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Aspirin Resistance in Hypertensive

Patients
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Aspirin resistance is associated with poor clinical
prognosis. The authors investigated aspirin resis-
tance in 200 hypertensive patients (111 men, age:
68.3+11.4 years) by the Ultegra Rapid Platelet
Function Assay-ASA (Accumetrics Inc., San
Diego, CA). Aspirin resistance was defined as an
aspirin reaction unit >550. Aspirin resistance was
detected in 42 patients. Aspirin resistance was
present in 25.6% of the patients with poor blood
pressure control, while in 17.8% of the patients
with controlled blood pressure (P=.182). Female
gender and creatinine levels were significantly
higher (P=.028 and P=.030, respectively), while
platelet count was significantly lower (P=.007) in
aspirin-resistant patients. Multivariate analysis
revealed that female gender (odds ratio [OR],
2.445; P=.045), creatinine levels (OR, 1.297;
P=.015) and platelet count (OR, 0.993; P=.005)
were independent predictors of aspirin resistance.
The frequency of aspirin resistance is not low in
hypertensive patients. Female hypertensive
patients, especially, with higher creatinine levels
and lower platelet count are at higher risk for
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Aspirin is an effective antiplatelet agent, exhib-
iting its action by irreversibly inhibiting
platelet cyclooxygenase-1 enzyme, thus prevent-
ing the production of thromboxane A2 (TXA2).
It has been used in the primary and secondary
prevention of thromboembolic vascular events.'**
The Antithrombotic Trialists’ Collaboration (a
large metaanalysis of 287 randomized trials of
antiplatelet therapy) reported that aspirin was
protective in most of the patients at increased risk
of occlusive vascular events, including those with
an acute or previous myocardial infarction, unsta-
ble or stable angina, stroke or cerebral ischemia,
peripheral arterial disease, or atrial fibrillation.?
The metaanalysis demonstrated a 32% reduction
of nonfatal myocardial infarction, nonfatal
stroke, and vascular death in patients treated
with 75-150 mg aspirin daily.’?

Despite strong evidence in favor of aspirin use,
aspirin therapy fails to prevent clinical (thrombotic)
events in certain patients. These patients do not
respond adequately to aspirin therapy. This condi-
tion is named “aspirin resistance,” but there are
various synonyms, including “aspirin nonrespon-
siveness,” ““aspirin treatment failure,” ‘“‘inadequate
aspirin efficacy,” and “biochemical or laboratory
aspirin resistance.”* Clinically, aspirin resistance is
assessed in the occurrence of further thrombotic
events despite aspirin administered in “usual” pro-
phylactic dosages. It is defined in the laboratory set-
ting as the failure of aspirin to suppress the platelet
production of TXA2, to reduce platelet activation,
and to fully inhibit platelet aggregation.
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Estimates of aspirin resistance prevalence vary
widely (5.5%-60%), reflecting the diversity of
laboratory assays employed and confounding factors
deriving from the broad range of disease states inves-
tigated.”™ Possible causes of aspirin resistance
include poor compliance or inadequate dose,”'°
reduced bioavailability,'" increased platelet turnover,
upregulation of nonplatelet pathways of throm-
boxane production,'*'? drug interactions,'*'* and
genetic variability.'®° Despite ongoing research,
there is currently no standardized approach to the
diagnosis and no proven effective treatment for aspi-
rin resistance.

Although aspirin resistance has been well demon-
strated in cardiovascular disorders such as coronary
artery disease,'®*! heart failure,”* cerebrovascular
disease,”*** diabetes,”>” obesity,”® metabolic syn-
drome,”” and hyperlipidemia,®® little is known
about aspirin response and its prognostic value in
patients with hypertension. The aim of this study
was to explore the prevalence of aspirin resistance
in patients with hypertension and to clarify the
predictors of aspirin resistance in these patients.

METHODS

The investigation conforms with the principles out-
lined in the Declaration of Helsinki. The study was
approved by the local ethics committee and all par-
ticipants gave written informed consent before par-
ticipating. Patients were selected among the cases
admitted to the outpatient clinics of Marmara Uni-
versity Medical Faculty Department of Cardiology
between May 2007 and September 2008.

Two hundred consecutive hypertensive patients
(111 men and 89 women, mean age: 68.3 =+
11.4 years) who had been taking aspirin regularly
for primary or secondary cardiovascular protection
were included in the study. Hypertension was
defined according to guidelines from the Seventh
Report of the Joint National Committee on Preven-
tion, Detection, Evaluation, and Treatment of High
Blood Pressure (JNC 7).3' All the hypertensive
patients were taking 100-300 mg/d aspirin for at
least 1 week. Exclusion criteria included ingestion
of ticlopidine, clopidogrel, cilostazol, dipyridamole,
and antiinflammatory drugs for at least 10 days.

Compliance with aspirin treatment was ascer-
tained by a personal interview at the time of inclu-
sion. None of the patients missed any aspirin dose
in the 7 days prior to platelet aggregation testing. A
questionnaire on smoking habits, clinical history of
coronary artery disease, diabetes, hyperlipidemia,
and renal failure was carried out. Weight and height
were measured to determine body mass index.
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Blood pressure of the subjects was measured by a
blinded, trained physician with a mercury sphygmo-
manometer using appropriate cuff sizes. All patients
were comfortably seated in a chair, with the legs
uncrossed, feet flat on the floor, and the back and
arm supported. The middle of the cuff on the upper
arm was at the level of the right atrium. Recorded
systolic and diastolic blood pressures were the
means of 3 measurements separated by 60 seconds
after a 5-minute rest period. By the general defini-
tion, blood pressure was considered uncontrolled if
systolic blood pressure was >140 mm Hg or dia-
stolic blood pressure was >90 mm Hg. By the dis-
ease-specific  definition, blood  pressure  was
considered uncontrolled in patients with diabetes,
coronary artery disease, or chronic kidney disease if
systolic blood pressure was >130 mm Hg or dia-
stolic blood pressure was >80 mm Hg.

Fasting blood samples were obtained to deter-
mine blood glucose, creatinine, triglyceride, total
cholesterol, high-density lipoprotein cholesterol,
low-density lipoprotein cholesterol, C-reactive pro-
tein, hemoglobin, hematocrit, and platelet and leu-
kocyte count.

Assessment of Aspirin Resistance With Ultegra
Rapid Platelet Function Assay
From every patient, 2 mL blood samples were
drawn into tubes containing 3.2% citrate 1 to
4 hours after aspirin intake. Aspirin-induced plate-
let inhibition was measured using a commercially
available point-of-care assay, the Ultegra Rapid
Platelet Function Assay-ASA (the VerifyNow
System) (Accumetrics, San Diego, CA). This is a
whole blood optical detection system that measures
agonist-induced platelet aggregation using cationic
propyl gallate to activate platelets. Platelet function
measurement is based on the ability of activated
platelets to bind fibrinogen. The instrument
measures the change in optical signal caused by
aggregation. If aspirin has produced the expected
antiplatelet effect, fibrinogen-coated beads will not
agglutinate, and light transmission will not increase.
The results are reported as aspirin reaction units
(ARU). The cutoff point is set as 550 ARU accord-
ing to the manufacturer’s clinical studies using
optical aggregometry as the comparison standard.
An ARU >550 indicates absence of aspirin-induced
platelet dysfunction and is defined as aspirin-resis-
tant. An ARU <550 indicates platelet dysfunction
consistent with aspirin has been detected and is
defined as aspirin-sensitive.>”

Since clopidogrel, ticlopidine, cilostazol, dipyri-
damole, and antiinflammatory drugs may interfere
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Table I. The Patient Characteristics With Comparison of Aspirin-Resistant and Aspirin Sensitive Hypertensive Patients

HYPERTENSIVE PATIENTS ASPIRIN-RESISTANT ASPIRIN-SENSITIVE

(N=200) (N=42) (N=158) P VaLug®

Age, y 68.3£11.4 68.4£10.1 68.2+11.8 912
Sex (female/male), n 89/111 25/17 64/94 .028
Coronary artery disease, % 43.7 46.3 43.0 .704
Hyperlipidemia, % 58.0 52.4 59.5 406
Diabetes, % 39.0 50.0 36.1 .100
Renal failure, % 20.0 28.6 17.7 118
Smoking, % 34.5 35.7 34.2 .898
Body mass index, kg/m2 28.08+5.40 28.01+4.06 28.10+5.71 928
Subjects with controlled blood pressure, % 59.0 50.0 61.4 182
Systolic blood pressure, mm Hg 134.3£21.9 136.74£23.3 133.7£21.5 433
Diastolic blood pressure, mm Hg 77.2+14.4 76.9£13.0 77.3+14.8 .865
Heart rate, per min 8016 76+t14 81+£16 .090
P values set in boldface indicate statistical significance. *P value comparing aspirin-resistant and aspirin-sensitive hypertensive
patients.

with normal platelet function and lead to low ARU
values, patients using these drugs were excluded
from the study.

Statistical Analysis

All statistical tests were performed with a commer-
cially available statistical analysis program (SPSS
11.0 for Windows [SPSS Inc, Chicago, IL]). Contin-
uous variables were expressed as mean + standard
deviation while categorical variables were expressed
as ratio. To evaluate the differences between mean
values of quantitative variables, Student #-test was
used for parametric variables and the Mann-Whit-
ney U test for nonparametric variables. Categorical
variables were compared using chi-square test.
Pearson’s correlation was used for univariate analy-
sis. A logistic regression analysis was employed to
determine significant predictors of aspirin resistance
in hypertensive patients. In all cases, a P value of
.05 or less was considered statistically significant.

RESULTS

Two hundred consecutive hypertensive patients were
included in the study. Aspirin resistance was detected
in 42 patients (21%). The general characteristics and
laboratory parameters of the hypertensive patients,
together with comparing aspirin-sensitive and aspi-
rin-resistant patients are presented in Table I and
Table II.

There was not any significant difference in age
distribution between aspirin-resistant and aspirin-
sensitive hypertensive patients (P=.912). The female
frequency was significantly higher in aspirin-resistant
hypertensive patients (59.5% vs 40.5%, P=.028).
The frequencies of coronary artery disease, diabe-
tes, and renal failure were insignificantly higher in
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aspirin-resistant hypertensive patients (P=.704, P=
.100, and P=.118, respectively).

Daily aspirin dose and duration of aspirin ther-
apy were similar between the aspirin-resistant and
aspirin-sensitive hypertensive patients (P=.722 and
P=.899, respectively). The median aspirin dose
was 100 mg/d in both aspirin-resistant and aspirin-
sensitive patients.

Among the hypertensive patients, 82 of them
(41%) had poor blood pressure control. Aspirin
resistance was detected in 17.8% of the patients
who had blood pressure within normal limits, while
aspirin resistance was present in 25.6% of the
patients with poor blood pressure control, but the
difference was not statistically significant (P=.182).
There were not any significant differences in heart
rate, systolic, or diastolic blood pressure measures
between the aspirin-resistant and aspirin-sensitive
hypertensive patients (P=.090, P=.433, and P=.865,
respectively).

Among the laboratory parameters, creatinine
level was significantly higher and platelet count was
significantly lower in aspirin-resistant patients com-
pared to aspirin-sensitive patients (P=.030 and
P=.007, respectively).

There were significant, but relatively weak rela-
tions between ARUs and serum creatinine levels
(P=.006, r=0.196) and platelet count (P=.023,
r=—0.163). Univariate analysis revealed no signifi-
cant association between ARUs and age (P=.820),
body mass index (P=.387), systolic or diastolic
blood pressure (P=.292 and P=.560, respectively),
glucose (P=.322), C-reactive protein (P=.777),
total cholesterol (P=.630), triglyceride (P=.196),
high-density lipoprotein cholesterol (P=.302), low-
density lipoprotein cholesterol (P=.415), hemoglobin
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Table II. Laboratory Parameters of the Patients With Comparison of Aspirin-Resistant and Aspirin-Sensitive Hypertensive
Patients
HYPERTENSIVE PATIENTS ASPIRIN-RESISTANT ASPIRIN-SENSITIVE
(N=200) (N=42) (N=158) P VaLug®

Aspirin reaction unit 476.841+74.95 588.98+33.13 447.04150.76 <.001
Aspirin dose, mg/d

Mean =+ standard deviation 168+94 173496 167194 722

Median 100 100 100
Duration of aspirin therapy, months 39463 40166 39+63 .899
Glucose, mg/dL 126+54 126465 126451 989
Creatinine, mg/dL 1.65+1.68 2.4242.74 1.454+1.19 .030
C-reactive protein, mg/dL 23.66£50.16 26.74+44.28 22.75+£51.95 723
Triglyceride, mg/dL 144494 121467 150499 .092
Total cholesterol, mg/dL 184451 173457 186+49 172
HDL cholesterol, mg/dL 44412 41412 45412 151
LDL cholesterol, mg/dL 109442 107451 110440 740
Hemoglobin, g/dL 13.0+£1.9 12.5+2.5 13.1+£1.7 114
Hematocrit, % 39.349.1 37.6+7.7 39.8+9.5 159
Leukocytes, per mm® 94543579 935642541 95044043 901
Platelet, x10°/mm?® 259.84101.6 222.1462.4 269.74107.6 .007
Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein. P values set in boldface indicate statistical
significance. *P value comparing aspirin-resistant and aspirin-sensitive hypertensive patients.

Table III. Multivariate Analysis for Predictors of Aspirin
Resistance
Opps  95% CONFIDENCE
VARIABLE RaTio INTERVAL P VaLue
Age 1.010 0.975-1.047 577
Female gender 2.445 1.019-5.866 .045
Coronary 1.145 0.478-2.743 762
artery disease
Diabetes 2.200 0.958-5.052 .063
Hyperlipidemia 0.604 0.239-1.524 .285
Renal failure 1.799 0.831-3.899 136
Smoking 2.140 0.520-8.798 423
Systolic blood 1.010 0.993-1.027 .265
pressure
Creatinine 1.297 1.052-1.599 015
Hematocrit 0.996 0.957-1.038 .863
Platelet 0.993 0.987-0.998 .005
P values set in boldface indicate statistical significance.

(P=.058), hematocrit (P=.401), or leukocyte
count (P=.394).

We modeled a logistic regression analysis to
determine the independent predictors of aspirin
resistance. Multivariate analysis for predictors of
aspirin resistance is presented in Table III. Multi-
variate analysis revealed that female gender (OR,
2.445; 95% CI, 1.019-5.866; P=.045), serum creat-
inine levels (OR, 1.297; 95% CI, 1.052-1.599;
P=.015) and platelet count (OR, 0.993; 95% CI,
0.987-0.998; P=.005) were independent predictors

VOL. 12 NO. 9 SEPTEMBER 2010

of aspirin resistance in this cohort of hypertensive
patients.

DISCUSSION

Aspirin resistance has been associated with coro-
nary artery disease, cerebrovascular disease, diabe-
tes, heart failure, and hyperlipidemia.*'=° In
parallel with data from recent studies, it is now
known that the mechanisms underlying aspirin
resistance are multifactorial. The benefit of antiplat-
elet therapy with aspirin in subjects with hyperten-
sion is well established and supported by strong
trial data.*>** However, little is known about aspi-
rin response in patients with arterial hypertension
and results are conflicting.

The novel finding of this study was the demon-
stration of high aspirin resistance prevalence in
hypertensive patients. We detected aspirin resistance
in 21% of the hypertensive patients using the
Ultegra Rapid Platelet Function Assay-ASA system
(Accumetrics Inc., San Diego, CA). Various studies
reporting  relationships  between  hypertension
and aspirin resistance were conducted in different
patient populations such as stable coronary
artery disease, and association of hypertension with
aspirin resistance were shown by either univariate
or multivariate analysis. Wang and coworkers®
investigated aspirin resistance in 328 patients with
stable cardiac and cerebral vascular diseases, diabe-
tes mellitus, hypertension, and hyperlipidemia and
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reported that hypertension and diabetes were rela-
tive risk factors of aspirin resistance. Similarly,
Abaci and coworkers®® studied aspirin resistance in
184 patients with a diagnosis of stable coronary
artery disease or diabetes mellitus and reported that
univariate analysis of aspirin nonresponsiveness
was closely associated with hypertension. However,
they could not show any association between
hypertension and aspirin nonresponsiveness in mul-
tivariate analysis.

Our study suggests that aspirin might not have
provided its desirable effects in 1 out of every 5
patients with hypertension. Such a high prevalence
of aspirin resistance may be anticipated in hyper-
tensive patients, since a number of factors including
increased arterial stiffness, shear stress, and endo-
thelial dysfunction might contribute to altered
platelet reactivity and lead to relatively high fre-
quency of aspirin resistance among subjects with
hypertension.”” However, the mechanisms under-
lying aspirin resistance are multifactorial and, as in
our study, most patients have other cardiovascular
diseases such as diabetes, hyperlipidemia, and coro-
nary artery disease. Multivariate analyses per-
formed to define the independent predictors of
aspirin resistance are not always sufficient since
some confounding factors may be missed or may
not be included in the analysis. We believe that a
sample with only hypertensive patients might be
better in identifying the effect of hypertension on
aspirin resistance. Yet, our sample and data are
important as they reflect the actual hypertensive
patient profile in community practice.

We also explored the effect of blood pressure
control on aspirin resistance. Aspirin resistance was
detected in 17.8% of the patients who had blood
pressure within normal limits while aspirin resis-
tance was present in 25.6% of the patients with
poor blood pressure control; however, the differ-
ence was not statistically significant (P=.182). We
believe that the reason for the lack of statistical sig-
nificance was likely due to low power since there
were only 42 subjects with aspirin resistance. There
were not any significant differences in mean systolic
and diastolic blood pressure measures between the
aspirin-resistant and aspirin-sensitive hypertensive
patients. Multivariate analysis also did not reveal
any significant association between blood pressure
measures and aspirin resistance. Feher and cowork-
ers’” investigated the presence of hypertension and
aspirin resistance among patients with cardiovascu-
lar and cerebrovascular disease who were taking
aspirin 100 to 325 mg daily. Interestingly, they
found a significantly higher prevalence of hyperten-
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sion among aspirin-sensitive patients compared
with that seen in aspirin-resistant patients. How-
ever, they also noted that there was a significantly
higher rate of B-blocker and angiotensin converting
enzyme inhibitor usage among aspirin-sensitive
patients and additive effect of these drugs might
contribute to effective antiplatelet therapy. In our
study, as the medications of the patients were
diverse, they could not be incorporated into the sta-
tistical analysis. Therefore, we could not draw defi-
nite conclusions about the blood pressure control
and aspirin resistance.

In most of the studies, a higher female fre-
quency in aspirin-resistant hypertensive patients is
reported. Similarly, in our study, multivariate anal-
ysis revealed female gender as an independent pre-
dictor of aspirin resistance in hypertensive patients.
Additionally, the frequencies of coronary artery dis-
ease, diabetes, and renal failure were insignificantly
higher in aspirin-resistant hypertensive patients. We
believe that larger numbers are needed to make
definitive statements about the demographics that
may be associated with aspirin resistance.

Previous studies on the effects of different doses
of aspirin on different populations showed that by
increasing aspirin dose, the frequency of aspirin
resistance decreased both in healthy subjects** and
in patients with stable coronary artery disease.*®
However, in our study, we did not find any differ-
ence in daily aspirin intake dose and duration of
aspirin therapy between the aspirin-resistant and
aspirin-sensitive hypertensive patients.

We found that creatinine level was significantly
higher in aspirin-resistant patients and multivariate
analysis also revealed serum creatinine levels as an
independent predictor of aspirin resistance. Simi-
larly, Lee and coworkers®® studied 468 consecutive
stable coronary artery disease patients and found
that renal insufficiency was a univariate predictor
of aspirin resistance. In addition to creatinine
levels, we also found platelet count as the other
independent predictor of aspirin resistance. Platelet
count was significantly lower in aspirin-resistant
patients compared to aspirin-sensitive patients.
Similar to our data, Wang and coworkers*' found
that platelet count was a statistically significant
univariate and multivariate predictor of aspirin
nonresponsiveness when treated as continuous
variables, with OR of 0.993. However, Lee and
coworkers*? and Navaez and coworkers*’ found
that high platelet count was related with aspirin
resistance. We believe that these conflicting results
might be due to the multifactorial nature of aspi-
rin resistance.

38,39
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Study Limitations

There are some limitations to our study. It has been
suggested that aspirin resistance may not be consis-
tent over time, and measurement of aspirin resis-
tance should be done more than once. In our study,
measurement of aspirin resistance was done only
once. As our study was not a clinical follow-up
study, aspirin resistance was defined only biochemi-
cally and not clinically. Patients’ use of aspirin was
based on response to a questionnaire and was not
confirmed by pill count or serum salicylate levels.
Moreover, we could not include the medications of
the patients into statistical analysis due to diversity
of drugs. Lastly, although our sample size was not
so small, factors affecting aspirin response might
not be controlled in every patient and not included
in the analysis (such as genetic variability or exercise
status). Examination of various well characterized
populations is necessary to fully elucidate the epide-
miology of aspirin resistance in hypertensive
patients. Yet, our study is important as it was con-
ducted to explore aspirin resistance in hypertensive
patients and the patients reflected the actual hyper-
tensive patient profile in community practice.

CONCLUSIONS

We found that a significant number of hypertensive
patients was resistant to aspirin therapy. Multivariate
analysis revealed female gender, serum creatinine
levels, and platelet count were independent predictors
of aspirin resistance in this cohort of hypertensive
patients. Further research exploring the epidemiology
and mechanisms of aspirin resistance in hypertensive
patients will provide additional information for pre-
venting future cardiovascular events.

Disclosure: This study was supported by both Marmara
University and Akdeniz University Research Funds. All
authors claim that there are no potential conflicts of interest.
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