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Abstract—Evidence from cohort studies and a randomized clinical trial indicates that annual vaccination against seasonal
influenza prevents cardiovascular morbidity and all-cause mortality in patients with cardiovascular conditions. The American
Heart Association and American College of Cardiology recommend influenza immunization with inactivated vaccine
(administered intramuscularly) as part of comprehensive secondary prevention in persons with coronary and other
atherosclerotic vascular disease (Class I, Level B). Immunization with live, attenuated vaccine (administered intranasally) is
contraindicated for persons with cardiovascular conditions. It is important to note that influenza vaccination coverage levels
overall and in this population remain well below national goals and are marked by disparities across different age and ethnic
groups. One of the barriers to vaccination for patients with cardiovascular disease is that cardiology practices frequently do
not stock and administer influenza vaccine. Healthcare providers who treat individuals with cardiovascular disease can help
improve influenza vaccination coverage rates by providing and strongly recommending vaccination to their patients before
and throughout the influenza season. (J Am Coll Cardiol 2006;48:1498–1502)
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Influenza is estimated to cause �36 000 deaths and 225 000
excess hospitalizations in the United States every year.

Children and adults with chronic conditions, including car-
diovascular disease (CVD) and diabetes, are particularly
vulnerable to complications of influenza infection (1–3).

Immunization against seasonal influenza has a critical but
perhaps underappreciated role in the prevention of morbidity
and mortality in patients with CVD. Recognizing the impor-
tance of vaccination, the American Heart Association (AHA)
and American College of Cardiology (ACC) recommend
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influenza vaccination as part of comprehensive secondary pre-
vention in children and adults with coronary and other athero-
sclerotic vascular disease (4). Influenza vaccination is now
recommended with the same enthusiasm as control of choles-
terol, blood pressure, and other modifiable risk factors. Never-
theless, influenza vaccination coverage levels among persons
with CVD (34% nationally in 2005) remain well below national
goals and are marked by disparities across age categories and
ethnic groups.

The challenge to the profession is to translate the recom-
mendation for influenza vaccination into action. This trans-
lation is challenging to the cardiovascular community be-
cause immunization falls out of what is commonly perceived
as the realm of typical cardiology practice. Currently, about
one half of cardiology practices nationwide do not stock
influenza vaccine (5). A recent study indicated that the most
effective ways to increase influenza vaccination coverage
among persons with CVD are to make influenza vaccine
available at all cardiology practices and to have physicians
strongly recommend the vaccine to their patients (6).

This Science Advisory summarizes information for cardio-
vascular care providers on influenza and vaccination against
influenza. It focuses on the increased risk and complications
of influenza for persons with CVD, the effectiveness of
influenza vaccine for secondary prevention of cardiovascular
events, and opportunities for healthcare providers to improve
rates of vaccination against influenza among persons with
cardiovascular conditions. The purpose of this advisory is to
equip practitioners with the information they need to adopt
these recommendations into practice and ensure that cardio-
vascular patients have routine, annual influenza vaccination.

Influenza Illness and Influenza Vaccine
Two types of influenza viruses, influenza A and B, cause
epidemic human disease in a seasonal pattern (7). Influenza A
viruses are further classified into subtypes based on 2 surface
antigens (hemagglutinin and neuraminidase), and influenza A
and B viruses are both further separated into groups (identi-
fied geographically) on the basis of other antigenic charac-
teristics (2). Immunity to surface antigens protects individuals
against infection and, should they be infected, against severe
disease (8), but antibodies against one influenza virus type or
subtype confer little or no immunity against other types and
subtypes. Frequent antigenic changes (“antigenic drift”) gen-
erate new influenza virus variants that cause seasonal epi-
demics. Pandemic influenza may occur when antigenic shifts
are more pronounced than usual (2).

Vaccination is the primary mode of prophylaxis against
influenza. The US Advisory Committee on Immunization
Practices (ACIP) of the Centers for Disease Control and
Prevention recommends annual influenza vaccination for all
persons �50 years of age, for children 6 months to 59 months
of age, for women who will be pregnant during influenza
season, and for adults and children with chronic conditions,
including CVD and diabetes (2). These groups are also
prioritized during influenza seasons when supplies of influ-
enza vaccine are expected to be lower than the demand.
Although antiviral medications may be used for short-term
prophylaxis of high-risk persons with known exposure to a

case of influenza, as well as for treatment of influenza cases,
these medications are not recommended as a general preven-
tive strategy at the population level (2).

Two forms of the vaccine exist: one inactivated (administered
intramuscularly) and the other in a live, attenuated form (admin-
istered intranasally). Each year, influenza vaccine is reformu-
lated to include 3 antigens that are representative of viruses that
are expected to circulate during the forthcoming influenza
season. In inactivated vaccines, only subvirion and purified
surface antigens are used, which makes the vaccines noninfec-
tious. It is important to note that individuals with CVD should
not receive the live, attenuated influenza vaccine because it can
cause influenza illness in this high-risk population (2).

The optimal time for influenza vaccination is usually
September through November for high-risk persons, includ-
ing persons with CVD. This timing maximizes the benefit of
vaccination before the typical onset of influenza activity in
the United States. However, as long as vaccine is available,
influenza vaccination should continue into January or later
because influenza activity most commonly peaks in January,
February, or March in the United States (2). Vaccination
efforts late in the season are especially important when
vaccine supply is delayed in the fall.

Persons with known anaphylactic hypersensitivity to eggs
or a history of Guillain-Barre syndrome should not receive
the inactivated influenza vaccine without first consulting a
physician. If a person eligible for vaccination has moderate-
to-severe acute febrile illness, vaccination should be delayed
until symptoms have resolved (2).

Influenza Among Patients With CVD
Influenza-related death is more common among individuals
with CVD than among patients with any other chronic
condition (9). Influenza can exacerbate underlying medical
conditions, including CVD and diabetes, and can also lead to
viral pneumonia, secondary bacterial pneumonia, or a coin-
fection with other viruses or bacteria (10). Epidemiological
data indicate that risks for complications, hospitalizations,
and death from influenza are higher for individuals at the
extremes of age (�5 years old, �65 years old) and for
persons with chronic medical conditions than for healthy
older children and younger adults (1,11–16).

The mechanism through which influenza may cause cardio-
vascular events is not well understood. One current hypothesis is
that the inflammatory response of the body to viral infection
leads to production of autoantibodies to modified low-density
lipoprotein, which causes the development and progression of
atherosclerotic vascular injury. Another current hypothesis is
that direct colonization of the vessel wall initiates local cell
autoimmune reactions by activation of antigen-presenting cells
(17).

Evidence for Protective Effect of Influenza
Vaccination Against Cardiovascular Events

The AHA/ACC recommends annual influenza vaccination as
secondary prevention for individuals with coronary and other
atherosclerotic vascular disease (Class I, Level B) (4). (Def-
initions of the ACC/AHA classes of recommendations and
levels of evidence are listed in the Appendix.) This recom-
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mendation, issued in 2006, reflects the growing body of
evidence that influenza vaccination is protective against
cardiovascular events for individuals with known CVD (18–
24). In addition, no evidence suggests that influenza vacci-
nation is harmful for individuals with cardiovascular condi-
tions (25).

The strongest evidence for a protective effect comes from
a randomized, controlled trial of influenza vaccination (FLU
Vaccination in Acute Coronary Syndromes [FLUVACS]) in
which 301 patients hospitalized for either myocardial infarc-
tion (MI) or planned angioplasty/stenting were randomly
assigned to receive influenza vaccination or remain unvacci-
nated (18,19). At 1 year, the relative risk of cardiovascular
mortality in the vaccinated group was 0.25 (95% confidence
interval [CI] 0.07 to 0.86) compared with the unvaccinated
group (overall rates 2% versus 8%), and the relative risk of a
composite end point (cardiovascular death, nonfatal MI, or
severe ischemia) was 0.59 (95% CI 0.30 to 0.86; 11% versus
23%) (18). At 2 years, although risk reductions of similar
magnitude were measured, the remaining sample size after
loss to follow-up was too small to find statistical significance
(19). Of note, the FLUVACS trial was conducted without
financial support from the influenza vaccine industry.

Other evidence supporting a protective effect of influenza
vaccination stems from cohorts of elders identified through
health plans as well as from clinically derived case-control
analyses (22–24). Two studies indicate vaccine-associated sig-
nificant reductions in the risk of hospitalization, specifically for
individuals with congestive heart failure (20,21). A third study
reports a significant reduction in the risk of cerebrovascular
accidents (CVAs) associated with influenza vaccination (23).
The principal limitation of these or any cohort and case-control
analyses is that lower event risks may be confounded by
sociodemographic and health factors also associated with influ-
enza vaccination (20–24).

No study has indicated higher rates of cardiovascular
events for individuals who receive influenza vaccination. A
recent multiyear cohort study of �39 000 patients with CVD
(either MI or CVA) in the United Kingdom found no
increased risk of MI or CVA in the 90-day period immedi-
ately after influenza vaccination (25). In fact, incidence rates
of MI and CVA were significantly lower in the 28 days after
vaccination than in the period immediately preceding vacci-
nation, though these differences disappeared with adjustment
for age. Another multiyear study of a cohort of private health
plan enrollees who were identified on the basis of a hospi-
talization for nonfatal first MI reported no protective effect
associated with influenza vaccination (26). The primary
contrast between this negative study and others that support a
protective effect for influenza vaccination is that this study
population was generally younger (26).

Overall, the majority of published evidence indicates that
influenza vaccination is associated with a significantly re-
duced risk of cardiovascular events for individuals with
known coronary and other atherosclerotic conditions, includ-
ing prior CVA. The sole randomized trial of influenza
vaccination among persons with CVD (FLUVACS) demon-
strated significant reductions in cardiovascular mortality and
in a composite end point including death, nonfatal MI, and

ischemia at 1 year (18,19). Future trials should elucidate
further the relative benefits of influenza vaccination for
younger versus older persons with CVD. Currently, data from
FLUVACS (which included patients younger than 65 years
but did not distinguish them from older patients in analyses)
(27) and other studies support the recommendation of influ-
enza vaccination for persons of all ages with CVD.

Low Vaccination Coverage Rates Among Persons
With CVD
The AHA and ACC recommend that the �12 million persons in
the United States with cardiovascular conditions get annual
influenza vaccination (2,28). Current influenza vaccination cov-
erage among persons with heart disease is far below national
coverage goals set in Healthy People 2010 (�60% for persons
�65 years of age; �90% for persons �65 years of age): Only
1 in every 3 adults with heart disease (34%) received influenza
vaccination in 2005 (Behavioral Risk Factor Surveillance Sys-
tem; CDC, unpublished data), a level of coverage that is
essentially unchanged from other below-target rates achieved in
2002 (29). In 2005, vaccination coverage among older adults
(�65 years old) with heart disease was much higher (71%) than
among middle-aged (50 to 64 years old) and younger (18 to 49
years old) adults with heart disease (41% and 23%, respec-
tively). Non-Hispanic white adults had similar influenza vacci-
nation rates (38%) to black adults (36%), but rates in both groups
were higher than among Hispanic adults (30%).

Failure to vaccinate persons with cardiovascular conditions
and disparities in vaccination coverage across age categories and
ethnic groups represent major opportunities for healthcare pro-
viders to improve the care of this patient population. A central
barrier to vaccination against influenza is that only about one
half of cardiology practices nationwide stock influenza vaccine,
as opposed to �70% of endocrinology practices and of generalist
primary care practices and �90% of pulmonology practices (5,30).

Outpatient visits to cardiology practices present a superb but
frequently missed opportunity to administer influenza vaccine to
millions of adults with CVD (31), as do outpatient visits in
primary care settings and hospitalizations for cardiovascular
causes. A recent study suggests that the most effective ways to
improve influenza vaccination rates among nonelderly adults
with heart disease are for cardiology practices to have influenza
vaccine available in their offices for patient visits, for cardiovas-
cular care providers to strongly recommend vaccination to their
patients during vaccination season, and for practices to imple-
ment standing-orders protocols that permit staff to administer
influenza vaccine to patients with cardiovascular indications
without waiting in each case for a physician’s order (6).

It is important to emphasize that strong recommendations
from health professionals about vaccination against influenza
can be very influential, especially for urban, predominantly
black patients (32). Patient-level barriers to influenza vacci-
nation, specifically for persons with CVD, have not been well
characterized and should be examined in future research.

Providers and practices that provide care for patients with
CVD should stock influenza vaccine annually. There is a choice
of manufacturers, and the vaccines are considered equally
effective. Ordering information for all manufacturers licensed to
provide influenza vaccine in the United States for the 2006/2007
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season is provided on the American Heart Association Web
site (www.americanheart.org) and in the Table.

Conclusions
Seasonal influenza represents a major preventable threat to
the health of persons with CVD. Clinical trials and observa-
tional studies have demonstrated that vaccination against
influenza is associated with significantly reduced risk of
cardiovascular death and nonfatal events. Vaccination is
currently recommended for persons with diabetes, a condition
common to patients with CVD (33). On the basis of this
evidence, the AHA and ACC recommend inactivated influ-
enza vaccination as a component of secondary prevention for
persons with coronary disease and other atherosclerotic vascular

conditions (Class I, Level B). This level of recommendation is
based on the judgment that influenza vaccination should be
administered to all persons with CVD (unless they have a
contraindication to receiving the vaccine) and on evidence from
a single randomized clinical trial and several nonrandomized
population cohort studies.

Currently, below-target vaccination rates and disparities in
vaccination coverage across different ethnic groups represent
missed opportunities to maximize the preventive benefits of
influenza vaccination. Providers who care for patients with
CVD can increase influenza vaccination coverage among
their patients by stocking the vaccine and promoting annual
vaccination immunization with strong recommendations and stand-
ing orders.

Appendix
ACC/AHA Classes of Recommendation and Levels of Evidence

Class of Recommendation

Class I Conditions for which there is evidence and/or general agreement that a given procedure/therapy is beneficial, useful, and
effective.

Class II Conditions for which there is conflicting evidence and/or a divergence of opinion about the usefulness/efficacy of performing
the procedure/therapy.

Class IIa Weight of evidence/opinion is in favor of usefulness/efficacy.

Class IIb Usefulness/efficacy is less well established by evidence/opinion.

Class III Conditions for which there is evidence and/or general agreement that a procedure/therapy is not useful or effective and in
some cases may be harmful.

Level of Evidence

Level of Evidence A Data derived from multiple randomized clinical trials or meta-analyses.

Level of Evidence B Data derived from a single randomized trial or nonrandomized studies.

Level of Evidence C Only consensus opinion of experts, case studies, or standard-of-care.
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TABLE. How Providers Can Place an Order for Influenza Vaccine in the United States

Influenza Vaccine Manufacturers*
(Alphabetical Order) How to Order for the 2006/2007 Influenza Season†‡

GlaxoSmithKline Call Flurix Service Center at 1-866-475-8222 (choose option 1).

Novartis (formerly Chiron) Call 1-800-244-7668 (choose option 2) to receive a list of vaccine distributors in your area.

Sanofi Pasteur Set up a provider account and then place order at http://www.vaccineshoppe.com.

*These are manufacturers of inactivated trivalent influenza vaccine. Live, attenuated intranasal influenza vaccine (FluMist;
MedImmune) is not recommended for individuals with cardiovascular conditions.

†Providers are encouraged to order vaccine in the spring and summer for delivery in the fall before each influenza season.
‡Providers who wish to have more information about influenza vaccine should contact their local or state public health departments.

1501JACC Vol. 48, No. 7, 2006 Davis et al.
October 3, 2006:1498–1502 Influenza Vaccination as Prevention for CVD



References
1. Thompson WW, Shay DK, Weintraub E, et al. Influenza-associated

hospitalizations in the United States. JAMA 2004;292:1333–40.
2. Centers for Disease Control and Prevention (CDC). Advisory Committee

on Immunization Practices; Smith NM, Bresee JS, Shay DK, Uyeki TM,
Cox NJ, Strikas RA. Prevention and control of influenza: recommen-
dations of the Advisory Committee on Immunization Practices (ACIP)
[published correction appears in MMWR Morb Mortal Wkly Rep 2006;
55:800]. MMWR Recomm Rep 2006;55:1–41.

3. Smith SA, Poland GA. Use of influenza and pneumococcal vaccines in
people with diabetes. Diabetes Care 2000;23:95–108.

4. Smith JC Jr, Allen J, Blair SN, et al; AHA/ACC; National Heart, Lung,
and Blood Institute. 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 [pub-
lished correction appears in Circulation 2006;113:3847]. Circulation
2006;113:2363–72.

5. Davis MM, Wortley PM, Ndiaye SM, Woods MG, Clark SJ. National
availability of influenza vaccine among medical subspecialty practices.
Am J Prev Med 2004;26:307–10.

6. Gopal S, Davis MM. Improving delivery of influenza vaccine to non-
elderly persons with cardiovascular disease, with and without national
supply of vaccine: a decision analysis. Human Vaccines 2006;1:217–23.

7. Wright PF, Webster WG. Orthomyxoviruses. In: Knipe DM, Howley PM,
Griffin DE, Lamb RA, Martin MA, Roizman B, Straus SE, eds. Fields
Virology. 4th ed. Philadelphia, Pa: Lippincott Williams & Wilkins; 2001:
1534–79.

8. Clements ML, Betts RF, Tierney EL, Murphy BR. Serum and nasal wash
antibodies associated with resistance to experimental challenge with
influenza A wild-type virus. J Clin Microbiol 1986;24:157–60.

9. Glezen WP, Decker M, Perrotta DM. Survey of underlying conditions of
persons hospitalized with acute respiratory disease during influenza epi-
demics in Houston, 1978–1981. Am Rev Respir Dis 1987;136:550–5.

10. Douglas R Jr. Influenza in man. In: Kilbourne ED, ed. The Influenza
Viruses and Influenza. New York, NY: Academic Press, Inc; 1975:
395–418.

11. Thompson WW, Shay DK, Weintraub E, et al. Mortality associated with
influenza and respiratory syncytial virus in the United States. JAMA
2003;289:179–86.

12. Barker WH, Mullooly JP. Impact of epidemic type A influenza in a
defined adult population. Am J Epidemiol 1980;112:798–811.

13. Lui KJ, Kendal AP. Impact of influenza epidemics on mortality in the
United States from October 1972 to May 1985. Am J Pub Health 1987;
77:712–6.

14. Noble G. Epidemiological and clinical aspects of influenza. In: Beare AS,
ed. Basic and Applied Influenza Research. Boca Raton, Fla: CRC Press;
1982:11–50.

15. Barker WH, Mullooly JP. Pneumonia and influenza deaths during epi-
demics: implications for prevention. Arch Intern Med 1982;142:85–9.

16. Simonsen L, Clarke MJ, Schonberger LB, Arden NH, Cox NJ, Fukuda K.
Pandemic versus epidemic influenza mortality: a pattern of changing age
distribution. J Infect Dis 1998;178:53–60.

17. Gurevich VS, Pleskov VM, Levaya MV. Autoimmune nature of influenza
atherogenicity. Ann NY Acad Sci 2005;1050:410–6.

18. Gurfinkel EP, Leon de la Fuente R, Mendiz O, Mautner B. Flu vacci-
nation in acute coronary syndromes and planned percutaneous coronary
interventions (FLUVACS) Study. Eur Heart J 2004;25:25–31.

19. Gurfinkel EP, de la Fuente RL. Two-year follow-up of the FLU Vacci-
nation Acute Coronary Syndromes (FLUVACS) Registry. Tex Heart Inst
J 2004;31:28–32.

20. Davis JW, Lee E, Taira DA, Chung RS. Influenza vaccination, hospital-
izations, and costs among members of a Medicare managed care plan.
Med Care 2001;39:1273–1280.

21. Nichol KL, Wuorenma J, von Sternberg T. Benefits of influenza vacci-
nation for low-, intermediate-, and high-risk senior citizens. Arch Intern
Med 1998;158:1769–76.

22. Naghavi M, Barlas Z, Siadaty S, Naguib S, Madjid M, Casscells W.
Association of influenza vaccination and reduced risk of recurrent myo-
cardial infarction. Circulation 2000;102:3039–45.

23. Lavallee P, Perchaud V, Gautier-Bertrand M, Grabli D, Amarenco P.
Association between influenza vaccination and reduced risk of brain
infarction [published correction appears in Stroke. 2002;33:1171]. Stroke
2002;33:513–8.

24. Siscovick DS, Raghunathan TE, Lin D, et al. Influenza vaccination and
the risk of primary cardiac arrest. Am J Epidemiol 2000;152:674–7.

25. Smeeth L, Thomas SL, Hall AJ, Hubbard R, Farrington P, Vallance P.
Risk of myocardial infarction and stroke after acute infection or vacci-
nation. N Engl J Med 2004;351:2611–8.

26. Jackson LA, Yu O, Heckbert SR, et al; Vaccine Safety Datalink Study
Group. Influenza vaccination is not associated with a reduction in the risk
of recurrent coronary events. Am J Epidemiol 2002;156:634–40.

27. Gurfinkel EP, de la Fuente RL, Mendiz O, Mautner B. Influenza vaccine
pilot study in acute coronary syndromes and planned percutaneous
coronary interventions: the FLU Vaccination Acute Coronary Syndromes
(FLUVACS) Study. Circulation 2002;105:2143–7.

28. Singleton JA, Greby SM, Wooten KG, Walker FJ, Strikas R. Influenza,
pneumococcal, and tetanus toxoid vaccination of adults—United States,
1993–1997. MMWR CDC Surveill Summ 2000;49(SS09):39–62.

29. Ajani UA, Ford ES, Okoro CA, Strine TW, Giles WH, Mokdad AH. Low
prevalence of influenza vaccination among people with cardiovascular
disease—BRFSS. Am J Prev Med 2005;29(S1):31–5.

30. Davis MM, McMahon SR, Santoli JM, Schwartz B, Clark SJ. A national
survey of physician practices regarding influenza vaccine. J Gen Intern
Med 2002;17:670–6.

31. Schappert SM, Burt CW. Ambulatory care visits to physician offices,
hospital outpatient departments, and emergency departments: United
States, 2001–02. Vital Health Stat 2006;13:1–66.

32. Armstrong K, Berlin M, Schwartz JS, Propert K, Ubel PA. Barriers to
influenza immunization in a low-income urban population. Am J Prev
Med 2001;20:21–5.

33. American Diabetes Association. Standards of medical care in diabetes–2006.
Diabetes Care 2006;29(suppl 1):S4–42.

1502 Davis et al. JACC Vol. 48, No. 7, 2006
Influenza Vaccination as Prevention for CVD October 3, 2006:1498–1502


