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Abstract

Background—Helicobacter pylori (H. pylori) seropositivity is a potential risk for poor cognition
among US adults.

Methods—Cross-sectional data from the National Health and Nutrition Examination Survey I,
phase 1 (1988-91) were used. Measures included age-group specific neuropsychological test
batteries and two measures of H. pylori seropositivity (1gG and 1gG-CagA) (20-59y0:n=2,090-
2,248; 60-90yo0:n=2,123-2,388). We explored sex- and race-specific associations.

Results—On the basis of multiple OLS and zero-inflated Poisson regression models, we detected
a poorer performance among those 60-90yo with H. py/orilgG* vs. IgG~ on a verbal memory test
(story recall, correct items), overall (B=—0.04+0.01, p=0.010). NH blacks and women (20-59yo0)
performed worse on the serial digits learning errors (SDL-TE) when H. pylori 1IgG*(vs. 1gG™),
another verbal memory test (B=+0.94+0.40, p=0.029 and p=+1.19+0.44, p=0.012, respectively);
(p<0.10 for interaction by sex and race). More trials to completion on this test (SDL-TTC) were
also required among H. py/lori1gG™* overall (20-59yo, p=+0.30+0.13, p=0.033). Other race-
specific associations without significant interaction by race that were detected in the same
direction of worse performance with seropositivity included H. py/ori1gG* in NH blacks with the
symbol digits substitution test-number of errors (SDS-E) (20-59yo, p=0.038) and with the
incorrect items on the orientation test (ORIENT-INC) (60-90yo, p=0.038). H. pylorilgG CagA*
was associated with poorer Word Recall test performance(WR-CORR) among Mexican
Americans(60-90yo, p=0.048), WR-TRIALS among NH whites(60-90yo, p=0.047) and
ORIENT-INC among NH blacks(60-90yo, p=0.025).

Conclusions—H. pylori seropositivity markers were associated with poor cognition among US
adults. Longitudinal research is needed to extrapolote those findings to cognitive decline, incident
dementia and Alzheimer’s Disease.
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INTRODUCTION

Dementia affects 6% to 10% of adults above 65y, most of whom are diagnosed with
Alzheimer’s Disease (AD)(1). AD is a progressive neurodegenerative disorder with multi-
factorial etiology(2) that is the main cause of disability and dependency in old age(3), and
the leading socio-economic burden for health care in developed countries.(4) Despite lack of
curative treatment, epidemiological evidence reveals important risk factors for sporadic AD,
many of which are non-modifiable (e.g. ApoE &4, age and sex). A recent review has
attributed 2,866,951 of prevalent AD among US older adults to low education, smoking,
physical inactivity, depression, mid-life obesity, mid-life hypertension and type 2 diabetes,
accounting for 54% of total AD cases.(5) Thus, half of AD occurrence remains unexplained
by commonly studied modifiable risk factors. Therefore, it is urgent to identify those factors
and cost-effective interventions to address them, preferably at earlier ages before the onset
of AD symptoms. Recent evidence points to possible involvement of infectious agents in the
etiology of AD, though many failed to show an association, possibly due to methodological
differences in assessing infection.(4) More recently, research has implicated bacterial agents
in incidence and survival from AD, mainly Helicobacter pylori (H. pylori). (6-13)

H. pyloriis a curved spiral gram-negative bacterium found in the gastric mucosa of a large
proportion of humans worldwide (>50%).(14) Infection is often acquired during childhood
and becomes chronic during adulthood if untreated. Its prevalence increases with age (cohort
rather than age effect) mainly explained by changes in socioeconomic conditions. H. pylori,
a heterogeneous bacterial species, includes a highly pathogenic strain named CagA which
promotes a strong inflammatory response.(15) H. pyloriinfection is commonly known to
cause a number of upper digestive disease, particularly peptic ulcer, a degenerative disease
(as for AD). In fact, peptic ulcer is an outcome of infection, stress, chemical irritants and
genetic susceptibility.(16) In addition, H. pyloriinfection was linked to extra-digestive
disorders, including atherosclerosis,(17) hypertension and stroke(18), all of which were
associated with AD, an effect mediated by impairment of the blood-brain barrier.(19-21)

Recently, a number of biological mechanisms have been suggested to provide evidence for a
causal link between H. py/oriinfection and AD. Those included the following: (1) Reduced
absorption of folate and vitamin B-12 and increased level of homocysteine, a neurotoxic
substance (22-23) (2) Apoptosis caused by T cell-mediated immune response,
overexpression of Nitric oxide (NO) or molecular mimicry of host structures. (24-25) (3)
Other inflammatory responses, including cytokines, platelet activation, acute phase proteins
and eicosanoids (25) and (4) The infection possibly crossing the blood-brain barrier and
contributing to amyloid deposition. (26)

However, the limited number of epidemiological studies examining this important research
question (6-13) failed to assess H. pylorr's relationship with cognitive performance during
normal aging and therefore to provide evidence for a putative intervention at an earlier stage
of this neurodegenerative disease. Moreover, even though many of those studies found a
positive association between H. pyloriand AD, those that found no association had a
number of methodological limitations that are outlined in the discussion section. (12-13)

In addition, recent analyses examining secular trends indicate that there are major racial and
ethnic differences in H. pyloriseroprevalence that are sustained over time with the largest
burden observed in Non-Hispanic(NH) blacks and Mexican Americans, and that there was a
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significant drop in prevalence over time observed only among NH Whites particularly at
older ages.(27) Other studies have replicated these racial and ethnic disparities and have
additionally shown differences in seroprevalence by sex, whereby women were at higher
risk for H. pylori seropositivity.(28)

Given the paucity of studies linking H. py/ori infection to various cognitive outcomes and
the fact that most studies had focused on AD-type of dementia as the primary outcome, it is
particularly important to evaluate H. py/ori seropositivity’s association with cognitive
performance during normal aging, taking into account potential differences by sex and by
race/ethnicity. The present study used cross-sectional data from the National Health and
Nutrition Examination Survey (NHANES) 11 to examine associations between serum
measures of H. pyloriinfection (or seropositivity) and cognitive performance in various
domains among US younger and older adults (Objective A), and to explore if those
associations were sex and/or race-specific (Objective B). Secondary objectives were to
describe the prevalence of H. pylori seropositivity and cognitive function across sex and
race (Objective C) and determine independent socio-demographic, lifestyle and health-
related predictors of H. pyloriseropositivity (Objective D).

NHANES Il phase 1 (1988-1991), a multistage, stratified sampling design, over-sampled
older adults (60-90yo) and minorities (African Americans and Mexican Americans).
Following a home-interview, selected individuals were invited to a mobile examination
center (MEC) for body measurements, clinical evaluations and laboratory testing.(29) The
present study was approved for ethical treatment of participants by the Institutional Review
board of the National Institute on Aging, Intramural Research Program.

Study Sample

Among adults (aged 20-90yo) interviewed in phase 1 with semi-complete socio-
demographics, 5,927 were 20-59yo and 3,468 were 60-90yo. Two separate batteries of
cognitive function tests were administered to these two age groups. Cognitive testing was
available on a smaller proportion (n=2,267 to 2,438 of 5,927) of 20-59yo compared to 60—
90yo (n=2,569 to 3,382 out of 3,468). Among participants with complete cognitive data,
measures of H. pyloriexposure were available only for n=2,090 to 2,248 for 20-59yo and
n=2,123 to 2,388 for 60-90yo, depending on the cognitive measure. Missing data on other
covariates ranged between <1% and ~6% of the final sample with complete cognitive, socio-
demographic and H. pylori data (See Figure, Supplemental Digital Content).

Cognitive assessment

Three cognitive tests were administered to participants aged 20-59yo, simple reaction time
(SRT), symbol-digit substitution test (Errors: SDS-E and Latencies: SDS-L) and serial
digits learning (Trials to completion: SDL-TTC and total errors: SDL-TE) from which five
cognitive test scores were computed. Among those aged 60-90yo, three cognitive tests were
administered, word recall (Correct: WR-CORR, number of trials: WR-TRIALS), story
recall, correct items (SR-CORR), a math test (also termed serial 3’s; incorrect items:
MATH-INC) and orientation to time from the Mini-Mental State Examination, incorrect
items (ORIENT-INC) (See Supplemental Digital Content 2).
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H. pylori antibody measurement

Covariates

H. pyloriantibodies were assayed in 1996 on participants aged =20y using H. pylorilgG
ELISA (Wampole Laboratories, Cranbury, NJ). An immune status ratio was computed by
dividing the optical density for each specimen by the mean optical density of the cutoff
controls. Cutoffs chosen were similar to other analyses whereby, H. pylori~ individuals had
an immune status ratio ranging from 0-0.90; “equivocal” seropositivity ranged from 0.91-
1.09 and H. pylori* had a value greater than 1.10.(27) Of 7,465 participants aged =20 years
with available H. pylori seropositivity status in NHANES I11, 207 (2.8%) screened
“equivocal”.(27) More details on this assay and its performance characteristics among US
adults are available for the more recent NHANES data (1999-2000).(30) H. py/ori anti-
CagA 1gG (CagA strains increase risk of stomach adenocarcinoma, hypertension,
atherosclerosis and stroke), as described elsewhere.(17-21, 31)

In multiple age group-specific (20-59yo; 60-90yo0) regression models, covariates considered
as potential confounders of the hypothesized associations included age (continuous); sex;
race as Non-Hispanic White (NHW), Non-Hispanic black (NHB), Mexican-American
(MA), other ethnicity (OTHER); marital status as currently unmarried or currently married;
educational level as <High school, High school, >High school; poverty income ratio as
<100%, >100-<200%, >200%; interview language as English or Spanish; smoking status as
never, former or current.; self-reported physical activity compared to age peers as more
active, about the same, or less active; and, weight status body mass index defined by
weight(kg) divided by height squared (m?2)).

USDA'’s 1995-Health Eating Index (HEI)(32) (range:0-100) and entered as quintiles,
assessed overall dietary quality. Participants self-rated their health as follows: Would you
say your health in general is “Excellent”, “Very good”, “Good”, “Fair” or “Poor”? We
entered self-rated health into models as four dummy variables with “Excellent” as the
common referent. Finally, we created a comorbidity index as a count (0-20) of self-reported

conditions namely “arthritis,” “congestive heart failure,” “stroke,” “asthma,” “chronic
bronchitis,” “emphysema,” “hay fever,” “cataracts,” “goiter,” “thyroid disease,” “lupus,”
“gout,” “skin cancer,” “other cancer,” “diabetes,” “hypertension,” “chest pain/possible

LI

angina,” “heart attack/myocardial infarction,
described in a previous study.(33)

osteoporosis” and “kidney stones*, as

Statistical analysis

We used Stata release 11.0(34) for analyzing survey data. Two design variables were
specified for the phase 1 of NHANES I11 (1988-1991), the primary sampling unit and the
stratum. Sampling weights used were those for cognitive testing variables (phase 1) for the
20-59y subgroup and those for the MEC exam (phase 1) for the 60-90y group. Means,
proportions and regression coefficients were estimated, accounting for design complexity
and sampling weights. The main exposures were transformed into binary variables as
follows: (1) H. pyloriantibody 1gG (positive; negative or equivocal), (2) H. pylori CagA
(positive; negative).

First, study sample characteristics were described and compared between the two age groups
under study (by assessing 95% CI overlap and using two-samples t-test comparing means
and proportions across age groups). Second, proportions seropositive for H. pylori (1gG and
IgG CagA) were graphically represented using bar diagrams, comparing age group-sex
categories in one analysis and age group-race in another. To test statistical differences
between categories in each analysis and for each exposure variable, design-based A~tests
were conducted, taking into account sampling design complexity. We also explored
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cognitive performance test weighted means across sex and race groups using dot plots and
tested differences across groups using one-way ANOVA and Bonferroni corrected £test,
taking sampling weights into account. We used a similar approach to compare prevalence
proportions of H. pylori seropositivity by race and sex groups, using a design-based F-test
(Objectives C). Third, sample characteristics were entered into a multiple logistic regression
model as predictors for the two exposure variables (H. py/ori 1gG and CagA); (Objective
D). Fourth, we used multiple OLS and zero-inflated Poisson regression models to test the
primary hypotheses for each age sub-group with their respective cognitive function scores as
outcomes and the two exposure variables entered separately in each model with potentially
confounding socio-demographic, lifestyle and health-related factors. We used OLS models
for continuous pseudo-normal cognitive scores (usually involving time elapsed to complete
the test; 20-59y0) and zero-inflated Poisson regression models in the tests for 60-90yo,
which were counts with a large proportion of zero scores (Objective A). Finally, we
explored whether the hypothesized associations were sex and/or race-specific by conducting
stratified analyses and tested sex and racial differences by adding interaction terms
alternatively with sex and race to the main effects model (Objective B). A type | error of
0.05 was considered for statistical significance in all analyses, except for interaction terms
where significance level was set at 0.10 (35).

Table 1 displays estimated means and proportions of main study characteristics (phase 1 of
NHANES Il1). Generally, younger participants (20-59yo0) were more likely than their older
counterparts (60-90yo) to use Spanish as their interview language (4.2% vs. 1.7%,
p<0.001), more likely to smoke currently (34.2% vs.16.1%, p<0.001), have excellent self-
rated health (24.6% vs. 12.8%, p<0.001) and report more activity compared to age peers
(22.7% vs. 16.8%, p<0.001). However, the older age group under study (60-90yo) had a
healthier diet (1995-HEI: 68.0 vs. 61.6, p<0.001) but reported, on average, a larger number
of co-morbid conditions (2.8 vs. 1.1, p<0.001). The prevalence of H. pylori1gG exposure
was significantly higher in the 60-90yo group compared to the 20-59yo (52.6% vs. 26.5%,
p<0.001). The proportion of CagA IgG was also higher in the older age group (25.8% vs.
16.7%, p<0.001).

Using design-based ~test, the proportion of each H. py/lori exposure was significantly
different between each age group-sex category when weighted proportion of each H. pylori
exposure variable were compared (Figure 1). In particular, within each sex, H. pylori
seropositivity prevalence rate was higher in the older age group, on the basis of both 1gG
and 1gG CagA exposures (p<0.001). Figure 2 further explores H. pylori exposures by age
group and race. There were notable differences in prevalence particularly when comparing
NH whites to other race groups within each age group and for both exposures, the
differences among which were statistically significant overall according to design-based ~
test comparing all age-race categories for each exposure(p<0.001).

On the basis of findings from multiple logistic regression analyses (Table 2), age was an
independent predictor for H. pylori seropositivity for both exposures with increased odds of
seropositivity by 2-4% per year increase in age (p<0.001). Women had a 33% lower odds
than men to be seropositive for total H. py/lori (p=0.009). NH whites had a significantly
lower prevalence of seropositivity (total and CagA) compared to other groups, particularly
when compared to NH blacks and Mexican-Americans(p<0.001 in most cases, with OR
ranging from 3.08 to 5.03), though the disparity was non-significant (p>0.05) when
contrasting the “Other ethnicity” group to NH whites. Education, particularly having >High
school level, was inversely related to H. pylori seropositivity when taking <High school as
the referent for both exposures and age groups (OR ranged between 0.38 and 0.46, p<0.01).
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Poverty income ratio was not independently related to lower H. py/ori seropositivity rate.
Current smoking status, self-rated health and the dietary quality (1995-Healthy Eating
index) were not related to any of the two exposures. Although BMI was positively
associated with H. pylorilgG CagA (OR=1.02, p=0.021), there was an inverse relationship
between this H. pylori exposure and the co-morbidity index (OR=0.93, p=0.017). When we
added two-way interaction terms of agexeducation and agexPIR in each model, we found
that there was no significant interaction for both age groups combined and for H. pylorilgG
or CagA exposures (p>0.05). In a model where H. pylori IgG CagA was a predictor for total
H. pylori1gG exposure, controlling for all other covariates, the OR was estimated to be 9.53
with a 95% CI: 7.38-12.29, indicating a very strong association between the two exposures
in the total population.

Figure 3 shows weighted means of cognitive performance scores (standardized z-scores) for
the tests administered in the 20-59yo group by sex and race. One-way ANOVA indicated
significant differences in standardized cognitive performance scores administered to
younger age groups by sex-race categories (p<0.001). Bonferroni-corrected multiple
comparisons showed that differences within each sex were consistently significant between
NH whites and other race groups, indicating worse performance in other race groups among
both men and women (p<0.001). A similar pattern of significant differences upon multiple
comparisons was observed when comparing means of cognitive performance scores by sex
and race for tests administered in the older age group (60-90yo) (Figure 4), particularly for
MATH-INC and SR-CORR.

Table 3 displays associations between the two H. pylori exposures and age-group specific
cognitive test performance, as determined by multiple regression analyses. Among the 20—
59yo group who were given a fixed and distinctive set of cognitive tests (compared to the
older group), seropositivity for H. pylori (H. pylorilgG*) was positively associated with
time to completion on the serial digits learning test, indicating poorer cognition among the
exposed (compared to the unexposed; p=+0.30£0.13, p=0.033). This association was
detected only in women (f=+0.60+0.20, p<0.01) with no significant interaction between
sexxH. pylorilgG (p>0.10). Similarly, the number of errors on this test (SDL-TE) was on
average higher among the exposed group (4. pylorilgG*; B=+0.51+0.26, p=0.058),
particularly among women (p=+1.1940.44, p=0.012) and NH black(p=+0.94+0.40,
p=0.029), with a significant interaction detected by race and sex (p<0.10). H. pylorilgG*
was linked to more errors on the symbol digits substitution test among NH blacks (B=
+0.76+0.34, p=0.038), but to a shorter latency period on that test among Mexican Americans
(B=—1.97+0.8, p=0.035). The latter finding was also observed for H. pylori CagA exposure
(B= —1.80+0.58, p=0.005). However, no significant interaction by race was detected in those
instances.

Among the older group (60-90yo), H. pylorilgG* was linked to worse performance on the
story recall test with fewer correct items (p= —0.04+0.01, p=0.010). This association was
stronger in men(f= —0.07+0.02, p=0.001) and was detected only in NH whites(p=
-0.04+0.01, p=0.015), though no significant interaction by sex or race was found. NH
blacks who were H. pylorilgG™ also had worse performance on orientation to time task with
a larger number of incorrect items (p=+0.05+0.02, p=0.038). A similar pattern was observed
for NH blacks when considering H. pylori 1gG CagA exposure in relation to ORIENT-INC
score(p=+0.06+0.02, p=0.025), though in both cases interaction with race was non-
significant. In addition, H. pylorilgG CagA* was associated with worse performance on the
word recall test with smaller number of correct items (i.e. WR-CORR) among Mexican-
Americans (B= -0.05+0.02, p=0.048), and worse performance on word recall test with a
larger number of trials to completion(B=+0.64+0.31, p=0.047) among NH whites with no
significant interaction by race detected(p>0.10 for interaction terms with race).
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DISCUSSION

We detected a worse cognitive performance in verbal memory among participants who were
60-90yo and H. pylorilgG*. Among NHBs and in women within the younger age group, we
found worse cognitive performance in the H. pyfori1gG* group for serial digits learning
task, a test that taps verbal memory. In addition, a larger number of trials to complete in
serial digits learning were related to being H. py/forilgG*. Other significant race-specific
associations were in the same direction (4. pylori 1gG*, with SDS-E in NH blacks, with SR-
CORR in men and NH whites, with ORIENT-INC among NH blacks; H. pylori1gG CagA
with WR-CORR among Mexican Americans, WR-TRIALS among NH whites and
ORIENT-INC among NH blacks), though all of these associations that were detected were
not significantly different from the other strata when conducting interaction analyses. In
addition, we found that H. py/ori1gG and IgG CagA seropositivity was related to better
performance on SDS-L among Mexican-Americans, an unexpected finding. All other
associations were non-significant.

This cross-sectional study of a nationally representative sample is to our knowledge the first
to examine the associations of two H. py/ori seropositivity exposures (IgG and 1gG CagA)
with cognitive test performance in 20-59yo and 60-90yo in a US setting. We also evaluated
those associations within socio-demographic groups, mainly sex and race. A few recent
studies have indicated that H. py/ori may play an important role in the pathogenesis of AD,
but findings are controversial. One of the earliest case-control studies conducted in Greece
(n=50 AD cases and n=30 iron deficiency anemic control without AD) showed that AD
cases had a significantly higher prevalence of histologically confirmed H. py/oriinfection
compared to controls (88% vs. 46.7%, p<0.001).(6) The same group of researchers also
conducted another case-control study in the same setting comparing cases with a prodromal
phase of dementia known as mild cognitive impairment (MCI) (n=60) to aneamic controls
(n=35). Histologically confirmed H. pyloriinfection was significantly more prevalent in
cases than in controls (89% vs. 49%, OR= 8.47, 95% Cl:3.03-23.67, p<0.001) and anti-H.
pylorilgG titer was significantly higher in the MCI cases (74.86+57.22 vs. 17.37+£9.30 U/
ml, p<0.001).(9) In another case-control study, 27 AD patients were compared to 27 age-
matched controls in terms of CSF levels of anti-H. py/lori 1gG. The findings suggested
greater mean concentration in AD cases compared to controls (10.53+12.54 U/mL vs.
8.63+8.01 U/mL, p=0.047), and a higher CSF titer also positively correlated with the degree
of severity of the disease among AD cases (10). Using the same data,(6) Kountouras and
colleagues conducted an intervention study among H. pylori positive AD cases in which
eradication was attempted using a combination of two antibiotics and one acid reducer
(omeprazole, clarithromycin and amoxicillin), and were followed-up for two years while
taking cholinesterase inhibitors. They found that around 85% of AD patients subjected to
treatment had a successful eradication. In that subgroup, cognitive function as assessed on
MMSE, CAMCOG, a concise neuropsychological test to assist dementia diagnosis and the
Functional Rating Scale for Symptoms of Dementia (FRSSD) tests improved significantly
over time, but that was not the case in the other group where eradication was not successful.
They concluded that H. py/orieradication can reduce cognitive decline in AD over time,
which further re-inforces the possible link between H. pyloriand AD occurrence.(7) In
another intervention study in which the end point was survival, it was shown that the group
with successful H. pylorieradication, when compared to those with unsuccessful eradication
had a significantly lower mortality risk [HR (95% CI)=0.287 (0.114-0.725), P=0.008], after
adjusting for baseline age and MMSE score.(8) In a more recent study conducted in France
using a sample of AD patients (n=53), Roubaud-Baudron and colleagues found that H.
pyloriinfection was associated with decreased MMSE score (p=0.024), higher CSF
pTau(181) (p=0.014) and tau (p=0.021) levels.(11) Nevertheless, two other studies
conducted in Japan did not find an association between H. py/oriinfection and AD or
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cognitive impairment (12-13), though in one study(13) H. pyloriinfection was determined
by urinary 1gG which is an unreliable method of diagnosis.(36) In addition, in the latter
study(13), age and sex were not matched between cases and controls and thus comparisons
between the two study groups (i.e., AD patients and controls) cannot be expected to
establish any firm conclusions. Another concern is the very high H. pyloriinfection
prevalence in the general Japanese population around 70 years old, renders the study
underpowered, requiring potentially thousands of participants in order to prove the existence
of an association between AD and H. pyloriinfection. In view of the aforementioned
methodological limitations, this study can neither confirm the lack of association between
the H. pyloriinfection status and AD in the Japanese population, nor is it comparable with
the European studies indicating such an association (e.g. (6, 11)). Lack of age-matching
between cases and controls was noted in the other Japanese study as well. (12)

The potential link of H. pyloriwith AD and poor cognition in normal aging was suggested to
be triggered by a number of mechanisms with end target being the brain and its vascular
system which can be summarized as follows: (1) Endothelial damage caused by atrophic
gastritis which leads to reduced absorption of folate and vitamin B, and increased level of
homocysteine (Hcy). In fact, H. pyloriinfection often results in chronic gastritis, which can
lead to malabsorption of vitamins B-12 and folate, resulting in failure of the methylation
reaction which involves 5-methyl-tetrahydrofolic acid and the increased concentration of
Hcy.(22-23) Hcy has been shown to precipitate endothelial damage and neurodegeneration
through the pathway of oxidative injury leading to both vascular disease and dementia.(37)
(2) Apoptosis caused by T cell-mediated immune response, overexpression of Nitric oxide
(NO) or molecular mimicry of host structures. In fact, in H. pylori+elated autoimmune
gastritis, cytolitic T lymphocytes that are activated around the gastric mucosa may cross-
recognize various H. pyloriepitopes and gastric H*/K*-ATPase autoantigen, via molecular
mimicry.(24) It was also shown that serum parietal cell auto-antibodies correlated with the
serological titer of H. pylori offering further evidence for the phenomenon of molecular
mimicry (38). By analogy, Campylobacter jejuni infection, the main cause of gastroenteritis,
is now known to be the most common antecedent to the autoimmune neuropathy Guillain-
Barre syndrome, through the pathway of molecular mimicry.(39) New evidence suggests
that 19gG against VVacA type of H. pyloriin the cerebrospinal fluid may cross-react with
human Na*/K* ATPase A subunits in abaxonal Schwann cells resulting in demyelination in
some patients.(40) This finding might suggest the possibility that H. py/ori may also cross-
react with ganglion cells in AD neuropathy.(25) (3) Other inflammatory responses including
cytokines (IL-1, IL-6, IL-8, IL-10, IL-12, TNF-a, IFN-7), platelet activation, acute phase
proteins (fibrinogen, C-reactive protein) and eicosanoids (leukotrienes, prostaglandins,
catalyzed by cyclo-oxygenase enzymes) which lead to both apoptosis and thrombosis or
vascular lesion.(25) (4) Apart from the mentioned mechanisms, additional recent evidence
suggest that Hp-n, a histidine-rich protein abundant in AH. py/ori and which forms amyloid-
like oligomers, could be transported through the blood-brain barrier (BBB) by the main low
density lipoprotein receptor-related protein-1 (LRP-1) and receptor for advanced glycation
end products (RAGE) transporters for amyloid-p-peptide (AB) across the BBB from brain to
blood and blood to brain, thereby playing a role in AD pathophysiology; H. pyloriinfection,
by releasing the aforelisted inflammatory mediators leads to BBB disruption, which, in turn,
apart from LRP-1 and RAGE, might promote free entry of Hp-n proteins into the brain. This
then results in the development of AD pathologies by inducing Ap fibril formation or
aggregating synergistically with AB.(26)

On the other hand, H. py/oriinfection was shown to be associated with other extra-digestive
diseases which might mediate its effect on AD or poor cognitive performance, including
atherosclerosis, hypertension and stroke (17-21). Three potential mechanisms may be
involved: (1) H. pylori infection (particularly CagA* cytotoxic strains), influences the
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development of atherosclerosis and increases the risk for cardiovascular and cerebrovascular
diseases; (2) CagA-positive H. pyloristrains may play a role in the natural history of
atherosclerotic stroke; and (3) The links between hypertensive disease and H. pylori
infection may involve the activation of the cytokine cascade with the release of vasoactive
substances from the primary site of infection, or molecular mimicry between the CagA
antigens of H. pylori and specific peptides expressed by endothelial cells and smooth muscle
cells.

Our study has many strengths, including the use of a large nationally representative sample,
the inclusion of a wide age range of adults (20-59y and 60-90y) and tests that span a variety
of cognitive domains. In addition, the large sample size and the distribution of the exposure
variable (~30% H. pylorilgG™, around half of which are CagA) allowed sufficient power to
conduct stratified analysis by sex and race, in addition to the combined analysis. However,
our study is limited because it is cross-sectional; thus, no causal link can be ascertained
between the exposures and outcomes. Prospective cohort studies, and ultimately a
randomized controlled trial, are needed to better examine the effects of H. py/ori eradication
on various aspects of cognitive decline in different age groups. Another limitation is that the
type of cognitive tests differed between the two age groups despite spanning a number of
common domains in both, which did not allow us to examine effect modification of the main
associations of interest by age per se. In terms of exposure assessment, the serological test
has limitations as it fails to discriminate between current and past H. py/ori infection, as the
antibody remains detectable even after several months since eradication of H. pylori(11, 25,
41) Distinguishing between the two states is essential, particularly if H. py/loriis indeed
responsible for inducing both humoral and cellular immune responses which cross-react
with nerve components given shared epitopes (or molecular mimicry, as described earlier).
(42) In fact, the gold standard for determining current infection is the histological analysis of
gastric mucosa, which is a relatively invasive method to use in population-based studies.(25)
In addition, information on the cognitive status of individuals, particularly for the older
group, was limited. This information could only be abstracted based on use of medication
which would not have incorporated everyone with AD or MCI. Thus, it was not possible to
accurately exclude individuals with cognitive impairment in older individuals. Finally,
residual confounding cannot be ruled out even though major potential confounders were
adjusted for in our analyses. However, some genetic risk factors, including the ApoE
genotype which was not readily available in our data, may have acted as an effect modifier
in the main association of interest.

In conclusion, our study findings suggest that there are significant associations of H. pylori
seropositivity markers with cognitive function among adults, though some of those
associations differ markedly between the two age groups of interest by sex and race. It is
important to conduct prospective cohort studies to examine age-related cognitive decline in
relation to exposures of interest that would provide further insight into potential
interventions, including eradication of H. py/oriamong adults, in order to prevent cognitive
decline and delay onset of dementia, particularly AD.
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Refer to Web version on PubMed Central for supplementary material.
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SDL-TE Serial Digits Learning-Total Errors
SDL-TTC Serial Digits Learning-Trials to completion
SR-CORR Story recall-correct
TNF Tumor Necrosis Factor
USDA US Department of Agriculture
WR-CORR Word Recall-Correct
WR-TRIALS Word Recall-Number of Trials
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Figure 1. Bar plot of H. pylori 1gG and CagA exposures by age group and sex; NHANES 111
phase 1 (1988-1991)

Abbreviations: H. pylori=Helicobacter pylori; NHANES=National Health and Nutrition
Examination Surveys.

Notes. Design based F-test indicated significant differences in proportions of each H. pylori
exposure between age group-sex categories (p<0.001).
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Figure 2. Bar plot of H. pylori 1gG and CagA exposures by age group and race; NHANES 111
phase 1 (1988-1991)

Abbreviations: H. pylori=Helicobacter pylori; NHANES=National Health and Nutrition
Examination Surveys.

Notes. Design based F-test indicated significant differences in proportions of each H. pylori
exposure between age group-race categories (p<0.001).
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Figure 3. Dot plot for means of standardized cognitive performance scores in the younger age
group (20-59yo0) by sex and race; NHANES I11 phase 1 (1988-1991)

Abbreviations. ANOVA=Analysis of Variance; NH=Non-Hispanic; NHANES=National
Health and Nutrition Examination Surveys; SDL-TTC=Serial Digits Learning-Trials to
completion; SDL-TE=Serial Digits Learning-Total Errors; SDS-E=Symbol Digits
Substitution tests-Errors; SDS-L=Symbol Digits Substitution tests-Latencies; SRT=Simple
reaction time.

Notes. One-way ANOVA test indicated that there were significant differences in the
standardized cognitive performance scores administered to the younger age groups by sex-
race categories (p<0.001). Bonferroni-corrected multiple comparisons showed that
differences within each sex were consistently significant between NH whites and the other
race groups, indicating poorer performance in the other race groups among both men and
women (p<0.001).
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Figure 4. Dot plot for means of cognitive performance scores in the older age group (60-90yo) by
sex and race; NHANES |11 phase 1 (1988-1991)

Abbreviations. ANOVA=Analysis of Variance; NHANES=National Health and Nutrition
Examination Surveys; NH=Non-Hispanic; MATH-INC=Math test-Incorrect; ORIENT-
INC=Orientation to time, incorrect items; SR-CORR=Story recall-correct; WR-
CORR=Word Recall-Correct; WR-TRIALS=Word Recall-Number of Trials.

Notes. One-way ANOVA test indicated that there were significant differences in the
cognitive performance scores administered to the older age groups by sex-race categories
(p<0.001). Bonferroni-corrected multiple comparisons showed that differences within each
sex were consistently significant between NH whites and the other race groups, indicating
poorer performance in the other race groups among both men and women (p<0.001),
particularly for MATH-INC and SR-CORR.
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