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Abstract

Background: The etiology of dementias and cognitive decline remain largely unknown. It is
widely accepted that inflammation in the central nervous system plays a critical role in the
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pathogenesis of dementia. However, less is known about the role of the peripheral immune system
and interactions with cortisol, though evidence suggests that these, too, may play a role.

Methods: Using data from 1,337 participants aged 60+ years from the Sacramento Area Latino
Study of Aging (observational cohort) we investigated variation in trajectories of cognitive decline
by pathogen IgG and cytokine levels. Linear mixed effects models were used to examine the
association between baseline Interleukin (IL)-6, C-reactive protein, tumor necrosis factor (TNF)-
a, and five persistent pathogens’ 1gG response and trajectories of cognition over 10 years, and

to examine interactions between immune biomarkers and cortisol. Stratified cumulative incidence
functions were used to assess the relation between biomarkers and incident dementia. Inverse
probability weights accounted for loss-to-follow-up and confounding.

Results: IL-6, TNF-a, and CMV IgG were statistically significantly associated with a higher
log of Modified Mini-Mental State Examination errors (I1L-6, =0.0935 (95%CI: 0.055, 0.13),
TNF-alpha £=0.0944 (95%CI: 0.032, 0.157), and CMV, =0.0409 (95%Cl: 0.013, 0.069)).
Furthermore, cortisol interacted with HSV-1 and IL-6, and CRP for both cross-sectional cognitive
function and rate of decline. No statistically significant relationship was detected between
biomarkers and incidence of dementia.

Conclusions: These findings support the theory that the peripheral immune system may play
a role in cognitive decline but not incident dementia. Furthermore, they identify specific markers
amenable for intervention for slowing decline.

Keywords

immune function; dementia; cognition; 3MSE; endocrine pathways

Introduction

Recent evidence has implicated senescing immune cells, inflammation, and chronic
infection as potential risk factors for cognitive decline and incident dementia.(Jones et

al., 2010; Vanltallie, 2017) Cross-sectional and longitudinal studies have shown that

higher levels of IL-6, TNF-alpha, and other cytokines are associated with lower cognitive
level,(Jefferson et al., 2011; Xu et al., 2009) and higher dementia incidence.(Koyama

etal., 2012; Xu et al., 2009) Furthermore, immune function has been implicated in

the accumulation of amyloid-g, a key pathological feature of Alzheimer’s Disease and
related dementias (ADRD), and associated with other neurodegenerative processes including
microglial senescence.(Akiyama et al., 2000; Fakhoury, 2015; Vanltallie, 2017) Resulting
shifts in the T-cell compartment toward aged T-cell phenotypes (i.e. lower CD4+:CD8+
T-cell ratios) may also play a role.(Wikby et al., 2005) However several studies have
reported no significant associations between immune markers and cognition, though
comparisons between these studies are difficult given restricted populations (e.g. depressed
or schizophrenic adults), limited biomarkers of immune function included, and different
outcomes (e.g. incident AD, memory, etc.) examined across studies.(Elderkin-Thompson et
al., 2012; Lima et al., 2013; Lurain et al., 2013; Sundel6f et al., 2009; Torniainen-Holm et
al.; Yolken et al., 2011)
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The stress-related elevation of cortisol and dysregulated cortisol rhythms have been
implicated in numerous adverse outcomes including cardiovascular disease, Type 2
Diabetes, and ADRD.(Martocchia et al., 2016) Importantly, cortisol and immune cells

are biologically connected. Cytokines can activate the HPA axis, inducing production

of cortisol, but cortisol may also affect immune pathways by binding to glucocorticoid
receptors on innate and adaptive cells.(Besedovsky and del Rey, 2000) Furthermore, chronic
inflammation has been shown to induce glucocorticoid resistance.(Straub and Cutolo, 2016)
Given the interplay documented between cortisol and immune molecules, it is critical to
understand how altered cortisol levels and patterns may interact with immune markers to
affect aging outcomes, particularly cognition and dementia incidence, in order to be able to
intervene to prevent and delay outcomes. Yet, few studies have assessed these interactions.

This study examined the association of cytokines and pathogen 1gG response with cognitive
decline and dementia incidence in a Latinx population of older adults, and investigated
whether salivary cortisol interacts with these biomarkers to alter the outcomes. Our study
adds to the existing literature in several ways: first, we examine these associations in

an understudied population for aging research; second, we include eight biomarkers of
immunity, providing a more comprehensive view of immune function; third, we investigate
both global cognition trajectories and incident dementia over the course of up to 10 years of
follow-up; and finally, we use modern epidemiologic methods that allow us to better account
for systematic biases in our observational cohort.

Study Population

Measures

This study used data from the Sacramento Area Latino Study of Aging (SALSA), a
prospective, observational community-based cohort study of 1,789 self-designated Latina/
Latino (designated as Latinx from here on out) adults in the Sacramento Valley, CA

area who were aged 60 years or older at baseline. SALSA survey design and methods

have been described previously.(Haan et al., 2003) Baseline 2-hour interviews occurred

at the participants’ homes during 1998-1999. The interview included questions regarding
lifestyle factors, depressive symptoms, acculturation, and medical diagnoses. Buccal swabs
for DNA, blood pressure, and fasting blood samples were taken at baseline. Follow-up visits
occurred every 12-15 months, with a total of 7 follow-up visits over 10 years, during which
participants reported health conditions and lifestyle and sociodemographic risk factors and
completed a cognitive evaluation. Our analysis used existing immune function biomarker
data collected on a sub-sample of 1,574 participants at baseline. We further restricted our
analysis to individuals with at least two cognitive data points and complete covariate data,
for a final sample size of 1,337 (eFigure 1).

Exposures

Cytokines: Blood samples were collected from participants in their homes by trained
phlebotomists and transferred on ice to be processed. Serum samples have since been stored
continuously frozen at =70 °C, and this storage protocol has been proven to have minimal

Psychoneuroendocrinology. Author manuscript; available in PMC 2022 November 01.
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effects on reliability of measurements conducted at later time points, with antibodies to
viruses stable over time when continuously frozen.(Pappin et al., 1995) hs-CRP levels above
40 were excluded from analysis as high levels may indicate acute infection. For the purposes
of statistical analysis, IL-6, hs-CRP, and TNF-alpha and were log transformed then modeled
as continuous and dichotomized at the mean. Additional details for laboratory testing of
cytokines and pathogens are provided in the Supplementary Material.

Pathogens: Baseline blood serum samples were analyzed for level of 1gG antibodies to

the cytomegalovirus (CMV), herpes simplex virus (HSV)-1, varicella zoster virus (VZV),
toxoplasma gondii (T, gondii), and helicobacter pylori (H. pylori) using enzyme-linked
immunosorbent assays (ELISA). Through a series of incubation and wash steps, the
antibodies specific to our viruses of interest were linked to antibodies present in our samples
and then to a secondary reactive antibody. These assays generated values on a continuous
scale, reported as optical density (OD) units, that correspond to the level of IgG antibodies
in the blood. In addition to the continuous measurement of IgG response, the laboratory
determined whether each sample was seropositive or seronegative for each virus based on
established cutoffs of 1gG response. Each commercial ELISA kit contained controls and
internal calibrations. For the purposes of analysis, all 1gG titer variables were standardized to
amean of 0 and a SD of 1.

Salivary Cortisol: Salivary cortisol was measured in all included participants from buccal
swabs collected as a waking sample at baseline. The salivary cortisol testing was collected
with Salivettes (Sarstedt, Newton, NC) and assayed unextracted with DPC Coat a Count
cortisol kits (DPC. Los Angeles, CA). Cortisol was log transformed for analysis.

Outcomes

Global Cognition: Global cognition was measured at baseline and each follow-up visit
using the modified Mini-Mental State Examination (3MSE).34 The 3MSE tests a variety of
cognitive abilities including recall, attention and calculation, registration, and orientation to
time and place and is a common measure of cognitive ability in our populations. With 30
questions total, each varying in score value, the 3MSE has a final score range of 0 — 100, a
sum of each individual question’s score.34:61 Due to the negatively skewed distribution, we
modeled this outcome as the log of the errors on the test (i.e. log(101-3MSE)).

Clinician Adjudicated Dementia Diagnosis: Clinical diagnosis of dementia was a
multistage process beginning if participants scored below the 20t percentile on the 3MSE or
their score declined by >8 points since the previous exam. These participants were referred
to take a neuropsychological test battery and were further referred to neuropsychologists

if they received scores below the specified cutoffs. A neuropsychologist or neurologist

then diagnosed type of dementia based on the National Institute of Neurological and
Communicative Disorders and Stroke and the Alzheimer’s Disease and Related Disorders
Association criteria.(Zeki Al Hazzouri et al., 2011)

Covariates—Sociodemographic data including years of educational attainment, sex (male/
female), age (grand mean centered at baseline age, quadratic), self-reported health, and

Psychoneuroendocrinology. Author manuscript; available in PMC 2022 November 01.
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depressive symptoms (CES-D) were self-reported at baseline, and self-reported health and
depressive symptoms were subsequently collected at each follow-up visit. Educational
attainment was reported as the number of years attended and categorized as less than 8"
grade, 8t grade diploma, or high school diploma and above for analysis, thus basing the
measure on the highest degree obtained. Self-reported health was reported on a 5-point
Likert scale from excellent to poor. The Center for Epidemiological Studies-Depression
(CES-D) scale was used to categorize baseline depression among study participants with
a cutoff at 16 points. Date of death was ascertained through mortality surveillance of the
SALSA cohort.

Statistical Analyses

All statistical analyses were conducted in SAS 9.4 (SAS Institute, Inc., Cary, North
Carolina) and figures were created in R using the ggplot2 package. Descriptive statistics
were used to characterize the study population. To estimate the relationship between
biomarkers of immune function and cognitive level and decline, we used linear mixed effects
models with a random intercept and slope. To assess the relationship between the exposures
and incident dementia, we compared exposure-stratified cumulative incidence functions
(using the Aalen-Johansen estimator) with death treated as a competing event. Inverse
probability (IP) weights were used to account for informative censoring (variables included:
exposure, educational attainment, age, diabetes, depression, self-rated health, and change in
cognition between two prior waves) and confounding (variables included: age?, educational
attainment, biological sex, depression, and self-reported health). IP weights addressed
confounding by weighting the population to represent exchangeable (i.e., equivalent on
confounders) exposed and unexposed populations. IP weights were also used to address
loss-to-follow-up by weighting the subsequent waves’ populations to represent the initial
population. This minimally sufficient adjustment set was determined a prioriby directed
acyclic graph (DAG) analysis. We further investigated potential biological interaction with
salivary cortisol by including interaction terms between the exposure variables, salivary
cortisol, and time in mixed effects models for cognitive decline. Separate models were used
for each exposure measure: 1) crude models, 2) IP-weighted models, and 3) IP-weighted
interaction models. Due to the sample size and limited power to detect interaction, we
considered P < 0.10 statistically significant for interactions. All analyses for this study were
approved by the institutional review board at the University of North Carolina at Chapel
Hill.

Data Availability

Results

Data for this study is publicly available on the Inter-University Consortium for Political and
Social Research (ICPSR), hosted by the University of Michigan.

Sample Characteristics

The 1,337 adults who met eligibility criteria and were included in our analysis were 58.9%
female and were on average 70 years old at baseline, with an age range of 60 to 93 years
old. Thirty-two and a half percent of participants received a high school diploma or higher

Psychoneuroendocrinology. Author manuscript; available in PMC 2022 November 01.
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education. Just under 46% reported their health as “very good” or “excellent”, and 25.0%
reported depressive symptoms at baseline. The mean 3MSE score at baseline was 87 (SD
=10.3). 86.5% of the population was seropositive for HSV-1, while 84.5%, 29.3%, 91.1%,
and 33.5% were seropositive for CMV, VZV, H. pylori, and T. gondii, respectively. The
mean (SD) values for cytokines CRP, IL-6, and TNF-alpha were 5.14 (5.7), 5.17 (7.0), and
4.07 (2.5), respectively. The complete demographic and social characteristics of our study
population are described in Table 1. Four hundred and thirty-one participants died over the
course of follow-up.

Population Mean Cognitive Function

Table 2 shows the association between continuous cytokine levels and population mean
cognitive level over the course of follow-up before and after weighting. In IP-weighted
models, we found that higher IL-6 and higher TNF-alpha were significantly associated with
more errors on the 3MSE (i.e. lower cognitive scores). Each 1 unit increase in log(IL-6) was
associated with an increase in the log of the errors of 0.0935 (95% CI: 0.055, 0.13). For each
1 unit increase in log(TNF-alpha), the log of the errors increased by 0.0944 (95% CI: 0.032,
0.157). Based on models including age as the only independent variable, these associations
are roughly equivalent to cognitive differences of 3.75 years.

Table 3 shows the association between standardized 1gG response to pathogens and
population mean cognitive level over the course of follow-up before and after weighting.
We found that higher CMV IgG was associated with more errors. Each 1 SD increase in
CMV IgG was associated with a 0.0409 (95% CI: 0.013, 0.069) increase in the log errors.
This pattern is borne out also when looking at the associations between CMV seropositivity
and cognitive level (data in eTable 2).

Interestingly, we also found that higher HSV-1 IgG was associated with fewer errors on the
3MSE in IP-weighted models. Each 1 SD increase in HSV-1 1gG was associated with 0.0308
(95% CI: 0.004, 0.058) decrease in the log errors. This relationship, in the opposite direction
of that hypothesized, is corroborated in results analyzing the association between HSV-1
seropositivity and cognitive function, seen in eTable 2). CRP and VZV, T. gondii, and H.
pylorilgG levels were not significantly associated, in either direction, with number of errors
on the 3MSE.

Cognitive Change over Time

Tables 2 and 3 also show the association between continuous cytokine and pathogen 1gG
levels and cognitive decline over the course of follow-up before and after weighting. H.
pylori, however, was significantly associated with rate of cognitive change over follow-up;
for each year of age, a 1 SD higher H. pylori1gG level was associated with 0.0086 (95% ClI:
0.001, 0.016) fewer log errors. Full results can be seen in Table 3. However, neither IL-6 nor
TNF-alpha were significantly associated with the rate of cognitive change over follow-up,
nor was CRP. eTable 1 shows results for the association of categories of high or low cytokine
levels with cognitive level and change over follow-up. Full results can be seen in Table 2.
Neither HSV-1 nor CMV 1gG levels were associated with rate of decline, nor were VZV or
T. gondiii.

Psychoneuroendocrinology. Author manuscript; available in PMC 2022 November 01.
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Cortisol Interactions

Overall, higher cortisol levels were associated with lower cognitive function in this
population. We found statistically significant interactions (p < 0.10) between cortisol and
HSV-1, IL-6, and CRP for cognitive level as well as between cortisol and HSV-1 for rate of
decline. These results are demonstrated visually in Figure 1, and results for all biomarkers
are shown as “Cortisol Interaction Models’ in Tables 2 and 3. Those with higher cortisol
(e.g. log cortisol values equal to 3), exhibited, on average, more errors on the 3MSE than
those with lower cortisol. For younger age groups, this relationship did not appear to change
substantially with increasing levels of biomarkers. However, at ages 80 and above, the
predicted log(3MSE errors) were different by level of biomarker. In Figure 1a we see that as
levels of IL-6 increase, 3MSE errors increase as well, though the change is steeper for those
with lower cortisol. In Figure 1c we see that as age increases, the HSV-1 1gG and 3MSE
error relationship becomes stronger, with those with high cortisol actually decreasing in
errors while those with lower cortisol increasing. For IL-6, CRP, and HSV-1, the relationship
between biomarker and cognition was similar by levels of cortisol for younger ages.

Incidence of Dementia

IP-weighted cumulative incidence functions for the age range of the study population over
follow-up show no statistically significant relationship between pathogen seropositivity

and incidence of dementia. Figure 2b shows the full CIFs for each pathogen. There is

some indication that H.pyl/ori seropositivity may be associated with decreased incidence

of dementia. However, due to the small number of incident dementia cases in this sample

(n = 112 total but only 78 among those with infection data) and the high prevalence of

the pathogens, particularly CMV and HSV-1, our analyses were underpowered to detect
associations here. Similarly, there was no statistically significant associations between IL-6,
TNF-alpha, or CRP and the incidence of dementia. The confidence intervals for each CIF
substantially overlap indicating no significant association. Figure 2b shows the full CIFs for
each cytokine.

Discussion

We found that overall, IL-6, TNF-alpha, and CMV IgG levels were associated with poorer
cognitive function in this study population. The magnitude of these associations was roughly
equivalent to the change in cognitive function seen over 3.75 years of age in our study
population for the cytokines and 1.5 years for CMV. Only H. pylori1gG was significantly
associated with the rate of cognitive change over 10 years of follow-up, with a 1 SD increase
H. pylorilgG associated with a small but statistically significant change in log errors
(slope=0.0086 (95% CI: 0.001, 0.016). Moreover, increases in HSV-1 1gG, were associated
with better cognitive function. Additionally, IL-6, TNF-alpha, and HSV-1 interacted with
cortisol to alter the relationships with cognitive level and age. Overall, we found that

higher cortisol levels were associated with lower cognitive function in this population and
that cortisol interacted with HSV-1, IL-6, and CRP for cognitive level as well as with

HSV-1 for rate of decline. For younger age groups, this relationship did not change much
with increasing levels of biomarkers. However, at ages 80 and above, cognitive function

is different by level of immune biomarker. As levels of IL-6 increase, cognitive function

Psychoneuroendocrinology. Author manuscript; available in PMC 2022 November 01.
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decreases, though more steeply for those with lower cortisol, and as age increases, the slope
of the HSV-1 IgG and 3MSE error relationship becomes stronger, with those with high
cortisol actually decreasing in errors while those with lower cortisol increasing. We did not
find any statistically significant associations between peripheral immune system biomarkers
and dementia incidence.

The findings of negative associations between biomarkers of immune function and cognition
are consistent with the previous literature indicating associations between biomarkers of
immune function and cognition. Several studies have shown that dementia patients have
higher CRP levels in the blood compared to non-dementia patients, as well as similar
associations between CRP and cognitive level.(Ge et al., 2013; Jefferson et al., 2011;
Koyama et al., 2012; Mancinella et al., 2009; Wersching et al., 2010; Xu et al., 2009)
However, both cross-sectional and longitudinal studies have shown mixed results, as do our
analyses, with several reporting no such associations.(Chen et al., 2016; Elderkin-Thompson
etal., 2012; Lima et al., 2013; Luciano et al., 2009; Sundel6f et al., 2009) These associations
and mixed results have been seen with other inflammatory markers, including cytokines

(i.e. IL-6 and TNF-a) (Duarte et al., 2017; Palta et al., 2014; Rizzi and Roriz-Cruz, 2017,
Singh-Manoux et al., 2014; Uslu et al., 2012) and CMV 1gG response.(Kawasaki et al.,
2016) Our results here are also mixed, with some cytokines and infection IgG responses
being associated with worse cognition, but with some not being associated with cognition

at all, and even one (HSV-1) associated with better cognition. However, as much of the
literature in this area focuses on CRP only, it is important that we have investigated a more
comprehensive set of indicators of peripheral immune function than previous research.

The research on the relationship between immune system aging and cognition is based

on biological mechanisms that have been studied extensively in humans and animal models.
(Fakhoury, 2015; Perry and Holmes, 2014; Rawji et al., 2016; Tuppo and Arias, 2005;
Vanltallie, 2017) As the human brain ages, the presence of misfolded proteins, free radicals,
and epigenetic changes increase(Perry and Holmes, 2014; Rawji et al., 2016) and microglia
become senescent, leading to an elevation in the production of pro-inflammatory cytokines,
impaired phagocytosis, reduced motility, and reversing the demyelination of axons, which is
a common change in neurodegenerative diseases.(Fakhoury, 2015; Rawiji et al., 2016) The
presence of misfolded proteins (such as amyloid-p) elevates production of pro-inflammatory
cytokines in microglia,(Perry and Holmes, 2014; Rawji et al., 2016; Vanltallie, 2017) but
may additionally inhibit the ability of microglia to secrete anti-inflammatory cytokines.
(Rawiji et al., 2016) However, there is also evidence that an inflammatory response activates
microglia and astrocytes, leading to increased production of amyloid-f, and as such, it is
unclear which is the triggering event for neurodegeneration leading to AD.(Fakhoury, 2015;
Tuppo and Arias, 2005)

Studies comparing the immune profiles of individuals with AD to those of healthy controls
have found evidence of advanced peripheral immunosenescence in individuals with AD,
though these studies are small and results have been conflicting.(Androsova et al., 1995;
Schindowski et al., 2006; Zhang et al., 2003) While advanced peripheral immunosenescence
could itself be integral in the pathogenesis of dementia, it would require accompanying
perturbations in the blood brain barrier (BBB) to allow movement of immune molecules

Psychoneuroendocrinology. Author manuscript; available in PMC 2022 November 01.
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into the central nervous system (CNS). Disruptions in the BBB can lead to increased
permeability allowing the transport of aged immune cells, inflammatory cytokines and
chemokines, and infectious agents, all of which are critical to the disease process.

As cytokines have neuromodulatory properties including roles in neurogenesis and neuronal
survival,(Vezzani and Viviani, 2015) the imbalance of pro- and anti-inflammatory cytokines
resulting from senescent microglia can lead to physiological changes in the brain. The
overproduction and extended presence of pro-inflammatory cytokines in the brain can
further damage the BBB,(Mezzani and Viviani, 2015) which deteriorates naturally with
increasing age.(Vanltallie, 2017) Leakage in the BBB has been observed early on in cases of
AD(Vanltallie, 2017; Zlokovic, 2008) and allows the passage of peripheral immune cells and
inflammatory mediators into the central nervous system.(Fakhoury, 2015) While the BBB
naturally deteriorates with age,(Vanltallie, 2017) environmental stimuli can also accelerate
this process. However, it could be that the natural deterioration of the BBB that is in seen
with age is in part driven by both peripheral and central immunosenescence. For example,
as cytokines have neuromodulatory properties including roles in neurogenesis and neuronal
survival,(Marin and Kipnis, 2013; Vezzani and Viviani, 2015) the imbalance of pro- and
anti-inflammatory cytokines resulting from senescent microglia can lead to physiological
changes in the brain. The overproduction and extended presence of pro-inflammatory
cytokines in the brain can further damage the BBB.(\Vezzani and Viviani, 2015) Specifically,
IL-B activates IL-1 receptor 1 (IL-1R1), which can induce the deterioration of membrane
phospholipids with as few as 2—-3% of the receptors occupied.(Dinarello, 1996; Vezzani

and Viviani, 2015) The imbalance of cytokines can alter neurotransmitter release, astrocyte
function, and the activity of voltage-gated ion channels and receptor-coupled ion channels,
which has been shown to have long-term effects on cognition.(\ezzani and Viviani, 2015)
Cortisol binding to immune cells may alter this relationship, as demonstrated in our
analyses. Our results provide further evidence that measurements of peripheral immune
function, including cytokines and persistent pathogen 1gG response, may lead to and
therefore be indicative of decreased cognitive function and/or accelerated cognitive decline
in populations over 65 years old.

Our study had several strengths, including the participants, representative of the Sacramento,
CA area LatinX population, and longitudinal data covering up to 10 years of follow-up for
participants. The availability of baseline 1gG response to five common persistent pathogens
as well as three cytokines allowed us to examine a better picture of participants’ immune
function, as opposed to a single marker. Additionally, the use of markers of both the
adaptive and innate immune system captures a wider spectrum of immune function in the
participants.

However, our study does have limitations. We expect measurement error in the cognitive
measures, both measured cognitive level and incidence of dementia. Also, the low incidence
of dementia limits our power to detect differences by biomarker. The 3MSE collected

over the course of follow-up has limited sensitivity to detect differing levels of cognitive
function among study participants or decline of function in all cognitive domains within

an individual, though it is widely used in large cohort studies. The 3MSE is also subject

to retest effects whereby the participant may become familiar with the test and actually
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appear to improve over subsequent administrations, or remain constant over subsequent
administrations, rather than decline in performance, as would be expected over time with
cognition. A final measurement error limitation is in our use of biomarkers in this study.
Biomarkers are subject to imperfect sensitivity and specificity as well as further error
induced by the natural fluctuation of these biological markers in humans, which can depend
on time of day of measurement,(Bauer et al., 1994) recent exercise,(Pedersen, 2000) and
diet.(Aziz et al., 1999) All biomarkers gathered in SALSA were taken at a fasting time
period and cortisol measurements were all taken as a waking sample, offsetting concerns
about consistency in the timing of these measures and fasting influences. However, the
magnitude of cortisol change over the course of the day may be a better indication of the
physiologic embodiment of stress. SALSA does not information on particpants’ cortisol
levels throughout the day, so we were unable to use that measure. The small magnitude of
the associations may be a result of survival bias in our dataset. It is possible that those who
were the least healthy and had higher cytokine levels and higher pathogen IgG levels did not
survive to join the study. Finally, there is potentially bias in our results due to unmeasured
confounding.

Functional and cognitive aging present a unique health care challenge for the country,
given that an estimated 5.2 million people over 65 years in the U.S. had an ADRD as

of 2016.(Hebert et al., 2013) In 2016 alone, the U.S. spent $162.7 billion on long-term
healthcare, which is approximately 5% of all U.S. healthcare costs.(Mongan, 2017) This
burden will only continue to grow through the next several decades, including in the
Hispanic population, with an estimated 14 million cases of AD projected in the U.S. by
2050,(Hebert et al., 2013) underscoring the importance of long term, preventive measures.
Besides introducing a new burden on the healthcare system simply by requiring extensive
care for routine activities, those suffering from dementia are at an elevated risk of several
other negative health outcomes due to their increased risk of exposure to infections and
diminished ability to care for themselves, contributing significantly to healthcare costs.
(Frahm-Falkenberg et al., 2016) Those suffering from dementia and other memory disorders
are more likely to have comorbidities such as diabetes, infection, injury, and depression.
(Bunn et al., 2014) All of these secondary health conditions that occur partially as a result
of the cognitive and functional impairment of older adults exert an additional burden on the
healthcare system. As such, it is imperative that researchers investigate novel determinants
of dementias. It will continue to be important to examine factors that either accelerate
cognitive decline, increase risk of dementia, or both, in order to identify potential targets
for intervention and prevention. Of note, Mexican Americans experience a disproportionate
prevalence of these persistent infections than the white non-Latinx US population,(Stebbins
et al., 2019) which may enhance associations we observed, compared to a nation-wide
samples.

Thus, our results have implications for the prevention and delay of cognitive decline, but not
the incidence of dementia, in older populations. Currently, there are documented disparities
in the distribution of AD and other dementias across the US, including by sex, race and
ethnicity, income, and educational attainment.(Plassman et al., 2007) All of these factors
are deeply intertwined and difficult to disentangle. However, mechanisms associated with
immune function could present a target for intervention, to delay the onset of cognitive
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impairment and slow decline. As dementia is a progressive disease, prevention prior to onset
is essential to reducing the subsequent health care burdens. Understanding the mechanisms
through which these social and environmental factors may interact to affect cognitive
decline and onset of dementia will move the field forward and allow us to design targeted
interventions to reduce disparities in and the overall incidence of dementia.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. Investigated immune biomarkers & cognition in a 10-year longitudinal study

of older Latinos in Sacramento County, CA.

. Higher IL-6, TNF-a, and CMV IgG associated with lower cognition, using
linear-mixed effects models with inverse probability weights to account for
confounding and informative censoring..

. Cortisol interacted with HSV-1 and IL-6, and CRP for cross-sectional
cognitive function or rate of decline.

. No statistically significant relationship was detected between biomarkers and
incidence of dementia.
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Figure 1.
This figure demonstrates relationship between continuous level of immune biomarker and

log of the errors on the Modified Mini-Mental State Examination (3MSE). Output are the
predicted 3MSE errors for incremental increases in biomarkers, categorized by estimated
cortisol levels and paneled by age. Panel a) shows the relationships for IL-6, Panel b) shows
the relationships for CRP, and Panel c¢) shows the relationships for HSV-1 IgG. All predicted
values come from final, IP-weighted cortisol interaction linear mixed effects regression
models. Only those biomarkers for which there was a statistically significant interaction with
cortisol are shown here.
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Figure 2. Exposure-Stratified Cumulative Incidence Functions.
This figure demonstrates the relationship between category of immune biomarker and

the incidence of dementias. Outputs are the IP-weighted, stratified cumulative incidence
functions (95% Cls in grey) for each biomarker. Panel a) shows the relationships for
pathogen seropositivity and Panel b) shows the relationships for high and low levels of
cytokines. All values come from final, IP-weighted cumulative incidence models were
estimated using the Aalen-Johansen estimator.
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Table 1.

Baseline Sociodemographic, Immune, and Cognitive Characteristics of Eligible SALSA Participants, N =
1,337

Overall
N %
Age (mean, range) 70 60, 93
Sex (N, % Female) 787 58.9
Education
Less than 8th grade 663 49.6
8th Grade diploma 239 17.9

High School Diploma and above 435 325
Self-rated Health

Poor 97 7.3
Fair 185 13.8
Good 441 33.0
Very Good 496 37.1
Excellent 118 8.8

Depressive Symptoms (N, % >=16) 334 25.0

3MSE Score, Mean (SD) 86.7 (10.3)

HSV1 (% seropositive) 946  86.5

CcMV 924 84.5

Vzv 320 29.3

H. pylori 996 91.1

T. gondii 366 335
missing infection data 244

CRP, Mean (SD) 514  (5.7)
missing 24

IL-6, Mean (SD) 517  (7.0)
missing 17

TNF-alpha, Mean (SD) 4.07 (2.5)
missing 89

*
SD = standard deviation
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Table 2.
Linear Mixed Effects Model Estimates of Cytokines and Cognitive Decline in the SALSA, n=1,337
Cortisol Interaction
Crude Models IP Weighted Models Models
interaction
Variable Estimate  95% Cl Estimate  95% Cl Estimate 95% Cl p-value
Intercept 1.88 183 194 1.94 1.88 2.00 2.05 173 237
IL-6 0.13 0.09 0.16 0.09 0.06 0.13 -0.16 -0.36 0.04
IL-6*Age 0.00 -0.01 0.01 0.01 0.00 0.02 0.04 -0.03 0.10
Age 0.01 -0.01 0.02 0.01 -0.01 0.02 -0.09 -0.19 0.01
Interleukin - g2 000 000 0.00
Cortisol -0.04 -0.17 0.08
Age*Cortisol 0.04 0.00 0.08
IL-6*Cortisol 0.10 0.03 0.18 0.0091
IL-6*Age*Cortisol -0.01 -0.04 0.01 0.3503
Intercept 1.84 1.76  1.92 1.95 186 2.03 1.74 133 216
TNF-alpha 0.17 0.11 0.23 0.09 0.03 0.16 0.10 -0.23 043
TNF-alpha*Age 0.00 -0.02 0.01 0.01 -0.01 0.03 -0.07 -0.17 0.04
Tumor Age 0.02 -0.01 0.04 0.01 -0.01 0.03 0.04 -0.09 0.17
Necrosis Age? 0.00 0.0 0.00
Factor -
alpha Cortisol 008 -0.08 0.25
Cortisol*Age -0.01 -0.06 0.04
TNF-alpha*Cortisol -0.01 -0.14 0.12 0.9297
L";';*Age*Cmﬁsol 003 -001 007 01698
Intercept 2.02 199 205 2.04 2.00 2.08 1.98 176 219
CRP 0.02 0.00 0.05 0.02 0.00 0.04 -0.16 -0.28 0.04
CRP*Age 0.00 -0.01 0.00 0.00 -0.01 0.00 -0.01 -0.04 0.03
Age 0.02 0.01 0.03 0.02 0.01 0.03 -0.04 -0.10 0.02
Coreactive  age? 000 000 0.00
Cortisol 0.02 -0.06 0.11
Age*Cortisol 0.03 0.00 0.05
CRP*Cortisol 0.07 002 0.12 0.0042
CRP*Age*Cortisol 0.00 -0.01 0.01 0.9804
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Table 3.
Fixed Effects Estimates from Linear Mixed Effects Models of Pathogens and Cognitive Decline in the
SALSA, n=1,093
Crude Models IP Weighted Models Cortisol Interaction Models
interaction
Variable Estimate  95% Cl Estimate  95% Cl Estimate  95% Cl p-value
Intercept 201 1.99 2.04 2.04 202 207 1.79 1.61 1.96
HSV-1 -0.03 -0.06 -0.01 -0.03 -0.06 0.00 0.24 0.06 0.42
HSV-1*Age 0.00 -0.01 0.01 0.00 -0.01 0.01 0.05 0.00 0.11
Age 0.01 0.01 0.02 0.02 0.01 0.03 -0.04 -0.09 0.01
Hsv1  Age? 000 000 0.0
19G  Cortisol 0.10 003 017
Age*Cortisol 0.02 0.00 0.04
HSV-1*Cortisol -0.11 -0.18 -0.04 0.0028
HSV-1*Age*Cortisol -0.02 -0.04 0.00 0.046
BIC 13983.7 13135.5 13032.2
Intercept 2.02 1.99 2.05 2.04 201 206 1.74 1.57 1.92
CMV 0.07 0.05 0.10 0.04 0.01 0.07 0.12 -0.07 0.31
CMV*Age 0.00 -0.01 0.01 0.00 0.00 0.01 -0.04 -0.10 0.01
Age 0.01 0.00 0.02 0.02 0.01 0.03 -0.04 -0.09 0.01
cMv  Age? 000 000  0.00
19G  Cortisol 0.11 005 018
Age*Cortisol 0.02 0.00 0.04
CMV*Cortisol -0.03 -0.10 0.04 0.42
CMV*Age*Cortisol 0.02 0.00 0.04 0.10
BIC 13959.3 13267.3 13172.2
Intercept 2.01 1.98 2.04 2.03 201 2,06 1.81 1.63 1.98
vzv -0.05 -0.08 -0.03 -0.02 -0.05 0.01 0.02 -0.16 0.20
VZV*Age 0.00 -0.01 0.01 0.00 -0.01 0.01 0.00 -0.06 0.05
Age 0.01 0.01 0.02 0.02 0.01 0.03 -0.04 -0.09 0.01
vzv  Age? 000 000 000
19G  cortisol 0.09 002 016
Age*Cortisol 0.02 0.00 0.04
VZV*Cortisol -0.01 -0.08 0.06 0.70
VZV*Age*Cortisol 0.00 -0.02 0.02 0.82
BIC 13973.4 13237.6 131454
Intercept 2.01 1.99 2.04 2.04 202 207 1.74 157 1.92
H. pylori 0.05 0.02 0.07 0.03 0.00 0.05 0.05 -0.13 0.23
Hopyloi T pylori*Age -001 -002 000 -001 -002 000 -004 -010 0.02
19G Age 0.01 0.01 0.02 0.02 0.01 0.03 -0.03 -0.09 0.02
Age? 0.00 0.00 0.00
Cortisol 0.12 0.05 0.18
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Crude Models IP Weighted Models Cortisol Interaction Models
interaction
Variable Estimate  95% Cl Estimate  95% Cl Estimate  95% Cl p-value
Age*Cortisol 0.02 0.00 0.04
H. pylori*Cortisol -0.01 -0.08 0.06 0.82
;}Iori*Age*Cortisol 0.01 -0l 003 0.28
BIC 13972.8 13160.2 13059.6
Intercept 2.01 1.99 2.04 2.04 201 207 1.78 1.61 1.95
T. gondii 0.05 0.02 0.08 -0.01 -0.04 0.01 -0.01 -0.18 0.15
T. gondii*Age 0.00 -0.01 0.00 0.00 -0.01 0.03 0.00 -0.05 0.05
Age 0.01 0.01 0.02 0.02 0.01 0.03 -0.04 -0.09 0.02
T. gondii Age? 0.00 0.00 0.00

19G Cortisol 0.10 0.03 0.17
Age*Cortisol 0.02 0.00 0.04
T. gondii*Cortisol 0.00 -0.06 0.07 0.98
gbndii*Age*Cortisol 0.00 ~0.02 002 0.94
BIC 13974.3 13198.3 13108.0
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