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Abstract

Depression is estimated to affect more than 6.5 million Americans 65 years of age and older and compared with non-Latino whites older U.S.
Latinos have a greater incidence and severity of depression, warranting further investigation of novel risk factors for depression onset among
this population. We used data on 771/1,789 individuals 260 years of age from the Sacramento Area Latino Study on Aging (1998-2008) who
were tested for cytomegalovirus (CMV), herpes simplex virus, varicella zoster, Helicobacter pylori, Toxoplasma gondii, and C-reactive protein
(CRP) and interleukin-6 (IL-6) level. Among those without elevated depressive symptoms at baseline, we examined the association between
each pathogen, inflammatory markers and incident depression over up to nearly 10 years of follow-up using discrete-time logistic regression.
We found that only CMV seropositivity was statistically significantly associated with increased odds of incident depression (odds ratio [OR]:
1.38, 95% confidence interval [ CI]: 1.00-1.90) in the total sample as well as among women only (OR: 1.70,95% CI: 1.01-2.86). These
associations were not mediated by CRP or IL-6 levels. Our findings suggest that CMV seropositivity may serve as an important risk factor for
the onset of depression among older U.S. Latinos, but act outside of inflammatory pathways.
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Depression affects approximately 6.5 million Americans 65 years
of age and older and is estimated to be the leading cause of disabil-
ity worldwide by 2030 (1). Although compared with non-Latino
whites and blacks, younger U.S. Latinos have similar or even lower
prevalence of major depression (2), this pattern has been shown
to reverse in older age (3). Moreover, U.S. Latinos who become
depressed also experience more severe and more chronic depres-
sive symptoms over time (3). Given the U.S. population is rapidly
aging and the number of Latinos over the age of 60 is projected to
increase at a rate almost three times as fast as non-Latino whites
over the next several decades (4), it remains important to identify
novel risk factors for depression onset among older U.S. Latinos,
to both reduce the overall burden of depression as well as prevent
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the development of race/ethnic disparities in mental health in the
United States in the coming years.

Age-related declines in immune function that increase susceptibil-
ity to novel infections and/or impair immunologic control of latent
infections are well-documented (5), and a growing body of evidence
has suggested that infection-mediated immune alterations, such as
inflammation, may play a key role in the regulation of mood (6).
For example, proinflammatory cytokines which may be triggered in
response to infection have been hypothesized to alter serotonin pro-
duction and glutamatergic neurotransmission via enhancing trypto-
phan metabolism (6). Pathogens which once acquired persist over
time, such as herpesviruses, have been suggested to be particularly
relevant to the onset of mood disorders in older individuals as such
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infections are subject to reactivation with age-related declines in cell-
mediated immune processes (7-9). Helicobacter pylori, a gram-nega-
tive bacteria which establishes chronic infection within the stomach
has also been hypothesized to influence mood regulation via interac-
tions at the “gut-brain” axis (10) and the persistent neurotropic path-
ogen, Toxoplasma gondii via directly invading and altering levels of
dopamine and serotonin within the brain (11). Helicobacter pylori
and T gondii have, however, been examined in relation to depres-
sion primarily among younger individuals (12-15). The majority
of previous studies examining the association between persistent
pathogens and depression have, moreover, been cross-sectional
(7-9,14,15) and have yielded mixed findings (15-21) regarding the
role of inflammation as a biologic mediator of these pathways. For
these reasons, questions remain regarding the role of persistent path-
ogens in increasing risk for onset of depression in older individuals
via inflammatory pathways. Several studies have demonstrated that
U.S. Latinos are more likely to be seropositive for several persistent
pathogens compared with non-Latino whites (22-24), thus assess-
ment of the relationship between persistent pathogens and depres-
sion among this population subgroup is further warranted.

A parallel body of literature has demonstrated that women have
a greater burden of depression prevalence and severity (25) and dif-
ferences in inflammatory response between women and men has
been hypothesized to play a key role in explaining such observations
(26). A recent study of young- to middle-aged U.S. adults identified
positive associations between pathogens including cytomegalovirus
(CMV) and H pylori on mood disorders in women but a protect-
ive effect among men (15). The associations among women were
not mediated, however, by levels of the proinflammatory cytokine,
C-reactive protein (CRP) (15). Although some evidence suggests that
there are differences in the effect of T gondii on behavioral changes
between women and men (27), findings from studies examining the
association between T gondii and depression among women separ-
ately have been mixed (12,13,28) and not assessed the role of inflam-
matory pathways. Overall, further investigation into whether there
are differences in the association between a broad array of persistent
pathogens and depression between women and men over time in
older age and the role of inflammation as a relevant mediator of
these associations is warranted.

The proposed study utilizes data from a subset of individuals
in the Sacramento Area Latino Study on Aging (SALSA), a longitu-
dinal study of nearly 1,800 elderly Mexican Americans who were
tested for seropositivity and immunoglobulin G (IgG) antibody lev-
els for five persistent pathogens (CMV, herpes simplex virus-1 (HSV-
1), varicella zoster (VZV), T gondii and H pylori) and assessed for
depressive symptoms over up to six follow-up visits spanning more
than 9 years of follow-up. The objectives of this study are to exam-
ine whether (a) seropositivity for and/or IgG antibody level targeted
against persistent pathogens are associated with incident depression,
(b) whether elevated levels of the proinflammatory cytokines CRP
and interleukin-6 (IL-6) at baseline partially mediate these associa-
tions, and (c) whether sex/gender is a modifier of these relationships.

Methods

Study Population

Beginning in 1998-1999, 1,789 elderly male and female Latino
(95% of Mexican origin) individuals between 60 and 101 years of
age, residing in the Sacramento Valley of California were recruited
into the SALSA cohort and underwent a baseline in-home interview

and medical exam, during which a trained bilingual health techni-
cian collected data on sociodemographics, medical history, medica-
tion usage, behavioral risk factors, cognitive and functional status,
and depressive symptoms. In-home interviews were repeated at
12- to 15-month intervals, during which information on depres-
sive symptoms as well as other sociodemographic and behavioral
characteristics of interest were obtained. We restricted our analyses
to 1,208 (70.1%) individuals who were free of elevated depres-
sive symptoms and not taking anti-depressant medications at base-
line. Among these individuals, 119 (9.9%) were missing data on
baseline characteristics of interest including age, gender, nativity,
acculturation score, annual household income level, education
level, smoking status, alcohol consumption, or body mass index
(BMI) kg/m? and excluded from all analyses. Of the remaining
1,089 individuals, 846 (77.7%) also had serum samples collected
and tested for IgG antibodies targeted against CMV, HSV-1, VZV,
T gondii, and H pylori as well as the proinflammatory cytokines
IL-6 and CRP at baseline. Individuals with serum samples were
significantly younger and more likely to be female compared with
those without samples. Of these individuals, 75 (8.9%) individuals
were lost to follow-up as of the first follow-up visit and excluded
from longitudinal analyses. Individuals who were lost to follow-up
as of the first visit were more likely to have lower education and
income level compared with those not lost to follow-up. Among
those included in our analytic sample (N = 771), loss to follow-up
was 6.4%, 6.4%,10.0%, 8.9%, and 10.5% in follow-up visits 2-6,
respectively.

Approximately 26% of individuals included in our subsample
were missing data on depressive symptoms or medication use during
one or more home interviews between the baseline interview and
loss to follow-up. We performed multiple imputation via the chained
equations (MICE) package in R. MICE runs a series of regression
models in which a missing variable is regressed on all other available
variables, and then prediction models are used to impute missing val-
ues for that specific variable. Using this method, we imputed missing
values for depressive symptoms or medication use at any interview
preceding loss to follow-up via carrying out linear or logistic regres-
sion and then predictive mean matching or logistic regression pre-
diction, respectively. We then averaged the estimates for the log odds
ratio for depression yielded from 40 imputed data sets to obtain a
final estimate for each association of interest. The estimated covari-
ance incorporating within and between imputation variability was
computed based upon methods by Rubin and Schenker (29).

The Sacramento Area Latino Study on Aging (SALSA) was
approved by the Institutional Review Boards at the University of
Michigan and the University of California at San Francisco and
Davis.

Laboratory Analyses

Frozen (-80°C) serum samples were sent to the Stanley Laboratory
of Developmental Neurovirology at Johns Hopkins University
School of Medicine and tested for presence of IgG antibody levels
to CMV, HSV-1, VZV, H pylori, and T gondii using a solid-phase
enzyme-linked immunosorbent assays (ELISA) as described previ-
ously (30,31). Briefly, diluted aliquots of serum were reacted with
antigen bound to a solid-phase surface. Quantification of IgG anti-
body levels for each pathogen was determined by reaction of bound
antibodies with enzyme labeled anti-human IgG (30). Continuous
IgG antibody levels were measured via optical density unit (ODU)
values and individuals with ODU values <1.1 were categorized as



seronegative and those with ODU values >1.1 as seropositive for
CMV, HSV-1,VZV, and H pylori. Continuous IgG levels for T gondii
were assessed in international units (IU)/mL and the cut-point for
seropositivity to T gondii was 210 IU/mL.

Baseline frozen (-70°C) serum samples were also analyzed for
IL-6, and high-sensitivity CRP levels. IL-6 levels were determined
by using the Quantiglo Chemiluminescent Immunoassay, QTAOOB
and Q6000B, respectively (R&D Systems, Minneapolis, MN). CRP
protein levels were assayed with the CRP Ultra Wide Range Reagent
Kit latex-enhanced immunoassay (Equal Diagnostics, Exton, PA).

Outcome

Depressive symptoms were assessed at baseline and each follow-
up visit via the Center for Epidemiological Studies Depression
Scale (CESD) (32), a 20-item screening questionnaire that has been
widely used in Latino populations of all ages and levels of accul-
turation (33). Depressive symptoms scores range from 0 to 60 and
scores of 216 are considered consistent with clinical depression (32).
Individuals with CESD scores of 216 or whom were taking anti-
depressant medications at baseline were categorized as depressed
and excluded from longitudinal analyses. Individuals not excluded
at baseline that reported elevated depressive symptoms (ie, CESD
score of 216) or new use of anti-depressant medications at each sub-
sequent follow-up interview were categorized as an incident case of
depression as has been done in previous studies (34).

Covariates

Several characteristics were considered as potential confounders in
our analyses as they have been associated with seropositivity or IgG
antibody response to persistent pathogens as well as identified as risk
factors for depression including age, gender, nativity, education level,
income level, acculturation status, BMI, smoking status, alcohol use,
and non-steroidal anti-inflammatory drug (NSAID) use (for analy-
ses with proinflammatory cytokines only) in previous studies. Age in
years at baseline was calculated from date of birth and was treated
as continuous. Gender was self-reported, and individuals were cat-
egorized as male or female. Individuals self-reported the income level
that best represented their total household income in the past month
at baseline without deductions (<$1,000, $1,000-1,499, $1,500-
1,999, $2,000-2,499, or $2,500 and more). State and country of
birth was self-reported, and individuals were categorized as Mexican
born, U.S. born or other. Marital status was self-reported as never
married, married, widowed, divorced, separated, or living with
someone as married. Acculturation status was measured at base-
line with the Acculturation Rating Scale (ARSMA-II), an established
measure of cultural orientation that assesses the dynamic accultur-
ative process comprehensively along multiple dimensions, including
those related to ethnic identity and co-ethnic social ties (35). Lower
scores represent stronger Mexican orientation, whereas higher
scores represent stronger Anglo orientation. Continuous scores were
categorized into tertiles representing Mexican orientation (lowest
tertile), bicultural orientation (middle tertile), and Anglo orienta-
tion (highest tertile). BMI (kg/m?) was calculated from height and
weight assessed at baseline and treated as continuous. Individuals
also reported whether they were current, former, or never smokers
and were categorized as ever or never smokers at baseline. Alcohol
consumption was ascertained at baseline and individuals were cat-
egorized according to whether they currently drink wine, beer, and/
or alcohol (yes vs no). Medication use was ascertained via a medi-
cine cabinet inventory at baseline as well as each follow-up home

visit and medications were classified according to the National
Drug Coding Directory. Individuals were categorized according to
whether they were currently taking anti-depressants or NSAIDs at
baseline and each follow-up home visit (yes vs no).

Statistical Analyses

Statistical analyses were carried out using R3.1.1. We first estimated
descriptive statistics (ie, mean [+standard deviation (SD)] for all
continuous variables and proportion for all categorical variables)
among individuals who were tested for pathogen seropositivity, free
of depression at baseline, not missing data on any other covariates
of interest and had data on depression collected during at least one
follow-up visit (N= 771). Discrete-time logistic regression models
were used to examine the association between pathogen seroposi-
tivity/IgG antibody level as well as IL-6 and CRP levels and inci-
dent depression among those free of depression at baseline (ie, CESD
score <16 and no medication use). Models were first unadjusted, then
adjusted for sociodemographic characteristics including age, gender,
education level or income level, nativity, level of acculturation and
marital status, and last for clinical characteristics including BMI (kg/
m?), smoking status, and alcohol use. Models examining the associ-
ation between IL-6 and CRP levels at baseline and incident depres-
sion were additionally adjusted for NSAID use at baseline. To assess
the mediating role of IL-6 and CRP levels in the pathway between
pathogen seropositivity and IgG antibody level and incident depres-
sion we decomposed the total effect of pathogen serostatus or IgG
level on incident depression into direct and indirect effects (ie, effect
mediated via IL-6 or CRP level). The direct effect is the association
between pathogen serostatus/IgG level and incident depression after
adjustment for IL-6 or CRP level and the indirect effect is calculated
as the difference between total effect (ie, association between patho-
gen serostatus/IgG level and incident depression without adjustment
for IL-6 or CRP level) and the direct effect. Bootstrapping was used
to compute the standard error and corresponding p-value for the
indirect effect. We also repeated all analyses stratified by gender and
also ran models including an interaction term between gender and
the exposure (ie, pathogen seropositivity/IgG level or proinflamma-
tory marker level).

Results

Demographic and clinical characteristics of the sample at baseline
are shown in Table 1. The mean age of individuals at baseline was
69.4 (+6.2) years, 54.5% were female, 38.5% had a 12 or more
years of education, and the majority of individuals (35.7%) had
a household income level in the past month of <$1000. A total of
39.3% of individuals were Mexican-born, and the majority (62.8%)
were married or living with someone as a spouse. The mean BMI
(kg/m?) of individuals at baseline was 29.9 (+5.8), 10.1% were
current smokers, 59.4% consumed alcohol, 13.2% of individuals
were currently taking NSAIDS, and the mean CESD score at base-
line was 4.6 (+4.5). At baseline, 86.4%, 83.5%, 30.1%, 90.5%, and
37.1% were seropositive for HSV-1, CMV, VZV, H pylori, and T
gondii, respectively and the mean (+SD) IgG antibody level for these
pathogens were 2.4 (+1.2) ODU, 1.0 (£0.5) ODU, 2.1 (+1.0) ODU,
3.7 (£1.9) ODU, and 13.1 (x13.1) IU/mL, respectively. The mean
log IL-6 and CRP values among individuals in the sample were 1.3
(£0.7) and 1.1 (=1.1), respectively. Over the mean 6.4 years of fol-
low-up (range 0.8-9.4), a total of 336 (43.5%) individuals became
an incident case of depression.



Table 1. Study Sample Demographic and Clinical Characteristics
of Individuals from the Sacramento Area Latino Study on Aging

Characteristic N=771
Age (years), mean (= SD) 69.4 (£ 6.2)
Gender, N (%)
Male 351 (45.5)
Female 420 (54.5)
Education (years), N (%)
0-11 474 (61.5)
12+ 297 (38.5)
Household income level (past month), N (%)
< $1000 275 (35.7)
$1000-1499 146 (18.9)
$1500-1999 6 (12.4)
$2000-2499 106 (13.8)
> $2500 148 (19.2)
Acculturation, N (%)
Mexican-oriented 209 (27.1)
Bicultural 262 (34.0)
Anglo-oriented 300 (38.9)
Nativity Status, N (%)
Mexican born 303 (39.3)
US born 428 (55.5)
Other 40 (5.2)
Marital Status, N (%)
Single/Never Married 21(2.7)
Married/Living With Someone as Spouse 484 (62.8)
Widowed 166 (21.5)
Divorced/Separated 100 (13.0)
Body mass index (kg/m?), mean (= SD) 29.9 (= 5.8)
Smoking Status, N (%)
Never 362 (47.0)
Former 331 (42.9)
Current 78 (10.1)
Alcohol Consumption, N (%)
No 313 (40.6)
Yes 458 (59.4)
CESD score, mean ( = SD) 4.6 (= 4.5)
Non-steroidal anti-inflammatory drug use
No 669 (86.8)
Yes 102 (13.2)
Pathogen Seropositivity, N (%)
Herpes simplex virus-1 666 (86.4)
Cytomegalovirus 644 (83.5)
Varicella zoster virus 232 (30.1)
Helicobacter pylori 698 (90.5)
Toxoplasma gondii 286 (37.1)
Pathogen IgG antibody level, mean (= SD)*
Herpes simplex virus-1 2.4 (x1.3)
Cytomegalovirus 1.0 (= 0.5)
Varicella zoster virus 2.1 (= 1.0)
Helicobacter pylori 3.7 (x1.9)
Toxoplasma gondii 13.1 (£ 13.1)
Log interleukin-6 level, mean (= SD) 1.3 (= 0.7)
Log C-reactive protein level, mean (= SD) 1.1 (= 1.1)

Note. IgG; immunoglobulin G.
“Immunoglobulin G antibody levels measured in international units for
Toxoplasma gondii and in optical density units for all other pathogens

The longitudinal association between pathogen seropositivity,
IgG antibody level, and inflammatory marker levels at baseline and
incident depression are shown in Table 2. In the total sample, indi-
viduals that were CMV seropositive at baseline had 1.38 (95% CI:

1.00-1.90; p = .0498) times the odds incident depression compared
Although
there was a positive association between HSV-1 as well as H pylori

to those that were seronegative, in the fully adjusted model.

seropositivity and incident depression, these associations were not
statistically significant, and there were no associations between IgG
antibody level for any pathogen and incident depression (Table 2).
In the unadjusted models, for every 1 SD increase in log IL-6 level
at baseline, the odds of incident depression increased by 16% (OR:
1.16, 95% CI: 1.05-1.28), however this association was not statis-
tically significant in the fully adjusted model (OR: 1.09, 95% CI:
0.98-1.22). The association between CMV seropositivity and inci-
dent depression among the total sample was only slightly attenuated
after control for log IL-6 or CRP but became marginally statistically
significant (OR: 1.36, 95% CI: 0.98-1.88, p = .067 and OR: 1.38,
95% CI: 1.00-1.90, p = .0502, respectively). The indirect effects of
CMV seropositivity and depression through IL-6 and CRP were not
statistically significant (OR: 1.02, 95% CI: 0.98-1.04, p = .55 and
OR: 1.00, 95% CI: 0.99-1.01, p = .86, respectively).

In stratified analyses, the association between CMV seropositiv-
ity and incident depression was only statistically significant among
women (OR: 1.70, 95% CI: 1.01-2.86) and stronger compared
to men (OR: 1.29, 95% CI: 0.96-1.73; p-value for interaction
term = .3600) in fully adjusted models. There were, however, no
statistically significant associations between seropositivity for any
other pathogens or IgG antibody level for any pathogen and incident
depression among women or men, nor any statistically significant
interactions between pathogen seropositivity or IgG antibody level
and gender (Supplementary Table 1). Among women, neither log IL-6
or log CRP level at baseline was statistically significantly associated
with incident depression in fully adjusted models (Supplementary
Table 1). While the association between CMV seropositivity and
incident depression among women was slightly attenuated (HR:
1.65,95% CI: 0.97-2.80) and no longer statistically significant after
additional adjustment for log IL-6 level, the association was similar
in magnitude and remained statistically significant after adjustment
for log CRP level (HR: 1.71,95%: 1.01-2.86). Moreover, the indirect
effects through IL-6 and CRP were not statistically significant (HR:
1.03, 95%: 0.96-1.10 and HR: 0.99, 95% CI: 0.94-1.05, respec-
tively). Among men, however, the association between log IL-6 and
depression among men (OR: 1.11, 95% CI: 1.00-1.23), remained
statistically significant after covariate adjustment (Supplementary
Table 2). Given there were no statistically significant associations
for pathogen seropositivity/IgG level and incident depression among
men, we did not further test for mediation by log IL-6 or CRP level.
There were no statistically significant interactions between inflam-
matory markers and gender.

Discussion

To our knowledge, this is the first study to examine the longitudi-
nal association between numerous persistent pathogens and incident
depression over up to nearly a decade of follow-up among older indi-
viduals, and moreover, to assess the mediating role of IL-6 and CRP
level in these associations. CMV was the only pathogen for which
seropositivity was statistically significantly associated with incident
depression in the total sample. In stratified analyses, the association
between CMV was, moreover, stronger and only statistically signifi-
cant among women. There were, however, no statistically significant
interactions between pathogen seropositivity or IgG antibody and
gender. We also did not find evidence for mediation of the associa-
tions for CMV seropositivity and incident depression observed in
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Table 2. Association Between Pathogen Seropositivity and Immunoglobulin G Antibody Level, Interleukin-6 and C-Reactive Protein Levels

at Baseline and Incident Depression Among Individuals in the Sacramento Area Latino Study on Aging

QOdds Ratio (95% Confidence Interval)

Model 3¢

Model 4¢

Model 5¢

(N=771) Model 12 Model 2°
Pathogens
Serostatus
Herpes simplex virus-1 1.25(0.91,1.72) 1.26 (0.91, 1.74)
Cytomegalovirus 1.58 (1.15,2.16)* 1.39 (1.01, 1.91)*
Varicella zoster virus 0.97 (0.77,1.21) 1.01 (0.80, 1.28)
Helicobacter pylori 1.14 (0.78,1.66) 1.11 (0.76, 1.63)
Toxoplasma gondii 1.09 (0.87,1.36) 1.01 (0.80, 1.28)
IgG Antibody Level
Herpes simplex virus-1 0.99 (0.89, 1.10) 0.99 (0.89,1.11)
Cytomegalovirus 1.14 (1.04, 1.25)* 1.08 (0.98, 1.20)
Varicella zoster virus 0.97 (0.87,1.08) 1.01 (0.90, 1.12)
Helicobacter pylori 0.96 (0.87,1.07) 0.94 (0.84, 1.04)
Toxoplasma gondii 1.03 (0.93, 1.15) 0.99 (0.89, 1.11)
Pro-inflammatory Markers
Log Interleukin-6 1.16 (1.05, 1.28)* 1.12 (1.01, 1.24)*
Log C-reactive protein 1.09 (0.98, 1.22) 1.06 (0.95,1.19)

1.31 (0.94, 1.81

( )
1.38 (1.00, 1.90)*
1.00 (0.79, 1.27)
( )
( )

1.07 (0.73, 1.57
1.00 (0.79, 1.27

1.00 (0.90, 1.12)
1.08 (0.97, 1.19)
1.00 (0.90, 1.11)
0.93 (0.84, 1.04)
0.98 (0.87, 1.09)

1.09 (0.98, 1.22)
1.03 (0.92,1.17)

1.32 (0.95,1.84
1.36 (0.98, 1.88
1.00 (0.79, 1.27
1.07 (0.73,1.56
1.00 (0.79, 1.26

1.00 (0.89, 1.12
1.07 (0.96, 1.18
1.00 (0.89, 1.11
0.93 (0.84, 1.04
0.97 (0.87, 1.09

NA
NA

)
)
)
)
)

)
)
)
)
)

1.32(0.95,1.84

1.38 (1.00, 1.90)*

(
(
1.00 (0.79, 1.27
1.06 (0.72,1.55
1.00 (0.79, 1.27
1.00 (0.90, 1.12
1.07 (0.97,1.19
1.00 (0.89, 1.11
0.93 (0.84, 1.04
0.98 (0.87, 1.09

NA
NA

)
)
)
)
)

)
)
)
)
)

“Model 1 for pathogen seropositivity/immunoglobulin G antibody level and pro-inflammatory markers unadjusted.

"Model 2 for pathogen seropositivity/immunoglobulin G antibody level and pro-inflammatory markers adjusted for sociodemographic characteristics includ-

ing age, gender, education level (for pathogen seropositivity) or income level (for pathogen IgG antibody level), nativity, level of acculturation and marital status.

“Model 3 for pathogen seropositivity/immunoglobulin G antibody level additionally adjusted for body mass index (kg/m?), smoking status and alcohol use at

baseline and for pro-inflammatory markers additionally adjusted for these factors as well as use of non-steroidal anti-inflammatory drugs at baseline.

dModel 4 for pathogen seropositivity/immunoglobulin G antibody level additionally adjusted for log interleukin-6 level.

*Model S for pathogen seropositivity/immunoglobulin G antibody level additionally adjusted for log C-reactive protein level.

*p < 0.05.

the total sample or among women by inflammatory markers. Our
findings suggest that CMV seropositivity may be an important risk
factor for onset of depression in older age among U.S. Latinos and
moreover, that this pathogen may act through physiologic pathways
outside of inflammation.

Previous studies have consistently identified an association
between CMV and depression among middle-aged and older indi-
viduals, but findings for seropositivity versus IgG antibody level
have been mixed (7,8,16,36). For example, Miller and colleagues
(9) observed that older individuals (mean age: 61) in the highest
tertile of depressive symptoms were more likely to be seropositive
for CMV among a clinical cohort of individuals recovering from
acute coronary syndrome, but did not assess IgG antibody level. In
another cross-sectional study of older individuals (mean age: 73.6),
Phillips and colleagues (7) identified that for every one unit increase
in CMV IgG antibody level, odds of depression was 1.18 (95% CI:
1.04-1.33) times higher, but found no association for CMV sero-
positivity. Similarly, several cross-sectional studies conducted among
middle-aged individuals found higher CMV IgG antibody level, but
not CMV seropositivity, was associated with elevated depressive
symptoms (36,37). We are only aware of one other longitudinal
study that examined the association between CMV seropositivity as
well as IgG antibody level and incident depression (16). In contrast
to the present study, the authors found among a community-based
sample of middle-aged (mean age: 54.0 = 15.8 years) no association
between CMV seropositivity and incident depression over approxi-
mately 1 year of follow-up but that CMV seropositive individuals
with IgG antibody levels in the highest quartile at baseline had over
three times the odds of incident depression during this period (16). It
is possible that CMV seropositivity is a stronger predictor of depres-
sion onset in older individuals than small differences in IgG antibody

level targeted against this pathogen in the context of overall age-
related declines in antibody production.

Fewer studies have examined the association between HSV-1
and depression and have also reported conflicting findings (9,15,16).
Although Miller and colleagues (9) observed that older individuals
in the highest tertile of depressive symptoms were more likely to be
seropositive HSV-1, Simanek and colleagues (16) found no associa-
tion between HSV-1 seropositivity or IgG antibody level and inci-
dent depression in the Detroit Neighborhood Health Study (DNHS),
nor among younger U.S. adults using data from the National Health
and Nutrition Examination Survey (NHANES) III (15). Although
some studies have found that older individuals with depression have
lower markers of VZV-specific cell-mediated immunity, compared
with controls (38), our findings of no association between VZV and
depression are consistent with a previous study by Irwin and col-
leagues (39), in which the authors found no association between
VZV antibody levels and depression. In another study by Chen and
colleagues (40), the authors found that individuals >18 years of age
in Taiwan with newly diagnosed herpes zoster had 1.49 times the
rate of developing major depression, compared with controls. Given
that herpes zoster may be linked to depression via both immune-
related mechanisms as well as adverse psychological effects related
to neuralgia, it is possible that had data on occurrence of herpes zos-
ter been available in the present study, we would have also detected
an association between VZV and depression among those experienc-
ing this condition.

Studies examining the association between T gondii and depres-
sion have also yielded mixed results (12,14,41). For example, Groér
and colleagues found among a small cohort of pregnant women that
among those seropositive for T gondii, IgG antibody titer was posi-
tively correlated with higher depressive symptoms assessed via the



Profile of Mood States (POMS), after controlling for age and sex
(12). In contrast, Alvarado-Esquivel and colleagues (13) recently
found no association between T gondii seropositivity and depression
in a small case—control study of pregnant women in Durango City,
Mexico. Two other studies carried out in middle-aged population-
and community-based samples also found no association between
T gondii seropositivity and depression (14,41). Further studies are
needed to fully understand the role of T gondii in the etiology of
depression at different stages of the life course as to our knowledge,
this is the first study to examine the relationship between this patho-
gen and depression in older individuals.

We are only aware of one other study to date that has examined
whether there are sex/gender differences in the effect of persistent
pathogens on depression (15). Simanek and colleagues (15) identi-
fied a positive association between seropositivity for H pylori and
dysthymia among women (OR: 2.37, 95% CI: 1.07-5.24), but a
protective effect of CMV and H pylori seropositivity on dysthymia
and depression among men, and no association between HSV-1 sero-
positivity and any mood disorder outcomes among women or men.
CMYV IgG antibody level was also positively (although not statisti-
cally significantly) associated with mood disorders among women,
but data were unavailable for men (15). In contrast, in the present
study, we did not identify an association between H pylori seroposi-
tivity among women or men. Simanek and colleagues (15) hypoth-
esized that variation in the influence of H pylori on the production
of endocrine hormones linked to depression such as ghrelin may
serve to explain the differences in the association between H pylori
and depression that was observed among young- to middle-aged
U.S. women and men. Given that ghrelin levels have been shown
to decline with age (42), it is possible that any differences in the
association between H pylori and depression attributable to ghrelin
production, may wane as individuals age. Overall, future studies are
needed that elucidate whether ghrelin production, as well as other
pathways, are relevant mechanisms by which H pylori may influ-
ence mood and whether these mechanisms differ between women
and men across the life course.

The contribution of CMV to alterations to the T-cell compart-
ment of the adaptive immune system may also serve to explain the
more consistent finding of an association between this pathogen and
depression across studies as well as the stronger effects observed
among women. Among individuals who are CMV seropositive, oli-
goclonal expansion of memory cells targeted against this pathogen
results in a large proportion of terminally differentiated effector T
cells that are CMV-specific and thus CMV seropositivity has been
implicated as key driver of aging of the adaptive immune system
(43). Indeed, Aiello and colleagues recently found among a subset
of middle-aged individuals in DNHS, that compared with CMV
seronegative individuals, those who were CMV seropositive had a
3.80 unit (95% CI: 2.46-5.14) increase in log CD4 effector (CCR7-
CD45RA+CD27-CD28-)/naive (CCR7+CD45RA+CD27+CD28+)
(E/N) ratio and a 1.15 unit (95% CI: 0.28-2.02) increase in log CD8
E/N ratio (44). Similar associations were not, however, detected for
HSV-1 (data not published). A growing number of studies also sug-
gest that T-cell activation may play an important role in the etiol-
ogy of depression (45), with recent animal-based models pointing
to mechanisms outside of inflammation such as via depletion of cir-
culating amino acids necessary for tryptophan production through
the accumulation in activated T cells (46). Taken together, further
investigation into whether the observed effects of CMV on depres-
sion may be partially explained by the pathogen-specific effects of

CMYV infection on immune cell aging, particularly among women,
is warranted.

While inflammation has been hypothesized as a key biologic
mediator linking infection to depression onset, and CMV seroposi-
tivity was statistically significantly positively correlated with log
IL-6 levels among the total sample (p = .0040) and among women
(p = .0270), neither CRP or IL-6 levels at baseline were statistically
significantly associated with incident depression among the total
sample, or among women. It is possible that, as recently observed in
the English Longitudinal Study of Aging (47), sustained elevations in
inflammation over time is a more important predictor of depression
onset, than levels of CRP or IL-6 measured at a single time point or
that other proinflammatory markers are more salient indicators of
depression risk over long periods of follow-up (19). Our findings
are consistent, however, with several other recent studies that have
not found evidence to support a mediating role of inflammation in
the association between herpesviruses or H pylori and depression
(15,16). Taken together with findings from previous studies, our
study suggests that pathogens such as CMV may influence the onset
of depression via mechanisms outside of inflammatory pathways. In
addition to influencing alterations to the T-cell compartment, CMV
is neurotropic, and thus may exert direct damage in regions of the
brain in which morphological changes have been implicated in the
etiology of depression such as the amygdala and hippocampus (48).

A few limitations to our study should be considered. First, other
persistent pathogens which have also been hypothesized to play
an important role in the etiology of depression such as HSV-2 and
Epstein Barr virus (9,36), were not assessed in SALSA. In addition,
there is potential selection bias in our sample as compared with the
total sample free of depression at baseline, individuals included in
our analyses were statistically significantly younger, more likely to be
female, to have higher education and income level, to be Mexican-
born, to be less Mexican-oriented, to have lower CESD scores and to
be less likely to use NSAIDS. While some of these characteristics (ie,
female gender, being Mexican-born) are associated with increased
prevalence and worse immune control of persistent pathogens, oth-
ers (ie, higher education and income level) are associated with lower
prevalence and better immune control of such pathogens. Taken
together with the fact that individuals included in our analyses had
lower CESD scores, our results are likely biased toward the null. In
addition, the proportion of individuals seropositive for VZV was
relatively low (ie, 30.1%) which may indicate this population is not
representative of the general U.S. Mexican American population in
terms of past exposure to this pathogen (49) and that our findings
for this pathogen should be interpreted with caution. Last, while
researchers have argued that seronegative individuals should be
excluded from analyses of IgG antibody level to better differentiate
effects of elevated immune response from seropositivity, due to lim-
ited sample size, we estimated the association between IgG antibody
level and depression among the entire analytic sample. In sensitivity
analyses excluding seronegative individuals, we also found, however,
no association between IgG level for any pathogen and incident
depression (data not shown). Despite any study limitations, this is,
to our knowledge, the largest and first longitudinal study to date to
examine the association between a wide array of persistent patho-
gens, inflammation and incident depression over several years of fol-
low-up and therefore improves upon previous cross-sectional studies
in which there is temporal ambiguity regarding the direction of the
association between such infections and the onset of depression. In
addition, while the generalizability of our findings is limited to older



U.S. Latinos, this is the first study to examine these relationships
among this rapidly growing proportion of the older U.S. population
and serves to shed light on the role of persistent pathogens as a novel
risk factor that may explain changes in the epidemiology of depres-
sion among this subgroup of the population later in life.

Conclusions

Our findings suggest that CMV may be associated with onset of
depression among older individuals in the United States, particularly
those who identify as Latino and to a greater extent among women
than men but may act outside of inflammatory pathways to trigger
onset of this condition. Continued efforts to develop vaccines tar-
geted against herpesviruses such as CMV as well as future clinical
trials aimed at evaluating the effectiveness of antiviral treatment for
reducing depressive symptoms, among older individuals seropositive
for CMV, may therefore be warranted. Moreover, given that prev-
alence of this pathogen has been found to be higher among U.S.
Latinos (23), targeting of such interventions to older individuals of
this population subgroup may also serve to prevent the development
of race/ethnic disparities in depression among older individuals in
the United States in the coming decades.

Supplementary Material

Supplementary data is available at The Journals of Gerontology,
Series A: Biological Sciences and Medical Sciences online.

Funding

Funding for the SALSA study was aided by a grant from the National Institute
on Aging, National Institutes of Health (RO1AG012975). Additional support
for this work came from P60 MD 002249 and RO1DK087864 as well as the
Stanley Medical Research Institute for Laboratory Testing.

Conflict of interest

None declared.

References

1. Mathers CFE, Fat DM, Boerma JT. The Global Burden of Disease: 2004
Update. Geneva, Switzerland: World Health Organization; 2008.

2. Riolo SA, Nguyen TA, Greden JF King CA. Prevalence of depression
by race/ethnicity: findings from the National Health and Nutrition
Examination Survey IIl. Am ] Public Health. 2005;95:998-1000.
doi:10.2105/AJPH.2004.047225

3. Gonzéilez HM, Tarraf W, Whitfield KE, Vega WA. The epidemiology of
major depression and ethnicity in the United States. | Psychiatr Res.
2010;44:1043-1051. doi:10.1016/.jpsychires.2010.03.017

4. Vincent GK, Velkoff VA. The Next Four Decades, the Older Population in
the United States: 2010 to 2050. Current Population Reports. Washington,
DC: U.S. Census Bureau; 2010. Contract No.: Report.

5. Ponnappan S, Ponnappan U. Aging and immune function: molecular
mechanisms to interventions. Antioxid Redox Signal. 2011;14:1551-
1585. d0i:10.1089/ars.2010.3228

6. Dantzer R, O’Connor JC, Freund GG, Johnson RW, Kelley KW. From
inflammation to sickness and depression: when the immune system
subjugates the brain. Nat Rev Neurosci. 2008;9:46-56. doi:10.1038/
nrn2297

7. Phillips AC, Carroll D, Khan N, Moss P. Cytomegalovirus is associ-
ated with depression and anxiety in older adults. Brain Behav Immun.

2008;22:52-55. doi:10.1016/j.bbi.2007.06.012

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

Trzonkowski P, MysSliwska ], Godlewska B, et al. Immune conse-
quences of the spontaneous pro-inflammatory status in depressed
elderly patients. Brain Behav Immun. 2004;18:135-148. doi:10.1016/
$0889-1591(03)00111-9

. Miller GE, Freedland KE, Duntley S, Carney RM. Relation of depressive

symptoms to C-reactive protein and pathogen burden (cytomegalovirus,
herpes simplex virus, Epstein-Barr virus) in patients with earlier acute
coronary syndromes. Am | Cardiol. 2005;95:317-321. doi:10.1016/j.
amjcard.2004.09.026

. Evrensel A, Ceylan ME. The gut-brain axis: the missing link in depres-

sion. Clin Psychopharmacol Neurosci. 2015;13:239-244. doi:10.9758/
cpn.2015.13.3.239

Henriquez SA, Brett R, Alexander J, Pratt J, Roberts CW. Neuropsychiatric
disease and Toxoplasma gondii infection. Neuroimmunomodulation.
2009;16:122-133. doi:10.1159/000180267

Groér MW, Yolken RH, Xiao JC, et al. Prenatal depression and anxiety in
Toxoplasma gondii-positive women. Am | Obstet Gynecol.2011;204:433.
e1-433.¢7. doi:10.1016/j.ajog.2011.01.004

Alvarado-Esquivel C, Martinez-Martinez AL, Sanchez-Anguiano LF, et al.
Lack of association between Toxoplasma gondii exposure and depression
in pregnant women: a case-control study. BMC Infect Dis. 2017;17:190.
doi:10.1186/s12879-017-2292-1

Markovitz AA, Simanek AM, Yolken RH, et al. Toxoplasma gondii and
anxiety disorders in a community-based sample. Brain Behav Immun.
2015;43:192-197. doi:10.1016/j.bbi.2014.08.001

Simanek AM, Parry A, Dowd JB. Differences in the association between
persistent pathogens and mood disorders among young- to middle-
aged women and men in the U.S. Brain Behav Immun. 2018;68:56-65.
doi:10.1016/.bb1.2017.09.017

Simanek AM, Cheng C, Yolken R, Uddin M, Galea S, Aiello AE.
Herpesviruses, inflammatory markers and incident depression in a
longitudinal study of Detroit residents. Psychoneuroendocrinology.
2014;50:139-148. d0i:10.1016/j.psyneuen.2014.08.002

. Milaneschi Y, Corsi AM, Penninx BW, Bandinelli S, Guralnik JM, Ferrucci

L. Interleukin-1 receptor antagonist and incident depressive symptoms
over 6 years in older persons: the INCHIANTI study. Biol Psychiatry.
2009;65:973-978. doi:10.1016/j.biopsych.2008.11.011

Duivis HE, de Jonge P, Penninx BW, Na BY, Cohen BE, Whooley MA.
Depressive symptoms, health behaviors, and subsequent inflammation in
patients with coronary heart disease: prospective findings from the heart
and soul study. Am | Psychiatry. 2011;168:913-920. doi:10.1176/appi.
ajp.2011.10081163

Baune BT, Smith E, Reppermund S, et al. Inflammatory biomarkers predict
depressive, but not anxiety symptoms during aging: the prospective Sydney
Memory and Aging Study. Psychoneuroendocrinology. 2012;37:1521-
1530. doi:10.1016/j.psyneuen.2012.02.006

Shaffer JA, Edmondson D, Chaplin WE, et al. Directionality of the relation-
ship between depressive symptom dimensions and C-reactive protein in
patients with acute coronary syndromes. Psychosom Med. 2011;73:370~
377.d0i:10.1097/PSY.0b013e31821deafd

Suvisaari J, Torniainen-Holm M, Lindgren M, Hirkinen T, Yolken RH.
Toxoplasma gondii infection and common mental disorders in the Finnish
general population. | Affect Disord. 2017;223:20-25. doi:10.1016/j.
jad.2017.07.020

McQuillan GM, Kruszon-Moran D, Kottiri BJ, Curtin LR, Lucas JW,
Kington RS. Racial and ethnic differences in the seroprevalence of 6 infec-
tious diseases in the United States: data from NHANES III, 1988-1994.
Am | Public Health. 2004;94:1952-1958. d0i:10.2105/AJPH.94.11.1952
Staras SA, Dollard SC, Radford KW, Flanders WD, Pass RF, Cannon M]J.
Seroprevalence of cytomegalovirus infection in the United States, 1988—
1994. Clin Infect Dis. 2006;43:1143-1151. d0i:10.1086/508173
Schillinger JA, Xu F Sternberg MR, et al. National seropreva-
lence and trends in herpes simplex virus type 1 in the United States,
1976-1994. Sex Transm Dis. 2004;31:753-760. doi:10.1097/01.0lq.
0000145852.43262.c3

Piccinelli M, Wilkinson G. Gender differences in depression. Critical
review. Br | Psychiatry. 2000;177:486-492. d0i:10.1192/bjp.177.6.48



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Derry HM, Padin AC, Kuo JL, Hughes S, Kiecolt-Glaser JK. Sex differ-
ences in depression: does inflammation play a role? Curr Psychiatry Rep.
2015;17:78. doi:10.1007/s11920-015-0618-5

Lindova J, Novotna M, Havlicek J, et al. Gender differences in behavioural
changes induced by latent toxoplasmosis. Int | Parasitol. 2006;36:1485—
1492. doi:10.1016/j.ijpara.2006.07.008

Duffy AR, Beckie TM, Brenner LA, et al. Relationship between
Toxoplasma gondii and mood disturbance in women veterans. Mil Med.
2015;180:621-625. doi:10.7205/MILMED-D-14-00488

Rubin DB, Schenker N. Multiple imputation for interval estimation from
simple random samples with ignorable nonresponse. | Am Stat Assoc.
1986;81:366-374. doi:10.1080/01621459.1986.10478280

Dickerson FB, Boronow JJ, Stallings C, Origoni AE, Ruslanova I, Yolken
RH. Association of serum antibodies to herpes simplex virus 1 with cog-
nitive deficits in individuals with schizophrenia. Arch Gen Psychiatry.
2003;60:466-472. doi:10.1001/archpsyc.60.5.466

Yolken RH, Torrey EF, Lieberman JA, Yang S, Dickerson FB. Serological
evidence of exposure to herpes simplex virus type 1 is associated with
cognitive deficits in the CATIE schizophrenia sample. Schizophr Res.
2011;128:61-65. doi:10.1016/j.schres.2011.01.020

Lenore Sawyer R. The CES-D scale: a self-report depression scale for
research in the general population. Appl Psychol Meas. 1977;1:385-401.
doi:10.1177/014662167700100306

Black SA, Goodwin JS, Markides KS. The association between chronic
diseases and depressive symptomatology in older Mexican Americans.
J Gerontol A Biol Sci Med Sci. 1998;53:M188-M194. doi:10.1093/
gerona/53A.3.M188

Williams JA, Sink KM, Tooze JA, et al. Low 25-hydroxyvitamin D concen-
trations predict incident depression in well-functioning older adults: the
health, aging, and body composition study. ] Gerontol A Biol Sci Med Sci.
2015;70:757-763. d0i:10.1093/geronal/glu184

Cuellar I, Arnold B, Maldonado R. Acculturation rating scale for Mexican
Americans-II: a revision of the original ARSMA scale. Hisp | Behav Sci.
1995;17:275-304. doi:10.1177/07399863950173001

Jaremka LM, Fagundes CP, Glaser R, Bennett JM, Malarkey WB, Kiecolt-
Glaser JK. Loneliness predicts pain, depression, and fatigue: under-
standing the role of immune dysregulation. Psychoneuroendocrinology.
2013;38:1310-1317. doi:10.1016/j.psyneuen.2012.11.016

Rector JL, Dowd JB, Loerbroks A, et al. Consistent associations between
measures of psychological stress and CMV antibody levels in a large occu-
pational sample. Brain Behav Immun. 2014;38:133-141. doi:10.1016/.
bbi.2014.01.012

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Irwin M, Costlow C, Williams H, et al. Cellular immunity to varicella-zos-
ter virus in patients with major depression. | Infect Dis. 1998;178(suppl
1):5104-5108. doi:10.1086/514272

Irwin MR, Levin M]J, Carrillo C, et al. Major depressive disorder and
immunity to varicella-zoster virus in the elderly. Brain Bebav Immun.
2011;25:759-766. doi:10.1016/;.bbi.2011.02.001

Chen MH, Wei HT, Su TP, et al. Risk of depressive disorder among
patients with herpes zoster: a nationwide population-based pro-
spective study. Psychosom Med. 2014;76:285-291. doi:10.1097/
PSY.0000000000000051

Pearce BD, Kruszon-Moran D, Jones JL. The relationship between
Toxoplasma gondii infection and mood disorders in the third National
Health and Nutrition Survey. Biol Psychiatry. 2012;72:290-295.
doi:10.1016/j.biopsych.2012.01.003

Nass R, Farhy LS, Liu ], et al. Age-dependent decline in acyl-ghrelin con-
centrations and reduced association of acyl-ghrelin and growth hormone
in healthy older adults. | Clin Endocrinol Metab. 2014;99:602-608.
do0i:10.1210/j¢.2013-3158

Derhovanessian E, Larbi A, Pawelec G. Biomarkers of human immunose-
nescence: impact of Cytomegalovirus infection. Curr Opin Immunol.
2009;21:440-445. doi:10.1016/).c0i.2009.05.012

Aiello AE, Feinstein L, Dowd JB, et al. Income and markers of immuno-
logical cellular aging. Psychosom Med. 2016;78:657-666. doi:10.1097/
PSY.0000000000000320

Toben C, Baune BT. An act of balance between adaptive and maladap-
tive immunity in depression: a role for T lymphocytes. | Neuroimmune
Pharmacol. 2015;10:595-609. doi:10.1007/s11481-015-9620-2
Miyajima M, Zhang B, Sugiura Y, et al. Metabolic shift induced by sys-
temic activation of T cells in PD-1-deficient mice perturbs brain mono-
amines and emotional behavior. Nat Immunol. 2017;18:1342-1352.
do0i:10.1038/ni.3867

Lassale C, Batty GD, Steptoe A, et al. Association of 10-year C-reactive
protein trajectories with markers of healthy aging: findings from the
English Longitudinal Study of Ageing. | Gerontol A Biol Sci Med Sci.
2018. doi:10.1093/gerona/gly028

Schmaal L, Veltman D], van Erp TG, et al. Subcortical brain alterations in
major depressive disorder: findings from the ENIGMA major depressive
disorder working group. Mol Psychiatry. 2016;21:806-812. doi:10.1038/
mp.2015.69

Kilgore PE, Kruszon-Moran D, Seward JF, et al. Varicella in Americans
from NHANES III: implications for control through routine immuniza-
tion. | Med Virol. 2003;70(suppl 1):S111-S118. doi:10.1002/jmv.10364



