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Abstract

Introduction: Infectious agents were recently implicated in Alzheimer’s disease (AD) and
etiology of other dementias, notably Helicobacter pylori.

Methods: We tested associations of H. py/ori seropositivity with incident all-cause and AD
dementia and with AD-related mortality among US adults in a retrospective cohort study. Data
from the National Health and Nutrition Surveys Ill, phase 1 (1988-1991) and 1999-2000 linked
with Medicare and National Death Index registries, were used (baseline age =45 y, follow-up to
2013, Npooled = 5927).

Results: A positive association between H. pylori seropositivity and AD mortality was found in
men (hazard ratioagj, pooled = 4-33, 95% confidence interval: 1.51-12.41, £=.006), which was
replicated for incident AD and all-cause dementia, with hazard ratioagj, pooled = 1.45 (95%
confidence interval: 1.03-2.04, P = .035) and hazard ratioggj, 1 = 1.44 (95% confidence interval:
1.05-1.98, P=.022), respectively. These associations were also positive among higher
socioeconomic status groups.

Discussion: In sum, H. pylori seropositivity’s direct association with AD mortality, all-cause
dementia, and AD dementia was restricted to men and to higher socioeconomic status groups.
Published by Elsevier Inc. on behalf of the Alzheimer’s Association.
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1. Background

The prevalence of all-cause dementia among older adults aged =60 y is estimated at 4.7%
[1], with 4.6-7.7 million new annual cases worldwide (3.5-10.5 per 1000 in various world
regions) [1-3]. Around 60%-80% of dementia is caused by Alzheimer’s disease (AD) [1], a
progressive neurodegenerative disorder with multifactorial etiology. AD manifests itself with
a progressive episodic memory deterioration followed by impairment in other cognitive
domains [4]. Biologically speaking, AD is thought to be caused by age-dependent and
progressive amyloid B deposition in the brain—"the amyloid cascade hypothesis” [5].
Neurofibrillary tangles arising from hyperphosphorylated tau constitute the second
pathological hallmark of AD [6]. AD is the leading cause of disability in old age [7] and
health-care burden in developed countries [8]. It is also the sixth leading cause of death in
the United States [9]. Currently, around 5.4 million Americans have AD, a number expected
to reach 13.8 million by 2050 [9]. In 2016, long-term and hospice care for all-cause
dementia cost the United States around $236 billion [9]. Awaiting an effective treatment,
research has uncovered important genetic risk factors for late-onset AD (e.qg., apolipoprotein
E [ApoE] #4). Recent reviews indicated that education, smoking, physical inactivity,
depression, midlife obesity, hypertension, and type 2 diabetes collectively account for ~54%
of AD risk [10], but much variation remains unexplained. Therefore, identifying novel
midlife risk factors is essential for planning cost-effective interventions. Infectious agents
have recently been implicated in AD etiology [8], most notably Helicobacter pylori [11-22].

H. pyloriis a heterogeneous bacterial species causing numerous upper digestive diseases
(e.g., peptic ulcer) [23], with similar degenerative features with AD. In fact, peptic ulcer’s
etiology is multifactorial with contributions from infection, stress, chemical irritants, and
genetic susceptibility [24]. Found in gastric mucosa of =50% of humans worldwide, H.
pylori can infect children, becoming chronic during adulthood if untreated. Its
seroprevalence increases with age and poorer socioeconomic conditions and was observed to
be higher among minority groups [19,25,26]. Recently, a link between H. pylori and extra-
digestive disorders was found. Some of those disorders, which include atherosclerosis [27],
hypertension, and stroke [28], were also related to increased risk of AD through impairment
of the blood-brain barrier [29-31]. Specifically, with respect to atherosclerosis, a causal
relationship was suggested given the simultaneous drop in duodenal ulcer and coronary heart
disease occurrence in the United States over the past 40 y, coupled with H. pylori DNA
detection in atherosclerotic plaques. Underlying mediators may include inflammation,
dyslipidemia, hyperglycemia, arterial stiffness, and hypertension. Other research, however,
suggested that both H. py/oriinfection and atherosclerosis have common causes, such as
smoking, low socioeconomic status (SES), and high salt intake [32].

Importantly, several hypothesized mechanisms have been identified recently for the potential
causal association between H. pyloriand AD: (1) Folate and vitamin B-12 malabsorption
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triggering increased serum homocysteine concentrations and neurotoxicity [33]; (2)
apoptosis by T cell-mediated immune response, overexpression of nitric oxide, or molecular
mimicry of host structures [33]; (3) increased cytokines, platelet activation, acute phase
proteins, and eicosanoids [33] and; (4) H. pyloriinfection potentially crossing the blood-
brain barrier and contributing to amyloid deposition [34]. Though slowly mounting,
evidence from epidemiological studies remains limited [11-19], and most studies are case-
control or cross-sectional investigations. Furthermore, given race- and sex-specific
differences in H. pylori seroprevalence [19,26], there is a need to test longitudinal
associations between H. pylori status and cognitive outcomes across those sociodemographic
factors. Finally, there are effective ways to eradicate H. py/ori, and research is under way to
develop vaccines, which strengthen the rationale to study this modifiable factor [35].

Consequently, our present study examined associations of H. py/ori seropositivity with
incident all-cause and AD dementia, and with AD-related mortality, among US middle-aged
and older adults (45 +y at baseline), (objective A). We further explored whether those
associations were specific to certain sociodemographic groups, including sex, race/ethnicity,
age, income, and education (objective B).

2. Methods

2.1. Database: National Health and Nutrition Surveys-Centers for Medicare and Medicaid

Services

The National Health and Nutrition Examination Surveys (NHANES) provide nationally
representative cross-sectional data on U.S. civilian populations health and nutritional status.
Initiated in the 1970s by the National Center for Health Statistics at the Centers for Disease
Control and Prevention, NHANES was noncontinuous waves before 1999, becoming a
continuous survey afterward. Following a stratified, multistage probability cluster
samplingdesign, the surveys included in-home basic health and demographic interviews
followed by in-depth health examinations in a mobile examination center (MEC) completed
by physicians, medical/health technicians, and dietary and health interviewers [36].

NHANES followed established guidelines of the Declaration of Helsinki, and the National
Center for Health Statistics Institutional Review Board approved all procedures involving
human subjects. Informed written and verbal consent were obtained from all participants,
with verbal consent witnessed and formally recorded [36]. Moreover, our study was
approved by the institutional review board of the National Institute on Aging, Intramural
Research Program.

Centers for Medicare and Medicaid Services (CMS)-Medicare data were linked to NHANES
I11 and 1999-2013 wave participants (Supplementary Appendix I). Finalized CMS-Medicare
claim files are available ~9 months into the following calendar year. The annual files are
available throughout the follow-up period for part A (inpatient, outpatient, Skilled Nursing
Facility, hospice, or Home Health Agency) and for part B (Carrier, Durable Medical
Equipment). All restricted CMS data analyses were conducted at the Research Data Center
in the National Center for Health Statistics, in Rockville, MD.
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2.2. Study sample

Among 16,970 participants (aged 1-90 y) interviewed in phase 1 NHANES 111 (1988-1991,
3 yrs) with complete sociodemographics (e.g., age, sex), 5115 were aged 45 y or older, of
whom H. pyloriexposure is available for n = 3798 (MEC examination). Similarly, 1999-
2000 NHANES (2 yrs) consisted of 9965 participants aged 0-85 y at examination, of whom
we selected those who are aged 245 y (N = 2770), with N = 2305 having complete data on
H. pylori. Participants without matched CMS-Medicare data were assumed without follow-
up event until December 31st, 2011, or censored on death. Finally, we excluded participants
with Health Maintenance Organization—related CMS data to reduce bias from irregular
follow-up. Therefore, the total unweighted selected sample consisted of N = 5927 adult
participants, in which 84 AD-related deaths occurred up to December 31st, 2011, whereas
incident all-cause dementia and AD dementia were 1350 and 682, respectively (Fig. 1).

2.3. Dementia and AD onset

Using CMS Chronic Condition Data Warehouse Categories summary file of 21 chronic
conditions, AD was diagnosed using the International Classification of Diseases and related
health problems, ninth edition, code 331.0 (any diagnosis) from several claim sources
including inpatient and carrier during a 3-year period, whereas all-cause dementia included
the following diagnostic codes: 331.0, 331.1, 331.11, 331.19, 331.2, 331.7, 290.0, 290.10,
290.11, 290.12, 290.13, 290.20, 290.21, 290.3, 290.40, 290.41, 290.42, 290.43, 294.0,
294.1, 294.10, 294.11, 294.8, and 797. The earliest date of AD and all-cause dementia
occur-rence was used to compute time-to-event starting from MEC examination date. While
the 1999-2013 summary file was readily available, all-cause and AD dementia were created
using the same algorithm from 1991 to 1998 raw CMS data to cover follow-up time of the
NHANES 11, phase 1 selected participants. Chronic Condition Data Warehouse’s integrity
in estimating chronic condition prevalence was tested in NHANES | follow-up data. The
study concluded that conditions that required less frequency health-care utilization, such as
arthritis, were underestimated. However, all-cause dementia was among adequately
estimated conditions particularly whenever =3 y of follow-up was made available [37].

2.4. Mortality from AD

Mortality data (National Death Index) was available through 2011. Additional AD cases
were added to incident AD (obtained from CMS-Medicare claims or chronic conditions
summary file) whenever earliest diagnosis date was missing but an AD-related death was
assigned. All-cause death was considered as the ultimate competing event for AD incidence.
Thus, follow-up was censored at time-of-death or if alive till the end of National Death
Index mortality follow-up (i.e., end of 2011). Importantly, AD-related death was the primary
outcome in part of our analyses. Cox proportional hazards models were conducted, from
which predicted smoothed hazards were presented by H. py/ori seropositivity status. Non-
AD death was considered as the main competing event, and competing risk regression was
carried as a sensitivity analysis.
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2.5. H. pylori antibody measurement

H. pyloriantibodies were measured on both NHANES I11 phase 1 and NHANES 1999-2000
adult participants (=20 y) using H. pylorilgG ELISA (Wampole Laboratories, Cran-bury,
NJ) [38]. An immune status ratio was determined by dividing optical density of collected
specimens by mean optical density of cutoff controls. H. pylori-individuals’ immune status
ratio ranged from 0 to 0.90; “equivocal”: 0.91-1.09, whereas for H. pylori*, it was =1.10.
(36). Intended for H. pyloriimmunoglobulin G (IgG) detection and qualitative determination
in human serum, this test has comparable sensitivity, specificity, and reproducibility to other
serological tests (e.g., immunofluorescence, complement fixation, hemagglutination, and
radio-immunoassays) [39].

2.6. Covariates

Key covariates considered as potential confounders in hypothesized associations were as
follows: wave (NHANES Il1, phase 1 vs. 1999-00), age (Y), sex, race/ethnicity (non-
Hispanic whites, non-Hispanic blacks, Mexican-Americans), other ethnicities (other); or
non-Hispanic whites versus other races/ethnicities; educational level (<high school, high
school, and .>high school); poverty income ratio (<100%,>100- and <200%, and >200%);
current smoking status (“yes” vs. “no”); measured body mass index (weight [kg]/height-
squared [m?], underweight:,<18.5, normal weight: 18.5-24.9 [referent category],
overweight: 25-29.9 and obese: =30). Measured hypertension, hyperglycemia, high-density
lipoprotein-cholesterol and triacylglycerol were categorized using the National Cholesterol
Education Program Adult Treatment Panel 111 criteria [40,41].

2.7. Statistical analysis

Using Stata 14.0 (StataCorp, College Station, TX) [42], analyses accounted for survey
design complexity, by incorporating 5-yr (pooled sample) and 3-yr (NHANES 111, phase 1)
sampling weights, primary sampling units, and strata and estimating standard errors using
Taylor series linearization (i.e., svy. commands) [42]. We first compared sample
characteristics across H. pylori seropositivity status (H. pylori IgG*vs. H. pylori IgG") for
both the pooled and the NHANES I11, phase 1 samples, using design-based F-test. The latter
test was also used to compare characteristic distributions across waves.

Defining time to event from age =45 y since baseline visit for NHANES I, phase 1 and
NHANES 1999-2000 (i.e., delayed entry) until outcome occurrence or censoring, we
conducted Cox PH model for incident AD/all-cause dementia and for AD-related mortality.
The follow-up time was expressed in months, and models were weighted (5-yr for pooled
sample and 3-yr for NHANES I11, phase 1). Model 1 was adjusted for wave (1 = NHANES
1999-2000 vs. 0 = 111 [phase 1]), age, sex, and race/ethnicity, whereas model 2 was further
adjusted for educational level and poverty income ratio. Finally, model 3 was further
adjusted for smoking status, weight status, measured hypertension, hyperglycemia,
dyslipidemia-high-density lipoprotein, and dyslipidemia-triacylglycerol. Subsequent models
explored effect modifications by sociodemographic factors mainly sex, race, age group,
poverty income ratio, and education, using two-way interaction terms with the main
exposure (i.e., H. pylori seropositivity) along with stratified analyses.
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From the full models, smoothed instantaneous hazards were predicted and plotted against H.
pylori status for all outcomes of interest, examining sociodemographicspecific effects where
applicable. A type 1 error of 0.05 was considered for statistical significance in all analyses,
except for interaction terms where a was set at 0.10 [43].

3. Results

Table 1 includes baseline study characteristics among the pooled sample of middle-aged and
older adults by H. pylori seropositivity status. Overall, 41.5% of the pooled sample was H.
pylori [gG*(45.5% in the NHANES 11, phase 1 sample). Most notably, H. pylorilgG*
individuals were older, less likely non-Hispanic whites, less likely to have .>high school
education, or >200% poverty income ratio, and more likely to be hypertensive and have
high-density lipoprotein-cholesterol type of dyslipidemia compared with H. pylori 1gG~
subjects. Similarly, and excluding missing data (data not shown), H. pylori1gG*individuals
had higher hyperglycemia (20% vs. 14%, P=.005), and dyslipidemiatriacylglycerol (41.7%
vs. 38.2%, P=.041) prevalence, than H. pylori1gGparticipants. Similar patterns were noted
among the NHANES Il11, phase 1 wave. The incidence proportions of AD and all-cause
dementia were significantly higher among H. py/fori 1gG*compared with IgG~ participants,
as were proportions of non-AD and total deaths. Many characteristics also differed between
waves, particularly metabolic and health-related covariates for which percent missingness
varied between waves. Moreover, due to a longer follow-up period (Fig. 1 footnote), AD/all-
cause dementia incidence proportions were higher in the NHANES 111, phase 1 wave when
compared with NHANES 1999-00.

Tables 2 and 3 present the key findings from a series of Cox proportional hazards models
with main outcomes being incident AD and all-cause dementia (Table 2) and AD mortality
(Table 3). A direct association between H. py/ori seropositivity and AD mortality was
observed among men (multivariate-adjusted model hazard ratio [HR] = 4.33, 95% CI: 1.51-
12.41, P=.006, pooled sample), with no association detected among women. When
accounting for competing risk of non-AD deaths (i.e., competing risk regression), results did
not differ markedly (data not shown). Importantly, this positive association among men was
replicated with outcomes of incident AD and all-cause dementia, with a multivariable-
adjusted HR = 1.45 (95% CI: 1.03-2.04, £=.035, pooled sample) and HR = 1.44 (95% ClI:
1.05-1.98, P =.022, NHANES IIl, phase | wave), respectively. Similarly, in the NHANES
I11 subcohort, the association of H. pyloriwith incident AD/all-cause dementia was
restricted to individuals with more than high school educational attainment. Some
differentials by poverty income ratio whereby the direct association was restricted to the
upper income group were also notable, including outcomes of AD incidence and mortality
(pooled sample). Using smoothed hazard rates, Figs. 2A and 2B compare mortality rate
trajectories from AD by H. pylori seropositivity and sex, mirroring the significant rise in risk
over time among men who are H. py/lori 1lgG*compared with a flat trajectory among men
who were H. pylorilgG~. A similar, albeit weaker pattern in men was observed for AD
incidence, pooled sample (Supplementary Fig. 1A and 1B) and all-cause dementia
incidence, and NHANES I11, phase 1 subcohort (Supplementary Fig. 2A and 2B).
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4. Discussion

To our knowledge, this is the first national cohort study to examine associations of H. pylori
seropositivity with incidence of all-cause and AD dementia and with AD dementia mortality.
It is also among the few to systematically examine these associations across key
sociodemographic groups, including age, sex, race, and SES. Data showed a direct
association between H. pylori seropositivity and AD mortality among men (multivariable-
adjusted model HR = 4.33, 95% ClI: 1.51-12.41, P=.006, pooled sample), with no
association detected among women. Importantly, this positive association among men was
replicated with outcomes of incident AD and all-cause dementia, with a multivariable-
adjusted HR = 1.45 (95% ClI: 1.03-2.04, £=.035, pooled sample) and HR = 1.44 (95% CI:
1.05-1.98, P=.022, NHANES IIl, phase | wave), respectively. Similarly, in the NHANES
I11 subcohort, the association between H. py/lori and incident AD/all-cause dementia was
restricted to individuals with >high school educational attainment.

Previous studies have been conducted to examine the association between H. pylori infection
or eradication and various cognitive outcomes, including AD. While earlier small case-
control studies showed positive associations between H. pylori seropositivity and AD and/or
mild cognitive impairment occurrence [11,14,15], an intervention study among H. pylori
positive AD cases concluded that successful H. pylorieradication can reduce cognitive
decline in AD over time. This finding further reinforced the possible causal link between H.
pyloriand AD [12]. In another intervention study with survival as the end point, the group
with successful H. pylori eradication compared to those with unsuccessful eradication had
significantly lower mortality risk (HR [95% CI] = 0.29 [0.11-0.73]), after adjusting for
baseline age and Mini—-Mental State Examination score [13]. Looking further into
biomarkers of AD, among 53 AD patients, H. pyloriinfection was associated with lower
Mini—Mental State Examination score (P =.024), higher cerebrospinal fluid phosphorylated
Tau protein(181) (P =.014), and tau (P =.021) levels [16]. Two Japanese case-control
studies found no association between H. pyloriinfection and AD or cognitive impairment
[17,18]. In one study [18], H. pyloriinfection was determined by urinary IgG, an unreliable
diagnostic method [44]; it failed to match cases and controls by age and sex, and the study
sample had high H. pyloriinfection prevalence (~70%) rendering the study under-powered,
and thus requiring larger sample sizes. In view of aforementioned limitations, that study [18]
neither confirms the lack of association between H. pyloriinfection status and AD in the
Japanese population nor is it comparable with European studies indicating such associations.
(e.g., [11,16]) Lack of age-matching between cases and controls was a limitation for the
other Japanese study with null findings as well [17].

Among cross-sectional studies, findings were also suggestive for the most part of a
relationship between H. pylori seropositivity and cognitive impairment. These relationships
were indicative of an adverse effect, though some were limited to specific sociodemographic
groups. Recently, a national cross-sectional study using NHANES I11 phase 1 data (1988-
91) with age-group-specific neuropsychological test batteries and two measures of H. pylori
seropositivity (IgG and 1gG-CagA) detected worse performance among those aged 60-90 y
with H. pylori lgG*versus IgG-on a verbal memory test, with other sex- and race-specific
similar associations detected between H. py/ori seropositivity and poor performance on tests
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of verbal memory, psychomotor speed, and orientation [19]. This study and others report a
direct relationship between H. py/oriand poor cognitive performance among healthy
middle-aged adults, with evidence of interaction with sociodemographic and other factors
[19,45,46]. For instance, individuals with lower educational attainment, non-white subjects,
and women have been found to be more susceptible for the relationship of H. py/ori with
poorer cognitive outcomes [19,45]. Nevertheless, our previous cross-sectional analyses of
NHANES Il1, phase 1 indicated that H. py/ori seropositivity was specifically associated with
worse verbal memory performance among men, a replication of our current key study
findings [19].

Furthermore, low educational attainment and lower income among several markers of
socioeconomic position were linked to myriad poor cognitive outcomes such as incident AD.
Proposed underlying mechanisms included “reserve capacity”, “use it or lose it”, and
“behavioral mediation”. In the latter case, factors such as smoking and hypertension may be
mediating the relationship between SES and cognitive outcomes. Hypertension and other
risk factors associated with atherosclerosis can in turn initiate cerebrovascular damage often
found in vascular dementia, the second common form of dementia. Nevertheless, vascular
damage often coexists with AD pathology, thus making hypertension a relevant mediator in
the SES-AD association [47]. Interestingly, in our cohort, after accounting for lifestyle and
vascular risk factors, we still found several indications of a higher risk of AD/dementia in H.
pylori-infected subjects with higher SES (higher educational and income levels); this finding
in a subgroup that is thought to have lower risk warrants replication and further
investigations.

As stated earlier, H. pylori seroprevalence is highly dependent on sociodemographic factors,
particularly age, sex, race/ethnicity, and SES [19,25,26]. Moreover, H. pylori has been
associated with several biological markers that were associated with neurocognitive
disorders. Indeed, although exact mechanisms are not understood, it is thought that H. pylori
influences cognition through inflammatory pathways. These pathways include accumulated
local and inflammatory responses due to gastritis from the infection [46] and nutrient
deficiency processes, namely iron deficiency combined with deficiencies in 1-C metabolites
(e.g., folate and vitamin B12), leading to elevated serum homo-cysteine concentrations [19].
In fact, H. pylorihas been associated with poorer iron status (measured by ferritin and
transferrin saturation), lower 1-C metabolite concentrations, and worse antioxidant status
[48]. Further national cross-sectional data analyses indicated that H. py/oriinteracts with
folate and inflammatory markers to possibly alter cognitive outcomes [46]. Moreover, H.
pylorimay contribute to the total infectious burden and inflammatory markers which may
increase the risk of cognitive decline and AD [49]. Notably, Toxoplasma gondii interacts
with H. pylorito worsen cognitive performance [45]. Combined, these results suggest H.
pylori's involvement in myriad mechanisms influencing cognitive pathology. Although our
present study did not distinguish H. py/ori seropositivity by CagA status, a previous national
study indicated that around 49%-63% of total H. py/ori1gG were CagA*. Nevertheless,
most positive findings in that study were between total H. py/orilgG status and cognitive
performance [19].
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Among study strengths are the large nationally representative sample, the inclusion of
middle-aged adults (=45 y), and the assessment of various dementia-related outcomes.
Moreover, seroprevalence (~41% H. pylori lgG™) provided ample statistical power for
stratification by sociodemographic factors. Limitations included observational study design
precluding causal inference, despite ascertainment of temporal relationships. Ultimately, a
randomized controlled trial is needed, examining effects of H. py/ori eradication on
cognitive outcomes. Furthermore, the serological test fails to discriminate between the
current and past H. pylori infection, as the antibody itself remains detectable for several
months beyond H. pylorieradication [16]. Distinguishing these two states is essential
because one key mechanism involves H. pyloriinducing immune responses which cross-
react with nerve components with shared epitopes (i.e., molecular mimicry) [33]. In fact, it
is possible that childhood infection with H. py/lori may have initiated the neurodegenerative
process independently of the current infection status. Histological analysis of gastric
mucosa, an invasive and prohibitive method in population-based studies, is the gold standard
for H. pylori detection [12,13]. Finally, residual confounding bias is possible, given the
omission of key genetic markers (e.g., ApoE4 status).

In sum, H. pylori seropositivity’s direct association with incidence of all-cause and AD
dementia and with AD mortality was restricted to men, and in some cases to higher
education or income groups. This sex and SES-specific association was not reported
elsewhere and needs further study in terms of underlying mechanisms. Future interventions
aiming at eradicating H. py/ori should examine sexand SES-stratified effects of this
modifiable factor on all-cause and AD incidence or mortality from AD. Assessment of H.
pyloriseropositivity in those intervention studies should be prospectively carried out using
histology, breath test, and stool antigen tests and should evaluate H. py/orieradication
outcome, specifically among higher genetic risk groups.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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RESEARCH IN CONTEXT

Systematic review: Helicobacter pylori, an infectious agent known for its

adverse gastric health effects, was associated with extra-digestive disorders,
including atherosclerosis [1], hypertension, and stroke [2], all of which were
linked to Alzheimer’s disease through blood-brain barrier impairment [3-5].

Interpretation: Our study is an in-depth assessment of the association between
H. pyloriinfection and key cognitive disorders and outcomes, including
Alzheimer’s disease—related mortality, and incident all-cause and Alzheimer’s
dementia. This was done by analyzing extensive national data on adults aged
45y or older which was linked to Medicare and National Death Index
registries. We found positive associations between H. py/ori infection, and
most of these outcomes only among men and individuals of higher
socioeconomic status.

Future directions: Future longitudinal studies and intervention studies should
examine the impact of H. pyloriinfection and its eradication onvarious
cognitive disorders, stratifying by sex and socioeconomic status.

Alzheimers Dement. Author manuscript; available in PMC 2018 October 22.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Beydoun et al.

Initial Pooled Sample: Sample 1
N=26,935

NHANES IIl, phase I (1-90y):
N=16,970

NHANES 1999-00 (0-85y): N=9,965

Combined
sample with
baseline
age<45y:
N=19,050

Fig. 1.

Pooled S line
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Pooled Sample with baseline

Wi AR I
it [¢] y and p data on
age245y: Sample 2 H. pylori status: Sample 3
VA N=6,103

NHANES lll, phase I: N=5,115
NHANES 1999-00:N=2,770

AD deaths:
n=108
NHANES lll, phase I: n=83
NHANES 1999-00: n=25

Incident AD:
n=914
NHANES llI, phase |: n=675
NHANES 1999-00: n=239

Incident all-cause dementia:
n=1,799
NHANES III, phase |: n=1,321
NHANES 1999-00: n=478

NHANES IlI, phase I: N=3,798
NHANES 1999-00: N=2,305

AD deaths:
n=85
NHANES lIlI, phase I: n=65
NHANES 1999-00: n=20

Incident AD:
n=686
NHANES IlI, phase |: n=499
NHANES 1999-00: n=187

Incident all-cause dementia:
n=1,362
NHANES I, phase |: n=980
NHANES 1999-00: n=382

Final Pooled Sample excluding
subjects based on CMS
selection criteria: Sample 4

N=5,927
NHANES lII, phase I: N=3,684
NHANES 1999-00: N=2,243

AD deaths:
n=84

NHANES I, phase |: n=64
NHANES 1999-00: n=20

Incident AD:
n=682
NHANES III, phase |: n=497
NHANES 1999-00: n=185

Incident all-cause dementia:
n=1,350
NHANES III, phase |: n=972
NHANES 1999-00: n=378

Participant flowchart. Sample 4, mean * SD of follow-up time (months): AD deaths:
NHANES 11, phase I: 174.0 + 86.1 NHANES 1999-00: 120.0 + 38.1. Incident AD:
NHANES Il1, phase I: 170.3 £ 86.5 NHANES 1999-00: 117.4 + 40.7. Incident all-cause
dementia: NHANES I, phase I: 165.3 + 87.6 NHANES 1999-00: 114.7 + 43.6. Additional
missing data (n = 41 observations for pooled analysis, n = 38 for NHANES lIl, phase I, and
n = 3 for NHANES 1999-00) is found for each type of analysis, given that some sample
weights were not valid and/or observations end before enter (i.e., prevalent cases of AD and
all-cause dementia). Abbreviations: AD, Alzheimer’ disease; H. pylori, Helicobacter pylorr,
NHANES, National Health and Nutrition Examination Surveys; SD, standard deviation.
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Fig. 2.
Hazard rate of Alzheimer’s disease mortality by H. pylori seropositivity status from fully

adjusted Cox PH models among (A) Men, (B) Women: NHANES II1, phase 1 and NHANES
1999-00 (pooled sample). Analysis time is expressed in months. Smoothed hazard functions
are obtained from the fully adjusted model (model 3) among men and women.
Abbreviations: H. pylori, Helicobacter pylori; Hp 19G—, H. pylorinegative; Hp 1gG™*, H.
pyloripositive; NHANES, National Health and Nutrition Examination Surveys; PH,
proportional hazards; 1gG, Immunoglobulin G.
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