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Background-—No previous study has evaluated the impact of past US Preventive Services Task Force statements on primary
prevention (PP) aspirin use in a primary care setting. The aim of this study was to evaluate temporal changes in PP aspirin use in a
primary care population, stratifying patients by their 10-year global cardiovascular disease risk, in response to the 2009 statement.

Methods and Results-—This study estimated biannual aspirin use prevalence using electronic health record data from primary care
clinics within the Fairview Health System (Minnesota) from 2007 to 2015. A total of 94 270 patient encounters had complete data
to estimate a 10-year cardiovascular disease risk score using the 2013 American College of Cardiology/American Heart
Association global risk estimator. Patients were stratified into low- (<10%), intermediate- (10–20%), and high- (≥20%) risk groups.
Over the 9-year period, PP aspirin use averaged 43%. When stratified by low, intermediate and high risk, average PP aspirin use was
41%, 63%, and 73%, respectively. Average PP aspirin use decreased after the publication of the 2009 US Preventive Services Task
Force recommendation statement: from 45% to 40% in the low-risk group; from 66% to 62% in the intermediate-risk group; and
from 76% to 73% in the high-risk group, before and after the guideline.

Conclusions-—Publication of the 2009 US Preventive Services Task Force recommendation was not associated with an increase in
aspirin use. High risk PP patients utilized aspirin at high rates. Patients at intermediate risk were less intensively treated, and
patients at low risk used aspirin at relatively high rates. These data may inform future aspirin guideline dissemination. ( J Am Heart
Assoc. 2017;6:e006328. DOI: 10.1161/JAHA.117.006328.)
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C ardiovascular disease (CVD) is the leading cause of
morbidity and mortality in the United States and

worldwide.1 Reductions in CVD morbidity and mortality have
been achieved by reducing risk factor exposure with lifestyle
and pharmacologic interventions, including use of aspirin.2–15

Aspirin has been demonstrated to prevent a first myocardial
infarction (MI) or stroke among individuals at high risk12,13

and to be cost-effective.16,17 It also decreases the risk of
subsequent cardiovascular events and death among individ-
uals who have already experienced an MI or stroke.14,15

Regular aspirin use for primary prevention (PP) of CVD has
been evaluated in multiple well-designed clinical trials. In
1989, the Physician’s Health Study reported a 44% reduction
in risk of a first MI for male participants who received
aspirin.12 Regular aspirin use led to a 24% reduction in risk for
ischemic stroke in women as demonstrated in the Women’s
Health Study in 2005.13 These studies and others18–20 led the
US Preventive Services Task Force (USPSTF) in 2009 to
develop a class A recommendation for PP aspirin use in men
aged 45 to 79 years and women aged 55 to 79 years for
whom CVD ischemic event prevention outweighs bleeding
risk.21 This recommendation provided a distinctly favorable
recommendation for aspirin use compared with the 2002
statement. The 2009 recommendation also offered specific
benefit/risk guidance tables to facilitate the use of aspirin for
PP, compared with the 2002 statement, which only recom-
mended a discussion between clinicians and patients at
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increased risk for CVD ischemic events. Contemporary
studies of PP aspirin use in low-risk cohorts (eg, the Japanese
Primary Prevention Project22) have since demonstrated
similar reductions in a first MI. A recent systematic review
analyzed 11 PP aspirin trials completed in the past 3 decades.
The meta-analysis demonstrated a significant 22% reduction
in nonfatal MI (relative risk, 0.78; 95% confidence interval [CI],
0.71–0.87).23

Other national cardiovascular health organizations, includ-
ing the American Heart Association, the American Stroke
Association, and the American Diabetes Association, have
also released positive recommendations to guide healthcare
professionals on the appropriate use of aspirin for PP of
cardiovascular ischemic events.24–27 Thus, within this time
frame, primary care clinicians were offered strong published
support for PP aspirin use, in the absence of a national
dissemination plan and easy-to-use aspirin prescriptive clin-
ical tools.

Since the publication of the 2009 USPSTF recommenda-
tion, examination of the appropriateness of aspirin use
(defined as benefit greater than risk) in a primary care
outpatient population has been limited. Descriptions of PP
aspirin use in this population have not previously been
published in association with measurements of individual
10-year CVD risk.

The current investigation was thus designed to: (1)
evaluate the temporal trends in PP aspirin use in a large,
primary care–based population over a 9-year period (2007–
2015); (2) evaluate these trends in subgroups with lower to
high CVD risk; (3) compare PP and secondary prevention
aspirin treatment intensity; and (4) define the prevalence of
selected contraindications to PP aspirin use. We hypothesized

that PP aspirin use would increase after publication of the
2009 USPSTF recommendation, particularly in intermediate-
and high-risk populations. We also hypothesized that low-risk
patients might experience a lower aspirin exposure after the
2009 USPSTF publication.

The recently updated 2016 USPSTF aspirin PP recommen-
dation statement28 advises use of low-dose aspirin for the PP
of CVD and colorectal cancer in adults aged 50 to 69 years
who have a 10% or greater 10-year CVD risk, are not at
increased risk for bleeding, have a life expectancy of at least
10 years, and are willing to take low-dose aspirin daily for at
least 10 years (B and C recommendations). Improved effec-
tiveness of the updated 2016 national aspirin use PP
guidelines can be informed by evaluation of past aspirin use
trends in real-world practice.

Methods

Study Population and Setting
This study included men aged 45 to 79 years and women
aged 55 to 79 years with one or more primary care
encounters at a Fairview Health Services clinic between
2007 and 2015. Encounters were limited to those labeled as
“office visit” or “outpatient visit” to delineate a face-to-face
visit with a healthcare professional. Fairview Health Services
is a nonprofit, integrated health system, based in Minnesota,
that includes 6 hospitals and health centers, 43 primary care
clinics, and 2500 aligned physicians, with �6.6 million
outpatient encounters and 1.6 million clinic visits annually.29

This health system includes the University of Minnesota
Medical Center as its flagship academic hospital. While no
single health system can fully represent a national PP clinical
population, this health system is representative of the 7
county Twin Cities metropolitan area in demographic charac-
teristics. The Minnesota Heart Survey data set, a random
sample of adults, found similar characteristics.30

Data Source and Extraction Method
Data were extracted from the electronic health record (EHR)
for the months of January and July from 2007 to 2015 (18
one-month serial cross-sectional data sets). Patients were
included if they consented to EHR data sharing for research
(over 97% of patients from Fairview), were in the target age
range, and presented for a visit with a primary care provider.
Only the first visit in a 1-month time period was included. The
EPIC EHR system (Epic Systems) is currently used by Fairview
Health Services. Data were placed in an Oracle SQL database
on a secure electronic data shelter. A series of manual chart
reviews were completed to compare the accuracy of the
extracted electronic data with a physician-based individual

Clinical Perspective

What Is New?

• Primary prevention aspirin use in a large, primary care
population, declined in the years following the publication of
the 2009 US Preventive Services Task Force recommenda-
tions.

• Aspirin use increased with cardiovascular disease risk as
estimated by the American College of Cardiology/American
Heart Association global risk score and is highly prevalent in
a high-risk population but may be underused in patients with
a 10% to 20% 10-year risk of cardiovascular disease.

What Are the Clinical Implications?

• Interventions to improve appropriate primary prevention
aspirin use should be considered as the updated 2016 US
Preventive Services Task Force recommendations are being
incorporated into primary care practices.
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EHR review (J.R.V.H.). Iterative adjustments were made to the
data extraction code to improve accuracy.

Primary and secondary prevention patients were identified
by searching the problem list and encounter diagnosis data
fields, at the time of the index encounter, for International
Classification of Diseases, 9th Revision (ICD-9), and Current
Procedural Terminology codes for atherosclerotic disease.
These data fields were also used to assign CVD risk factors
and to identify aspirin contraindications, including a docu-
mented history of peptic ulcer disease or gastrointestinal
bleeding. A third data field contained diagnoses that were not
linked to a date, therefore it was not used to identify

diagnoses or contraindications. However, this data field was
used to exclude from analysis 22 180 persons with any
diagnosis of an atherosclerotic event. Figure 1 displays a
diagram of patient cohort assembly.

Medication lists at the time of the encounterwere queried for
aspirin, antihypertensive, antithrombotic, and statin medica-
tions. Aspirin doses>325 mgwere not considered as indicative
of primary or secondary prevention and were therefore
excluded from the analysis. Blood pressure was extracted if
obtained during the specified encounter. Total cholesterol and
high-density lipoprotein cholesterol values were abstracted if
drawn within 6 months before the encounter.

High Risk, ≥20%
n=17,646
n*=15,856

Low risk, <10%
n=51,680
n*=49,764

Primary care clinic visits
January and July 2007-2015

n=314,434

Unique visits
n=274,969

Duplicate visits
n=39,465

Unclear CVD status
at visit

n=22,180

Total population 
included in study

n=252,789

Primary Prevention 
Population
n=220,482

Secondary 
Prevention 
Population
n=32,307

Intermediate Risk, 
10-20%

n=24,944
n*=23,359

Incomplete data for 
risk score calculation 

n=126,212

Primary Prevention 
population with 10 year 

CVD risk score
n=94,270
n*=88,979

Figure 1. Flow diagram for patients included in the study. After duplicates were removed, 274 969
unique encounters were identified. The primary prevention population numbered 220 482. Complete risk
score data were available for 94 270 persons and 88 979 of those had no contraindication to aspirin (n*).
CVD indicates cardiovascular disease
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Variable Definitions

The secondary prevention (SP) population was defined by a
documented history of coronary artery disease, ischemic
stroke or peripheral artery disease, or a disease-specific
revascularization procedure. Patients excluded from the SP
population were defined as the PP population. The PP
population was further divided into those with and without
complete data required for the cardiovascular risk score
calculation (Figure 1). The American College of Cardiology/
American Heart Association 2013 global risk estimator was
used to estimate 10-year CVD risk as this estimation has
effectively replaced the use of the Framingham Risk Score.31

Patients with CVD risk scores were then divided into low-,
intermediate-, and high-risk groups, corresponding to a
10-year CVD risk score of <10%, 10% to 20%, and ≥20%,
respectively. Contraindications to aspirin use were defined as
a documented history of peptic ulcer disease or gastroin-
testinal bleeding or use of another antithrombotic medication.
Allergy to aspirin was unobtainable because of formatting of
the EHR, but allergic reactions have been shown to be low in a
normal population.32 Thus, appropriate PP aspirin use candi-
dates were defined as individuals within the age and sex
targets outlined by the USPSTF who did not have a
contraindication to aspirin.

Smoking included current or past tobacco use as identified
by ICD-9 codes for tobacco use, Current Procedural Termi-
nology codes for cessation counseling, or use of varenicline. A
complete list of ICD-9 and Current Procedural Terminology

codes used to identify all diagnoses and procedures is
provided in Table 1.

Statistical Analysis
Descriptive demographic data are presented as counts,
mean�SD, and percentages. The prevalence of aspirin use
was defined as the number of aspirin users within each group
divided by the total number of individuals within that group.
Aspirin use by PP candidates was further examined by risk
category. The prevalence of aspirin use by individuals in the
PP population was reported only for those patients without an
aspirin contraindication, as defined above. When describing
aspirin use in the SP population, all patients were analyzed.
Trend analysis using a logistic regression model was used to
evaluate the change in aspirin use over time. When examining
the change in PP aspirin use by risk group, dummy variables
and their interaction effects with time were used to fit the
logistic regression model to the entire sample. Logistic
regression was used to identify univariate associations
between ASA use and patient characteristics. All analyses
were performed using Stata version 13 (StataCorp).

The study protocol was reviewed and approved by the
University of Minnesota’s institutional review board.

Results
There were 314 434 primary care clinic encounters during the
18 one-month time intervals over the 9-year study period.

Table 1. ICD-9 and CPT Codes Used for Data Extraction

Disease ICD-9 Codes CPT Codes

Coronary artery disease 410-410.92, 412, 414-414.9 33140, 33141, 33510-33514, 33516-33523, 33530,
33533-33536, 33572, 35600, 92973-92975, 92977,
92980, 92981

Stroke 430-437.1, 437.8-438.9 37215, 37216, 35390, 35301, 0075T, 0076T

Peripheral artery disease 440.2-440.9, 443.89, 443.9 34201, 34203, 35256, 35286, 35302-35306, 35351,
35355, 35361, 35363, 35371-35372, 35452, 35472,
35521, 35533, 35537-35540, 35556, 35558,
35565-35566, 35570-35571, 35583, 35585, 35587,
35621, 35623, 35637-35638, 35646-35647, 35654,
35656, 35661, 35665-35666, 35671, 35700, 35879,
35881, 37220-37235

Peptic ulcer disease 530.4, 530.7, 530.82, 531-534.91, 535.01, 535.11,
535.21, 535.31, 535.41, 535.51, 535.61, 535.71,
537.83, 537.84, 569.85, 569.86, 578.9

na

Diabetes mellitus 250-250.93, 357.2, 362.01-362.07, 366.41 na

Hyperlipidemia 272, 272.2, 272.3, 272.4, 272.9 na

Hypertension 401-405.99, 437.2 na

Smoking V15.82, 305.1, 989.84 99406, 99407

CPT indicates Current Procedural Terminology; ICD-9, International Classification of Diseases, 9th Revision; na, not applicable.
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After removing 39 465 duplicates and 22 180 patients with a
CVD diagnosis that was not linked to a date, 252 789
patients were included in the study. A total of 220 482 (87%)
had no history of CVD, of whom 94 270 had sufficient data
available for calculating a CVD risk score (Figure 1). The low-
(<10%), intermediate- (10–20%), and high-(≥20%) risk groups
included 51 680 (55%), 24 944 (26%), and 17 646 (19%)
persons, respectively.

The study population was primarily white, with 45% of
women. Demographic data from both the PP and SP groups

are displayed in Table 2. Compared with patients in the SP
group, patients in the PP group were younger (61�9 versus
67�8) and had a higher prevalence of women (45% versus
37%) and lower prevalence of CVD risk factors. Within the PP
sample, age, sex, and race were similar in patients with and
without data required to calculate a risk score. Those with a
calculated risk score had a higher prevalence of hypertension
(52% versus 37%), hyperlipidemia (63% versus 32%), and
diabetes mellitus (24% versus 11%) and were prescribed more
antihypertensive medications (55% versus 43%) and statins

Table 2. Patient Characteristics: January 2007 to July 2015

Primary Prevention Secondary Prevention

Total Population Total Incomplete Risk Score Data Complete Risk Score Data Total

No. 252 789 220 482 126 212 94 270 32 307

Age, y 62�9 61�9 61�9 62�9 67�8

Women 113 471 (45) 101 596 (46) 58 394 (46) 43 202 (46) 11 875 (37)

Race

White 192 019 (87) 192 019 (87) 109 682 (87) 82 337 (87) 28 706 (89)

Black 8367 (3.8) 8367 (3.8) 4739 (3.8) 3628 (3.9) 1133 (3.5)

Asian 5965 (2.7) 5965 (2.7) 2882 (2.3) 3083 (3.3) 651 (2.0)

Other/declined 14 131 (6) 14 131 (6) 8909 (7) 5222 (6) 1817 (6)

BMI, kg/m2* 30�6 30�6 30�6 30�6 31�6

Total cholesterol, mg/dL† 184�42 188�41 187�41 188�41 161�41

HDL, mg/dL‡ 50�22 51�23 50�21 51�23 46�21

Risk factors

Smoking§ 37 080 (15) 29 406 (13) 17 119 (14) 12 287 (13) 7674 (24)

Hypertension 118 755 (47) 95 981 (44) 46 672 (37) 49 309 (52) 22 774 (70)

Hyperlipidemia 124 082 (49) 100 033 (45) 40 695 (32) 59 338 (63) 24 049 (74)

Diabetes mellitus 47 994 (19) 36 712 (17) 14 503 (11) 22 209 (24) 11 282 (35)

Medications

Antihypertensive 131 862 (52) 106 579 (48) 54 622 (43) 51 957 (55) 25 283 (78)

Statin 107 694 (43) 82 348 (37) 33 796 (27) 48 552 (52) 25 346 (78)

Aspirin contraindications

PUD or GI bleeding 4725 (1.9) 3365 (1.5) 1971 (1.6) 1394 (1.5) 1360 (4.2)

Antithrombotic 22 313 (8.8) 10 838 (4.9) 6826 (5) 4012 (4.3) 11 475 (36)

History of CVD

CAD 19 582 (8) na na na 19 582 (61)

Stroke or carotid disease 10 978 (4.3) na na na 10 978 (34)

PAD 6698 (2.7) na na na 6698 (21)

Continuous data are reported as mean�SD and categorical data as number (percentage). CAD indicates coronary artery disease; CVD, cardiovascular disease; GI, gastrointestinal; na, not
applicable; PAD, peripheral artery disease; PUD, peptic ulcer disease.
*Body mass index (BMI) data are available in 218 193; 190 349; 96 165; 94 184; 27 844 patients in each column respectively.
†Total cholesterol data are available in 126 654 of the total study population, 106 438 of the primary prevention population, 12 168 of the primary prevention population without risk
score calculated, and 20 216 of the secondary prevention population.
‡High-density lipoprotein (HDL) data are available in 126 890 of the total population, 106 596 of the primary prevention population, 12 326 of the primary prevention population without
risk score calculated, and 20 294 of the secondary prevention population.
§Smoking includes current and former smokers.
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(52% versus 27%) compared with those without a risk score.
Prevalence of smoking was similar between the groups.

Characteristics of patients with PP by 10-year CVD risk
score are displayed in Table 3. As CVD risk increased, the
average age increased from 57 years to 71 years, and the
proportion of women decreased from 50% to 39%. In the low-
risk group, 65% had 0 or 1 CVD risk factor, whereas over 75%
of the high-risk group had ≥2 risk factors. Contraindications
to aspirin were low in the PP population. Ulcer or bleeding
prevalence was <3% in all groups. However, antithrombotic
medication use increased from 2.6% in the low-risk group to
8% in the high-risk group.

Over the 9-year study period, the prevalence of aspirin use
among the total PP sample decreased (P for trend <0.0001),
varying between 39% and 46%, with a mean of 43%. When
stratified by 10-year CVD risk, aspirin use was higher in each
progressively higher-risk group (Figure 2). The high-risk
sample had a mean prevalence of aspirin use of 73%; nearly
as high as aspirin use in the SP population (77%). The
intermediate-risk and low-risk samples had a mean preva-
lence of aspirin use of 63% and 41%, respectively. The PP
sample without a risk score had the lowest prevalence of
aspirin use, with a mean of 35%. In the years before the 2009
USPSTF recommendation, mean aspirin use in the high-,

Table 3. Characteristics of Primary Prevention Sample by CVD Risk Category: January 2007 to July 2015

Low Risk (<10%) Intermediate Risk (10–20%) High Risk (≥20%)

No. 51 680 24 944 17 646

Age, y 57�6 65�7 71�6

Women 25 929 (50) 10 368 (42) 6905 (39)

Race

White 44 987 (87) 21 665 (88) 15 686 (88)

Black 1879 (3.6) 1247 (5.0) 502 (2.8)

Asian 1704 (3.3) 732 (3.0) 647 (3.6)

Other/declined 3110 (6.0) 1300 (5.2) 812 (4.6)

BMI, kg/m2 30�6 31�7 31�6

Total cholesterol, mg/dL 192�39 187�42 179�43

HDL, mg/dL 53�26 48�17 47�19

Risk factors

Smoking* 4039 (7.8) 4799 (19) 3449 (20)

Hypertension 20 317 (39) 15 550 (62) 13 442 (76)

Hyperlipidemia 28 893 (56) 17 165 (69) 13 280 (75)

Diabetes mellitus 6034 (12) 6973 (28) 9202 (52)

No. of risk factors

Zero 14 169 (27) 2640 (11) 911 (5.2)

One 19 875 (38) 6866 (28) 3046 (17)

Two 13 597 (26) 9267 (37) 5948 (33.7)

Three 3942 (7.6) 5597 (22) 6533 (37)

Four 97 (0.2) 574 (2.3) 1208 (6.8)

Medications

Antihypertensives 21 098 (41) 16 353 (66) 14 506 (82)

Statins 22 706 (44) 14 228 (57) 11 618 (66)

Aspirin contraindications

PUD or GI bleeding 587 (1.1) 393 (1.6) 414 (2.4)

Antithrombotic 1357 (2.6) 1233 (4.9) 1422 (8.1)

Continuous data are reported as mean�SD and categorical data as number (percentage). BMI indicates body mass index; CVD, cardiovascular disease; GI, gastrointestinal; HDL,
high-density lipoprotein; PUD, peptic ulcer disease.
*Smoking includes current and former smokers.
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intermediate-, and low-risk group was 76%, 66%, and 45%,
respectively. In the years following the recommendations,
mean aspirin use was 73%, 62%, and 40% for high-,
intermediate-, and low-risk groups, respectively. For each PP
risk category, there was a significant decrease in aspirin use
over the 9-year study (P for trend <0.0001). In the years
following the recommendation, 2010 to 2015, the decrease in
aspirin use remained significant (P<0.0001). There was no
change in SP aspirin use over time.

Univariate analysis identified several strong associations
with PP aspirin use (Table 4). Aspirin use increased with age
(odds ratio [OR] of 1.36 per 5-year increment; 95% CI, 1.36–
1.37). The prevalence of aspirin was lower in men (OR, 0.89;
95% CI, l 0.88–0.91) and nonwhite populations. Among CVD
risk factors, hypertension (OR, 3.1; 95% CI, 3.04–3.15),
hyperlipidemia (OR, 3.05; 95% CI, 3.00–3.11), and diabetes
mellitus (OR, 6.88; 95% CI, 6.69–7.08) were all strongly
associated with aspirin use, while smoking was weakly
associated with aspirin use (OR, 1.04; 95% CI, 1.01–1.17).
Aspirin use was higher in individuals taking other medications
to decrease CVD risk, including antihypertensive medications
(OR, 3.60; 95% CI, 3.54–3.67) and statins (OR, 4.37; 95% CI,
4.28–4.45).

Contraindications to aspirin use were low (6%) in the total
PP sample but increased as CVD risk increased. Four percent
of the low-risk sample, 6% of the intermediate-risk sample,

and 10% of the high-risk sample had a contraindication to
aspirin use. This also did not vary over the 9-year study period
(data not shown).

Discussion
This study demonstrates that PP aspirin use in this represen-
tative population did not increase in response to the
publication of the 2009 USPSTF aspirin PP recommendation.
These data also demonstrate that aspirin use was higher for
individuals with elevated calculated CVD risk. Thus, health
professionals were indeed applying the 2009 USPSTF recom-
mendation, in the absence of a health system–based quality
improvement initiative, in patients with easily recognized high
risk.

Temporal Change in Aspirin Use
Aspirin use at the beginning of the study in January 2007 was
42%, 64%, and 75% in the low-, intermediate-, and high-risk
groups, respectively, and 40% overall. By July 2015, aspirin
use prevalence was 36%, 59%, and 69% in the low-,
intermediate-, and high-risk groups, respectively, and 39%
overall. Although a statistically significant decrease, the
clinical difference is small, reflecting a lack of major change
in aspirin use behavior. A recent national survey described PP

Figure 2. Temporal trends in aspirin (ASA) use for secondary prevention and primary prevention
stratified by cardiovascular disease (CVD) risk. The 9-year temporal trend of ASA for secondary prevention
is represented by the solid blue line. The green lines represent primary prevention ASA use. ASA use
among patients with a 10-year CVD risk of ≥20%, 10% to 20%, and <10% are demonstrated by the solid
line, large diamonds, and dotted lines, respectively. Individuals with incomplete data for risk score
calculation are represented by the solid gray line. The publication of the 2009 US Preventive Services Task
Force (USPSTF) recommendations is identified by the vertical red line. The P value for trend is <0.0001 in
all primary prevention groups and nonsignificant in the secondary prevention group.
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aspirin use in 47% of adults aged 45 to 75 years,33 which is
similar to the prevalence found in this study. The lack of
improvement in PP aspirin use contrasts with the large
increase in SP aspirin use observed in response to secondary
CVD prevention guideline dissemination.30,34–36 For example,
our work from MHS (Minnesota Heart Survey) reported an
increase in SP aspirin use among men aged 25 to 75 years
living in Minnesota from 19% in 1980 to 1982 to 74% in 2007
to 2009.30 As is well known, cardiovascular SP efforts have
long been embedded into national, regional, and health
system quality-improvement initiatives, which have not
emphasized PP. Poor uptake of PP recommendations is a
well-recognized problem37–39 and this study demonstrates
that the challenge extends to aspirin use as well.

The 2009 USPSTF recommendation was not effective, in
the absence of a dissemination program, in increasing PP

aspirin use. As well, the lack of improvement in PP aspirin use
may be attributable to the complexity of the recommendation,
which varied by age, sex, and risk level. It is unlikely, in a
limited primary care visit, that a CVD risk score was formally
calculated. High-risk individuals are easily recognized and in
this study used aspirin at a rate similar to the SP population,
leaving little room for improvement after recommendation
publication. However, the intermediate-risk group, which is
likely less quickly identified, had suboptimal aspirin use at the
beginning of the study and experienced a slight decrease in
aspirin use after the 2009 recommendation.

PP Aspirin Use is Higher With Increased CVD Risk
Aspirin use has previously been shown to increase as the
number of CVD risk factors increase.36,40 The univariate
analysis in Table 4 again shows a strong association
between increased aspirin use with an increased number
of risk factors. This is the first study to describe PP aspirin
prevalence within a primary care population by the
calculated 10-year risk score. The high 73% aspirin use in
the high-risk (≥20%) PP population is similar to aspirin use
in the SP population. The intermediate-risk population (10–
20% 10-year risk) had a lower prevalence rate of aspirin
use of 63%. The low-risk population (<10% 10-year risk) had
a 41% aspirin use prevalence, and the lowest use was seen
in the population with incomplete data for risk calculation
(35%). Although a risk score was not calculated, this group
had fewer risk factors than the low-risk group. This was
particularly true for a diagnosis of hyperlipidemia, which
was documented in 32% of the no-risk group and 56% of
the low-risk group. This may represent a true difference in
prevalence of risk factors or simply a lack of screening for
hyperlipidemia. Inclusion in the current study required a
clinic visit, so these estimates likely overrepresent aspirin
use by the general public.

This study used a conservative 10-year CVD risk score of
10% as the threshold to define the intermediate-risk group.
This risk score threshold is supported by the recently updated
USPSTF recommendation statement, which uses a 10-year
CVD risk score of ≥10% as the cutoff for PP aspirin
recommendation in adults aged 50 to 59 years (B recom-
mendation) and those aged 60 to 69 years (C recommenda-
tion). Future evaluation of PP aspirin use following the 2016
recommendations can be informed by these data as clinicians
and researchers seek to use these guidelines to achieve
maximal benefit at lowest risk.

This study used the American College of Cardiology/
American Heart Association risk estimator to identify 10-year
CVD risk. We note that this estimator was not available nor
used in clinical practice during the observation period of the
current study. Use of CVD risk estimators was not common

Table 4. Univariate Analysis of Characteristics Associated
With Appropriate Primary Prevention Aspirin Use

Variable OR (95% CI)*

Age (per 5-y increments), y 1.36 (1.36–1.37)

Women 1.12 (1.10–1.14)

Race

White Reference

Black 0.85 (0.81–0.89)

Asian 0.85 (0.80–0.90)

Other/missing/declined 0.75 (0.72–0.78)

BMI (per 2-kg/m2 increment), kg/m2 1.09 (1.09–1.10)

Total cholesterol (per 20-mg/dL
increments), mg/dL

0.81 (0.81–0.82)

HDL (per 5-mg/dL increments), mg/dL 0.96 (0.96–0.97)

Risk factors

Smoking 1.04 (1.01–1.17)

Hypertension 3.10 (3.04–3.15)

Hyperlipidemia 3.05 (3.00–3.11)

Diabetes mellitus 6.88 (6.69–7.08)

No. of risk factors

Zero Reference

One 2.31 (2.25–2.36)

Two 4.75 (4.63–4.88)

Three 11.35 (10.96–11.76)

Four 15.53 (14.09–17.13)

Medications

Antihypertensives 3.60 (3.54–3.67)

Statins 4.37 (4.28–4.45)

BMI indicates body mass index; CI, confidence interval; HDL, high-density lipoprotein;
OR, odds ratio.
*P<0.001 for all associations.
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during the decade of this study.41 We cannot determine from
the current data source whether the Framingham Risk Score
or any other risk estimation was used by clinicians.

Appropriate Aspirin Use
Aspirin use is effective in preventing first heart attacks and
strokes, although at the cost of an increased risk of
bleeding events. A 2012 meta-analysis of the net benefit of
aspirin to prevent vascular events reported a 31% excess in
nontrivial bleeding (OR, 1.31; 95% CI, 1.14–1.50).42 Yet,
there is not an identical health impact of a heart attack or
stroke and a reversible, nonfatal bleeding event. Thus,
“appropriate aspirin use” could be defined as prescription
of aspirin to prevent a first cardiovascular ischemic event,
when benefit is greater than risk, as informed by patient
preferences. To achieve this clinical goal requires thoughtful
discussion by an informed clinician who engages an
informed “at-risk” patient, on the individual level.

Clinicians may be concerned about “inappropriate”
aspirin use in populations with low CVD risk.43 In this
study, 41% of individuals with a 10-year CVD risk of <10%
used aspirin and 33% of those with CVD risk <5% used
aspirin. This high prevalence of aspirin use may reflect a
lack of consensus on which patients might benefit from
aspirin use as reflected by the differing recommendations
released by various guideline committees. The 2009
recommendations used different risk thresholds based on
age and sex, thus many people with 5% to 10% risk would
have met the qualifications for aspirin use. Interestingly, the
pattern of aspirin use in the group with 5% to 10% risk was
the same as the other risk categories, with a slight decline
in aspirin use during the years following the 2009
recommendations. These methods are unable to account
for people taking aspirin for pain relief or any other
noncardiovascular indication. It also cannot assess individ-
ual preference when ascribing value to CVD prevention
versus bleeding risk. Thus, it is not possible to discern
whether such use in low CVD risk populations is “inappro-
priate.”

The Prevention Goal: Improving PP Aspirin Use
Aspirin use remains suboptimal in an intermediate-risk
sample that might yet benefit. Our past work has
demonstrated a feasible approach to rapidly improving
appropriate PP aspirin use by applying a community-based
intervention targeting both patients and healthcare profes-
sionals.44 This intervention provides the public with self-
assessment tools and a media campaign to promote public
awareness of individual cardiovascular risk. The intervention
also provides primary care practice–based educational

interventions and candidacy tools to foster health profes-
sional risk/benefit assessments. A cost-effectiveness Mar-
kov model to evaluate the impact of this approach on a
state-wide level has demonstrated that this approach would
likely be clinically effective and also cost-effective in both
men and women.17

The updated 2016 USPSTF recommendation has,
compared with the 2009 USPSTF recommendation, been
simplified with no prescriptive difference by sex and with one
well-defined risk threshold proposed. However, to effect
change, a dissemination effort will likely be necessary.
Routine risk calculation using data from the EHR is one way
to correctly identify candidates for PP aspirin use who might
otherwise be undertreated.

Study Limitations
There are several limitations to this study that are common to
all administrative data set studies. The use of EHR data
assumes regular updates of the problem lists and medica-
tions. This is especially pertinent because aspirin can be
obtained without a prescription. While the accuracy of these
data cannot be known, misclassification of low-dose aspirin
use in an EHR has been shown to be uncommon.45 Two
studies evaluating PP aspirin use gathered data by surveying
participants and reported aspirin use rates similar to those in
our study.33,46 As noted, this method of analysis does not
allow for determination of the indication for aspirin use or how
regularly it is used. To decrease the inclusion of individuals
who might be using aspirin as a pain reliever, we excluded
aspirin doses >325 mg when calculating aspirin prevalence.
Finally, this study population was largely white, reflecting the
racial demographics of Minnesota, therefore these results
may not generalize to nonwhite populations. While the
population studied was large and included individuals from
many different clinics across a wide geographic region in this
state, it cannot be known whether comparable results would
be observed in other health systems or in other geographic
sites.

Conclusions
PP aspirin use did not temporally increase in a large primary
care population following the release of the 2009 USPSTF
recommendations. Aspirin use was observed to increase with
CVD risk and is highly prevalent in a high-risk population but
may be underused in those with a 10% to 20% 10-year risk of
CVD. As the 2016 USPSTF aspirin PP recommendations are
considered for national dissemination, specific interventions
to inform patients and health professionals should be
implemented in primary care settings to improve PP aspirin
use.
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