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Background—Significant disparities have been reported in the application of evidence-based guidelines in
the treatment of coronary artery disease (CAD) in women and the elderly. We hypothesized that participation
in a quality-improvement program could improve care for all patients and thus narrow treatment gaps
over time.

Methods and Results—Treatment of 237 225 patients hospitalized with CAD was evaluated in the Get With the
Guidelines–CAD program from 2002 to 2007. Six quality measures were evaluated in eligible patients without
contraindications: aspirin on admission and discharge, �-blockers use at discharge, angiotensin-converting enzyme
inhibitor or angiotensin receptor antagonist use, lipid-lowering medication use, and tobacco cessation counseling along
with other care metrics. Over time, composite adherence on these 6 measures increased from 86.5% to 97.4% (�10.9%)
in men and 84.8% to 96.2% (�11.4%) in women. There was a slight difference in composite adherence by sex that
remained significant over time (P�0.0001), but this was confined to patients �75 years. Composite adherence in
younger patients (�75 years) increased from 87.1% to 97.7% (�10.6%) and from 83.0% to 95.1% (�12.1%) in the
elderly (�75 years) over time.

Conclusions—Among hospitals participating in Get With the Guidelines–CAD, guideline adherence has improved
substantially over time for both women and men and younger and older CAD patients, with only slight age and sex
differences in some measures persisting. (Circ Cardiovasc Qual Outcomes. 2009;2:633-641.)
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The American Heart Association (AHA) and the Amer-
ican College of Cardiology (ACC) have developed

guidelines for the treatment of patients with coronary
artery disease (CAD).1,2 Significant opportunities for im-
provement in adherence to evidence-based guidelines ex-
ist. It is clear, however, that in many care settings
evidence-based therapies for CAD are applied less fre-
quently in women compared to men.3 Similarly, guideline
adherence is significantly decreased in elderly patients
compared to younger ones.4 – 6 Although the reasons for
these age- and sex-related differences in treatment are
multi-factorial, significant opportunities to improve the

application of evidence-based therapies exist. The Get
With the Guidelines (GWTG) program is the largest
hospital-based national performance initiative. Guideline
adherence in this program improved over a 1-year period
for hospitals participating in this program.7 Because
quality-improvement programs have been associated with
increases in guideline adherence, we hypothesized that
participation in GWTG-CAD could improve the consistent
use of evidence-based treatments in all patients, and thus
lead to a narrowing of past treatment gaps between men
and women and younger and older patients over a 5-year
period.
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WHAT IS KNOWN

● The elderly receive evidence-based treatments for
coronary artery disease less frequently than younger
counterparts.

● Younger women receive evidence-based treatments
for coronary artery disease less frequently than
younger male counterparts.

● Quality-improvement programs increase adherence
to evidence-based guidelines in the treatment of
coronary artery disease.

WHAT THE STUDY ADDS

● The authors suggest that quality-improvement pro-
grams can improve adherence to guidelines among
women and the elderly nearly eliminating treatment
gaps.

● The authors offer new information about the oppor-
tunities for improvement in adherence that are larger
with measures such as lipid lowering therapy, angio-
tensin-converting enzyme inhibitor treatment, and
tobacco cessation counseling compared to other
individual guidelines such as aspirin and �-blocker
treatment.

Methods
GWTG Program Components
The AHA launched the GWTG Program to support and facilitate the
improvement in the quality of care of patients with cardiovascular
disease. The GWTG-CAD program includes learning sessions,
didactic sessions, best practice sharing, interactive workshops, post-
meeting follow-up, and a web-based Patient Management Tool
(Outcome).8 This web-based tool provides the opportunity for
concurrent data collection, ongoing real-time feedback of hospital
data, and clinical decision support to enable rapid cycle improve-
ment. As an incentive, GWTG-CAD rewards hospitals using a
performance recognition program. The program began in 2000. The
length of participation of each hospital depended on the time it
entered the program. Baseline data included the first 30 admissions.
This was the entry point into the study. Subsequently, time of
participation was calculated in 3-month intervals (quarters). Quarters
with less than 1000 admissions were excluded to obtain stable and
reliable estimates on trends over time (this excluded data obtained in
all 4 quarters of 2000 and 2001). Therefore, all GWTG-CAD
participating hospitals enrolled from January 1, 2002, to December
31, 2007, were included in the analysis. As GWTG-CAD is a
quality-improvement program, hospitals are encouraged to consec-
utively enroll all eligible patients. The population included patients
admitted to the hospital who were entered into the Patient Manage-
ment Tool with discharge diagnoses of acute myocardial infarction,
unstable angina, chronic stable angina, and ischemic heart disease
(International Classification of Diseases, 9th revision, diagnoses 410
to 414). Records with missing sex data were excluded (4% of the
entire population). Data were collected concurrently or by chart
review and included patient demographics, medical history, symp-
toms on arrival, results of laboratory testing, in-hospital treatment
and events, discharge treatment and counseling, and patient dispo-
sition. Data entry was performed by highly trained abstracters and
clinical personnel using standard data definitions and coding instruc-
tions. Using an internet-based system, data quality was monitored to
assure the completeness and accuracy of the submitted data. Out-
come Sciences Inc serves as the data collection and coordination
center for GWTG.

Guideline Adherence Measurement
Six guideline adherence measures of hospital performance were
included in the analysis. Each measure was a Class I ACC/AHA
guideline recommendation.1,2 These measures were selected by the
GWTG-CAD program for hospital recognition and are applicable to
the broadest group of patients hospitalized with CAD. All measures
were defined as the percentage of eligible patients without contra-
indications, intolerance, or other documented medical or patient
related reasons for not prescribing the intervention. These included 5
discharge measures: prescription of aspirin, �-blockers, angiotensin-
converting enzyme (ACE) inhibitors or angiotensin receptor blockers
for all patients with acute myocardial infarction (AMI) and left
ventricular dysfunction, and prescription of lipid-lowering therapy
for patients with a low-density lipoprotein cholesterol level of �100
mg/dL, and smoking cessation counseling. Additionally, 1 admission
treatment measure was included: aspirin treatment within 24 hours of
admission. These 6 measures were then combined into a composite
performance measure (CPM) which was calculated as the number of
interventions administered to eligible patients divided by the number
of possible opportunities for treatment in eligible patients. Adher-
ence to the CPM was aggregated for all patients enrolled by any
hospital and was indexed according to the duration of hospital
participation.

The data were analyzed in 2 separate dichotomized groups: age,
less than 75 years versus greater than or equal to 75 years; and sex,
men versus women. Distinct from the composite performance
measure, we calculated a patient centered “all or none”9 measure
reflecting the number of patients receiving all interventions for
which they were eligible divided by the total number of patients
expressed as a percentage. Although patients were included in the
adherence analysis only if they were eligible for a given measure,
patients with AMI were analyzed and reported separately along with
additional care metrics. Deceased patients were included in the
demographic analysis and were included in the adherence analysis if
they were eligible for a given treatment. Thus, deceased patients
were excluded from discharge measures.

Data Analysis
The disparity in adherence based on sex and age were evaluated over
time to see whether such gaps would decrease with increasing
participation in the program. Univariate adherence over time by
rolling quarters comparing men versus women and younger versus
older patients was performed using Cochran-Mantel-Haenszel test-
ing for nonzero correlation, using modified Ridit scores, controlling
for site. Logistic multivariable regression models were fit to compare
hospital performance on older versus younger patients and women
versus men over time. For the CPM, each opportunity of receiving a
guideline-based measure (up to 6 measures for each patient) contrib-
uted an observation. Because younger men and women and older
men and women may have other baseline differences in their
characteristics, confounders were adjusted for in the regression to be
able to explore the pure age/sex effects on the hospital performance.
Confounders adjusted for in the model included race (white versus
other), body mass index, insurance status, admission year, type of
AMI diagnosis, left ventricular ejection fraction, medical histories
(diabetes, heart failure, hypertension, hyperlipidemia, previous MI,
peripheral vascular disease, renal insufficiency, stroke, smoking,
pulmonary disease, prior percutaneous coronary intervention [PCI]/
coronary artery bypass grafting [CABG]). In addition, because
individual hospital characteristics may influence age/sex treatment
gaps, hospital disparities were also adjusted for, including bed size,
heart transplants, teaching status, region of the country, the presence
of on-site CABG, and the presence of on-site PCI. In general,
because of secular trends in improved adherence over time, hospitals
that began participating at a later time would be expected to perform
better than those started earlier. This situation was also considered in
our model by adding the calendar quarter in as a covariate. Model
components are listed in the online-only Data Supplement. The
interaction terms were excluded from the final model with probabil-
ity value �0.1. Generalized estimating equation method was applied
to provide valid inference accounting for the within site correlation.
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Missing data were accounted for as follows: for categorical variables
the most frequent category was imputed, and for continuous vari-
ables the mean from the same group was imputed. The treatment gap
was expressed as the odds ratio of adherence between 2 groups to
either the CPM or “all or none” measures. Improvement over time
was expressed as the odds ratio for improvement, which is the ratio
of the odds of adherence (CPM) at the current time compared with
1 year earlier. All statistical analyses were performed at the Duke
Clinical Research Institute (DCRI) using SAS software (version 9.2,
SAS Institute Inc). Because the data were deidentified, the institutional
review board from MetroHealth Medical Center and DCRI granted a
waiver of full institutional review board review. The authors had full
access to the data and take full responsibility for its integrity. All authors
have read and agreed to the manuscript as written.

Results
Hospital Characteristics
The number of hospitals enrolling patients between January 1,
2002, and December 31, 2007, was 472. The mean bed size was
310 beds (interquartile range [IQR], 155 to 406). Forty-nine
percent were teaching hospitals. Most hospitals provided on-site
PCI (78.5%) and CABG (62.4%) but few were heart transplant
hospitals (9.5%). All geographic regions of the United States
were represented with 19.8% of hospitals in the northeast, 18.5%
in the midwest, 38.3% in the south, and 23.4% in the west.

Patient Characteristics
There were 237 225 patients enrolled in the study. Men
comprised 63.1% of the patients, and 68.1% were under the
age of 75. The mean age was 66.4 (�13.9) years. Most

patients presented with AMI (78.6%). Six percent presented
with unstable angina, and 15.4% had coronary artery disease
without unstable angina or AMI. The demographic charac-
teristics categorized by age (�75, �75 years) and sex are
listed in Table 1. In general, younger patients were more
likely to carry a diagnosis of hyperlipidemia and have a
higher body mass index. Younger patients were also more
likely to be smokers. Younger women were significantly
more likely to be diabetic compared with younger men (40.5
versus 30.4%, P�0.0001). Older patients were more likely to
have atrial fibrillation, hypertension, heart failure, and a prior
myocardial infarction or stroke. Women were significantly
older than men (70.5�13.8 versus 64.0�13.4, P�0.0001).
Women were more likely to have hypertension and heart
failure. Men were more likely to be smokers compared to
women. Hospital length of stay was 6.3 days (IQR, 3.0 to 8.0)
in older patients compared to 4.9 (IQR, 2 to 6) days in
younger patients (P�0.0001). Hospital length of stay was 5.8
days (IQR, 2.0 to 7.0) in women compared with 5.2 (IQR, 2
to 6) days in men (P�0.0001). In-hospital mortality was
9.3% in older patients and 2.7% in younger patients
(P�0.0001). In-hospital mortality was 6.2% in women and
4.0% in men (P�0.0001). Outcomes for younger and older
male and females patients are shown in Table 1.

Guideline Adherence
Younger patients and men, compared with older patients and
women, were slightly more likely to be treated with each of

Table 1. Patient Characteristics Stratified by Age and Sex

Men,
Age �75 y

Women,
Age �75 y

Men,
Age �75 y

Women,
Age �75 y

P Value,
Men vs Women

(Age �75 y)

P Value,
Men vs Women
(Age, �75 y)

P Value,
Age �75 y vs

Age �75 y (Men)

P Value,
Age �75 y vs

Age �75 y (Women)

Age, y 58.3�9.9 60.6�9.8 81.4�5.0 82.9�5.6 �0.0001 �0.0001 �0.0001 �0.0001

Race

White 77.0 72.7 82.3 81.4 �0.0001 0.0011 �0.0001 �0.0001

Black 6.7 11.2 3.7 5.3 �0.0001 �0.0001 �0.0001 �0.0001

Other 16.3 16.1 13.9 13.3 0.4952 0.0140 �0.0001 �0.0001

BMI 28.7�6.6 29.5�6.1 26.3�5.0 26.1�6.1 �0.0001 �0.0001 �0.0001 �0.0001

Diabetes 30.4 40.5 32.4 31.8 �0.0001 0.1242 �0.0001 �0.0001

Hyperlipidemia 48.3 47.4 42.0 38.8 0.0034 �0.0001 �0.0001 �0.0001

Hypertension 63.2 71.0 70.6 77.4 �0.0001 �0.0001 �0.0001 �0.0001

Prior MI 21.1 18.0 26.0 20.6 �0.0001 �0.0001 �0.0001 �0.0001

Heart failure 8.2 12.3 21.5 25.1 �0.0001 �0.0001 �0.0001 �0.0001

Renal insufficiency 6.1 7.6 16.7 12.7 �0.0001 �0.0001 �0.0001 �0.0001

Smoking 40.7 36.9 9.4 7.4 �0.0001 �0.0001 �0.0001 �0.0001

Atrial fibrillation 6.2 6.3 17.8 17.8 0.7626 0.9905 �0.0001 �0.0001

Ejection fraction % 48.3�13.8 50.2�14.2 44.6�15.1 48.1�15.2 �0.0001 �0.0001 �0.0001 �0.0001

Length of stay, d (IQR) 4.8 (2–6) 5.3 (2–6) 5.3 (3–8) 6.3 (3–8) �0.0001 �0.0001 �0.0001 �0.0001

In-hospital mortality, % 2.4 3.4 9.0 9.6 �0.0001 0.0100 �0.0001 �0.0001

Insurance

Medicare 30.1 40.8 81.7 83.3 �0.0001 �0.0001 �0.0001 �0.0001

Medicaid 6.1 12.2 4.0 8.0 �0.0001 �0.0001 �0.0001 �0.0001

Other 60.7 50.6 37.6 33.3 �0.0001 �0.0001 �0.0001 �0.0001

None 12.5 10.2 2.7 2.5 �0.0001 0.0427 �0.0001 �0.0001

BMI indicates body mass index.
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the 6 evidence-based therapies. Adherence to the overall
Composite Performance Measure was modestly higher in
younger patients compared with older patients (92.5% versus
89.6%, P�0.0001). Also, adherence to the overall Composite
Performance Measure was slightly higher in men compared

with women (92.2% versus 90.7%, P�0.0001). The compar-
isons for guideline adherence for the 4 patient age/sex
groupings are shown in Table 2. The absolute differences in
conformity in individual measures ranged from as small as
0.1% for tobacco cessation counseling to as large as large

Figure 1. Adherence to the composite performance measure by age and sex, unadjusted, over 20 quarters of participation in the
GWTG program. The “B” refers to baseline measures. Black solid lines depict adherence for younger men (age �75 years), gray solid
lines depict adherence for younger women (age �75 years), black dashed lines depict adherence for older men (age �75 years), and
gray dashed lines depict adherence for older women (age �75 years). Adherence increases in all groups over time, but the differences
between the groups persist. The inset shows the same data with the y axis expanded to 80% to 100% to demonstrate the modest dif-
ferences between the groups.

Table 2. Adherence to Guidelines Stratified by Age and Sex, Unadjusted

Men,
Age �75 y

Women,
Age �75 y

Men,
Age �75 y

Women,
Age �75 y

P Value,
Men vs Women

(Age �75 y)

P Value,
Men vs Women

(Age �75 y)

P Value,
Age �75 y vs

Age �75 y (Men)

P Value,
Age �75 y vs

Age �75 y (Women)

ACE inhibitor for LV dysfunction on
discharge

81.4 80.2 74.1 75.3 0.0324 0.1113 �0.0001 �0.0001

Aspirin on discharge 96.8 95.5 94.8 93.7 �0.0001 �0.0001 �0.0001 �0.0001

�-blocker on discharge 93.0 91.4 90.9 91.1 �0.0001 0.3589 �0.0001 0.1346

Tobacco cessation counseling 89.1 89.0 76.2 78.1 0.7288 0.1029 �0.0001 �0.0001

Lipid therapy for LDL �100 mg/dL
on discharge

90.2 86.5 79.5 76.8 �0.0001 0.0012 �0.0001 �0.0001

Aspirin on admission 93.4 92.0 90.8 90.0 �0.0001 0.0077 �0.0001 �0.0001

Composite performance measure 92.8�17.9 91.3�20.0 89.9�22.2 89.3�23.3 �0.0001 0.0765 �0.0001 �0.0001

All or none performance 81.9 79.5 78.0 77.5 �0.0001 0.1524 �0.0001 �0.0001

LV indicates left ventricular; LDL, low-density lipoprotein.
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10.7% for treatment with lipid-lowering medications at dis-
charge. The small sex-related difference in adherence to the
CPM measure was confined to younger women compared
with younger men (91.3�20.0 versus 92.8�17.9, P�0.001),
whereas among those �75 years, there was similar composite
measure conformity for older men and older women. Figure
1 shows unadjusted adherence to the CPM categorized by age
and sex. Each group of patients had substantial improvement
in Composite Performance Measure adherence over time
(P�0.0001 for younger men, younger women, older men,
and older women). Over time, composite adherence on these
6 measures increased from 86.5% to 97.4% (�10.9%) in men
and 84.8% to 96.2% (�11.4%) in women. Composite adher-
ence in younger patients (�75 years) increased from 87.1%
to 97.7% (�10.6%) and from 83.0% to 95.1% (�12.1%) in
the elderly (�75 years). The gap in adherence between the
groups was narrowed, but slight differences remained. The
percentage of older patients who were treated with each of
the indicated evidence-based therapies (“all or none” perfor-
mance measure) was 77.8%, compared with younger patients
who received all therapies 81.2% of the time (P�0.001).
Additionally, men were more likely to receive all of the

evidence-based therapies (“all or none” performance mea-
sure) compared with women (81.0 versus 78.6%, P�0.0001).
Both men and women aged �75 years receive similar care
quality as indexed by the all or none measures. A significant
unadjusted age–sex interaction (P�0.001) was found and
implies different sex disparities in younger and older patients.
Figure 2 shows that each group of patients had significant
improvement in “all or none” measure over time (P�0.0001
for younger men, younger women, older men, and older
women).

Conformity with guideline recommended care metrics for
the subgroup of patients hospitalized with AMI were also
analyzed and shown in Table 3. Younger AMI patients were
more likely to receive aspirin and �-blockers on admission.
Younger and male patients without documented contraindi-
cations were more likely to undergo acute reperfusion ther-
apy, PCI, CABG, and be enrolled in cardiac rehabilitation.
Whereas older women underwent cardiac catheterization less
often than older men, younger men and women had this
procedure performed at nearly identical rates. A higher
percentage of younger men (52.6%) had door to balloon times
of 90 minutes or less compared to younger women (46.8%)

Figure 2. Adherence to the “all or none” measure by age and sex, unadjusted, over 20 quarters of participation in the GWTG program.
The “B” refers to baseline measures. Black solid lines depict adherence for younger men (age �75 years), gray solid lines depict
adherence for younger women (age �75 years), black dashed lines depict adherence for older men (age �75 years), and gray dashed
lines depict adherence for older women (age �75 years). Adherence increases in all groups over time, but the differences between the
groups persist. The inset shows the same data with the y axis expanded to 80% to 100% to demonstrate the modest differences
between the groups.
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and older men (43%). The significant unadjusted age-sex
interaction (P�0.001) implies different sex disparities in
younger and older patients.

Multivariate Analysis
The odds ratio (OR) for improvement per year in the
composite measure, after adjusting for potential confounding
variables and factoring in the correlation of data within each
participating sites, demonstrated similar rates of improvement
for all 4 patient groups: younger men, 1.33 (95% CI, 1.21 to
1.47); younger women, 1.32 (95% CI, 1.20 to 1.46); older
men, 1.33 (95% CI, 1.22 to 1.46); and older women, 1.31
(95% CI, 1.19 to 1.43; all P�0.0001). Over the entire study
period, adherence to guidelines was modestly lower in older
compared with younger patients (OR, 0.87; 95% CI, 0.84 to
0.89; P�0.0001). Treatment with evidence-based therapies
was modestly lower in women compared to men (adjusted
OR, 0.90; 95% CI, 0.88 to 0.92; P�0.0001). Significant
age–sex interaction (P�0.001) implies different sex dispari-
ties in younger and older patient groups as well as different
age disparities in men and women patient groups. The
adjusted odds ratio for adherence to the CPM comparing
younger men versus younger women was 1.150 (95% CI,
1.120 to 1.181; P�0.0001), whereas the difference in adher-

ence comparing elderly women and elderly men was only of
borderline statistical significance. The adjusted OR for ad-
herence to the CPM comparing younger men and elderly men
was 1.206 (95% CI, 1.163 to 1.251; P�0.0001), whereas
adherence in younger women was slightly higher than that in
older women (OR, 1.091; 95% CI, 1.054 to 1.130; P�0.0001;
Table 4).

In the study group of patients with AMI, the adjusted OR
for improvement per year in the composite measure also
demonstrated similar rates of improvement for all 4 patient
groups: younger men, 1.36 (95% CI, 1.25 to 1.47); younger
women, 1.36 (95% CI, 1.26 to 1.47); older men, 1.35 (95%
CI, 1.26 to 1.45); and older women, 1.32 (95% CI, 1.24 to
1.41; all P�0.0001). Similar significant age–sex interaction
(P�0.001) existed in the subgroup of AMI patients as in the
overall study population.

Discussion
This study demonstrated that participating in the AHA
GWTG-CAD program, a quality-improvement program, was
associated with increased guideline adherence over time
irrespective of sex or age for patients hospitalized with CAD.
The use of evidence-based treatments for CAD increased
substantially in men and women as well as for older and

Table 3. Adherence to Guidelines in AMI Patients Stratified by Age and Sex, Unadjusted

Men,
Age �75 y

Women,
Age �75 y

Men,
Age �75 y

Women,
Age �75 y

P Value,
Men vs Women

(Age �75 y)

P Value,
Men vs Women

(Age �75 y)

P Value,
Age �75 y vs

Age �75 y (Men)

P Value,
Age �75 y vs

Age �75 y (Women)

Aspirin within 24 h, % 93.8 92.5 90.9 90.1 �0.0001 0.0021 �0.0001 �0.0001

�-blocker within 24 h, % 87.4 85.7 83.6 82.8 �0.0001 0.0505 �0.0001 �0.0001

Clopidogrel on discharge, % 83.7 79.9 70.8 68.3 �0.0001 0.0001 �0.0001 �0.0001

Percent with door to balloon
�90 min, %

52.6 46.8 43.0 41.6 �0.0001 0.4304 �0.0001 0.0010

Eligible patients undergoing
reperfusion, %

79.0 72.0 55.5 49.2 �0.0001 �0.0001 �0.0001 �0.0001

Eligible patients undergoing
catheterization, %

74.1 74.2 62.1 56.0 0.5764 �0.0001 �0.0001 �0.0001

Patients undergoing PCI during
hospitalization, %

68.1 58.6 44.6 41.7 �0.0001 �0.0001 �0.0001 �0.0001

Patients undergoing CABG, % 13.2 10.8 12.0 7.1 �0.0001 �0.0001 �0.0001 �0.0001

Eligible patients enrolled in
cardiac rehabilitation, %

75.2 72.9 66.9 64.0 �0.0001 �0.0001 �0.0001 �0.0001

Composite performance
measure

93.6�16.7 92.2�18.9 90.2�22.1 89.5�23.2 �0.0001 0.0173 �0.0001 �0.0001

All or none performance 83.1 80.6 78.4 77.7 �0.0001 0.0487 �0.0001 �0.0001

Table 4. Unadjusted and Adjusted OR of Adherence to the CPM and “All or None” Defect-Free Measures

Quality Measure or Outcome Age/Sex Group Unadjusted OR, 95% CI Adjusted OR, 95% CI

Defect-free care Younger men vs younger women 1.151, 1.123–1.179 (P�0.0001) 1.140, 1.106–1.175 (P�0.0001)

Older men vs older women 1.030, 1.000–1.061 (P�0.0538) 1.041, 1.000–1.084 (P�0.0502)

Younger men vs older men 1.245, 1.202–1.290 (P�0.0001) 1.208, 1.155–1.263 (P�0.0001)

Younger women vs older women 1.114, 1.075–1.156 (P�0.0001) 1.103, 1.052–1.157 (P�0.0001)

Composite Younger men vs younger women 1.175, 1.148–1.202 (P�0.0001) 1.150, 1.120–1.181 (P�0.0001)

Older men vs older women 1.033, 1.007–1.060 (P�0.0118) 1.040, 1.008–1.074 (P�0.0154)

Younger men vs older men 1.360, 1.316–1.406 (P�0.0001) 1.206, 1.163–1.251 (P�0.0001)

Younger women vs older women 1.197, 1.154–1.240 (P�0.0001) 1.091, 1.054–1.130 (P�0.0001)
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younger patients as a function of time in the program. The
small treatment gaps observed based on age or sex were
narrowed but in some cases were not fully eliminated. The
substantial improvement in conformity with guideline recom-
mended therapies among eligible men, women, younger, and
older patients is notable and merits further consideration.

The AHA and the ACC have published guidelines for the
treatment of CAD.1,2 These guidelines recommend adminis-
tration of evidence-based therapies for all eligible patients
with CAD. Despite the widespread publication of these
guidelines, adherence is both suboptimal and highly vari-
able.10,11 A source of this variability remains the disparity in
treatment afforded to women and the elderly. Although
women and the elderly are underrepresented in clinical
studies,12 these treatments have been shown to improve
outcomes in both groups.13–16 As such, ACC/AHA guidelines
recommend secondary prevention therapies equally to men
and women and younger and older patients. Unfortunately,
treatment gaps exist between these populations in many care
settings.

Other studies have found that women receive evidence-
based therapies less frequently compared to men. The Can
Rapid Risk Stratification of Unstable Angina Patients Sup-
press Adverse Outcomes With Early Implementation of the
ACC/AHA Guidelines (CRUSADE) trial studied 35 875
patients with chest pain and ECG or other biomarkers for
myocardial ischemia. After adjustment, women, who repre-
sented 41% of the population, were less likely to receive
aspirin and �-blocker drugs on admission and aspirin, statin,
and ACE inhibitor treatment on discharge.3 The differences
observed between men and women in the present study are
small and less than those gaps observed in CRUSADE. The
absolute differences observed in CRUSADE were larger than
those in this study for aspirin on discharge (2.9 versus 1.6%),
�blocker on discharge (2.2 versus 1.3%), and lipid-lowering
therapy on discharge (7.5 versus 5.6%).3

The clinical relevance and reason for the small sex-based
treatment differences in this study are not clear. Many of the
differences reported between the age and sex groups are not
just small, but are unlikely to be clinically meaningful. A
modest disparity was seen among younger women, a group
where the diagnosis of CAD has a lower baseline probability
and may be delayed until later in the hospitalization—which
might be an explanation for less aggressive treatment in the
first 24 hours. On the other hand, among older patients, in
whom the diagnosis of CAD is more likely, treatment was
similar between men and women. This suggests that initial
differences in diagnostic certainty between women and men
might be a contributing factor to lower guideline adherence.
However, delay in treatment and difficulty in diagnosis
cannot account for the differences observed for discharge
measures. All of these women should have received treatment
at discharge because the diagnosis was not in doubt and thus
all therapies should have been applied equally. These findings
are consistent with Miller and colleagues who found that
despite an established diagnosis of CAD, lipid-lowering
therapy was not administered equally between sexes.17 Sex
bias is the basis for the awareness campaign by the AHA
entitled Go Red For Women. The goal is to improve the

recognition and treatment of CAD in women. There may be
differences in documentation of contraindications or intoler-
ance between patient groups which could contribute to
differences in treatment rates.

Previous studies have observed that elderly patients receive
appropriate treatment less frequently than younger patients.
Tran et al showed that older patients with AMI were more
likely to have had a prior AMI or stroke, heart failure,
hypertension, or chronic obstructive lung disease.6 In their
study, however, elderly patients were less likely to be
prescribed aspirin on admission and discharge, �blockers on
admission and discharge, and lipid-lowering therapy at dis-
charge compared with younger patients.6 Even within the
context of a quality-improvement project, the elderly receive
less than optimal care. The Cooperative Cardiovascular
Project, a program developed by the Centers for Medicare
and Medicaid Services, included only those patients over the
age of 65 years but stratified them into groups of increasing
age. Older patients were prescribed aspirin and �-blocker
drugs less frequently on both admission and discharge com-
pared with younger Medicare patients.5

In the CRUSADE trial, contraindications were more fre-
quently observed in older patients. However, in eligible
patients, adjusted prescription of aspirin and �blocker drugs
on admission and lipid lowering therapy on discharge were
lower in older patients.4 Again, compared to CRUSADE, the
differences observed between older and younger patients is
less in the current study: absolute differences in aspirin on
discharge (3.0 versus 2.1%) and �blocker on discharge (3.1
versus 1.6%).4 Yarzebski et al found that physicians were less
likely to prescribe lipid agents to elderly patients. Factors that
influenced the decision to prescribe these agents included the
cost of medication, the feeling that these drugs are not as
effective as other medications, and the attitude that dietary
therapy is an alternative treatment.18 Thus, a physician may
limit the aggressiveness of their treatment based on a feeling
that an elderly patient will have less clinical benefit and
greater costs. Additionally, medical treatment lags behind
clinical trial evidence. Antman et al demonstrated that even
expert recommendations for particular therapies may lag
years behind conclusive clinical trials.19 Although there are
several studies demonstrating the effects of lipid lowering
therapy in younger patients, trials specifically involving the
elderly have only recently been published.16 This could
explain the slower incorporation of these treatments into
standard therapy for the elderly.

Our findings are consistent with those of Jani et al, who
found that application of the Guidelines Applied In Practice
program improved adherence to guidelines in women and
men.20 They did not control for both age and sex terms in
their model, which was performed in the present study.

This is the largest study to date which demonstrates
improvement in guideline adherence regardless of sex or age
over time using a quality-improvement program. The AHA
GWTG-CAD Program uses a collaborative model for quality-
improvement with workshops and multiple reinforcing strat-
egies between face to face sessions to improve cardiovascular
care. In addition, the Patient Management Tool facilitates
concurrent review and management. LaBresh et al has shown
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that participation in this program is associated with improved
adherence to guidelines over a 1-year period.7 In addition,
guideline adherence in GWTG-CAD hospitals is significantly
better than non-GWTG hospitals in the Hospital Compare
database.21 The GWTG program was not designed to address
differences in clinical presentation between men and women
and younger and older patients, and thus therapies should be
applied indiscriminately.

The GWTG program with quality-improvement processes
and Patient Management Tool promotes standardized care
and should limit age and sex treatment disparities. The cause
of small persistent differences in care is not clear. Diagnostic
uncertainty is an unlikely cause, as patients would not have
been entered into the database without a confirmed diagnosis.
Intolerance or contraindication to medications should not be
relevant as patients would not have been eligible for treat-
ments if they were intolerant. Further study is necessary to
determine the cause of these remaining treatment disparities
and develop techniques for closing these treatment gaps. As
demonstrated in Table 2, treatment gaps for some individual
performance measures were narrow. However, for some
measures, the treatment gaps were large representing signif-
icant opportunities for improvement. The largest gaps in sex
and age were observed in lipid treatment. Additionally,
treatment gaps between younger and older patients included
the administration of ACE inhibitors or ARB for left ventric-
ular dysfunction and tobacco cessation counseling. Focusing
further education on these individual measures represents the
best opportunity to narrow treatment gaps in guideline
adherence.

Limitations
This study was not a randomized clinical trial, and the
improvements in performance measures may have been
influenced by factors other than GWTG-CAD participation
such as secular trends. Data were collected by medical chart
review and depend on the accuracy and completeness of
documentation. As such, a proportion of patients reported to
be eligible for treatment who did not receive recommended
treatments may have had contraindications or intolerance to
specific interventions that were present but not documented.
Participation in GWTG is voluntary and may select for higher
performing hospitals. It is possible that, as such, higher
adherence may have been observed; however, this is unlikely
to have affected the differences between age and sex. Despite
multivariable adjustment we cannot exclude that residual
measured and unmeasured confounding may account for
these observations. Each patient contributes several measures
to the CPM. The generalized estimating equation model may
not fully account for the within patient correlation. The term
“disparity” in this study included patient and hospital factors
and thus differs with the Institute of Medicine definition. As
GWTG does not collect data on postdischarge outcomes, the
full implications of these improvements in process measure
treatment rates for women and older patients over time, but
without elimination of the treatment gaps, could not be
directly explored.

Conclusions
Improvement in adherence to guidelines, including pharma-
cological and nonpharmacologic management, for the treat-
ment of CAD was demonstrated in younger and older women
as well as younger and older men over a 5-year period among
GWTG-CAD participating hospitals. These patterns differ
from prior studies showing reductions in evidence-based
therapy in relation to age and sex among CAD patients, and
thereby suggest that clinicians may have become more
adherent with guideline-based therapeutic recommendations
for their older and women patients, particularly in the
framework of a guideline-based performance improvement
program. Small treatment differences observed between men
and women less than age 75 years and between younger and
older patients irrespective of sex were not eliminated, how-
ever, over the study period. Further study to determine
whether these small remaining treatment differences are
clinically relevant is warranted.
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