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Simanek et al’s article in this issue of the Journal'
brings together two fields of research, both of which
have a long history and have recently enjoyed a
resurgence of interest. The first is the infectious
hypothesis of atherosclerosis and the second is the
social determinants model for cardiovascular disease
(CVD).

The hypothesis that infections might be involved as
aetiologic factors in CVD dates back to the late 1800s,
though it all but disappeared for most of the 20th
century. Interest in his hypothesis, however, surged
again during the last two decades of the century,
when both experimental and epidemiologic evidence
documented its plausibility.>™ Similarly, even though
discussion of the social determinants of health dates
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back to the very origins of public health,” newcomers
to this field might be surprised to learn that there
was a time, not long ago, when ‘social epidemiology’
did not exist as a distinct subspecialty. The recently
published 5th edition of Last’s ‘A Dictionary of
Epidemiology’ (now edited by M. Porta) is the first
one to include the term.® Furthermore, a PubMed
search using ‘social epidemiology” as a single keyword
returns only two citations in the entire 1960s decade,
six in the 1970s, several more in the 1980s and 1990s,
and then a sharp epidemic-like surge starting at the
turn of the century (Figure 1).

It is also worth noting that this surge in social
epidemiology research coincides with the rapid
emergence of ‘health disparities” as a priority among
public health goals for the USA (Figure 1). Whereas
health disparities were not even mentioned among
the 1990 US Health Objectives, reducing health
disparities was one of three overarching goals for
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Figure 1 The epidemic of social epidemiology research.
The top of the figure graphs the number of articles per year
in a PubMed search with ‘social epidemiology” as the
keyword (1960—2008). The bottom half of the figure shows
the chronology of use of the term ‘health disparities” in
the US 1990 Health Objectives, Healthy People 2000 and
Healthy People 20107

Healthy People 2000, and eliminating health disparities
is one of the two goals for Healthy People 2010.” It is
not clear whether academic attention to the subject is
promoting the increased prominence of social epide-
miology in the national public health agenda or the
reverse, but this question might provide for a spirited
epidemiological debate. Nevertheless, there is no
question that this plethora of research over the last
few decades has produced overwhelming evidence
demonstrating that socio-economic position over the
life course is a key upstream determinant of health
and disease outcomes.”*'® Furthermore, responding
to earlier criticisms,''™ the discipline has recently
been moving more and more beyond the ‘black-box''*
and purely descriptive approaches (e.g. ‘being poor is
bad for your health’), and trying to find ways to
explain why social position is so strongly and
consistently associated with practically every concei-
vable health outcome. The hope is that if we under-
stand the mechanisms, more effective ways to
alleviate the ill effects of health disparities could be
identified.

Most previous attempts for understanding the
pathophysiology of poverty have focused mainly on
conventional CVD risk factors (smoking, diabetes,
hypertension, dyslipidaemias and psycho-behavioural
characteristics). Surprisingly, even though a majority
of subjects with clinical CVD has at least one of the
well-established risk factors,” in relative terms, only
a small fraction of CVD incidence (15—40%) appears
to be explained by the conventional risk factors.'®"”

Simanek et al.’s article explores the possible mediat-
ing role of a relatively novel putative risk factor for
CVD, namely chronic herpes virus infections. The
rationale for this analysis is straightforward: herpes
virus infections are more prevalent among individuals

in lower socioeconomic position'®'? and evidence

from basic laboratory, pathology and epidemiology
research has shown that these infections (especially
cytomegalovirus, or CMV) are associated with clinical
and subclinical CVD.?*?

Simanek ef al. used cross-sectional data from the US
National Health and Nutrition Examination Survey
(NHANES) and a series of logistic regression models
to explore the mutual associations between socio-
economic position (measured by educational level),
CMV seroprevalence, and self-reported history of
CVD. Confirming results from previous research,
they found that socioeconomic position is associated
with  CVD independently of other covariates.
Consistent with the author’s hypothesis, the odds
ratio for the association between lower education and
CVD was reduced by ~8% (from 1.83 to 1.69) when
CMV infection was added to the model. This
attenuation in the odds ratio (OR) was statistically
significant and interpreted as evidence that CMV
infection partially mediates the relation between
socioeconomic position and CVD. The alternative
hypothesis (namely, that socioeconomic position is a
confounder of the association between CMV infection
and CVD) was ruled out by the fact that the
CMV—CVD association was still significant after
controlling for educational level [OR=1.75, 95%
confidence interval (CI) 1.21-2.54].

As Simanek ef al. recognize, this interpretation is
potentially limited by the problem of uncontrolled
confounding. Like other infections, CMV seropreva-
lence is correlated with many other markers of poor
health, including, but not limited to, the CVD risk
factors considered in this study. Noticeably absent in
these analyses is hypercholesterolaemia, even though
CMV prevalence has been associated with high
cholesterol levels in other studies."® Furthermore,
potential confounders such as BMI, diabetes and
smoking were dropped from some of the models
because they were not associated with CVD and/or
with infections in these cross-sectional analyses. The
latter, however, might be an artefact of study design.
For example, youth body mass index might truly be
related to CMYV infection during the life-course and to
the risk of CVD in later life—and thus be a true
confounder; yet, when analysed cross-sectionally
(after CVD has occurred) this association might not
be apparent due to survival bias or reverse causation.
On the other hand, cross-sectional biases might be
operating in opposite ways as well; e.g. if infections
are associated with decreased survival among people
with CVD as suggested by previous studies,”>* then
the risk ratios estimated from cross-sectional data
tend to underestimate the true relative risk.

With these caveats in mind, the most striking
finding of Simanek ef al.’s study is that the relatively
modest OR of CVD associated with CMV infection
translates into an estimate of the population attribu-
table risk or attributable fraction of CVD of ~40%. As
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the authors point out, this is a result of the high
prevalence of this infection in this study (~88%),
which is in line with previously published results in
other populations.'®'? For risk factors with prevalence
close to 90%, even modest relative risks (e.g. 1.5—2.0)
will result in attributable fraction estimates compar-
able with that of a risk factor affecting 10% of
the population and associated with a relative risk
of ~7.0-8.0, or to a risk factor affecting 5% of the
population with a relative risk ~15.0. What is
striking about this 40% attributable fraction estimate
is the implication that eliminating CMV infection
would prevent as many CVD cases as the complete
removal of smoking and almost twice as many as the
elimination of either hypercholesterolaecmia or hyper-
tension from the population.?’

Is this a realistic conclusion? Simanek et al. properly
acknowledge the strong assumptions involved in
the interpretation of attributable fraction estimates,
namely the need to assume that the relation between
CMYV infection and CVD is causal in nature. Given the
complex pathophysiology of atherosclerosis, it is also
unrealistic to assume that CMV or any other putative
CVD risk factor would act independently of other risk
factors. In Nilsson ef al.’s analysis of data from the
Malmo preventive project, the constellation of con-
ventional risk factors accounted for >100% of the
population CVD risk,?> an obviously absurd result,
which highlights the pitfalls associated with this type
of estimate when applied to complex multifactorial
diseases such as atherosclerosis.?®*’

The implication of this particular finding, however,
is especially significant because, according to Simanek
et al., ‘it is realistic to conceive that we could
attain ‘unexposed’ status among those currently
exposed through primary prevention measures such
as vaccination without necessarily altering other
conventional CVD risk factors, such as smoking and
diabetes.”! If CMV infection is eventually proven to be
causally related to CVD, then the development and
mass administration of a CMV vaccine could have a
profound impact on reducing the population CVD
burden. However, aiming at preventing one single
infection as a means of reducing CVD might be a
futile endeavour if, as suggested by Simanek et al.,
multiple infections might have atherogenesis poten-
tial. CMV is only one of the many microbes that have
been implicated in previous laboratory and epidemio-
logical studies. In Simanek ef al.’s study, the associa-
tion with herpes simplex virus type-1 was only
slightly weaker than that for CMV but, somewhat
simplistically,”® dismissed as ‘non-significant’ because
the lower bound of the 95% confidence interval barely
included the null value (adjusted OR 1.51, 95%
confidence interval 0.99-2.31). Moreover, in addition
to herpes viruses, historically, many other common
pathogens have been found capable of infecting and
inducing  inflammatory = changes in  arterial
tissue.>***?°  The laboratory and epidemiologic

evidence in support of Chlamydia pneumonia as an
atherogenic agent is at least as strong or stronger
than that for CMV.’°>? Epstein et al’s ‘pathogen
burden” model represents an attempt to quantitatively
demonstrate this generic infectious hypothesis,?* but
has not always produced consistent results.

Despite the disappointing negative results from
recent randomized controlled trials testing whether
antibiotics are effective for the secondary prevention
of CVD,>>7¢ evidence supporting the role of infections
in early stages of atherogenesis remains strong.’’ >’
However, even if the role of infections in atherogen-
esis is eventually proven, the practical implications
for primary prevention are uncertain, as mass use of
antibiotics might not be feasible due to costs, risks
of antibiotic resistance and lack of efficacy for the
treatment of certain infections (e.g. viral).

It is clear that there are many unresolved issues in
these areas of research. Consequently, the hypotheses
and questions posed by Simanek ef al. are highly
relevant; they represent a step forward toward the
goal of better understanding of the complex relation
between socioeconomic position and CVD. The fact
that their results seem to raise more questions than
answers leads us nowhere but back to the well-worn
researchers’ mantra: ‘further research is needed.’

Funding

University of Wisconsin Institute for Clinical and
Translational Research and the Wisconsin Partnership
Program (to F.J.N., partial).

Acknowledgements

The author is grateful to Marion Ceraso and Patrick
Remington for their useful criticism of earlier
versions of this manuscript and to Patty Grubb for
her editorial assistance.

Conflict of interest: None declared.

References

' Simanek AM, Dowd JB, Aiello AE. Persistent pathogens
linking socioeconomic position and cardiovascular disease
in the US. Int J Epidemiol 2009;38:775-87.

2 Danesh J, Collins R, Peto R. Chronic infections and
coronary heart disease: is there a link? Lancet 1997;350:
430-36.

®> Fong IW. Emerging relations between infectious diseases
and coronary artery disease and atherosclerosis. CMAJ
2000;163:49-56.

4 Nieto FJ. Infections and atherosclerosis: new clues from
an old hypothesis? Am J Epidemiol 1998;148:937-48.

> Berkman L, Kawachi 1. Social Epidemiology. 1st edn.
New York: Oxford University Press, 2000.

202 UoIe\ €1 Uo 1sanB Aq 611889//8//€/8€/aI01Me/alljwoo dno-oiwapese/:sdny Wwoly papeojumoq



790 INTERNATIONAL JOURNAL OF EPIDEMIOLOGY

© Porta M. A Dictionary of Epidemiology. 5th edn. New York:
Oxford University Press, 2008.

7 National Opinion Research Center (NORC) Assessment of
the Healthy People Objective-setting Framework and Process.
Washington, DC: National Opinion Research Center
(NORC), 31 January 2007. NORC PN No. 6336.01.62.

Smith GD, Egger M. Socioeconomic differences in
mortality in Britain and the United States. Am J Public
Health 1992;82:1079-81.

° Galobardes B, Lynch JW, Davey Smith G. Childhood
socioeconomic circumstances and cause-specific mortality
in adulthood: systematic review and interpretation.
Epidemiol Rev 2004;26:7-21.

' Kaplan GA, Keil JE. Socioeconomic factors and
cardiovascular disease: a review of the literature.
Circulation 1993;88:1973-98.

Muntaner C. Invited commentary: social mechanisms,
race, and social epidemiology. Am J Epidemiol
1999;150:121-26;127—-28.

2 Rothman KJ, Adami HO, Trichopoulos D. Should the
mission of epidemiology include the eradication of
poverty? Lancet 1998;352:810-13.

Zielhuis GA, Kiemeney LA. Social epidemiology? No way.
Int J Epidemiol 2001;30:43—-44.

Susser M, Susser E. Choosing a future for epidemiology:
II. From black box to Chinese boxes and eco-epidemiol-
ogy. Am J Public Health 1996;86:674-77.

Greenland P, Knoll MD, Stamler J ef al. Major risk
factors as antecedents of fatal and nonfatal coronary
heart disease events. JAMA 2003;290:891-97.

Kivimaki M, Lawlor DA, Davey Smith G et al
Socioeconomic position, co-occurrence of behavior-related
risk factors, and coronary heart disease: the Finnish
Public Sector study. Am J Public Health 2007;97:874-79.

Lynch J, Davey Smith G, Harper S, Bainbridge K.
Explaining the social gradient in coronary heart disease:
comparing relative and absolute risk approaches.
J Epidemiol Community Health 2006;60:436—41.

' Nieto FJ, Adam E, Sorlie P ef al. Cohort study of
cytomegalovirus infection as a risk factor for carotid
intimal-medial thickening, a measure of subclinical
atherosclerosis [see comments]. Circulation
1996;94:922-27.

' Staras SA, Dollard SC, Radford KW, Flanders WD,
Pass RF, Cannon MJ. Seroprevalence of cytomegalovirus
infection in the United States, 1988—1994. Clin Infect Dis
2006;43:1143-51.

Nicholson AC, Hajjar DP. Herpesvirus in atherosclerosis
and thrombosis: etiologic agents or ubiquitous bystan-
ders? Arterioscler Thromb Vasc Biol 1998;18:339-48.

Nieto F. Viruses and atherosclerosis. A critical review
of the epidemiologic evidence. Am Heart J 1999;138:
S453-60.

22 Sorlie PD, Nieto FJ, Adam E, Folsom AR, Shahar E,
Massing M. A prospective study of cytomegalovirus,
herpes simplex virus 1, and coronary heart disease:
the atherosclerosis risk in communities (ARIC) study.
Arch Intern Med 2000;160:2027-32.

®

13

1

v

16

20

21

2> Muhlestein  JB, Horne BD, Carlquist JF ef al.
Cytomegalovirus seropositivity and C-reactive protein
have independent and combined predictive value for
mortality in patients with angiographically demon-
strated coronary artery disease. Circulation 2000;102:
1917-23.

24 Zhu J, Nieto FJ, Horne BD, Anderson JL, Muhlestein JB,

Epstein SE. Prospective study of pathogen burden and

risk of myocardial infarction or death. Circulation

2001;103:45-51.

Nilsson PM, Nilsson JA, Berglund G. Population-

attributable risk of coronary heart disease risk factors

during long-term follow-up: the Malmo Preventive

Project. J Intern Med 2006;260:134-41.

Greenland S, Robins JM. Conceptual problems in the

definition and interpretation of attributable fractions. Am

J Epidemiol 1988;128:1185-97.

Rockhill B, Newman B, Weinberg C. Use and misuse of

population attributable fractions. Am J Public Health

1998;88:15-19.

Rothman KJ, Lanes S, Robins J. Casual inference.

Epidemiology 1993;4:555-56.

Nieminen MS, Mattila K, Valtonen V. Infection and

inflammation as risk factors for myocardial infarction.

Eur Heart J 1993;14 (Suppl K):12-16.

Kalayoglu MV, Libby P, Byrne GI. Chlamydia pneumo-

niae as an emerging risk factor in cardiovascular disease.

JAMA 2002;288:2724-31.

! Nieto FJ, Folsom AR, Sorlie PD, Grayston JT, Wang SP,
Chambless LE. Chlamydia pneumoniae infection and
incident coronary heart disease: the Atherosclerosis Risk
in Communities Study. Am J Epidemiol 1999;150:149-56.

32 Arcari CM, Gaydos CA, Nieto FJ, Krauss M, Nelson KE.

Association between Chlamydia pneumoniae and acute

myocardial infarction in young men in the United States

military: the importance of timing of exposure measure-
ment. Clin Infect Dis 2005;40:1123-30.

Baker WL, Couch KA. Azithromycin for the secondary

prevention of coronary artery disease: a meta-analysis.

Am J Health Syst Pharm 2007,;64:830-36.

>* Cannon CP, Braunwald E, McCabe CH et al. Antibiotic

treatment of Chlamydia pneumoniae after acute coronary

syndrome. N Engl J Med 2005;352:1646-54.

Grayston JT, Kronmal RA, Jackson LA ef al. Azithromycin

for the secondary prevention of coronary events. N Engl J

Med 2005;352:1637-45.

O’Connor CM, Dunne MW, Pfeffer MA et al

Azithromycin for the secondary prevention of coronary

heart disease events: The WIZARD Study: A Randomized

Controlled Trial. JAMA 2003;290:1459-66.

Anderson JL. Infection, antibiotics, and atherothrombosis

—end of the road or new beginnings? N Engl J Med

2005;352:1706-9.

’% Nieto FJ. Antibiotics and coronary heart disease. JAMA
2004;291:302-3.

%% Taylor-Robinson D, Boman J. The failure of antibiotics to
prevent heart attacks. Br Med J 2005;331:361-62.

2

vl

26

27

28

29

30

33

3

U

36

37

202 UoIe\ €1 Uo 1sanB Aq 611889//8//€/8€/aI01Me/alljwoo dno-oiwapese/:sdny Wwoly papeojumoq



