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Background Numerous studies have documented a strong inverse association
between cardiovascular disease and socioeconomic position (SEP).
Several infections are associated with both cardiovascular disease
and SEP; hence infection may form an important link between SEP
and cardiovascular disease. This study examines whether seroposi-
tivity to cytomegalovirus (CMV), to herpes simplex virus type-1
(HSV-1), and/or to both pathogens mediates the relationship
between SEP and cardiovascular disease history in a nationally
representative sample of the United States.

Methods We conducted a cross-sectional study of subjects 545 years of age,
who were tested for seropositivity to CMV, HSV-1 or both patho-
gens and assessed for cardiovascular disease history in the National
Health and Nutrition Examination Survey III. Cardiovascular
disease history was defined as history of stroke, heart attack
and/or congestive heart failure and SEP as education level.

Results SEP was associated with CMV, HSV-1 and seropositivity to both
pathogens. CMV seropositivity was associated with cardiovascular
disease history even after adjusting for confounders as well as SEP.
The odds of reporting a history of cardiovascular disease for those
with less than a high school education compared with those with
more than a high school education decreased by 7.7% after adjusting
for CMV (Sobel mediation test for CMV, P¼ 0.0006). In contrast,
neither seropositivity to HSV-1 nor to both pathogens was associated
with cardiovascular disease history after adjusting for SEP.

Conclusions Persistent pathogens such as CMV infection may explain a portion
of the relationship between SEP and cardiovascular disease in the
United States. Further studies examining additional pathogens and
sociobiological mechanisms are warranted.
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Introduction
The prevalence of cardiovascular disease has declined
over the past 20 years.1–3 Nevertheless, marked
differences in cardiovascular disease incidence across
socioeconomic position (SEP) still persist.4–7 For
example, poverty, education and income status
have been linked to reported heart disease, ischaemic
heart disease, hypertension and stroke in the United
States4,5,8,9 Despite the established relationship
between lower SEP and traditional cardiovascular

* Corresponding author. Department of Epidemiology, Center
for Social Epidemiology & Population Health, University of
Michigan-School of Public Health, 3659 SPH Tower, 109
Observatory, Ann Arbor, MI 48109-2029, USA.
E-mail: aielloa@umich.edu

1 Center for Social Epidemiology & Population Health School of
Public Health-University of Michigan, Ann Arbor, USA.

2 Department of Epidemiology, School of Public Health-
University of Michigan, Ann Arbor, USA.

3 School of Health Sciences, Hunter College, City University of
New York, NY, USA.

4 CUNY Institute for Demographic Research, City University of
New York, NY, USA.

Published by Oxford University Press on behalf of the International Epidemiological Association

� The Author 2008; all rights reserved. Advance Access publication 24 December 2008

International Journal of Epidemiology 2009;38:775–787

doi:10.1093/ije/dyn273

775



disease risk factors such as smoking, physical
inactivity, higher body mass index (BMI) (kg/m2)
and higher levels of low-density lipoprotein choles-
terol, the association between SEP and cardiovascular
disease has not been fully explained in studies adjust-
ing for traditional risk factors.7,8,10–12 For example,
the percentage difference in the odds ratio (OR) for
coronary heart disease comparing low vs high income
categories after adjusting for smoking, alcohol, phys-
ical inactivity and BMI (kg/m2), was only reduced
by 13% for men and 29% for women, compared with
unadjusted models in a study using data from the
Finnish Public Sector Study.7 While recent work has
highlighted the fact that traditional cardiovascular
disease risk factors likely explain the majority of
absolute SEP differences in cardiovascular disease,
novel risk factors such as infection, may help explain
remaining absolute and relative differences in cardio-
vascular disease by SEP.13–16

There are several reasons why lifelong persistent
viral infections such as cytomegalovirus (CMV) and
Herpes Simplex Virus-1 (HSV-1) may represent a
potential mechanism linking SEP and increased
cardiovascular disease risk.17–20 First, animal models
have shown that these life-long persistent pathogens
may cause pathological damage to cardiovascular
tissue by acting as pro-inflammatory stimuli or by
directly invading the cardiovascular tissue which
contributes to endothelial tissue damage in the
vasculature.21–24 It has been hypothesized that these
pathogen related pro-inflammatory mechanisms may
contribute to cardiovascular disease in human popu-
lations.25–29 Although conclusions regarding the
association between individual pathogens and cardio-
vascular disease in human populations have been
conflicting,30 several studies examining the effect of
co-infection with multiple pathogens on cardiovascu-
lar disease have identified consistent positive relation-
ships between increased number of infections and
cardiovascular disease.29,31–35 These data suggest that
total pathogen burden may have an even greater
impact on cardiovascular disease events than the
effects of individual pathogens.

Other evidence supporting a potential link between
SEP, infection and cardiovascular disease, includes
the reported sociodemographic patterning of the
implicated pathogens. CMV and HSV-1 are highly
prevalent infections often contracted at a young age,
with CMV and HSV-1 found in 464 and 72% of indi-
viduals 40 and older in the US, respectively.36–38

Cardiovascular disease is one of the most common
chronic health conditions of ageing and has been
conceptualized as a life-course process that includes
multiple insults and alterations to the vascular system
starting from childhood.39,40 Of note, there are over-
lapping demographic and SEP gradients in seroposi-
tivity to CMV and HSV-1 and cardiovascular disease
risk, such that non-white race, and lower education
and income are associated with greater likelihood of

IgG seropositivity and also with cardiovascular disease
risk.4,5,37,38,41–46

Last, persistent infections have been identified as
contributing to an immune risk phenotype present
in the elderly.47,48 For example, ageing populations
infected with CMV experience large clonal expansion
of CD8þ effector T-cells resulting in a reduction in
‘immunological space’ and a loss of response to
foreign antigens other than CMV.49–52 Thus infection
with CMV, the resulting oligoclonal expansion and
inflammatory response may potentially influence
the development of inflammation-related chronic
conditions associated with ageing such as cognitive
and physical impairment as well as cardiovascular
disease.53–55

Therefore, the purpose of this study is to examine
whether individual and/or combined seropositivity to
CMV and HSV-1 partially mediates the relationship
between SEP and cardiovascular disease in a US
nationally representative sample.

Methods
Study population
Data come from the National Health and Nutrition
Examination Survey (NHANES) III (1988–1994);
a population-based, multistage stratified probability
survey which collects information on the health
and nutrition of the United States, civilian, non-
institutionalized population. The survey was carried
out by the National Center for Health Statistics
(NCHS), Centers for Disease Control and Prevention,
from 1988 to 1994 and is meant to be representative
of the US population.

The derivation of our study sample is elucidated in
Figure 1. Our study sample was first narrowed down
by necessity to those that underwent the home
interview and participated in the mobile examination
(e.g. clinical examination), as data on demographics

33,994 total subjects in the NHANES III dataset

30,818 (90.7%) subjects underwent home interview and mobile exam

8070 (98.5%) subjects were 45 years and older and answered
questions about cardiovascular disease history

7752 (96.1%) subjects 
were tested for 
seropositivity to 
cytomegalovirus

4059 (50.3%) subjects 
were tested for 
seropositivity

to herpes simplex virus-1

4042 (50.1%) subjects 
were tested for 
seropositivity to 

cytomegalovirus and
herpes simplex virus-1

8193 (26.7%) subjects were
45 years of age and older

Figure 1 Derivation of study sample
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and cardiovascular disease history were elicited
during the home exam and seropositivity testing
was conducted among those that had sera drawn
during the mobile examination. A total of 30 818
subjects (90.7%) participated among 33 994 in both
the home interview and mobile examination. Those
that did not undergo both the interview and the
examination were older than those who participated
in both components. Of the 30 818 subjects under-
going both components, we limited our study sample
to those subjects that were 45 years of age and older
[N¼ 8193 (26.7%)]. Of those 45 years of age and
older, 8070 (98.5%) answered all three questions
about history of cardiovascular disease. There were no
differences according to age, gender, race, education
level, smoking status or diabetes status between those
that answered all three cardiovascular disease ques-
tions and those that did not among those 45 years of
age and older.

Of the 8070 subjects that were 45 years of age or
older and answered all cardiovascular disease history
questions, 7752 (96.1%) were randomly selected to be
tested for CMV seropositivity, 4059 (50.3%) for HSV-1
seropositivity and 4042 (50.1%) for seropositivity to
both HSV-1 and CMV. Sera were collected from 95%
of persons examined and sera samples for seroposi-
tivity testing were randomly selected, with sample
size determined by various investigators making the
request for each particular test. Although available
sera from subjects were selected randomly for CMV
and HSV-1 testing, by chance, available sera from
non-Hispanic/blacks and from subjects of older age
were less likely to be selected for CMV testing,
available sera from non-Hispanic/blacks were less
likely to be selected for HSV testing and available
sera from subjects of younger age were less likely to
be selected for testing for both pathogens.

Laboratory analyses
CMV specific IgG was measured by a commercially
available Enzyme Linked Immunosorbent Assay
(ELISA) (Quest International, Inc., Miami, FL). Sera
with values near the ELISA cutoff were confirmed
with a second ELISA assay (bioMerieux, Inc.,
Durham, NC). If the results from the first two tests
disagreed, an Immunofluorescence Assay (IFA) (Bion
International, Inc., Park Ridge, IL), was used and
results from this test were provided as the final
seropositivity test result. The sensitivity and specificity
of these tests have been estimated to be 98 and 99%,
respectively.38 HSV-1 seropositivity was assessed
by solid-phase enzymatic immunodot assays using
purified glycoprotein gG-1 of HSV-1 as the antigen.37

These immunodot assays have also been shown to
have high sensitivity and specificity.56

Measures
Results from each of the CMV and HSV-1 IgG
antibody tests were dichotomized as seronegative or

seropositive based on the ELISA results. Seropositivity
to both CMV and HSV-1 was dichotomized into
seropositivity to 0–1 vs 2 pathogens. History of cardio-
vascular disease was recorded by asking whether a
doctor ever told participants that they had congestive
heart failure, a stroke or a heart attack. History of one
or more of these conditions indicated a history of
cardiovascular disease and the outcome was dichot-
omized as no history or history of one or more events.

SEP was measured as years of education and then
categorized into completion of less than high school,
high school or greater than high school education.
The mean age of our sample was 61.6 years of age
and consequently, many subjects may be in or nearing
retirement, rendering income a less sensitive marker
of life-course SEP.57,58 Therefore, we considered
education level to be a more robust marker of lifetime
SEP than current income for this study population
and less subject to temporal ambiguity.

Covariates hypothesized to be potential confounders
of the relationship between SEP and cardiovascular
disease and between SEP and pathogens included age,
gender and race (Figure 2).41–43 These same factors,
along with BMI (kg/m2), smoking and diabetes were
considered to be potential confounders of the rela-
tionship between each pathogen and cardiovascular
disease because these factors have been shown to
predict both risk for infection and for cardiovascular
disease (Figure 2).20,43,59–63 Age was categorized
into 45–54 years of age, 55–64 years of age and
65 years and older. Gender was dichotomized as
female and male. Race/ethnicity was self-reported as
non-Hispanic white, non-Hispanic black, Mexican-
American or Other. BMI (kg/m2) was computed from
weight and standing height using and categorized as
BMI <25, 255BMI < 30 and BMI530. Smoking
status was self-reported and categorized into never,
past and current smoker. Diabetes was self-reported
as whether a doctor ever informed subjects they had
diabetes or not and dichotomized as reported or not
reported.

Age
Gender
Race

Age
Gender
Race

Age
Gender
Race

Body Mass
Index

Smoking
Diabetes

Exposure Outcome

Mediator

Socioeconomic 
Position

Pathogens

Cardiovascular
Disease

Confounders

Figure 2 Potential confounders in the relationships
between SEP, pathogens and cardiovascular disease
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Statistical analyses
Statistical analyses were performed using SAS,
version 9.1, with SAS-callable SUDAAN, version 9.0
(SAS Institute, Inc., Cary, NC). All analyses used
appropriate weights and adjustments for strata and
clustering used in the complex study design provided
by the NCHS. Bivariate relationships between SEP
and seropositivity to each pathogen as well as both
pathogens and cardiovascular disease and potential
confounders including age, gender, race, education
level, smoking status and diabetes status were
assessed. T-tests for difference in means and Wald
chi-square tests for differences in proportions among
demographic groupings were calculated. All signifi-
cance tests were two-tailed.

Logistic regression was used to calculate ORs and
95% confidence intervals (CIs) and mediation was
assessed by examining beta estimates generated from
testing the following relational criteria established
by Baron and Kenny:64,65 (i) Is SEP associated with
cardiovascular disease history, even after controlling
for confounders?; (ii) Is SEP is associated with sero-
positivity to each pathogen as well as both pathogens,
even after controlling for confounders?; (iii) Is sero-
positivity to each pathogen and/or both pathogens
a predictor of cardiovascular disease history after
controlling for SEP and confounders?; and (iv) Is the
effect of SEP on cardiovascular disease history atten-
uated after controlling for seropositivity to each
pathogen and/or both pathogens as well as other
confounders? If seropositivity to individual pathogens
and/or both pathogens met the first three criteria and
the association between SEP and cardiovascular
disease history was reduced, but did not reach the
null value, then seropositivity to individual pathogens
and/or both pathogens was considered a partial
mediator of the relationship. The Sobel test was
used to calculate a critical ratio and a P-value to test
whether the indirect effect of SEP on cardiovascular
disease history explained by pathogen seropositivity is
different from the null value.64,65

Last, we estimated the percentage of all cases of
cardiovascular disease history among the study popu-
lation that would not have occurred if CMV infec-
tion was eliminated,66 i.e. the attributable fraction
(AF), using the following formula: AF¼ p(RR�1)/
p(RR�1)�1.67 In this formula, p¼ the proportion
seropositive for CMV and RR¼ the relative risk of
CVD history, given CMV seropositivity.68 This formula
was used after correcting the adjusted OR, using the
following formula: RR¼OR/(1�P0)þ (P0�OR), to
obtain the appropriate risk ratio. In the formula,
RR¼ the risk ratio, P0¼ the incidence of CVD history
in those seronegative to CMV, P1¼ the incidence of
CVD history in those seropositive for CMV and
OR¼ the OR for CVD history comparing those sero-
positive for CMV to those that are seronegative.68

Given that the prevalence of cardiovascular disease
history is generally 410% in this age cohort, the risk

ratio is a better approximation of the relative risk
than the OR and can be substituted in the above
formula for the attributable fraction.67,68

Results
Weighted estimates of the bivariate relationships
between covariates of interest and cardiovascular
disease history for all 8070 subjects assessed for
history of cardiovascular disease, age 45 and older are
shown in Table 1. Of subjects assessed for cardiovas-
cular disease, the population estimate for history of
cardiovascular disease was 15.7%, and increased age,
male gender, non-Hispanic black race, current smok-
ing and self-reported diabetes (Table 1). Approxi-
mately 87.9% (N¼ 6811/7752) of those tested for
CMV and 86.2% (N¼ 3499/4059) tested for HSV-1
were seropositive (data not shown). Of those tested
for both CMV and HSV-1, 77.1% were seropositive to
both pathogens, 19.0% were seropositive to one of
the pathogens and 4.0% were seronegative to both
(data not shown).

The association between education level and cardio-
vascular disease is shown in Table 2. Among those
assessed for cardiovascular disease, those that com-
pleted high school or less than high school compared
with those with more than a high school education
had greater odds of cardiovascular disease history,
adjusting for confounders such as age, gender and
race. The associations between education level and
seropositivity to each pathogen as well as both
pathogens are shown in Table 3. Less education was
also associated with increased odds of seropositivity to
CMV, HSV-1 and both pathogens compared with
those with the highest level of education, even after
controlling for confounders such as age, gender and
race. Table 4 shows the associations between sero-
positivity to CMV, HSV-1 and both pathogens and
cardiovascular disease history, controlling for educa-
tion and confounders including age, gender and race.
We did not control for BMI (kg/m2), diabetes or
smoking in this relationship because despite being
hypothesized as potential confounders, none of these
covariates were associated with seropositivity and
furthermore BMI (kg/m2) was not associated with
CVD history among the unexposed in our study
sample. After controlling for education in addition
to confounders, CMV was the only pathogen that
remained associated with cardiovascular disease his-
tory (Table 4). The association between education and
cardiovascular disease history, after controlling for
CMV seropositivity is shown in Table 5. The associa-
tion between education and cardiovascular disease
history was attenuated by 7.7% after controlling for
confounders and CMV seropositivity. The Sobel test
statistic for mediation was 4.0, P¼ 0.0006, suggesting
that the indirect influence of education on cardiovas-
cular disease as mediated by CMV seropositivity is
different from the null value. Last, the attributable
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fraction for the percentage of CVD prevalence
attributable to CMV seropositivity was 0.40.

Discussion
This study examined whether seropositivity to CMV,
HSV-1 and/or both pathogens partially mediates
the relationship between SEP and cardiovascular
disease in a nationally representative sample of US
adults. The results of our study suggest a consistent
cross-sectional association between education and
seropositivity for CMV and HSV-1, as well as both
pathogens, even after controlling for age, gender

and race. CMV seropositivity was associated with
cardiovascular disease history after controlling for age,
gender, race and education level. In addition, CMV
seropositivity partially mediated the relationship
between SEP and cardiovascular disease history,
reducing the relative SEP inequality in history of
cardiovascular disease by 7.7%. In contrast, neither
seropositivity to HSV-1 nor to both pathogens was
associated with cardiovascular disease history after
controlling for confounders and SEP. These findings
suggest a potential role for CMV in the SEP and
cardiovascular disease relationship.

Although the direction of the association between
HSV-1 seropositivity as well as seropositivity to both

Table 1 Demographic and clinical characteristics by cardiovascular disease history for subjects age 45 and older in
NHANES III

History of cardiovascular disease (N¼ 8070)

No history History
6805 (84.30) 1265 (15.70) P-valuea

Characteristics

Age

Mean� SE 60.62� 0.29 68.32� 0.49 <0.0001

Category (years), N (%)

45–54 1839 (95.38) 106 (4.62) <0.0001

55–64 1838 (89.15) 257 (10.85)

565 3128 (79.65) 902 (20.35)

Gender, N (%)

Female 3619 (89.28) 571 (10.72) <0.0001

Male 3186 (85.32) 694 (14.68)

Race/Ethnicity, N (%)

Non-Hispanic White 3594 (87.69) 708 (12.31) 0.0666

Non-Hispanic Black 1545 (84.65) 291 (15.35)

Mexican-American 1406 (88.82) 228 (11.18)

Other 260 (87.93) 38 (12.07)

BMI (kg/m2)b, N (%)

424 2346 (88.90) 407 (11.10) 0.1014

525 to 430 2588 (87.18) 499 (12.82)

530 1851 (86.15) 348 (13.85)

Smoking status, N (%)

Never 3097 (89.71) 500 (10.29) 0.0003

Former 2275 (85.04) 540 (14.96)

Current 1433 (87.21) 225 (12.79)

Diabetesc, N (%)

No 6018 (89.18) 959 (10.82) <0.0001

Yes 779 (71.43) 305 (28.57)

Cardiovascular disease history defined as history of stroke, congestive heart failure and/or heart attack. Diabetes defined as a doctor
ever telling subjects they had diabetes. Total number for BMI was reduced by 31 subjects and for diabetes was reduced by 9
subjects, due to missing data.
aP-value based on an independent samples t-test or chi-square tests for differences in proportions.
bN¼ 8039.
cN¼ 8061.
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pathogens and cardiovascular disease history in this
study is consistent with the hypothesis that sero-
positivity increases odds of cardiovascular disease
history, after adjusting for confounders, the 95% CI
for the ORs contained the null value. It is possible
that the smaller sample sizes available for assessing
these associations and the complex survey design
lowered the precision of the estimates for these out-
comes compared with CMV making it difficult to
detect an association. We conducted a post hoc power
analysis using the methods described by Hsieh et al.69

for logistic regression. The logistic regression of CMV
on CVD with our sample size of 7699 observations
provided us with 99% power at the 0.05 significance
level to detect an OR¼ 1.75 or larger. In contrast, the
logistic regression of HSV on CVD with a sample size
of 4035 observations provided only 37% power at a
0.05 significance level to detect an OR¼ 1.37 or larger.
For both pathogens together, we had a power of 65%
to detect an OR¼ 1.51 or greater. Thus, we were

underpowered to detect smaller ORs for the relation-
ship between HSV and CVD in comparison with CMV.

Nevertheless, the lack of association between HSV-1
seropositivity and cardiovascular disease is consis-
tent with conflicting results of studies assessing
the role of HSV-1 and chronic inflammation-
mediated conditions, including incident cardiovascu-
lar disease.19,53,55,70 While HSV-1 may not play a
direct role in the development of cardiovascular
disease, it may be correlated with the presence of
other pathogens related to cardiovascular disease
processes, such as CMV, which might explain why
HSV-1 sometimes appears to be associated with

Table 3 Association between SEP and pathogens in NHANES III

Seropositivity

Cytomegalovirusa

OR (95% CI)
HSV-1b

OR (95% CI)
Number of pathogensa

OR (95% CI)

Education

Greater than high school 1.0 1.0 1.0

High school 1.71 (1.37–2.14) 1.45 (1.00–2.10) 1.82 (1.44–2.30)

Less than high school 3.22 (2.52–4.11) 3.32 (2.22–4.95) 3.95 (2.81–5.55)

Number of pathogens was dichotomized as seropositivity to 0–1 pathogens vs 2 pathogens. This table shows the odds of seroposi-
tivity to CMV and HSV-1 vs seronegativity and odds of seropositivity to 2 pathogens vs 0–1 pathogens, for those with high school
and those with less than high school education compared with those with greater than high school education. The total N was
reduced by 53 subjects for the model with CMV and by 24 subjects for both the models with HSV-1 and number of pathogens due
to missing data on education.
aModel with CMV (N¼ 7699) and number of pathogens (N¼ 4035) adjusted for age, gender and race.
bModel with HSV-1 adjusted for age and race (N¼ 4018).

Table 4 Association between pathogen seropositivity
and history of cardiovascular disease, controlling for SEP

History of cardiovascular disease
OR (95% CI)

Cytomegalovirusa

Seronegative 1.0

Seropositive 1.75 (1.21–2.54)

Herpes Simplex Virus-1b

Seronegative 1.0

Seropositive 1.37 (0.87–2.18)

Number of pathogensa

0–1 1.0

2 1.51 (0.99–2.31)

Cardiovascular disease history defined as history of stroke,
congestive heart failure and/or heart attack. Number of patho-
gens defined as seropositivity to 0–1 pathogens vs 2 pathogens.
This table shows the odds of cardiovascular disease history for
those seropositive vs seronegative for CMV and HSV-1 and for
seropositivity to 2 pathogens vs 0–1. The total N for the model
with CMV was reduced by 53 subjects and for the models with
HSV-1 and number of pathogens was reduced by 24 subjects
due to missing data on education.
aModel with CMV (N¼ 7699) and total number of pathogens
(N¼ 4018) adjusted for age, gender, race and education.
bModel with HSV-1 adjusted for age, race and education
(N¼ 4035).

Table 2 Association between SEP and cardiovascular
disease history in the NHANES III

History of cardiovascular disease

Model 1a

OR (95% CI)
Model 2b

OR (95% CI)

Education

Greater than
high school

1.0 1.0

High school 1.20 (0.91–1.59) 1.20 (0.93–1.55)

Less than
high school

2.33 (1.89–2.87) 1.83 (1.49–2.26)

Cardiovascular disease history defined as history of stroke,
congestive heart failure and/or heart attack. This table shows
the odds of cardiovascular disease history for those with high
school and those with less than high school education
compared with those with greater than high school education.
The total N for models 1 and 2 was reduced by 56 subjects due
to missing data on education.
aModel 1 unadjusted (N¼ 8014).
bModel 2 adjusted for age, gender and race (N¼ 8014).
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inflammation-related disease outcomes and other
times does not.

There are several plausible biologic reasons why
CMV might play a more important role in cardio-
vascular disease than other pathogens. CMV is more
likely to directly invade the vasculature than HSV-1
and serves to accelerate atherosclerosis by causing cell
proliferation and increased expression of oxidized low
density lipoprotein scavenger receptors on macro-
phages.71–73 As a result, macrophages can transition
to foam cells and form fatty streaks in the intimal
lining of the coronary arteries, thereby accelerating
atherosclerotic processes.25–27,29,73 Moreover, CMV has
been associated with immunosenescence, a process in
which cell-mediated immunity wanes, clonal T-cell
expansion occurs and as a result, there is an increase
in inflammatory mediators such as IFN-g and TNF-a
which may also contribute to endothelial tissue
damage and the atherosclerotic process.50,74–76 For
these reasons, CMV may play a unique role in the
pathogenesis of cardiovascular disease, explaining the
stronger association to history of cardiovascular
disease than HSV-1 observed in this study.

The mechanisms accounting for higher CMV sero-
prevalence among those of lower SEP are beginning
to be explored, and may be due to earlier and/or
increased exposure or increased likelihood of trans-
mission due to adverse living conditions such as
overcrowding.20 It is also possible that lower SEP
increases susceptibility to primary infection through
nutritional deficiencies or stress-related immune
dysfunction.77–79 Earlier exposure to and increased
reactivation of CMV over the lifetime among low SEP
individuals may result in higher levels of circulating
inflammatory molecules implicated in cardiovascular
disease in adulthood.

To our knowledge, this is the first study to examine
the potential pathways between SEP, CMV, HSV-1
and history of cardiovascular disease in a population-
based representative sample of the US. An earlier
study by Steptoe et al.80 assessed whether seroposi-
tivity to CMV, HSV-1, and Chlamydia pneumoniae

individually as well as combined pathogen burden
mediated the relationship between grade of employ-
ment and various ‘risk factors’ for coronary heart
disease. Their results showed that grade of employ-
ment was associated with CMV seropositivity and
combined pathogen burden. In addition, they found
that combined pathogen burden was associated with
greater BMI (kg/m2), higher waist/hip ratio, increased
prevalence of diabetes and higher systolic and
diastolic blood pressure.80 In contrast to our study,
the purpose of their study was to examine whether
pathogen burden mediated the relationship between
grade of employment and cardiovascular disease ‘risk
factors’ rather than cardiovascular disease events.
Moreover, they did not examine whether CMV sero-
positivity in particular was related to each cardio-
vascular disease ‘risk factor’ so it is not possible to
compare their results directly to our findings. We add
to this earlier study by investigating the relationship
between SEP, individual pathogens, co-infection with
both CMV and HSV-1, and cardiovascular disease
event history. Further research on the mechanisms
by which each of these pathogens may influence
cardiovascular disease, including potential pathogen
specific effects on traditional risk factors for cardio-
vascular disease is warranted.

Despite the fact that the proportion of the relation-
ship between SEP and cardiovascular disease,
explained by CMV seropositivity may be relatively
small compared with that explained by traditional
risk factors (13–29%),7 if CMV were to be identified
as causally related to CVD, it may be possible to
eliminate �40% of cardiovascular disease prevalence
as calculated by the attributable fraction.67 A major
assumption of the attributable fraction is that the
exposure disease relationship is causal.81 Indeed, this
is still a highly debated topic in the CMV and CVD
literature and most research supports an indirect
effect of CMV on CVD via inflammation and auto-
immunity rather than direct pathological damage
from infection.25 Therefore, it is possible that CMV
is merely associated with CVD but not causally related

Table 5 Mediation of the association between SEP and cardiovascular history, by CMV seropositivity in the NHANES III

History of cardiovascular disease

Model 1a OR (95% CI) Model 2b OR (95% CI) Sobel test statistic P-value

Education

Greater than high school 1.0 1.0

High school 1.20 (0.93–1.55) 1.16 (0.91–1.50) 4.00 0.0006

Less than high school 1.83 (1.49–2.26) 1.69 (1.38–2.08)

Cardiovascular disease history defined as history of stroke, congestive heart failure and/or heart attack. This table shows the odds
of cardiovascular disease history for those with high school and less than high school education compared with those with greater
than high school education, after controlling for CMV seropositivity. The total N for models 1 and 2 was reduced by 53 subjects due
to missing data on education.
aModel 1 adjusted for age, gender and race (N¼ 7699).
bModel 2 adjusted for age, gender, race and CMV seropositivity (N¼ 7699).
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to CVD. Another caveat of the attributable fraction is
the need for an intervention that would actually lead
to the immediate abatement of CMV bringing
the level of exposure to that in the unexposed
group.81

In addition, CMV would need to be an independent
causal factor not related to other risk factors for CVD,
so that one could legitimately alter CMV exposure
without any effect on the distribution of other risk
factors for CVD.81 In the case of CMV, 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. Development
of a vaccine for CMV has been considered a top
priority of the institute of medicine.82 However, CMV
vaccines have been under development for the past
30 years and have yet to be used in practice because
the target population is unclear and there have been
difficulties in specifying immunological components
and endpoints.82,83 A few vaccination studies of
mothers and children have been conducted and
future studies should focus on following vaccinated
and unvaccinated cohorts for incidence of CVD.84

CMV vaccination presents itself as a strong candidate
for intervention if it is ultimately found to be causally
related to CVD.

However, vaccination should not be the only
focus since it may be possible to garner larger
reductions in CMV by shifting macro-level determi-
nants of exposure and susceptibility, such as reducing
poverty, psychosocial stress, substandard housing
and crowding. Indeed, the force of CMV infection
(e.g. instantaneous per capita rate of CMV acquisi-
tion) has been found to be three times higher
in lower income vs higher income households in
the US.85 The independent exposure assumption is an
inherent limitation of the attributable fraction since it
often necessitates a proximate focus on intervention
targets to the detriment of macro-level determinants
that shape the overall population distribution of
disease.81 Also, the attributable fraction should be
considered along with the extent of the exposure
since a very broad exposure definition can increase
the attributable fraction.81,86 Using data from
NHANES, earlier research has shown that the basic
reproductive rate is 1.7, indicating that on average an
infected person transmits CMV to almost two sus-
ceptible individuals.85 CMV is highly prevalent among
participants in our nationally representative study
population, therefore the prevalence is likely to result
in a large attributable fraction compared with less
prevalent exposures.86 Finally, depending on the
combinations of risk factors examined, it is possible
for the attributable risk to sum to 4100%.87

This study was cross-sectional and therefore caution
should be taken when making temporal inferences.
IgG antibodies may reflect past infection that

occurred as recently as a month ago to many years
previous and measures of IgM antibodies are neces-
sary for distinguishing between recent and past
infection.88 Nevertheless, nationally representative
studies have shown that the majority of primary
CMV and HSV-1 infections occur in childhood,
suggesting that CMV infection is likely to biologically
precede cardiovascular disease events in the majority
of cases.37,38 For example, the average age of first
heart attack is 66 years, while the seroprevalence of
CMV infection among persons ages 30–40 is already
54.3% and over 80% by the 6th decade of life.1,38

Therefore, the proportion of individuals acquiring
CMV infection subsequent to their first cardiovascular
disease event would be quite small. Future prospective
studies following individuals without cardiovascular
disease history at baseline can help to further
minimize this potential bias.

Temporal ambiguity is also a concern when exam-
ining the relationship between confounders of interest
and CVD history. For example, in our study sample,
BMI was not associated with CVD history. This lack
of association may be generated because those
experiencing a CVD event may then lose weight in
order to reduce their risk of recurrence.89–91 Therefore,
a measurement of BMI taken at baseline in those
followed longitudinally would serve to better estimate
the relationship between current BMI and future
CVD events than the cross-sectional measure of BMI
used in this study. In addition, when considering the
relationship between smoking status and CVD history,
the highest prevalence of CVD history is among
former smokers, again suggesting that those with a
CVD event may modify their smoking behaviour.
Hence, the association between baseline measure-
ment of smoking status and future CVD events would
better serve to demonstrate this relationship. We
chose not to control for BMI, diabetes or smoking
because none of these covariates were associated with
CMV seropositivity and BMI was not associated with
CVD history among the unexposed, in our study
sample. Although these covariates did not appear to
be confounders we explored how adjustment might
influence the results we observed here. Controlling
for these covariates had very little effect on the ORs
and CIs.

In our study, we chose to use education level since
it best represents a life-course measure of SEP and
likely provides an indication of SEP prior to the
occurrence of a CVD event and prior to entering
retirement. Since a large proportion of our samples
are likely to be in or soon to enter retirement, we did
not feel that current income or measures of wealth
were representative of subject SEP before undergoing
CVD events. In fact, the use of current income or
wealth as a measure of SEP could lead to temporal
ambiguity in our conclusions because the occurrence
of CVD history would influence future income and/or
accumulation of wealth. Although we feel that using
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education level was the most appropriate choice of
SEP marker for our study population, we do acknowl-
edge that education level may not adequately repre-
sent the economic returns garnered across different
races or genders.58 This potential measurement error
in the exposure could bias the results of our study,
albeit in the direction of the null.92

Another limitation of our study is that the outcome
of CVD history is self-reported by subjects in our
study. Therefore our outcome may be vulnerable to
differential misclassification bias if certain subjects
are more or less likely to accurately recall their CVD
history. In terms of the relationship between SEP
and CVD history, it is plausible that subjects of lower
SEP are less likely to seek medical care for health
conditions and therefore may be less likely to report
CVD history biasing the results towards the null.93,94

It is highly unlikely that history of CVD would be
differentially misclassified according to seropositive
status since CMV is not clinically diagnosed unless an
individual experiences a serious CMV condition, such
as transplant or HIV-associated CMV disease, which is
a rare occurrence in our study age population.95

Also of concern in our study is the potential for
participation bias. Ninety per cent of those that
underwent the household interview also participated
in the mobile examination. The 10% that did not
participate in the examination were more likely to be
older. Since subjects that participated in both the
interview and the mobile examination tended to be
younger, this may have led to an underestimation
of the prevalence of CVD history in the population.
However, there were no differences according to age,
gender, race, education level, smoking status or dia-
betes status between those that answered all three
cardiovascular disease questions and those that
did not, among those 45 years of age and older,
suggesting no impact of participation bias on our
outcome of interest.

Last, although available sera samples were selected
randomly for seropositivity testing, by chance, serum
from non-Hispanic/Blacks and from subjects of older
age were less likely to be selected for CMV testing.
Similarly, by chance available sera from non-Hispanic/
blacks were less likely to be selected for HSV testing
and available sera from subjects of younger age
were less likely to be selected for testing for both
pathogens. Thus, our analyses may be subject to
some selection bias due to chance differences in the
random sampling of pathogens in the available serum
samples. For example, non-Hispanic/Blacks have both
a higher risk for cardiovascular disease96 and a higher
prevalence of CMV and HSV38,97 and therefore the
chance differences in the selection of these subjects
for pathogen testing may have biased our results
towards the null.

More work is needed to understand whether social
gradients in CMV and other infections result from
increased exposure to infection, greater susceptibility,

increased reactivation over the life course or a combi-
nation of these factors. In addition, future studies
could benefit from examining the association between
SEP and antibody titres to these herpesviruses,
as increased antibody titre may be a better indication
of socioeconomic stress-mediated immunological
changes and therefore more closely associated with
cardiovascular disease.20,79,98–103 Moreover, it is
possible that antibody titres may be a more sensitive
measure of the degree to which reactivation or
repeated infection is occurring as an adult, and
therefore a better marker of immune system altera-
tions including increased cardiovascular disease-
related inflammatory processes.99,104

Herpesvirus infections have been correlated
with increased levels of pro-inflammatory cyto-
kines.17,18,25,105 Thus, measurement of CRP and IL-6
levels along with seropositivity and/or antibody titre,
might serve to better elucidate the mechanisms by
which CMV mediates these pathways.17–19 Cytokines
were not assayed in NHANES III to test their
potential relationship to CMV antibody levels in our
sample. Testing of C-reactive protein (CRP) data in
NHANES III preceded high-sensitivity assay techni-
ques, resulting in 60% of the CRP values in our
sample falling below the detectable threshold, limiting
its usefulness in our analyses.

Conclusion
CMV seropositivity partially mediates the relationship
between SEP and cardiovascular disease history in
this sample. Neither infection with HSV-1 nor both
pathogens, however, mediated this relationship. This
study is consistent with earlier studies showing that
CMV is related to cardiovascular disease outcomes
such as atherosclerosis, restenosis and future risk of
myocardial infarction.34,106,107 The proportion of the
association between SEP and cardiovascular disease
explained by CMV seropositivity is less than that
observed for traditional risk factors. Nevertheless,
if the relationship observed in this sample between
CMV infection and cardiovascular disease prevalence
is found to be causal, the attributable fraction
suggests that a moderate proportion of cardiovascular
disease prevalence could be eliminated if CMV were
to be prevented. Therefore, the clinical implications
of this study indicate that interventions targeting
prevention of primary CMV infection, through vacci-
nations or improving socioeconomic related living
conditions may ultimately decrease the impact of
CMV on cardiovascular disease among ageing popula-
tions in the United States.
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Simanek et al.’s article in this issue of the Journal1

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.2–4 Similarly, even though
discussion of the social determinants of health dates

back to the very origins of public health,5 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.6 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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