed as a
possible mechanism underlying its ability to reduce new-onset T2D***. In
this regard, Zoungas et al”’. considered that preclinical and clinical studies
have provided a good rationale for targeting inflammation to improve the
action of insulin and improve blood glucose levels*. In particular, studies of
salicylate treatment have reported anti-inflammatory effects at both low and
high doses, albeit through different mechanisms of action. In an experi-
mental model of cantharidin-induced acute inflammation, low-dose aspirin

(75 mg) administered for 10 days to healthy men inhibited innate immune-
mediated responses by reducing total leukocyte as well as neutrophil and
macrophage accumulation in skin blisters. These effects were dependent on
15-epi-lipoxin A4 synthesis and signaling, which triggered anti-adhesive
nitric oxide release, a crucial determinant of extravascular leukocyte accu-
mulation and inhibition of prostacyclin production through the cycloox-
ygenase pathway®". In contrast, high-dose salicylates, such as salsalate (the
non-acetylated dimer of salicylic acid), have been shown to be potent
inhibitors of IxB kinase and the NF-«B cascade™. In studies of high-risk
populations with prediabetes or populations with diabetes, high-dose sal-
salate improved insulin sensitivity, as well as increased insulin release and
peripheral glucose disposal® .

In light of these considerations, we were able to mirror in a real-life
registry the beneficial effect of aspirin on T2D development demonstrated in
experimental models; the observation that during COVID-19 subjects
treated with low daily dose of aspirin led to a reduction of the risk to develop
new-onset T2D almost double as compared to the pre-pandemic period
corroborates the responsibility of inflammation in the genesis of the marked
increase in the rate of new T2D during COVID-19 pandemic. This finding is
also substantiated by the results of the 10-year randomized double-blind
placebo-controlled Women’s Health Study, which suggests that long-term
low-dose aspirin does not prevent the development of T2D"".

We also report an increased risk of major bleeding, which is an
important consideration for subjects in primary prevention. The magnitude
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Fig. 2 | Kaplan-Meier curves indicating the cumulative risk of T2D before and
during the pandemic. T2D outcome before (A) and during (B) the COVID-19
pandemic; the vertical blue line indicates the start of the pandemic.

of this increased risk was commensurate with that reported by Zoungas™ and
other low-dose aspirin trials**”. However, we included bleeding episodes of
lesser severity which may have significant impact for patients, but are difficult
to be captured and were not considered in previous studies. As a con-
sequence, the component of severe and moderate bleedings was lower than
those recorded in studies which included patients in secondary prevention.

Our study is not exempt from limitations. For instance, we do not have
data on inflammatory markers or modifications of lifestyle behaviors
including physical activity, dietary habits, and sleeping patterns, which
could have played a role in increasing the risk of diabetes after COVID-
19"”; we also do not have full data on the severity of COVID-19 or on
vaccination, which has been shown to reduce the severity and long-term
effects of COVID-19, including the increase in the onset of new diabetes”"””.
Nonetheless, the large sample size of participants, the long follow-up with
detailed data capture, alongside the large number of incident diabetes cases,
gives us confidence that the effects were robust.

Taken together, our data indicate that a daily low dose of aspirin
significantly reduces the risk of new-onset T2D associated with COVID-19.
The observation that aspirin reduces the incidence of new T2D but increase
bleeding risk does not endorse to use such a therapy for diabetes prevention;
however, the particularly marked effect on the risk to develop diabetes
during the COVID-19 pandemic may warrant further studies.

Methods

Study design

We conducted a longitudinal cohort study utilizing data from COMEGEN,
a cooperative of general practitioners operating within the Naples Local
Health Authority of the Italian Ministry of Health (ASL Napoli 1 Centro).
Established in 1997, COMEGEN now comprises 140 physicians who are

interconnected through a shared digital medical record system, generating a
comprehensive repository of health data for over 200,000 adults in Italy””.
Each physician updates medical records daily, documenting all aspects of
outpatient care. The demographic distribution of patients aligns with the
city’s population as recorded by the National Institute of Statistics (ISTAT),
with no significant variations in geographic representation or age stratifi-
cation. Diagnoses are classified according to the International Classification
of Diseases 10 (ICD-X) and standardized coding is applied to all prescribed
diagnostic tests. Pharmaceutical prescriptions are systematically recorded,
including details on the date, brand name, active ingredients, dosage, and
administration guidelines. Additionally, the database encompasses infor-
mation on vital parameters, anthropometric measures, chronic conditions,
medical consultations, hospital admissions, emergency visits, prescription
drug dispensations, laboratory tests, and mortality data. This extensive
dataset facilitates real-time monitoring of patient management, encom-
passing treatment processes, clinical outcomes, medication use, diagnostic
procedures, and the overall complexity and comorbidity burden of the
patient population”. Precise person-time assessment is fundamental for
calculating incidence rates, and COMEGEN enables accurate tracking by
documenting the enrollment date of each patient, the start of data con-
tribution, and the dates marking death, follow-up completion, or study
termination.

We collected data from January 1st, 2018, to December 31st, 2022. The
COMEGEN database provided demographic and clinical data. Laboratory
measurements and medication data were available, as well. Information on
COVID-19 was obtained from the Campania Region COVID-19 shared
data resource. The diagnosis of COVID-19 was confirmed by the doc-
umentation of a positive polymerase chain reaction (PCR) test, as we pre-
viously described”*”".

The Ethics Board at the “ASL Napoli 1 Centro” reviewed and approved
this study and granted a waiver of informed consent (Protocol #257/22-23).
The investigation conforms to the principles outlined in the Declaration of
Helsinki, including its later amendments.

The exposure was the beginning of daily low-dose aspirin (100 mg)
treatment, and the primary outcome was newly diagnosed T2D. At the
beginning of the observation period, we removed from the study cohort all
individuals with a record of HbAlc > 6.5% (48 mmol/mol), or a previous
diagnosis of diabetes as defined by the ICD-10 codes (E08.X to E13.X), or
prescription record of antidiabetic medications for more than 30 days. Only
individuals whose information about T2D history was entirely available for
the 5 years and for whom selected demographic and clinical data were
available for the entire observation period were included in the study. For
this reason, although individuals were able to join the cohort over time as
they became eligible, they did so in only limited numbers.

Inclusion criteria

Age >18 years old; availability of information on diabetes history; avail-
ability of clinical and demographic data at least for the 2 years before or the 3
years after the COVID-19 outbreak.

Exclusion criteria

History of diabetes (both T2D or T1D) or chronic kidney disease before
2018, cardiac ischemia, myocardial infarction, stroke, any site hemorrhage,
heart failure, other prescriptions of antiplatelet therapy, missing informa-
tion on history, clinical, or demographic data; people who were already on
aspirin prior to the study period were excluded as well.

Variables

In order to adjust for the difference in baseline characteristics between
groups, we used clinically available predefined variables, which were selected
based on a previous report™ where they were used to define a diabetic risk
score. Predefined baseline variables included age, sex, body mass index
(BMI), and blood glucose measurements. Comorbidities such as pre-
diabetes, cardiovascular disease, chronic kidney disease, hypertension, and
dyslipidemia were also included as predefined covariates since it has been
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reported that patients with cardiovascular disease, arterial hypertension,
hyperlipidemia, or prediabetes exhibit higher risks and burdens than people
without these conditions™”.

Outcomes
The main outcome of the study was the new diagnosis of T2D, assessed by
the ICD-X codes E11 (“I2D”) and E13X (“Other specified diabetes melli-
tus”) with prescription of antidiabetic therapies for more than 30 days.
Diagnoses of T1D, including the specific code E08, were excluded.
Bleeding represented the safety outcome. We created a binary outcome
based on an observation of at least one bleeding event or no recorded
bleeding event as of the last available assessment. This outcome was designed
to provide a conservative estimate of bleeding events during the follow-up.
The involvement of the primary physicians also allows a reliable estimate of
bleeding episodes of lesser severity, which may have a significant impact on
patients, but are difficult to capture. Bleeding complications were classified as
severe or life-threatening if they were intracerebral or if they resulted in
substantial hemodynamic compromise requiring treatment. Moderate
bleeding was defined by the need for transfusion. Minor bleeding referred to
other bleedings, not requiring transfusion or causing hemodynamic com-
promise, according to a previously reported bleeding classification’.

Statistical analysis

Data were summarized using mean and standard deviation for continuous
variables and absolute frequency with percentage for categorical variables. A
propensity score model was implemented to achieve matching of the 35,525
individuals, of which 5066 were under oral aspirin therapy and 30459
without this therapy, considering the latter as the control group. The
matching was conducted as we previously described””>*’, with the following
covariates: age, sex, BMI, statin therapy, antihypertensive therapy and
prediabetes. The optimal matching was achieved using nearest neighbor
matching with logit link and a caliper=0.1, with a 1:1 ratio without
replacement”. Mean differences were reported as Cohen’s D. Excess risk is
computed as the difference between proportions for two independent
populations. All differences are reported with 95% confidence intervals. Cox
regression was used to identify the association of aspirin with diabetes,
considered as a time-to-event variable. The proportional hazard assumption
was tested using the Schoenfeld residuals. The cumulative risk curves were
constructed using the Kaplan-Meier method, and a comparison between
curves is computed with the log-rank test. Sensitivity analyses included the
removal of all outliers and the exclusion of covariates with more than 30%
missing values. Analyses were performed with R statistical software version
4.4.0. A p-value < 0.05 was considered significant for all analyses.

Data availability
The data underlying this article will be shared on reasonable request to the
first authors.
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