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Abstract

Background: Chronic kidney disease (CKD) is a major risk factor for the development of cardiovascular disease (CVD).
Previous trials have investigated the effects of low-dose aspirin on CVD prevention in patients with diabetes; however,
patients with CKD were not examined. The role of aspirin in diabetics is controversial, and the available literature is
contradictory. Therefore, we studied whether low-dose aspirin would be beneficial for patients with CKD, a group that is at
high risk for CVD.

Method: From a total of 25340 patients with CKD, 1884 recipients of low-dose aspirin (100 mg/day) were paired 1:1 with
non-recipients for analysis using propensity score matching. The primary endpoint was the development of atherosclerotic
CVD, including coronary arterial disease, stroke, and peripheral arterial disease. Secondary endpoints included death from
any cause, bleeding events, doubling of serum creatinine, and renal death.

Results: The incidence of a primary endpoint of any atherosclerotic CVD was significantly higher in the aspirin users than in
the non-users (P<<0.001). Secondary endpoints, including all-cause mortality and composite bleeding events, were not
significantly different between the aspirin users and the non-users. However, the doubling of serum creatinine levels
(P=0.001) and renal death (P=0.042) were significantly associated with the use of aspirin.

Conclusion: These results suggest that the use of low-dose aspirin in patients with CKD may have harmful consequences
related to the development of CVD and renal progression.
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Introduction Heart Association recommend low-dose aspirin (75-162 mg) for
adults with diabetes who have no previous history of vascular
disease, a 10-year risk of CVD events that is greater than 10%,
and no increased risk of bleeding [6].

Compared with the general population, individuals with chronic
kidney disease (CKD) are at an increased risk for cardiovascular
disease (CVD) and death from cardiovascular events [1]. CVD is
the leading cause of mortality in individuals with varying degrees
of CKD. Therefore, preventive measures for CVD are of great
importance in patients with CKD. Previous studies have
demonstrated that efforts to lower blood pressure [2,3] and lipid
levels [4] are effective for reducing the risk of CVD in patients with
CKD. However, the importance of other potential preventive
therapies, such as antiplatelet agents, remains controversial.

Several potential mechanisms have been proposed for the
increased risk of CVD in patients with CKD, including increased
oxidative stress [8], inflammation [8], platelet dysfunction [9],
accelerated atherosclerosis [10], and attenuated response to
antiplatelet agents [11]. Similar to diabetes, CKD has recently
been considered to be equivalent to coronary artery disease
[12,13]. Although antiplatelet agents have been shown to reduce
the risk for major CVD events in patients with coronary artery
disease and in those with an equivalent disease such as diabetes,
limited data exist regarding the use of antiplatelet agents in
patients with CKD. This is largely because these patients were
systematically excluded from large randomized trials [14].
Additionally, there is concern over whether chronic aspirin use

Aspirin has been shown to be effective in reducing cardiovas-
cular morbidity and mortality in high-risk patients who have
experienced myocardial infarction (MI) or stroke [5] and is
recommended as a secondary prevention strategy for individuals
with multiple risk factors such as hypertension, dyslipidemia,
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Figure 1. Cohort formation.
doi:10.1371/journal.pone.0104179.g001

treatment with an antiplatelet agent, as patients with CKD have
abnormal platelet function [15]. There is substantial uncertainty
regarding the risk/benefit balance associated with the use of
antiplatelet agents by CKD patients. Accordingly, the purpose of
this study was to evaluate the effects and safety of low-dose aspirin
used for the prevention of CVD in patients with CKD, a group
that is at high risk for CVD.

Materials and Methods

Ethics statement

This investigation was approved by the institutional review
board (IRB) in Gachon University Gil Medical Center and was in
accordance with the principle of the Helsinki Declaration II
(GCIRB2938-2012). This study was a retrospective observational
design and did not include any interventions, therefore written
informed consent was waived after confirmation of IRB.

Study design and setting

This study was a retrospective Propensity score (PS)-matched
analysis of the effect of low-dose aspirin therapy on the
development of CVD.

Participants

Patients who presented to Gachon University Gil Medical
Center, which is a tertiary teaching hospital, with renal problems
between November 1, 1999 and June 30, 2013 were screened for
inclusion in this study. A total of 34024 patients with CKD were
identified. The following groups of patients were excluded: (i)
patients who were under 18 years of age (n=4850); (i) patients
whose medical records were lacking information on serum
creatinine levels (n = 3284); and (iii) patients who received dialysis
prior to entry in the study (n=>550). Therefore, 25340 patients
were included in the final analysis (Figure 1). The Institutional
Review Board of our hospital approved the research protocol and
methods.
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Variables

The patients’ demographic and clinical and laboratory data
were obtained from electronic medical records. We obtained the
following demographic data: age, gender, Body mass index (BMI),
comorbidities (diabetes, hypertension, history of CVD, and history
of peptic ulcer disease). Other comorbid conditions, such as angina
pectoris, myocardial infarction, other ischemic heart disease, atrial
fibrillation, heart failure, hypertension, and cerebrovascular
disease, were identified using the validated ICD-10 codes.
Cardiovascular disease (CVD) was defined as angina pectoris,
myocardial infarction, other ischemic heart disease, atrial fibrilla-
tion, heart failure, or cerebrovascular disease. Medications
included renin-angiotensin-aldosterone system (RAAS) blockers
(angiotensin-converting enzyme inhibitors and angiotensin recep-
tor blockers), statins, beta-blockers, calcium channel blockers
(CCBs), diuretics, warfarin, clopidogrel and cilostazol. The
laboratory data included levels of proteinuria as measured by a
dipstick test, serum creatinine levels, and the levels of hemoglobin,
albumin, cholesterol, triglycerides, high-density lipoprotein
(HDL)-cholesterol, calcium, phosphorus, and uric acid at the time
of the initial hospital visit. We estimated the glomerular filtration
rate (eGIR) using the following 4-variable Modification of Diet in
Renal Disease (MDRD) Study equation. CKD was defined by a
specific value of the eGFR (<60 ml/min/1.73 m?), the presence
of proteinuria (defined as trace or greater by dipstick), or both on
at least 2 occasions =3 months apart [16].

Outcome end points

The primary end point was the development of any athero-
sclerotic event, which was a composite of significant coronary
artery disease that required angioplasty (including ballooning and
stenting), ischemic stroke, and peripheral vascular disease. Adverse
events that were defined as composite bleeding included gastro-
intestinal bleeding, hemorrhagic stroke, and hemoptysis. Other
secondary endpoints included death from any cause, time to
doubling of serum creatinine, and renal failure that was defined by
the occurrence of end-stage renal disease (ESRD) that required
renal replacement therapy. Comparisons of outcome end points
were performed on the basis of time until the first event according
to the intention-to-treat principle, and they included all patients in
the groups to which they were assigned (follow-up was censored on
the day of the last visit).

Statistical analysis

Because the patients in this study were not randomly assigned to
an aspirin treatment group, we used the PS to reduce any potential
confounding and selection biases. Two different types of analyses
in assessing the association of aspirin with outcomes were used;
intention to treat (ITT) for the unmatched cohort and PS for the
matched cohort. In addition, to reduce potential confounding and
treatment selection bias, we performed rigorous adjustment for
significant differences in baseline covariates with the use of PS
matching. We calculated the PS for each patient by modeling the
probability of receiving aspirin. A multivariable logistic regression
analysis model was generated to predict the probability of
receiving aspirin, given the following set of covariates: age,
gender, BMI, diabetes, hypertension, history of CVD and peptic
ulcer disease, proteinuria, baseline eGFR, baseline levels of
hemoglobin, white blood cells, platelets, albumin, cholesterol,
triglycerides, HDL-cholesterol, calcium, phosphorus, and uric acid
in addition to the use of RAAS blockers, statins, beta-blockers,
CCBs, diuretics, warfarin, clopidogrel and cilostazol. Using these
covariates, a PS was calculated for each patient. We subsequently
used the derived PS values to match 2068 aspirin users with non-
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users at a ratio of 1:1 using the Greedy matching algorithm (8 to 1
digit match). After all PS matches were performed, we assessed the
balance in baseline covariates using the standardized mean
difference, paired t-test, and McNemar’s tests, as appropriate,
for continuous and categorical variables (Table 1). We analyzed all
available data without the imputation of missing values. PS
matching was performed with the Statistical Analysis Systems
software package (SAS Institute, Cary, NC).

The continuous variable data are reported as the mean * SD
unless otherwise specified. The categorical data are expressed as
the absolute values and percentages. Continuous variables were
compared by Student’s t-tests, and categorical variables were
compared by %” or Fisher’s exact tests, as appropriate before PS
matching. Following the descriptive statistics, cumulative inci-
dences of primary and secondary end points were estimated by the
Kaplan-Meier method, and differences between groups were
assessed with the log-rank test. A Cox proportional hazard model
was used to determine the independent risk factors for incidence of
atherosclerotic CVD and to estimate hazard ratio (HR) of aspirin
use along with 95% confidence intervals (Cls) for incidence of
doubling of serum creatinine and ESRD. The adjustment
variables included age (10-year increase), diabetic status, hyper-
tension, history of CVD, proteinuria, baseline eGFR, hemoglobin
level (<10 g/dl), albumin level (<3.5 g/dl), and cholesterol as well
as the use of RAAS blockers, statins, beta-blockers, CCBs,
diuretics, warfarin, clopidogrel and cilostazol. A Cox proportional
hazard model stratified by matched pairs was also used for the
matched cohort. All analyses except PS matching were performed
with SPSS version 15.0 software (SPSS, Inc., Chicago, IL).
Statistical significance was defined as P<<0.05.

Results

Study population and baseline characteristics

A total of 34024 patients who presented with renal complica-
tions were screened for inclusion in this study, and a total of 25340
patients fulfilled the inclusion criteria. The cohort with aspirin use
included patients who were already taking aspirin at the time they
enrolled in the study. Aspirin was prescribed for 8.2% (2068 of
25340) of the total number of patients. The characteristics of the
study population are summarized in Table 1. Patients who were
prescribed aspirin were more likely than non-users to be older and
male. These patients were also more likely to have diabetes;
hypertension; previous CVD; proteinuria; low baseline kidney
function; low levels of hemoglobin, platelets, albumin, HDL
cholesterol, and calcium; and high levels of total cholesterol,
triglycerides, phosphorus, uric acid, and white blood cells. In
addition, these patients were less likely to have peptic ulcer disease.

BMI and medication status (e.g., RAAS blockers, statins, beta-
blockers, CCB, diuretics, warfarin, clopidogrel, and cilostazol) did
not vary significantly between aspirin users and non-users. Using
PS matching, 1884 aspirin users were successfully matched to non-
users (Figure 1). After PS matching, there were no statistically
significant clinical differences between the aspirin users and the
non-users (Table 1).

Risk factors for atherosclerotic CVD

Atherosclerotic CVD  occurred significantly more often in
aspirin users before and after PS matching (P<<0.001; Figure 2).
We used Cox proportional hazard analyses to evaluate the possible
risk factors for the development of atherosclerotic CVD. In a
multivariate Cox proportional analysis adjusted for aspirin use, age
(10-year increase), baseline eGFR, presence of proteinuria,
previous CGVD, diabetes, hypertension, hemoglobin level <10 g/
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dl, albumin level <3.5 g/dl, cholesterol level, and use of
medications (RAAS blockers, statins, beta-blockers, CCBs, diuret-
ics, warfarin, clopidogrel, and cilostazol), the risk of atherosclerotic
CVD was significantly higher in aspirin users than in non-users in
the unmatched cohort (HR, 2.577; 95% CI, 2.238-2.967; P<
0.001; Table 2). In the matched cohort, the use of aspirin was also
associated with a higher incidence of atherosclerotic CVD (HR,
2.259; 95% CI, 1.880-2.714; P<<0.001; Table 2).

Association between aspirin use and diabetes and
between aspirin use and beta-blockers for cardiovascular
events

Of the 3768 patients included in the study, 1553 (41.2%) were
diagnosed with diabetes. A total of 319 of 769 (41.5%) PS-matched
diabetic patients used aspirin, while 336 of 1115 (30.1%) PS-
matched non-diabetic patients used aspirin. The HRs (95% Cls)
for CVD among those with and without diabetes were 1.826
(1.538-2.168, P<0.001) and 2.646 (2.171-3.225, P<<0.001),
respectively (P for interaction, 0.002; Figure 3). A total of 646 of
1847 (35.0%) matched patients treated with beta-blockers used
aspirin, while 9 of 37 (24.3%) matched patients treated without
beta-blockers used aspirin. The HRs (95% Cls) for CVD among
those treated with and without beta-blockers were 2.179 (1.912
2.482, P<<0.001) and 0.642 (0.280-1.470, P =0.294), respectively
(P for interaction, 0.004; Figure 3). The associations between
aspirin use and CVD were generally homogeneous across the
other patient subgroups (Figure 3).

Risk of bleeding associated with aspirin use

The composite of gastrointestinal bleeding, hemorrhagic stroke,
and hemoptysis was not significantly different between the aspirin
users and non-users in the matched cohort (P = 0.763; Figure 4A).

Other secondary endpoints: survival and renal outcome

We also analyzed the cumulative survival rate between patients
who were prescribed aspirin and those who were not. There were
no significant differences in the cumulative overall survival rate
between aspirin users and non-users in the matched cohort
(P =0.157; Figure 4(B)). The event-free survival, the doubling of
(P=0.001; Figure 4C), and renal death
(P =0.042; Figure 4D) were significantly lower in the aspirin users
than in the non-users. We performed a multivariate Cox
proportional analysis that was adjusted for aspirin use, age (10—
year increase), baseline eGFR, presence of proteinuria, previous
CVD, diabetes, hypertension, hemoglobin level (<10 g/dl),
albumin level (<3.5 g/dl), and the use of medications (e.g., RAAS
blockers, statins, beta-blockers, CCBs, diuretics, warfarin, clopido-
grel, and cilostazol). Even after adjustment, the risks of serum
creatinine doubling and renal death were significantly higher in
aspirin users than in non-users in the unmatched cohort (HR,
1.390; 95% CI, 1.255-1.540; P<<0.001 for doubling of serum
creatinine and HR, 1.467; CI, 1.279-1.683; P<<0.001 for renal
death; Table 3) and matched cohort (HR, 1.325; 95% CI, 1.160—
1.513; P<<0.001 for doubling of serum creatinine and HR, 1.310;
CI, 1.096-1.566; P =0.003 for renal death; Table 3).

serum creatinine

Discussion

In the present study, we evaluated the role of low-dose aspirin in
the prevention of atherosclerotic CVD in patients with CKD.
Using PS matching, we found that patients with CKD who were
on a regimen of low-dose aspirin were significantly more likely to
develop atherosclerotic CVD than those who did not use aspirin.
Even after the adjustment for underlying CVD, the use of aspirin
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Table 2. Multivariate Cox proportional analyses for atherosclerotic cardiovascular disease.

Aspirin in Patients with CKD

Unmatched cohort

Matched cohort

HR (95% CI) p-value HR (95% CI) p-value
Aspirin 2.577 (2.238-2.967) <0.001 2.259 (1.880-2.714) <0.001
Age, 10-year increase 1.383 (1.314-1.456) <0.001 1.171 (1.085-1.264) <0.001
Baseline eGFR 0.995 (0.993-0.998) 0.001 0.995 (0.991-0.999) 0.013
Proteinuria 1.032 (0.903-1.178) 0.645 0.929 (0.763-1.131) 0.463
Previous CVD 3.282 (2.870-3.754) <0.001 2.866 (2.393-3.431) <0.001
Diabetes 1.731 (1.525-1.964) <0.001 1.592 (1.334-1.899) <0.001
Hypertension 2.291 (1.968-2.666) <0.001 1.493 (1.203-1.851) <0.001
Hemoglobin<10 g/dl 0.728 (0.569-0.932) 0.012 0.657 (0.481-0.897) 0.008
Albumin <3.5 g/dI 1.026 (0.845-1.247) 0.794 0.935 (0.722-1.210) 0.608
Cholesterol 1.002 (1.001-1.003) <0.001 1.001 (1.000-1.003) 0.068
'RAAS blockers 0.685 (0.495-0.947) 0.022 0.802 (0.466-1.380) 0.426
Statin 1.021 (0.613-1.702) 0.935 0.320 (0.045-2.298) 0.257
Beta-blockers 0.954 (0.695-1.310) 0.772 0.998 (0.582-1.710) 0.994
CCB 1.146 (0.883-1.488) 0.306 0.837 (0.482-1.454) 0.528
Diuretics 0.676 (0.488-0.936) 0.018 0.649 (0.351-1.198) 0.167
Warfarin 1.079 (0.473-2.458) 0.857 3.820 (0.495-29.509) 0.199
Clopidogrel 3.049 (1.438-6.465) 0.004 3.384 (0.826-13.863) 0.090
Cilostazol 2.159 (1.237-3.767) 0.007 1.294 (0.178-9.405) 0.799

Abbreviations: HR: hazards ratio;
eGFR: estimated glomerular filtration rate;
CVD: cardiovascular disease;
RAAS: renin-angiotensin-aldosterone system;
CCB: calcium channel blocker.
doi:10.1371/journal.pone.0104179.t002

remained an independent and significant predictor of CVD. In the
subgroup analyses, almost all subgroups were consistently associ-
ated with an increased risk of CVD. Although there were no
significant differences in all-cause mortality or composite bleeding
events between the aspirin users and non-users, doubling of serum
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creatinine and renal death occurred more frequently in the aspirin
users. These findings are interesting in light of the use of low-dose
aspirin for protection against CVD in this population.

The burden of CVD among patients with CKD i1s substantial.
The increased risk of CVD and mortality in patients with CKD
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Figure 2. The event-free survival of patients with atherosclerotic cardiovascular disease according to treatment group (A) before
and (B) after PS matching. Atherosclerotic cardiovascular disease occurred more frequently in aspirin users versus non-users.

doi:10.1371/journal.pone.0104179.g002
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Female (n=1629)

DM
No (n=2215)
Yes (n=1553)

HTN
No (n=1321)
Yes (n=2447)

Previous CVD
No (n=2568)
Yes (n=1200)

eGFR<60
No (n=1017)
Yes (n=2751)

Hb <10
No (n=2714)
Yes (n=702)

RAAS blockers
No (n=3650)
Yes (n=118)

Beta-blockers
No (n=3692)
Yes (n=76)

Aspirin user
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Figure 3. Association of aspirin use and cardiovascular disease in subgroups of the matched cohort.

doi:10.1371/journal.pone.0104179.g003

has stimulated interest in identifying effective methods for
reducing the risk of CVD. Although the effects of aspirin in
individuals with CKD are uncertain, several studies support the
beneficial effect of aspirin in this population. Sciahbasi et al [17]
and McCullough et al [18] reported that aspirin use was associated
with reduced odds of admission with ST elevation MI and reduced
in-hospital mortality after MI. In a post hoc subgroup analysis of a
randomized controlled trial, Jardine et al [19] also reported that
aspirin therapy led to greater absolute reduction in major CVD
and greater mortality in hypertensive patients with CKD than in
patients with normal kidney function. These authors explain that
the increased benefit lies partially in the high baseline risk of these
patients, which translates a similar proportional benefit into a
greater absolute benefit.

A recent meta-analysis by Palmer et al [20] evaluated the effects
of aspirin and clopidogrel in 9 trials (all post hoc subgroup analyses
for CKD) involving 9969 patients who had acute ACS or who
were undergoing percutaneous coronary intervention (PCI) and in
31 trials involving 11,701 patients with stable or no CVD. These
authors concluded that the use of antiplatelet agents in patients
with CKD had little or no effect on all-cause or cardiovascular
mortality or on myocardial infarction. However, these authors
acknowledged the limitations of low-quality or very low-quality
evidence (i.e., significant heterogeneity in the study populations,

PLOS ONE | www.plosone.org

considerable variation among the studies, and variations in the
post hoc subgroup analyses of the trials).There are several
potential mechanisms that may explain the poor response to
treatment with antiplatelet agents in patients with CKD, including
increased platelet activation [11], high residual platelet reactivity
[11,21], altered pharmacokinetic effects of uremia on drug
transport and non-renal metabolism [22,23], and elevated Von
Willebrand antigen levels [24,25] in these patients. In addition,
patients with CKD not only have thrombotic predisposition [26]
but also, paradoxically, have bleeding diathesis [27] due to the
underlying complex hemostatic disorder found in individuals with
progressive kidney failure. Uremia is associated with prolongation
of bleeding time as well as abnormal platelet aggregation and
adhesion due to intrinsic and extrinsic factors [28].

In the subgroup analysis, all subgroups were associated with an
increased risk for CVD, except the subjects who were being
treated with RAAS blockers and beta-blockers. We evaluated the
association between aspirin use (in addition to diabetes and beta-
blockers) and other factors for CVD. Aspirin use is associated with
a lower HR for CVD in diabetic patients compared to non-
diabetic patients. This finding may support the recommendation
of low-dose aspirin for secondary prevention of CVD in diabetic
patients. In addition, aspirin use is also associated with a lower HR
for CVD in individuals who use beta-blockers compared to those
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Figure 4. The event-free survival for (A) composite bleeding, (B) all-cause death, (C) a doubling of baseline serum creatinine, and
(D) renal death according to treatment group in the matched cohort. There were no significant differences in the incidence of composite
bleeding and the cumulative overall survival rate between aspirin users and non-users. Aspirin users showed a higher incidence of doubling of
baseline serum creatinine and an increased renal death rate compared with non-users.

doi:10.1371/journal.pone.0104179.g004

Table 3. Multivariate Cox proportional analyses for a doubling of serum creatinine and ESRD?.

Unmatched cohort Matched cohort

HR (95% Cl) p-value HR (95% ClI) p-value
SCr x 2b 1.390 (1.255-1.540) <0.001 1.325 (1.160-1.513) <0.001
ESRD 1.467 (1.279-1.683) <0.001 1.310 (1.096-1.566) 0.003

Abbreviations: HR: hazards ratio;

Cl: confidence interval;

SCr: serum creatinine;

ESRD: end-stage renal disease.

adjusted for aspirin treatment, age (10 year increase), baseline eGFR, proteinuria, previous CVD, diabetes, hypertension, hemoglobin (<10 g/dl), and albumin (<3.5 g/
dl) levels and use of medications (RAAS blockers, statin, beta-blockers, CCB, diuretics, warfarin, clopidogrel, cilostazol).

PSCr x 2: a doubling of the baseline serum creatinine concentration.

doi:10.1371/journal.pone.0104179.t003

PLOS ONE | www.plosone.org 7 August 2014 | Volume 9 | Issue 8 | e104179



who do not. This effect may also be due to the protective role of
beta-blockers against CVD.

The question of whether the use of aspirin by patients with
CKD increases the risk for bleeding is controversial. The first
United Kingdom Heart and Renal Protection (UK-HARP) trial
[29] and the Dialysis Outcomes and Practice Patterns Study
(DOPPS) [30] showed no increased risk of major bleeding,
gastrointestinal bleeding in those who were taking an aspirin dose
of 100 mg/day, respectively. However, in the meta-analysis by
Palmer et al [20], there was an increase in major and minor
bleeding events with the use of antiplatelet agents in patients with
CKD and ACS who required PCI. These findings were generated
using low-quality evidence, with considerable variation in trial
duration, heterogeneity in the definitions and assessment of
bleeding outcomes, and reliance on subgroup data from major
trials. The incidence of a bleeding event in our study may be lower
than the incidence in these other studies because we defined the
bleeding risk as a composite bleeding event that includes
hemorrhagic stroke, gastrointestinal bleeding, and hemoptysis
and does not include minor bleeding such as epistaxis, ecchymosis,
or bruising. However, we believe that our criteria are also suitable
for defining a clinically significant bleeding event. Additional well-
designed and controlled studies are needed to confirm the
association between the use of antiplatelet agents and the risk of
bleeding in patients with CKD.

We assessed the effect of low-dose aspirin on renal outcome in
patients with CKD. The doubling of serum creatinine and the
occurrence of ESRD that requires renal replacement therapy were
significantly associated with low-dose aspirin use in patients with
CKD. Unlike our study, The UK-HARP-1 trial [29] showed that
low-dose aspirin use in patients with CKD was not associated with
progression of CKD (as measured by a decrease in renal function,
>20% increase in creatinine, and the initiation of dialysis).
Subsequently, in the subgroup analysis of a randomized controlled
trial, Jardine et al [19] reported that aspirin use did not affect renal
function in the overall study population, but data were scarce
regarding the effects of low-dose aspirin on the renal outcome in
patients within any eGFR category. However, because the study of
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Jardine et al is a post hoc subgroup analysis of hypertension
optimal treatment (HOT), which mainly included diastolic
hypertensive patients, only 2.9% of the study population had an
¢GFR<45 ml/min/1.73 m?, in contrast to 53.1% in our study.

Although our study showed that the use of aspirin was
associated with a higher risk for CVD even after the adjustment
for any underlying CVD, there were some limitations. First, the
participants in this study were from a single center and single
ethnic groups. There need to be a further investigation about the
effect of low-dose aspirin on atherosclerotic cardiovascular disease
among patients with chronic kidney disease in multi-center, other
ethnic and racial groups. Second, this study was an observational
study rather than a controlled interventional trial. Thus, some
important baseline covariates were not distributed equally. To
address this issue, we used PS matching to minimize the
differences in baseline characteristics. Despite these efforts,
differences in unmeasured characteristics could have led to biased
results. Third, we could not evaluate whether non-use of aspirin
could lead to beneficial effects on CVD development in these
patients because our study was not an interventional trial.

Despite these limitations, our study is the only large observa-
tional cohort study with PS matching that provides evidence that
the use of low-dose aspirin is associated with a higher risk for
atherosclerotic CVD 1in patients with CKD.

In conclusion, although the role of low-dose aspirin in the
development of atherosclerotic CVD in patients with CKD is
debatable, our results show that the use of low-dose aspirin in
patients with CKD has potentially harmful effects, as it increases
the risk for CVD and renal progression. Further randomized
clinical trials are warranted to confirm the effect of low-dose
aspirin therapy on the development of CVD in these patients.
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