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Background-—Stigma against the obese is well described in health care and may contribute to disparities in medical decision-
making. It is unknown whether similar disparity exists for obese patients in cardiovascular care. We evaluated the association
between body mass index (BMI) and prescription of guideline-recommended medications in patients undergoing elective
percutaneous coronary intervention.

Methods and Results-—Using data from the Veterans Affairs Clinical Assessment, Reporting, and Tracking System Program, we
identified patients undergoing elective percutaneous coronary intervention from 2007 to 2012, stratifying them by category of BMI.
We described rates of prescription for class I guideline recommended medications for each BMI category (normal, overweight, and
obese). Multivariable logistic regression assessed the association between BMI category and medication prescription. Seventeen
thousand thirty-seven patients were identified, with 35.3% having overweight BMI, and 50.8% obese BMI. Obese patients were
more likely than normal BMI patients to be prescribed b-blockers (OR 1.34), statins (OR 1.39), or ACE/ARB (odds ratio [OR] 1.52;
all significant) when indicated. Overweight patients were more likely than normal BMI patients to be prescribed statins (OR 1.29)
and angiotensin-converting enzymes/angiotensin II receptor blockers (OR 1.41) when indicated. There was no association between
BMI category and prescription of anticoagulants.

Conclusions-—Over 85% of patients undergoing elective percutaneous coronary intervention in the Veterans Affairs are overweight
or obese. Rates of guideline-indicated medication prescription were <70% among all patients, and across BMI categories, with an
association between increased BMI and greater use of guideline-recommended medications. Our findings offer a possible
contribution to the obesity paradox seen in many cardiovascular conditions. ( J Am Heart Assoc. 2016;5:e003120 doi: 10.1161/
JAHA.115.003120)
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O besity is a rising epidemic in the United States, with the
proportion of obese Americans exceeding one third of

the population (34.9%) in 2012.1 Stigma against the obese is
well described,2 characterized by negative provider attitudes3,4

and disparities in preventative care such as colorectal cancer
screening.5–8 Despite the growing proportion of patients that
are obese, there are limited data on whether similar disparities
exist in preventive cardiovascular care.

Obesity is associated with the development of cardiovas-
cular diseases,9–13 and the prevalence of obese patients
presenting for cardiovascular care is increasing.14 Current and
prior guidelines for cardiovascular care recommend the use of
specific medical therapies for established atherosclerotic
disease and its equivalents, heart failure (HF), atrial fibrillation
(AF), and myocardial infarction (MI)15–24 to reduce morbidity
and mortality. A treatment difference in use of guideline-
recommended medications in the overweight and obese
would represent a missed opportunity for secondary preven-
tion. Thus, understanding the relationship between body mass
index (BMI) status and optimal medical therapy is important to
ensure that a population at high risk for cardiovascular events
is receiving optimal care.

The objective of this study was to evaluate the association
between BMI and prescription of guideline-recommended
medical therapy for cardiovascular disease. Specifically, we
assessed rates of guideline-recommended medication pre-
scription for patients with prior diagnoses of coronary artery

From the University of Colorado, Aurora, CO (J.A.V.); Colorado Cardiovascular
Outcomes Research (CCOR) Consortium, Denver, CO (J.A.V., E.J.A., S.M.B.,
T.M.M., P.M.H.); VA Eastern Colorado Health Care System, Denver, CO (J.A.V.,
C.I.O., S.M.B., T.M.M., P.M.H.).

Correspondence to: Javier A. Valle, MD, Eastern Colorado Health System,
1055 Clermont St, Denver, CO 80220. E-mail: javier.valle@ucdenver.edu

Received December 16, 2015; accepted April 12, 2016.

ª 2016 The Authors. Published on behalf of the American Heart Association,
Inc., by Wiley Blackwell. This is an open access article under the terms of the
Creative Commons Attribution-NonCommercial License, which permits use,
distribution and reproduction in any medium, provided the original work is
properly cited and is not used for commercial purposes.

DOI: 10.1161/JAHA.115.003120 Journal of the American Heart Association 1

ORIGINAL RESEARCH

info:doi/10.1161/JAHA.115.003120
info:doi/10.1161/JAHA.115.003120
http://creativecommons.org/licenses/by-nc/4.0/


disease (CAD) and its equivalents, prior MI, HF, and AF among
patients referred for elective percutaneous coronary inter-
vention (PCI) in the Veterans Affairs (VA) Healthcare System.
Then we evaluated whether rates of guideline-recommended
medication prescription varied by BMI categories of obese,
overweight, and normal. As obesity has been associated with
lower rates of preventative care in other fields, we hypoth-
esized that patients with higher BMI would be less likely to
receive guideline-recommended preventive medical therapy
for cardiovascular diagnoses.

Methods

Data Sources
Data for this analysis were obtained from the VA Clinical
Assessment, Reporting, and Tracking System (CART) Program,
which is a national clinical quality program for all cardiac
catheterization laboratories in the VA Health Care system.
This program uses a software application embedded within
the VA electronic health record to capture and compile
standardized patient and procedural data elements for all
coronary procedures performed in any VA catheterization lab,
and has been described previously.25 Participation in CART is
mandatory and universal in all VA cardiac catheterization labs.
CART elements are completed by providers immediately prior
to the coronary procedure as part of the precatheterization
assessment. If there are missing data, then administrative
data are used to define the covariate using either 1 inpatient
diagnosis or 2 separate outpatient diagnoses within 2 years
prior to the procedure. These data elements are derived from
the National Cardiovascular Data Registry data definitions,26

with periodic quality assessments for completeness, accu-
racy, and validity.27

Study Cohort
We identified all patients undergoing elective PCI within the VA
from 2007 to 2012. We excluded urgent or emergent proce-
dures to ensure prior exposure to the healthcare system with
opportunity for evaluation and implementation of guideline-
recommended medical therapy. We chose to evaluate medica-
tion prescription at the time of presentation for elective PCI
because at that time point, multiple providers would have
evaluated each patient prior to the procedure (eg, referring
internists and cardiologists prior to presentation to the
catheterization laboratory), again ensuring contact with the
healthcare system and opportunity for evaluation and imple-
mentation of guideline-recommended medical therapy. Given
our primary interest in the effect of being overweight and obese
and the known morbidity of underweight patients,28 we
excluded underweight patients (BMI <18.5; N=229).

We obtained key clinical, historical, and demographic data
from elements captured in CART for each patient undergoing
elective PCI, including height and weight for calculation of BMI.
We also obtained patient-linked prescription information from
the VA Corporate Data Warehouse29 for b-blockers, angioten-
sin-converting enzyme inhibitors/angiotensin receptor block-
ers (ACEs/ARBs), statins, and warfarin in the preprocedural
period. All active medication prescriptions are automatically
input into CART during the precatheterization assessment,
obtained from the electronic health record and Corporate Data
Warehouse, immediately prior to any coronary procedure.

Exposure
The primary exposure was having a BMI higher than normal,
with the referent group being patients with a normal BMI. BMI
was calculated using methods and definitions set forth by the
World Health Organization,30 obtaining height and weight data
at the time of angiography and PCI from CART. We
categorized patients into 3 categories by BMI in accordance
with the World Health Organization International Classification
of adult underweight (BMI <19), overweight, and obesity:
normal (BMI 19–25), overweight (>25–30), or obese (>30).30

Outcomes
The primary outcomes were the prescription rates of individ-
ual class I guideline-recommended medication classes for
cardiovascular diagnoses. We defined patients as “b-blocker
eligible” if they had a history of HF or prior MI prior to PCI,
“statin eligible” if they had a diagnosis of CAD or a CAD
equivalent (diabetes mellitus, peripheral arterial disease, or
cerebrovascular disease) prior to PCI, “anticoagulant eligible”
if they had a history of AF and a CHADS2 score of >1 (defined
by the presence of 1 or more components of the CHADS2
score in the patient’s history: HF, hypertension, age
≥70 years of age, diabetes mellitus, or history of cerebrovas-
cular disease31) prior to PCI, and “ACE or ARB eligible” if they
had a history of HF15–19,21 prior to PCI. Patients were deemed
not eligible for specific medications if they had documented
contraindications. We assessed rates of prescription for each
medication among those patients determined eligible.

As aspirin is often obtained over the counter and may be
incompletely captured in VA data, prescription of aspirin was
not assessed. Individual diagnoses of known CAD, CAD
equivalents, prior MI, HF, or AF were obtained from CART data
elements. Each individual data element and clinical diagnosis
captured in CART is recorded immediately prior to any
coronary procedure performed in a VA cardiac catheterization
laboratory as part of a required precatheterization assess-
ment performed by providers, informed by direct patient
evaluation as well as review of the electronic health record.
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Prescription was defined as the presence of an active
outpatient prescription for a medication within the indicated
class of medicines (b-blocker, statin, ACE, or ARB, anticoag-
ulant) at the time of elective PCI. Secondary outcomes were
the presence of the combination of b-blocker and statin
prescriptions in patients with a history of MI, and for the
combination of b-blocker and ACE/ARB prescriptions in
patients with a history of HF.

Covariates
We obtained demographic, clinical, and historical data for
each patient from the CART database. These included age,
sex, history of CAD, AF, HF, chronic obstructive pulmonary
disease, cerebrovascular disease, diabetes mellitus, hyper-
tension, prior MI, obstructive sleep apnea, and tobacco use.
These covariates were chosen based on clinical reasoning and
to adjust for various confounders that may impact provider
decision-making in medication prescription, and were
included in the regression models.

Statistical Analysis
Patient demographic, historical, and clinical features were
compared between BMI groups using the Student t test and v2

test. We determined odds ratios (ORs) for the presence of
guideline-recommended medical therapy for each BMI classi-
fication and calculated adjusted ORs for the presence of

guideline-recommended therapy prescription prior to PCI, using
multivariable logistic regression models to adjust for demo-
graphic and clinical covariates. Covariates were chosen based
on external judgment. ORs were calculated across BMI
classifications for administration of each medication or com-
posite of medications to those patients with indications of CAD,
HF, and AF with a CHADS2 score >1. Unadjusted and adjusted
ORs across BMI classifications were similarly calculated for
subgroups of patients with and without prior PCI. Using
multivariable logistic modeling, the ORs were adjusted for key
demographic, historical, and clinical features. Statistical anal-
ysis was performed using SAS version 9.4 (SAS Institute, Cary,
NC). This study was approved by the Colorado Multiple
Institutional Review Board, with waiver of subject consent.

Results

Patient Cohort
There were 17 037 patients undergoing elective PCI in the VA
Health Care System from 2007 to 2012. Of these, 13.9% had
a normal BMI (19–25 kg/m2), 35.3% were overweight (BMI
25–30 kg/m2), and 50.8% of patients were obese (BMI
>30 kg/m2). Within the cohort, 7278 (n=42.7%) had a prior
PCI. Overweight and obese patients were more likely to have
a history of CAD, AF, sleep apnea, hypertension, and diabetes
mellitus. Patients with a normal BMI were more likely to have
a history of HF, be current tobacco users, have lung disease,

Table 1. Baseline Characteristics of the Patient Cohort, by BMI

Body Mass Index Classification

P ValueNormal (N=2361) Overweight (N=6016) Obese (N=8660)

Age, y 66.0 65.1 63.3 <0.001

Male (%) 98.1 98.6 98.4 0.301

BMI, mean 22.9 27.6 35.4 <0.001

History of coronary artery disease, % 76.4 79.1 77.6 0.006

Atrial fibrillation 8.2 9.4 8.3 0.042

Heart failure 22.9 20.5 16.5 <0.001

Chronic obstructive pulmonary disease 35.6 26.2 24.9 <0.001

Cerebrovascular disease 19.2 14.8 16.2 <0.001

Diabetes mellitus 24.7 57.6 36.2 <0.001

Hypertension 82.6 93.5 87.3 <0.001

History of myocardial infarction 29.9 27.1 26.9 0.014

Obstructive sleep apnea 5.3 29.9 11.1 <0.001

History of stroke or transient ischemic attack 9.6 7.4 7.4 <0.001

Current tobacco use 71.6 61.6 63.4 <0.001

BMI indicates body mass index.
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and have prior cerebrovascular disease, and prior MI or prior
cerebrovascular accident (Table 1).

Medications by Indication
Within the overall cohort, 6598 patients (38.7%) had an
indication for a b-blocker (HF, prior MI), 16 055 (94.2%) had
an indication for a statin (CAD or CAD equivalent), 3308
(19.4%) had an indication for an ACE or ARB (HF history), and
1172 (6.9%) had an indication for oral anticoagulation (AF with
CHADS2 score of >1). Rates of medication prescriptions by
indications ranged from 59.3% to 69.5% (Table 2). Composite
rates for indicated combinations of medications were 56.7%
for b-blocker and statin concomitant prescription (prior MI)
and 49.7% for b-blocker and ACE-I/ARB concomitant pre-
scription (history of HF).

Among patients with a guideline indication for use,
unadjusted rates of b-blocker, statin, ACE/ARB, and antico-
agulant prescription were lowest among normal BMI individ-
uals. The proportion of b-blocker use increased in each
progressive category of BMI (normal 64.0%, overweight 68.2%,
and obese 72.0%). Statin use (normal 59.1%, overweight
66.0%, and obese 69.1%), ACE/ARB use (normal weight
53.0%, overweight 62.7%, and obese 65.7%), and anticoagu-
lant use (normal 55.0%, overweight 54.4%, and obese 63.0%)
increased with each progressive BMI category. Similarly,
combinations of b-blocker and statin (normal 49.2%, over-
weight 56.5%, and obese 59.2%) and of b-blocker and ACE/
ARB (normal 43.5%, overweight 47.3%, and obese 52.9%) were
higher within the higher BMI categories than in the normal
BMI individuals.

Adjusted ORs for Medications by Indication
After adjustment for cardiovascular risk factors, comorbidi-
ties, and demographic characteristics, overweight and obese
patients were more likely than their normal BMI counterparts
to be prescribed statins and ACE/ARBs when indicated
(overweight: OR 1.29, 95% CI 1.16–1.43; obese: 1.39, 95% CI
1.26–1.55). They were also more likely to receive ACE/ARB

therapy when indicated (overweight: OR 1.41, 95% CI 1.14–
1.75; obese: OR 1.52, 95% CI 1.23–1.87). Obese patients
were more likely to be prescribed b-blocker therapy than their
normal BMI counterparts (OR 1.34, 95% CI 1.14–1.57), while
overweight patients had no significant difference in odds of b-
blocker use. BMI was not associated with prescription of
anticoagulants. Patients with an obese BMI were more likely
to receive appropriate combinations of medications than
normal BMI patients. Similarly, overweight patients were more
likely to be prescribed b-blocker and statin combinations, but
not b-blocker and ACE/ARB combinations (Figure and
Table 3).

Table 2. Prescription Rates of Guideline-Recommended Medication Indications by BMI

Medication Prescription Rates by Body Mass Index, Unadjusted (N Indicated, [% Receiving Rx])

b-Blocker Statin ACE/ARB Anticoagulant b-Blocker+Statin b-Blocker+ACE/ARB

Overall 6598 (69.5) 16 055 (66.7) 3308 (62.7) 1172 (59.3) 4666 (56.7) 3308 (49.7)

Normal BMI 1028 (64.0) 2195 (59.1) 540 (53.0) 149 (55.0) 705 (49.2) 540 (43.5)

Overweight BMI 2187 (68.2) 5610 (66.0) 992 (62.7) 371 (54.4) 1618 (56.5) 992 (47.3)

Obese BMI 3383 (72.0) 8250 (69.1) 1776 (65.7) 652 (63.0) 2343 (59.2) 1776 (52.9)

ACE indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index.

Figure. Adjusted odds ratios for prescription of guideline-
indicated medical therapy by body mass index. ACE indicates
angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor
blocker; BB, Beta blockers.
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Discussion
The objective of this study was to evaluate the impact of BMI
on the likelihood of receiving guideline-recommended medical
therapy among patients with known cardiovascular disease.
We found that there was an association between obesity and
higher likelihood of receiving guideline-recommended medical
therapy for CAD or its equivalent, prior MI, or HF. Further-
more, there was an association between being overweight and
a higher likelihood of receiving ACE/ARB and statin therapy
for known CAD or its equivalent, MI, or HF. Finally, the
likelihood of receiving guideline-indicated anticoagulation for
AF was similar across BMI classes.

Prior studies of the relationship between BMI and use of
preventative measures in medicine have found inequities in
the care for obese patients. Evaluations in primary prevention
measures have demonstrated an association between obese
and overweight BMI and lower rates of referral for cervical and
breast cancer screening.5,7,8,32,33 Obesity has also been
associated with a lower likelihood of receiving colorectal
cancer screening.6 Secondary prevention measures have also
demonstrated disparities in care for obese patients. In a study
assessing treatment of psychiatric illnesses, obese patients
were found to be less likely to receive recommended
psychotherapy in conjunction with medications, and less
likely to receive a recommended duration of therapy34 than
individuals with a normal BMI. While these studies are
compelling in their demonstrations of disparate care for obese
patients, they also identified obese patients’ perception of the
healthcare system as a barrier to receiving appropriate care:
patients can avoid using the healthcare system due to stigma
felt during interactions with providers.5,35 However, these
prior evaluations are limited by an inability to control for
limited access to care, whether due to patient preference or
to more traditional access barriers, as well as by cohort size.
Our study is distinct from prior work, identifying a cohort that
has established contact with the healthcare system in order
to be referred for elective PCI, and leverages the large number
of patients within the VA healthcare system to strengthen the
cohort size. Our findings are distinct from these prior studies
by demonstrating an association between overweight and

obese patients and higher rates of receiving guideline-
recommended medications for CAD, MI, and HF.

Our analysis is the first to our knowledge to assess the
relationship between BMI and guideline-recommended pre-
ventative medication use across the cardiovascular diagnoses
of CAD, HF, MI, and AF, and is novel in the homogeneity of the
cohort with regard to access to care and stage of evaluation.
Our findings of an association between obese and overweight
patients and a higher likelihood of receiving guideline-
indicated therapy run counter to the initial hypothesis that
obesity would be associated with therapeutic disparities. This
incongruence in care patterns across medical disciplines is
likely multifactorial. One potential reason is likely the
aforementioned hesitance to undergo evaluation and care
due to perceived stigma against the obese and overweight
from the healthcare system and practitioners,2,4,8,35,36 result-
ing in fewer opportunities to establish and optimize medical
therapy. As referral for PCI ensures contact with the
healthcare system, this may explain the differences from
prior analyses. Further analysis of overall utilization of the
healthcare system by overweight and obese patients and its
impact on quality care may address this question. A second
possibility is that certain disciplines focusing on conditions
associated with overweight and obese patients (eg, cardiology
or endocrinology) may provide less stigma against the obese
and overweight during interactions, resulting in increased
patient satisfaction and likelihood to present for care. Third,
the incorporation of cardiovascular guidelines into quality
metrics for physicians may carry enough influence to counter
disparities seen in other disciplines. Evaluations of relation-
ships between obesity and medical management in disciplines
with guidelines incorporated into quality measures, such as
diabetes management and care, are necessary to explore the
effects that quality measures may play.

Our finding of increased rates of guideline-recommended
medical therapy in the obese and overweight as compared to
those patients with normal BMI is also novel, and merits
exploration. A recent analysis of provider bias in clinical
decision making demonstrated differences in treatment for
sex, based on implicit assumptions from history and appear-
ance.37 It is possible that obesity is a trait that is similarly

Table 3. Adjusted Odds Ratios for Prescription of Guideline-Indicated Medical Therapy by BMI Category

Adjusted Odds Ratio to Receive Medication by Body Mass Index (Odds Ratio, [95% CI])

b-Blocker Statin ACE/ARB Anticoagulant b-Blocker+Statin b-Blocker+ACE/ARB

Normal BMI Referent — — — — —

Overweight BMI 1.17 (1.00, 1.37) 1.29 (1.16, 1.43) 1.41 (1.14, 1.75) 0.92 (0.62, 1.36) 1.32 (1.10, 1.58) 1.10 (0.89, 1.37)

Obese BMI 1.34 (1.14, 1.57) 1.39 (1.26, 1.55) 1.52 (1.23, 1.87) 1.18 (0.80, 1.76) 1.46 (1.22, 1.74) 1.33 (1.08, 1.64)

ACE indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index.
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visible and overt, prompting implicit associations for provi-
ders, serving as a reminder of morbidity and inciting providers
to act more aggressively in strategies for risk reduction.
Qualitatively assessing provider attitudes and the implicit
associations present when encountering an obese patient
could help explore the underpinnings of this treatment gap.

Finally, our findings also carry further importance and
novelty in consideration of the “obesity paradox.” Among
patients with cardiovascular diseases including MI, hyperten-
sion, AF, and congestive heart failure, obesity has been
consistently associated with improved survival38–41 despite
its association with increased all-cause mortality in patients
without cardiovascular disease.42,43 Proposed explanations
for this association have included both physiologic and
methodologic mechanisms.38 Our findings offer another
possible mechanism, through a difference in care favoring
the obese. These differential rates of prescription serve as
another potential contributor to the observed obesity paradox
in cardiovascular disease states.

Our study should be reviewed in light of several limitations.
First, as this was a retrospective observational analysis,
causality cannot be inferred and confounders may be present.
We performed robust statistical adjustment for a wide variety
of covariates in order to minimize the potential effects of
measurable confounders. Second, our study assessed for the
presence of a prescription for each of the recommended
medications, and did not evaluate whether or not patients are
actually taking the medications. While we did not assess
percent days covered as a measure for adherence to
medication, this study was intended to evaluate providers’
practice patterns more so than patient adherence or patient
outcomes, which is represented by the assessed prescription
patterns. Third, intolerances that were not listed as allergies
could not be ascertained, and so patients with undocumented
intolerances may have been misclassified in the analysis,
artificially inflating the proportion of patients missing guide-
line-indicated medications. Fourth, the study cohort com-
prised patients undergoing elective PCI from 2007 to 2012,
possibly reflecting differences in guideline-recommended
therapy from current practice. However, national societal
guidelines for HF and AF have been stable in their
recommendation since prior to the study period,16,21 and
contemporaneous clinical trial data and other clinical practice
guidelines for diabetes mellitus, coronary, and peripheral
arterial and cerebrovascular disease supported the use of
statin therapy in these patients.20,22–24 Fifth, we are limited
by a lack of data on ejection fraction, and are thus unable to
discern between HF with preserved ejection fraction and HF
with reduced ejection fraction. Sixth, the majority of prior
evaluations have focused on procedures, while our analysis
evaluated medication prescription. It is possible that treat-
ment differences remain for the obese, with practitioners

avoiding procedural referrals for the obese but not medication
prescription. Finally, our findings in this cohort may not be
generalizable to other populations not well represented in the
VA. Further studies in other populations, specifically women
and minorities, are needed to improve the strength of these
conclusions.

Conclusions
Our study found that there was an association between
overweight and obese patients and a higher likelihood of
receiving prescriptions for guideline-indicated cardiovascular
medications prior to elective PCI when compared to their
normal-weight counterparts. This analysis is unique in its large
cohort size, and its ability to identify an at-risk population,
with similar access to care, at a common time point in care:
prior to elective PCI. Additionally, while prior studies have
evaluated the role of BMI in inpatient medication administra-
tion and discharge medications following PCI, this is the first
analysis to our knowledge to assess the impact of BMI on
outpatient secondary preventative therapy in cardiovascular
disease processes.

These findings demonstrate an association between obe-
sity and prescription of guideline-recommended medical
therapy, and offer a possible contribution to the obesity
paradox seen in MI, HF, and AF. These data also demonstrate
a gap in delivery of appropriate secondary prevention therapy
to veterans with cardiovascular diseases. Further study into
improving delivery of these evidence-based therapies is
warranted.

Sources of Funding
Dr Valle is supported by a NIH T32 training grant HL0782 at
the University of Colorado, Aurora, CO.

Disclosures
None.

References
1. Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of childhood and adult

obesity in the United States, 2011–2012. JAMA. 2014;311:806–814.

2. Puhl RM, Heuer CA. The stigma of obesity: a review and update. Obesity.
2009;17:941–964.

3. Persky S, Eccleston CP. Medical student bias and care recommendations
for an obese versus non-obese virtual patient. Int J Obes. 2011;35:728–
735.

4. Huizinga MM, Bleich SN, Beach MC, Clark JM, Cooper LA. Disparity in
physician perception of patients’ adherence to medications by obesity status.
Obesity (Silver Spring). 2010;18:1932–1937.

5. Amy NK, Aalborg A, Lyons P, Keranen L. Barriers to routine gynecological
cancer screening for White and African-American obese women. Int J Obes.
2006;30:147–155.

DOI: 10.1161/JAHA.115.003120 Journal of the American Heart Association 6

Guideline Recommended Medications in the Obese Valle et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



6. Ferrante JM, Ohman-Strickland P, Hudson SV, Hahn KA, Scott JG, Crabtree BF.
Colorectal cancer screening among obese versus non-obese patients in
primary care practices. Cancer Detect Prev. 2006;30:459–465.

7. Ostbye T, Taylor DH Jr, Yancy WS Jr, Krause KM. Associations between obesity
and receipt of screening mammography, Papanicolaou tests, and influenza
vaccination: results from the Health and Retirement Study (HRS) and the Asset
and Health Dynamics Among the Oldest Old (AHEAD) Study. Am J Public
Health. 2005;95:1623–1630.

8. Wee CC, McCarthy EP, Davis RB, Phillips RS. Screening for cervical and breast
cancer: is obesity an unrecognized barrier to preventive care? Ann Intern Med.
2000;132:697–704.

9. Bogers RP, Bemelmans WJ, Hoogenveen RT, Boshuizen HC, Woodward M,
Knekt P, van Dam RM, Hu FB, Visscher TL, Menotti A, Thorpe RJ Jr, Jamrozik K,
Calling S, Strand BH, Shipley MJ. Association of overweight with increased risk
of coronary heart disease partly independent of blood pressure and
cholesterol levels: a meta-analysis of 21 cohort studies including more than
300 000 persons. Arch Intern Med. 2007;167:1720–1728.

10. Wang TJ, Parise H, Levy D, D’Agostino RB Sr, Wolf PA, Vasan RS, Benjamin EJ.
Obesity and the risk of new-onset atrial fibrillation. JAMA. 2004;292:2471–2477.

11. Joshy G, Korda RJ, Attia J, Liu B, Bauman AE, Banks E. Body mass index and
incident hospitalisation for cardiovascular disease in 158 546 participants
from the 45 and Up Study. Int J Obes. 2014;38:848–856.

12. Nordestgaard BG, Palmer TM, Benn M, Zacho J, Tybjaerg-Hansen A, Davey
Smith G, Timpson NJ. The effect of elevated body mass index on ischemic
heart disease risk: causal estimates from a Mendelian randomisation
approach. PLoS Med. 2012;9:e1001212.

13. Nystrom PK, Carlsson AC, Leander K, de Faire U, Hellenius ML, Gigante B.
Obesity, metabolic syndrome and risk of atrial fibrillation: a Swedish,
prospective cohort study. PLoS One. 2015;10:e0127111.

14. Buschur ME, Smith D, Share D, Campbell W, Mattichak S, Sharma M, Gurm
HS. The burgeoning epidemic of morbid obesity in patients undergoing
percutaneous coronary intervention: insight from the Blue Cross Blue Shield of
Michigan Cardiovascular Consortium. J Am Coll Cardiol. 2013;62:685–691.

15. Fihn SD, Gardin JM, Abrams J, Berra K, Blankenship JC, Dallas AP, Douglas PS,
Foody JM, Gerber TC, Hinderliter AL, King SB III, Kligfield PD, Krumholz HM,
Kwong RY, Lim MJ, Linderbaum JA, Mack MJ, Munger MA, Prager RL, Sabik JF,
Shaw LJ, Sikkema JD, Smith CR Jr, Smith SC Jr, Spertus JA, Williams SV,
Anderson JL. 2012 ACCF/AHA/ACP/AATS/PCNA/SCAI/STS guideline for the
diagnosis and management of patients with stable ischemic heart disease: a
report of the American College of Cardiology Foundation/American Heart
Association task force on practice guidelines, and the American College of
Physicians, American Association for Thoracic Surgery, Preventive Cardiovas-
cular Nurses Association, Society for Cardiovascular Angiography and
Interventions, and Society of Thoracic Surgeons. Circulation. 2012;126:
e354–e471.

16. Fuster V, Ryden LE, Cannom DS, Crijns HJ, Curtis AB, Ellenbogen KA, Halperin
JL, Le Heuzey JY, Kay GN, Lowe JE, Olsson SB, Prystowsky EN, Tamargo JL,
Wann S, Smith SC Jr, Jacobs AK, Adams CD, Anderson JL, Antman EM, Hunt
SA, Nishimura R, Ornato JP, Page RL, Riegel B, Priori SG, Blanc JJ, Budaj A,
Camm AJ, Dean V, Deckers JW, Despres C, Dickstein K, Lekakis J, McGregor K,
Metra M, Morais J, Osterspey A, Zamorano JL. ACC/AHA/ESC 2006 guidelines
for the management of patients with atrial fibrillation–executive summary: a
report of the American College of Cardiology/American Heart Association
Task Force on Practice Guidelines and the European Society of Cardiology
Committee for Practice Guidelines (Writing Committee to Revise the 2001
Guidelines for the Management of Patients With Atrial Fibrillation). J Am Coll
Cardiol. 2006;48:854–906.

17. Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE Jr, Drazner MH, Fonarow
GC, Geraci SA, Horwich T, Januzzi JL, Johnson MR, Kasper EK, Levy WC,
Masoudi FA, McBride PE, McMurray JJ, Mitchell JE, Peterson PN, Riegel B, Sam
F, Stevenson LW, Tang WH, Tsai EJ, Wilkoff BL. 2013 ACCF/AHA guideline for
the management of heart failure: executive summary: a report of the American
College of Cardiology Foundation/American Heart Association Task Force on
practice guidelines. Circulation. 2013;128:1810–1852.

18. Stone NJ, Robinson JG, Lichtenstein AH, Bairey Merz CN, Blum CB, Eckel RH,
Goldberg AC, Gordon D, Levy D, Lloyd-Jones DM, McBride P, Schwartz JS,
Shero ST, Smith SC Jr, Watson K, Wilson PW. 2013 ACC/AHA guideline on the
treatment of blood cholesterol to reduce atherosclerotic cardiovascular risk in
adults: a report of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines. J Am Coll Cardiol.
2014;63:2889–2934.

19. January CT, Wann LS, Alpert JS, Calkins H, Cigarroa JE, Cleveland JC Jr, Conti
JB, Ellinor PT, Ezekowitz MD, Field ME, Murray KT, Sacco RL, Stevenson WG,
Tchou PJ, Tracy CM, Yancy CW. 2014 AHA/ACC/HRS guideline for the
management of patients with atrial fibrillation: a report of the American
College of Cardiology/American Heart Association Task Force on Practice
Guidelines and the Heart Rhythm Society. J Am Coll Cardiol. 2014;64:e1–e76.

20. Sacco RL, Adams R, Albers G, Alberts MJ, Benavente O, Furie K, Goldstein LB,
Gorelick P, Halperin J, Harbaugh R, Johnston SC, Katzan I, Kelly-Hayes M,
Kenton EJ, Marks M, Schwamm LH, Tomsick T. Guidelines for prevention of
stroke in patients with ischemic stroke or transient ischemic attack: a
statement for healthcare professionals from the American Heart Association/
American Stroke Association Council on Stroke: co-sponsored by the Council
on Cardiovascular Radiology and Intervention: the American Academy of
Neurology affirms the value of this guideline. Stroke. 2006;37:577–617.

21. Hunt SA. ACC/AHA 2005 guideline update for the diagnosis and
management of chronic heart failure in the adult: a report of the American
College of Cardiology/American Heart Association Task Force on Practice
Guidelines (Writing Committee to Update the 2001 Guidelines for the
Evaluation and Management of Heart Failure). J Am Coll Cardiol. 2005;46:
e1–e82.

22. Hirsch AT, Haskal ZJ, Hertzer NR, Bakal CW, Creager MA, Halperin JL, Hiratzka
LF, Murphy WRC, Olin JW, Puschett JB, Rosenfield KA, Sacks D, Stanley JC,
Taylor JLM, White CJ, White J, White RA, Antman EM, Smith JSC, Adams CD,
Anderson JL, Faxon DP, Fuster V, Gibbons RJ, Hunt SA, Jacobs AK, Nishimura
R, Ornato JP, Page RL, Riegel B. ACC/AHA 2005 guidelines for the
management of patients with peripheral arterial disease (lower extremity,
renal, mesenteric, and abdominal aortic): executive summary a collaborative
report from the American Association for Vascular Surgery/Society for
Vascular Surgery, Society for Cardiovascular Angiography and Interventions,
Society for Vascular Medicine and Biology, Society of Interventional Radiology,
and the ACC/AHA Task Force on Practice Guidelines (Writing Committee to
Develop Guidelines for the Management of Patients With Peripheral Arterial
Disease) endorsed by the American Association of Cardiovascular and
Pulmonary Rehabilitation; National Heart, Lung, and Blood Institute; Society
for Vascular Nursing; TransAtlantic Inter-Society Consensus; and Vascular
Disease Foundation. J Am Coll Cardiol. 2006;47:1239–1312.

23. Smith SC Jr, Allen J, Blair SN, Bonow RO, Brass LM, Fonarow GC, Grundy SM,
Hiratzka L, Jones D, Krumholz HM, Mosca L, Pasternak RC, Pearson T, Pfeffer
MA, Taubert KA. AHA/ACC guidelines for secondary prevention for patients
with coronary and other atherosclerotic vascular disease: 2006 update:
endorsed by the National Heart, Lung, and Blood Institute. Circulation.
2006;113:2363–2372.

24. Smith SC Jr, Benjamin EJ, Bonow RO, Braun LT, Creager MA, Franklin BA,
Gibbons RJ, Grundy SM, Hiratzka LF, Jones DW, Lloyd-Jones DM, Minissian M,
Mosca L, Peterson ED, Sacco RL, Spertus J, Stein JH, Taubert KA. AHA/ACCF
secondary prevention and risk reduction therapy for patients with coronary
and other atherosclerotic vascular disease: 2011 update: a guideline from the
American Heart Association and American College of Cardiology Foundation.
Circulation. 2011;124:2458–2473.

25. Maddox TM, Plomondon ME, Petrich M, Tsai TT, Gethoffer H, Noonan G,
Gillespie B, Box T, Fihn SD, Jesse RL, Rumsfeld JS. A national clinical quality
program for Veterans Affairs catheterization laboratories (from the Veterans
Affairs clinical assessment, reporting, and tracking program). Am J Cardiol.
2014;114:1750–1757.

26. Brindis RG, Fitzgerald S, Anderson HV, Shaw RE, Weintraub WS, Williams JF.
The American College of Cardiology-National Cardiovascular Data Registry
(ACC-NCDR): building a national clinical data repository. J Am Coll Cardiol.
2001;37:2240–2245.

27. Byrd JB, Vigen R, Plomondon ME, Rumsfeld JS, Box TL, Fihn SD, Maddox TM.
Data quality of an electronic health record tool to support VA cardiac
catheterization laboratory quality improvement: the VA Clinical Assessment,
Reporting, and Tracking System for Cath Labs (CART) program. Am Heart J.
2013;165:434–440.

28. Sharma A, Vallakati A, Einstein AJ, Lavie CJ, Arbab-Zadeh A, Lopez-Jimenez F,
Mukherjee D, Lichstein E. Relationship of body mass index with total mortality,
cardiovascular mortality, and myocardial infarction after coronary revascular-
ization: evidence from a meta-analysis. Mayo Clin Proc. 2014;89:1080–1100.

29. Price LE, Shea K, Gephart S. The Veterans Affairs's Corporate Data
Warehouse: Uses and Implications for Nursing Research and Practice. Nursing
administration quarterly. 2014;39:311–318.

30. Obesity: preventing and managing the global epidemic. Report of a WHO
consultation. World Health Organ Tech Rep Ser. 2000;894:i–xii, 1-253.

31. Gage BF, Waterman AD, Shannon W, Boechler M, Rich MW, Radford MJ.
Validation of clinical classification schemes for predicting stroke: results from
the National Registry of Atrial Fibrillation. JAMA. 2001;285:2864–2870.

32. Maruthur NM, Bolen SD, Brancati FL, Clark JM. The association of obesity and
cervical cancer screening: a systematic review and meta-analysis. Obesity
(Silver Spring). 2009;17:375–381.

33. Maruthur NM, Bolen S, Brancati FL, Clark JM. Obesity and mammography: a
systematic review and meta-analysis. J Gen Intern Med. 2009;24:665–677.

34. Boudreau DM, Arterburn D, Bogart A, Haneuse S, Theis MK, Westbrook E,
Simon G. Influence of body mass index on the choice of therapy for depression
and follow-up care. Obesity (Silver Spring). 2013;21:E303–E313.

DOI: 10.1161/JAHA.115.003120 Journal of the American Heart Association 7

Guideline Recommended Medications in the Obese Valle et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



35. Puhl RM, Heuer CA. Obesity stigma: important considerations for public
health. Am J Public Health. 2010;100:1019–1028.

36. Sikorski C, Luppa M, Kaiser M, Glaesmer H, Schomerus G, Konig HH, Riedel-
Heller SG. The stigma of obesity in the general public and its implications for
public health—a systematic review. BMC Public Health. 2011;11:661.

37. Daugherty SL, Blair IV, Havranek EP, Furniss A, Dickinson M, Main DS,
Karimkhani E, Masoudi FA. Abstract 16545: gender attitudes and the use of
angiography among cardiologists. Circulation. 2015;132:A16545.

38. Banack HR, Kaufman JS. The obesity paradox: understanding the effect of
obesity on mortality among individuals with cardiovascular disease. Prev Med.
2014;62:96–102.

39. Diercks DB, Roe MT, Mulgund J, Pollack CV Jr, Kirk JD, Gibler WB, Ohman EM,
Smith SC Jr, Boden WE, Peterson ED. The obesity paradox in non-ST-segment
elevation acute coronary syndromes: results from the Can Rapid risk
stratification of Unstable angina patients Suppress ADverse outcomes with
Early implementation of the American College of Cardiology/American Heart

Association Guidelines Quality Improvement Initiative. Am Heart J.
2006;152:140–148.

40. Oreopoulos A, McAlister FA, Kalantar-Zadeh K, Padwal R, Ezekowitz JA, Sharma
AM, Kovesdy CP, Fonarow GC, Norris CM. The relationship between body
mass index, treatment, and mortality in patients with established coronary
artery disease: a report from APPROACH. Eur Heart J. 2009;30:2584–2592.

41. Oreopoulos A, Padwal R, Kalantar-Zadeh K, Fonarow GC, Norris CM, McAlister
FA. Body mass index and mortality in heart failure: a meta-analysis. Am Heart
J. 2008;156:13–22.

42. Adams KF, Schatzkin A, Harris TB, Kipnis V, Mouw T, Ballard-Barbash R,
Hollenbeck A, Leitzmann MF. Overweight, obesity, and mortality in a large
prospective cohort of persons 50 to 71 years old. N Engl J Med.
2006;355:763–778.

43. Flegal KM, Kit BK, Orpana H, Graubard BI. Association of all-cause mortality
with overweight and obesity using standard body mass index categories: a
systematic review and meta-analysis. JAMA. 2013;309:71–82.

DOI: 10.1161/JAHA.115.003120 Journal of the American Heart Association 8

Guideline Recommended Medications in the Obese Valle et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H


