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This study examined the relation between immune response to cytomegalovirus (CMV) and all-cause and
cardiovascular disease (CVD) mortality, and possible mediating mechanisms. Data were derived from the Sacra-
mento Area Latino Study on Aging, a population-based study of older Latinos (aged 60—101 years) in California
followed in 1998-2008. CMV immunoglobulin G (IgG), tumor necrosis factor, and interleukin-6 were assayed from
baseline blood draws. Data on all-cause and CVD mortality were abstracted from death certificates. Analyses
included 1,468 of 1,789 participants. For individuals with CMV IgG antibodly titers in the highest quartile compared
with lower quartiles, fully adjusted models showed that all-cause mortality was 1.43 times (95% confidence interval:
1.14, 1.79) higher over 9 years. In fully adjusted models, the hazard of CVD mortality was also elevated (hazard
ratio = 1.35, 95% confidence interval: 1.01, 1.80). A composite measure of tumor necrosis factor and interleukin-6
mediated a substantial proportion of the association between CMV and all-cause (18.9%, P < 0.001) and CVD
(29.0%, P=0.02) mortality. This study is the first known to show that high CMV IgG antibody levels are significantly
related to mortality and that the relation is largely mediated by interleukin-6 and tumor necrosis factor. Further

studies investigating methods for reducing IgG antibody response to CMV are warranted.

cardiovascular diseases; cytomegalovirus; immune system; infection; inflammation

Abbreviations: CMV, cytomegalovirus; IgG, immunoglobulin G; IL-6, interleukin 6; TNF, tumor necrosis factor.

Editor’s note: An invited commentary on this article ap-
pears on page 372, and the authors’ response is published
on page 375.

Cytomegalovirus (CMV) is a highly prevalent, easily
transmissible beta herpesvirus (1, 2). Serious complications
from infection are documented in vulnerable populations
including infants, transplant recipients, and patients with
acquired immunodeficiency syndrome. CMV is not cleared
from the body but rather persists in a number of tissues as
a combination of a chronic productive infection and latent
infection with periodic subclinical reactivation (2). Because
of its lack of overt clinical symptoms, CMV was thought to
be benign in immunocompetent hosts. However, researchers
have paid increasing attention to CMV as an etiologic agent
for chronic diseases and as a marker of immune dysfunction.
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More recently, CMV has been linked with cancer (3),
cardiovascular disease (4, 5), cognitive functioning includ-
ing vascular dementia (6, 7), and functional impairment (8).
It is thought that CMV contributes to progression of these
disease processes primarily through inflammatory mecha-
nisms, whereby infection with CMV induces production of
cytokines and acute-phase proteins (9). CMV has also been
implicated as a driving force in immunosenescence (10, 11).
As a persistent infection, CMV is continually captured, pro-
cessed, and presented to T cells, leading to clonal expansion
and contraction of the adaptive immune system. Over time,
this process leads to clonal exhaustion whereby CMV-
specific T cells are present but anergic, leaving fewer naive
T cells to combat novel pathogens (11). Research has shown
that this process is not a consequence of deteriorating health,
comorbidity, or a general loss of immune control over the
virus (12, 13).
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Loss of cell-mediated control of CMV leads to increases
in immunoglobulin G (IgG) antibodies specific to CMV.
An ensuing increase in CMV IgG antibody levels may in-
crease proinflammatory cytokines. The proinflammatory
cytokines tumor necrosis factor (TNF) and interleukin 6
(IL-6), and immune parameter C-reactive protein, are se-
creted in response to CMV infection and have been shown
to be independently associated with mortality from cardio-
vascular disease and all causes (14-16). Elevated levels of
IL-6 and TNF have previously been shown to jointly pre-
dict cardiovascular events (17). Given the implication of
CMV in a myriad of disease pathologies and biologic ev-
idence suggesting that CMV potentiates these pathologies
in several ways (9), with the induction of proinflammatory
cytokines being particularly important (15), we would ex-
pect that individuals with higher IgG antibody titers to
CMYV would be at risk of premature mortality and that this
relation would be partially or wholly mediated by proin-
flammatory cytokines.

Despite this growing body of work implicating CMV in
multiple disease processes, there are few studies of CMV
and prospective disease risk in population-based samples.
The current study tested whether higher CMV IgG antibody
levels were related to mortality from all causes and cardio-
vascular disease over 9 years of follow-up in a population-
based cohort. We hypothesized that higher levels of CMV
IgG antibodies would be associated with higher rates of
all-cause and cardiovascular disease mortality, even after
accounting for conventional risk factors for cardiovascular
disease, and that the relation between CMV and mortality
would be mediated by IL-6, TNF, and C-reactive protein.

MATERIALS AND METHODS
Study design and population

Data for these analyses were derived from the Sacramento
Area Latino Study on Aging (SALSA), a large, representative,
ongoing prospective cohort study of community-dwelling
Latinos in California. Participants were 60-101 years of age
at baseline in 1998-1999. Trained bilingual interviewers
conducted in-home interviews covering sociodemographics,
lifestyle factors, and medical diagnoses. A fasting blood sam-
ple was drawn on the day of the interview. More detailed
information on the survey design has been published
previously (18).

At baseline recruitment, 1,789 people were enrolled in the
study. We excluded 229 participants without measures of
antibody titers to CMV and an additional 92 without mea-
sures of our covariates at baseline. Observed participants
who were excluded on the basis of missing covariates were
significantly more likely to have died from all causes but not
cardiovascular disease, to be older, to be male, to have less
education, to not be hypertensive, and to have higher levels
of TNF, at the P < 0.05 level (results not shown). Our
analysis subsample comprised the 1,468 individuals with
complete information on covariates included in final
models. This study was approved by the institutional review
boards at the University of Michigan and the University of
California, Davis.

Laboratory analyses

Baseline frozen (—70°C) serum samples were analyzed
for CMV and for TNF, IL-6, and high-sensitivity
C-reactive protein levels. An enzyme-linked immunosor-
bent assay was used for detecting type-specific IgG antibody
responses to CMV (Wampole Laboratories, Princeton, New
Jersey) measured by optical density units with an assay
sensitivity and specificity of 99% and 94%, respectively.
TNF and IL-6 levels were determined by using the Quantiglo
Chemiluminescent Immunoassay, QTAOOB and Q6000B, re-
spectively (R&D Systems, Minneapolis, Minnesota). C-re-
active protein levels were assayed with the CRP Ultra Wide
Range Reagent Kit latex-enhanced immunoassay (Equal Di-
agnostics, Exton, Pennsylvania).

Outcomes

Mortality follow-up was available through June 2008, with
4509 total deaths. The analysis subsample included 359 deaths
from all causes, of which 220 were due to cardiovascular
disease. Mortality ascertainment involved online obituary
surveillance, review of the Social Security death index and
the National Death Index, review of vital statistics data files
from California, and telephone interviews with family mem-
bers to track those participants who had moved. Death cer-
tificates were obtained for 90.2% (n = 414) of the deceased
(n = 335, 93.3% of the analysis subsample). Information on
cause of death was coded according to the Tenth Revision of
the International Statistical Classification of Diseases and
Related Health Problems. Cardiovascular disease mortality
was defined as deaths for which anywhere on the death cer-
tificate mentioned Tenth Revision codes for acute rheumatic
fever, chronic rheumatic heart disease (codes 100-109.9);
hypertensive heart and renal diseases (codes I11, 113.9);
ischemic heart disease, pulmonary heart disease, other car-
diovascular diseases (codes 120-151.9); and stroke (codes
160, 169.9). If a death certificate was not located, the individ-
ual was counted as dying from all-cause mortality, with the
cause unspecified.

Covariates at baseline

Smoking was dichotomized as having never smoked or
having ever smoked, because only 155 (10.6%) of the sam-
ple currently smoked. Hypertension was defined as antihy-
pertensives use or a sitting systolic blood pressure greater
than or equal to 140 mm Hg and/or a diastolic blood pres-
sure greater than or equal to 90 mm Hg. Education was
divided into less than high school and high school or more.
Morning fasting blood samples were used to measure low
density lipoprotein cholesterol and high density lipoprotein
cholesterol. A comorbidity index was created to control for
the effect of chronic health conditions on mortality. Partic-
ipants received one point for each of the following: myocar-
dial infarction, congestive heart failure, stroke, dementia,
liver disease, diabetes, renal disease, any malignancy, and
leukemia or lymphoma. The points were summed and par-
ticipants were assigned a score between 0 and 9 reflecting
the number of conditions reported at baseline.
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Statistical analyses

The distributions of mortality and covariates were com-
pared across quartiles of CMV IgG antibody titers by using
chi-squared tests for general association. Cox proportional
hazards models were used to assess the effect of CMV IgG
antibody on all-cause and cardiovascular disease mortality.
Survival time was measured in years since study enrollment.
In cardiovascular disease models, the 139 deaths not attrib-
utable to cardiovascular disease were censored at the time of
death. The association of CMV with all-cause and cardio-
vascular disease mortality, controlling for several covari-
ates, was also examined. Covariates were screened as
confounders based on hypothesized relations and were
included in models if they were associated with the expo-
sure and associated with the outcome among the unexposed
(defined as the lowest 3 quartiles of CMV IgG; refer to the
information below) (19, 20). Age, gender, and education
were assessed as covariates because they are associated with
death and CMV serostatus or age at infection (1, 21). Smok-
ing status, hypertension, low density lipoprotein cholesterol,
and high density lipoprotein cholesterol were assessed as
covariates because they are associated with death (22, 23)
and CMV infection. It is thought that CMV may be related
to these risk factors through socioeconomic status. Low
socioeconomic status may influence CMV IgG antibody
levels by increasing frequency of exposure and transmission
via crowded and poor living conditions, poorer nutrition,
higher levels of stress, diabetes, and smoking (21, 24-26).

Since CMV has been implicated in the progression of
many chronic diseases and may also reactivate as a conse-
quence of chronic disease, including many of the conditions
compiled in our comorbidity index (3, 4, 6, 11), it may me-
diate or confound the relation between CMV and mortality.
Conservatively, we adjusted for number of comorbidities.
Our final models excluded smoking status, hypertension,
low density lipoprotein cholesterol, and high density lipopro-
tein cholesterol because they were unassociated with CMV in
our population. The comorbidity index was included because,
when modeled continuously, it was marginally positively
associated with CMV IgG antibody titers and positively
associated with death.

TNF, IL-6, and C-reactive protein were analyzed as me-
diators if they satisfied the criteria of Baron and Kenny (27):
1) CMV was associated with the marker(s), 2) the marker(s)
was associated with mortality, and 3) if controlling for the
inflammatory marker(s) significantly altered the association
between CMV and mortality. Our final models excluded C-
reactive protein because it was not associated with mortality
in our sample, a finding compatible with other studies show-
ing a null association (28). To investigate whether a systemic
inflammatory reaction mediated the CM V-mortality associ-
ation, we additionally analyzed whether TNF and IL-6
jointly mediated the CMV-mortality association by sum-
ming z scores for the individual cytokines. For the 6 possible
mediation scenarios (e.g., CMV/all-cause mortality relation
mediated by TNF), each individual relation (e.g., CMV
and TNF) was assessed for possible confounding by using
the set of controls and criteria described above. Path coef-
ficients were estimated with SAS software (SAS Institute,
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Inc., Cary, North Carolina), standardized by using the
method developed by Herr (29), and the Sobel test was
calculated by using equations developed by Preacher and
Hayes (30).

CMYV IgG antibody titers were parameterized as a dummy
variable comparing the highest quartile with the bottom 3
quartiles combined. This categorization was used because
examination of survival curves showed no differences be-
tween the first 3 quartiles regarding the outcomes of interest
(refer to Web Figures 1 and 2, the first of 4 supplementary
figures referred to as ““Web Figure™ in the text and posted on
the Journal’s Web site (http://aje.oupjournals.org/)). TNF
and IL-6 levels were log transformed (using the natural
logarithm) to correct skewness. The comorbidity index
was entered continuously.

Kaplan-Meier survival curves were constructed for CMV
IgG antibody titers with all-cause and cardiovascular dis-
ease mortality over 9 or more years of follow-up. In this
paper, curves are presented unadjusted and adjusted for
age, gender, education, and baseline comorbidities (none/
one or more). Stratified log-rank test statistics or Wilcoxon
test statistics were calculated based on assessment of the
proportional hazards assumptions through log-log plots.
All analyses were conducted by using SAS 9.1 software,
and graphic plots were created with STATA 10 software
(Stata Corporation, College Station, Texas).

RESULTS

Table 1 presents demographic and clinical characteristics
of our sample stratified by quartiles of CMV IgG antibody
titers. Quartiles were broken at 3.64, 5.00, and 6.40 optical
density units; 54 subjects were considered seronegative ac-
cording to clinical test cutpoints. Those with higher CMV
IgG antibody titers were more likely to die from all causes
as well as from cardiovascular disease—specific causes; were
older; were female; had less education; and had higher
levels of TNF, IL-6, and C-reactive protein. There were no
differences in CMV IgG antibody titers based on nativity,
smoking status, hypertension, low density lipoprotein cho-
lesterol, high density lipoprotein cholesterol, and number of
baseline health conditions. All differences were significant
at the 0.05 alpha level using 2-tailed significance tests.

Table 2 presents hazard ratios and 95% confidence inter-
vals from Cox proportional hazards models of all-cause
mortality. In bivariate models, all variables were signifi-
cantly associated with all-cause mortality. In model 1,
CMYV IgG antibody titers were associated with an increased
hazard of death (hazard ratio = 1.59, 95% confidence in-
terval: 1.28, 1.98). When we adjusted for age, gender, and
education, the top quartile of CMV IgG antibody titers was
associated with a 39% (95% confidence interval: 11, 74)
increased hazard of all-cause mortality (model 2). Model
3 added the comorbidity index; the hazard ratio for CMV
increased slightly (hazard ratio = 1.43, 95% confidence in-
terval: 1.14, 1.79). Models 4, 5, and 6 added the mediators
TNF, IL-6, and both cytokines together, respectively, and
reduced the CMV IgG antibody relation with all-cause mor-
tality by 19%, 14%, and 21%, respectively, although all
estimates were still statistically significant.
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Table 1. Demographic and Clinical Characteristics, by Quartile of CMV IgG Titers, of Subjects in the SALSA Study
(N = 1,468), California, 1998—-2008

Quartile
Characteristic 1 2 3 4 P Value
No. % No. % No. % No. %
All-cause mortality (n = 1,468) 76 2117 76 2117 86 2396 121 33.70 0.0002
CVD mortality (n = 1,329)% 48 21.82 49 2227 53 24.09 70 31.82 0.0202
Age, years (n = 1,468) <0.0001
<69.5 218 29.70 180 2452 189 2575 147 20.03
>69.5 149 20.30 187 2548 178 2425 220 29.97
Gender (n = 1,468) <0.0001
Male 210 3578 153 26.06 120 20.44 104 17.72
Female 157 17.82 214 2429 247 28.04 263 29.85
Education (n = 1,468) 0.0076
<High school 237 23.08 247 2405 272 26.48 271 26.39
>High school 130 2948 120 27.21 95 21.54 96 21.77
Nativity (n = 1,468) 0.349
US born 186 25.00 200 26.88 177 23.79 181 24.33
Foreign born 181 25.00 167 23.07 190 26.24 186 25.69
Smoking status (n = 1,465) 0.4875
Never 166 24.09 164 2380 178 25.83 181 26.27
Ever 200 25.77 203 26.16 187 24.10 186 23.97
Hypertension (n = 1,455) 0.6628
Yes 236 2416 253 2590 246 25.18 242 2477
No 126 26.36 112 2343 117 2448 123 2573
Median LDL cholesterol (n = 1,458) 0.9484
Below 175 2431 181 25.14 181 25.14 183 2542
Above 189 25.61 185 25.07 181 2453 183 24.80
Median HDL cholesterol (n = 1,463) 0.5958
Below 174 2489 182 26.04 164 2346 179 25.61
Above 191 25.00 184 24.08 201 26.31 188 24.61
Comorbidity index® (n = 1,468) 0.899
0 180 2542 180 2542 171 2415 177 25.00
>1 187 2461 187 2461 196 2579 190 25.00
Median log(TNF) (n = 1,468) 0.0036
Below 202 2752 199 2711 173 2357 160 21.80
Above 165 2248 168 2289 194 2643 207 28.20
Median log(IL-6) (n = 1,468) <0.0001
Below 216 2947 186 2538 179 2442 152 20.74
Above 151 20.54 181 2463 188 2558 215 29.25
Median log(CRP) (n = 1,468) 0.0008
Below 203 27.81 189 2589 188 25.75 150 20.55
Above 164 2222 178 2412 179 2425 217 29.40

Abbreviations: CMV, cytomegalovirus; CRP, C-reactive protein; CVD, cardiovascular disease; HDL, high density
lipoprotein; IgG, immunoglobulin G; IL-6, interleukin 6; LDL, low density lipoprotein; SALSA, Sacramento Area Latino
Study on Aging; TNF, tumor necrosis factor.

@ Excludes non-CVD deaths.

® Includes myocardial infarction, congestive heart failure, stroke, dementia, liver/renal disease, diabetes, malig-
nancy, and leukemia or lymphoma.
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Table 2. CMV IgG Titers and Rate of All-cause Mortality Among Subjects in the SALSA Study (N = 1,468), California, 1998—-2008

Model
18 2b 3b 4b 5b 6b
HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI
CMV antibody titers 159 128,198 139 1.11,1.74 143 114,179 128 1.02,161 136 1.09,1.70 1.25 1.00,1.58
(highest quartile®)
Biomarkers
Comorbidity index? 146 1.37,1.56 1.39 130,148 135 1.27,145 137 129,147 135 1.26,1.44
Log(TNF) 247 2.03,2.99 1.81 1.45,2.26 1.69 1.34,2.12
Log(IL-6) 1.73 1.50, 2.00 141 121,166 133 1.13,1.56
Demographics
(reference)
Age 110 1.09,1.12 1.10 1.08,1.11 1.09 1.07,1.10 1.08 1.07,1.10 1.08 1.07,1.10 1.08 1.07,1.09
Gender (female) 129 1.05,1.59 142 1.15,175 149 121,185 152 123,188 150 1.21,185 152 1.23 1.88
Education 185 143,239 149 1.15,193 153 1.18,198 146 1.12,1.89 149 1.15 193 1.44 1.11,1.87

(<high school)

Abbreviations: Cl, confidence interval; CMV, cytomegalovirus; HR, hazard ratio; IgG, immunoglobulin G; IL-6, interleukin 6; SALSA, Sacramento

Area Latino Study on Aging; TNF, tumor necrosis factor.
& Model 1: bivariate relation with mortality.
® Models 2-5: include variables with hazard ratio estimates.
¢ Reference: lower quartiles.

9 Includes myocardial infarction, congestive heart failure, stroke, dementia, liver/renal disease, diabetes, malignancy, and leukemia or

lymphoma.

Table 3 replicates the analyses of Table 2 but with cardio-
vascular disease mortality as the outcome. Models 1-3 show
a similar pattern of positive associations between CMV and
cardiovascular disease; however, model 2 confidence inter-
vals included the null value. Models 4, 5, and 6, which added
TNF, IL-6, and both cytokines together, respectively, reduced
the relation between CMYV and cardiovascular disease mor-

tality by 20%, 13%, and 22%, respectively. TNF and IL-6
were significantly, positively associated with the risk of both
overall and cardiovascular disease—specific mortality in both
unadjusted and fully adjusted models.

Table 4 shows the results of our statistical assessment
of mediation. TNF and IL-6 individually mediated a signif-
icant and substantial portion of the effect of CMV on

Table 3. CMV IgG Titers and Rate of CVD Mortality Among Subjects in the SALSA Study (N = 1,486), California, 1998—-2008

Model
1a 2b 3b 4b 5b 6b
HR 95% CI HR 95% CI HR 95% ClI HR 95% CI HR 95% CI HR 95% CI
CMV IgG titers 147 111,195 130 097,174 135 1.01,180 1.17 087,158 128 0.96,1.71 1.15 0.86, 1.55
(highest quartile®)
Biomarkers
Comorbidity index? 151 1.39, 1.64 144 133,157 1.4 129,152 143 131,155 140 1.29,1.52
Log(TNF) 2.66 2.09, 3.38 2.00 1.51,2.64 1.87 1.40,2.49
Log(IL-6) 1.76 1.47,2.11 144 117,176 1.33 1.08, 1.64
Demographics
(reference)
Age 111 1.09,1.12 1.10 1.08,1.12 1.09 1.07,1.11 1.08 1.07,1.10 1.08 1.07,1.10 1.08 1.06,1.10
Gender (female) 144 111,188 157 1.20,205 1.67 1.28,219 171 130,224 167 1.28,2.19 1.71 131,224
Education 201 144,281 162 1.16,228 1.67 1.19,234 158 1.13,222 163 1.16,229 157 1.12,2.20

(<high school)

Abbreviations: Cl, confidence interval; CMV, cytomegalovirus; CVD, cardiovascular disease; HR, hazard ratio; IgG, immunoglobulin G; IL-6,
interleukin 6; SALSA, Sacramento Area Latino Study on Aging; TNF, tumor necrosis factor.

& Model 1: bivariate relation with mortality.
® Models 2-5: include variables with hazard ratio estimates.
¢ Reference: lower quartiles.

9 Includes myocardial infarction, congestive heart failure, stroke, dementia, liver/renal disease, diabetes, malignancy, and leukemia or

lymphoma.
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Table 4. Mediation of Associations Between CMV IgG Titers and Mortality by Cytokines Among
Subjects in the SALSA Study (N = 1,468), California, 1998—-2008

All-cause Mortality CVD Mortality
Cytokine Percent . a Sobel’s Percent . a Sobel’s Test
Mediated 29" Test(PValue) Mediated  2tO (P Value)
Log(TNF) 10.81 003  220(0.0275)  17.47 005 2.11(0.0353)
Log(IL-6) 1490 003  1.78(0.0746) 2392 004  1.62(0.1056)

Combined® 18.87 0.12

2.58 (0.0010) 28.97 0.23

2.43 (0.0151)

Abbreviations: CMV, cytomegalovirus; CVD, cardiovascular disease; IgG, immunoglobulin G;
IL-6, interleukin 6; SALSA, Sacramento Area Latino Study on Aging; TNF, tumor necrosis factor.

2 Indirect to direct effect.

® Log-transformed cytokines combined by summing individual cytokine z scores.

mortality (10.9% to 23.9%). TNF and IL-6 combined me-
diated an even larger proportion of the association between
CMV and all-cause (18.9%, P < 0.001) and cardiovascular
disease (29.0%, P = 0.02) mortality.

Figure 1 shows Kaplan-Meier survival curves for all-cause
mortality by CMV IgG antibody titers. Panel A displays un-
adjusted associations. The stratified log-rank test statistic for
the difference in survival curves was 17.6, P < 0.001. Panel B
shows the probability of survival for an above-average-age
male with less than a high school education and one or more
baseline comorbidities. The stratified log-rank test statistic
was 17.04, P < 0.001. Figure 2 shows the Kaplan-Meier
survival curves for cardiovascular disease mortality by
CMV IgG antibody titers. The stratified log-rank tests were
statistically significant. In both Figures 1 and 2, the highest
quartile of CMV IgG antibody predicted a significantly worse
survival probability over 9 years of follow-up.

DISCUSSION

In this study of 1,468 community-dwelling elderly
Latinos, we found that increasing CMV IgG antibody titers
were associated with all-cause mortality even after adjust-
ing for a number of important covariates such as age, gen-
der, education, and baseline health conditions. Adjustment
reduced the significance levels for the relation between
CMYV IgG antibody titers and cardiovascular disease mor-
tality, but the direction of the association between CMV
IgG and risk of cardiovascular death remained positive.
The Sobel test suggests that a substantial proportion of
the relation between CMV and mortality was mediated by
TNF and IL-6. Survival curves suggest significantly worse
all-cause and cardiovascular disease survival for individ-
uals in the highest quartile of CMV IgG antibody titers over
9 years of follow-up.

To our knowledge, this study is the first to report on the
relation between CMV IgG antibody levels and mortality in
a population-based cohort. These results are in agreement
with the few available studies examining CMV seropositivity
and all-cause mortality. In the Swedish longitudinal OCTO
Immune Study, mortality was related to CMV-driven charac-
teristic immune system changes now recognized as part of the
immune risk profile (31). Similar findings were replicated in

the Swedish NONA Immune Study (13). However, these 2
studies had modest sample sizes (102 and 138 participants,
respectively), utilized specialized populations (very healthy
oldest-old Swedes and oldest-old Swedes, respectively; the
oldest old were aged 86—94 years at baseline), and examined
seropositivity rather than antibody levels.

Our study extends these earlier findings by testing the
association with antibody levels, examining the relation in
a larger sample, using a broader age range and a longer
period of follow-up, and utilizing a general population sam-
ple in the United States representing a growing ethnic group.
Other studies have noted the importance of high anti-CMV
antibody titers to cardiovascular disease progression and
outcomes (32-34). Given that approximately 80% of indi-
viduals aged 65 years or older are seropositive for CMV (1),
it is unlikely that infection serostatus alone will explain
disease and mortality outcomes. Measuring antibody re-
sponse, on the other hand, may capture subclinical reactiva-
tion of CMV and therefore may be more relevant for
examining CMV-induced inflammation and immune system
dysfunction than seropositivity alone (16, 35). Thus, our
novel results concerning mortality support earlier work
showing that immune response to CMYV is related to a myriad
of diseases including cardiovascular disease, cognitive de-
cline, and physical functioning (6, 8, 32-34).

Several mechanisms may explain why a higher CMV an-
tibody level is associated with an increased risk of mortality.
First, reactivation of CMV likely contributes to cell damage
through inflammatory pathways (9, 15, 17). We observed
a 20% and 13% decrease in our hazard ratio for CMV when
including TNF and IL-6, respectively, in cardiovascular dis-
ease models (19% and 14%, respectively, for all-cause
models). Statistical tests of mediation showed that TNF and
IL-6 mediated a substantial portion of the effect of CMV on
all-cause and cardiovascular disease mortality. Given that we
were measuring peripheral circulating levels of TNF and IL-6
rather than direct stimulated cellular production of these cy-
tokines, our results likely underestimated the mediating effect
of cytokines on mortality. We found no association between
levels of C-reactive protein and mortality in our sample.
Mean levels of C-reactive protein in our sample (4.56 mg/L
in men and 7.07 mg/L in women) were higher than values
typically reported in white, non-Hispanic elderly populations
(36). However, these earlier studies were conducted on
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Figure 1. Kaplan-Meier survival curves for all-cause mortality by
cytomegalovirus immunoglobulin G antibody titers for 1,468 subjects
in the Sacramento Area Latino Study on Aging (California) from 1998
to 2008. Cytomegalovirus is divided into quartiles 1, 2, and 3 versus
quartile 4. Panel A: unadjusted relation; panel B: adjusted for gender
(male/female), age (above/below the mean), education (less than
high school/high school or more), and comorbidities (none/one
or more). Panel B shows survival for males older than 69 years of
age with less than a high school education and one or more baseline
comorbidities. Stratified log-rank test statistics were 17.6 (P < 0.001)
for panel A and 17.04 (P < 0.001) for panel B.
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Figure 2. Kaplan-Meier survival curves for cardiovascular disease
mortality by cytomegalovirus immunoglobulin G antibody titers for
1,468 subjects in the Sacramento Area Latino Study on Aging
(California) from 1998 to 2008. Cytomegalovirus is divided into quar-
tiles 1, 2, and 3 versus quartile 4. Panel A: unadjusted relation; panel
B: adjusted for gender (male/female), age (above/below the mean),
education (less than high school/high school or more), and comorbid-
ities (none/one or more). Panel B shows survival for males older than
69 years of age with less than a high school education and one or
more baseline comorbidities. Stratified log-rank test statistics were
7.08 (P < 0.01) for panel A and 7.05 (P < 0.01) for panel B.

populations of predominantly European ancestry, meaning
that potentially important genetic and/or cultural differences
when comparing across race/ethnic populations remain unac-
counted for (28). More research on the association between
C-reactive protein and mortality among ethnically diverse
elderly populations is needed.

Second, CMV infection has been implicated as a key
component in immunosenescence (10, 11). It is known that
the elderly are particularly susceptible to some infectious
diseases and cancer (11, 16). This increased susceptibility
may be due to alterations in immune function related to
CMV infection, whereby the reduced number of naive T
cells reduces the body’s ability to clear novel pathogens or
genetically altered self-proteins. Additionally, CMV has
been classified as oncomodulatory because of its ability to
disrupt key cell signaling pathways (9).
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Whereas the association between CMV and cardiovascu-
lar disease mortality was statistically insignificant in models
4-6 when we added the mediators (TNF and IL-6), we
would not interpret this occurrence as suggesting that
inflammatory processes mediate the entire effect of CMV
on cardiovascular disease mortality. Post-hoc power calcu-
lations indicated a 60% chance of rejecting a false-null
hypothesis for all-cause mortality models; for cardiovascular
disease, there was only a 20% chance of rejecting a false-null
hypothesis. Thus, future studies with larger samples are
needed to confirm or refute the novel findings presented here.
Furthermore, our study population had moderate levels of
some comorbidities including baseline cardiovascular disease
(21%). Therefore, we examined models for the subset of in-
dividuals without a history of myocardial infarction, angina
pectoris, heart failure, or stroke at baseline to investigate the
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association of CMV with new-onset cardiovascular disease
and all-cause mortality. We observed similar point estimates
with slightly wider 95% confidence intervals (results not
shown). Further research is needed to clarify the relation
between CMYV and cardiovascular disease among younger
populations who are disease free at baseline.

There are several limitations to our study. First, we were
unable to examine other cellular immune markers in relation
to CMV antibody levels since peripheral blood mononuclear
cells were unavailable. In addition, CMV IgG antibodies
were measured at baseline only. Scant evidence exists that
CMYV IgG changes with time within individuals, but cross-
sectional data suggest that CMV increases with age over
several years or more (35). While antibody levels appear
to increase with age, Olsson et al. (31) found, over 8 years
of follow-up, that 100% of subjects with a CD4/CDS8 ratio of
less than 1 were CMV seropositive compared with 87% of
subjects with a CD4/CDS ratio greater than 1 and that no
subjects changed from an unfavorable to a favorable CD4/
CDS ratio over this period, suggesting that CMV-related
immune alterations are stable. Therefore, our baseline mea-
sures of CMV IgG antibody titers, along with age-adjusted
models, likely provide a robust measure of stable CMV-
related immune alterations.

Second, several studies have implicated other infectious
agents such as Chlamydia pneumoniae, Helicobacter pylori,
and other herpesviruses as causative disease agents, partic-
ularly via their contribution to atherosclerosis through
inflammatory pathways (4). In Cox models and survival
curves examining the association of herpes simplex virus
1 with all-cause and cardiovascular disease mortality, we
observed null associations (Web Figures 3 and 4). This ob-
servation is in agreement with previous findings (5, 6, 37)
and highlights the importance of CMV as a specific marker
of immune dysfunction and a predictor of mortality. Still,
we cannot rule out total pathogen burden or other specific
infections as a possible alternative explanation.

Third, it is possible that accidental deaths (e.g., from a car
crash) were inappropriately included in our sample. Examina-
tion of the immediate cause of death indicated only 2 possible
accidental deaths in our sample (dehydration and inanition).
Removal of these 2 deaths from consideration had little to no
effect on the reported associations (results not shown).

Fourth, it is important to consider the natural history of
CMV infection over the life course (2). Seropositivity is
nearly ubiquitous by later life, with infection often occur-
ring at a young age (1). Research has shown that stress alters
the immune system, leading to reactivation of latent viral
infections and increased levels of herpesvirus antibody ti-
ters, including CMV (38). Reactivation is a key component
in many of the observed deleterious immune system alter-
ations (11). It is possible that Latinos residing in the United
States have unique life course experiences that influence
exposure, response, and reactivation of CMV (1, 21) as well
as their mortality rates. For example, country of birth, du-
ration since migration, and acculturation might influence
CMYV infection and mortality. Country of birth was not re-
lated to CMV quartiles or mortality in our sample, but those
born outside of the United States were more likely to be
excluded from this sample because of missing data. Future

studies in ethnically heterogeneous populations would help
answer these questions. Last, our study used self-reported
comorbidity data. Others have documented good agreement
between self-reported medical conditions and medical
records among elderly patients (39).

Controlling the deleterious effects of CMV infection and
understanding the causes of age-related immune decline are
important public health issues. Our finding that individuals in
the highest quartile of CMV IgG antibody titers are at increased
risk of mortality calls for continued investigation of the broader
social conditions contributing to both CMV infection and re-
activation over the life course given the strong socioeconomic
and racial/ethnic disparities in CMV antibody levels and in-
fection status (21, 24, 37). Alongside efforts to control reacti-
vation, primary prevention efforts are warranted. CMV
vaccines are currently being developed; however, to date, only
one has undergone efficacy evaluation in humans (40).

In conclusion, this study contributes to growing evidence
that CMV immune response is related to the deleterious pro-
cesses involved in aging, contributing to premature mortality.
Our novel results suggest that the proinflammatory cytokines
IL-6 and TNF are a primary mechanism of action related to
immune response to CMV and its relation with mortality.
Further studies elucidating the biologic mechanisms under-
lying the association between CMV and chronic disease are
needed. These results suggest more urgency in investigating
strategies to reduce CMV exposure and IgG antibody levels
among infected individuals over the life course.
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