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Abstract

Background: Higher cumulative burden of viral and bacterial pathogens may increase the risk of
stroke, but the contribution of parasitic infections in relation to cumulative pathogen burden and
risk of stroke has rarely been examined.

Aim: To estimate the association of multiple persistent viral and parasitic infections with stroke in
a representative sample of adults in the United States.

Methods: Serological evidence of prior infection was categorized as positive for 0-1, 2, 3, or 4-5
infections based on immunoglobulin G seropositivity to cytomegalovirus, hepatitis A virus,
hepatitis B virus, Toxoplasma gondii, and Toxocara spp. in 13,904 respondents from the National
Health and Nutrition Examination Survey I1l. Regression analysis was used to estimate the cross-
sectional association between serological evidence of prior infection and history of stroke
adjusting for demographic risk factors, and potential mediators of stroke.

Results: Age-adjusted models that included serological evidence of prior infection to
cytomegalovirus, hepatitis A virus, hepatitis B virus, 7oxogplasma gondii, and Toxocara spp.
showed that adults in the highest serological evidence of prior infection category (4-5 infections)
had a higher prevalence of stroke (5.50%, 95% confidence interval 2.44-10.46%) than those in the
lowest serological evidence of prior infection categories (1.49%, 95% confidence interval 1.01-
2.11%), and a trend test suggested a graded association between serological evidence of prior
infection and stroke (o= 0.02). In multivariable logistic regression models, the positive association
of serological evidence of prior infection with stroke prevalence remained significant after
adjustment for other significant risk factors (odds ratio = 1.4, p=0.01) but was only significant
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among those aged 20-59 (odds ratio = 2.0, p= 0.005) and not among those aged 60-69 (p = 0.78)
or 70 and older (p= 0.43).

Conclusion: We found support for a connection between serological evidence of prior infection
to cytomegalovirus, hepatitis A virus, hepatitis B virus, 7oxoplasma gondii, and Toxocara spp. and
stroke among those aged 20-59. There may be a need to consider common parasitic infections in
addition to viral and bacterial pathogens when calculating serological evidence of prior infection
in relation to cerebrovascular disease.
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Introduction

There is considerable interest in the role of chronic infections and inflammation in the
etiopathogenesis of stroke. The causal chains leading to stroke are multifactorial, which may
explain the difficulty in corroborating any single infectious agent as a stroke risk factor.:2
Conversely, exposure to multiple pathogens over the life course may provide a more
meaningful indicator of an infectious etiology for atherothrombotic stroke.34 Aggregate
pathogen exposure in atherosclerosis has been examined in numerous studies, and analogous
mechanisms for cerebrovascular ischemic pathophysiology have been considered in recent
studies.2 Studies of pathogen burden (PB) and stroke in humans have mainly been focused
on correlations between serological evidence of viral and bacterial infection and stroke.3:5:6
While it has been reported that PB was associated with increased risk of stroke,34 this
association was null in the Framingham Heart Study.’

The reason for the discrepancies between these findings is unclear. Luna and Elkind argued
that the homogeneity of the Framingham sample (e.g. in age and socioeconomic class) may
not have captured the wide spectrum of predisposing conditions that participate in the
connection between infections and stroke.? Indeed, conventional risk factors for stroke (e.g.
family history, race/ethnicity, hypertension, and diet) may contribute to a relationship
between PB and stroke by influencing the exposure or susceptibility to these infections, or
by amplifying downstream inflammatory mediators leading to endothelial dysfunction and
thrombosis.2*> Mechanisms of stroke may differ by age, and infection-related mechanisms
may not have been captured in the Framingham study with a mean age at the baseline
examination of 69 years.

Persistent infections, which are not completely cleared by the immune system, are
particularly strong candidates as mediators of chronic inflammation in pathophysiology of
stroke.2 However, few studies have considered the role of parasites in PB studies and the
effect on stroke outcome, even though infections with parasites such as 7oxoplasma gondii
and 7oxocara spp. are common in the United States,8% and these organisms are mediators of
inflammation.10:11 Notably, Sealy-Jefferson et al. included 7. gondiiin their study of PB and
stroke, but the association between 7. gondii seropositivity and incident stroke was not
statistically significant.12 However, since their study was focused on Mexican Americans
living in the Sacramento Valley of California, there is still a need for a nationally
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representative of the United States. Moreover, given that conventional risk factors for
cerebrovascular disease may interact with PB to impact the risk of stroke, a large sample is
desirable because of the number of potential confounder and mediator variables that must be
considered.213 In the current study, we tested the association between prevalence of stroke
and serological evidence of prior infection (SEPI) from a variety of viral and parasitic
infections using data from 13,904 adults in the third National Health and Nutrition
Examination Survey (NHANES II1).

Study participants

To examine the relationship between burden of infection with prevalence of stroke, we
analyzed data from the third National Health and Nutrition Examination Survey conducted
from 1988 to 1994 by the National Center for Health Statistics, Centers for Disease Control
and Prevention. The NHANES was based on a stratified, multistage, probability cluster
design to obtain nationally representative statistics on the civilian, noninstitutionalized US
population for health measures and conditions through household interviews, standardized
physical examinations, and collection of biological specimens in mobile examination
centers.14 Detailed descriptions of the design of the survey and the sample have been
described elsewhere.14

Stroke outcome and measures of infection

Outcome data on previously experienced strokes were collected by self-report ("Has a doctor
ever told you that you had a stroke?") during the household interview. Ischemic versus
hemorrhagic stroke was not delineated. Based on prior literature and the availability of
serological data in NHANES l1l, the following 11 organisms were considered in this study:
T. gondii, Toxocara spp., Helicobacter pylori, varicella, cytomegalovirus, herpes simplex
virus 1 and 2 (HSV1 and HSV 2), herpes virus type 8, and hepatitis A, B and C viruses
(HAV, HBYV, and HCV). Two infections, HSV1 and HSV 2, were measured on those aged 6+
in NHANES 111 phase | but only among those aged 6-49 in phase 11 and therefore were not
included because analysis of only phase | NHANES Il would decrease our sample size by
approximately 50%. Similarly, H. pylori was only measured in phase | and was not included.
There were too few HCV-positive (2.6% of the sample) and too few varicella-negative (1.4%
of the sample) cases to include those variables. Serologic data on the remaining six
infectious organisms measured in NHANES 111 on adult participants ages 20 and older for
all six years of data collection were examined. Herpes virus type 8 did not have a univariate
association with stroke outcome and was also excluded from the index. The remaining five
organisms showing a univariate association with stroke outcome were ultimately included in
the (SEPI) index. They included: 7. gondii, Toxocara spp., cytomegalovirus and HAV and
HBYV. Details on serologic testing for antibody for past or current infection to the five
organisms included in our study (7. gondii, Toxocara spp., cytomegalovirus, and hepatitis A
and B) have been previously described.%15-18

A measure of burden of infection was created for each sample person based on the number
of infections for which they tested positive. This index was termed "Serological Evidence of
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Prior Infection" (SEPI). Because very few sample persons were positive for either zero or for
all five infectious agents, the SEPI variable was coded with values of 1 through 4
designating whether the sample person was positive for 0-1, 2, 3, or 4-5 infectious agents.

Selection of covariates

Sociodemographic factors related to stroke that we examined in our analysis included age in
years, sex, race and Hispanic origin, metropolitan residence, country of birth, poverty—index
ratio, and education level. Health status and risk behavior variables associated with stroke
outcome also examined were smoking, alcohol use, obesity, history of diabetes, history of
hypertension or high blood pressure and hypertension medication use, high total cholesterol,
low levels of high-density lipoprotein (HDL), C-reactive protein (CRP) level, bilirubin
levels, and high triglyceride level. Details on how each cofactor was coded can be found in
the Appendix 1. Details on all wording of all questions and tests for laboratory results can be
found in the survey documentation.19

Response rates

There were 18,825 individuals (80.9% of those sampled) ages 20 and older interviewed in
NHANES Il1. Of those interviewed, 91% (17,030) were examined, 17,025 (99.97% of those
examined) had self-reported data on stroke and 13,904 (81.6% of those examined) had data
on all five infectious agents as well as stroke history. The percent with complete data on all
five infectious agents as well as self-reported stroke varied by >5% for only one variable,
age. Complete serologic data were available on 74% of those aged 70 years and older
compared with 83% among those aged 20-49 and 86% among those aged 60-69.

Statistical analysis

Estimates of prevalence were weighted to represent the total resident US population and to
account for oversampling and nonresponse to the household interview and physical
examination. 2921 Examination weights were used since serologic data were collected
during the Mobile Examination Center or home examination. Analyses involving
triglyceride level utilized the fasting subsample weights. Statistical analyses were conducted
with SUDAAN, statistical software for analysis of complex survey data (version 10.0.1) to
account for the complex survey design (Research Triangle Institute, Research Triangle Park,
North Carolina). Standard error estimates were calculated using the Taylor series
linearization method. Ninety-five percent confidence limits for prevalence estimates were
estimated using the exact binomial method.22 Estimates with relative standard errors >40 or
with fewer than 10 persons reporting a history of stroke were not reported, because they are
considered highly unstable.

Univariable analyses examining the association of each cofactor with stroke, each individual
infection with stroke, and SEPI index with stroke were conducted using a #statistic from a
linear orthogonal contrast procedure. A linear regression model, adjusted for age-group, was
used to evaluate the association of each cofactor with the summary variable measuring SEPI.
All analyses were conducted in SUDAAN with a p value <0.05 considered significant. No
corrections for multiple comparisons were made, but exact p values are provided.
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To examine whether SEPI was associated with stroke after adjustment for all relevant
predictors of stroke, we used logistic regression modeling procedures. Individual logistic
regression models that included age, the variable for SEPI as a continuous term, and each
individual cofactor were examined. In addition, the interaction between each cofactor and
SEPI was evaluated. To further determine which cofactors were significant predictors of
stroke when considered simultaneously, we built more complex models with various levels
of adjustment. At each step, variables that were not significantly associated with stroke
outcome were deleted from the model in a backward stepwise fashion before proceeding to
the next step. Steps included adjusting for—(1) all demographic, socioeconomic, and risk
behavior variables (age, sex, race and Hispanic origin, foreign birth, metropolitan residence,
poverty index, education, smoking, and alcohol use); (2) all variables significant in the
previous step as well as diabetes diagnosis and obesity; (3) all significant variables from the
first two steps but now including cardiovascular disease indicators (high total cholesterol,
low HDL, and hypertension/high blood pressure medication use or diagnosis); and (4) all
previous significant variables plus those variables potentially on the pathway between
infectious disease burden and stroke (bilirubin and high CRP). At each step, we deleted
those not significant at o> 0.05 in a backwards stepwise process, reported the significance
of our measure of SEPI, and evaluated any interactions with SEPI among each of the
remaining predictors. Significant interactions were further evaluated in stratified models.

To further validate our findings, we conducted an additional simplified backward stepwise
analysis considering all cofactors simultaneously and evaluating interactions at each step.
An interaction between our measure of SEPI and age remained for all models, so we ran the
final model from the simplified procedure on each age strata. The simplified model was also
run on the fasting half sample to evaluate the effects of high triglyceride level on the
association of SEPI and stroke and again repeated for each age strata. In all multivariable
analyses, variables with a p < 0.05 were considered significant, and no adjustments for
multiple comparisons were made.

Univariable analysis

Results from the univariable age-adjusted analysis examining prevalence of stroke by
positivity status for each individual infection and by level of SEPI are shown in Table 1. All
the age-adjusted analyses were adjusted for a three-level age-group variable. The number of
strokes for each age-group was 73 in the 20-59 years of age-group, 94 in the 60-69 years of
age-group, and 226 in the 70+ years of age-group. For each of the five infections, prevalence
of stroke was between 40 and 108% higher among those seropositive for the infection
compared to those seronegative (p < 0.05) (Table 1). The prevalence of stroke also increased
from 1.49% (95% confidence interval (Cl) 1.01-2.11) among those seropositive to 0-1
infections to 5.5% (95% CI 2.44-10.46) among those seropositive to 4-5 infections. Results
from the univariable age-adjusted analysis examining prevalence of stroke by individual
level of each cofactor are also shown in Table 1. In addition, the relationships between each
cofactor and SEPI from a linear model are shown in Table 2. SEPI increased with older age
(Table 2). The Pearson correlation coefficient for SEPI and age was 0.30 (95 % CI 0.28—
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0.33). Cofactors that had a significant association with both SEPI and stroke were age,
poverty index, education, alcohol use, diabetes, high total cholesterol, low HDL, high
triglycerides, hypertension medication and/or diagnosis, high CRP levels, and bilirubin
levels. Cofactors that were only associated with SEPI were race/ethnicity, foreign birth, and
obesity. Smoking was associated only with stroke. Sex and metropolitan residence did not
have a significant relationship with either SEPI or stroke.

Individual logistic regression models

The relationship between age with SEPI on stroke outcome as well as the association with
stroke for each individual cofactor after adjusting for age and SEPI was further examined in
individual logistic regression models. Besides age, other cofactors that showed significant
associations with stroke after adjustment for age and SEPI included living below poverty,
lower education, any history of smoking, past alcohol use and no alcohol use, diagnosis of
diabetes, high total cholesterol, low HDL, high triglycerides, high CRP levels, low bilirubin
levels, and history of hypertension/high blood pressure with or without medication
compared to those without any history of hypertension or high blood pressure. SEPI
remained significantly associated with stroke in all of these individual models. These results
are presented in Table 3. Possible interactions between the levels of each cofactor and the
effect of SEPI on the prevalence of stroke were further examined in individual logistic
regression models. The pvalues for the interaction term for each model are presented in the
last column of Table 3. From these individual models, three cofactors showed possible
evidence of modifying the effect of SEPI on stroke prevalence: age, alcohol use, and
hypertension/high blood pressure diagnosis with medication use. However, after adjusting
for the interaction between age and SEPI, no other interactions with SEPI remained
statistically significant. The odds of stroke for each level of increasing SEPI was highest
among those in the youngest age-group and only reached statistical significance in that age-
group (age 20-59 years, odds ratio (OR) = 2.3 (95% CI 1.6-3.2), pvalue <0.01; age 60-69
years, OR = 1.1 (95% CI 0.7-1.7), pvalue = 0.67; age 70 years and above, OR = 1.2 (95%
Cl1 0.9-1.6), pvalue = 0.12) (contrasts for age 20-59 versus age 60— 69, pvalue = 0.03; age
20-59 versus age 70 years and above, p value < 0.01).

Complex models

In the first step of complex modeling, all demographic, socioeconomic, and risk behavior
variables were included in the model with SEPI. These variables included age, sex, race and
Hispanic origin, foreign birth, metropolitan residence, poverty index, education, smoking,
and alcohol use. Variables no longer significant (p value >0.05) were eliminated from the
model. The remaining significant cofactors included age, race and Hispanic origin,
education, smoking status, and alcohol use along with SEPI. Odds of stroke increased by
30% (OR = 1.3, 95% CI 1.0-1.6, pvalue = 0.03) with increasing level of SEPI after
adjusting for these initial cofactors (Table 4).

In the second step of complex modeling, the metabolic conditions of diabetes and obesity
were considered by adding them to the reduced model produced by step 1. Obesity was not
significantly associated with stroke and was therefore eliminated from the model. The effect
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of SEPI on stroke remained marginally significant (OR = 1.3, 95% CI 1.0-1.6, pvalue =
0.05).

In the third step of complex modeling, cardiovascular disease indicators, (not including high
triglycerides), were considered. In this step, we added variables for high total cholesterol,
low HDL, and hypertension/high blood pressure diagnosis and medication use to the
reduced model produced by step 2. High total cholesterol, alcohol use, and race and
Hispanic origin were no longer significantly associated with stroke outcome and were
eliminated from the model. SEPI continued to be significantly associated with stroke (OR =
1.4,95% Cl 1.1-1.7, pvalue = 0.01).

In the fourth step of complex modeling, variables that measure metabolic activity that may
be in the pathway between SEPI and stroke outcome were considered. High CRP and
bilirubin were added to the reduced model produced by step 3. In this final model, older age,
lower education, having ever smoked, diagnosis of diabetes, low HDL, hypertension/high
blood pressure diagnosis with medication use, high CRP levels, and low bilirubin levels
were significantly associated with stroke. SEPI remained significantly associated with stroke
(OR=1.4,95% CI 1.1- 1.7, pvalue = 0.01). Results from this complex stepwise modeling
are summarized in Table 4.

After step 4, the interaction between SEPI and age remained statistically significant when
comparing those aged 20-59 (OR for SEPI 2.0 (95% CI 1.3-3.1)) with those ages 60-69
years (OR for SEPI 1.1 (95% CI 0.7- 1.6), p value for interaction = 0.05) and comparing
those aged 20-59 with those aged 70+ years (OR for SEPI 1.1 (95% CI 0.8-1.5), p value for
interaction 0.01). As with the individual regression models, no other interactions with SEPI
were statistically significant once the interaction with age and SEPI was included in the
model.

Simplified backwards stepwise procedure

To further validate our findings from the four-step modeling above, we conducted a more
simplified backwards stepwise analysis allowing all cofactors including SEPI to be
considered simultaneously in the initial model except for high triglycerides because it was
measured on a fasting half sample. Using a simplified backwards stepwise approach, all
cofactors whose pvalue >0.05 were removed. In the final model, the prevalence of stroke
was associated with older age, male sex, lower educational level, ever smoked, diabetes
diagnosis, higher total cholesterol, lower levels of HDL, higher CRP, lower bilirubin, and
history of hypertension/ high blood pressure with medication compared to those without any
history of hypertension or high blood pressure. The ORs and p values for each cofactor from
the final simplified model are given in Table 5. As before, SEPI remained significantly
associated with stroke with no difference in effect as compared to the final model from the
more complex modeling procedure (OR = 1.4 (95% CI 1.1-1.7), pvalue = 0.01).

Because the interaction with age remained significant, the final model from the simplified
backwards stepwise procedure was run separately for each age strata. Results are presented
in Table 5. Similar to the previous findings, we saw that SEPI was significantly associated

Int J Stroke. Author manuscript; available in PMC 2020 December 29.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Pearce et al.

Page 8

with stroke outcome among those aged 20-59 (p value = 0.01), but not among those aged
60-69 (p value = 0.78) or those aged 70 and above (p value = 0.43).

Half sample model

To evaluate both the main effect of high triglyceride levels (=150 vs. <150mg/dL) on stroke
as well as the possible confounding effect of high triglyceride on SEPI, we utilized the
fasting half sample and included a binary variable for high versus normal triglyceride level
to the final model from the simplified backward stepwise procedure described above. This
model was run on the combined ages (20 and over) as well as stratified by age-group (20—
59, 60-69, and 70+ years). High triglycerides were significantly associated with stroke in the
combined model and the model for those aged 20-59 years. As in the previous models, SEPI
was significantly associated with stroke in both the combined model (OR = 1.8 (95% CI
1.3-2.7), p value <0.01) and the 20-59-year-old age strata (OR = 4.3 (95% CI 1.7-10.4), p<
0.01) but not among those aged 60—69 or 70 and older. As a result of the reduced power due
to the reduced sample size, many of the associations with the other possible risk factors of
stroke were no longer statistically significant (model details not shown).

Discussion

We found a strong cross-sectional association between our measure of SEPI to
cytomegalovirus, HAV, HBV, T. gondii, and Toxocara spp. and stroke in a large
representative sample of the US population. In contrast to most previous studies of
infectious disease burden and stroke,2 we included parasitic infections ( 7. gondii, Toxocara
species) and performed extensive statistical adjustment for covariates that could explain the
relationship between infection burden and stroke.

Among respondents who were seropositive (showed evidence of past infection) for 4-5 of
the infections tested, the age-adjusted prevalence of stroke was 5.50%, compared to 1.49%
among respondents who were seropositive for only 0-1 of these infections. There was a
graded dose—response linear trend for SEPI on the prevalence of stroke. Moreover, the
association between SEPI and stroke remained statistically significant after adjustment for
demographic factors associated with stroke including race/ethnicity, smoking, and education.
It should be noted that using prevalent, nonfatal strokes would bias our analysis to inclusion
of more minor strokes. Therefore, our results are more applicable to minor strokes.

We also considered medical conditions that increase risk of stroke.1® Diabetes is a well-
established risk factor for stroke,13 and our univariable analysis confirmed this association
and also showed a positive correlation between diabetes prevalence and SEPI. This finding is
congruent with a prior study in a different cohort consisting exclusively of middle-aged men
that found a positive correlation between insulin resistance and infectious disease burden.23
This prior study did not include parasitic infections, and the association of infectious disease
burden with insulin resistance was mainly driven by enteroviruses and C. pneumonia, though
herpes simplex also likely contributed.23 The authors suggested that simultaneous persistent
infections may drive inflammation, which in turn increases the risk for diabetes. However, it
is also possible that diabetes is increasing the susceptibility or consequences of these
infections.23 In our study, the increasing prevalence of stroke outcome with increasing levels
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of SEPI was not substantially affected by adding diabetes prevalence to our multivariable
models, which suggests that SEPI is not acting through diabetes-related mechanisms to
increase stroke prevalence.

A number of interrelated pathogenic mechanisms have been considered for the putative role
of infections in stroke.2 Specifically, infections may exacerbate atherosclerosis, induce
vasculitis, or cause plaque instability. Various cellular and molecular processes have been
tentatively implicated, including low-grade inflammation, pathogen—host epitope cross
reactivity, aberrant adhesion molecule expression, and abnormal lipid metabolism.?
However, these mechanisms are mainly relevant to persistent infections, and some of the
infections we examined are not typically persistent (e.g. hepatitis A), and hence SEPI is not
an indicator of simultaneous persistent infections but rather of the history of several
infections, only some of which may have remained persistent. Specifically, HAV is not
considered a persistent infection, though it produces a long-lived immunoglobulin G
response.24 HBV infection develops into a long-term chronic infection in less than 5% of
immunocompetent adults, but the rate of chronic infection is much higher in neonates and
young children.2>

More broadly, we considered the relationship of SEPI and other components of metabolic
syndrome (hypertension or dyslipidemia) which have both been tentatively linked to
infectious disease burden (reviewed in Ebrahimi et al.26) and are established risk factors for
stroke.13 However, the addition of these exposure variables to our multivariable models had
little effect on the statistically significant relationship between SEPI and stroke.

A prominent theory for the mechanistic link between infectious disease burden and ischemic
stroke is that multiple infections lead to chronic inflammation—either systemically or
locally within arteriosclerotic plaques—which increase the risk for an ischemic stroke.2
While we cannot use our cross-sectional study to directly address this mechanism, the
inclusion of CRP (an inflammation marker) in our models did not attenuate the increased
odds of stroke among respondents ith high SEPI. Therefore, we found no evidence that CRP
is in the path between SEPI and stroke. However, the CRP assay used for NHANES Il
samples had low sensitivity compared to the high-sensitivity CRP assays used in current
clinical practice. We applied the cut points for CRP from the older NHANES 11 literature,
and the imprecision of CRP values from NHANES 111 may have limited our ability to detect
a role for CRP in the pathway.

We also found no evidence that bilirubin was a mediator or effect modifier of the
relationship between SEPI and stroke. We did, however, replicate results from a prior study
showing the protective effects of higher bilirubin on stroke.2’

The relationship between SEPI and stroke was most prominent among the younger age strata
(20-59 years) of respondents. Many of the biological mechanisms for stroke in older
patients (e.g. atherosclerosis) are applicable to younger individuals as well, but there are also
some pathophysiological pathways that may be more common among young adult stroke
patients.28 On the other hand, it is possible that the association between SEPI and stroke in
older age-groups could have been attenuated by a higher presence of other major risk
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factors. We did not have specific data on some known risk factors for stroke such as atrial
fibrillation. Regardless, our data suggest that pathways involving chronic infections may be
particularly important in these young stroke patients.

Limitations

In addition to some of the limitations described above (our association is only with nonfatal
strokes, the nonpersistent nature of hepatitis A and some hepatitis B infections, and the low
sensitivity of the NHANES 11l CRP assay), our conclusions should be viewed cautiously
because of the cross-sectional nature of our study and the lack of data on particular
etiological subtypes of stroke. Stroke was self-reported and not verified by an independent
clinical evaluation, which is a limitation of this study and prior studies of stroke in the
NHANES Il dataset. We studied only a few parasitic infections and did not have serological
data on some infections known to be linked to stroke (e.g. Trypanosoma cruzi2®). Because
we only considered infections with serology data already present in the NHANES dataset,
our study was constrained to only a subset of infections with data collected for other
purposes. Our study is also limited by the use of serological indices of infection, and hence
we cannot know when the infection occurred. We cannot know, for example, if exposure to
one or more of the infectious agents occurred before or after the reported stroke. Likewise,
the temporal relationship between other stroke risk factors in our models (e.g. hypertension)
and the stroke outcome cannot be discerned in this cross-sectional sample. Moreover, our
approach of considering each infection as equivalent to each other infection may be overly
simplistic and does not capture the possibility that some infections (e.g. hepatitis B) may
contribute more to the overall burden than other infections.

NHANES does not include individuals in some sociodemographic categories with
potentially higher risk for severe stroke or infection (i.e. those institutionalized, incarcerated,
those in nonhospital based long-term care facilities, injection drug using, homeless
populations, etc.). Given that individuals in these high-risk groups for stroke and infection
would not have been included in our analysis, our estimates of the association between
infection and stroke outcome may be conservative. On the other hand, those who were
infected and presented to a physician for care may have been more likely to have been
diagnosed with stroke than would have otherwise have gone undiagnosed. This and other
residual confounders may have inflated our estimate of SEPI’s effect on stroke.

There were only 73 cases of stroke in the youngest age-group with only 9 cases among those
with the highest level of SEPI; therefore, the results for this age-group are based on smaller
numbers than the other age strata. Interestingly, we found the protective effect of bilirubin
was most evident in the younger age strata.

There is a bidirectional relationship between host immune responses and stroke. As
discussed above, inflammatory responses to infection may trigger stroke, but stroke itself
has a complex effect on immune responses, including B cells and antibody production.30
Thus, in our cohort, a prior stroke could influence the antibody titer to some of infections we
tested.
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Conclusion

The connection between exposure to multiple pathogens and stroke risk remains
controversial.2 Most prior studies of the possible link between infectious disease burden and
stroke have been case-control analyses or have focused on specific high-risk populations or
residents of specific cities or geographic regions. We examined the relationship between
stroke and SEPI to cytomegalovirus, HAV, HBV, 7. gondii, and Toxocaraspp. in a nationally
representative population with extensive control for health-related covariates. In support of
prior studies connecting infectious disease burden with stroke,? we found a significant
association between stroke and SEPI to cytomegalovirus, HAV, HBV, 7. gondii, and
Toxocara spp. overall and specifically among those aged 20-59 upon age stratification.
Notably, this association was independent of various demographic and health status
covariates. Our inclusion of chronic parasitic infections, specifically 7. gondiiand Toxocara
spp., in the SEPI index suggests the need for other studies to consider parasites as
contributors to the multifaceted pathophysiological mechanisms underlying stroke. Our
study differs from most prior studies in that it has broad regional representation in the
United States and included the aforementioned parasitic pathogens in addition to viruses.
Luna and Elkind have suggested that geographical variables may be important in the putative
connection between infection burden and stroke risk because different pathogen
combinations may circulate in a population based on spatiotemporal factors.

Future studies of infection burden and risk of stroke should better define the dynamics of
pathogen exposure and stroke using longitudinal designs and consideration of geographical
factors as well as genetic vulnerabilities, life course exposures, and immunosenescence.
Such studies are needed to determine whether there is any causal connection between
infection burden and stroke, which would add to the broad interest in preventing infections.
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Appendix 1

Coding of sociodemographic factors
. Age. Measured in years and grouped as those aged 20-59, 60-69, and 70+ years.

. Race and Hispanic origin. Based on the respondents’ self-reported information
and categorized as non-Hispanic white, non-Hispanic black and Mexican
American; respondents who did not self-identify into these three groups were
classified as “other,” which also included all non-Mexican American Hispanics
and individuals reporting multiple races.

. Metropolitan residence. coded as metropolitan or non-metropolitan.
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Country of birth. Categorized as being born in the 50 U.S. states or D. C. versus
not being born in the U.S. states and D.C.

Poverty-index ratio. Calculated by dividing family income by a poverty
threshold specific for family size produced by the US census and categorized as
below (<1.0) or at or above the poverty line ( 1.0).

Educatior. Measured as last year of school completed using individual education
and grouped as less than a high school graduate and high school completed or
beyond.

Health status and risk behavior variables

Smoking. Coded as ever a smoker versus never.
Alcohol use: Coded as current user, past user, and never used.

Obesity. Body mass index calculated from measured height and weight and
coded as =30 kg/meters? versus <30 kg/meters?

History of diabetes. Coded as received a previous diagnosis of diabetes versus no
diagnosis

Hypertension/hypertension medicatiorn. Three-level variable that included history
of hypertension or high blood pressure and hypertension medication use coded as
(1) nonhypertensives—those who had no history of diagnosed hypertension/high
pressure and whose blood pressure was normal at exam; (2) unmedicated
hypertensives—those with a history of diagnosed hypertension or high blood
pressure or who measured =140 systolic or =290 diastolic blood pressure at the
NHANES exam but who are NOT currently taking hypertension medication; or
(3) medicated hypertensives—those with history of diagnosed hypertension or
high blood pressure and are currently taking medication for it.

Total cholesterof. Coded as high levels of total cholesterol (=240 mg/dL) versus
normal (<240 mg/dL).

HDL: Coded as low levels of HDL versus normal (<40 vs. 240 mg/dL for males
and <50 vs. =50 mg/ dL for females).

CRP. C-reactive protein (CRP) coded as low (<0.21), middle (0.22-0.99), or
high (=1.0).

Bilirubin levels. Based on tertiles and coded as low (<0.5 mg/dL), middle (0.5~
0.6 mg/dL), and high (=0.7 mg/dL).

Triglyceride levels. Coded as high (=150 mg/dL) versus normal (<150 mg/dL).
Triglyceride level was measured on only a random half sample of individuals
who fasted prior to blood draw.

Details on all questions and laboratory results can be found in the survey documentation.1®
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