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Abstract

Stroke is the fourth leading cause of death and a leading cause of disability in
adults in the US. Nearly 800,000 people suffer a stroke annually, and more than
143,000 deaths occur as a result. Hispanic Americans are the fastest growing minority
population in the US, as well as the most numerous. The majority of Hispanic
Americans are of Mexican descent. Mexican Americans (MAS) have an increased risk of
stroke especially at younger ages. Traditional risk factors are not likely to fully account
for the increased stroke burden in MAs. Chronic infectious pathogens have been
proposed as risk factors for stroke, although the evidence remains inconclusive.

Using data from the Sacramento Area Latino Study on Aging, we investigated the
associations between Immunoglobulin G (IgG) antibody levels to five persistent
pathogens including: Cytomegalovirus (CMV), Herpes Simplex Virus Type 1 (HSV1),
Toxoplasma gondii (T. gondii), Varicella Zoster Virus (VZV) and Helicobacter pylori (H.
Pylori), and incident stroke. Next, we examined the effect of pathogen burden, or
concurrent exposure to several pathogens, on stroke risk. Third, we sought to elucidate
the mechanism of the H. Pylori- incident stroke association by examining the mediating
effects of interleukin-6 (IL-6), C-reactive protein (CRP), and tumor necrosis factor (TNF),
homocysteine, folate, Vitamin B12, systolic and diastolic blood pressure, and glucose.

We found a significant association between high antibody levels to H. Pylori and
incident stroke, in fully adjusted models. There were no significant associations between

stroke risk and either antibody levels to CMV, VZV, T. gondii, or HSV1 or seropositivity



to each pathogen. We report a significant association between sum of the number of
pathogens eliciting a high antibody level, and incident stroke; however attenuation and
loss of statistical significance occurred with multivariable adjustment. No associations
between summed seropositivity to 0-5 pathogens or average antibody level to 0-5
pathogens and incident stroke were found. Lastly, we found no evidence of mediation of
the H. Pylori-incident stroke association by 9 candidate mediators. This research has
implications for future population-based research in MAs, as well as studies intervening

on persistent pathogen exposure, for reductions in stroke risk.



Chapter 1
Introduction

1.1 Introduction

In the United States, a stroke occurs approximately every 40 seconds.! Stroke is
the 4™ leading cause of death, and a major contributor to adult disability. Nearly
800,000 people suffer a new or recurrent stroke annually, and more than 143,000
deaths occur as a result.* Eighty-seven percent of all strokes are ischemic, 10% occur
as a result of intracerebral hemorrhage, and 3% result from subarachnoid hemorrhage.*

Hispanic Americans are the fastest growing minority population in the United
States, as well as the most numerous.? The majority of Hispanic Americans in the
United States are of Mexican descent.? Mexican Americans (MAs) have an increased
risk of stroke compared to Non-Hispanic Whites (NHWSs), especially at younger ages
when disability has the greatest impact.® Reasons for increased stroke risk in MAs are
not fully understood but traditional risk factors for stroke, such as hypertension, heart
rhythm disorders, tobacco usage, hyperlipidemia, low leisure time physical activity, and
diabetes, are not likely to completely account for the disparity, since ethnic differences
in these factors either do not exist or are not substantial enough to account for the large
difference in stroke risk.*

In the US, seroprevalence to persistent pathogens, such as Helicobacter pylori

(H. Pylori), Cytomegalovirus (CMV), Herpes Simplex Virus 1 (HSV1), Toxoplasma



gondii (T. gondii) and Varicella Zoster (VZV), is common. These pathogens are
acquired in early life and many persist throughout the lifespan of the host, often in latent
form.* Upon reactivation, persistent pathogens may increase systemic inflammation,
which negatively impacts stroke risk.> ° It is plausible that persistent pathogen
exposure, traditional risk factors and genetics work together to promote atherosclerosis,
which may lead to incident ischemic stroke.® Although infections caused by exposure to
individual persistent pathogens have been proposed as risk factors for stroke, the
evidence from prospective studies remains inconclusive with only one’ of the three
existing studies® ° reporting a significant association. Further, pathogen burden, or
exposure to several persistent pathogens concurrently, may be a stronger risk factor for
stroke than exposure to individual pathogens, through an inflammatory pathway.*® **
Unfortunately, the existing studies that investigated the link between pathogen burden
and stroke risk have also had conflicting results.? °

Among MAs, disparate rates of infectious disease have been reported.*? '3 In
particular, MAs have higher overall burden of infection caused by H. Pylori, CMV,
Hepatitis B, HSV-1, Actinobacillus actinomycetemcomitans and Porphyromonas
gingivalis, suggesting that persistent pathogen exposure, as a stroke risk factor, may be
particularly relevant in this population.*?** Similarly, MAs have also been reported to
have higher sero-prevalence to several pathogens concurrently compared to NHWs.*®
17

The existing prospective studies that investigate the links between persistent
pathogens and stroke risk have used seropositivity to persistent pathogens in defining

pathogen exposures versus antibody response, which is thought to be a more



consistent predictor of inflammatory outcomes.'® Furthermore, the study population of
one of the existing studies included NHW, non-Hispanic blacks and Cuban and Puerto
Rican Hispanics,® and the remaining two cohorts were comprised entirely of NHWs.” °
Importantly, none of the previous studies focused on the MA population, which is an
understudied group with a disproportionate burden of stroke.® The previous studies also
did not examine the pathways by which persistent pathogens may increase stroke risk.

Given the potential links between persistent pathogen exposure and incident
stroke in MAs and the gaps in the existing literature, the goals of this dissertation
research were to (1) to investigate the effects of exposure to five persistent pathogens,
including CMV, HSV-1, VZV, H. Pylori and T. gondii, on incident stroke (2) to examine
the effect of pathogen burden, operationalized as (I.) summed seropositivity to 0-5
pathogens (Il.) average antibody level to 0-5 pathogens and (lll.) sum of the number of
pathogens eliciting high antibody levels (0-5), on incident stroke, and (3) to explore the
mechanisms involved in any associations found between persistent pathogens and
incident stroke, using an elderly cohort of MAs, aged 60+ years old, from the
Sacramento Area Latino Study on Aging (SALSA).
1.2 Specific Aims and Hypotheses

Specific Aim 1: To determine the association between Immunoglobulin G (IgG)
antibody levels to CMV, H. Pylori, HSV1, VZV and T. gondii and incident stroke in MAs
from SALSA, after accounting for traditional risk factors.

Hypothesis 1: Higher IgG antibody levels to each individual pathogen will be

associated with greater stroke risk, even after adjusting for traditional risk factors for



stroke, such as age, gender, hypertension, diabetes, smoking, hyperlipidemia, atrial
fibrillation, coronary heart disease/PAD and socioeconomic status.

Specific Aim 2: To examine the association between pathogen burden, as
measured by (1) summed seropositivity to the five pathogens (2) average IgG antibody
levels across all five pathogens and (3) sum of the number of pathogens eliciting a high
antibody response, and incident stroke in MAs after accounting for traditional risk
factors.

Hypothesis 2: Greater pathogen burden will be associated with greater stroke
risk, even after adjusting for traditional risk factors as described above.

Specific Aim 3: To determine whether inflammatory markers such as Interleukin-
6 (IL-6), C-reactive protein (CRP), and Tumor necrosis factor (TNF), partially mediate
the association between increased IgG antibody levels to five persistent pathogens and
stroke risk in MAs.

Hypothesis 3: The association between increased IgG antibody levels to five
persistent pathogens and incident stroke will be partially mediated by TNF, CRP, and
IL-6.

1.3 Background

Stroke is an important public health issue. The next 40 years are pivotal for the
health of our nation as the "baby boom" generation becomes senior citizens and the
morbidity and costs from chronic diseases skyrocket to unprecedented levels. Due to
the aging population, the number of strokes will increase dramatically; exceeding 2
million per year by 2050.'° Stroke is the fourth leading cause of death in the US, and is

the leading cause of long-term disability in adults.?® Between 15-30% of stroke survivors



are permanently disabled and many require long-term nursing care.?* High rates of
disability contribute to enormous costs associated with stroke; over the next 50 years
the cost of stroke will exceed $2 trillion in the US.?* The Healthy People 2020 objectives
for heart disease and stroke include increasing overall cardiovascular health, which
emphasizes the need for more stroke research.?®

Eighty-seven percent of all strokes are ischemic in nature, 10% occur as a result
of intracerebral hemorrhage, and 3% are caused by subarachnoid hemorrhage.*
Ischemia results from low vascular blood supply to the brain.?* Ischemic stroke
pathophysiology is complex, and strokes of this type may manifest from a thrombus
(clot), embolus (traveling clot), systemic hypoperfusion, or a venus system thrombus.?
During ischemic stroke, the brain parenchyma, or inner core, dies instantly as blood flow
to this area decreases to 10-25%, whereas the penumbra, or the brain tissue
surrounding the core, may only be partially affected by the ischemia, and could be
spared from death as a result of collateral blood vessel formation and/or timely
pharmacologic intervention.?*

Atherosclerosis or hardening of arteries is the major precipitating event leading to
ischemic stroke.® Arterial changes leading to atherosclerosis begin with an injury to the
arterial wall, which can be caused by high cholesterol and triglyceride levels, smoking
cigarettes, increased serum glucose, and/or hypertension.? The next step involves the
accumulation of cholesterol, platelets, calcium and other cellular debris at the site of
arterial damage and formation of plaque, which thickens the endothelium, and
eventually impedes blood flow.?*> Atherosclerotic plaque is also deleterious when it

becomes fragile and ruptures causing blood clots, which can either block a blood vessel



(thrombus) or break off and travel to another location in the body (emboli).?> Traveling
emboli can block blood vessels that supply blood to the: (1) heart, resulting in a heart
attack, (2) brain, causing a stroke, or (3) arms and legs, causing difficulty walking and
ultimately gangrene.?® The process of atherogenesis begins in childhood, usually affects
medium to large-sized arteries, and slowly progresses throughout life.*

The largest and fastest growing minority population in the United States is the
Hispanic American population.?® The majority of Hispanic Americans, nationally, are
MAs.? The incidence of stroke among MAs is higher than that of their NHW
counterparts, especially at younger ages.® The MA population is currently youthful and
will, in the coming years, suffer an even greater burden of stroke as the population
ages. The disproportionate stroke burden in Hispanic Americans poses a significant
financial obligation to society, with projected direct and indirect costs from 2005-2050
exceeding $300 billion for this group.?

While MAs have different stroke risk factor profiles than NHWSs, traditional risk
factors are not likely to fully account for the stroke disparities seen in this group. For
instance, higher prevalence rates of diabetes have been reported in MAs,?’ while the
prevalence of hypertension and hyperlipidemia is similar to that seen in NHWs.?%°
Next, MAs have been reported to have lower prevalence rates of smoking and atrial
fibrillation compared to NHWSs.3" 32 On the other hand, higher rates of kidney disease*?
and decreased amounts of leisure time physical activity*>* have been documented in
MAs compared to their NHW counterparts. There are also important differences in
hypertension awareness, treatment and control among MAs and NHWSs, with MAs less

likely to be aware of disease status, to be prescribed adequate treatment, and to have



the disease controlled.?® Similarly, evidence exists that MAs are less likely to have their
diabetes properly controlled by pharmacologic treatments, as compared to NHWs.*
Given that MAs have higher rates of some stroke risk factors compared to NHWSs, but
lower rates of others, and the fact that we currently do not have a conclusive
explanation for the disparate stroke burden in this group, novel intervention targets
should be identified, in order to avert the impending death and disability that stroke will
cause in this population in the coming years.

Infections caused by HSV-1, CMV, VZV, T. gondii and H. Pylori are quite
common in US populations. The Herpesviridae family of viruses consist of 8 human
pathogens including HSV-1 and CMV.* HSV-related diseases are the most widespread
in the family, affecting 60-95% of adults worldwide.*® 3" These infections are currently
incurable and persist through the life span of the host, most commonly in latent form.*
HSV-1 accounts for most of the non-genital HSV-induced infections in humans.® Next,
CMV affects 50-80% of US adults by their 40™ birthday.*® Close contact with body fluids
of an infected person facilitates transmission of this pathogen.*® Most people infected
with CMV have no symptoms and are unaware of the infection.*® VzV is caused by
Human (alpha) herpes virus 3.%° In temperate climates, at least 90% of the population
acquires the infection caused by VZV by age 15, and at least 95% by young
adulthood.*° Life-long immunity is usually conferred with the original VZV infection, with
secondary attacks common in immunodeficient individuals.*® This viral infection may
remain latent, with recurrence years later as herpes zoster in about 15% of older
adults.*® T. gondii is an intracellular coccidian protozoan characterized by asymptomatic

infections.*® However, T. gondii cysts containing viable organisms may remain in the



tissues, with reactivation of cysts during immune system compromise.*° The duration
and degree of immunity are unknown, but it is assumed to be long-lasting or permanent,
with antibodies persisting for years, even throughout life.*° H. Pylori is a small, curved
microaerophilic gram negative rod.*! It is one of the most common bacterial infections in
the world, with a 70% prevalence in developing countries and 30-40% prevalence in
industrialized regions.** Exact modes of transmission of this pathogen are unknown,
however, fecal-oral or oral-oral routes are most plausible.*! Infection generally occurs in

childhood, and could persist throughout life if untreated.**

Certain persistent pathogens are more prevalent in MAs.** ** MAs have a higher
prevalence of exposure to several individual infections than their NHW counterparts.*’
For example, using data from NHANES lll, Everhart et al reported an age-adjusted
sero-prevalence of H. Pylori of 62% in MAs compared with 26% among NHWSs.** Also
from NHANES I, Staras et al reported a CMV sero-prevalence of 82% in MAs
compared with 51% in NHWs.'? MAs have also been shown to have a higher
prevalence of exposure to multiple persistent pathogens (termed pathogen burden)
compared with NHWs.'® " In analyzing data from a representative sample of US adults,
Zajacova et al reported higher burden of infection caused by six persistent pathogens
(H. Pylori, CMV, Hepatitis B, HSV-1, Actinobacillus actinomycetemcomitans and
Porphyromonas gingivalis) in MAs compared to NHWSs.!’ Disparities seen in MAs with
regard to infectious disease burden do not appear to be accounted for by differences in
education or income.’

Several mechanisms exist that may link persistent pathogens to incident stroke.

Persistent pathogens are thought to increase inflammation, thereby producing migration



of inflammatory cells to vessel walls which damages the endothelium, and increases
risk of atherosclerosis and clot formation.** *® As early as the 1970s, Mareks disease,
caused by an avian herpes simplex virus, was implicated in the formation of
atherosclerosis in animal models, which is similar to the atherosclerotic changes seen in
humans.** CMV has recently been linked with initial carotid artery changes leading to
atherosclerosis, as indicated by increased intima-media thickness (IMT) and later
carotid stenosis.*> CMV may also increase the speed at which plaques mature and/or
increase plaque instability and rupture as a result of immune cell activation.® *°
Inconclusive evidence suggests that elevated plasma homocysteine concentration (a
known risk factor for stroke) is associated with decreased folic acid induced by H. Pylori
infection.*”® Persistent pathogens may also directly infect vascular cells.>* For
instance, it has been preliminarily shown that H. Pylori contributes to atherosclerotic
changes in arteries, in retrospective analyses;>> however, prospective studies have yet
to confirm this association.>® Furthermore, C. pneumoniae, has been isolated from
atherosclerotic plaques, but rarely from normal cells of the arterial wall.*”®° Persistent
pathogens, traditional risk factors, and genetic predisposition may work together in
stimulating inflammatory pathways to increase risk of atherosclerosis and therefore risk
of stroke.®

Persistent pathogens have also been associated with established stroke risk
factors, although prospective studies are few in number, and are rarely focused on MAs.
In a recent report using the data from the Sacramento Area Latino Study on Aging, Jeon
et al. reported a significant increase in diabetes risk among individuals sero-positive to

H. Pylori (hazard ratio (HR): 2.69; 95% ClI: 1.10-6.60).%! In a population-based study



conducted in Taiwan, HSV infection was associated with an increased risk of atrial
fibrillation (HR: 1.39; 95% ClI: 1.20-1.60).°? Further, an association between high
antibody levels to CMV and elevated systolic and diastolic blood pressure among men
(p-value: 0.053 and p-value: 0.002, respectively) was found in analyses using data from
the Cardiovascular Risk in Young Finns Study.®®

Although it is plausible that persistent pathogens are risk factors for stroke, the
existing literature is limited. Studies have been conducted to examine C. pneumoniae,
CMV, HSV-1, and H. Pylori as risk factors for stroke.'® ** %48 However, most studies
have been small, and results from existing studies have been inconsistent. There have
been few prospective studies on persistent pathogens and stroke risk, with most data
coming from case-control studies.®* " 7 >89 For instance, investigators using data from
the Framingham Heart Study reported no association between seropositivity to C.
pneumoniae, H. Pylori and CMV infections and incident stroke.® In this study, a
combined cardiovascular endpoint, including incident Ml, fatal CHD and fatal and
nonfatal atherothrombotic stroke was used, and 199 total outcome events occurred,
however, the number of stroke cases was not reported. Next, in a prospective five year
follow-up study of patients with early stages of atherosclerosis, seropositivity to
cytotoxic associated gene-A (CAG-A) strains of H. Pylori (which is a strain of the
bacteria that induces systemic inflammation’) was associated with transient ischemic
attack (TIA) (p = 0.018) and ischemic stroke (p = 0.046), and seropositivity to CMV was
associated with TIA (p = 0.007).8* However, Elkind et al reported no significant
association between seropositivity to 5 infectious pathogens (C. pneumoniae, H. Pylori,

CMV, HSV-1 and HSV-2) and stroke risk, in a multi-ethnic prospective cohort (n = 1625)
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with an 8 year (median) follow-up.?? Most recently, in a five year prospective cohort
study, no significant association was found between incident stroke and seropositivity to
CAG-A negative or positive strains of H. Pylori.’

There is evidence that overall pathogen burden versus exposure to particular
pathogens may be more important for the promotion of atherosclerosis and therefore,
possibly ischemic stroke. Espinola-Klein and colleagues reported an association
between pathogen burden, defined as the summed seropositivity to C. pneumoniae, H.
Pylori, Haemophilis influenza, Mycoplasma pneumonaie, CMV, EBV and HSV-1 and 2,
and progression of atherosclerosis, as measured by an increase in IMT or the
progression of carotid stenosis.®® This same group also reported an association
between pathogen burden and advanced atherosclerosis defined as atherosclerosis in
greater than two vascular territories.?® In a prospective study, persistent pathogens
amplified the risk of atherosclerosis (RR = 4.1 for any versus no infection) and the
association persisted after adjustment for vascular risk factors.®

Although overall pathogen burden may be associated with stroke, this has not
been well studied. In one small case-control study no association was detected between
overall pathogen burden and stroke risk.?® Haider et al using data from the Framingham
Heart Study reported no association between pathogen burden and risk of a composite
cardiovascular endpoint which included stroke.® Most recently, researchers from the
Northern Manhattan Study reported a positive association between an infectious
disease burden index and risk of all strokes after multivariable adjustment (HR=1.39; CI:

1.02-1.90).2
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The existing studies examining exposure to pathogens and stroke have focused
on seropositivity, which may be limited in terms of measuring underlying inflammation.
Nazmi et al examined circulating levels of IL-6, CRP and fibrinogen in relation to five
pathogens: CMV, HSV-1, Hepatitis A, H. Pylori and C. pneumoniae.*® High antibody
response to multiple pathogens, including the total number of pathogens with antibody
response in the highest quartile, showed graded and significant associations with IL-6
(p-value: <0.001), CRP (p-value: 0.04) and fibrinogen (p-value: 0.001), whereas sero-
positive pathogen burden did not.*® For each pathogen exhibiting a high antibody
response, there was a 2-9% increase in inflammatory marker level.*® The conclusion
from this work was that antibody response, which provides data on the extent of
immune response to pathogens, may be more closely linked to underlying inflammation
and the progression of atherosclerosis.*®

Persistent pathogen exposure may increase stroke risk, though the exact biologic
mechanism has yet to be elucidated. We hypothesize, however, that inflammatory
markers, such as IL-6 and TNF, as well as the acute phase-reactant, CRP, may lie on
the causal pathway. Exposure to H. Pylori causes activation of the innate immune
response, or the body’s first line of defense against invaders, when lipopolysaccharides
on its outer membrane bind to toll like-receptors of endothelial, monocyte and
macrophage cells,®” precipitating damage to the endothelium and the initiation and/or
progression of atherosclerosis.®” " Further, H. Pylori antigens are presented by
dendritic cells, which activate both B and T cells, thereby inducing a proinflammatory
state.® CagA strains of H. Pylori are associated with increased levels of systemic

91, 92

inflammation, and have been linked to atherosclerotic changes in arteries, in
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retrospective analyses.*® Further, several periodontal pathogens have been linked to
vascular inflammation, with data suggesting that periodontal disease causes increased
systemic cytokines as well as CRP, which would promote inflammation and be
detrimental to vascular health.®**° Inconsistent data exists, however, linking CMV
infection to elevated IL-2, IL-4, TNF-a, and interferon-gamma,®® °" however, human
herpes viruses, in general, have been shown to induce chemokine production.>* Stroke
incidence has also been linked to systemic concentrations of inflammatory markers
such as IL-6,% as well as baseline CRP levels,* % however, some studies report only
a weak association. % These data support the hypothesis that inflammatory markers
may partially mediate the association between persistent pathogens and stroke risk.
The existing literature on the role of persistent pathogens as well as pathogen
burden on incident stroke is limited for several reasons. First, none of the existing
studies considered the effect of antibody response to persistent pathogens on stroke
risk, rather, they defined pathogen exposure using serostatus, which may not be the
best predictor of inflammatory outcomes.*® Furthermore, Elkind et al, when investigating
the effect of pathogen burden on incident stroke risk, used at a weighted index of
infection burden, based on parameter estimates from the Cox proportional hazard
models containing positive serological test results in relation to stroke versus antibody
response to the persistent pathogens to define pathogen burden.® To our knowledge, no
study to date has elucidated the mechanisms by which exposure to persistent
pathogens increases stroke risk. Elkind et al, in a recent prospective cohort study,
found no change in the effect estimate for the association between infectious burden

and stroke risk, when adjusting for high sensitivity CRP (HR (unadjusted), 1.39; 95% ClI,

13



1.04-1.90; HR (adjusted for demographics and risk factors) 1.39; 95% CI, 1.02-1.90; HR
(adjusted for demographics, risk factors and hs-CRP) 1.39; 95% Cl, 1.02-1.90).%* The
authors did not, however, focus specifically on the MA population, consider other
inflammatory markers, formally assess mediation in their analysis, or use antibody
response to operationalize pathogen burden, as we previously discussed.®

This dissertation research builds on the existing literature by examining antibody
response to several persistent pathogens as risk factors for incident stroke in the MA
population, a population known to experience greater stroke and infectious disease
burden. Further, we investigated the effect of pathogen burden, as defined as: (1)
summed seropositivity to 0-5 pathogens, (2) average IgG antibody level across five
pathogens and (3) count sum of the number of pathogens eliciting a high antibody
response, on stroke risk. Lastly, this dissertation adds clarification to the literature by
investigating the mechanism(s) involved in the associations between persistent
pathogens and incident stroke, which has received little attention in the literature.
1.4 Public Health Significance

Stroke is the leading cause of disability and the 4™ leading cause of death in the
US.»?° MAs have an increased risk of stroke, compared to their NHW counterparts, and
this disparity is currently unexplained. Persistent pathogens, some of which are more
prevalent in MAs, have been proposed as risk factors for stroke, although prospective
studies in diverse populations are lacking. This dissertation research is novel in that the
association between persistent pathogens and stroke is investigated using data from a
cohort of elderly MAs, a population particularly vulnerable to stroke. In the first specific

aim of this dissertation, the associations between IgG antibody levels to five persistent
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pathogens and incident stroke were investigated. In aim 2, associations between overall
pathogen burden and incident stroke were explored, using novel measures of pathogen
burden. In specific aim 3, this dissertation sought to elucidate the possible mechanisms
underlying the association between persistent pathogens and incident stroke.
Importantly, this dissertation overcomes a large limitation of previous work by focusing
on antibody response, which may be a more consistent predictor of inflammatory
outcomes but has not yet been studied with respect to stroke.'® This dissertation
research could have important implications for the prevention of stroke in MAs and for
reducing the stroke health disparity in the MA population in several ways. First, if
exposure to high antibody levels to individual persistent pathogens is shown to increase
stroke risk in MAs and is confirmed in other populations, new pharmacological
intervention trials aimed at pathogen eradication may be effective at decreasing the
burden of stroke in this group. Similarly, if concurrent exposure to several persistent
pathogens is shown to increase stroke risk and is replicated in other groups,
interventions aimed at decreasing exposure to these pathogenic organisms, especially
during childhood, may be effective at decreasing the stroke burden in MAs.
Furthermore, by clarifying the mechanisms involved in any associations between
persistent pathogens and incident stroke, the dissertation may inform future prospective
studies seeking to confirm intermediate variables on the causal chain from persistent
pathogens to incident stroke, as well as clinical trials seeking to intervene on the
potential mediators. Given the disparities in stroke rates in the MA population, the

identification of novel and modifiable risk factors in this subgroup is imperative.
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Chapter 2
Persistent Pathogens and Incident Stroke in Mexican Americans

2.1 Introduction

Hispanic Americans make up the largest minority group in the United States, with
Mexican Americans (MAs) comprising the largest subgroup.? In the United States, MAs
are among the fastest growing populations.? Stroke incidence in MAs is higher than in
Non-Hispanic whites (NHWSs), especially at younger ages.® Traditional risk factors for
stroke are unlikely to fully account for the ethnic difference in stroke incidence.

MAs have a higher prevalence of several persistent infections that have been
linked to chronic diseases, including Cytomegalovirus (CMV),*? Helicobacter pylori (H.
Pylori),™® Toxoplasma gondii (T. gondii) ** and Herpes simplex virus 2 (HSV2).*
Reactivation of these infections may result in higher levels of systemic inflammation.®
Inflammation increases stroke risk through several interconnected mechanisms.®
Persistent pathogens, traditional risk factors, and genetic predisposition may work
together in stimulating inflammatory pathways that promote atherosclerosis, which in
turn may increase stroke risk and contribute to ethnic differences in stroke.®

Unfortunately, there are few prospective studies specifically linking persistent
pathogens to incident stroke. Investigators using data from the Framingham Heart
Study (n=1,187) reported no association between seropositivity to C. pneumoniae (C.

pneumoniae), H. Pylori and CMV infections and incident stroke.® Elkind et al. reported
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no significant association between seropositivity to five infectious pathogens (C.
pneumoniae, H. Pylori, CMV, HSV-1 and HSV-2) and stroke risk, in a multi-ethnic
prospective cohort (n = 1625) with an 8 year (median) follow-up.? Most recently, in a five
year prospective cohort study, no significant association was found between
seropostivity to cytotoxin associated A-gene (CAG-A) negative or positive strains of H.
Pylori and stroke risk.”

Importantly, existing studies on the link between persistent pathogens and stroke
risk were not focused on the MA population.® ** Further, these studies were limited by
their use of seropositivity instead of antibody level to infection, which may predict
inflammatory outcomes more consistently,*® and by considering only a small subset of
infectious diseases. To build on this earlier research, our objective was to examine the
associations between both seropositivity and antibody level to five infectious agents,
including previously studied (CMV, HSV1, and H. Pylori) as well as novel pathogens
(VZV and T. gondii), and stroke risk in an elderly cohort of MAs from the Sacramento
Area Latino Study on Aging (SALSA). The novel pathogens were included in our
analysis because of the potential for reactivation of latent infections, which may produce
a chronic inflammatory response.’

2.2 Methods
Study population

Our analysis sub-sample (n=1621) included participants from SALSA, a
longitudinal study of community-dwelling Latinos residing in the Sacramento Valley of
California. At baseline (1998-1999), 1,789 Latino participants who were 60-101 years of

age were enrolled. Details of the recruitment and enumeration process, as well as
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survey design, have been published previously.'®> 1% Over the course of the 10 year
study period, total attrition from deaths (n=452), refusals (n=169) and loss to follow up
(n=147) in the cohort averaged 5.4% per year. Attrition due to deaths averaged 3% per
year, refusals 1.2% and loss to follow-up 1%. We excluded 168 participants who had a
self-reported history of stroke at baseline.
Study Procedures

Study participants underwent a baseline in-home interview and medical exam,
where a trained bilingual interviewer collected a fasting serum sample, data on socio-
demographics, medical history, medication usage, behavioral risk factors, and clinical,
cognitive and functional status (Figure 1). Seven in-home interviews were conducted at
12-15 month intervals, to update the majority of the information collected during the
baseline interview. Fasting serum samples were collected at baseline and, during the 3-
6" annual in-home interviews. Study subjects also participated in semi-annual
telephone interviews (n=6), where information on medical history, medication usage,
and demographics was collected. This study was approved by the Institutional Review
Boards (IRB) at the University of Michigan, and the University of California, San
Francisco and Davis, and all study subjects gave consent.
Exposure Ascertainment

Serum samples were tested at the Stanley Neurovirology Laboratory of the
Johns Hopkins University School of Medicine for Immunoglobulin G (IgG) antibody
levels to H. Pylori, CMV, HSV1, VZV, and T. gondii, measured by optical density ratio
units, using a commercially available solid-phase enzyme-linked immunosorbent assay

(ELISA), with instructions from the manufacturers used to determine categorical
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serostatus. Individuals were categorized as sero-negative to CMV, HSV1, H. Pylori, and
VZV if their absorbance values were < 0.9; equivocal if > 0.9 and < 1.1; and sero-
positive if = 1.1.2%” The cut-point for seropositivity to T. gondii was 10 international
units/ml.*°” For the analysis, pathogen variables were defined using serostatus
(positive/negative, with equivocal values categorized as negative) and antibody level,
based on IgG antibody levels.
Outcome Ascertainment

Incident strokes were identified from study participants using the following
methods. At the baseline visit, participants were asked “Has a doctor ever told you that
you had a stroke?". At each subsequent follow-up visit and semi-annual telephone
conversation, participants were asked whether a doctor ever told them that they had a
stroke or cerebrovascular accident since the last interview. Fatal strokes were identified
from death certificates using ICD-10 code 164. Death certificates were obtained on
90.2% (n=414) of those reported to be deceased by their families and/or by vital
statistics, and only those stroke deaths confirmed by death certificate were included as
outcome events.
Covariates

Variables included in the analysis as potential confounders included
hypertension, diabetes, hyperlipidemia, smoking, atrial fibrillation, coronary heart
disease, education, age and gender. Two blood pressure measurements were taken
using an automatic digital blood pressure monitor (OMRON MODEL: HEM-747 IC).
Individuals were categorized as hypertensive (yes/no) if they self-reported a physician

diagnosis of hypertension, reported use of anti-hypertensives, or had a sitting systolic
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blood pressure of at least 140 mm Hg and/or a diastolic blood pressure of at least 90
mm Hg. Diagnosis of diabetic status (yes/no) was determined by the presence of a
serum fasting glucose >125 mg/dl, self-report of physician diagnosis of diabetes, or use
of a diabetic medication. Morning fasting serum samples were used to test for total
cholesterol using Reagent for Cholesterol (number 3313018; Roche Diagnostics,
Indianapolis, IN), low density lipoprotein (LDL) cholesterol, using the LDL Direct Liquid
Select (number 7120; Equal Diagnostics) and high density lipoprotein (HDL) cholesterol
using the HDL Direct Reagent (number 3034569; Roche Diagnostics, Indianapolis, IN).
Hyperlipidemia (yes/no) was defined as: LDL > 100mg/dl and HDL < 40mg/dI or total
cholesterol level > 200mg/dl. Smoking status was categorized as ever/never for the
analysis. Several variables were used to determine heart disease and/or peripheral
artery disease (PAD) status. History of atrial fibrillation (yes/no) was determined by self-
reported physician diagnosis within the previous 5 years. Diagnosis of myocardial
infarction, angina pectoris, intermittent claudication, congestive heart failure, and
heart/coronary catheterization was determined by self-report of any prior physician
diagnosis of these conditions. A coronary heart disease/PAD indicator variable was
defined as having a history of at least 1 of these conditions versus no history. Years of
education was categorized as 0-3, 4-11 and =212.
Statistical Approach

Baseline descriptive statistics for socio-demographics as well as prevalence of
stroke risk factors were calculated and compared across incident stroke status using x?
tests for categorical variables and Wilcoxon rank-sum test for continuous variables.

Correlation among the five persistent pathogens was assessed with chi-squared tests of
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independence (serostatus) and spearman correlations (antibody levels). Discrete-time
logistic regression analyses were performed to investigate the association between
seropositivity and antibody level to the pathogens of interest and incident stroke risk
using data from 13 discrete time points. We used baseline covariate data and updated
with longitudinally collected covariate information when available and relevant. Since
not all of the variables of interest were ascertained at semi-annual visits, we used the
previous annual visit data when available, to fill in semi-annual information on
hypertension, diabetes, hyperlipidemia, pathogen serostatus and antibody level.

The number of individuals with missing data for all 5 pathogens at baseline, and at
follow-up visits 3-6 was: 523, 1214, 1193, 1499 and 1057, respectively. To justify
carrying forward pathogen data from follow-up visits with serum samples to subsequent
visits without samples, we assessed agreement between serostatus at baseline and
each subsequent follow-up visit, and between each follow-up visit and succeeding visits
(Kappa, Gamma, Somers D, Lambda (symmetric and asymmetric), and McNemar’s
Test); the same comparisons were made for IgG antibody level to each pathogen
(intraclass correlation and coefficient of variation). There was good agreement between
previous and subsequent serostatus and antibody level to each pathogen under study
(see Tables 2.1-2.10).

For the discrete time logistic models, antibody levels for each pathogen were
modeled continuously and were re-scaled by dividing by their corresponding
interquartile range, to allow us to interpret our regression coefficients as the stroke risk
for individuals in the 75™ versus the 25™ percentile of antibody levels. Two levels of

covariate adjustment were used: 1) age, gender, education, and 2) age, gender,
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education, diabetes, atrial fibrillation, smoking, coronary heart disease/PAD,
hypertension, and hyperlipidemia. Interactions between the five pathogens were tested,
with the inclusion of product terms in our fully adjusted models. P-values <0.05 were
considered significant. All statistical procedures were performed using SAS version
9.2(SAS Institute, Inc., Cary, North Carolina).

2.3 Results

Characteristics of the baseline study population by incident stroke status
(n=1621) are shown in Table 2.11. During follow-up 164 incident strokes occurred. The
mean age of the study participants was 70.4 (Standard deviation (SD)=7.04), with 41%
male. Individuals who experienced an incident stroke were more likely to be older and to
have diabetes and hypertension than individuals who did not have an incident stroke
during the follow-up. Roughly 47% of the population was born in the United States with
most of the participants completing less than a high school education and earning less
than 2,000 dollars per month. At baseline, 60.3% of participants were sero-positive to
CMV, 65.6% to H. Pylori, and 62.5% to HSV1. However, only 20.7% of the participant’s
sero-positive to VZV and 24.1% were sero-positive to T. gondii. Finally, 4.1% of the
baseline sample was sero-positive to all five pathogens concurrently.

Seropositivity to each pathogen and antibody levels to H. Pylori were associated
with baseline history of stroke (data not shown). Table 2.12 presents odds ratios (OR)
and 95% confidence intervals (CI) for risk of stroke associated with seropositivity to
each of the persistent pathogens. For all pathogens, seropositivity was not significantly
associated with increased risk of stroke, either before or after adjustment for covariates.

We further analyzed the effect of IgG antibody levels to the 5 pathogens on stroke risk
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(Table 2.13). There were no associations between antibody levels to CMV, HSV1, T.
gondii or VZV and stroke risk before or after adjustment for covariates. However,
individuals with high H. Pylori antibody level (IgG in the 75" versus 25™ percentile) had
significantly increased risk of stroke (OR: 1.53; 95% CI: 1.11, 2.12). We present results
of the fully adjusted models in Table 2.14. Lastly, we performed a post-hoc sensitivity
analysis, limiting the analysis of the effect of antibody level on stroke risk, to individuals
who, at baseline, were sero-positive to H. Pylori (n=959), comparing 75" versus 25™
guartiles and we found similar trends to those reported in Table 2.13 (OR: 1.51; 95% CI:
1.06, 2.15). The association between H. Pylori and incident stroke was not statistically
significantly modified by antibody levels to CMV, HSV-1, VZV, or T. gondii (data not
shown). We found no correlations between antibody levels to any of the persistent
pathogens, except for between CMV and VZV (p-value: 0.0003). Lastly, given the
potential for nativity to impact persistent pathogen exposure, we re-ran all of our fully
adjusted models after adding country of birth variables (Mexico, other Latin countries
and US, with the later serving as the referent category), and found no change in our risk
estimates (data not shown).
2.4 Discussion

In our analysis of an elderly cohort of Latinos residing in Sacramento County,
California, we found a significant association between IgG antibody levels to H. Pylori
and incident stroke in fully adjusted models. In contrast, we found no association
between seropositivity to five pathogens and stroke risk, or between IgG antibody levels
to CMV, HSV1, T. gondii, or VZV and risk of stroke. In cross-sectional analyses, we

found significant associations between seropositivity and antibody levels to all five
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persistent pathogens, and baseline history of stroke. This finding is likely the result of
reverse causation, given the lack of an association in our prospective analyses.

Our findings of null associations between seropositivity to five persistent
pathogens and incident stroke are in general agreement with existing prospective
studies. Haider et. al using data from the Framingham Heart Study reported no
association between seropositivity to C. pneumoniae, H. Pylori and CMV infections and
incident stroke.® Elkind et al. also reported no significant association between
seropositivity to 5 infectious pathogens (C. pneumoniae, H. Pylori, CMV, HSV-1 and
HSV-2) and stroke risk, in a multi-ethnic prospective cohort (n = 1625) with an 8 year
(median) follow-up.? Most recently, Schottker, et al., reported no significant association
between seropostivity to Cag-A negative or positive strains of H. Pylori and stroke risk,
in their five-year prospective cohort study (n=9953).” In contrast to these studies based
on serostatus, our findings pertaining to antibody levels to H. Pylori and stroke risk may
be the result of our ability to more accurately assess the effect of exposure to this
pathogen, given the evidence that antibody level may be a more consistent predictor of
inflammatory outcomes.*®

It is unclear why H. Pylori alone was associated with incident stroke. However,
there are biologically plausible pathways by which H. Pylori may influence incident
stroke. Lipopolysaccharides on the outer membrane of H. Pylori have been reported to
bind to Toll-like receptors on endothelial, monocyte and macrophage cells, which results
in endothelial damage and the initiation of atherosclerosis.®” A retrospective analysis
suggests a direct link between H. Pylori and atherosclerotic changes in arteries,

however, prospective studies have yet to confirm this association.*® It has also been
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reported that H. Pylori strains with CagA are more likely to produce a systematic
immune response.®* ° However, we did not have data on H. Pylori strain-type in our
cohort, which precluded us from addressing this hypothesis.

There are also several indirect pathways that may link H. Pylori to incident
stroke. For instance, H. Pylori was recently reported to increase diabetes risk in the
SALSA cohort, and diabetes is a known stroke risk factor.®* However, when we adjusted
for diabetes status in our analysis, the ORs were not significantly attenuated,
suggesting that diabetes does not substantially mediate the H. Pylori-stroke association.
Another possible pathway linking H. Pylori to incident stroke is through folic acid and
Vitamin B12, both of which are decreased with exposure to this pathogen, which results
in increased serum plasma homocysteine, a known risk factor for cardiovascular
disease and stroke.*" 4952 108

Our study has several strengths. Although earlier studies looked at the effect of
persistent pathogens on stroke risk, they all used serostatus in defining exposures.
Therefore, our work is the first study to use prospectively collected, population-based
data to investigate the link between IgG antibody levels to persistent pathogens and
stroke risk in MAs. We used discrete-time regression, which allowed us to analyze time-
varying covariates, which may have permitted us to more accurately assess the time-
varying effect of pathogen exposure on stroke risk, and to account for changes in risk
factors for stroke over time. Next, antibody level to persistent pathogens is thought to be
a more specific predictor of inflammation,'® and our study is the first to prospectively
examine its effect on incident stroke in MAs. Finally, our research focused specifically

on MAs, a group disproportionately affected by stroke.?
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The following limitations of the current study should be considered. First, our
primary endpoint, incident stroke, was largely based on self-report, and could be under
or over-estimated, which, may bias our findings. However, sensitivity rates for self-
reported stroke ranging from 80-98% have been reported in the elderly.'® *° Next, we
could not distinguish between stroke types, which may bias our associations towards
the null, as infection is more likely to be associated with ischemic stroke through
atherosclerotic mechanisms. Further, additional pathogens, such as C. pneumoniae and
periodontal pathogens, which have been previously studied for their links to stroke,
were not available.?® " When we carried forward the risk factor and pathogen data
from either baseline or the previous follow-up visit to semiannual visits, we assume that
this information is constant, which may not be true for all individuals. Next, the
possibility exists, that our multivariable models over-adjusted the associations between
pathogens and stroke risk, because some of the variables such as diabetes may lie on
the causal pathway of the pathogen-stroke association.®* However, we did not observe
a large attenuation of our ORs in fully adjusted models suggesting this may not be the
case. Further, it is possible that individuals with infections caused by H. Pylori are more
likely to seek medical attention, and as a result, are more likely to have mild strokes
diagnosed. Lastly, the generalizability of our study results is limited to elderly MAs.
Nevertheless, the MA population suffers disproportionate effects from stroke, which
makes identification of novel risk factors in this group particularly important.

2.5 Summary
We report a significant association between IgG antibody levels to H. Pylori and

risk of stroke in MAs, but no associations between exposure to several other persistent
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infections and incident stroke. Further study of H. Pylori’s effect on stroke risk is

warranted, as is the potential for treatment of this pathogen to decrease stroke risk.
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Table 2.1. Correlations of CMV serostatus by visit, SALSA, California, 1998-2008.

BL vs. BL vs. BL vs. BL vs. FV3 vs. FV5 vs.
FV3 Fv4 FV5 FV6 Fv4 Fv6

Gamma 0.9157 0.8754 0.7832 0.8406 0.9147 0.8846
Kappa 0.6662 0.6002 0.5397 0.5615 0.6054 0.6798
Somers D 0.6739 0.6129 0.5316 0.5614 0.7426 0.6872
Lambda* 0.4464 0.4000 0.4211 0.4051 0.4737 0.4571
Lambda’ 0.4359 0.4043 0.4026 0.3757 0.4444 0.4507
McNemar’s p- 0.4168 0.2378 0.7851 0.0644 0.5319 0.9643

value

*Asymmetric; TSymmetric; BL, baseline; FV3-6, follow-up visit 3-6;

CMV: cytomegalovirus; SALSA: Sacramento Area Latino Study on Aging
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Table 2.2. Variability of CMV Immunoglobulin G antibody levels by visit, SALSA,
California, 1998-2008.

Intra-class correlation Coefficient of Variation

coefficient
Baseline 0.5135 48.5461
Follow-up visit 3 0.5228 46.3835
Follow-up visit 4 0.5380 49.0630
Follow-up visit 5 0.5146 47.2572
Follow-up visit 6 0.5500 47.8570

SALSA: Sacramento Area Latino Study on Aging; CMV: cytomegalovirus
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Table 2.3. Correlations of HSV1 serostatus by visit, SALSA, California, 1998-2008.

BL vs. BL vs. BL vs. BL vs. FV3 vs. FV5 vs.

FV3 Fv4 FV5 FV6 Fv4 FV6
Gamma 0.9323 0.9159 0.9450 0.9452 0.9496 0.8870
Kappa 0.7008 0.6136 0.6002 0.6992 0.7967 0.6354
Somers D 0.7236 0.6692 0.7209 0.7372 0.8432 0.7036
Lambda* 0.5102 0.3704 0.5185 0.4923 0.6842 0.5172
Lambda’ 0.5049 0.3860 0.4310 0.4929 0.6842 0.5345
McNemar’s p- 0.5044 0.3387 0.1059 0.0785 0.9536 0.4980

value

*Asymmetric; TSymmetric; BL, baseline; FV3-6, follow-up visit 3-6; Gamma: range (-1,
1); Kappa interpretation: (0.0< Kappa >0.4= marginal agreement, 0.4< kappa >0.75=
good agreement, Kappa >0.75: excellent agreement; Somers D: range (-1,1); Lambda
(asymmetric and symmetric): range (0,1);
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Table 2.4.Variability of HSV1 Immunoglobulin G antibody levels by visit, SALSA,
California, 1998-2008.

Intra-class correlation Coefficient of Variation

coefficient
Baseline 0.6065 51.0447
Follow-up visit 3 0.6324 51.7672
Follow-up visit 4 0.5970 51.0291
Follow-up visit 5 0.6630 56.9176
Follow-up visit 6 0.6490 51.4561

HSV1: Herpes simplex virus type 1; SALSA: Sacramento Area Latino Study on Aging
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Table 2.5. Correlations of H. Pylori serostatus by visit, SALSA, California, 1998-2008.

BL vs. BL vs. BL vs. BL vs. FV3 vs. FV5 vs.
FV3 Fv4 FV5 FV6 Fv4 FVe6

Gamma 0.8920 0.8829 0.7980 0.9190 0.9230 0.8722
Kappa 0.5873 0.4444 0.4081 0.4820 0.7159 0.5783
Somers D 0.6379 0.6305 0.5565 0.7324 0.7581 0.6369
Lambda* 0.3462 0.1923 0.2308 0.2500 0.5714 0.3939
Lambda’ 0.3163 0.1538 0.1515 0.1527 0.5641 0.3731
McNemar’s p- 0.2867 0.1038 0.0906 0.0002 0.5319 0.7932

value

*Asymmetric; TSymmetric; BL, baseline; FV3-6, follow-up visit 3-6; Gamma: range (-1,
1); Kappa interpretation: ( 0.0< Kappa >0.4= marginal agreement, 0.4< kappa >0.75=
good agreement, Kappa >0.75: excellent agreement; Somers D: range (-1,1); Lambda
(asymmetric and symmetric): range (0,1); SALSA: Sacramento Area Latino Study on

Aging
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Table 2.6. Variability of H. Pylori Immunoglobulin G antibody level by visit, SALSA,
California, 1998-2008.

Intra-class correlation Coefficient of Variation

coefficient
Baseline 0.7830 50.7843
Follow-up visit 3 0.7857 57.0787
Follow-up visit 4 0.8016 59.2287
Follow-up visit 5 0.7958 61.8262
Follow-up visit 6 0.7958 61.0098

H. Pylori: Helicobacter pylori; SALSA: Sacramento Area Latino Study on Aging
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Table 2.7. Correlations of VZV serostatus by visit, SALSA, California, 1998-2008.

BL vs. BL vs. BL vs. BL vs. FV3 vs. FV5 vs.
FV3 FVv4 FV5 FV6 Fv4 FV6

Gamma 0.4446 0.3900 0.4011 0.4315 0.4147 0.5309
Kappa 0.5492 0.4741 0.4292 0.4678 0.5460 0.5856
Somers D 0.3537 0.2824 0.2960 0.3117 0.3154 0.4192
Lambda* 0.5333 0.3812 0.3697 0.4452 0.5541 0.5556
Lambda’ 0.4956 0.3571 0.3451 0.3779 0.5484 0.5200
McNemar’s p- 0.0008 0.0010 0.1701 <0.0001 0.2896 0.1069

value

*Asymmetric; TSymmetric; BL: baseline; FV3-6:followup visit 3-6; Gamma: range (-1, 1);
Kappa interpretation: ( 0.0< Kappa >0.4= marginal agreement, 0.4< kappa >0.75= good
agreement, Kappa >0.75: excellent agreement; Somers D: range (-1,1); Lambda
(asymmetric and symmetric): range (0,1); SALSA: Sacramento Area Latino Study on
Aging
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Table 2.8. Variability of VZV Immunoglobulin G antibody levels by SALSA, California,
1998-2008.

Intra-class correlation Coefficient of Variation
coefficient
Baseline 0.1903 52.6606
Follow-up visit 3 0.2278 52.1039
Follow-up visit 4 0.1990 51.5351
Follow-up visit 5 0.2199 54.0146
Follow-up visit 6 0.2331 52.4651

VZV: varicella zoster virus; SALSA: Sacramento Area Latino Study on Aging
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Table 2.9. T. gondii serostatus correlations by visit, SALSA, California, 1998-2008.

BL vs. BL vs. BL vs. BL vs. FV3 vs. FV5 vs.
FV3 Fv4 FV5 FV6 Fv4 FV6

Gamma 0.8387 0.8725 0.6834 0.8001 0.8613 0.6993
Kappa 0.7711 0.7913 0.6568 0.7118 0.7475 0.7810
Somers D 0.7143 0.7495 0.5029 0.6423 0.7077 0.6342
Lambda* 0.6988 0.7624 0.5429 0.6505 0.7536 0.7143
Lambda’ 0.7069 0.7636 0.5789 0.6490 0.7500 0.7007
McNemar’s p- 0.0587 0.3973 0.1321 0.4461 0.0937 0.1386

value

*Asymmetric; TSymmetric; BL: baseline; FV3-6: follow-up visit 3-6; Gamma: range (-1,
1); Kappa interpretation: ( 0.0< Kappa >0.4= marginal agreement, 0.4< kappa >0.75=
good agreement, Kappa >0.75: excellent agreement; Somers D: range (-1,1); Lambda
(asymmetric and symmetric): range (0,1); SALSA: Sacramento Area Latino Study on

Aging
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Table 2.10.Variability of T. gondii Immunoglobulin G antibody levels by visit SALSA,
California, 1998-2008.

Intra-class correlation Coefficient of Variation

coefficient
Baseline 0.5957 99.0583
Follow-up visit 3 0.6174 103.1960
Follow-up visit 4 0.6016 100.8542
Follow-up visit 5 0.5783 111.7730
Follow-up visit 6 0.6011 100.5119

T. gondii: Toxoplasma gondii; SALSA: Sacramento Area Latino Study on Aging
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Table 2.11. Baseline Participant Characteristics by Incident Stroke Status,

SALSA, California, 1998-2008.

No Stroke Incident P
(n=1457) Stroke
(n=164)

Characteristic N (%) N (%)

Age (SD)* 70.2 (6.9) 72.6 (7.9) 0.0004

Men 602 (41.3) 71 (43.3) 0.6265

Nativity 0.8955
Mexico 677 (46.5) 71(43.3)

United States 686 (47.1) 82 (50.0)
Other 85 (5.8) 10 (6.1)

Education (years) 0.2878
0-3 464 (31.8) 59 (36.0)

4-11 552 (37.9) 59 (36.0)
212 432 (29.6) 45 (27.4)

Smoking Status 0.8795
Ever 769 (52.8) 92 (56.1)

Never 677 (46.5) 71 (43.3)

Income 0.7760
<1,000/month 635 (43.6) 70 (42.7)
1,000-1999/month 441 (30.3) 54 (32.9)
>2,000/month 349 (24.0) 37 (22.6)

Hypertension 928 (63.7) 126 (76.8) 0.0008

Diabetes 433 (29.7) 66 (40.2) 0.0215

Hyperlipidemia 846 (58.1) 92 (56.1) 0.2907

Atrial Fibrillation 74 (5.1) 15 (9.2) 0.0901

Coronary Heart 260 (17.8) 42 (25.6) 0.0532

Disease/PAD

Seropositivity
Cytomegalovirus 882(60.5) 97 (59.2) 0.1889
Helicobacter pylori 959 (65.8) 105 (64.0) 0.4574
Varicella zoster 299 (20.5) 36 (22.0) 0.6192
Herpes simplex virusl 920(63.1) 94 (57.3) 0.3564
Toxoplasma gondii 353 (24.2) 38 (23.2) 0.7506

To all 5 pathogens 56 (3.8) 11 (6.7) 0.0807

*Mean(Standard Deviation (SD)); N: number; SALSA: Sacramento Area Latino Study on

Aging
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Table 2.12. Seropositivity to Time-Dependent Persistent Pathogens and Incident Stroke, SALSA, California, 1998-2008.
CMV HSV1 T. GONDII vzVv H. PYLORI

OR 95% ClI OR 95% ClI OR 95% ClI OR 95% ClI OR 95% ClI

Modell” 1.31 (0.76,2.25) 0.86 (0.52,1.42) 1.08 (0.75,1.56) 1.12 (0.77,1.61) 1.93 (0.85, 4.40)
Model2! 1.12 (0.62,2.04) 0.82 (0.48,1.40) 1.13 (0.76,1.68) 0.91 (0.62,1.36) 1.56 (0.68,3.57)

Model3* 1.10 (0.60,1.98) 0.78 (0.45,1.34) 1.06 (0.71,1.58) 0.88 (0.59,1.31) 1.63 (0.71,3.76)

CMV, Cytomegalovirus; HSV1, Herpes simplex virus 1; T. gondii, Toxoplasma gondii; VZV, Varicella Zoster; H. Pylori,
Helicobacter pylori; Cl, confidence interval; OR, odds ratio; Model 1: unadjusted; "Model 2: age, gender, education;
*Model 3: age, gender, education, diabetes, atrial fibrillation, smoking, coronary heart disease/PAD, hypertension, and
hyperlipidemia; SALSA: Sacramento Area Latino Study on Aging
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Table 2.13. IgG Antibody Levels to Time-Dependent Persistent Pathogens, Comparing 75" versus 25" Quartiles, and
Incident Stroke, SALSA, California, 1998-2008.

CMV HSV1 T. gondii \/AY} H. Pylori

OR 95% ClI OR 95% ClI OR 95% Cl OR 95% ClI OR 95% ClI

Modell” 0.97 (0.76,1.23) 093 (0.73,1.18) 1.05 (0.88, 1.04 (0.86,1.26) 1.27 (0.94,1.72)
1.26)

Model2! 0.85 (0.65,1.12) 0.92 (0.71,1.19) 1.10 (0.91, 0.95 (0.76,1.19) 1.38 (1.00,1.91)
1.33)

Model3* 0.87 (0.66,1.15) 0.91 (0.70,1.19) 1.07 (0.88, 0.93 (0.75,1.16) 1.53 (1.11,2.12)

1.30)

CMV, Cytomegalovirus; HSV1, Herpes simplex virus 1; T. gondii, Toxoplasma gondii; VZV, Varicella zoster virus; H.
Pylori, Helicobacter pylori; Cl, confidence interval; OR, odds ratio; ‘Model 1: unadjusted; "Model 2: age, gender,
education; *Model 3:age, gender, education, diabetes, atrial fibrillation, smoking, coronary heart disease/PAD,
hypertension, and hyperlipidemia; SALSA: Sacramento Area Latino Study on Aging
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Table 2.14. Odds Ratios and Associated 95% Confidence Intervals for Associations Between Covariates and Incident
Stroke by Infection Status, SALSA, California, 1998-2008.

CMV

H. Pylori

VZV

T. gondii

HSV1

Characteristic

OR (95% CI)

OR (95% CI)*

OR (95% CI)

OR (95% CI)

OR (95% CI)

Age
Women
Education (years)

212

0-3

4-11
Smoking Status

Never

Ever
Hypertension
Diabetes
Hyperlipidemia
Atrial Fibrillation

Coronary Heart Disease

1.04 (1.01, 1.07)
0.85 (0.55, 1.32)

Reference
1.31(0.82, 2.10)
1.28 (0.77, 2.13)

Reference
1.19 (0.78, 1.83)
1.70 (0.77, 3.76)
1.40 (0.97, 2.06)
0.90 (0.60, 1.34)
1.53 (0.94, 2.50)
3.28 (2.19, 4.93)

1.03 (1.01,1.06)
0.84 (0.55, 1.29)

Reference
1.31(0.82, 2.11)
1.21 (0.73, 2.01)

Reference
1.19 (0.78, 1.83)
1.74 (0.79, 3.84)
1.38 (0.93, 2.05)
0.91 (0.61, 1.36)
1.59 (0.97, 2.60)
3.42 (2.28, 5.13)

1.03 (1.01, 1.06)
0.81 (0.53, 1.25)

Reference
1.29 (0.80, 2.07)
1.22 (0.73, 2.04)

Reference
1.19 (0.77, 1.83)
1.72 (0.78, 3.79)
1.41 (0.95, 2.10)
0.89 (0.60, 1.33)
1.53 (0.94, 2.50)
3.28 (2.18, 4.92)

1.03 (1.01, 1.06)
0.81 (0.53, 1.24)

Reference
1.30(0.81, 2.08)
1.22 (0.73, 2.04)

Reference
1.18 (0.77, 1.81)
1.72 (0.78, 3.79)
1.40(0.94, 2.06)
0.90 (0.60, 1.35)
1.52 (0.94, 2.49)
3.27 (2.18, 4.91)

1.03 (1.00, 1.06)
0.81 (0.53, 1.24)

Reference
1.33(0.83, 2.12)
1.27 (0.76, 2.12)

Reference
1.18 (0.77, 1.81)
1.70(0.77, 3.75)
1.40(0.94, 2.07)
0.90( 0.60, 1.34)
1.56 (0.95, 2.54)
3.27 (2.18, 4.91)

CMV, Cytomegalovirus; HSV1, Herpes simplex virus 1; T. gondii, Toxoplasma gondii; VZV, Varicella Zoster; H. Pylori,
Helicobacter pylori; Cl, confidence interval; OR, odds ratio; SALSA: Sacramento Area Latino Study on Aging

41



Figure 2.1. Data collection details for the Sacramento Area Latino Study on Aging,
1998-2008.

Serum Serum Serum Serum Serum
SAl SA2 SA3 SA4 SA5 SA6
BL FV1 Fv2 FV3 Fv4 FV5 FVe
Exam Exam Exam Exam Exam Exam Exam

BL: baseline; FV1-6: follow-up visit 1-6; SA1-6: semi-annual telephaone interviews
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Chapter 3
Pathogen Burden and Incident Stroke in Mexican Americans
3.1 Introduction

Roughly 795,000 people have a stroke each year.**® Racial/ethnic minority
groups, including Mexican Americans (MAs) suffer disproportionately from stroke.®> MAs
also have higher seroprevalence rates of infectious diseases caused by
Cytomegalovirus (CMV),*? Helicobacter pylori (H. Pylori),** Toxoplasma gondii (T.
gondii) **> and Herpes Simplex Virus Type 2 (HSV-2) than non-Hispanic whites
(NHWSs).'* Many of these pathogens are never completely cleared from the host, and as
a result, are prone to reactivation, which may cause increased levels of inflammation.* If
concurrent exposure to these pathogens is related to elevated stroke risk, the increased
prevalence in MAs may partially explain the higher stroke risk in this population.

The majority of prospective cohort studies investigating the effect of exposure to
individual persistent pathogens on stroke risk have reported null findings.® 8 However,
in a recent analysis of data from the Sacramento Area Latino Study on Aging (SALSA),
we found a significant association between high immunoglobulin G (IgG) antibody levels
to H. Pylori and incident stroke (Odds Ratio (OR): 1.53, 95% CI: 1.11, 2.12, comparing
lgG antibodies in the 75" versus 25" percentiles, unpublished data). To our knowledge,
this is the first report of an association between high antibody levels to H. Pylori and

incident stroke in MAs, using prospectively collected data.
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Aside from exposure to individual pathogens, total pathogen burden, or exposure
to multiple pathogens concurrently, may have an impact on stroke risk. Pathogen
burden may cause increased inflammation, which leads to the promotion and/or
worsening of atherosclerosis.’® ** However, the existing studies that examined the
effect of pathogen burden on incident stroke have had conflicting results. For instance,
in one small case-control study, no association was reported for overall pathogen
burden and stroke risk.?® Similarly, researchers using data from the Framingham Heart
Study found no association between pathogen burden and risk of a composite
cardiovascular endpoint which included stroke.® Alternatively, Elkind et. al, using data
from the Northern Manhattan Study, reported a positive association between an
infectious disease burden index and risk of all strokes after multivariable adjustment
(Hazard Ratio (HR):1.39; 95% Cl: 1.02, 1.90).% None of these studies focused
specifically on the MA population, a group that is infrequently studied, and experiences
increased stroke risk.>

The literature examining pathogen burden and incident stroke using
prospectively collected data has defined pathogen exposure with serostatus, which is a
dichotomous (positive/negative) variable.® ° However, in recent work, continuous
antibody levels to persistent pathogens were better predictors of inflammatory outcomes
compared to serostatus.'® High antibody response to some persistent pathogens may
be more reflective of sub-clinical pathogen reactivation.**® **” Whether a persistent
infection has reactivated or remains latent likely contributes differently toward the

development of inflammation, atherosclerosis and therefore incident stroke.
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Given the gaps in the literature, our study objective was to examine the
association between pathogen burden and incident stroke risk, with pathogen burden
operationalized in several novel ways utilizing antibody levels, in an elderly cohort of
MAs from SALSA.

3.2 Methods
Study Population

We studied participants from SALSA, which is a longitudinal study of community-
dwelling Latinos residing in the Sacramento Valley of California. At baseline (1998-
1999), 1,789 Latino participants who were 60-101 years of age were enrolled. Details of
the survey design, recruitment and enumeration process have been published
elsewhere.'® 1% QOver the course of the 10 year study period, total attrition in the cohort
averaged 5.4% per year, which included: deaths (n=452), refusals (n=169) and lost to
follow-up (n=147). Deaths averaged 3% per year, refusals 1.2% and loss to follow-up
1%. One hundred sixty-eight participants who had a self-reported history of stroke at
baseline were excluded from the analysis.

Study Procedures

Study participants took part in an in-home interview and medical exam at
baseline, where a trained bilingual interviewer collected a fasting serum sample, data on
socio-demographics, medical history, medication usage, behavioral risk factors, and
clinical, cognitive and functional status. Seven in-home interviews were conducted at
12-15 month intervals to update much of the information collected during the baseline
interview. In addition to the baseline samples, fasting serum samples were ascertained

during the 3'%-6™ annual follow-up visits. Study subjects also underwent semi-annual

45



telephone interviews (n=6), where data on medical history, medication usage, and
demographics was collected. This study was approved by the Institutional Review
Boards (IRB) at the University of Michigan, and the University of California, San
Francisco and Davis, and all study subjects gave consent.
Pathogen Burden

Serum samples were tested at the Stanley Neurovirology Laboratory of the
Johns Hopkins University School of Medicine for Immunoglobulin G (IgG) antibody
levels to H. Pylori, CMV, HSV-1, Varicella Zoster (VZV), and T. gondii using a
commercially available enzyme-linked immunosorbent assay (ELISA), with serostatus
determined using instructions from the manufacturers. Individuals were categorized as
sero-negative to CMV, HSV1, H. Pylori, and VZV if their absorbance values were < 0.9;
equivocal if > 0.9 and < 1.1; and sero-positive if = 1.1.%” The cut-point for seropositivity
to T. gondii was 10 international units/ml.*°" For the analysis, pathogen burden was
operationalized using the following approaches: (1) summed seropositivity to the 5
pathogens (continuous variable ranging from 0 to 5) for comparison with previous
studies, (2) sum of the number of pathogens with high antibody level (continuous
variable ranging from 0 to 5), defined as IgG antibody response in the top quartile of the
distribution for the pathogen, and (3) average IgG antibody level across all 5 pathogens,
including those individuals sero-positive to at least one pathogen, with a weight created
that accounted for high antibody response to H. Pylori given the previous finding in this
cohort of a significant association between this pathogen and stroke risk. Since the
pathogens are measured on different scales, z-scores were calculated for each

pathogen, at each time point, before taking the average.
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Stroke Ascertainment

Incident stroke was identified from study subjects using the following methods. At
the baseline visit, each participant was asked “Has a doctor ever told you that you had a
stroke?". At each subsequent follow-up visit and during semi-annual telephone
conversations, participants were asked “Since we last interviewed you on [DATE], has a
doctor ever told you had a stroke or cerebrovascular accident?” Fatal strokes were
identified from death certificates using ICD-10 code 164. Death certificates were
obtained on 90.2% (n=414) of those reported deceased by family and/or vital statistics,
and only those stroke deaths verified by death certificate were included as events.
Covariates

Variables included in the analysis as potential confounders included
hypertension, diabetes, hyperlipidemia, smoking, atrial fibrillation, coronary heart
disease and/or peripheral artery disease (PAD), education, age and gender. Two blood
pressure measurements were taken using an automatic digital blood pressure monitor
(OMRON MODEL: HEM-747 IC). Study subjects were categorized as hypertensive
(yes/no) if they reported a physician diagnosis of hypertension, reported use of anti-
hypertensives, or had a sitting systolic blood pressure of at least 140 mm Hg and/or a
diastolic blood pressure of at least 90 mm Hg. Diagnosis of diabetic status (yes/no) was
determined by the presence of a serum fasting glucose >125 mg/dl, self-report of
physician diagnosis of diabetes, or use of a diabetic medication. Fasting serum samples
were used to test for total cholesterol, low density lipoprotein (LDL) cholesterol and high
density lipoprotein (HDL) cholesterol. Hyperlipidemia (yes/no) was defined as LDL >

100mg/dl and HDL < 40mg/dl or total cholesterol level > 200mg/dl and/or use of statins.
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Smoking status was categorized as ever/never for analysis, since only 11.10% of the
study population were current smokers (n=180). History of atrial fibrillation (yes/no) was
determined by self-reported, physician diagnosis within the previous 5 years. Diagnosis
of myocardial infarction, angina pectoris, intermittent claudication, congestive heart
failure, and heart/coronary catheterization was determined by self-report of physician
diagnosis for these conditions. A coronary heart disease variable was defined as having
a history of at least 1 of these conditions versus no history. Years of education was

categorized as 0-3, 4-11 and 212.

Statistical Approach

Baseline descriptive statistics for socio-demographics and risk factors for stroke
were calculated and compared across incident stroke status using x? tests for
categorical variables and Wilcoxon rank-sum test for continuous variables. Discrete-
time logistic regression was used to investigate the association between pathogen
burden and incident stroke risk using data from 13 discrete time points. Baseline data
was used for the analysis, with updated longitudinally collected covariate information, if
available. Since not all of the variables of interest were ascertained at semi-annual
visits, we used the previous visit data to fill in semi-annual information on hypertension,
diabetes, hyperlipidemia, pathogen serostatus, and antibody level.

The number of individuals with missing information for all 5 pathogens of interest
at baseline and follow-up visits 3-6 were: 523, 1214, 1193, 1499 and 1057, respectively.
To justify carrying forward pathogen data from follow-up visits to the semi-annual visits,
we conducted tests of agreement comparing serostatus at baseline and each

subsequent follow-up visit, and for each follow-up visit with succeeding visits (Kappa,
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McNemar’s Test); the same comparisons were made for IgG antibody level to each
pathogen (intraclass correlation and coefficient of variation). There was good agreement
between previous and subsequent serostatus and antibody response to each pathogen
under study (see Tables 2.1-2.10).

The average IgG antibody level variable was re-scaled by dividing it by the
corresponding interquartile range, to allow the comparison of stroke risk for the 75™
versus the 25" percentile of average antibody levels. Likelihood ratio tests were
performed to determine the appropriate functional form of pathogen burden variables.
Comparisons were made between models with continuous and dummy variables for
both summed seropositivity to 0-5 pathogens and sum of the number of pathogens with
high antibody level (range 0-5). Based on these analyses, variables for summed
seropositivity and sum of the number of pathogens with high antibody level were
modeled continuously. Models were adjusted for: (1) age, gender, education and (2)
age, gender, education, diabetes, atrial fibrillation, smoking, coronary heart
disease/PAD, hypertension, and hyperlipidemia. All statistical procedures were
performed in SAS version 9.2 (SAS Institute, Inc., Cary, North Carolina).

3.3 Results

Table 3.1 presents the baseline characteristics of the study participants, by
incident stroke status (n=1621). Individuals with an incident stroke during follow-up
were older at baseline than those without incident stroke (72.6 versus 70.2 years, p-
value: 0.0004). Nearly 60% of the study population was female. Study participants who
experienced an incident stroke during follow-up, were more likely to report hypertension

and diabetes at baseline (p-value: 0.0008 and 0.0215, respectively). Seropositivity to
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each individual pathogen was highest for H. Pylori (66%), HSV1 (63%) and CMV (60%),
with the prevalence of both VZV and T. gondii falling below 25%. There was no
difference in individual pathogen exposure by incident stroke status. We also observed
higher average 1gG antibody levels at baseline among those with an incident stroke
during follow-up (p-value: 0.0095).

Table 3.2 shows the baseline distribution of pathogen burden defined as
summed seropositivity to 1-5 pathogens, by incident stroke status. The percentage of
individuals who were concurrently sero-positive to 1-5 pathogens was similar among
those who did and did not have an incident stroke during follow-up (p-value: 0.4942).
Table 3.3 shows the sum of the number of pathogens eliciting a high antibody level by
incident stroke status. Here, no difference was observed by incident stroke status
(n=0.1957), and 16.7% of the study participants had zero pathogens eliciting a high
antibody level. The majority of the study population had high antibody levels to only one
pathogen (30.8%), followed by those individuals with two (15.9%), three (7.2%) and four
or five (1.2%) pathogens concurrently eliciting a high antibody level.

The risk of stroke associated with summed seropositivity to 5 pathogens and with
the number of pathogens eliciting high antibody levels is shown in Table 3.4. We
observed a positive association between summed seropositivity to the 5 pathogens,
however, the association was not significant before or after adjustment for covariates.
We found a positive association between sum of the number of pathogens eliciting high
antibody response and stroke risk (OR: 1.18, 95% CI. 1.04, 1.35), however, attenuation

and loss of statistical significance occurred after covariate adjustment.
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In table 3.5, we present the association between incident stroke and pathogen
burden defined as average antibody levels in individuals sero-positive to at least one
pathogen (with all 5 pathogens carrying the same weight and with H. Pylori weighted
higher than the other 4 pathogens). There were positive associations between average
antibody level and stroke risk among those sero-positive to at least one pathogen, in
both weighted and unweighted analyses, but these results were not statistically
significant. Lastly, given the potential for nativity to impact persistent pathogen
exposure, and thus, pathogen burden, we re-ran all of our fully adjusted models after
adding country of birth variables (Mexico, other Latin countries and US, with the later
serving as the referent category), and our risk estimates were unchanged (data not
shown).

3.4 Discussion

From our analysis of an elderly cohort of Latinos participating in the SALSA
study, we found a positive association between pathogen burden defined as the sum of
the number of pathogens eliciting antibody levels in the fourth quartile (Odds Ratio
(OR): 1.18, 95% CI: 1.04, 1.35), however, the association was attenuated and statistical
significance was lost after multivariable adjustment. Null associations were present
between incident stroke and pathogen burden operationalized as summed seropositivity
to 5 pathogens as well as average antibody level, in fully adjusted models.

After adjusting for socio-demographics (age, gender, and education), the
association between the number of pathogens producing a high antibody level and
incident stroke was attenuated and no longer significant (OR: 1.11; 95% CI: 0.96, 1.30).

Similarly, in fully adjusted models, the association between this measure of pathogen
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burden and incident stroke was further reduced (OR: 1.09; 95% CI: 0.94, 1.27). Given
the attenuation in stroke risk from unadjusted to the fully-adjusted models, it is possible
that one or more of our adjustment variables lies on the causal pathway linking this
measure of pathogen burden to incident stroke. For example, inflammation may partially
explain the association of pathogen burden on incident stroke. Inflammatory cytokines

118120 \yhich links inflammation to

are associated with cerebral blood vessel constriction,
hypertension, a predominant modifiable risk factor for stroke.***™*** Furthermore,
pathogen burden, including sero-prevalence to C. pneumoniae, mycoplasma
pneumoniae, H. Pylori and Coxsackie virus, have been associated with hypertension.'?
Given these data, the idea that exposure to more than one pathogen increases
systemic inflammation and hypertension risk, thereby increasing incident stroke, is
conceivable. The development of diabetes mellitus, an established stroke risk factor, is
also predicted by inflammatory markers, such as white blood counts, CRP and
interleukin-6 (IL-6).*2"?° The inflammatory pathway that is induced by pathogen burden
could increase diabetes risk, especially given the recent report of an association
between H. Pylori and incident diabetes in the SALSA cohort,®* and as a result,
increase stroke risk, especially in the MA population, given the disproportionate burden
of diabetes in this subgroup.'® The interplay between pathogen burden, inflammation
and incident stroke is complex, and requires further study to clarify the potential
mechanisms involved.

Our report of no association between pathogen burden and incident stroke after

multivariable adjustment is in agreement with the majority of existing studies. For

instance, in one case-control study of 59 ischemic stroke cases and 59 controls, Kis et
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al. reported no significant differences in pathogen burden between stroke cases and
controls (p-value: 0.657).%° Similarly, investigators using data from the Framingham
Heart study (n=1,187), reported no statistically significant associations between
concurrent seropositivity to CMV, H. Pylori, or C. pneumoniae and a pooled endpoint of
incident cardiovascular disease that included atherothrombotic stroke, myocardial
infarction, and coronary heart disease deaths (HR: 0.77, 95% CI: 0.44, 1.35).°
Alternatively, in an 8 year, multi-ethnic prospective cohort study (n=1625), Elkind et al.
reported a significant positive association between a weighted index of pathogen
burden (including H. Pylori, C. pneumoniae, CMV, Herpes simplex virus 1 and 2) and
incident stroke (HR: 1.39, 95% CI: 1.02-1.90).%? The infectious disease burden index
used in this analysis was based on summed parameter estimates from models
containing individual sero-positive pathogen exposures. Comparisons across these
studies with different study populations, exposure and outcome definitions, as well as
variables included in multivariable adjustment, is difficult. It is possible that the studies
reporting null associations, including ours, were biased towards the null due to
adjustment for factors on the causal pathway as described above. It is also possible that
in order to detect significant associations between pathogen burden and incident stroke,
larger sample sizes are required, especially given the relatively small effect sizes
reported in this and previous studies

Our study has several strengths that distinguish it from the existing literature. To
our knowledge, we are the first to analyze IgG antibody levels to five persistent
pathogens for associations with incident stroke, using longitudinally collected data.

Given our study design, we were able to establish temporality between pathogen
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exposures and stroke. Discrete-time logistic regression was used for our analysis, which
allowed us to account for the potential time-dependency of stroke risk factors and other
potential confounders in our analysis. Next, we operationalized pathogen burden
several different ways, including summed seropositivity, sum of the number of
pathogens eliciting high antibody levels, and average IgG immune response to
persistent pathogens, (including weighted and un-weighted analyses). As a result, we
were able to comprehensively examine the effect of pathogen burden on stroke risk.
Our study is the first to focus specifically on MAs in examining the link between
exposure to more than one pathogen at a time and incident stroke, which is important
given the disproportionate stroke burden in this group.®

There are limitations to the current work that should be considered. First, our
primary endpoint was self-reported physician diagnosis of incident stroke, and may be
under or over-estimated, potentially biasing our findings. However, self-reported stroke
rates in the elderly have reported sensitivity rates of 80-98%.'%% *1° Next, we could not
distinguish between stroke types, and our associations may be biased towards the null,
since infection is more likely to be associated with ischemic stroke through an
atherosclerotic pathway. Further, additional pathogens, such as C. pneumoniae and
periodontal pathogens, which have been previously studied for their links to stroke,
were unavailable for analysis in our study.®® 1% Next, when we operationalized
pathogen burden, we assumed biologic interaction between the persistent pathogens
was absent, which may not be the true for all potential combinations of pathogen
exposures. As a result, our results do not improve upon our understanding which

specific combination(s) of pathogens exerts the most detrimental effect on stroke risk.
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Next, when we carried forward the risk factor and pathogen data from either baseline or
the previous follow-up visit to semiannual visits, we assume that this information is
constant, which may not apply to all individuals. It is also possible, that our multivariable
models adjusted for mediators, because some of the variables such as hypertension
and diabetes may lie on the causal pathway. We also did not adjust for multiple
comparisons in our analyses. Lastly, the generalizability of our study results is limited to
elderly MAs with similar risk factor and exposure histories. Nevertheless, it is important
to identify novel risk factors in the MA population given their disproportionate stroke
burden.
3.5 Summary

In our 10 year prospective cohort, we report no significant associations, in fully-
adjusted models, between pathogen burden operationalized as (1) summed
seropositivity and (2) average immune response to infection and (3) sum of the number
of pathogens eliciting a high antibody level, and incident stroke in an elderly MAs

residing in Sacramento County, California.
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Table 3.1. Baseline Participant Characteristics by Incident Stroke Status, SALSA,

California, 1998-2008.

No Stroke Incident Stroke P
(n=1457) (n=164)

Characteristic N (%) N (%)

Age (SD)* 70.2 (6.9) 72.6 (7.9) 0.0004

Men 602 (41.3) 71 (43.3) 0.6265

Nativity 0.8955
Mexico 677 (46.5) 71(43.3)

United States 686 (47.1) 82 (50.0)
Other 85 (5.8) 10 (6.1)

Education (years) 0.2878
0-3 464 (31.8) 59 (36.0)

4-11 552 (37.9) 59 (36.0)
212 432 (29.6) 45 (27.4)

Smoking Status 0.8795
Ever 769 (52.8) 92 (56.1)

Never 677 (46.5) 71 (43.3)

Income 0.7760
<1,000/month 635 (43.6) 70 (42.7)
1,000-1999/month 441 (30.3) 54 (32.9)
>2,000/month 349 (24.0) 37 (22.6)

Hypertension 928 (63.7) 126 (76.8) 0.0008

Diabetes 433 (29.7) 66 (40.2) 0.0215

Hyperlipidemia 904 (62.0) 98 (59.8) 0.7032

Atrial Fibrillation 74 (5.1) 15 (9.2) 0.0901

Coronary heart disease/PAD 260 (17.8) 42 (25.6) 0.0532

Pathogen Status
Seropositivity

Cytomegalovirus 882(60.5) 97 (59.2) 0.1889
Helicobacter pylori 959 (65.8) 105 (64.0) 0.4574
Varicella zoster 299 (20.5) 36 (22.0) 0.6192
Herpes simplex virusl 920(63.1) 94 (57.3) 0.3564
Toxoplasma gondii 353 (24.2) 38 (23.2) 0.0807
Average 1gG Antibody Level 0.793 (0.3) 0.796 (0.4) 0.0095

*Mean(Standard Deviation (SD)); N: number; P: p-value; SALSA: Sacramento Area

Latino Study on Aging
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Table 3.2. Baseline Pathogen Burden Defined As Summed Seropositivity By Incident
Stroke Status, SALSA, California, 1998-2008.

No Stroke (n=1457) Incident Stroke (n=164) P

N (%) N (%)
Summed 0.4942
Seropositivity
Missing 405 (27.8) 52 (31.7)
1 pathogen 27 (1.9 2 (1.2
2 pathogens 144 (9.9) 16 (9.8)
3 pathogens 440 (30.2) 47 (28.7)
4 pathogens 368 (25.3) 34 (20.7)
5 pathogens 56 (3.8) 11 (6.7)

N: number; P: p-value; SALSA: Sacramento Area Latino Study on Aging
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Table 3.3. Baseline Pathogen Burden Defined as Number of Pathogens Eliciting High
Antibody Levels by Incident Stroke Status, SALSA, California, 1998-2008.

No Stroke (n=1457) Incident Stroke (n=164) P

N (%) N (%)
High IgG Antibody 0.1957
Level
Missing 405 (27.8) 52 (31.7)
0 pathogens 243 (16.7) 28 (17.1)
1 pathogen 458 (31.4) 41 (25)
2 pathogens 224 (15.4) 34 (20.7)
3 pathogens 108 (7.4) 8 (4.9
4 or 5 pathogens 19 (1.3) 1 (0.6)

P: p-value; n: number; IgG: immunoglobulin G; SALSA: Sacramento Area Latino Study
on Aging
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Table 3.4. Pathogen Burden Defined as Summed Seropositivity and Sum of the Number of Pathogens Eliciting High
Antibody Levels, and Stroke Risk, SALSA (n=1621), California, 1998-2008.
Model 12 Model 2° Model 3°

OR 95% CI OR 95% ClI OR 95% CI

(Solfg;med Seropositivity 110 (0.91,1.33) 1.05 (0.86,1.29) 1.01  (0.82, 1.23)
Number of Pathogens
Eliciting High Antibody 1.18 (1.04,1.35) 1.11 (0.96,1.30) 1.09 (0.94, 1.27)
Response (0-5)

OR, Odds Ratio; Cl, Confidence Interval; ®Model 1: unadjusted; "Model 2: age, gender, education; “Model 3: age, gender,
education, diabetes, atrial fibrillation, smoking, coronary heart disease/PAD, hypertension, and hyperlipidemia; SALSA:
Sacramento Area Latino Study on Aging
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Table 3.5. Pathogen Burden Defined as Average Antibody Level to Persistent Pathogens (weighted and unweighted) and
Stroke Risk, SALSA, (n=1621), California, 1998-2008.

Model 12 Model 2° Model 3°
OR 95% CI OR 95% ClI OR 95% ClI
Average
Antibody Level 1.19 (0.90,1.57) 1.07 (0.78,1.46) 1.02 (0.75, 1.40)
Weighted Average
Antibody Level 1.26 (0.90, 1.76) 1.12 (0.77, 1.62) 1.07 (0.74, 1.54)

OR, Odds Ratio; Cl, Confidence Interval; ®Model 1: unadjusted; "Model 2: age, gender, education; “Model 3: age, gender,
education, diabetes, atrial fibrillation, smoking, coronary heart disease/PAD, hypertension, and hyperlipidemia; SALSA:
Sacramento Area Latino Study on Aging
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Chapter 4
H. Pylori and Incident Stroke: Potential Mediating Mechanisms

4.1 Introduction

We previously found a significant association between high immunoglobulin G
(IgG) antibody levels to Helicobacter pylori (H. Pylori), and increased risk of stroke, in
an elderly cohort of Mexican Americans (MAs) from the Sacramento Area Latino Study
on Aging (SALSA) (OR: 1.53, 95% CI: 1.11, 2.12, comparing 75" versus 25"
percentiles). To the best of our knowledge, this was the first report of an association
using prospectively collected data, between high antibody levels to H. Pylori and
incident stroke in this population. In contrast to this finding, the two existing prospective
studies examining the effect of H. Pylori serostatus on incident stroke have reported null
findings.””®

The exact mechanism(s) by which high antibody levels to H. Pylori may increase
stroke risk is unknown. However, it is plausible that the association is, at least, partially
mediated by diabetes, elevated systolic and/or diastolic blood pressure, inflammatory
markers and/or homocysteinemia. In a recent analysis using the SALSA cohort, Jeon et
al reported a significant increase in diabetes risk, among individuals sero-positive to H.
Pylori (hazard ratio (HR): 2.69; 95% CI: 1.10-6.60).%* These results were in agreement
with two cross-sectional studies that reported a significant association between H. Pylori

and diabetes prevalence,™®® **! however, other studies have failed to report such an

61



association.'*3* Given the newly reported link between diabetes and H. Pylori in a
prospective study, and the fact that diabetes is an established stroke risk factor,** an
investigation into the potential mediating effect of diabetes on the H. Pylori-incident
stroke association is warranted.

The literature on the association between H. Pylori exposure and hypertension is
scarce. In one small case-control study conducted in Rome (n=142), blood pressure
was significantly decreased among hypertensive patients after H. Pylori eradication.**®
In a population-based, cross-sectional analysis using data from the Bristol Helicobacter
Project (n=10,537), significantly increased mean systolic blood pressure was reported
for those infected with H. Pylori.**® Hypertension is also the most potent stroke risk
factor,® which makes its mediating effect of H. Pylori on incident stroke, plausible.

Another possible mechanism linking H. Pylori to incident stroke is through
inflammation. Gram negative bacteria, such as H. Pylori, have lipopolysaccharides on
their outer membrane that bind to toll-like receptors of endothelial, monocyte and
macrophage cells.®” This binding precipitates damage to the endothelium and the
initiation and/or progression of atherosclerosis.®”® Furthermore, cytotoxin associated
gene-A strains (CagA) of H. Pylori are associated with increased levels of systemic

inflammation,®* 92

and have been linked to atherosclerotic changes in arteries, in
retrospective analyses.*® Stroke incidence has also been linked to systemic
concentrations of inflammatory markers such as interleukin-6 (IL-6),% and baseline C-

reactive protein levels (CRP).%% !%° These data support the hypothesis that inflammatory

markers may partially mediate the association between H. Pylori and stroke risk.
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Finally, decreased folate and Vitamin B12 levels, and the resulting elevation of
serum homocysteine, has been associated with infections caused by H. Pylori.*
Furthermore, in a German cohort, decreased levels of Vitamin B12 and folate were
associated with increased risk of ischemic stroke (relative risk (RR), 2.24; 95% CI, 1.10-
4.54).3" Elevated total homocysteine levels have also been associated with ischemic
stroke in several studies.’***° As a result, it is plausible that folate, Vitamin B12 and/or
homocysteine mediate the association between H. Pylori and incident stroke.

If the association between H. Pylori and incident stroke is corroborated in future
studies, and the association is found to be partially mediated by diabetes, elevated
blood pressure, inflammatory outcomes and/or folate, Vitamin B12, and homocysteine,
pharmacological interventions for both H. Pylori as well as the potential mediators may
be possible, which could decrease stroke burden. Our objective was to assess the
mediating effects of diabetes, blood pressure, inflammatory markers (IL-6, CRP and
tumor necrosis factor (TNF)), folate, Vitamin B12, and homocysteine, on the H. Pylori-
stroke association, using a population-based cohort of elderly MAs from the SALSA
study (Figure 4.1).

4.2 Methods
Study Population

The original SALSA cohort included 1,789 community dwelling Latinos, 60-101
years old who resided in California’s Sacramento Valley from 1998-2008. The
recruitment, participant enumeration and study design details have been previously
published.®> 1% From the original cohort, we excluded 168 individuals who had a

history of stroke at baseline. Thus, our analysis sub-sample included 1,621 individuals,
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which represented 90.4% of the baseline cohort. Total attrition in the original cohort
averaged 5.4% per year, and included attrition from death (n=425), refusals (n=169)
and loss-to-follow-up (n=147).
Study Procedures

At the start of the 10 year follow-up period, an in-home baseline interview was
performed, where a trained bilingual interviewer obtained a fasting serum sample, and
collected data on socio-demographics, medical history, medication usage, behavioral
risk factors, as well as data on clinical, cognitive and functional status. Seven annual in-
person interviews were performed at 12-15 month intervals, in order to update data
collected at the baseline interview, if applicable. Fasting serum samples were collected
at baseline, and during the 3"-6™ follow-up visits. At six month intervals, semiannual
visits were conducted (n=6), for the purpose of updating data collected during the
annual visits. This study was approved by the Institutional Review Boards (IRB) at the
University of Michigan, and the University of California, San Francisco and Davis, and
all study subjects gave consent.
H. Pylori Ascertainment

During the baseline interview, as well as during follow-up visits 3-6, serum
samples were collected and frozen, and were tested at the Stanley Neurovirology
Laboratory of the Johns Hopkins University School of Medicine for Immunoglobulin G
(IgG) antibody levels to H. Pylori, using optical density ratio units, from a commercially
available solid-phase enzyme-linked immunosorbent assay (ELISA).

Potential Mediators
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Frozen (-70° C), fasting serum or whole blood samples were used to determine
inflammatory marker, glucose, folate, homocysteine, and Vitamin B12 levels, with
measurement performed at the University of Michigan. High sensitivity CRP levels were
assessed from serum samples collected during the baseline interview and follow-up
visits 3-6, using a Genzyme Diagnostics kit (formerly Equal Diagnostics), which is wide
range CRP assay that measures 0-160 mg/L. TNF and IL-6 levels were both only
available from serum collected during the baseline interview and follow-up visit 4 and 5.
TNF and IL-6 levels were quantified using a chemiluminescent immunoassay (R&D
Systems, Q60000B). Glucose levels were assessed using serum from the following
study points: baseline, annual visit 1, and follow-up visit 3-6, and were determined with
the Cobas Mira Chemistry Analyzer assay (Roche Diagnostics, Indianapolis, IN, USA).
Total plasma Vitamin B12 and folate concentrations were determined by radioassay
(Quantaphase Il; BioRad Diagnostics, Hercules, CA). Total plasma homocysteine was
guantified by high performance liquid chromatography (HPLC) with post-column
fluorescence detection. Only baseline serum samples were tested for Vitamin B12,
folate and homocysteine levels. During medical exams conducted every 12-15 months,
blood pressure measurements were performed twice, using an automatic digital blood
pressure monitor (OMRON MODEL: HEM-747 IC).

Stroke Ascertainment

At baseline, each follow-up visit, and during semi-annual telephone
conversations, incident stroke status was ascertained from study subjects, who were
asked if a doctor ever told them that they had a stroke since their last interview. Death
certificates were searched for ICD-10 code 164 to verify fatal strokes. Of the study

subjects reported deceased by family and/or vital statistics, death certificate verification
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occurred in 90.2% (n=414) of participants. Fatal strokes verified with a death certificate
were counted as incident strokes.
Covariates

Only sociodemographic variables (age, gender and education) were included in
multivariable analyses as potential confounders, given the potential for traditional stroke
risk factors to affect the pathways of interest. Age was self-reported at each annual and
semi-annual visit. Gender and years of education were ascertained at the baseline
interview only.

Statistical Approach

Statistical analyses were performed with SAS version 9.2 (SAS Institute, Inc.,
Cary, NC). The analysis dataset included 13 discrete-time points, including a baseline
interview, six annual visits and six semi-annual telephone interviews. We used baseline
covariate data and updated with longitudinally collected covariate information when
available and relevant. Since not all of the variables of interest were ascertained at
semi-annual visits, we used the previous annual visit data when available, to fill in semi-
annual information on systolic and diastolic blood pressure, glucose, CRP, IL-6, TNF
and H. Pylori antibody level. Since Vitamin B12, folate and homocysteine, were only
collected at baseline, we carried these data forward to fill in the remaining 12 time
points. The number of individuals with missing data for H. Pylori antibody levels at
baseline, and at follow-up visits 3-6 was: 523, 1214, 1193, 1499 and 1057, respectively.
To justify carrying forward pathogen data from follow-up visits with serum samples to
subsequent visits without samples, we assessed agreement between IgG antibody to H.

Pylori levels using intraclass correlation and coefficient of variation. There was good
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agreement between previous and subsequent IgG antibody level to H. Pylori (see
Tables 2.1- 2.10).

Baseline descriptive statistics for participant characteristics were compared
across incident stroke status using x tests for categorical variables and Wilcoxon rank-
sum test for continuous variables. Multivariable linear and logistic models including age,
gender, and education were used to assess potential mediation for each candidate
mediator (glucose, systolic and diastolic blood pressure, folate, homocysteine, Vitamin
B12, CRP, IL-6 and TNF), separately, with each mediator modeled as a continuous
variable. Potential mediators (each modeled continuously) of the H. Pylori-stroke
association were investigated, using criteria based on the Baron and Kenny method.**"
142 Given our previous finding of a significant association between high antibody levels
to H. Pylori and incident stroke, the Baron and Kenny criteria were adapted to assess
the following relationships: (1.) Does H. Pylori significantly affect each potential
mediator? (2.) Does each potential mediator have a significant effect on incident stroke?
and (3.) Does the effect of H. Pylori on incident stroke attenuate upon addition of each
potential mediator to the model? We performed a bootstrap re-sampling technique,
using the Preacher and Hayes method, in which, the difference between the total and
direct effects of H. Pylori on incident stroke was calculated, in an effort to approximate
the indirect effect through each potential mediator as well as associated 95%
confidence intervals.***'%> One-thousand re-samples of our study cohort were taken,
with replacement, to generate sampling distributions. It is possible that chronic diseases
such as diabetes and hyperlipidemia may be aggressively treated following diagnoses,

thereby decreasing their potential impact on inflammatory processes. Similarly,
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treatments for hypertension would affect systolic and diastolic blood pressure, and
hinder our ability to assess potential mediation of the H. Pylori- incident stroke
association, by blood pressure. As a result, we performed mediation analyses restricted
to individuals without a history of statin usage (for inflammatory markers), diabetes
medication usage (for glucose as a potential mediator), and medications used to treat
hypertension (for systolic and diastolic blood pressure as a potential mediator).

4.3 Results

Table 4.1 shows descriptive statistics for the study population (n=1621) by
incident stroke status. The study population had a mean age of 70.4 years (standard
deviation (SD) =7.04), and over half were women. Approximately half of the cohort was
born in Mexico, and most had not attained a high school education, and earned less
than 2,000 dollars per month. Individuals who experienced an incident stroke during
follow-up were older, more likely to have diabetes and hypertension, as well as elevated
IL-6, homocysteine, and systolic blood pressure levels.

In Table 4.2 we present the regression models for the effect of H. Pylori on six
potential mediators (step 1 of Baron and Kenny relational criteria for mediation).** 14°
We found a significant association between H. Pylori and CRP (p-value: 0.0004),
homocysteine (p-value: 0.0356), and folate (p-value: 0.0006), in socio-demographic
adjusted models. However, there were no significant associations between H. Pylori
and: IL-6, TNF, or Vitamin B12. Table 4.3 shows the associations between six potential
mediators and incident stroke (step 2 of Baron and Kenny criteria for mediation). We

found no significant effects of inflammatory markers, folate, Vitamin B12 or

homocysteine on incident stroke. In our full sample, none of the candidate mediators
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met the 1% and 2" criteria for mediation, and as a result, the final step in our mediation
analysis was not performed.

In table 4.4, we present results of our analysis of the mediating effect of glucose
on the H. Pylori-incident stroke association, among individuals with no self-reported
history, during follow-up, of diabetes medication usage. In these analyses, the 1% and
2" criteria for mediation were not met. Table 4.5 depicts the associations between H.
Pylori and inflammatory markers (CRP, TNF, and IL-6), among individuals with no
history of statin usage during follow-up (step 1 of Baron and Kenny criteria for
mediation). We found a significant association between H. Pylori and CRP (p-value:
0.0415), however, no significant associations were present for H. Pylori and IL-6 or
TNF. In Table 4.6, we present no significant associations between IL-6 and TNF and
incident stroke among those reporting no history of statin use, during follow-up (step 2
of Baron and Kenny’s criteria for mediation). However, the association between CRP
and incident stroke approached statistical significance (p-value: 0.1755). Given the null
results for the 1% and 2" relational criteria assessing mediation of the H. Pylori-incident
stroke association by IL-6 and TNF, among study participants with no history of statin
usage, the 3" step of Baron and Kenny’s criteria for mediation was not warranted for
these mediators. On the other hand, given the significant association between H. Pylori
and CPR, and the association between CRP and incident stroke that approached
statistical significance, we performed the 3" step of the mediation analysis for CRP.
Table 4.7 depicts the indirect effect of H. Pylori on incident stroke through CRP. We
found a null association between H. Pylori and incident stroke through CRP, as

evidenced by the 95% bootstrap confidence intervals that included zero. In table 4.8, we
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present the effect of H. Pylori on blood pressure, among those without a history of
medications used to treat hypertension during follow-up. We found a significant effect of
H. Pylori on diastolic blood pressure (p-value: 0.0243), and a null association between
H. Pylori and systolic blood pressure (p-value: 0.9285). Table 4.9 shows the effect of
systolic and diastolic blood pressure on incident stroke, among individuals without a
history of hypertensive medication usage during follow-up. Both systolic and diastolic
blood pressure significantly predicted incident stroke, in this analysis sub-sample (p-
values: 0.0086, 0.0420, respectively). Table 4.10 depicts the 3" step in Baron and
Kenny'’s criteria for mediation for diastolic blood pressure, given the concurrent
significant associations for the 1% and 2" steps for this potential mediator. We found no
evidence of mediation of the H. Pylori-incident stroke association by diastolic blood
pressure (bootstrap 95% CI: -0.0527, -0.0014).
4.4 Discussion

This study investigated whether the association between H. Pylori and incident
stroke is partially mediated by glucose, systolic and diastolic blood pressure, folate,
Vitamin B12, homocysteine, TNF, CRP and IL-6 in a population-based cohort of elderly
MAs aged 60+ years old, residing in Sacramento County, California. In analyses of our
full cohort, we found no evidence that CRP, IL-6, TNF, homocysteine, folate, or Vitamin
B12 lie on the causal pathway from H. Pylori to incident stroke. In analyses limited to
individuals with no pharmacologic treatment for diabetes during follow-up, no evidence
of mediation by glucose was found. Similarly, in analyses restricted to study subjects
with no history of statin usage, no evidence of mediation of the association between H.

Pylori and incident stroke, by CRP, IL-6 or TNF was present. In analyses restricted to
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individuals without a history of hypertensive medication usage during follow-up, no
evidence of mediation by systolic or diastolic blood pressure was found.

Figure 1 shows the hypothesized indirect effect of H. Pylori on incident stroke
through 9 candidate mediators. In terms of the potential mediation of the H. Pylori-
incident stroke association, by inflammatory markers (CRP, IL-6 and TNF), null
associations were found for the effect of H. Pylori on IL-6 and CRP, while a significant
effect was found for TNF. For the associations between each inflammatory marker and
incident stroke null associations were found. We found significant associations for the
effect of H. Pylori on homocysteine and folate (p-values: 0.0356, and 0.0006,
respectively), and a null association for Vitamin B12 (p-value: 0.2124). Furthermore, null
associations were found for the effect of homocysteine, Vitamin B12 and folate on
incident stroke (p-value: 0.6295, 0.6295 and 0.1600, respectively). In assessing the
mediating effect of glucose among those without a history of diabetes medication usage
during follow-up, no association was found for H. Pylori- and glucose (p-value: 0.3968)
or for glucose and incident stroke (p-value: 0.3481). In terms of the mediating effect of
blood pressure on the H. Pylori- incident stroke association, among those without a
history of hypertensive medication usage, a non-significant association was found for H.
Pylori and systolic blood pressure (p-value: 0.9285), and a significant association
between H. Pylori and diastolic blood pressure (p-value: 0.0243). Furthermore, in
assessing the effect of blood pressure on incident stroke, we found significant effects for
both systolic and diastolic blood pressure (p-value: 0.0086 and 0.0420, respectively).
Since we found concurrent associations between H. Pylori and diastolic blood pressure,

as well as diastolic blood pressure and incident stroke, we performed the 3™ step of

71



Baron and Kenny’s criteria for mediation, and found null results, as evidenced by a
bootstrap 95% confidence interval that contained the null value (-0.0527, -0.0014).
Given the lack of concurrent significant associations for the other eight candidate
mediators for associations between (1) H. Pylori and each potential mediator (step 1 of
Baron and Kenny) and (2) each potential mediator and incident stroke (step 2 of Baron
and Kenny), in the full or restricted study populations, we conclude that criteria for
mediation by IL-6, CRP, TNF, glucose, homocysteine, folate and Vitamin B12, was not
met in our study. In an analysis that was intended for hypothesis generation, we
performed step 3 of Baron and Kenny’s criteria for mediation by CRP in individuals
reporting no history of statin usage, given the significant association between H. Pylori
and CRP (p-value: 0.0415), as well as the association between CRP and incident stroke
that approached statistical significance, (p-value: 0.1755, respectively). We found no
evidence of a significant indirect effect of H. Pylori on incident stroke through CRP,
among individuals not taking statins during study follow-up, however this association

merits further investigation.

It is possible that H. Pylori may affect incident stroke risk, through pathways
different from the ones of interest in our study. As an example, ghrelin, which is a 28-
amino acid peptide secreted in the stomach, and is involved in the regulation of body
weight, has been shown to decrease as a result of H. Pylori infection.'#® 14/
Furthermore, ghrelin is known to decrease apoptotic and inflammatory processes, both
of which are part of the pathogenesis of cerebral ischemia.’*®**° As a result, it is

conceivable that decreased ghrelin levels may mediate the association between H.

Pylori and incident stroke.
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Although our mediation analysis produced null results, it is still possible that one
or more of the variables is on the causal pathway linking H. Pylori to stroke, but
methodological issues hindered our ability to identify mediators of the H. Pylori-incident
stroke association. For instance, our use of years of education as a proxy for
socioeconomic status may not completely capture the true socioeconomic status of our
study participants, which is likely a strong confounder of the H. Pylori stroke association.
Next, we did not have information on H. Pylori strain type, which has been shown to be
highly predictive of systemic inflammation, and therefore may have a stronger
association with stroke as well as the candidate mediators.®™ % Since our primary
outcome was primarily based on self-reported physician diagnosis of stroke, we suspect
that the potential under-report of stroke diagnoses as well as our inability to differentiate
between stroke sub-types, may have biased our associations between: (1) H. Pylori and
incident stroke and (2) each potential mediator and stroke, toward the null. We also had
varying amounts of data for several of our potential mediators, and as a result, carried
forward data for folate, homocysteine and Vitamin B12 from the baseline interview to
subsequent follow-up visits, which poses several potential problems: (1) we assumed
consistency of these measures over time, which may not be true for every individual,
and (2) reverse temporality cannot be ruled out, since we had longitudinal stroke and H.
Pylori data, but information for several of our candidate mediators only at baseline.
Finally, it is plausible that our analyses were underpowered to detect mediation of the H.
Pylori-incident stroke association.

Our study has several strengths that distinguish it from the existing literature.

First, we used data from a population-based cohort of MAs to examine potential
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mediation of the association between high antibody levels to H. Pylori and incident
stroke, by CRP, IL-6, TNF, glucose, systolic and diastolic blood pressure,
homocysteine, folate and Vitamin B12. Our study is focused on MAS, which is important,
given the disparate rates of stroke and the lack of a conclusive explanation for the
excess stroke burden in this group.® Next, several advantages exist for bootstrapping
techniques in mediation analyses. First, the assumptions about the shape of the
sampling distribution, which are required for parametric statistics, are not required for
bootstrap re-sampling methods.'** Second, the asymmetric confidence intervals
generated with bootstrapping are linked more closely to the sampling distribution of
normal random variables.**® Further, according to Fritz et al., bootstrapping results in

lower type | error rates and higher statistical power than parametric procedures.**

4.5 Summary

For the association between antibody levels to H. Pylori and incident stroke, we found
no evidence of mediation by IL-6, CRP, TNF, Vitamin B12, homocysteine, folate, blood
pressure or glucose, using data from the SALSA study. More research aimed at
elucidating the mechanism(s) by which high antibody levels to H. Pylori increases stroke

risk, using large population-based cohorts, is warranted.
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Figure 4.1. Potential mediators of the H. pylori- incident stroke
association.

*IL-6: interleukin-6; CRP: c-reactive protein; TNF: tumor necrosis
factor; H. pylori: Helicobacter pylori; Blood pressure: systolic and
diastolic blood pressure; socio-demographics: age, gender, and
education; Steps 1-3: Baron and Kenny’s relational criteria for
mediation
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Table 4.1. Baseline Participant Characteristics By Incident Stroke Status, SALSA, 1998-

2008.

No Stroke Incident P-value
(n=1457) Stroke
(n=164)

Characteristic N (%) N (%)

Age (SD)* 70.2 (6.9) 72.6 (7.9) 0.0004

Men 602 (41.3) 71 (43.3) 0.6265

Nativity 0.8955
Mexico 677 (46.5) 71(43.3)

United States 686 (47.1) 82 (50.0)
Other 85 (5.8) 10 (6.1)

Education (years) 0.2878
0-3 464 (31.8) 59 (36.0)

4-11 552 (37.9) 59 (36.0)
212 432 (29.6) 45 (27.4)

Smoking Status 0.8795
Ever 769 (52.8) 92 (56.1)

Never 677 (46.5) 71 (43.3)

Income 0.7760
<1,000/month 635 (43.6) 70 (42.7)
1,000-1999/month 441 (30.3) 54 (32.9)
>2,000/month 349 (24.0) 37 (22.6)

Hypertension 928 (63.7) 126 (76.8) 0.0008

Diabetes 433 (29.7) 66 (40.2) 0.0215

Hyperlipidemia 846 (58.1) 92 (56.1) 0.2907

Atrial Fibrillation 74 (5.1) 15 (9.2) 0.0901

Coronary Heart 260 (17.8) 42 (25.6) 0.0532

Disease/PAD

Potential Mediators*

IL-6 5.02 (7.2) 5.70 (4.8) 0.0002
CRP 5.94 (13.4) 5.24 (5.7) 0.8272
TNF 4.16 (2.5) 4.15 (2.0) 0.6043
Glucose 113.24 (44.7) 121.72 (56.9) 0.2068
Homocysteine 10.72 (6.9) 11.22 (4.0) 0.0007
Folate 21.82 (79.4) 18.74 (62.8) 0.2405
Vitamin B12 475.59 (252.7) 455.50 (236.8) 0.2640

Systolic blood pressure* 137.75(19.2) 143.36 (20.8) 0.0028
Diastolic blood pressure* 75.78 (10.6) 76.77 (10.0) 0.3784

*Mean(Standard Deviation (SD)); N: number; IL-6: interleukin-6; CRP: c-reactive
protein; TNF: tumor necrosis factor.
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Table 4.2. Effect Of H. Pylori Antibody Level On Six Potential Mediators, Using The
Preacher And Hayes Method (Step 1 Of Baron And Kenny’s Criteria For Mediation);
SALSA, 1998-2008.

Mediator Coefficient SE P-value
IL-6 -0.1709 0.1541 0.2674
CRP -0.2935 0.1915 0.1254
TNF 0.2194 0.0615 0.0004
Homocysteine -0.2607 0.1240 0.0356
Folate 3.5681 1.0386 0.0006
Vitamin B12 7.7887 6.2449 0.2124

SE: Standard error; IL-6: interleukin-6; CRP: c-reactive protein; TNF: tumor necrosis
factor; H. Pylori: Helicobacter pylori
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Table 4.3. Effect Of Six Potential Mediators On Incident Stroke, Using The Preacher
And Hayes Method (Step 2 Of Baron And Kenny Criteria For Mediation); SALSA, 1998-
2008.

Mediator Coefficient SE P-value
IL-6 0.0344 0.0200 0.0853
CRP -0.0258 0.0301 0.3910

TNF 0.0393 0.0389 0.3126

Homocysteine 0.0337 0.0189 0.6295

Folate 0.0021 0.0015 0.1600

Vitamin B12 0.0003 0.0007 0.6295

SE: standard error; IL-6: interleukin-6; CRP: c-reactive protein; TNF: tumor necrosis
factor; H. Pylori: Helicobacter pylori
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Table 4.4. Effect Of Glucose On The Association Between H. Pylori And Incident
Stroke Among Individuals With No Self-Report Of Diabetes Medication Usage; Step 1
and 2 of Baron and Kenny’s Criteria For Mediation, Preacher And Hayes Method;
SALSA, 1998-2008.

Criteria Coefficient SE P-value
Step 1:
H. Pylori>glucose 0.3113 0.3674 0.3968
Step 2:
Glucose—->stroke 0.0059 0.0063 0.3481

SE: standard error; H. Pylori: Helicobacter pylori; SALSA: Sacramento Area Latino
Study on Aging
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Table 4.5. Effect Of H. Pylori On Inflammatory Markers (CRP, IL-6, And TNF), Among
Individuals With No Self-Reported Statin Usage During Follow-Up; Step 1 Of Baron And
Kenny’s Criteria For Mediation, Preacher And Hayes Method; SALSA, 1998-2008.

Mediator Coefficient SE P-value
CRP -0.3524 0.1728 0.0415
IL-6 -0.2743 0.1724 0.1118
TNF 0.2807 0.2003 0.1611

SE: standard error; H. Pylori: Helicobacter pylori; SALSA: Sacramento Area Latino
Study on Aging; CRP: c-reactive protein; IL-6: interleukin-6; TNF: tumor necrosis factor
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Table 4.6. Effect Of Inflammatory Markers (CRP, IL-6, And TNF) On Incident Stroke,
Among Individuals With No Self-Reported Statin Usage During Follow-Up; Step 2 Of
Baron And Kenny'’s Criteria For Mediation, Preacher And Hayes Method; SALSA, 1998-

2008.

Mediator Coefficient SE P-value
CRP 0.0181 0.0133 0.1755
IL-6 0.0047 0.0131 0.7214
TNF -0.0012 0.0213 0.9546

SE: standard error; H.

Pylori: Helicobacter pylori; SALSA: Sacramento Area Latino

Study on Aging; CRP: c-reactive protein; IL-6: interleukin-6; TNF: tumor necrosis factor
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Table 4.7 Effect Of H. Pylori On Incident Stroke Through CRP, Among Individuals With
No History Of Statin Usage During Follow-Up; Step 3 Of Baron And Kenny’s Criteria For
Mediation, Using The Preacher And Hayes Method; SALSA, 1998-2008.

Coefficient Boot SE Boot LLCI Boot ULCI

CRP -0.0064 0.0087 -0.0295 0.0062

CRP: c-reactive protein; BootSE: bootstrap standard error; BootLLCI: bootstrap 95%
lower limit confidence interval; BootULCI: bootstrap 95% upper limit confidence interval
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Table 4.8. Effect Of H. Pylori On Blood Pressure (Systolic and Diastolic), Among
Individuals With No Self-Reported History of Hypertensive Medication Usage During
Follow-Up; Step 1 Of Baron And Kenny’s Criteria For Mediation, Preacher And Hayes
Method; SALSA, 1998-2008.

Mediator Coefficient SE P-value
Systolic 0.0406 0.4526 0.9285
Diastolic 0.5466 0.2426 0.0243

SE: standard error; H. Pylori: Helicobacter pylori; SALSA: Sacramento Area Latino
Study on Aging; CRP: c-reactive protein; IL-6: interleukin-6; TNF: tumor necrosis factor
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Table 4.9. Effect Of Blood Pressure (Systolic and Diastolic) On Incident Stroke, Among
Individuals With No Self-Reported History of Hypertension Medication Usage During
Follow-Up; Step 2 Of Baron And Kenny’s Criteria For Mediation, Preacher And Hayes
Method; SALSA, 1998-2008.

Mediator Coefficient SE P-value
Systolic 0.0201 0.0077 0.0086
Diastolic -0.0332 0.0163 0.0420

SE: standard error; H. Pylori: Helicobacter pylori; SALSA: Sacramento Area Latino
Study on Aging; CRP: c-reactive protein; IL-6: interleukin-6; TNF: tumor necrosis factor
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Table 4.10. Effect Of H. Pylori On Incident Stroke Through Systolic and Diastolic Blood
Pressure, Among Individuals With No History Of Hypertensive Medication Usage During
Follow-Up; Step 3 Of Baron And Kenny’s Criteria For Mediation, Using The Preacher
And Hayes Method; SALSA, 1998-2008.

Coefficient Boot SE Boot LLCI Boot ULCI
Diastolic
Blood -0.0182 0.0122 -0.0527 -0.0014
Pressure

BootSE: bootstrap standard error; BootLLCI: bootstrap 95% lower limit confidence
interval; BootULCI: bootstrap 95% upper limit confidence interval; SALSA: Sacramento
Area Latino Study on Aging
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Chapter 5

Conclusion
5.1 Conclusion

This dissertation investigated the links between five persistent pathogens,

including CMV, VZV, H. Pylori and T. gondii, and incident stroke among elderly MAs
from the SALSA study. In our analysis of whether exposure to each individual persistent
pathogen increased risk of stroke, we found a significant association between high
antibody levels to H. Pylori and incident stroke. However, there were no significant
associations between (1) high antibody levels to VZV, CMV, HSV1 or T. gondii or (2)
seropositivity to each individual pathogen and incident stroke. Furthermore, since it is
possible that total pathogen burden, or concurrent exposure to several persistent
pathogens, is more important to incident stroke development than exposure to individual
persistent pathogens, we addressed this hypothesis in Chapter 3. We operationalized
pathogen burden in the following manner: (1) summed seropositivity (2) sum of the
number of pathogens eliciting a high antibody level, and (3) average antibody level to 5
pathogens. We reported a significant association between the number of pathogens
eliciting a high antibody level and incident stroke that attenuated and was no longer
significant after multivariable adjustment for demographics and stroke risk factors.
Further, we found no statistically significant associations between summed

seropositivity or average 1gG antibody level and stroke risk. Finally, we sought to
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elucidate the mechanisms underlying the association between high antibody levels to H.
Pylori and incident stroke that we reported in Chapter 2, by assessing the mediating
effect of nine candidate mediators, including TNF, IL-6, CRP, glucose, systolic and
diastolic blood pressure, homocysteine, Vitamin B12 and folate. In this investigation,
we found no evidence of mediation by inflammatory markers, folate, Vitamin B12,
homocysteine, glucose, or blood pressure (systolic and diastolic), as evidenced by a
lack of concurrent significant associations for steps 1 and 2 of Baron and Kenny’s
relational criteria for mediation. Next, given the potential for aggressive treatment
following diagnosis of hyperlipidemia and diabetes, which could decrease the impact
that these diseases have on inflammatory processes, we conducted the following
secondary analyses to assess: (1) the mediating effect of inflammatory markers (TNF,
IL-6 and CRP) among those with no history during follow-up of statin usage, and (2) the
mediating effect of glucose among individuals with no diabetes medication history
during the course of the study. Here, we found no statistically significant evidence of
mediation by inflammatory markers or glucose; however, the mediating effect of CRP,
based on Baron and Kenny’s 1% and 2" criteria for mediation approached statistical
significance. As a result, we conducted a test of the indirect effect of H. Pylori on
incident stroke through CRP, among those not taking statins during follow-up. While the
95% bootstrap confidence interval contained the null value for this analysis, these
results are suggestive of an association, and deserve further investigation.

In this dissertation research, antibody levels to five persistent pathogens were
used to predict incident stroke, which is important given that the existing studies on the

topic have relied on serostatus to define exposures.” Antibody levels are thought to
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predict inflammatory outcomes more consistently than seropositivity.'® This dissertation
adds to the literature the first report of a statistically significant association between
antibody levels to H. Pylori and stroke risk. We also comprehensively examined the
effect of pathogen burden, again, using antibody levels, which has not been previously
done. Lastly, we assessed the effect of seven potential mediators on the association
between antibody levels to H. Pylori and incident stroke. While there was no statistically
significant evidence of mediation by IL-6, TNF, CRP, glucose, folate, Vitamin B12, blood
pressure or homocysteine, this was an important contribution as the pathways by which
pathogens may increase stroke risk have not been well investigated.

This work suggests that future replication studies, in other populations are
warranted, in order to confirm our significant association between H. Pylori and incident
stroke. Moreover, our finding of a significant association between the sum of the
number of pathogens eliciting a high antibody response in unadjusted models, requires
further study given that the attenuation and loss of statistical significance after
multivariable adjustment may suggest that one or more of the adjustment variables was
on the causal pathway. Although we found no evidence of mediation by the candidate
mediators, we hypothesize that future studies, if able to overcome some the
methodological limitations of our study including missing data, limited sample size,
residual confounding, and self-reported stroke, may uncover significant mediation of the
H. Pylori-incident stroke association, by inflammatory markers, glucose, blood pressure,

homocysteine, folate and/or Vitamin B12 or other factors.
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52Aim1

The first aim of this dissertation examined whether exposure to CMV, HSV-1,
VZV, T. gondii, and H. Pylori, defined using serostatus and antibody levels, increased
stroke risk, using data from the SALSA study. Individuals with antibody levels in the 75
percentile of antibody levels to H. Pylori had higher stroke risk compared to those in the
25" percentile of antibody level to (OR: 1.53, 95% CI: 1.11, 2.12) in models adjusted for
age, gender, education, diabetes, atrial fibrillation, smoking, coronary heart
disease/PAD, hypertension, and hyperlipidemia. We found no significant associations
(in unadjusted and adjusted models) between antibody levels to CMV, HSV-1, VZV, or
T. gondii and incident stroke, or between seropositivity to each persistent pathogen and

stroke risk.

Aim 1 fills several gaps in the current knowledge about the effect of persistent
pathogens on stroke risk. First, we are the first to establish an association between
antibody levels to H. Pylori and incident stroke among MAs using prospectively
collected data. Previous longitudinal studies on the link between persistent pathogens
and stroke have limited their exposure definition to seropositivity,”® which may be less
sensitive as a marker for inflammatory outcomes as antibody levels.*® While the results
of this analysis are hypothesis generating, the newly uncovered association between H.
Pylori and stroke risk does suggest the potential for a new stroke intervention target in
MAs. We also add to the literature, a confirmation of null associations between
seropositivity to persistent pathogens and incident stroke, with a focus on the MA
population. Haider et al., using data from the Framingham Heart study (n=1,187),

reported no significant associations between seropositivity to C. pneumoniae, H. Pylori
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or CMV and stroke risk.® Further, using data from the multi-ethnic Northern Manhattan
Stroke Study (n=1,625), Elkind et al, reported positive but non-significant associations
between seropositivity to 5 persistent pathogens and incident stroke.® Similarly, in a
prospective cohort of German men and women (n=9953), no significant association was
found between seropositivity to H. Pylori and stroke risk.” In summary, future studies
that seek to confirm our finding of a significant effect of high antibody levels to H. Pylori
on stroke risk are needed and may inform interventions aimed at infection eradication
for reduction in stroke risk.
5.3 Aim 2

The second aim of this dissertation examined whether concurrent exposure to
several pathogens, or pathogen burden, significantly increases stroke incidence, in
elderly community dwelling MAs from the SALSA study. It has been purported that total
pathogen burden, compared to exposure to individual pathogens, more effectively
increases systemic inflammation, which leads to atherosclerosis development or
exacerbation.'® ** We defined pathogen burden as (1) summed seropositivity, (2) sum
of the number of pathogens eliciting a high antibody level, and (3) average antibody
level across 5 pathogens. We found that with each additional pathogen to which an
individual had high antibody levels to, stroke risk increased 18%, in unadjusted models
(OR: 1.18, 95% CI: 1.04, 1.35); however, with multivariable adjustment for age, gender,
education, diabetes, atrial fibrillation, smoking, coronary heart disease/PAD,
hypertension, and hyperlipidemia, there was attenuation of the association and
statistical significance was lost. Pathogen burden defined as summed seropositivity to

0-5 pathogens and average antibody level to 5 pathogens (in analyses with all
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pathogens weighted equally, and with H. Pylori carrying a higher weight than the other 4
pathogens) were not shown to predict incident stroke in this cohort. Our report of no
significant associations between our pathogen burden variables are in accord with one
of the two existing cohort studies addressing this research question. In particular,
investigators using data from the Framingham cohort found no significant associations
between concurrent seropositivity to CMV, H. Pylori and C. pneumoniae and a pooled
endpoint of incident cardiovascular disease that included atherothrombotic stroke,
myocardial infarction and coronary heart disease deaths (HR: 0.77, 95% CI: 0.44, 1.35).
® On the other hand, Elkind et al, found a significant positive association between a
weighted index of pathogen burden based on serostatus that included H. Pylori, C.
pneumoniae, CMV, and HSV1 and 2, and incident stroke (HR: 1.39, 95% CI: 1.02,
1.90).%2

Aim 2 fills the gap in the literature resulting from the lack of studies assessing the
effect of pathogen burden on stroke risk using antibody levels and by studying MAs. We
add a significant association between number of pathogens eliciting a high antibody
response and incident stroke in unadjusted models. Given the attenuation and loss of
statistical significance with multivariable adjustment, one or more of the adjustment
variables may lie on the causal pathway from pathogen burden to incident stroke. Our
results suggest that future studies examining the effect of pathogen burden defined as
the sum of the number of pathogens eliciting a high antibody level on stroke risk are
warranted as are studies seeking to clarify the potential mechanism(s) involved.

5.4 Aim 3
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The third aim of this dissertation was conceived based on the significant
association we uncovered between high antibody level to H. Pylori and incident stroke,
as discussed in Chapter 2. Since the pathway by which H. Pylori increases stroke risk
remains unknown, we sought to assess the mediating effect of CRP, IL-6, TNF,
glucose, systolic and diastolic blood pressure, homocysteine, folate and Vitamin B12.
Baron and Kenny’s relational criteria were used to assess the following relationships: (1)
H. Pylori’s effect on each potential mediator and (2) each potential mediator’s effect on
incident stroke and (3) the effect of H. Pylori on stroke risk controlling for each mediator.
If concurrent associations were found for criteria 1 and 2, the third criteria were
assessed. The candidate mediators were selected based on the literature suggesting
that exposure to H. Pylori is associated with inflammation,®”®° °* 2 decreased folate

49, 137

and Vitamin B12 and the associated increase in serum homocysteinemia, as well

as incident diabetes®* and hypertension*> %

(Step 1 of Baron and Kenny’s criteria).
As evidence for step 2 of Baron and Kenny’s criteria for mediation, stroke risk has been
associated with inflammatory outcomes,*® 18 diabetes,'** hypertension,* and
homocysteinemia.**®*%° We found no evidence of mediation of the H. Pylori-incident
stroke association by inflammatory markers, glucose, blood pressure, folate, Vitamin
B12, or homocysteine in the SALSA study population. When we limited our analysis to
individuals without a history of statin or diabetes medication usage, our results were
similar to those in the full cohort. However, as a purely hypothesis generating analysis,
given the significant association between H. Pylori and CRP (p-value:0.0415), as well

as the association between CRP and incident stroke that approached statistical

significance (p-value: 0.1755) among individuals not taking statins for the treatment of
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dyslipidemia, we performed the last step of Baron and Kenny’s criteria for mediation,
and while the 95% bootstrap confidence interval contained the null value (-0.0295,
0.0062), this association merits further investigation given our suggestive evidence of

mediation by CRP in this analysis subset.

Analyses from Aim 3 add to the literature the first investigation into the
mechanism(s) underlying the association between high antibody levels to H. Pylori and
incident stroke. Although we found no statistically significant evidence of an indirect
effect of H. Pylori on incident stroke through inflammatory markers, glucose, blood
pressure, Vitamin B12, folate or homocysteine, we believe these mechanisms are still
plausible, and should be investigated further. Importantly, we used bootstrap

143-145 \which affords our

resampling methods, as proposed by Preacher and Hayes,
analysis the following advantages: no distributional assumptions about the sampling
distribution, **> asymmetric confidence intervals that are more reflective of the sampling
distribution of normal random variables, **> and have lower type | error rates and higher
statistical power than parametric procedures.™*
5.5 Strengths and Limitations

This dissertation research has several strengths. We are the first to examine the
effects of exposure to individual persistent pathogens as well as the comprehensive
effect of total pathogen burden on incident stroke using IgG antibody levels. We used
discrete time logistic regression, which allowed us to incorporate time-varying
covariates into our analyses, which may have allowed us to more accurately account for

changes in pathogen exposures over time and confounding by stroke risk factors than

analyses that do not have time varying data.'®* Next, antibody levels may be more
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specific predictors of inflammatory outcomes than serostatus of pathogen exposure.*®
We were also able to establish temporality between pathogen exposures and incident
stroke given the longitudinal nature of our data and the exclusion of those with prevalent
stroke at baseline. We performed a mediation analysis using Preacher and Hayes’
bootstrap resampling techniques, which have less strict assumptions about the shape of
the sampling distribution than parametric statistics.*> Another advantage of
bootstrapping is that asymmetric confidence intervals are generated that are more
closely linked to the sampling distribution of normal random variables.*> Bootstrapping
has been reported to have lower type | error rates and higher statistical power than
parametric procedures.*® Finally, our study is the first to focus solely on investigating
the link between 1gG antibody levels and incident stroke in MAs, which is important
given the higher stroke burden, higher seroprevalence of infectious diseases, and lack
of an explanation for the disparities seen in stroke in this population.

Several limitations to the current research should be considered. First, and likely
most important, our endpoint incident stroke was based on self-report and could be over
or underestimated, which may bias our findings toward the null since it is most likely that
error in stroke recall by study participants is non-differential, meaning that they probably
occur to a similar extent among those exposed and unexposed to persistent pathogens.
Unfortunately, there are no published stroke validation studies using the SALSA cohort,
which would have allowed us to assess the sensitivity and specificity of self-reported
stroke in this study population. Further, the evidence on the validity of self-reported
stroke is inconclusive. Existing studies were mostly conducted among NHWs, and

reported positive predictive values for self-reported stroke ranging from 50-80%.°%1%2 |n
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a validation study conducted in a cohort of elderly NHW, Hispanic and African
Americans, low sensitivity and specificity were reported for self-reported stroke
compared to brain magnetic resonance imaging, and the authors concluded that

neuroimaging techniques are a superior to self-report in determining stroke history.*®®

Next, the mean age of our study population is about 70 years old, which prohibits
any investigation into why MAs have higher stroke risk at younger ages, compared to
NHWSs. Future research in younger populations of MA and NHWs would be needed to
address this research question. We also excluded individuals with a history of stroke at
baseline, from our analysis, which potentially removes those at highest risk from our
study cohort. Another limitation of our work is that we could not distinguish between
stroke subtypes, which could bias our findings toward the null since persistent pathogen
exposure is more likely to be associated with ischemic stroke through atherosclerotic
mechanisms. Next, we used education level as a proxy for socioeconomic status,
which may not completely capture true socioeconomic status of the study participants.
An individual is said to have low socioeconomic status when he/she has a combination
of the following attributes: low income, low educational achievement, occupational
status and/or area based deprivation.*®*® Hagger-Johnson et al recently reported links
between life-course variables including parental socioeconomic status and childhood
intelligence, and inflammation, as well as low socioeconomic status in adult life, both of
which, negatively affect cardiovascular disease risk.**” *°® As a result of our limited
control for socioeconomic status in our analysis, our results may be residually
confounded by measures of socioeconomic status such as wealth, as well as life-course

trajectories of socioeconomic status.
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We also did not have 1gG antibody levels for several pathogens that have been
previously linked to stroke, such as C. pneumoniae, and periodontal pathogens, nor did
we have information on H. Pylori strain type. In structuring our analysis dataset, we
carried forward the risk factor and pathogen data from either baseline or the previous
follow-up visit to semi-annual visits given the large amount of missing data, and
assumed that this information is constant, which may not be true for all individuals. In
future research, multiple imputation methods could be used in order to deal with the
large missing data problem in the SALSA study and to see if results remain consistent.
It is also possible that our multivariable models adjusted for mediators, because some
of the control variables may lie on the causal pathway. For example, in our analysis for
aims 1 and 2, we included variables such as hypertension, and diabetes in our
multivariable models, which may mediate the effect of persistent pathogen and
pathogen burden exposure on incident stroke. Further, in aim 2, we operationalized
pathogen burden in several ways, however, we did not consider the possibility that
specific combinations of pathogen exposures differentially affect stroke risk. This
information would facilitate the planning of more tailored stroke interventions aimed at
eradicating persistent pathogens that exert the highest risk. We also may have had
limited power to detect significant associations given our sample size and the amount of
missing data in our cohort. Lastly, since we did not adjust for multiple comparisons in
our analysis, an important caveat is that our results must be considered hypothesis-

generating.
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5.6 Next Steps

Population-based research allows more reliable definitions of race/ethnicity as
well as the outcome of interest, which yields more accurate estimates of disease
burden.? As a result, large population-based longitudinal cohort studies, with serum for
ascertaining 1gG antibody levels to persistent pathogens known to increase
inflammatory levels, such as CMV, HSV1, H. Pylori, T. gondii, and VZV, as well as
neurologist-validated incident stroke cases, would be ideal for replicating the results of
this dissertation. Since we are the first to report a significant association between high
antibody levels to H. Pylori and incident stroke, and to investigate the mechanism
underlying this association, confirmatory population-based research in MAs and other
populations is warranted. Our results, in combination with future studies that provide
additional evidence for an independent effect of persistent pathogens, specifically H.
pylori, on stroke risk, could inform new interventions aimed at eradication of infectious
disease, especially among individuals with mild pre-existing atherosclerosis, in an effort

to reduce and/or eliminate stroke disparities.

Three existing cohort studies could be used to replicate the results of this
dissertation research. For instance, from 1993-1996 the Hispanic Established
Population for the Epidemiologic Study of the Elderly (H-EPESE), probability sampled
community-dwelling MAs from California, Colorado, New Mexico, Arizona and Texas.®°
Eligibility requirements included being at least 65 years old at baseline, self-designated
as MA, resident of one of the selected states, and non-institutionalized. Study subjects
(n=3,050) underwent in-home interviews where data on socio-demographics, functional

status, medical history, health behaviors, medication usage, and measures of
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acculturation were collected. The objectives of the study were (1) to estimate the
prevalence of health conditions, mental health problems, as well as functional
abnormalities among elderly MAs, and (2) to make morbidity and mortality comparisons
across racial/ethnic groups. This sample would improve upon our study by increasing
the sample size of MAs. However, the limitation of our study regarding our use of self-
reported incident strokes would not be overcome with this data set. If serum samples
are available for this study, IgG antibody levels to persistent pathogens could be
guantified, which would allow an investigation into the links between persistent
pathogens and incident stroke. Alternatively, future studies with characteristics similar to
that of the Hispanic EPESE could add serum sample collection, stroke validation, and
IgG antibody level measurement for persistent pathogens to their protocol, and
investigate our research question.

Next, data from the Northern Manhattan Study could easily be used to explore
the links between antibody levels to individual persistent pathogens as well as pathogen
burden and incident stroke.® One-thousand six hundred twenty five African Americans,
Hispanics (including Dominican, Puerto Rican and Cuban) and NHWs, who had no
history of stroke at baseline and were at least 39 years old, were included in the study
cohort. Here, incident stroke cases occurring during the study were validated by two
neurologists. Importantly, antibody levels for multiple persistent pathogens, including C.
pneumoniae, H. Pylori, CMV, and HSV1 and 2 are available in this study. Even though
the Hispanic population comprising this study cohort is different from ours, replication
studies in other racial/ethnic groups are warranted. In terms of investigating the effect of

antibody levels to more than one pathogen concurrently, this dataset could be used to
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explore different combinations of persistent pathogen exposures that take into account
potential biologic interaction between pathogens, which was not included in our
pathogen burden definition. Another important question that an analysis of this dataset
would be able to investigate is whether persistent pathogen exposure explains part of
the disparity in stroke risk among younger MAs compared to their NHW counterparts,®

which we were not able to examine, given that the population did not include NHWSs.

Lastly, the National Health and Nutrition Examination Survey (NHANES) began
in the 1960s, as a program to document the health and nutritional condition of US
residents.!’® Study participants undergo interviews assessing socio-demographics,
dietary and health status, as well as physical examinations where medical, dental,
physiological measurements and laboratory tests are performed. Each year, the survey
assesses a nationally representative group of roughly 5,000 individuals. Results from
this survey could be used to further investigate our research questions, if the following
changes and/or additions to the study protocol are made: validation of all stroke cases
by a neurologist, prospectively following individuals without history of stroke, at
baseline, and testing serum samples for antibody levels to the persistent pathogens of
interest. This survey could overcome our limited power to detect significant effects

between persistent pathogens and incident stroke, given its large sample size.

After population-based studies are conducted to replicate and/or extend the
results of our research, the next step to consider would be interventions aimed at
persistent pathogen eradication, in an effort to reduce stroke risk. Several antibiotic
trials have already been conducted to assess the effect of treating C. pneumoniae on

cardiovascular disease, and have routinely found no long-term benefit. However, in the
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Weekly Intervention with Zithromax for Atherosclerosis and its Related Disorders study
of 7,747 individuals with a history of myocardial infarction, the risk of death and
myocardial infarction after 6 weeks of treatment with Azithromycin, was decreased by
33%, but the protection was lost at 14 months of follow-up.*”* The Azithromycin and
Coronary Events study sought to determine if a longer treatment course of antibiotics
would sustain the previously reported protection.*’? In this study, 4,012 patients with
established coronary artery disease were randomized to either placebo or 60 mg of
Azithromycin weekly for 1 year, with a nearly 4 year follow-up. Here, no decreased risk
of cardiovascular disease was reported. Similar results were reported in the Pravastatin
or Atorvastatin Evaluation and Infection Therapy-Thrombolysis in Myocardial Infarction
22 Trial,*”® and in the Clarithromycin for Patients with Stable Coronary Heart Disease
Trial.'™ In the later trial, however, the surprising finding of elevated long-term mortality

due to increased cardiovascular disease mortality was reported.'”

Even though the existing clinical trials failed to provide evidence for a positive
effect of antibiotic treatment on cardiovascular disease risk, there are several alternative
explanations for the null results. First, C. pneumoniae, which is by far the most widely
studied pathogen for links to cardiovascular disease is difficult to treat given the
intracellular developmental cycle of the pathogen, which often leads to persistence.*”
During persistence, the pathogen is not susceptible to antibiotics, and it has even been
demonstrated that certain antibiotics can induce perisistence.’® " Furthermore, study
subjects in the previously discussed clinical trials have often had pre-existing,
advanced, atherosclerosis. Importantly, the effect of antibiotics on risk of disease

among those with early atherosclerosis has yet to be investigated. It is also possible
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that pathogen burden may exert an overwhelming influence on vascular risk, such that
treating one pathogen in isolation, would be ineffective at reducing the body’s
inflammatory response to these pathogens.'”® In summary, after replication studies
have been conducted to confirm our finding of increased stroke risk among individuals
exposed to H. Pylori, future antibiotic trials aimed at this particular pathogen, may prove
fruitful in reducing stroke risk, despite the previous lack of benefit for cardiovascular

disease risk with antibiotics for C. pneumoniae.

Future studies seeking to investigate the effect of pathogen burden on stroke risk
could take a different approach to defining pathogen burden, than that used in our
study. Although we defined pathogen burden in several ways including: (1) summed
sero-positivity to 0-5 pathogens, (2) average IgG antibody levels to 0-5 pathogens and
(3) sum of the number of pathogens eliciting a high antibody level, our definition
provides no information on which specific combination(s) of persistent pathogen
exposures has the greatest impact on stroke risk. We assume that no biologic
interaction exists between the pathogens, and that all individuals exposed to a given
number of persistent pathogens, have the same stroke risk, which may not be
accurate.” Future studies should investigate different combinations of pathogen
exposures for their effects on stroke risk, as this information may provide information on
novel intervention targets for incident stroke.

5.7 Dissertation summary

This dissertation examined the links between five persistent pathogens and

incident stroke among elderly MAs at least 60 years old, participating in the SALSA

study. We found a significant association between high antibody levels to H. Pylori (75™
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versus 25" percentile) and incident stroke. Given the possibility that concurrent
exposure to several pathogens increases inflammation to a higher degree than
exposure to one pathogen at a time, we examined the effect of pathogen burden,
defined as (1) summed seropositivity (2) sum of the number of pathogens eliciting a
high antibody level (range 0-5), and (3) average antibody level across five pathogens.
We found an 18% increase in risk of stroke for each additional pathogen that an
individual had high antibody levels to, in unadjusted models. However, upon
multivariable adjustment, the effect of the sum of the number of pathogens eliciting a
high antibody response on incident stroke was attenuated and no longer significant.
Lastly, we examined the mediating effect of the H. Pylori-incident stroke association by
inflammatory outcomes (CRP, IL-6 and TNF), glucose, systolic and diastolic blood
pressure, Vitamin B12, folate and homocysteine. Although we did not find evidence of
mediation, we still believe that the proposed mechanisms may exist and that our ability
to detect mediation may be hindered by several methodological issues of our study.
These findings suggest that future studies examining H. Pylori’'s effect on incident
stroke, as well as the mechanism involved in the association, are warranted. If H. Pylori
is confirmed to be a risk factor for incident stroke in other studies, interventions aimed at
pharmacologic treatment for eradication of the infection could be investigated as a
means to reduce the burden of stroke in the United States. Pharmacologic treatment of
H. Pylori, would at a minimum, reduce human suffering, and decrease medical care

expenditures,*® 8! but may also be fruitful in reducing stroke risk.
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